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Ameiurus natalis, yellow bullhead 
 

A. Identification 
 
The yellow bullhead is a member of the Family Ictaluridae (the North American freshwater 
catfishes) in the Order Siluriformes.  This is a heavy bodied, small-eyed catfish with a free 
adipose fin, a deep caudal peduncle, and whitish chin barbels.  The jaws are about equal in 
length.  The rear of the caudal fin is slightly emarginated, or nearly straight.  The pectoral 
spine has a sharp serration on the posterior edge.  Adults have a yellowish to brownish 
body (sometimes slightly mottled) with a pale yellow to white belly.  All fins are 
uniformly dusky, with black margins typically evident on the anal and caudal fins.  Young 
individuals are black.  The dorsal fin has 6 rays and the anal fin has 24-28 rays.  The 
pectoral fin has 9 rays and the pelvic fin has 8 rays. 

 
B. Range 

 
The yellow bullhead is native throughout the eastern United States, extending to 
southeastern Canada, west to the Great Plains, and the Rio Grande drainage.  It has been 
widely introduced elsewhere. 

 
C. Habitat 

 
The yellow bullhead is found in a variety of habitats, but seems to prefer clear, permanent 
streams with gravel and cobble substrate.  It avoids strong currents and is common in 
reservoirs. 

 
D. Local Occurrence 

 
Yellow bullheads are abundant in the Coastal Plain of North Carolina, but they also occur 
in limited numbers in western and middle North Carolina. 
 
This species was collected in the Little Tennessee River at station LT-2. 

 
E. Federal and State Status 

 
           No federal or state status. 
 
 
 
 
 
 
 
 
 
 
 



Ameiurus brunneus, snail bullhead 
 

A. Identification 
 
The snail bullhead is a member of the Family Ictaluridae (the North American freshwater 
catfishes) in the Order Siluriformes.  This is a small (254-300mm), slender bodied, small-
eyed catfish with a free adipose fin, and a deep caudal peduncle.  The jaws are about equal 
in length.  The rear of the caudal fin is slightly emarginated.  The pectoral spine has a sharp 
serration on both the anterior and posterior edges.  Adult coloration can range from olive or 
black to yellowish or brownish with a pale yellow to white belly.  All fins are uniformly 
dusky, with black margins.  The anal fin is rounded and has 16-22 rays.   
 

B. Range 
 
The snail bullhead is native the southeastern United States from southern portions of 
Virginia to east Alabama and the Florida panhandle. 
 

C. Habitat 
 
The snail bullhead is found in fast flowing streams with sand and cobble substrate.   

 
D. Local Occurrence 

 
Snail bullheads are found from the western coastal plain to the Tennessee boarder except 
for the two most southwestern counties of North Carolina. 
 
This species was collected in the Little Tennessee River from the Franklin impoundment. 
 

 E.  Federal and State Status 
 
No federal or state status. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Ameiurus nebulosus, brown bullhead 
 

A. Identification 
 
The brown bullhead is a member of the Family Ictaluridae (the North American freshwater 
catfishes) in the Order Siluriformes.  This is a stout bodied, mottled, small- eyed bullhead 
with a free adipose fin and an emarginated caudal fin.  The jaws are nearly equal in length.  
The chin barbels are darkly pigmented and the pectoral spine is moderately to strongly 
serrate on the posterior edges.  Body color is dark brown or gray dorsally and the sides are 
usually mottled.  The belly is yellow to white.  All fins are uniformly dark gray, but the 
anal fin might be slightly mottled.  Young brown bullheads are black.  The dorsal fin has 6 
rays and the anal fin has 18-24 rays.  The pectoral fin has 9 rays and the pelvic fin has 8 
rays. 
 

B. Range 
 
The brown bullhead is native to the eastern United States and southern Canada, west 
through the Mississippi River basin, and north to the southern portion of the Hudson Bay 
drainage. 
 

C. Habitat 
 
Brown bullhead habitat includes pool areas of streams; and ponds and lakes with moderate 
to large amounts of aquatic vegetation.   
 

D. Local Occurrence 
 
The brown bullhead is found throughout North Carolina in all three physiographic 
provinces. 
 
This species was collected in all the Little Tennessee River stations including the reservoir.   
 

E. Federal and State Status 
 
No federal or state status. 



Ictalurus punctatus, channel catfish 
 

A. Identification 
 
The channel catfish is a member of the Family Ictaluridae (the North American freshwater 
catfishes) in the Order Siluriformes.  This is a slender, elongate catfish with a deeply 
forked caudal fin and a free adipose fin.  The upper jaw protrudes beyond the lower jaw.  
The anal fin is rounded and the premaxillary tooth pad on the upper jaw does not have 
backward extensions.  The pectoral spine has a well-developed posterior serrae.  The body 
is blue-gray on the back and sides, grading to yellowish-white on the belly.  The sides have 
small dark randomly scattered spots on all but the largest adults and the smaller young.  
Median fins have dusky to black borders.  Breeding males have blue-black enlarged heads, 
thickened lips, and the head has low rounded pads above and behind the eyes.  The dorsal 
fin has 6 rays and the anal fin has 24-29 rays.  The pectoral fin has 9 rays and the pelvic fin 
has 8 rays. 
 

B. Range 
 
The native range of the channel catfish is uncertain because it has been widely introduced, 
but probably included all central drainages of the United States and southern Canada, and 
some Atlantic slope drainages of the northern and southern United States. 
 

C. Habitat 
 
The channel catfish habitat includes medium to large warm rivers with alternating pool and 
riffle habitats where it spends the day associated with some cover in quiet pool areas and 
forages in both pools and swifter waters during the night.  It adapts well to additional 
habitats such as reservoirs, natural lakes, farm ponds, and even the larger trout streams. 
 

D. Local Occurrence 
 
The channel catfish occurs in limited streams and reservoirs throughout North Carolina.   
In western North Carolina, the channel catfish occurs in the Savannah, Hiwassee, Little 
Tennessee, French Broad, Toe, and New drainage basins. 
 
This species was collected in the Little Tennessee River at station LT-1.  
 

E. Federal and State Status 
 
No federal or state status. 



Pylodictis olivaris, flathead catfish 
 

A. Identification 
 
The flathead catfish is a member of the Family Ictaluridae (the North American freshwater 
catfishes) in the Order Siluriformes.  This is a large, slender catfish with a broadly 
flattened head and a projecting lower jaw.  The caudal fin is slightly notched, but not 
forked.  The adipose fin is free.  The premaxillary tooth pad on the upper jaw has a 
crescent-shaped backward extension on each side.  The pectoral fin spine is serrate on the 
anterior and posterior edges.  Body color varies with size and habits.  The body is usually 
mottled with yellow to dark brown or black on the back and sides, grading to white or 
yellow on the belly, and all fins are dusky.  Very large specimens are lighter yellow-brown 
with the mottling less noticeable.  Young individuals are darker and more boldly colored 
and the upper tip of their caudal fin has a white blotch.  The dorsal fin has 8 rays and the 
anal fin has 12-16 rays.  The pectoral fin has 11 rays and the pelvic fin has 9 rays. 
 

B. Range 
 
The flathead catfish is widespread in large rivers of the central United States west of the 
Appalachian divide, and in the Gulf drainages from the Mobile Basin to Mexico. 
 

C. Habitat 
 
Flathead catfish habitat includes medium to large rivers and reservoirs where it typically 
spends daylight hours associated with cover such as caves, undercut banks, brush piles, or 
log jams.  Juveniles are commonly encountered in riffle areas.  It forages at night in a wide 
variety of habitats, including riffles so shallow that the dorsal fin may be exposed. 
 

D. Local Occurrence 
 
The flathead catfish has a spotty distribution that includes the three physiographic 
provinces of North Carolina.  In western North Carolina, the flathead catfish occurs in the 
Hiwassee, Little Tennessee, French Broad, Toe, and New drainage basins. 
 
This species was collected in the Little Tennessee River at station LT-1. 

 
E. Federal or State Status 

 
No federal or state status. 

 



Hypentelium nigricans, northern hogsucker 
 

A. Identification 
 
The northern hogsucker is a member of the Family Catostomidae (the suckers) in the Order 
Cypriniformes.  This hogsucker has a massive head and a slender, tapering, cylindrical 
body with four dark saddles across the back.  The eyes are far back on the head and 
directed upward.  The lips are fleshy and papillose, and the snout is long and strongly 
decurved.  The head is rather squarish and the space between the eyes is broad and 
distinctly concave.  The pectoral fins are large and expansive.  Body color is reddish brown 
to olive above with yellow to white sides and a white belly.  Fins are plain or with a few 
dark speckles, and the lower fins are usually tinged with orange.  Breeding males develop 
minute tubercles densely covering the head, anal, pelvic, and caudal fins.  The dorsal fin 
has 10-12 rays and the anal fin has 7 rays.  The pectoral fin has 15-18 rays and the pelvic 
fin has 9 rays. 

 
B. Range 

 
The northern hogsucker is a wide-ranging upland species of the Mississippi, the eastern 
Great Lakes, and the middle Atlantic drainages.  Disjunct southern populations occur on 
the Coastal Plain in the relatively higher gradient streams of southern Mississippi and 
eastern Louisiana. 

 
C. Habitat 

 
Northern hogsucker habitat includes clear, permanent streams with gravel or cobble 
bottoms.  It generally prefers deep riffles, raceways, or pools having a current.  The 
northern hogsucker is tolerant of coldwater streams and occurs in reservoirs.  It is 
intolerant of pollution, silt, and the modification of stream channels.  The northern 
hogsucker usually lies on the bottom of the stream where it is almost invisible because of 
its cryptic, mottled coloration. 

 
D. Local Occurrence 

 
The northern hogsucker occurs mainly in the streams and reservoirs of the Appalachian 
Mountain Province of western North Carolina.  However, it also occurs in some waters of 
the Piedmont Plateau and the Coastal Plain of North Carolina. 
 
This species was collected in the Little Tennessee River at both riverine stations LT-1 and 
LT-2.  

 
E. Federal and State Status 

 
No federal or state status. 



Moxostoma carinatum, river redhorse 
 

A. Identification 
 
The river redhorse is a member of the Family Catostomidae (the suckers) in the Order 
Cypriniformes.  This is a moderately heavy-bodied redhorse with a short dorsal fin, a large 
head, a large mouth that has heavy plicate lips, and a thick pharyngeal arch that has 
molarlike teeth.  The rear margin of the lower lip forms a slight V-shaped angle.  Body 
color is silver to bronze and the scales of the back and upper sides have a crescent-shaped 
dark spot at the base.  The caudal fin base has a thin, black pencil line along the margin of 
the last scale row.  The dorsal and caudal fins are bright red and the lower fins are orange 
to red.  In adults, the dorsal lobe of the caudal fin is triangular and sharply pointed in 
contrast to the more rounded lower caudal lobe.  Breeding males have large tubercles on 
the head and smaller tubercles on the anal and caudal fins.  The dorsal fin has 12-15 rays 
and the anal fin has 7 rays.  The pectoral fin has 16-17 rays and the pelvic fin has 18 rays. 

 
B. Range 

 
The river redhorse occurs in the Mississippi Basin above the Fall Line, in some Great 
Lakes tributaries, and the eastern Gulf Coast drainages east to the Escambia River.  It is 
apparently disappearing from many Plains systems. 

 
C. Habitat 

 
River redhorse habitat includes clear, swift waters of medium to large rivers with gravel 
and cobble substrates.  It rarely enters smaller streams except during the breeding season; 
however, it is sometimes found in reservoirs. 

 
D. Local Occurrence 

 
The river redhorse occurs in limited streams and reservoirs in North Carolina.  It is 
reported from the Hiwassee, Little Tennessee, and French Broad drainage basins of the 
Appalachian Mountain Province and from one location in the Yadkin drainage basin of the 
Piedmont Plateau. 
 
This species was collected in the Little Tennessee River at station LT-1.  

 
E. Federal and State Status 

 
No federal or state status. 



Moxostoma duquesnei, black redhorse 
 

A. Identification 
 
The black redhorse is a member of the Family Catostomidae (the suckers) in the Order 
Cypriniformes.  This is a slender, elongate redhorse with a short, slightly concave dorsal 
fin and a rather small, horizontal mouth with thin plicate lips.  The halves of the lower lip 
meet to form a shallow V.  The pharyngeal teeth are comb-like and compressed.  The snout 
is rounded and swollen and the caudal peduncle is slender.  Body color is gray to brown 
above, grading to silver on the sides, and the belly is white.  The dorsal and caudal fins are 
usually slate colored, but they may be red in the clear waters of trout streams.  The lower 
fins are orangish.  Breeding males have small, inconspicuous tubercles on the head, the 
fins, and on most body scales.  The dorsal fin has 11-15 rays and the anal fin has 7 rays.  
The pectoral fin has 15-19 rays and the pelvic fin has 18-20 rays. 

 
B. Range 

 
The black redhorse occurs in the Mississippi Basin uplands, the southern Great Lakes 
tributaries, and the Mobile Basin above the Fall Line. 

 
C. Habitat 

 
Black redhorse habitat includes clear, cool, larger creeks and small rivers with gravel and 
cobble substrates.  It is intolerant of silty waters and is uncommon in big rivers and rarely 
occurs in reservoirs.  When found with the golden redhorse, the black redhorse tends to 
predominate in short, rocky pools with current, whereas the golden redhorse prefers large 
pools and backwaters without noticeable current. 

 
D. Local Occurrence 

 
The black redhorse occurs in limited streams and reservoirs of western North Carolina in 
the Appalachian Mountain Province. 
 
This species was collected in the Little Tennessee River at all stations including the 
reservoir.   
 

E. Federal and State Status 
 

No federal or state status. 



Moxostoma erythrurum, golden redhorse 
 

A. Identification 
 
The golden redhorse is a member of the Family Catostomidae (the suckers) in the Order 
Cypriniformes.  This is a moderately stout redhorse with a short, concave dorsal fin and a 
large, horizontal mouth that has many bladelike pharyngeal teeth.  The rear margin of the 
lower lip forms a distinctly acute V-shaped angle.  The caudal peduncle is short and heavy.  
Body color is olivaceous above, silvery brown on the sides, and the belly is white.  The 
side and back scales do not have dark spots at the bases.  The caudal fin is slate-colored 
and the paired fins are usually dusky, or they may have some reddish-orange pigment. 
Young-of-year have three diffuse, dusky saddle bands.  Breeding males have a dark 
horizontal midlateral stripe, above which is a golden area and then another dark stripe.  
Males develop breeding tubercles on the head, body scales, and fins.  The dorsal fin has 
12-14 rays and the anal fin has 7 rays.  The pectoral fin has 16-19 rays and the pelvic fin 
has 18 rays. 

 
B. Range 

 
The golden redhorse occurs in the Mississippi Basin (mostly above the Fall Line), the 
Mobile Basin, in Great Lakes tributaries, and some middle Atlantic Coastal drainages. 

 
C. Habitat 

 
Golden redhorse habitat includes larger creeks and small rivers with gravel and cobble 
substrates, where it often occurs with the black redhorse.  It is more tolerant of larger rivers 
than the black redhorse, often occurring with the river, silver, and shorthead redhorses in 
larger rivers. 

 
D. Local Occurrence 

 
The golden redhorse occurs in limited streams and reservoirs of North Carolina.  It is 
found in the Hiwassee, Little Tennessee, French Broad, and Toe drainage basins of the 
Appalachian Mountain Province and the Roanoke drainage basin of the Piedmont Plateau 
and Coastal Plain. 
 
This species was collected in the Little Tennessee River at station LT-1.  

 
E. Federal and State Status 

 
No federal or state status. 



Moxostoma macrolepidotum, shorthead redhorse 
 

A. Identification 
 
The shorthead redhorse is a member of the Family Catostomidae (the suckers) in the Order 
Cypriniformes.  This is a slender redhorse with a slate colored dorsal fin that has a very 
concave margin and is bright red distally.  The small mouth has lower lips that meet to 
form a straight line and a distinctive pea shaped thickening is located on the middle of the 
upper lip.  Body color is olivaceous above, golden yellow on the sides, and the belly is 
white.  The back and upper side scales have a crescent shaped dark spot at the base.  The 
caudal fin is bright red and the upper and lower lobes are very asymmetrical (the upper 
lobe is more sharply pointed and longer than the lower lobe).  Lower fins are yellowish to 
orange red.  Males have breeding tubercles on the head, body, and fins.  The dorsal fin has 
11-14 rays and the anal fin has 7 rays.  The pectoral fin has 16-18 rays and the pelvic fin 
has 18-20 rays. 

 
B. Range 

 
The shorthead redhorse is widely distributed through the entire Mississippi Basin mostly 
above the Fall Line, in the Great Lakes, the Hudson Bay, and the middle Atlantic Coastal 
drainages. 

 
C. Habitat 

 
Shorthead redhorse habitat includes large rivers over gravel to boulder substrates with 
swift water, and it occurs occasionally in reservoirs.  The shorthead redhorse avoids small 
streams inhabited by the black and golden redhorses. 

 
D. Local Occurrence 

 
The shorthead redhorse occurs in streams and reservoirs in all three physiographic 
provinces of North Carolina, although its occurrence is quite limited. 
 
This species was collected in the Little Tennessee River at station LT-1.  

 
E. Federal and State Status 

 
No federal or state status. 



Moxostoma sp., sicklefin redhorse 
 

A. Identification 
 

The sicklefin redhorse is a member of the Family Catostomidae (the suckers) in the Order 
Cypriniformes.  A large fish, to 650-millimeters and 3125 grams, it is easily identified 
from other redhorse species by its highly falcate dorsal fin which, when depressed, shows 
the first few anterior rays extending beyond the tip of the most posterior dorsal ray.  The 
body is compressed and elongate with a rounded snout, which is relatively bulbous in 
adults.  The lips are medium to large and are plicate with branched furrows in the lower lip 
which is smaller than the upper lip and is straight or nearly so on the posterior edge.  
Dorsal rays number from 12 to 14, and pelvic rays may be 9-9 or 10-10.  Scale counts are 
(43)44-46(47) for the lateral line, 12(13) for circumpeduncle, and (31)32-35(37) for the 
circumbody scale count.  Males in breeding season exhibit nuptial tubercles on the anal 
and caudal fins.  Body coloration varies from olive to coppery to brassy.  Ventral fins are 
dusky to dark with pale-edges and are frequently tinted yellow to orange.  The dorsal fin is 
olive but may be partly red.  The caudal fin is distinctly red distally (Jenkins 01). 

 
B. Range 
 

The sicklefin redhorse appears to be limited to three (3) Tennessee River drainages, and 
two (2) lakes located primarily in southwestern North Carolina.  The lowest elevation 
recorded in their range is Fontana Lake in Swain County.  From Fontana, sicklefin 
redhorse have been documented to occur upstream to Ela Dam on the Oconaluftee (a 
tributary to the Tuckasegee River), and to Emory Dam on the Little Tennessee River in 
Franklin.  They are also found in Hiwassee Lake upstream to Mission Dam and two of its 
tributaries, the Valley River and Brasstown Creek whose headwaters are in northwestern 
Georgia (Jenkins 99). 

 
C. Habitat 
 

Sicklefin redhorse are found in cool to warm streams with moderate gradients ranging in 
width from 20-meters to 100-meters.  In these lotic habitats they can be found from bank to 
bank at almost any depth or flow as long as it is over gravel, cobble and boulder substrate.  
In lentic habitats, sicklefin are found in deep clear lakes with steep banks. 
 

D. Local Occurrence 
 

The sicklefin redhorse is strictly limited to southwestern North Carolina streams and lakes 
and a small tributary in northwest Georgia within the Appalachian Mountain Province. 
 
This species was collected in the Little Tennessee River at station LT-1.  

 
E. Federal and State Status 

 
The sicklefin redhorse is listed as a rare species by the North Carolina Wildlife Resources 
Commission, but has no designation from the federal government, the U.S. Fish and 
Wildlife Service or the U.S. Forest Service. 



Gambusia affinis, western mosquitofish 
 
      A. Identification 
 

The mosquitofish is a member of the Family Poeciliidae (the live bearers) in the Order 
Cyprinodontiformes.  This is a small (30-55mm TL) fish that has small eyes with a dusky 
teardrop shape below them, a small upturned mouth, diamond shaped scales, and a rounded 
caudal fin.  Coloration varies from olive to yellow-brown on the dorsum and upper sides, 
becoming silver on the lower sides. 
 

B. Range 
 
The western mosquitofishes geographic distribution includes Gulf coast drainages from 
Alabama to Mexico, and northward to Illinois in the Mississippi and Tennessee basins. 
 

C. Habitat 
 
Being able to utilize atmospheric air, mosquitofish are found in quite pools around 
vegetation in any type of water including streams, lentic water bodies of any size, swamps 
and even waste treatment lagoons. 
 

D. Local Occurrence 
 
The western mosquitofish is restricted to the Tennessee drainages of the Appalachian 
Mountain Province in western North Carolina. 
 
This species was collected in the Little Tennessee River from the Franklin impoundment. 

 
E. Federal and State Status 

 
            No federal or state status. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Ambloplites rupestris, rockbass 
 

A. Identification 
 
The rockbass is a member of the Family Centrarchidae (the sunfishes) in the Order 
Perciformes.  This is a deep-bodied sunfish that is fully scaled.  The dorsal, caudal, and anal 
fins are usually mottled with brown and the anal fin of the male has a black marginal band.  
Horizontal rows of dark scale spots occur on the sides below the complete lateral line while 
less obvious horizontal spots may be present above the lateral line.  Body color is olive to 
brassy green with uniform mottling that can change drastically with surroundings.  There are 
obscure dark blotches present on the back in the predorsal region and the undersides are 
dusky white.  The eye is often rimmed in red and the posterior edge of the operculum lacks a 
sharp spine.  Pelvic fins are beneath the pectorals and have one spine and five soft rays.  The 
caudal fin is symmetrical with 17 principal rays and the well-joined dorsal fins have 10-13 
spines and 10-12 soft rays.  The anal fin has 5-7 spines and 9-11 soft rays.    

 
B. Range 

 
The rockbass is widespread and abundant in the Mississippi River, the Great Lakes, and the 
southern Hudson Bay basins.  It is also native from Connecticut through Delaware river 
drainages on the Atlantic Coast.  The rockbass was introduced to the Atlantic slope, the New 
River, and the Ozarks. 

 
C. Habitat 
 

Rockbass habitat includes sheltered pool areas in creeks and rivers, from warmwater streams 
to trout streams; and they are occasionally encountered in reservoirs near rocky shores.  
Rockbass are often found in association with smallmouth bass and trout.  They are usually 
found near cover such as boulders, root complexes, brush, or water willow (Justicia) beds.  
Rockbass appear to be intolerant of high turbidity and siltation.  In northern areas of its 
range, it is found in small, cool, weedy lakes or littoral regions of larger lakes. 

 
D. Local Occurrence 
 

The rockbass occurs only in western North Carolina in the Appalachian Mountain Province 
and a few locations in the Piedmont Plateau. 
 
This species was collected in the Little Tennessee River at both riverine stations LT-1 and 
LT-2.  

 
E. Federal and State Status 
 

No federal or state status. 



Lepomis gulosus, warmouth 
 

A. Identification 
 

The warmouth is a member of the Family Centrarchidae (the sunfishes) in the Order 
Perciformes.  This is a moderately large, robust sunfish with a large head and mouth (the 
upper jaw extends to or beyond the middle of the eye).  Three or four prominent dark 
reddish brown lines radiate backwards from a red eye to the margin of the gill cover.  The 
tongue has a small patch of teeth.  The short, stiff opercular flap has a black spot and is 
tipped with orange.  The back and sides are olive-brown and mottled or barred with dark 
purplish brown.  Smaller individuals are more purple than brown.  The belly is light yellow.  
Fins are dark and strongly mottled or banded with brown, especially the soft dorsal and anal 
fins.  The pelvic fins have white edges.  The dorsal fin has 9-11 spines and usually 10 soft 
rays.  The anal fin has 3 spines and 9-10 soft rays. 

 
B. Range 

 
The warmouth occurs in the Mississippi River and the Great Lakes basins, and in the 
Atlantic and Gulf coastal drainages, above and below the Fall Line, from Chesapeake Bay 
through the Rio Grande.  Introduced populations occur in the Pacific slope. 

 
C. Habitat 

 
Warmouth habitat includes oxbow lakes, quiet waters of bayous and rivers, and swamps 
having mud and detritus bottoms.  It prefers clear water and thick growths of aquatic 
vegetation and is often found near submerged stumps, logs, and cypress knees.  It will 
tolerate moderate levels of turbidity and does well in impoundments. 
 

D.   Local Occurrence 
 

The warmouth mainly occurs in streams and reservoirs of the Coastal Plain of North 
Carolina.  However, it also occurs in several drainage basins in the Appalachian Mountain 
Province and the Piedmont Plateau. 
 
This species was collected in the Little Tennessee River at all stations including the Franklin 
impoundment.   

 
E. Federal and State Status 

 
            No federal or state status. 
 
 
 
 
 
 
 
 



Lepomis auritus, redbreast sunfish 
 

A. Identification 
 
The redbreast sunfish is a member of the Family Centrarchidae (the sunfishes) in the Order 
Perciformes.  It is a deep bodied, moderately compressed sunfish that is fully scaled. The 
redbreast sunfish has a long, narrow opercular flap that is uniformly dark to its margin.  Its 
mouth is small with the upper jaw extending to just past the front of the eye.  Palatine teeth 
are present in the roof of the mouth.  There are no horizontal lines above the complete lateral 
line and the posterior edge of the operculum lacks a sharp spine.  The back and upper sides 
are olive to blue-green and the lower sides are reddish orange to yellow.  On breeding males, 
the breast, belly, and lower head are bright red.  The soft dorsal fin and the upper lobe of the 
caudal fin have yellow margins, which are bright orange to scarlet on breeding males.  There 
are usually bright blue, wavy lines on the cheeks and snout.  Pectoral fins are short and 
rounded with 13-15 fin rays.  The pelvic fins have one spine and five soft rays and the 
caudal fin is symmetrical with 17 principal rays.  The well-joined dorsal fins have 10-11 
spines and 10-12 soft rays.  The anal fin has 3 spines and 9-10 rays (usually 10). 

 
B.  Range 
 

This species was originally native to Atlantic Coast drainages east of the Appalachian 
Mountains and the eastern Gulf slope.  Today populations occur in these areas as well as in 
Arkansas, Oklahoma, and Texas. 
 

C. Habitat 
 

The redbreast sunfish is mainly a stream-adapted species in its native range, but it has 
become well established in a variety of habitats from small creeks to rivers and reservoirs.  
In streams with rapids, they move to deeper stretches with gravel or rocky bottoms and 
frequently concentrate around boulders, limestone outcroppings, logs or aquatic vegetation. 
 

D. Local Occurrence 
 

The redbreast sunfish occurs throughout North Carolina, although it is less common in the 
Coastal Plain of eastern North Carolina. 
 
This species was collected in the Little Tennessee River at all stations including the Franklin 
impoundment.  

 
E. Federal and State Status 
 

No federal or state status. 
 
 
 
 
 
 



Lepomis cyanellus, green sunfish 
 

A. Identification 
 

The green sunfish is a member of the Family Centrarchidae (the sunfishes) in the Order 
Perciformes.  This is a robust, elongate sunfish with a large mouth (the upper jaw usually 
extends to about the middle of the eye).  The operculum is stiff to its margin and the short, 
round earflap is black with a white or yellow-orange margin.   The back and sides are olive 
to bluish green (females may have several dark vertical bars on the sides), the belly is 
yellow-orange, and the sides of the head have iridescent blue or green mottlings.  A black 
blotch is usually present near the posterior base of the dorsal and anal fins, and the pectoral 
fins are short and rounded.  Fins of breeding males become dark and the margin of the 
caudal, anal, and pelvic fins are whitish orange.  The well-joined dorsal fins have 9-11 
spines and 10-12 soft rays.  The anal fin has 3 spines and 8-11 soft rays. 
 

B. Range 
 

The green sunfish is native to central North America but has been widely introduced 
elsewhere.  It also occurs in the Atlantic and Pacific slopes and the Southwest. 
 

C. Habitat 
 

Green sunfish is a highly adaptable species and can be found in almost every type of aquatic 
habitat (from small intermittent streams to ponds, lakes, and occasionally the margins of 
larger streams).  It is a relatively sedentary fish with a very small home range. 
It is tolerant of a wide range of ecological conditions, particularly to extremes of turbidity, 
dissolved oxygen, temperature, and flow. 
 

D. Local Occurrence 
 

The green sunfish mainly occurs in streams and reservoirs of the Piedmont Plateau of North 
Carolina.  However, it also occurs in several drainage basins in the Appalachian Mountain 
Province and the Coastal Plain. 
 
This species was collected in the Little Tennessee River at both station LT-1 and the 
Franklin impoundment.  
 

E. Federal and State Status 
 

No federal or state status. 
 



Lepomis macrochirus, bluegill 
 

A. Identification 
 
The bluegill is a member of the Family Centrarchidae (the sunfishes) in the Order 
Perciformes.  This is a deep bodied, slab-sided sunfish that is fully scaled.  The upper jaw of 
the small, oblique mouth does not extend past the front of the eye.  Pectoral fins are long and 
pointed with 13-14 fin rays.  The opercular flap is entirely black and it is long and flexible in 
adults, but shorter in juveniles.  The sides are dark bluish-green with about 8-10 sets of 
double darker vertical bars that may be chain-like in appearance.  The belly is a deep orange 
to rust color or white.  The chin and lower part of the operculum are blue.  In breeding 
males, all colors are more intense and fins become densely pigmented with the pelvic and 
anal fins turning almost black.  A dark spot is present at the posterior base of the soft dorsal 
fin in adults.  The complete lateral line is arched anteriorly.  The well-joined dorsal fins have 
9-11 spines and 10-12 soft rays.  The anal fin has 3 spines and 10-12 soft rays. 
 

B. Range 
 
Occurs throughout the United States and in many countries in the world.  Originally only 
native to eastern and central North America from the Great Lakes area south to northern 
Mexico, but not in the Atlantic Coastal drainages from Virginia northward.  
 

C. Habitat 
 
Bluegill habitat includes clear, quite, warm waters having at least some aquatic vegetation 
and other cover, and it is most frequently found in the shallow, shady areas along lake 
shorelines.  Bluegill can live in most waters, except swift-flowing cold trout streams, so it is 
often found in slow-flowing streams and rivers.  It also occurs in coastal estuaries in the less 
brackish water.  The bluegill may sometimes be found in turbid water, but it is intolerant of 
continuous high turbidity and siltation.  The bluegill is often found with largemouth bass. 

 
D. Local Occurrence 

 
The bluegill is found in all physiographic provinces and drainage basins of North Carolina.  
 
This species was collected in the Little Tennessee River at all stations including the Franklin 
impoundment.  

 
E. Federal and State Status 

 
No federal or state status. 



Micropterus dolomieu, smallmouth bass 
 

A. Identification 
 
The smallmouth bass is a member of the Family Centrarchidae (the sunfishes) in the Order 
Perciformes.  This is an elongate bodied, robust sunfish that is fully scaled.  It has a 
moderately large mouth, but the upper jaw usually does not extend past the rear margin of 
the eye.  The sides of the body are uniformly dusky (olive-brown to bronze), without lateral 
bands, but it may have several separate vertical bars.  The lower sides (below the complete 
lateral line) sometimes have dark spots irregularly arranged but not forming horizontal rows.  
The cheek has 3-5 conspicuous dark bars radiating back from a commonly reddish eye.  The 
belly is white and often may have a dusky pigment, as do the fins.  Pectoral fins have 16-18 
rays.  The spinous dorsal fin (9-11 spines) is low and broadly joined to the soft dorsal fin 
(13-15 rays) with a shallow notch between them.  The anal fin has 3 spines and 10-11 soft 
rays (usually 11).  
 

B. Range 
 
The smallmouth bass was native to interior eastern North America west of the Appalachians, 
but has been widely introduced elsewhere. 
 

C. Habitat 
 

Smallmouth bass habitat includes clear upland creeks, rivers, and lakes near submerged logs, 
stumps, or rock outcrops.  They seem to prefer rocky bottoms and flowing water in streams.  
They are most often found in reservoirs at steep rocky slopes along submerged river and 
creek channels.  Smallmouth bass are more intolerant to habitat alteration than any other 
black basses, and they are especially intolerant of high turbidity and siltation. 
 

D. Local Occurrence 
 

The smallmouth bass occurs in the Appalachian Mountain Province and a few areas in the 
western Piedmont Plateau of North Carolina. 
 
This species was collected in the Little Tennessee River at both riverine stations LT-1 and 
LT-2.  
 

E. Federal and State Status 
 

No federal or state status. 



Micropterus punctulatus, spotted bass 
 

A. Identification 
 

The spotted bass is a member of the Family Centrarchidae (the sunfishes) in the order 
Perciformes.  This is a large, slender, elongate bass with a large mouth (the upper jaw 
reaches to near the center of the eye) and a patch of teeth on the base of the tongue.  The 
spinous dorsal fin is broadly joined to the soft dorsal fin and there is a shallow notch 
between them.  Body color above the complete lateral line is olive-green with darker 
mottlings, the midside has a broad, longitudinal dark band of more or less confluent 
blotches, the lower sides are white with regular rows of dark brown or black spots, and the 
undersides are white.  Three dusky bars are generally present on the cheeks and opercles and 
the eyes are usually reddish.  The dorsal fin has 9-11 spines and 11-13 soft rays while the 
pectoral fins have 14-17 rays.  The anal fin has 3 spines and 9-11 soft rays. 
 

B. Range 
 

The spotted bass is native to the Gulf Coastal drainages from San Antonio Bay, Texas east 
to, but not likely including, the Apalachicola drainage. 
 

C. Habitat 
 

Spotted bass habitat includes sluggish portions of streams of all dimensions and also rocky 
areas of lakes and reservoirs.  They are most abundant in streams having clear water, 
permanent flow, and gravel bottoms where they are usually found in deep pools.  These fish 
tend to school more than any other member of the black bass family and are often seen 
chasing shad in open water in lakes. 

 
D. Local Occurrence 
 

The spotted bass occurs in a few streams and reservoirs of North Carolina (mainly in the 
Appalachian Mountain Province), but is not common in the rest of the state. 
 
This species was collected in the Little Tennessee River at station LT-2.  

 
E. Federal and State Status 
 

No federal or state status. 



Micropterus salmoides, largemouth bass 
 

A. Identification 
 

The largemouth bass is a member of the Family Centrarchidae (the sunfishes) in the Order 
Perciformes.  This is a large, slender, elongate bass with a very large mouth (in adults the 
upper jaw extends far behind the rear margin of the eye.  There are no teeth present on the 
tongue.  The midside of the body is olive to green with a broad, dark longitudinal band.  The 
lower sides (below the complete lateral line) are white with irregularly arranged dark spots 
that do not form continuous horizontal rows.  The undersides are white and the eye is brown.  
The spinous fins (9-11 spines) and the soft dorsal fins (12-14 rays) are narrowly joined with 
a deep notch almost completely separating them.  Pectoral fins have 14-15 rays and the anal 
fin has 3 spines and 10-12 soft rays.  

 
B. Range 

 
The largemouth bass was native from the Mississippi Basin and the Great Lakes south to the 
southern Atlantic slope and Gulf slope through northern Mexico, but has been widely 
introduced throughout the world. 

 
C. Habitat 

 
Largemouth bass habitat includes clear, quiet, warmer waters in rivers, lakes, reservoirs and 
ponds, and is often found around aquatic vegetation.  They also like other cover such as 
fallen trees, brush, and stumps.  Largemouth bass are more tolerant of both turbidity and 
salinity than other member of the genus Micropterus. 

 
D. Local Occurrence 

 
The largemouth bass occurs throughout North Carolina, however it is uncommon in the 
higher-gradient streams of the Appalachian Mountain Province.  
 
This species was collected in the Little Tennessee River at all stations including the Franklin 
impoundment.  

 
E. Federal and State Status 

 
No federal or state status. 



Pomoxis annularis, white crappie 
 

A. Identification 
 

The white crappie is a member of the Family Centrarchidae (the sunfishes) in the Order 
Perciformes.  This is a silver sunfish with a deep, compressed body, a small head, and a 
large mouth (the upper jaw extends well past the middle of the eye).  The lower jaw 
protrudes beyond the upper jaw and the nape is concave.  The back is dark olive to bright 
green or bluish gray, the sides of the body have 10 or fewer faint vertical bars, and the belly 
is white.  The spinous and soft dorsal fins are broadly joined, with no notch between them.  
The dorsal, caudal, and anal fins are banded and mottled with black.  The pectoral and pelvic 
fins are usually colorless.  Breeding males become much darker and more boldly marked, 
with the sides of the head and breast becoming nearly black.  The dorsal fin has 5-7 spines 
and 14-15 rays and the anal fin has 5-7 spines and 16-18 rays.  The pectoral fin has 14-16 
rays and the pelvic fin has 8 rays. 
 

B. Range 
 
The white crappie was native to central North America east of the Rocky Mountains, but 
introductions have greatly expanded its range throughout the country. 
 

C. Habitat 
 
White crappie habitat includes natural and manmade lakes, ponds, streams, and rivers.  It 
has a wide ecological tolerance but prefers quiet waters and is almost always found near 
brush piles, the tops of fallen trees, or standing timber.  It is more tolerant of turbidity than 
most sunfishes. 
 

D. Local Occurrence 
 
The white crappie occurs in reservoirs and streams in the three physiographic provinces of 
North Carolina, however much less abundant in the Coastal Plain. 
 
This species was collected in the Little Tennessee River only from station LT-1.   

 
E. Federal and State Status 

 
No federal or state status. 



Pomoxis nigromaculatus, black crappie 
 

A. Identification 
 
The black crappie is a member of the Family Centrarchidae (the sunfishes) in the Order 
Perciformes.  This is a silver sunfish with irregularly scattered black speckles and blotches 
on the sides that do not form vertical bars.  The body is deep and compressed, the head is 
small, and the mouth is large (upper jaw extends well past the middle of the eye).  The lower 
jaw protrudes beyond the upper jaw and the nape is concave.  The spinous and soft dorsal 
fins are broadly joined, without a notch between them.  The back is dark olive to bright 
green or bluish gray and the belly is silvery white.  Dorsal, caudal, and anal fins are strongly 
mottled with black pigment.  Breeding males become much darker, particularly on the head 
and breast.  The dorsal fin has 7-8 spines and 14-16 rays and the anal fin has 6-7 spines and 
16-19 rays.  The pectoral fin has 13-15 rays and the pelvic fin has 8 rays. 
 

B. Range 
 
The black crappie range has been greatly expanded by introductions.  It was native from the 
Mississippi Valley and Texas eastward, except in the Northeast.  Today it also occurs in the 
Atlantic slope and the western half of North America. 

 
C. Habitat 

 
Black crappie habitat includes clear, cool waters of natural lakes and less turbid reservoirs 
with vegetation.  It is uncommon in small streams.  It is most abundant in large reservoirs, 
natural lowland lakes, and in the quiet backwaters of large rivers where it is almost always 
found near fallen treetops, standing timber, logs, or other cover.  It is intolerant of turbidity 
and siltation.  During the day, black crappie form loose schools near inshore cover and at 
night the schools generally move to deeper water. 

 
D. Local Occurrence 

 
The black crappie occurs in reservoirs and streams in the three physiographic provinces of 
North Carolina, however it is more abundant in the Coastal Plain. 
 
This species was collected in the Little Tennessee River at station LT-2 and from the 
Franklin impoundment.  

 
E. Federal and State Status 

 
No federal or state status. 

 
 
 
 
 
 
 



Etheostoma blennioides, greenside darter 
 

A. Identification 
 

The greenside darter is a member of the Family Percidae (the perches) in the Order 
Perciformes and is the largest species in the genus Etheostoma (maximum TL of 6.5 inches).  
This is a moderately slender darter with a blunt snout that overhangs an inferior mouth.  A 
frenum (a fleshy bridge that holds the front of the upper jaw bone to the snout) is present, 
but is often not evident because it is deep within the groove between the upper lip and snout.  
Body color is yellow-green with 6-7 dark green to brown saddles.  The 6-7 lateral U- or W-
shaped blotches are dark green.  The upper sides have brownish red spots and small 
blotches.  Both of the dorsal fins are green with basal red bands and the other fins are green.  
The belly is yellowish white to dusky.  Gill membranes are broadly connected and the 
greenside darter has a complete lateral line.  The dorsal fin has 12-14 spines and 12-14 soft 
rays.  The anal fin has 2 spines and 7-9 soft rays.  The pectoral fin has 14-16 rays and the 
caudal fin has 16-18 principal rays. 
 

B. Range 
 

The greenside darter is widespread and often abundant in upland streams from the 
Tennessee drainage north through the Ohio drainage and in southern tributaries to the 
eastern Great Lakes.  It is absent from the Mississippi River Embayment, but widespread 
west of the Mississippi River from southern tributaries to the Missouri River south through 
the Ouachita River system. 
 

C. Habitat 
 

Greenside darter habitat includes swift riffle areas with boulder or coarse cobble substrates 
in small to moderate rivers with low turbidity.  During cooler months they often stay in deep 
pool areas.  Juveniles inhabit shallow pool areas adjacent to riffles.  Adults are often 
associated with attached aquatic vegetation. 
 

D. Local Occurrence 
 

The greenside darter is limited to western North Carolina streams in the Appalachian 
Mountain Province. 
 
This species was collected in the Little Tennessee River at both riverine stations LT-1 and 
LT-2.  

 
E. Federal and State Status 
 

No federal or state status. 



Etheostoma chlorobranchium, greenfin darter 
 

A. Identification 
 

The greenfin darter is a member of the Family Percidae (the perches) in the Order 
Perciformes.  It is a robust, rather large darter in the subgenus Nothonotus (maximum TL of 
4 inches).  The snout is short and rounded, the lips are heavy, and the frenum 
(a fleshy bridge that holds the front of the upper jaw bone to the snout) is wide.  Sexual 
dimorphism in pigmentation is strongly developed in this darter.  The male is green with a 
dark green to blue-green breast, 10-12 green-black vertical bars on the sides, and 9-11 dark 
dorsal saddles.  On the side are 12-15 dark horizontal stripes, most distinct posteriorly, and 
scattered red or red-brown spots.  All median fins have black margins and brilliant green 
bands medially, except the first dorsal has clear or cream-colored submarginal bands.  
Pectoral fins are pink and pelvic fins are green.  In females the pigments are more subdued 
and the median fins have gray or brown bands.  Both sexes have an anterior black blotch in 
the first dorsal fin.  The suborbital bar is diffuse in the male and more distinct in the female.  
Gill membranes are separate to slightly connected.  The dorsal fin has 11-12 spines and 12-
13 soft rays.  The anal fin has 2 spines and 8-9 soft rays.  The pectoral fin has 13-15 rays and 
the caudal fin has 17 principal rays. 
 

B. Range 
 

The greenfin darter occurs in the extreme upper Tennessee River system in Tennessee, 
North Carolina, and Georgia, from the Watauga River south to the Hiwassee River. 
 

C. Habitat 
 
The greenfin darter inhabits clear, fast riffles of cool to cold high-elevation creeks and rivers 
over substrates of gravel, cobble, boulder, and bedrock. 
 

D. Local Occurrence 
 

The greenfin darter is limited to western North Carolina streams in the Appalachian 
Mountain Province. 
 
This species was collected in the Little Tennessee River at station LT-2.  
 

E. Federal and State Status 
 

No federal or state status. 
 
 
 
 
 
 
 



Etheostoma vulneratum, wounded darter 
 

A. Identification 
 

The wounded darter is a member of the Family Percidae (the perches) in the Order 
Perciformes and of the Etheostoma maculatum species group of the subgenus Nothonotus.  
Body color is gray to dark olive with bright red lateral spotting and the breast is green.  
Juveniles (and occasionally adults) have about eight dark saddles and ten dark midlateral 
blotches that may extend vertically to be continuous with the dorsal saddles.  Sides have 
dark horizontal lines between the scale rows.  The caudal fin base has a vertical row of four 
dark spots, two of these are marginal and two are located near the midline.  The soft dorsal, 
anal, and caudal fins have narrow dark margins and vague pale submarginal bands.  The 
spinous dorsal fin is dusky with pigment concentrated to form a dark blotch at the anterior 
base.  The caudal fin typically has a dark center bordered above and below by a broad red 
area, but the entire basal portion of the fin may be red.  Paired fins are gray and sometimes 
there is a dark marginal band on the upper portion of the pectoral fins.  The lateral line is 
complete, a frenum is present, and the gill membranes are narrowly joined.  The dorsal fin 
has 12-13 spines and 12-13 soft rays.  The anal fin has 2 spines and 7-9 soft rays.  The 
pectoral fin has 13-14 rays and the caudal fin has 17 principal rays. 
 

B. Range 
 

The wounded darter is confined to the upper Tennessee River downstream through Whites 
Creek and the Little Tennessee River. 
 

C. Habitat 
 

Wounded darter habitat includes moderate to large rivers in areas of gentle to moderate 
current.  They seem to prefer boulder or coarse cobble substrates and overhanging ledges or 
rocks piled on top of each other are necessary to provide optimum nesting and resting areas. 
 

D. Local Occurrence 
 

The wounded darter occurs in the Little Tennessee River drainage in North Carolina 
(abundant above Fontana Reservoir) in the Appalachian Mountain Province. 
 
This species was collected in the Little Tennessee River at station LT-1.  

 
E. Federal and State Status 
 

The wounded darter is listed as a species of concern by the North Carolina Wildlife 
Resources Commission and as a sensitive species by the U.S. Forest Service.  The wounded 
darter is not listed by the U.S. Fish and Wildlife Service.



Etheostoma zonale, banded darter 
 

A. Identification 
 
The banded darter is a member of the Family Percidae (the perches) in the Order 
Perciformes and of the subgenus Etheostoma.  Body color is gray to yellowish, with 6 
dark green-brown dorsal saddles, about 10 green vertical bars on the sides, a subortibal 
bar, and 4 dark basicaudal spots.  Dark markings are often present on the lower surface of 
the head.  The spinous dorsal fin of females has a dark basal band and is gray elsewhere; 
the other fins have dark marks that may align to form banding patterns.  Males 
(sometimes females) have bright green bars on the sides.  The males also have a dark red 
basal band on both dorsal fins.  Breeding males are brilliantly colored with bright green 
vertical bars encircling the body and dark green fins.  The lateral line is complete, a 
frenum is present, and the gill membranes are broadly joined.  The dorsal fin has 11 
spines and 11-13 soft rays.  The anal fin has 2 spines and 7-9 soft rays.  The pectoral fin 
has 13-15 rays and the caudal fin has 16-17 principal rays. 
 

B. Range 
 

The banded darter is widespread but occurs only above the Fall Line throughout the 
Ohio, Cumberland, Tennessee, and much of the Mississippi river drainages.  Introduced 
populations occur in the Susquehanna and upper Savannah rivers. 
 

C. Habitat 
 

Banded darter habitat includes medium sized streams and rivers in riffle areas with gravel 
and cobble substrates and in pools having some current.  It is normally associated with 
attached vegetation, particularly Podostemum. 
 

D. Local Occurrence 
 

The banded darter is limited to western North Carolina streams in the Appalachian 
Mountain Province. 
 
This species was collected in the Little Tennessee River at station LT-1.  
 

E. Federal and State Status 
 

No federal or state status. 



Perca flavescens, yellow perch 
 

A. Identification 
 

The yellow perch is a member of the Family Percidae (the perches) in the Order 
Perciformes.  Body color is yellow on the sides while the back is brownish, bronze, or 
olivaceous.  There are 6-9 dorsal saddles that extend well down the sides and narrow to a 
point on the belly.  A prominent blotch is usually present in the posterior membranes of 
the spinous dorsal fin.  The caudal fin and the remainder of the dorsal fin are dusky.  The 
pectoral, pelvic, and anal fins are pale yellow to orange.  The lateral line is complete, a 
frenum is absent, and the gill membranes are separate.  An opercular spine is present and 
the posterior margin of the preopercle is strongly serrate.  Teeth are present on the vomer 
and palatines (bones in the roof of the mouth).  The dorsal fin has 13-15 spines in anterior 
portion, and 1-2 spines and 12-15 soft rays in the posterior portion.  The anal fin has 2 
spines and 6-8 soft rays.  The pectoral fin has 15 rays and the caudal fin has 17 principal 
rays. 
 

B. Range 
 

The yellow perch is native to the northern states east of the Rocky Mountains, and the 
Atlantic Coastal drainages south to South Carolina, but it has been widely introduced 
elsewhere. 
 

C. Habitat 
 

Yellow perch habitat includes quiet waters in streams and lakes, but it also enters 
brackish waters along the Atlantic seaboard.  It is often associated with rooted aquatic 
vegetation. 
 

D. Local Occurrence 
 

The yellow perch occurs in all three physiographic provinces in North Carolina but is 
most abundant in the Coastal Plain.  In western North Carolina, the yellow perch occurs 
in the Hiwassee and Pigeon drainages. 
 
This species was collected in the Little Tennessee River at all stations including the 
Franklin impoundment. 
 

E. Federal and State Status 
 

No federal or state status. 



Percina aurantiaca, tangerine darter 
 

A. Identification 
 

The tangerine darter is a member of the Family Percidae (the perches) in the Order 
Perciformes and the subgenus Hypohomus and is one of the largest darters (TL of 6.75 
inches).  Body color is bright yellow to orange on the sides with a row of small discrete 
dark spots above the wide black lateral band of 8-10 fused blotches.  The top of the head 
is dark while the lower half is yellow to orange.  The belly of the female is yellow to 
yellow-orange and it is bright orange on the male.  The first dorsal fin of the male is 
black basally, orange submarginally, and with a black marginal band.  The first dorsal fin 
on the female is clear except for a black marginal band.  Dusky ventral fins become 
blackened in breeding males and they have iridescent blue highlights.  The lateral line is 
complete, the frenum is well developed, and the gill membranes are separate.  The dorsal 
fin has 14-16 spines and 13-15 soft rays.  The anal fin has 2 spines and 10-11 soft rays.  
The pectoral fin has 14-15 rays and the caudal fin has 17 principal rays. 
 

B. Range 
 

The tangerine darter is confined to the upper Tennessee River system in Georgia, North 
Carolina, Tennessee, and Virginia. 
 

C. Habitat 
 

Tangerine darter habitat includes rivers of moderate to steep gradient.  Adult males live 
in swift, deep, rocky riffles with boulders, large cobble, and bedrock substrates.  Adult 
females and juveniles live in deep pools with silty sand substrates below riffles.  Males 
are likely to spend the winter in these deeper pools. 
 

D. Local Occurrence 
 

The tangerine darter occurs in western North Carolina in the Appalachian Mountain 
Province. 
 
This species was collected in the Little Tennessee River at station LT-1.  
 

E. Federal and State Status 
 

The tangerine darter is listed as a forest concern species by the U.S. Forest Service and 
W2 status with the North Carolina Wildlife Resources Commission.  (Watch Category 2 
includes species that are rare to uncommon in North Carolina, but are not necessarily 
considered to be declining or otherwise in trouble).  The tangerine darter is not listed by 
the U.S. Fish and Wildlife Service. 



Percina evides, gilt darter 
 

A. Identification 
 

The gilt darter is a member of the Family Percidae (the perches) in the Order Perciformes 
and the subgenus Ericosma.  It is a colorful species reaching 3 inches TL.  The gilt darter 
is olive dorsally with 7-9 dark saddles.  On the side is a series of 8-9 blue-green blotches, 
each directly below a dorsal saddles and often connected with the saddle to form a wide 
bar crossing over the dorsum.  The belly is yellow to red-orange.  On the basicaudal are 2 
round white or yellow spots.  A distinct suborbital bar is present.  The first dorsal fin is 
often orange-black or amber basally and clear distally with an orange-yellow submarginal 
band.  The second dorsal and caudal fins are vaguely spotted to distinctly banded.  Other 
fins are clear to dusky.  The breeding male is brilliantly colored, darkened overall, and 
has 5-8 wide blue-green or black-blue bars extending over the dorsum, the belly is bright 
orange-red or copper, the dorsal fins are orange-amber with a black base, and the anal 
and pelvic fins are blue-black.  Breeding tubercles are well developed on the males and 
are sometimes present on the females. The lateral line is complete, a frenum is present, 
and the gill membranes are barely connected or separate.  The dorsal fin has 11-13 spines 
and 11-13 soft rays.  The anal fin has 2 spines and 7-9 soft rays.  The pectoral fin has 13-
15 rays and the caudal fin has 17 principal rays. 
 

B. Range 
 

The gilt darter is widespread in the upland portions of the Mississippi Basin from New 
York to Minnesota south to the White River system of Arkansas and the Tennessee 
River. 
 

C. Habitat 
 

Gilt darter habitat includes riffles in small to moderate-sized rivers.  Larger individuals 
live in larger and faster riffles, often over cobble.  Smaller individuals live in smaller 
gravel riffles.  It has a strong preference for clear streams so it is most common in better 
quality rivers. 
 

 D. Local Occurrence 
 

The gilt darter occurs in western North Carolina streams in the Appalachian Mountain 
Province. 
 
This species was collected in the Little Tennessee River at station LT-1.  

 
 E. Federal and State Status 

 
No federal or state status. 

 



Percina squamata, olive darter 
 

A. Identification 
 

The olive darter is a member of the Family Percidae (the perches) in the Order 
Perciformes and the subgenus Swainia.  This darter has a long head and relatively pointed 
snout and is rather large (5.2 inches TL).  The body is olive-brown with dark brown 
vermiculations on the upper side and dorsum.  There are 13-15 small saddles on the 
dorsum (these disappear with age) and on the side there is a midlateral row of 10-12 dark 
oblong and often confluent blotches followed by a black round basicaudal spot.  The 
belly is white or yellow.  The first dorsal fin has a dusky green base, an orange 
submarginal band, and a dusky margin.  The second dorsal, pectoral, and caudal fins are 
banded with light brown.  Other fins are clear.  A bold preorbital bar extends around the 
snout nearly joining the bar from the other side.  Breeding males are overall much darker 
than other individuals. 
The lateral line is complete, a frenum is present, and the gill membranes are moderately 
joined.  The dorsal fin has 13-14 spines and 12-13 soft rays.  The anal fin has 2 spines 
and 7-9 soft rays.  The pectoral fin has 12-15 rays and the caudal fin has 17 principal 
rays. 
 

B. Range 
 

The olive darter is restricted to upland rivers primarily in the Blue Ridge and Cumberland 
Plateau portions of the upper Tennessee and Cumberland river drainages.  Populations 
occur in Tennessee, Kentucky, Georgia, and North Carolina. 
 

C. Habitat 
 

Olive darter habitat includes deep pools and rocky channels in large streams and rivers 
with rocky substrates.  It is commonly found in strong chutes with cobble and boulders in 
high gradient streams, or in the deeper downstream portions of gravel riffles in streams of 
moderate gradient. 
 

D. Local Occurrence 
 

The olive darter occurs in western North Carolina streams in the Appalachian Mountain 
Province. 
 
This species was collected in the Little Tennessee River at both riverine stations LT-1 
and LT-2.  

 
E. Federal and State Status 

 
The olive darter is listed as a species of concern by the North Carolina Wildlife 
Resources Commission and the U.S. Fish and Wildlife Service.  It is listed as a sensitive 
species by the U.S. Forest Service. 



 Cottus bairdi, mottled sculpin 
 

A. Identification 
 

The mottled sculpin is a member of the Family Cottidae (the sculpins) in the Order 
Scorpaeniformes.  This fish is easily recognized by its large flattened head, expanded 
pectoral fins, and its heavy unscaled body.  The body tapers abruptly from the large, 
broad head to a narrow caudal peduncle.  The eyes are in a dorsal position.  The dorsal fin 
is divided into two distinct parts.  The spinous dorsal fin is red at the margin and black at 
the base.  Body pigmentation is highly variable, indistinct dorsal saddles are usually as 
wide as or wider than the interspaces.  The ground color of the body varies with the 
environment and can range from a coppery brown to a slate gray, and approaches black in 
breeding males.  The dorsal fin has 7-8 spines and 16-18 soft rays.  The anal fin has 12-
14 soft rays.  The pectoral fin has 14-16 rays and the caudal fin has 10-11 principal rays. 
 

B. Range 
 

The mottled sculpin is widespread in the eastern half of North America from Arctic 
Canada south.  This range includes the Great Lakes area, the Ozarks, much of the 
Mississippi Basin, many Atlantic Slope drainages, and in the Mobile Bay drainage of the 
Gulf slope.  It is also found in western North America on both sides of the Continental 
Divide. 
 

C. Habitat 
 

Mottled sculpin occur in several habitat types, including quiet springs and small creeks to 
high gradient mountain rivers.  They have adapted to some cool tailwater habitats below 
reservoirs.  Mottled sculpin are often found in the faster current areas of streams over 
cobble or boulder substrates. 
 

D. Local Occurrence 
 

The mottled sculpin occurs in western North Carolina streams of the Appalachian 
Mountain Province and a few streams in the Roanoke basin of the Piedmont Province. 
 
This species was collected in the Little Tennessee River at both riverine stations LT-1 
and LT-2.  

 
E. Federal and State Status 
 

No federal or state status. 
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Figure 1.  Map of the Franklin project fish sampling stations on the Little Tennessee River. 



River Site Length (m) Width (m) GPS
Little Tennessee LT-1

Backpack 100
    Upper end 77,72 35o 13.185' N 83o 22.238' W
    Lower end 71,02 35o 13.276' N 83o 22.346' W

Boat included with backpack
    Upper end
    Lower end

Little Tennessee LT-2
Backpack 50
    Upper end 25,30 35o 09.697' N 83o 22.546' W

24,38
32,13
23,34
23,87
24,44

    Lower end 27,79 35o 09.715' N 83o 22.532' W

Boat 200
    Upper end 35o 09.715' N 83o 22.532' W
    Lower end 35o 09.826' N 83o 22.542' W

Table 1.  Length, mean width and GPS coordinates for each of the fisheries sample stations 
for the Franklin Project, Little Tennessee River.



Common Name Scientific Name LT-1 LT-2 FR
Rainbow trout (wild) Oncorhynchus mykiss x x
Rainbow trout (stocked) Oncorhynchus mykiss x
Brown trout (wild) Salmo trutta x
Brown trout (stocked) Salmo trutta x
Brook trout (stocked) Salvelinus fontinalis x
Central stoneroller Campostoma anomalum x x
Whitetail shiner Cyprinella galacturus x x x
Turquoise shiner (Spotfin chub) Cyprinella monacha x
Common carp Cyprinus carpio x x x
Warpaint shiner Luxilus coccogenis x x
River chub Nocomis micropogon x x
Tennessee shiner Notropis leuciodus x x
Yellowfin shiner Notropis lutipinnis x
Silver shiner Notropis photogenis x x
Rosyface shiner Notropis rubellus x
Mirror shiner Notropis spectrunculus x
Telescope shiner Notropis telescopus x
Fatlips minnow Phenacobius crassilabrum x x
Blacknose dace Rhinichthys atratulus x
Northern hog sucker Hypentelium nigricans x x
River redhorse Moxostoma carinatum x
Black redhorse Moxostoma duquesnei x x x
Golden redhorse Moxostoma erythrurum x x x
Shorthead redhorse Moxostoma macrolepidotum x
Sicklefin redhorse Moxostoma spp. x
Redhorse sp. Moxostoma sp. x
Snail bullhead Ameiurus brunneus x
Black bullhead Ameiurus melas x
Yellow bullhead Ameiurus natalis x
Brown bullhead Ameiurus nebulosus x x x
Channel catfish Ictalurus punctatus x
Flathead catfish Pylodictis olivaris x
Western mosquitofish Gambusia affinis x
Mottled sculpin Cottus bairdi x x
Rock bass Ambloplites rupestris x x
Redbreast sunfish Lepomis auritus x x x
Green sunfish Lepomis cyanellus x x
Green sunfishXRedbreast sunfish Lepomis cyanellusXauritus x
Warmouth Lepomis gulosus x x x
Bluegill Lepomis macrochirus x x x
BluegillXGreen sunfish Lepomis macrochirusXcyanellus x
BluegillXRedbreast sunfish Lepomis macrochirusXauritus x
Hybrid sunfish Lepomis sp. x
Smallmouth bass Micropterus dolomieui x x
Spotted bass Micropterus punctulatus x
Largemouth bass Micropterus salmoides x x x
White crappie Pomoxis annularis x
Black crappie Pomoxis nigromaculatus x x
Greenside darter Etheostoma blennioides x x
Greenfin darter Etheostoma chlorobranchium x
Wounded darter Etheostoma vulneratum x
Banded darter Etheostoma zonale x
Yellow perch Perca flavescens x x x
Tangerine darter Percina aurantiaca x
Gilt darter Percina evides x
Olive darter Percina squamata x x

Total Fish Species 39 32 14

Table 2.  Fish species collected by sample station during electrofishing sampling of the Little Tennessee River during May 2001, 
July 2001, September 2001, February 2002 and March 2002 and Lake Emory (FR) during July and August 1999 (TVA 1999).

Station



Feb Mar
Common Name Scientific Name May July Sept Feb Seine Mar Seine

Rainbow trout (wild) Oncorhynchus mykiss -- -- -- 1 -- 1 --
Rainbow trout (stocked) Oncorhynchus mykiss -- -- -- -- -- -- --
Brown trout (wild) Salmo trutta -- -- -- -- -- -- --
Brown trout (stocked) Salmo trutta -- -- -- -- -- 1 --
Brook trout (stocked) Salvelinus fontinalis -- -- -- -- -- -- --
Central stoneroller Campostoma anomalum 8 5 -- 17 2 44 3
Whitetail shiner Cyprinella galacturus 15 17 21 6 -- 3 2
Turquoise shiner (Spotfin chub) Cyprinella monacha 10 13 -- -- 2 -- 1
Common carp Cyprinus carpio 12 2 -- -- -- -- --
Warpaint shiner Luxilus coccogenis 14 6 6 47 -- 1 1
River chub Nocomis micropogon 70 55 46 61 4 87 4
Tennessee shiner Notropis leuciodus 6 -- -- 1 -- -- 5
Yellowfin shiner Notropis lutipinnis -- -- -- -- -- -- --
Silver shiner Notropis photogenis 14 -- 1 -- -- 2 30
Rosyface shiner Notropis rubellus 1 17 -- -- -- -- --
Mirror shiner Notropis spectrunculus -- -- -- -- -- -- --
Telescope shiner Notropis telescopus 19 4 14 1 -- 1 24
Fatlips minnow Phenacobius crassilabrum 1 3 -- -- -- -- --
Blacknose dace Rhinichthys atratulus -- -- -- -- -- -- --
Northern hog sucker Hypentelium nigricans 31 35 30 8 1 35 --
River redhorse Moxostoma carinatum 1 6 2 -- -- -- --
Black redhorse Moxostoma duquesnei 20 10 3 -- -- 35 --
Golden redhorse Moxostoma erythrurum 4 6 31 -- -- 1 --
Shorthead redhorse Moxostoma macrolepidotum -- 1 4 -- -- -- --
Sicklefin redhorse Moxostoma spp. -- -- -- -- -- 16 --
Redhorse sp. Moxostoma sp. -- -- -- -- -- -- --
Black bullhead Ameiurus melas -- 1 -- -- -- -- --
Yellow bullhead Ameiurus natalis -- -- -- -- -- -- --
Brown bullhead Ameiurus nebulosus -- -- 1 -- -- -- --
Channel catfish Ictalurus punctatus -- 1 -- -- -- 5 --
Flathead catfish Pylodictis olivaris -- -- 1 -- -- -- --
Mottled sculpin Cottus bairdi 2 2 2 5 2 2 2
Rock bass Ambloplites rupestris 56 64 22 24 -- 29 --
Redbreast sunfish Lepomis auritus 79 92 60 17 -- 49 --
Green sunfish Lepomis cyanellus 5 2 1 -- -- 1 --
Green sunfishXRedbreast sunfish Lepomis cyanellusXauritus -- -- 1 -- -- -- --
Warmouth Lepomis gulosus -- 1 -- -- -- 1 --
Bluegill Lepomis macrochirus 46 79 74 93 -- 54 --
BluegillXGreen sunfish Lepomis macrochirusXcyanellus 1 1 -- -- -- -- --
BluegillXRedbreast sunfish Lepomis macrochirusXauritus -- 1 1 1 -- -- --
Smallmouth bass Micropterus dolomieui 11 12 10 5 2 4 1
Spotted bass Micropterus punctulatus -- -- -- -- -- -- --
Largemouth bass Micropterus salmoides 5 2 -- -- -- 2 --
White crappie Pomoxis annularis -- -- -- 7 -- 3 --
Black crappie Pomoxis nigromaculatus -- -- -- -- -- -- --
Greenside darter Etheostoma blennioides 4 2 1 3 -- 3 --
Greenfin darter Etheostoma chlorobranchium -- -- -- -- -- -- --
Wounded darter Etheostoma vulneratum 2 -- 1 2 -- -- --
Banded darter Etheostoma zonale 26 29 11 6 8 44 31
Yellow perch Perca flavescens -- -- -- 1 -- 1 --
Tangerine darter Percina aurantiaca 7 8 3 -- -- 1 --

Station LT-1

Table 3.  Total number of fish by species and sample period collected at Station LT-1, the tailrace of the Franklin Project, during May 
2001, July 2001, September 2001, February 2002 and March 2002.



Table 3.  Continued.

Feb Mar
Common Name Scientific Name May July Sept Feb Seine Mar Seine

Gilt darter Percina evides -- -- -- 1 2 -- 6
Olive darter Percina squamata 6 5 1 -- -- -- --

Total Fish Collected 476 482 348 307 23 426 110
Total Fish Species 28 30 25 20 8 26 12

Station LT-1



Mar
Common Name Scientific Name May July Sept Mar Seine

Rainbow trout (wild) Oncorhynchus mykiss -- -- -- 2 --
Rainbow trout (stocked) Oncorhynchus mykiss -- -- -- 1 --
Brown trout (wild) Salmo trutta -- -- 1 -- --
Brown trout (stocked) Salmo trutta -- -- -- -- --
Brook trout (stocked) Salvelinus fontinalis -- -- -- 1 --
Central stoneroller Campostoma anomalum 40 10 33 6 11
Whitetail shiner Cyprinella galacturus 25 11 14 17 6
Turquoise shiner (Spotfin chub) Cyprinella monacha -- -- -- -- --
Common carp Cyprinus carpio 7 2 -- 2 --
Warpaint shiner Luxilus coccogenis 9 6 18 7 --
River chub Nocomis micropogon 26 34 74 14 4
Tennessee shiner Notropis leuciodus 37 21 26 11 7
Yellowfin shiner Notropis lutipinnis 47 16 63 1 5
Silver shiner Notropis photogenis 8 -- 1 1 --
Rosyface shiner Notropis rubellus -- -- -- -- --
Mirror shiner Notropis spectrunculus 1 5 -- 2 --
Telescope shiner Notropis telescopus -- -- -- -- --
Fatlips minnow Phenacobius crassilabrum -- -- 3 -- 3
Blacknose dace Rhinichthys atratulus 1 -- -- -- --
Northern hog sucker Hypentelium nigricans 30 20 22 7 1
River redhorse Moxostoma carinatum -- -- -- -- --
Black redhorse Moxostoma duquesnei 49 30 35 28 --
Golden redhorse Moxostoma erythrurum 2 17 10 6 --
Shorthead redhorse Moxostoma macrolepidotum -- -- -- -- --
Sicklefin redhorse Moxostoma spp. -- -- -- -- --
Redhorse sp. Moxostoma sp. -- 1 -- -- --
Black bullhead Ameiurus melas -- -- -- -- --
Yellow bullhead Ameiurus natalis -- -- 1 -- --
Brown bullhead Ameiurus nebulosus -- -- 1 -- --
Channel catfish Ictalurus punctatus -- -- -- -- --
Flathead catfish Pylodictis olivaris -- -- -- -- --
Mottled sculpin Cottus bairdi 9 9 20 7 1
Rock bass Ambloplites rupestris -- 1 -- -- --
Redbreast sunfish Lepomis auritus 23 29 28 22 1
Green sunfish Lepomis cyanellus -- -- -- -- --
Green sunfishXRedbreast sunfish Lepomis cyanellusXauritus -- -- -- -- --
Warmouth Lepomis gulosus -- -- 2 -- --
Bluegill Lepomis macrochirus 16 14 22 12 --
BluegillXRedbreast sunfish Lepomis macrochirusXauritus -- -- -- -- --
BluegillXGreen sunfish Lepomis macrochirusXcyanellus -- -- -- -- --
Smallmouth bass Micropterus dolomieui 2 -- 3 1 --
Spotted bass Micropterus punctulatus -- -- 2 1 --
Largemouth bass Micropterus salmoides 1 -- 2 2 --
White crappie Pomoxis annularis -- -- -- -- --
Black crappie Pomoxis nigromaculatus 1 -- -- -- --
Greenside darter Etheostoma blennioides 2 1 5 1 --
Greenfin darter Etheostoma chlorobranchium 1 2 2 -- --
Wounded darter Etheostoma vulneratum -- -- -- -- --
Banded darter Etheostoma zonale -- -- -- -- --
Yellow perch Perca flavescens 1 6 3 3 --
Tangerine darter Percina aurantiaca -- -- -- -- --

Station LT-2

Table 4.  Total number of fish by species and sample period collected at Station LT-2, Little Tennessee River upstream of the 
Franklin impoundment, during May 2001, July 2001, September 2001, February 2002 and March 2002.



Table 4.  Continued

Mar
Common Name Scientific Name May July Sept Mar Seine

Gilt darter Percina evides -- -- -- -- --
Olive darter Percina squamata -- 1 2 -- 2

Total Fish Collected 338 236 393 155 41
Total Fish Species 22 19* 25 22 10

* Potentially 20 species dependant upon identification of juvenile redhorse sp.

Station LT-2



Common Name Scientific Name 19.7.1999 3.8.1999
Whitetail shiner Cyprinella galacturus -- 1
Common carp Cyprinus carpio 26 96
Golden redhorse Moxostoma erythrurum 58 25
Black redhorse Moxostoma duquesnei 1 3
Snail bullhead Ameiurus brunneus 1 --
Brown bullhead Ameiurus nebulosus -- 2
Western mosquitofish Gambusia affinis 1 --
Redbreast sunfish Lepomis auritus 80 57
Green sunfish Lepomis cyanellus 1 1
Warmouth Lepomis gulosus 10 3
Bluegill Lepomis macrochirus 90 132
Hybrid sunfish Lepomis sp. 1 1
Largemouth bass Micropterus salmoides 2 18
Black crappie Pomoxis nigromaculatus -- 3
Yellow perch Perca flavescens 1 1

Total Fish Collected 272 343
Total Fish Species 12 13

Station FR

Table 5.  Total number of fish by species and sample period collected from Station FR, 
the Franklin impoundment, during July and August 1999 (TVA 1999).



Common Name Scientific Name May July Sept Feb Mar May July Sept Feb Mar
Rainbow trout (wild) Oncorhynchus mykiss (wild) -- -- -- 1 1 -- -- -- 1 1
Brown trout (stocked) Salmo trutta  (stocked) -- -- -- -- -- -- -- -- -- 1
Central stoneroller Campostoma anomalum 7 4 -- 19 37 8 5 -- 17 44
Whitetail shiner Cyprinella galacturus 14 13 23 7 3 15 17 21 6 3
Turquoise shiner (Spotfin chub) Cyprinella monacha 9 10 -- -- -- 10 13 -- -- --
Common carp Cyprinus carpio 11 2 -- -- -- 12 2 -- -- --
Warpaint shiner Luxilus coccogenis 14 5 7 52 1 14 6 6 47 1
River chub Nocomis micropogon 65 43 51 67 73 70 55 46 61 87
Tennessee shiner Notropis leuciodus 6 -- -- 1 -- 6 -- -- 1 --
Silver shiner Notropis photogenis 13 -- 1 -- 2 14 -- 1 -- 2
Rosyface shiner Notropis rubellus 1 13 -- -- -- 1 17 -- -- --
Telescope shiner Notropis telescopus 18 3 15 1 1 19 4 14 1 1
Fatlips minnow Phenacobius crassilabrum 1 2 -- -- -- 1 3 -- -- --
Northern hog sucker Hypentelium nigricans 29 27 33 9 29 31 35 30 8 35
River redhorse Moxostoma carinatum 1 5 2 -- -- 1 6 2 -- --
Black redhorse Moxostoma duquesnei 19 8 3 -- 29 20 10 3 -- 35
Golden redhorse Moxostoma erythrurum 4 5 34 -- 1 4 6 31 -- 1
Shorthead redhorse Moxostoma macrolepidotum -- 1 4 -- -- -- 1 4 -- --
Sicklefin redhorse Moxostoma sp. -- -- -- -- 13 -- -- -- -- 16
Black bullhead Ameiurus melas -- 1 -- -- -- -- 1 -- -- --
Brown bullhead Ameiurus nebulosus -- -- 1 -- -- -- -- 1 -- --
Channel catfish Ictalurus punctatus -- 1 -- -- 4 -- 1 -- -- 5
Flathead catfish Pylodictis olivaris -- -- 1 -- -- -- -- 1 -- --
Mottled sculpin Cottus bairdi 2 2 2 6 2 2 2 2 5 2
Rock bass Ambloplites rupestris 52 50 24 26 24 56 64 22 24 29
Redbreast sunfish Lepomis auritus 73 72 66 19 41 79 92 60 17 49
Green sunfish Lepomis cyanellus 5 2 1 -- 1 5 2 1 -- 1
Green sunfishXRedbreast sunfish Lepomis cyanellusXauritus -- -- 1 -- -- -- -- 1 -- --
Warmouth Lepomis gulosus -- 1 -- -- 1 -- 1 -- -- 1
Bluegill Lepomis macrochirus 43 62 81 102 45 46 79 74 93 54
BluegillXRedbreast sunfish Lepomis macrochirusXauritus -- 1 1 1 -- -- 1 1 1 --
BluegillXGreen sunfish Lepomis macrochirusXcyanellus 1 1 -- -- -- 1 1 -- -- --
Smallmouth bass Micropterus dolomieui 10 9 11 6 4 11 12 10 5 4
Largemouth bass Micropterus salmoides 5 2 -- -- 2 5 2 -- -- 2
White crappie Pomoxis annularis -- -- -- 8 3 -- -- -- 7 3
Greenside darter Etheostoma blennioides 4 2 1 3 3 4 2 1 3 3
Greenfin darter Etheostoma chlorobranchium 4 -- -- -- -- 4 -- -- -- --
Wounded darter Etheostoma vulneratum 2 -- 1 2 -- 2 -- 1 2 --
Banded darter Etheostoma zonale 24 23 32 7 40 26 11 11 6 44
Yellow perch Perca flavescens -- -- -- 1 1 -- -- -- 1 1
Tangerine darter Percina aurantiaca 7 8 3 -- 1 7 8 3 -- 1
Gilt darter Percina evides -- -- -- 1 -- -- -- -- 1 --
Olive darter Percina squamata 6 4 1 -- -- 6 5 1 -- --

TOTAL 451 382 400 339 362 480 464 348 307 426

number of fish per 
number of fish per hour 100 meter of shoreline

Table 6.  Catch per unit effort (number per hour and number per 100 m shoreline) for Station LT-1, the tailrace of the Franklin project during May 2001, July 2001, 
September 2001, February 2002 and March 2002.



Common Name Scientific Name May July Sept Mar May July Sept Mar
Rainbow trout (wild) Oncorhynchus mykiss -- -- -- 2 -- -- -- 1
Rainbow trout (stocked) Oncorhynchus mykiss -- -- -- 1 -- -- -- 1
Brown trout (wild) Salmo trutta -- -- 1 -- -- -- 1 --
Brook trout (stocked) Salvelinus fontinalis -- -- -- 1 -- -- -- 1
Central stoneroller Campostoma anomalum 45 10 30 5 16 4 13 2
Whitetail shiner Cyprinella galacturus 28 11 13 14 10 4 6 7
Common carp Cyprinus carpio 8 2 -- 2 3 1 -- 1
Warpaint shiner Luxilus coccogenis 10 6 17 6 4 2 7 3
River chub Nocomis micropogon 29 34 69 12 10 14 30 6
Tennessee shiner Notropis leuciodus 42 21 24 9 15 8 10 4
Yellowfin shiner Notropis lutipinnis 53 16 59 1 19 6 25 1
Silver shiner Notropis photogenis 10 -- 1 1 3 -- 1 1
Mirror shiner Notropis spectrunculus 1 5 -- 2 1 2 -- 1
Fatlips minnow Phenacobius crassilabrum -- -- 3 -- -- -- 1 --
Blacknose dace Rhinichthys atratulus 1 -- -- -- 1 -- -- --
Northern hog sucker Hypentelium nigricans 34 20 20 6 12 8 9 3
Black redhorse Moxostoma duquesnei 55 30 33 23 20 12 14 11
Golden redhorse Moxostoma erythrurum 2 17 9 5 1 7 4 2
Redhorse sp. Moxostoma sp. -- 1 -- -- -- 1 -- --
Yellow bullhead Ameiurus natalis -- -- 1 -- -- -- 1 --
Brown bullhead Ameiurus nebulosus -- -- 1 -- -- -- 1 --
Mottled sculpin Cottus bairdi 10 9 18 1 4 4 8 3
Rock bass Ambloplites rupestris -- 1 -- -- -- 1 -- --
Redbreast sunfish Lepomis auritus 26 29 26 18 9 12 11 9
Warmouth Lepomis gulosus -- -- 2 -- -- -- 2 --
Bluegill Lepomis macrochirus 18 14 20 10 6 6 9 5
Smallmouth bass Micropterus dolomieui 2 -- 3 1 1 -- 1 1
Spotted bass Micropterus punctulatus -- -- 1 1 -- -- 1 1
Largemouth bass Micropterus salmoides 1 -- 2 2 1 -- 1 1
Black crappie Pomoxis nigromaculatus 1 -- -- -- 1 -- -- --
Greenside darter Etheostoma blennioides 2 1 5 1 1 1 2 1
Greenfin darter Etheostoma chlorobranchium 1 2 2 -- 1 1 1 --
Yellow perch Perca flavescens 1 6 3 4 1 2 1 1
Olive darter Percina squamata -- 1 2 -- -- 1 1 --

TOTAL 380 236 365 128 140 97 161 67

number of fish per 
number of fish per hour 100 meter of shoreline

Table 7.  Catch per unit effort (number per hour and number per 100 m shoreline) for Station LT-2, Little Tennessee River upstream of Franklin impoundment, 
during May 2001, July 2001, September 2001 and March 2002.



Common Name Scientific Name 19.7.1999 3.8.1999
Whitetail shiner Cyprinella galacturus -- 0,03
Common carp Cyprinus carpio 0,72 2,67
Golden redhorse Moxostoma erythrurum 1,61 0,69
Black redhorse Moxostoma duquesnei 0,03 0,08
Snail bullhead Ameiurus brunneus 0,03 --
Brown bullhead Ameiurus nebulosus -- 0,06
Western mosquitofish Gambusia affinis 0,03 --
Redbreast sunfish Lepomis auritus 2,22 1,58
Green sunfish Lepomis cyanellus 0,03 0,03
Warmouth Lepomis gulosus 0,28 0,08
Bluegill Lepomis macrochirus 2,50 3,67
Hybrid sunfish Lepomis sp. 0,03 0,03
Largemouth bass Micropterus salmoides 0,06 0,50
Black crappie Pomoxis nigromaculatus -- 0,08
Yellow perch Perca flavescens 0,03 0,03

Total Fish 7,56 9,53

Table 8.  Catch per unit of effort (number per 100 m shoreline) for Station FR, the 
Franklin impoundment, during July and August 1999 (TVA 1999).

number of fish per
100 m of shoreline



Date Station No. Method Number

Total 
Length 
(mm)

Total 
Weight 

(g)
Spawning 
Condition

7.6.2001 1 BP 1 115 12
BP 1 115 18
BP 1 87 8
BP 1 84 2
BP 1 70 1
BP 1 90 3
BP 1 92 4
BP 1 78 3
BP 1 92 4
BP 1 93 5

Subtotal 10 60

12.7.2001 1 BP 1 73 2
BP 1 65 1
BP 1 64 1
BP 1 71 2
BP 1 78 3
BP 1 70 2
BP 1 105 6

Boat 1 84 5
Boat 1 81 5
Boat 1 65 1
Boat 1 99 6
Boat 1 84 2
Boat 1 67 1

Subtotal 13 37

20.2.2002 1 Seine 1 100 10
Seine 1 80 5
Seine 1 64 1

Subtotal 3 16

Total fish collected 26 113

Table 9.  Summary of spotfin chub, Hybopsis monacha , collections from the Little 
Tennessee River, by sample station and sample date.



Date Station No. Method Number

Total 
Length 
(mm)

Total 
Weight (g)

Spawning 
Condition

8.4.2002 1 Boat 1 586 1859 R
Boat 1 527 1560 R
Boat 1 578 1712 R
Boat 1 540 1499 R
Boat 1 472 1001 R
Boat 1 536 1584 R
Boat 1 555 1654 R
Boat 1 588 1813 R
Boat 1 566 1828 R
Boat 1 565 1785 R
Boat 1 650 3125 R
Boat 1 546 1674 R
Boat 1 580 1964 R
Boat 1 525 1569 R
Boat 1 540 1551 R
Boat 1 570 1834 R

Subtotal 16 28.012    

Total Fish Collected 16 28.012    

Table 10.  Summary of sicklefin redhorse, Moxostoma sp ., collections from the Little 
Tennessee River, by sample station and sample date.



Date Station No. Method Number

Total 
Length 
(mm)

Total 
Weight 

(g)
Spawning 
Condition

7.6.2001 1 BP 1 104 10
BP 1 81 4
BP 1 76 4
BP 1 76 1
BP 1 102 4
BP 1 75 4

Subtotal 6 27

12.7.2001 1 BP 1 79 2
BP 1 110 11
BP 1 117 9
BP 1 91 6
BP 1 79 4

Subtotal 5 32

7.9.2001 1 BP 1 111 9
Subtotal 1 9

11.7.2001 2 BP 1 108 23
Subtotal 1 23

7.9.2001 2 BP 1 117 13
BP 1 66 2

Subtotal 2 15

24.4.2002 2 Seine 1 117 -- R
Seine 1 117 -- R

Subtotal 2

Total fish collected 15 106

Table 11.  Summary of olive darter, Percina squamata,  collections from the Little 
Tennessee River, by sample station and sample date.



Date Station No. Method No.

Total 
Length 
(mm)

Total 
Weight 

(g)
Spawning 
Condition

7.6.2001 1 BP 2 50-74 8
Subtotal 2 8

7.9.2001 1 BP 1 74 6
Subtotal 1 6

20.2.2002 1 Boat 2 50-74 8
Subtotal 2 8

Total Fish Collected 5 22

Table 12.  Summary of  wounded darter, Etheostoma vulneratum,  collections from the Little 
Tennessee River, by sample station and sample date.



Date Station No. Method Number

Total 
Length 
(mm)

Total 
Weight 

(g)
Spawning 
Condition

7.6.2001 1 Boat 1 115 12
BP 6 125-149 124

Subtotal 7 136

12.7.2001 1 BP 1 93 8
BP 1 102 9
BP 1 117 15
BP 1 117 22
BP 1 122 16
BP 1 124 14
BP 1 132 22

Boat 1 146 36
Subtotal 8 142

7.9.2001 1 BP 2 100-124 32
Boat 1 132 24

Subtotal 3 56

8.4.2002 1 BP 1 159 47
Subtotal 1 47

Total Fish Collected 19 381

Table 13.  Summary of tangerine darter, Percina aurantiaca,  collections from the 
Little Tennessee River, by sample station and sample date.



Date Station No. Method Number

Total 
Length 
(mm)

Total 
Weight 

(g)
Spawning 
Condition

7.6.2001 1 BP 1 75-99 6
Subtotal 1 6

12.7.2001 1 Boat 3 75-99 18
Subtotal 3 18

7.9.2001 2 BP 1 65 3
BP 1 99 10
BP 1 101 8

Subtotal 3 21

12.7.2001 2 Seine 2 50-74 --
Seine 1 75 --

Subtotal 3 0

Total Fish Collected 10 45

Table 14.  Summary of fatlips minnow, Phenacobius crassilabrum, collections 
from the Little Tennessee River, by sample station and sample date.



Date Station No. Method Number

Total 
Length 
(mm)

Total 
Weight 

(g)
Spawning 
Condition

6.6.2001 2 BP 22 25-49 27
BP 24 50-74 38

Boat 1 50-75 1
Subtotal 47 66

11.7.2001 2 BP 8 50-74 14
Boat 8 50-74 9

Subtotal 16 23

7.9.2001 2 BP 3 25-49 1
BP 59 50-74 144
BP 1 77 5

Subtotal 63 150

24.4.2002 2 Boat 1 49 1
Seine 3 50-74 --
Seine 1 41 --
Seine 1 67 --

Subtotal 6 1

Total Fish Collected 132 240

Table 15.  Summary of yellowfin shiner, Notropis lutipinnis,  collections from the 
Little Tennessee River, by sample station and sample date.



LT-1, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Central stoneroller Campostoma anomalum 75-99 1 8 8 0,232

100-124 1 10
125-149 4 128
150-174 2 86

Turquoise shiner (Spotfin chub) Cyprinella monacha 50-74 1 1 10 0,060
75-99 7 29

100-124 2 30

Common carp Cyprinus carpio 425-449 3 3.380 12 19,228
450-474 1 1.186
475-499 1 1.238
500-524 3 4.830
525-549 4 8.594

Warpaint shiner Luxilus coccogenis 50-74 3 12 14 0,130
75-99 5 30

100-124 4 48
125-149 2 40

River chub Nocomis micropogon 75-99 47 384 70 1,108
100-124 14 212
125-149 3 54
150-174 3 122
175-199 2 206
200-224 1 130

Whitetail shiner Cyprinella galacturus 75-99 4 30 15 0,224
100-124 5 88
125-149 4 78
150-174 2 28

Tennessee shiner Notropis leuciodus 50-74 6 14 6 0,014

Silver shiner Notropis photogenis 50-74 13 44 14 0,048
75-99 1 4

Rosyface shiner Notropis rubellus 50-74 1 3 1 0,003

Telescope shiner Notropis telescopus 50-74 18 46 19 0,048
75-99 1 2

Fatlips minnow Phenacobius crassilabrum 75-99 1 6 1 0,006

Northern hog sucker Hypentelium nigricans 125-149 1 32 31 7,958
175-199 1 80
200-224 1 126
225-249 3 534
250-274 7 1.444
275-299 11 3.086
300-324 7 2.656

Appendix 1 - Table 1.  Size class and biomass data by sample station and sample period for fish collections associated with the 
Franklin Project.



Appendix 1 - Table 1.  Continued

LT-1, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
River redhorse Moxostoma carinatum 475-499 1 1.012 1 1,012

Black redhorse Moxostoma duquesnei 350-374 2 974 20 12,990
375-399 8 4.418
400-424 4 2.782
425-449 5 3.980
450-474 1 836

Golden redhorse Moxostoma erythrurum 350-374 3 1.508 4 2,258
400-424 1 750

Rock bass Ambloplites rupestris 75-99 3 36 56 5,816
100-124 2 60
125-149 10 444
150-174 14 1.182
175-199 15 1.936
200-224 12 2.158

Redbreast sunfish Lepomis auritus 50-74 4 22 79 3,080
75-99 12 140

100-124 22 526
125-149 25 1.078
150-174 12 790
175-199 4 524

Green sunfish Lepomis cyanellis 100-124 2 54 5 0,366
125-149 1 54
175-199 2 258

Bluegill Lepomis macrochirus 25-49 2 3 46 1,229
50-74 17 50
75-99 9 84

100-124 4 70
125-149 7 258
150-174 4 286
175-199 2 302
200-224 1 176

BluegillXGreen sunfish Lepomis macrochirusXcyanellis 175-199 1 138 1 0,138

Smallmouth bass Micropterus dolomieui 75-99 6 38 11 3,892
100-124 1 12
250-274 1 398
400-424 2 1.768
500-524 1 1.676

Largemouth bass Micropterus salmoides 100-124 1 132 5 1,624
275-299 2 536
300-324 1 434
350-374 1 522

Greenside darter Etheostoma blennioides 75-99 4 28 4 0,028

Wounded darter Etheostoma vulneratum 50-74 2 8 2 0,008



Appendix 1 - Table 1.  Continued

LT-1, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Banded darter Etheostoma zonale 50-74 26 46 26 0,046

Tangerine darter Percina aurantiaca 100-124 1 12 7 0,136
125-149 6 124

Olive darter 75-99 4 13 6 0,027
Percina squamata 100-124 2 14

Mottled sculpin Cottus bairdi 50-74 1 3 2 0,009
75-99 1 6

Total Number and Weight of Fish Collected 476 61,718



LT-1, July 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Central stoneroller Campostoma anomalum 100-124 3 48 5 0,107

125-149 2 59

Turquoise shiner (Spotfin chub) Cyprinella monacha 50-74 7 10 13 0,037
75-99 5 21

100-124 1 6

Common carp Cyprinus carpio 400-424 1 789 2 2,941
550-574 1 2.152

Warpaint shiner Luxilus coccogenis 75-99 4 24 6 0,048
100-124 2 24

River chub Nocomis micropogon 25-49 1 2 55 1,039
75-99 35 352

100-124 10 202
125-149 4 108
150-174 1 58
175-199 3 219
200-224 1 98

Whitetail shiner Cyprinella galacturus 50-74 2 6 17 0,227
75-99 7 43

100-124 4 53
125-149 4 125

Rosyface shiner Notropis rubellus 50-74 17 23 17 0,023

Telescope shiner Notropis telescopus 50-74 2 5 4 0,010
75-99 2 5

Fatlips minnow Phenacobius crassilabrum 74-99 3 18 3 0,018

Black bullhead Ameiurus melas 100-124 1 18 1 0,018

Channel catfish Ictalurus punctatus 450-474 1 872 1 0,872

Northern hog sucker Hypentelium nigricans 175-199 5 309 35 7,721
200-224 3 366
225-249 3 510
250-274 6 1.241
275-299 12 3.149
300-324 4 1.342
325-349 2 804

River redhorse Moxostoma carinatum 400-424 2 1.462 6 6,098
425-449 2 1.670
475-499 1 1.116
600-624 1 1.850

Appendix 1 - Table 2.  Size class and biomass data by sample station and sample period for fish collections associated with the 
Franklin Project.



Appendix 1 - Table 2.  Continued

LT-1, July 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Black redhorse Moxostoma duquesnei 125-149 1 26 10 5,046

175-199 1 80
325-349 1 370
375-399 3 1.792
400-424 2 1.182
425-449 1 770
450-474 1 826

Golden redhorse Moxostoma erythrurum 325-349 2 809 6 3,401
350-374 1 438
375-399 2 1.306
425-449 1 848

Shorthead redhorse Moxostoma macrolepidotum 325-349 1 456 1 0,456

Rock bass Ambloplites rupestris 50-74 1 7 64 4,983
75-99 7 300

100-124 9 228
125-149 8 395
150-174 21 1.786
175-199 15 1.681
200-224 1 183
225-249 2 403

Warmouth Lepomis gulosus 100-124 1 19 1 0,019

Redbreast sunfish Lepomis auritus 50-74 6 32 92 3,276
75-99 20 199

100-124 23 511
125-149 25 1.079
150-174 16 1.233
175-199 2 222

Green sunfish Lepomis cyanellis 75-99 1 12 2 0,031
100-124 1 19

Bluegill Lepomis macrochirus 50-74 23 96 79 2,582
75-99 13 139

100-124 15 369
125-149 16 709
150-174 6 506
175-199 5 595
200-224 1 168

BluegillXGreen sunfish Lepomis macrochirusXcyanellis 125-149 1 36 1 0,036

BluegillXRedbreast sunfish Lepomis macrochirusXauritus 175-199 1 129 1 0,129

Smallmouth bass Micropterus dolomieui 25-49 3 3 12 1,525
75-99 1 7

100-124 3 45
225-249 3 452
325-349 2 1.018



Appendix 1 - Table 2.  Continued

LT-1, July 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Largemouth bass Micropterus salmoides 125-149 1 146 2 1,100

400-424 1 954

Greenside darter Etheostoma blennioides 75-99 2 8 2 0,008

Banded darter Etheostoma zonale 25-49 6 7 29 0,054
50-74 23 47

Tangerine darter Percina aurantiaca 75-99 1 8 8 0,142
100-124 5 76
125-149 2 58

Olive darter 75-99 3 12 5 0,032
Percina squamata 100-124 2 20

Mottled sculpin Cottus bairdi 50-74 1 4 2 0,010
75-99 1 6

Total Number and Weight of Fishes Collected 482 41,989



LT-1, September 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Warpaint shiner Luxilus coccogenis 100-124 6 59 6 0,059

River chub Nocomis micropogon 50-74 15 36 46 1,069
75-99 3 31

100-124 13 246
125-149 7 193
150-174 2 95
175-199 4 270
200-224 2 198

Whitetail shiner Cyprinella galacturus 25-49 1 TR 21 0,177
75-99 13 87

100-124 7 90

Silver shiner Notropis photogenis 50-74 1 3 1 0,003

Telescope shiner Notropis telescopus 25-49 3 TR 14 0,026
50-74 8 14
75-99 3 12

Brown bullhead Ameiurus nebulosus 50-74 1 2 1 0,002

Flathead catfish Pylodictis olivaris 250-274 1 195 1 0,195

Northern hog sucker Hypentelium nigricans 150-174 2 106 30 5,272
175-199 7 562
200-224 5 548
225-249 8 1.168
250-274 1 221
275-299 2 559
300-324 2 620
325-349 2 788
375-399 1 700

River redhorse Moxostoma carinatum 425-449 1 787 2 1,739
450-474 1 952

Black redhorse Moxostoma duquesnei 375-399 1 438 3 2,311
425-449 1 912
450-474 1 961

Golden redhorse Moxostoma erythrurum 175-199 1 76 31 16,698
200-224 1 95
225-249 2 300
325-349 5 1.954
350-374 4 2.007
375-399 7 4.214
400-424 8 5.577
425-449 2 1.628
450-474 1 847

Shorthead redhorse Moxostoma macrolepidotum 425-449 1 869 4 3,967
450-474 1 910
475-499 2 2.188

Appendix 1 - Table 3.  Size class and biomass data by sample station and sample period for fish collections associated with the 
Franklin Project.



Appendix 1 - Table 3.  Continued

LT-1 September

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Rock bass Ambloplites rupestris 25-49 1 2 22 1,355

75-99 1 10
100-124 5 141
125-149 6 291
150-174 3 228
175-199 6 683

Redbreast sunfish Lepomis auritus 50-74 1 2 60 1,608
75-99 22 290

100-124 15 335
125-149 16 597
150-174 6 384

Green sunfish Lepomis cyanellis 125-149 1 36 1 0,036

Green sunfishXRedbreast sunfish Lepomis cyanellisXauritus 150-174 1 61 1 0,061

Bluegill Lepomis macrochirus 0-24 1 TR 74 2,122
25-49 1 TR
50-74 7 45

 75-99 34 378
100-124 11 239

 125-149 8 347
150-174 6 428
175-199 5 505
200-224 1 180

BluegillXRedbreast sunfish Lepomis macrochirusXauritus 150-174 1 68 1 0,068

Smallmouth bass Micropterus dolomieui 50-74 4 17 10 1,954
100-124 3 36
150-174 1 41
350-374 1 435
450-474 1 1.425

Greenside darter Etheostoma blennioides 75-99 1 5 1 0,005

Wounded darter Etheostoma vulneratum 50-74 1 6 1 0,006

Banded darter Etheostoma zonale 25-49 2 2 11 0,022
50-74 9 20

Tangerine darter Percina aurantiaca 100-124 2 32 3 0,056
125-149 1 24

Olive darter Percina squamata 100-124 1 9 1 0,009

Mottled sculpin Cottus bairdi 50-74 2 7 2 0,007

Total Number and Weight of Fish Collected 348 38,827



LT-1, February 2002

Common Name Scientific Name Size Class
Size Class 
Number

Size Class 
Weight (g)

Total 
Number

Total Weight 
(kg)

Rainbow trout (wild) Oncorhynchus mykiss 550-574 1 1.240 1 1,240

Central stoneroller Campostoma anomalum 100-124 6 90 17 0,675
125-149 4 147
150-174 3 141
175-199 4 297

Warpaint shiner Luxilus coccogenis 50-74 4 11 47 0,708
75-99 3 16

100-124 17 205
125-149 22 443
150-174 1 33

River chub Nocomis micropogon 50-74 9 29 61 1,709
75-99 8 61

100-124 20 313
125-149 10 293
150-174 4 174
175-199 4 221
200-224 6 618

Whitetail shiner Cyprinella galacturus 75-99 1 6 6 0,067
100-124 4 41
125-149 1 20

Tennessee shiner Notropis leuciodus 50-74 1 3 1 0,003

Telescope shiner Notropis telescopus 75-99 1 2 1 0,002

Northern hog sucker Hypentelium nigricans 125-149 1 23 8 1,461
150-174 1 57
175-199 3 234
300-324 1 367
325-349 2 780

Rock bass Ambloplites rupestris 50-74 1 6 24 1,905
100-124 4 104
125-149 5 211
150-174 7 534
175-199 5 640
200-224 2 410

Redbreast sunfish Lepomis auritus 50-74 1 8 17 0,651
75-99 1 9

100-124 5 134
125-149 7 285
150-174 3 215

Appendix 1 - Table 4.  Size class and biomass data by sample station and sample period for fish collections associated with the 
Franklin Project.



Appendix 1 - Table 4.  Continued

LT-1, February 2002

Common Name Scientific Name Size Class
Size Class 
Number

Size Class 
Weight (g)

Total 
Number

Total Weight 
(kg)

Bluegill Lepomis macrochirus 75-99 19 224 93 3,045
100-124 29 644
125-149 33 1.382
150-174 12 795

BluegillXRedbreast sunfish Lepomis macrochirusXauritus 125-149 1 45 1 0,045

Smallmouth bass Micropterus dolomieui 125-149 1 21 5 0,538
200-224 3 309
250-274 1 208

White crappie Pomoxis annularis 125-149 4 95 7 0,258
150-174 2 64
200-224 1 99

Greenside darter Etheostoma blennioides 75-99 2 19 3 0,035
100-124 1 16

Wounded darter Etheostoma vulneratum 50-74 2 8 2 0,008

Banded darter Etheostoma zonale 50-74 6 9 6 0,009

Yellow perch Perca flavescens 75-99 1 7 1 0,007

Gilt darter Percina evides 50-74 1 5 1 0,005

Mottled sculpin Cottus bairdi 50-74 5 20 5 0,020

Total Number and Weight of Fish Collected 307 12,391



LT-1, March 2002

Common Name Scientific Name Size Class
Size Class 

Number
Size Class 
Weight (g)

Total 
Number

Total Weight 
(kg)

Rainbow trout (wild) Oncorhynchus mykiss 125-149 1 27 1 0,027

Brown trout (stocked) Salmo trutta 400-424 1 609 1 0,609

Central stoneroller Campostoma anomalum 75-99 2 24 44 1,684
100-124 9 189
125-149 20 583
150-174 8 461
175-199 5 427

Warpaint shiner Luxilus coccogenis 100-124 1 13 1 0,013

River chub Nocomis micropogon 50-74 13 48 87 1,214
75-99 29 184

100-124 30 441
125-149 9 235
150-174 6 306

Whitetail shiner Cyprinella galacturus 75-99 1 7 3 0,031
100-124 2 24

Silver shiner Notropis photogenis 75-99 2 8 2 0,008

Telescope shiner Notropis telescopus 75-99 1 5 1 0,005

Channel catfish Ictalurus punctatus 75-99 2 16 5 0,050
100-124 3 34

Northern hog sucker Hypentelium nigricans 100-124 1 16 35 9,943
150-174 2 99
175-199 1 66
200-224 3 331
225-249 1 173
250-274 3 703
275-299 10 2.787
300-324 9 3.328
325-349 4 1.812
350-374 1 628

Black redhorse Moxostoma duquesnei 375-399 2 1.340 35 32,865
400-424 4 2.677
425-449 10 8.793
450-474 17 17.281
475-499 1 1.341
500-524 1 1.433

Golden redhorse Moxostoma erythrurum 350-374 1 557 1 0,557

Appendix 1 - Table 5.  Size class and biomass data by sample station and sample period for fish collections associated with the 
Franklin Project.



Appendix 1 - Table 5.  Continued

LT-1, March

Common Name Scientific Name Size Class
Size Class 

Number
Size Class 
Weight (g)

Total 
Number

Total Weight 
(kg)

Sicklefin redhorse Moxostoma spp. 475-499 1 1.001 16 28,012
525-549 6 9.437
550-574 4 7.101
575-599 4 7.348
650-674 1 3.125

Rock bass Ambloplites rupestris 75-99 3 35 29 1,748
100-124 8 234
125-149 5 247
150-174 7 562
175-199 6 670

Warmouth Lepomis gulosus 125-149 1 60 1 0,060

Redbreast sunfish Lepomis auritus 50-74 2 6 49 1,161
75-99 13 176

100-124 21 481
125-149 13 498

Green sunfish Lepomis cyanellis 100-124 1 27 1 0,027

Bluegill Lepomis macrochirus 50-74 2 7 54 1,421
75-99 27 326

100-124 14 301
125-149 3 126
150-174 5 346
175-199 3 315

Smallmouth bass Micropterus dolomieui 50-74 1 5 4 0,330
125-149 2 48
275-299 1 277

Largemouth bass Micropterus salmoides 75-99 1 4 2 1,378
425-449 1 1.374

White crappie Pomoxis annularis 125-149 3 71 3 0,071

Greenside darter Etheostoma blennioides 75-99 2 23 3 0,038
100-124 1 15

Banded darter Etheostoma zonale 25-49 17 20 44 0,080
50-74 27 60

Yellow perch Perca flavescens 100-124 1 8 1 0,008

Tangerine darter Percina aurantiaca 150-174 1 47 1 0,047

Mottled sculpin Cottus bairdi 50-74 1 3 2 0,009
75-99 1 6

Number and Weight of Fish Collected 426 81,396



LT-2, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Central stoneroller Campostoma anomalum 50-74 6 21 40 0,415

75-99 26 155
100-124 4 56
125-149 1 31
150-174 3 152

Common carp Cyprinus carpio 350-374 1 577 7 7,893
400-424 1 809
425-449 2 1.911
450-474 1 1.197
475-499 1 1.663
500-524 1 1.736

Warpaint shiner Luxilus coccogenis 50-74 5 16 9 0,060
75-99 1 6

100-124 3 38

River chub Nocomis micropogon 25-49 1 1 26 0,275
50-74 9 41
75-99 11 91

100-124 2 49
125-149 2 49
150-174 1 44

Whitetail shiner Cyprinella galacturus 50-74 7 8 25 0,184
75-99 12 86

100-124 4 44
125-149 2 46

Tennessee shiner Notropis leuciodus 25-49 4 3 37 0,056
50-74 31 46
75-99 2 7

Yellowfin shiner Notropis lutipinnis 25-49 22 27 47 0,066
50-74 25 39

Silver shiner Notropis photogenis 25-49 6 7 8 0,009
50-74 2 2

Mirror shiner Notropis spectrunculus 50-74 1 2 1 0,002

Blacknose dace Rhinichthys atratulus 25-49 1 1 1 0,001

Northern hog sucker Hypentelium nigricans 75-99 2 16 30 2,151
100-124 9 128
125-149 3 73
150-174 1 48
175-199 5 393
200-224 7 754
225-249 2 311
325-349 1 428

Appendix 1 - Table 6.  Size class and biomass data by sample station and sample period for fish collections associated with the 
Franklin Project.



Appendix 1 - Table 6.  Continued

LT-2, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Black redhorse Moxostoma duquesnei 75-99 13 97 49 11,368

100-124 1 16
125-149 1 30
200-224 2 196
225-249 3 362
250-274 3 560
275-299 1 278
300-324 6 1.720
325-349 4 1.414
350-374 10 4.181
375-399 4 1.899
400-424 1 615

Golden redhorse Moxostoma erythrurum 150-174 1 56 2 0,523
350-374 1 467

Redbreast sunfish Lepomis auritus 25-49 4 4 23 0,227
50-74 14 18
75-99 1 12

100-124 2 53
125-149 1 60
150-174 1 80

Bluegill Lepomis macrochirus 25-49 9 25 16 0,078
50-74 6 24

100-124 1 29

Smallmouth bass Micropterus dolomieui 125-149 2 63 2 0,063

Largemouth bass Micropterus salmoides 200-224 1 135 1 0,135

Black crappie Pomoxis nigromaculatus 200-224 1 111 1 0,111

Greenside darter Etheostoma blennioides 75-99 1 9 2 0,026
100-24 1 17

Greenfin darter Etheostoma chlorobranchium 75-99 1 7 1 0,007

Yellow perch Perca flavescens 225-249 1 97 1 0,097

Mottled sculpin Cottus bairdi 0-24 1 TR 9 0,059
50-74 5 27
75-99 3 32

Total Number and Weight of Fish Collected 338 23,806



LT-2, July 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Central stoneroller Campostoma anomalum 25-49 4 2 10 0,065

75-99 3 20
100-124 3 43

Common carp Cyprinus carpio 375-399 1 741 2 1,582
400-424 1 841

Warpaint shiner Luxilus coccogenis 50-74 1 2 6 0,043
75-99 4 26

100-124 1 15

River chub Nocomis micropogon 25-49 4 2 34 0,466
75-99 19 131

100-124 6 111
125-149 2 61
150-174 1 39
175-199 2 122

Whitetail shiner Cyprinella galacturus 50-74 5 22 11 0,105
75-99 2 12

100-124 2 22
125-149 2 49

Tennessee shiner Notropis leuciodus 0-24 1 TR 21 0,036
50-74 20 36

Yellowfin shiner Notropis lutipinnis 50-74 16 23 16 0,023

Mirror shiner Notropis spectrunculus 25-49 1 1 5 0,012
50-74 4 11

Northern hog sucker Hypentelium nigricans 25-49 3 2 20 0,798
100-124 8 149
125-149 3 73
175-199 4 356
200-224 2 218

Black redhorse Moxostoma duquesnei 75-99 1 9 30 7,647
100-124 2 15
125-149 1 31
150-174 1 52
200-224 2 173
275-299 5 1201
300-324 7 1934
325-349 3 948
350-374 7 2860
375-399 1 424

Appendix 1 - Table 7.  Size class and biomass data by sample station and sample period for fish collections associated 
with the Franklin Project.



Appendix 1 - Table 7.  Continued

LT-2, July 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Golden redhorse Moxostoma erythrurum 75-99 3 22 17 2,049

100-124 6 90
200-224 1 81
225-249 1 166
250-274 1 246
275-299 3 761
300-324 2 683

Redhorse sp. Moxostoma sp. 25-49 1 1 1 0,001

Rock bass Ambloplites rupestris 50-74 1 5 1 0,005

Redbreast sunfish Lepomis auritus 25-49 3 5 29 0,447
50-74 12 32
75-99 3 23

100-124 6 139
125-149 4 170
150-174 1 78

Bluegill Lepomis macrochirus 25-49 3 4 14 0,093
50-74 8 15
75-99 1 13

100-124 1 27
125-149 1 34

Greenside darter Etheostoma blennioides 100-124 1 16 1 0,016

Greenfin darter Etheostoma chlorobranchium 75-99 2 13 2 0,013

Yellow perch Perca flavescens 125-149 3 68 6 0,303
200-224 3 235

Olive darter Percina squamata 100-124 1 23 1 0,023

Mottled sculpin Cottus bairdi 25-49 2 1 9 0,051
50-74 5 29
75-99 2 21

Total Number and Weight of Fish Collected 236 13,778



LT-2, September 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Brown trout (wild) Salmo trutta 75-99 1 7 1 0,007

Central stoneroller Campostoma anomalum 50-74 13 48 33 0,380
75-99 9 44

100-124 6 86
125-149 2 45
150-174 3 157

Warpaint shiner Luxilus coccogenis 25-49 2 TR 18 0,081
50-74 9 14
75-99 3 16

100-124 4 51

River chub Nocomis micropogon 0-24 6 6 74 0,715
50-74 31 59
75-99 14 116

100-124 14 219
125-149 6 176
150-174 3 139

Whitetail shiner Cyprinella galacturus 25-49 3 2 14 0,036
50-74 8 15
75-99 3 19

Tennessee shiner Notropis leuciodus 25-49 5 3 26 0,052
50-74 21 49

Yellowfin shiner Notropis lutipinnis 25-49 3 1 63 0,150
50-74 59 144
75-99 1 5

Silver shiner Notropis photogenis 75-99 1 4 1 0,004

Fatlips minnow Phenacobius crassilabrum 50-74 1 3 3 0,021
75-99 1 10

100-124 1 8

Yellow bullhead Ameiurus natalis 25-49 1 TR 1 0,000

Brown bullhead Ameiurus nebulosus 100-124 1 14 1 0,014

Northern hog sucker Hypentelium nigricans 50-74 4 14 22 0,995
125-149 9 263
150-174 4 198
200-224 4 403
225-249 1 117

Appendix 1 - Table 8.  Size class and biomass data by sample station and sample period for fish collections associated 
with the Franklin Project.



Appendix 1 - Table 8.  Continued

LT-2, September 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Black redhorse Moxostoma duquesnei 125-149 9 281 35 7,385

175-199 2 148
200-224 1 109
225-249 4 581
250-274 2 356
275-299 3 729
300-324 3 892
325-349 5 1.724
350-374 3 1.128
375-399 3 1.437

Golden redhorse Moxostoma erythrurum 150-174 1 38 10 3,215
275-299 2 489
300-324 2 605
325-349 4 1.651
350-374 1 432

Warmouth Lepomis gulosus 50-74 1 6 2 0,042
100-124 1 36

Redbreast sunfish Lepomis auritus 25-49 2 3 28 0,317
50-74 13 51
75-99 9 80

125-149 3 104
150-174 1 79

Bluegill Lepomis macrochirus 25-49 1 2 22 0,203
50-74 14 48
75-99 2 15

100-124 3 55
125-149 2 83

Smallmouth bass Micropterus dolomieui 125-149 1 28 3 0,241
150-174 1 39
225-249 1 174

Spotted bass Micropterus punctulatus 25-49 1 TR 2 0,002
50-74 1 2

Largemouth bass Micropterus salmoides 75-99 1 5 2 0,039
150-174 1 34

Greenside darter Etheostoma blennioides 50-74 2 7 5 0,058
100-124 3 51

Greenfin darter Etheostoma chlorobranchium 75-99 2 20 2 0,020

Yellow perch Perca flavescens 125-149 1 24 3 0,143
150-174 1 41
200-224 1 78



Appendix 1 - Table 8.  Continued

LT-2, September 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Olive darter Percina squamata 50-74 1 2 2 0,015

100-124 1 13

Mottled sculpin Cottus bairdi 25-49 7 8 20 0,058
50-74 11 27
75-99 2 23

Total Number and Weight of Fish Collected 393 14,193



LT-2, March 2002

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Rainbow trout (wild) Oncorhynchus mykiss 125-149 2 51 2 0,051

Rainbow trout (stocked) Oncorhynchus mykiss 350-374 1 688 1 0,688

Brook trout (stocked) Salvelinus fontinalis 250-274 1 156 1 0,156

Central stoneroller Campostoma anomalum 75-99 2 11 6 0,096
100-124 2 30
125-149 2 55

Common carp Cyprinus carpio 500-524 1 1.828 2 4,109
525-549 1 2.281

Warpaint shiner Luxilus coccogenis 25-49 1 TR 7 0,059
50-74 2 4
75-99 2 19

100-124 2 36

River chub Nocomis micropogon 50-74 3 9 14 0,235
75-99 4 36

100-124 4 58
125-149 2 67
175-199 1 65

Whitetail shiner Cyprinella galacturus 0-24 2 TR 17 0,072
25-49 2 1
50-74 4 8
75-99 6 28

100-124 2 15
125-149 1 20

Tennessee shiner Notropis leuciodus 25-49 1 1 11 0,028
50-74 6 13
75-99 4 14

Yellowfin shiner Notropis lutipinnis 25-49 1 1 1 0,001

Silver shiner Notropis photogenis 100-124 1 7 1 0,007

Mirror shiner Notropis spectrunculus 50-74 2 5 2 0,005

Northern hog sucker Hypentelium nigricans 50-74 1 3 7 0,496
75-99 1 7

125-149 1 32
150-174 1 57
200-224 2 227
225-249 1 170

Appendix 1 - Table 9.  Size class and biomass data by sample station and sample period for fish collections associated 
with the Franklin Project.



Appendix 1 - Table 9.  Continued

LT-2, March 2002

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Black redhorse Moxostoma duquesnei 50-74 1 3 28 3,028

100-124 2 40
125-149 6 208
150-174 5 230
175-199 6 390
200-224 1 89
250-274 1 160
275-299 2 452
300-324 1 300
325-349 3 1.156

Golden redhorse Moxostoma erythrurum 225-249 1 156 6 2,402
250-274 1 204
325-349 2 832
375-399 2 1.210

Redbreast sunfish Lepomis auritus 50-74 7 33 22 0,499
75-99 7 67

100-124 6 148
175-199 2 251

Bluegill Lepomis macrochirus 25-49 1 2 12 0,081
50-74 9 38
75-99 1 10

100-124 1 31

Smallmouth bass Micropterus dolomieui 125-149 1 25 1 0,025

Spotted bass Micropterus punctulatus 50-74 1 3 1 0,003

Largemouth bass Micropterus salmoides 250-274 1 202 2 0,476
300-324 1 274

Greenside darter Etheostoma blennioides 75-99 1 6 1 0,006

Yellow perch Perca flavescens 125-149 1 28 3 0,095
150-174 2 67

Mottled sculpin Cottus bairdi 50-74 3 15 7 0,046
75-99 4 31

Number and Weight of Fish Collected 155 12,664



LT-1, February Seine 2002

Size Class Total
Common Name Scientific Name Size Class Number Number
Central stoneroller Campostoma anomalum 100-124 1 2

125-149 1

Turquoise shiner (Spotfin chub) Cyprinella monacha 75-99 1 2
100-124 1

River chub Nocomis micropogon 50-74 1 4
100-124 1
125-149 1
150-174 1

Northern hog sucker Hypentelium nigricans 75-99 1 1

Smallmouth bass Micropterus dolomieui 50-74 1 2
75-99 1

Banded darter Etheostoma zonale 25-49 3 8
50-74 5

Gilt darter Percina evides 50-74 2 2

Mottled sculpin Cottus bairdi 50-74 1 2
75-99 1

Total Number of Fish Collected 23

Appendix 1 - Table 10.  Size class and biomass data by sample station and sample period for fish 
collections associated with the Franklin Project.



LT-1, March Seine 2002

Size Class
Common Name Scientific Name Size Class Number Total Number
Central stoneroller Campostoma anomalum 100-124 1 3

125-149 1
150-174 1

Turquoise shiner (Spotfin chub) Cyprinella monacha 50-74 1 1

Warpaint shiner Luxilus coccogenis 50-74 1 1

River chub Nocomis micropogon 50-74 1 4
75-99 2

100-124 1

Whitetail shiner Cyprinella galacturus 75-99 1 2
100-124 1

Tennessee shiner Notropis leuciodus 50-74 4 5
75-99 1

Silver shiner Notropis photogenis 50-74 30 30

Telescope shiner Notropis telescopus 50-74 23 24
75-99 1

Smallmouth bass Micropterus dolomieui 50-74 1 1

Banded darter Etheostoma zonale 25-49 10 31
50-74 21

Gilt darter Percina evides 50-74 6 6

Mottled sculpin Cottus bairdi 50-74 2 2

Total Number of Fish Collected 110

Appendix 1 - Table 11.  Size class and biomass data by sample station and sample period for fish 
collections associated with the Franklin Project.



LT-2, March Seine 2002

Size Class
Common Name Scientific Name Size Class Number Total Number
Central stoneroller Campostoma anomalum 50-74 5 11

75-99 5
100-124 1

River chub Nocomis micropogon 25-49 3 4
50-74 1

Whitetail shiner Cyprinella galacturus 25-49 2 6
50-74 4

Tennessee shiner Notropis leuciodus 25-49 6 7
50-74 1

Yellowfin shiner Notropis lutipinnis 25-49 1 5
50-74 4

Fatlips minnow Phenacobius crassilabrum 50-74 2 3
75-99 1

Northern hog sucker Hypentelium nigricans 75-99 1 1

Redbreast sunfish Lepomis auritus 150-174 1 1

Olive darter Percina squamata 100-124 2 2

Mottled sculpin Cottus bairdi 50-74 1 1

Total Number and Weight of Fish Collected 41

Appendix 1 - Table 12.  Size class and biomass data by sample station and sample period for fish 
collections associated with the Franklin Project.





Pesi1-038.01 

781 Neeb Road 
Cincinnati, Ohio  45233 
Phone: (513) 451-1777 
Fax: (513) 451-3321 
 
 
Donna Brack, President 
dbrack@EnvironmentalSI.com 

409 Highway 317 
P.O. Box 205 

Neon, Kentucky  41840 
Phone:  (606) 855-9949 

Fax:  (606) 855-9101 
 

James Kiser, Regional Manager  
jkiser@EnvironmentalSI.com 

 

 
A HABITAT SURVEY 

FOR THE ENDANGERED INDIANA BAT 
ON THIRTEEN RESERVOIRS IN CLAY, MACON, CHEROKEE, 

SWAIN, AND JACKSON COUNTIES, NORTH CAROLINA 
 
 
 

May 2002 
 
 

Prepared for: 
 

 
Scott T. Fletcher, CWB, PWS 
Duke Engineering & Services 

400 S. Tryon St., WC22K 
P.O. Box 1004 

Charlotte, NC 28201-1004 
 
 
 

Prepared By: 
R. Jeffrey Brown and Virgil Brack, Jr., Ph.D. 

 
Environmental Solutions & Innovations, LLC 

 



 

 

i

EXECUTIVE SUMMARY 

Environmental Solutions & Innovations, LLC (ESI) was contracted to complete habitat 
surveys along reservoirs and in and around buildings for proposed, endangered, 
threatened, and species of concern (PETS) bat species, with an emphasis on the 
Federally endangered Indiana bat.  PETS bat species that may occur in counties within 
Duke Power Company-Nantahala Area project lands include the Federally-endangered 
Indiana bat (Myotis sodalis), gray bat (M. grisescens), and Rafinesque’s big-eared bat 
(Corynorhinus rafinesquii).  Eastern small-footed bat (M. leibbi) is a federal/state 
species of concern and the northern long-eared bat (M. septentrionalis) is a state 
species of concern.  Habitat surveys were conducted to determine the 
presence/absence of suitable habitat for PETS bats, especially the endangered Indiana 
bat 

ESI surveyed 13 reservoirs and their associated facilities in Clay, Macon, Cherokee, 
Swain, and Jackson Counties, North Carolina for potential Indiana bat roosting habitat. 
These surveys were completed to fulfill Federal Energy Regulatory Commission 
(FERC) relicensing requirements.  Habitat surveyed was within the 10 vertical foot 
relicensing perimeter or FERC Project Boundary.   

Of the 13 reservoirs, only six provided moderate to high roosting potential and were 
recommended for mist netting:  Dillsboro, Emory, Mission, Nantahala, Diamond & 
Dicks (combined), and White Oak.  The decision for netting surveys was based on 
quality and amount of potential Indiana bat habitat (i.e., large trees, open canopy or 
edge, uncluttered understory, presence of travel corridors). 

Overall, the structures associated with the reservoirs in the project area did not provide 
suitable Indiana bat roosting habitat.  Most facilities were constructed of materials such 
as tin or concrete, which can produce high temperatures, which would deter bats from 
day roosting or roosting between foraging bouts.  Although some buildings were 
accessible to bats through holes in the structure itself or broken windows, these 
buildings did not show signs of bat use.  This could be due to the high sound level or 
frequent visits by workers.   

Only two of the 30 facilities surveyed showed evidence of current or prior bat use.  
These facilities, Mission Dam and Dillsboro Powerhouse, were further surveyed to 
determine extent of bat use and species composition.  Dillsboro Powerhouse contained 
an estimated 500 bats. Bat droppings were observed inside and outside the 
powerhouse.  Both levels of the powerhouse had bat activity.  ESI completed a brief 
sampling of the Dillsboro powerhouse to identify bat species using the powerhouse.  
From that effort, 55 little brown bats (Myotis lucifigus) were captured.  Mission dam was 
surveyed in January 2002 for presence of hibernating bats where in July 2001 an 
unidentified deceased bat was observed within the structure of the dam.  No Indiana 
bats or other PETS bats were documented during the surveys along reservoirs and in 
and around associated facilities. 
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1.0 STUDY PURPOSE AND NEED 

In 2000, Duke Power Company-Nantahala Area (Duke Power) began the process of 
relicensing seven of its eight hydroelectric projects.  These seven projects represent 
97.1 MW of installed generating capacity, or 99.5 percent of Duke Power’s total 
generating capacity.   

To meet FERC relicensing requirements, Duke Power must comply with a variety of 
requirements for environmental protection, including compliance with the Endangered 
Species Act.  The federal Endangered Species Act (Act) [16 U.S.C. 1531 et seq.] 
became law in 1973.  This law provides for the listing, conservation, and recovery of 
endangered and threatened species of plants and wildlife.  Section 7 (a)(2) of the Act 
states that each federal agency shall insure that any action they authorize, fund, or 
carry out is not likely to jeopardize the continued existence of a listed species or result 
in destruction or adverse modification of designated critical habitat.  Federal actions 
include (1) expenditure of federal funds for roads, buildings, other construction, or 
management of public lands, and (2) approval of a permit or license, and the activities 
resulting from such permit or license.  This is true regardless of whether involvement is 
apparent, such as issuance of a Federal permit, or less direct, such as Federal 
oversight of a state operated program. 

Section 9 of the Act prohibits the take of listed species.  Take is defined by the Act as 
“to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect.“  The 
definition of harm includes adverse habitat modification.  Actions of federal agencies 
that do not result in jeopardy or adverse modification, but that could result in a take, 
must be addressed under Section 7.   

ESI was contracted to complete habitat surveys along reservoirs and in and around 
buildings for proposed, endangered, threatened, and species of concern (PETS) bat 
species, with an emphasis on the Federally-endangered Indiana bat (Myotis sodalis).  
PETS bat species that may occur in counties within Duke Power project lands include 
the Indiana bat, gray bat (M. grisescens), eastern small-footed bat (M. leibbi), northern 
long-eared bat (M. septentrionalis), and Rafinesque’s big-eared bat (Corynorhinus 
rafinesquii).  Habitat surveys were conducted to determine the presence/absence of 
suitable habitat for the endangered Indiana bat.   
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2.0 PROJECT AREA DESCRIPTION AND LOCATION 

The project area in which Environmental Solutions & Innovations, LLC (ESI) surveyed 
lies within the Blue Ridge Physiographic Province of the Southern Appalachian 
Mountains.  Elevations within this region of the Appalachian chain range from about 
1000 feet to more than 6000 feet above sea level.  The study site reservoirs are 
located in the lower regions of this elevation gradient.   

 

The vegetation in the survey area is typical of the Southern Appalachian Mountains, 
which are located within the larger Oak–Chestnut forest system that covers the majority 
of the Appalachian Mountain chain.  The name, Oak-Chestnut, no longer accurately 
describes the forest of this area due to a blight that destroyed mature chestnuts (Braun, 
1950).  Today, typical species composition in this area consists of Quercus species 
such as black oak (Quercus velutina), chestnut oak (Q. prinus), northern red oak (Q. 
rubra), and white oak (Q. alba).  Other species include pitch pine (Pinus rigida), tulip 
poplar (Liriodendron tulipifera), red maple (Acer rubrum), sweet birch (Betula lenta), 
shortleaf pine (P. stellata), Virginia pine (P. virginiana), basswood (Tilia americana), 
sugar maple (A. sacharum), and buckeye species (Aesculus spp.) (USFWS, 2000).   
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The exact species composition of a given area is dependent upon numerous factors 
including slope-orientation, elevation, temperature, and moisture regime. 

Traditionally, a high-density of small to medium-sized perennial streams and rivers 
characterized the area with no natural lakes in existence (USFWS 2000a).  Today 
there are significant numbers of man-made reservoirs in the area that are maintained 
for flood control and hydroelectric power production.  The reservoirs surveyed and 
described in this report fall within this category.   

The reservoirs surveyed by ESI are located in five counties in the southwestern portion 
of North Carolina.  These reservoirs are located on Corbin Knob, Glenville, Peachtree, 
Topton, Toxaway, Tuckasegee, Sylva South, and Whittier USGS Quadrangles.  The 
approximate locations of the reservoirs are shown on Figure 1 (all figures in back of 
report).   

 

3.0 NATURAL HISTORY OF “PETS” BATS 

3.1 INDIANA BAT 

The U.S. Department of the Interior, Fish and Wildlife Service listed the Indiana bat 
(Myotis sodalis) as endangered on 11 March 1967.  The State of North Carolina also 
lists this species as endangered. 

The Indiana bat is found throughout most of the eastern half of the US.  However, most 
large hibernating populations are found in Indiana, Missouri and Kentucky.  Britzke et al 
(1999) surveyed the bat community of Great Smoky Mountains National Park 
(GSMNP) and Nantahala National Forest (NNF) and found three Indiana bats.  A 
transmitter was placed on the female found in the NNF, which resulted in the location 
of a maternity colony.  This finding represents the first record of an Indiana bat 
maternity colony in the southern portion of its range.   

The current total population of Indiana bats is estimated at 350,000 individuals 
(USFWS Recovery Team, 1999).  This is less than half the estimated population of 
1960.  Long-term, detailed documentation of population changes are lacking in most 
areas, although Indiana is an exception (Brack et al., 1984; Brack and Dunlap, 1999; 
Johnson et al., 2001).  Summer habitat losses (USFWS, 1999) and winter disturbance 
(Johnson et al., 1998) are believed to have contributed to the decline.
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Indiana bats are "tree bats” in the summer and "cave bats” in winter.  A detailed life 
history is provided in the U.S. Fish and Wildlife Service Recovery Plan (1999), Brack 
(1983), and LaVal and LaVal (1980). 

When female Indiana bats emerge from hibernation, they migrate as much as several 
hundred miles to maternity colonies.  Females form nursery colonies under exfoliating 
bark of dead trees, or living trees such as shagbark hickory (Carya ovata) in upland or 
riparian forests.  A single maternity colony typically consists of 25 to 100 adult females, 
but as many as 384 individuals have been documented in a maternity colony in Indiana 
(Kiser et al., 1998).  Maternity colonies have been found in many species of trees, 
indicating that it is the tree form, not the tree species, that is important for roosts.  
Some of the species of trees in which roosts have been documented include slippery 
elm (Ulmus rubra), American elm (U. americana), cottonwood (Populus deltoides), 
northern red oak, post oak (Q. stellata), white oak, shingle oak (Q. imbricaria), 
sassafras (Sassafras albidum), sugar maple, silver maple (A. saccharinum), green ash 
(Fraxinus pennsylvanica), and bitternut hickory (C. cordiformis). 

Since Indiana bat roosts typically are located in dead or dying trees, they are often 
ephemeral.  Roost trees may be habitable for one to several years, depending on the 
species and condition of the tree (Callahan et al., 1997).  In addition, a single colony of 
bats moves among roosts within a season.  Therefore, numerous suitable roosts may 
be needed to support a single nursery colony (Foster and Kurta, 1999; Kurta et al., 
1993).   

It is not known how many alternate roosts are required to support a colony within a 
particular area, but large tracts of mature forest, containing large, mature trees 
increases the probability that suitable roost trees are present.  Indiana bats exhibit 
strong site fidelity to summer roosting and foraging areas, returning to the same area 
year-after-year.    

Reproductive phenology is likely dependent upon seasonal temperatures and the 
thermal character of the roost (Brack, 1983; Humphrey et al., 1977).  Like many other 
bats, Indiana bats are thermal conformists (Henshaw, 1965), with prenatal, neonatal, 
and juvenile development heavily temperature dependent (Racey, 1982; Tuttle, 1975). 
Cooler summer temperatures associated with latitude or altitude likely affect 
reproductive success and therefore the summer distribution of the species (Brack et al., 
2001). 

Females are pregnant when they arrive at maternity roosts.  Fecundity of the species 
is low; females produce only one young per year.  Parturition typically occurs 
between late June and early July.  Lactating females have been caught from 11 June 
to 29 July in Indiana, from 26 June to 22 July in Iowa, and between 11 June and 6 
July in Missouri (Brack, 1983; Clark et al., 1987; Humphrey et al., 1977; LaVal and 
LaVal, 1980).  Juveniles become volant between early July and early August. 
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Indiana bats may travel several miles to forage:  individuals from maternity colonies 
traveled 2.5 miles in Illinois (Gardner et al., 1991), summer males traveled 3.1 miles in 
Missouri (LaVal and LaVal, 1980), and Brack (1983) observed foraging light-tagged 
bats within 2 miles of caves used during the autumn swarming period.    

Indiana bats forage in upland and floodplain forest (Brack, 1983; Humphrey et al., 
1977; LaVal et al., 1977; LaVal and LaVal, 1980; Gardner et al., 1991).  Foraging 
activity is concentrated around the foliage of tree crowns, and although the bats may 
forage in other areas, it is quantitatively and qualitatively less important (Brack, 1983).  
Indiana bats often use stream corridors and other linear woodland openings as flight 
corridors from roosts to foraging areas.   

Brack and LaVal (1985) referred to the Indiana bat as a selective opportunist that often 
eats similar types of prey when they are readily available.  However, components of the 
diet do vary by habitat, geographic location, season, and sex or age of the bat (Kurta 
and Whitaker, 1998; Brack and LaVal, 1985; Brack, 1983; Belwood, 1979).  In 
Missouri, Brack and LaVal (1985) noted that terrestrial-based insects, e.g., moths 
(Order Lepidoptera) and beetles (Order Coleoptera), were most often eaten, logically 
as a result of treetop foraging.  The proportion of insects eaten that were dependent 
upon an aquatic habitat, including flies (Order Diptera), caddisflies (Order Trichoptera), 
and stoneflies (Order Plecoptera), was small.  Consumption of aquatic insects was 
influenced by the lunar cycle. 

3.2 NORTHERN LONG-EARED BAT 

Northern long-eared bats (Myotis septentrionalis) (also called northern bats) occur from 
North and South Dakota east to the Atlantic and south to the Florida panhandle 
(Harvey, 1992).  The species is apparently migratory between summer and winter 
habitat, but winter and summer ranges apparently are identical (Barbour and Davis, 
1969).  This bat is relatively common in the northern part of its range. 

Until recently, this species was called Keen’s bat (Myotis keenii).  Taxonomists now 
recognize eastern and western populations as two distinct species.  The population 
inhabiting the northwest U.S. and Canada is M. keenii, while the eastern population is 
M. septentrionalis (van Zyll de Jong, 1979). 

Northern long-eared bats roost in a variety of habitats.  In summer, natural roosts are 
under loose tree bark and in other tree crack, crevices, and cavities.  The species also 
sometimes uses man-made structures such as old buildings, bridges, and wooden 
shingles (Barbour and Davis, 1969), and the species seems to readily use bat houses. 
 During winter months, this species hibernates in cold, moist sites such as caves, 
mines, and storm sewers.  Hibernating northern long-eared bats may occasionally 
cluster with other bats including big brown (Eptesicus fuscus) and little brown bats 
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(Myotis lucifugus) (Fitch and Shump, 1979), although they are uncommon in 
hibernacula.   

This species forages most often just after dark and just before dawn (Fitch and 
Shump, 1979).  Individuals may rest at night roosts between foraging bouts.  
Northern bats forage over ponds and in hillside and ridge forests (Fitch and Shump, 
1979; LaVal and LaVal, 1980).  They have been observed foraging under forest 
canopy and just above shrub level (LaVal and LaVal, 1980).  Food habits (Brack and 
Whitaker, 2001) support observations of subcanopy feeding and a tendency towards 
gleaning. 

Mating occurs during late August and September before hibernation.  Females store 
sperm through winter and become pregnant in early April.  In summer, reproductive 
females form small maternity colonies while males roost singly.  Females produce one 
young per year.  Young typically are born in early June and are volant by late June or 
early July.  Northern long-eared bats hibernate between late August and late March. 

3.3 EASTERN SMALL-FOOTED BAT 

According to Barbour and Davis (1969), the eastern small-footed bat (Myotis leibii) is 
one of the rarest bats in North America.  The U.S. Fish and Wildlife Service lists the 
eastern small-footed bat as a Species of Special Concern (USFWS), but this listing 
does not provide regulatory protection.  The range of this small bat is restricted to North 
America, and spans from Ontario and New England southward to Georgia and 
Alabama and westward into Arkansas and Oklahoma (Barbour and Davis, 1969; 
Whitaker and Hamilton, 1998).   

Most published records for the species are associated with winter hibernacula, with 
little information on the summer range.  Mohr (1936) thought that eastern small-footed 
bats hibernated in caves along the Appalachian Mountains from Vermont southward to 
West Virginia, and migrated south in February and March to summer habitat.  Recent 
records from Virginia, Kentucky and Tennessee place individuals in areas containing 
both winter and summer habitat (Whitaker and Hamilton, 1998).  

Little is known about summer habitat requirements of the eastern small-footed bat.  
Few summer roosts have been found.  MacGregor and Kiser (1998) documented a 
roost in an expansion joint of a concrete bridge over the Rockcastle River, Laurel and 
Pulaski counties, Kentucky.  This roost contained pregnant and lactating females, and 
non-volant juveniles of various sizes.  Daytime temperatures in the expansion joints 
regularly reached 100oF (MacGregor and Kiser 1999).  A second summer roost was 
found in a concrete bridge over the Little Tennessee River in mountains of western 
North Carolina (Pers. Comm., Dan Dourson, 2000).  A third summer roost was found 
behind a sliding door of a barn in Ontario, Canada, but no details were given (Whitaker 
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and Hamilton, 1998).  In West Virginia, bats have been tracked to rock shelters and 
crevices that apparently were used as both day and night roosts (Craig Stihler, 
personal communication).  It is probable that the species forms nursery roosts in 
exposed rock crevices (cliff faces).  This is based on:  (1) the two bridge roosts, (2) the 
range of the species is associated with the Appalachian Mountains where there are 
cliffs, including observations in West Virginia, (3) summer captures are most common 
in areas where natural or man-made cliffs (mining high walls) abound, and (4) the 
similar western species, Myotis ciliolabrum, roosts in cliffs.  

Little is known about reproduction of the eastern small-footed bat, but it likely produces 
a single young in late May to late June (MacGregor and Kiser, 1998). 

3.4 GRAY BAT 

The U.S. Fish and Wildlife Service listed the gray bat as endangered on 28 April 1976. 
During the 6-year period 1970 to 1976, the number of gray bats in 22 summer colonies 
in Alabama and Tennessee declined by 54 percent.  During the period 1966 to 1981, 
five of six summer colonies and one winter colony in Kentucky were lost.   

The gray bat is monochromic and monotypic.  It is found in the southeastern and mid-
western United States.  The core range of the gray bat encompasses the cave regions 
of Alabama, northern Arkansas, Kentucky, Missouri, and Tennessee.  Populations also 
occur in portions of Florida, Georgia, Kansas, Indiana, Illinois, Oklahoma, Mississippi, 
Virginia, and possibly North Carolina.  The easternmost record is from Buncombe 
County, North Carolina.  Other eastern records include Lee, Scott, and Washington 
counties Virginia and Pendleton County, West Virginia (Stihler and Brack, 1992).  The 
West Virginia record, a Clark County, Indiana record (Brack et al., 1984), and northern 
Missouri comprise the northern boundary of the species.  The species has been found 
as far south as southern Florida, and as far west as extreme southeastern Kansas and 
northeastern Oklahoma.  During a 1999 survey of the bat community in the GSMNP 
and the NNF, no gray bats were found. 

A detail life history for this species is provided in the U.S. Fish and Wildlife Service 
Recovery Plan (1982), LaVal and Laval (1980), and Decher and Choate (1995).  Under 
natural conditions, the gray bat is dependent upon limestone caverns for both summer 
nursery roosts and for winter hibernacula.  Occasionally, man-made structures are 
used as roosts by this bat.  Brack et al. (1984) reported a nursery colony in an 
abandoned limestone mine and nursery colonies were reported from sewer culverts in 
Kansas (Long, 1961) and Arkansas (Timmerman and McDaniel, 1992).   

Much of the earlier discussion on the efficiency of hibernation and suitability of 
hibernacula for the Indiana bat apply to the gray bat.  Gray bats hibernate from late 
November until late March.  They use cold (6.7° to 10.0°C in Tennessee and Alabama; 
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Tuttle 1976a), but not freezing, areas of caves for hibernation.  It is estimated that < 0.1 
percent of the caves within the range of the bat are suitable as hibernacula.  Gray bats 
form loose clusters during hibernation.   

In spring, females migrate to maternity caves (late March to mid-May).  Males form 
bachelor colonies, although many remain with the females until the young are born.  
Maternity colonies are formed in warm caves with roost temperatures ranging from 
13.9° to 26.3°C.  Roost sites are usually in areas that trap warm air; body heat from the 
bats helps warm the roost.  A warmer roost means more efficient growth and 
development of the young (Tuttle, 1976).  The young are born in May to June, shortly 
after maternity colonies are formed.  Like many species of bat from temperate areas, 
the period of gestation is affected by weather.  Young become volant in about a month.  

Shortly after the young are weaned, females begin to move to dispersal caves where 
they remain until they migrate back to the hibernaculum caves.  Autumn migration 
takes place between late August and mid-November.  Mating apparently takes place in 
autumn and winter at hibernacula, with fertilization delayed until spring emergence from 
hibernation.  The gray bat has one young per year.     

Gray bats forage primarily over streams and aquatic habitats, often within 6 feet (2 m) 
of the water’s surface.  Individuals may routinely travel six or more miles (13 to 14 km) 
from their roosts to forage (LaVal and LaVal, 1980; Choate and Decher, 1995), and as 
far as 22 miles (35.5 km).  Studies completed by Brack (presented briefly in LaVal and 
LaVal [1980] and in more detail in Brack et al. [1994]) showed that adult females often, 
although not always, ate more aquatic insects (Orders Trichoptera, Plecoptera, 
Ephemeroptera, and Diptera) than terrestrial insects.  In contrast, juveniles ate more 
terrestrial insects (Orders Lepidoptera, Coleoptera, Homoptera, Hemiptera, and 
Hymenoptera).  The Asiatic oak weevil, an exotic pest and a weak flyer, was frequently 
eaten when it was available.  Brack (1983) reported a similar diet.  Tuttle (1976) 
reported that the bat’s main prey is mayflies (Order Ephemeroptera).  A captive female 
gray bat readily accepted and ate beetles up to 0.8 inches (2 cm) in length, but often 
rejected moths of a similar size (Brack and Mumford, 1983).   

3.5 RAFINESQUE’S BIG-EARED BAT 

Rafinesque’s big-eared bat (Corynorhinus rafinesquii) is a federal species of special 
concern and occurs in forested regions largely devoid of natural caves. These bats 
range throughout the southeastern United States from southern Virginia south and 
west to eastern Texas and northward along the Mississippi River valley to southern 
Indiana.  Rafinesque’s big-eared bats are found in the southeast ranging from southern 
Virginia west through West Virginia, Kentucky, southern Illinois, part of Arkansas, 
southeastern Oklahoma and eastern Texas.  This species is found in nearly every 
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forest type that occurs within its range, although densest concentrations to date may be 
in the swamps of North Carolina (USACOE, No date).   

Its natural roosting places are in hollow trees, crevices behind bark, and under dry 
leaves.  It has been observed most frequently in buildings, both occupied and 
abandoned.  Texas specimens have been captured in barns and abandoned wells.  
Rafinesque big-eared bats appear to be a solitary bat although colonies of 2-100 may 
be encountered in summer.  Winter aggregations, usually of both sexes, are more 
numerous but even then solitary individuals are frequently found.  The bats probably do 
not hibernate in East Texas, but in the northern part of their range they tend to seek out 
underground retreats and hibernate through the winter. 

Rafinesque’s big-eared bat emerges from its daytime roost well after dark to forage. 
Specific food items have not been recorded but small, night-flying insects, especially 
moths, are probably important. 

The young are born in late May and early June; parturition is earlier in southern 
portions of the range. Young become volant in about three weeks, and by about one 
month of age, the weight of the young is approximately that of adults. Adult females 
greatly outnumber adult males in summer nursery colonies. Aggregations of males 
apparently form at alternate locations. Roost sites have been most frequently located in 
the twilight areas of unoccupied buildings, but natural roosts include caves and trees. 
Colonies consist of several to a hundred; northern colonies may be larger than colonies 
in more southerly areas. This bat forages after dusk and returns to the roost before 
dawn, avoiding the twilight hours. This species forages about the foliage of swampland 
trees, and establishes a night roost in hollow black gum trees. In this area, the bat 
forages predominantly on moths (USACOE, No date). 

 

4.0 MATERIALS AND METHODS 

Facilities were visually inspected for potential use by bats or bat activity from 15 to 31 
July (Table 1).  Bat activity is characterized as the presence of bat droppings (guano) 
and/or insect parts (i.e., wings, exoskeleton) within or outside of the facility.  The 
inspection also included a search for live and dead bats.  Special attention was paid to 
areas that might be warm in summer and provide an opportunity for nursery colonies, 
and areas that might be cold (but not freezing) in winter, providing a site for hibernation. 
 Areas that were less exposed to human activity and/or less exposed to light were 
given special attention.  Data sheets and descriptions for Dam Buildings are provided in 
Appendix B.  
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A team of two biologists visually inspected wooded and riparian habitat from 17 to 31 
July.  Habitat was surveyed along impoundments for its potential to provide summer 
habitat for Indiana bats.  Surveys of woodland habitats along the edges of the 
reservoirs were completed by boat and included the area from normal water level to 10 
vertical feet above.  Habitat types found within the relicensing perimeter were given site 
names by the biologists for ease of recording data.  These names and the 
corresponding Habitat Description Data Sheets are provided in Appendix A.   

ESI’s woodland habitat assessment was based largely upon the potential for use of an 
area by a nursery colony of Indiana bats, including a combination of requisite needs of 
the species:  roost trees (large and/or dead trees), foraging habitat, travel corridors, 
and water.  During this survey, the reservoirs were a close, dependable, and abundant 
water supply, and therefore water was not generally considered a limiting factor.  
Indiana bats forage “over and around” many types of woody and woodland vegetation, 
and so foraging habitat was not limiting.  Roosting habitat and travel corridors were less 
common, and were, to some degree factored more directly into considerations for 
suitable habitat.  The criteria used to determine roosting potential was five or more 
dead, exfoliating, subdominant (<15 in dbh) or dominant (>15 in dbh) canopy trees 
within a close proximity to the water and each other.  Although less conservative, a 
number of US Forest Service offices include in their forest harvest plans leaving 24 (or 
more) snags ≥ 16 dbh per acre. 

Roosting habitat must contain a sufficient number of large living, dying, and dead trees 
so that roosts (though ephemeral) are dependably present now and into the future.  
Roost trees need to be warmed by the sun, so an open canopy is beneficial.  An open, 
uncluttered understory provides an area where bats can fly to and from the roost.  Bats  

often use roosting, watering, and foraging areas along ‘travel corridors,” which are 
open, uncluttered flyways with a canopy cover to help avoid predation.  Woodland 
streams and man-made paths, trails, and small roads are often used as travel 
corridors.  Travel corridors are also the easiest and most efficient place to catch bats.   

The overstory canopy layer was analyzed for presence, species compliment, and 
relative abundance of dominant (>15 inches dbh [38 mm]) and subdominant trees (9-
15 inches dbh).  Although smaller trees are occasionally used, trees greater than 15 
inches dbh have most frequently been used by nursery colonies.  Canopy closure and 
the comparative density of both dominant and subdominant trees were observed and 
considered.  The understory layer was analyzed based on total amount of 
vegetation/clutter, contributing species, and sources of vegetation/clutter (lower limbs 
of overstory trees, small sapling trees, and small mature trees).  Other site-specific 
parameters of the habitat pertinent to the quality of the habitat at the site were also 
recorded.  These included distance to water and the presence or absence of stream 
habitat, standing water, and travel corridors. 
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Table 1.  Reservoirs and associated facilities surveyed for bat activity. 

PROJECT 
LOCATION 

(RIVER) 
1 RESERVOIR/ 

DAM NAME FACILITIES 
Bryson Oconaluftee Ela Powerhouse 

Tainter Gate House 
Dillsboro Tuckasegee Dillsboro Powerhouse 
Franklin Little Tennessee Emory Powerhouse 
Mission Hiawassee Mission Powerhouse 

West Fork West Fork of the 
Tuckasegee 

Glenville Powerhouse 
Diversion House  
Diversion Tunnel 

Intake Gate 
Workshop 

  Little Glenville 
reservoir, 

Tuckasegee dam 
Powerhouse 

Nantahala Nantahala Nantahala 
 

Powerhouse 
Intake Gate 

Diversion House 
Diversion Tunnel 

Tainter Gate House 
Valve House 

  Dicks Creek  
  White Oak Creek Valve House 
  Diamond Valley  

East Fork East Fork of the 
Tuckasegee 

Tanassee 
 

2Powerhouse 
Intake Gate House 
Tainter Gate House 

  Wolf Creek Tainter Gate House 
Intake Gate 

  Bear Creek Powerhouse 
Intake Gate 

Tainter Gate House 
  Cedar Cliff Powerhouse 

Tainter Gate House 
1Diamond Valley, Wolf Creek, and Dicks Creek are diversion ponds 

2Tanassee and Wolf Creek share the same powerhouse 
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5.0 RESULTS 

Riparian areas along the edges of a reservoir sometimes contain trees sufficiently large 
that they could provide potential roost sites.  However, these areas may not provide 
habitat suitable for the Indiana bat if: 1) an occasional large tree is sparsely 
interspersed with a predominance of smaller trees, 2) the trees do not provide roost 
sites, 3) canopy cover is closed due to an abundance of smaller trees, 4) there is a 
cluttered understory, 5) travel corridors are lacking, and/or 6) foraging habitat appeared 
inadequate. 

Thirteen reservoirs were surveyed.  Of these, Ela, Glenville, Little Glenville, Tanassee, 
Wolf, Bear, and Cedar reservoirs, had little or no potentially suitable habitat for nursery 
colonies of Indiana bats within 10 vertical feet of the reservoir.  Shorelines were often 
eroded from activities of recreational boats, limiting tree growth and size.  Tree species 
composition was often poor and consisted of smaller trees (<15 in dbh) and tree 
species not typically used as roosts by Indiana bats.  Travel corridors were lacking, 
limiting the ability to catch bats.  Steep banks often severely limited the amount of land 
within 10 vertical feet.  Cluttered understories were common.   

The facilities associated with the reservoirs could provide potential roosting habitat for 
nearly any species of bat, including the Indiana bat (Figures 2-10).  These buildings are 
located close to a water source and often have trees nearby.  However, only Dillsboro 
powerhouse provided evidence of roosting bats. 

5.1 BRYSON PROJECT:  ELA RESERVOIR AND DAM 
Habitat 

The Ela Reservoir is a 42.9-acre impoundment located on the Oconaluftee River in 
Swain County, North Carolina.  Ela Reservoir is used for recreational fishing and 
hydroelectric power production.  Three habitat types were identified while surveying 
within the relicensing perimeter of Ela Reservoir.  These habitat types were labeled 
B01, B02, and B03.   

The habitat survey of Ela Reservoir started on the west side of the reservoir near the 
dam.  From there, the shoreline was followed north to the riffles that marked the end of 
the reservoir and the beginning of the Oconaluftee River.  The survey crew then 
crossed the reservoir to continue the habitat survey.  Our survey continued south along 
the east side of the reservoir and ended near the dam.  The stream was not surveyed 
because it is not within the relicensing perimeter.   
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Habitat B01 began on the south side of the reservoir near the dam and continued until 
the habitat type change was noticeable.  Habitat B01 was a young mixed hardwoods 
interspersed with larger, dominant trees. The estimated dbh of the dominant trees was 
16 inches.  The dominant overstory species were red oak, white oak, and black walnut 
(Juglans nigra).  The subdominant overstory species consisted of red maple, black 
locust (Robinia pseudoacacia), and red oak.  Subcanopy clutter was moderate and 
consisted of shrubs.  Roost tree potential was low due to the relative abundance of 
smaller, subdominant trees (75%) and lack of snags and other suitable roosts.  There 
were no visible foraging corridors due to the subcanopy clutter and abundance of 
relatively young, small trees. 

Habitat B02 began where Habitat B01 ended and continued north to the Oconaluftee 
River and residential area and also occurred on the east side of the reservoir.  The 
habitat type was young mixed hardwoods with larger, dominant trees sparsely 
scattered throughout.  Estimated dbh of the dominant overstory species was 16 inches. 
 The habitat consisted of sycamore (Platanus occidentalis), tulip poplar, and red maple, 
sycamore, and black willow (Salix nigra).  Subcanopy clutter was moderate and 
comprised of shrubs.  Roost tree potential was low due to the abundance of smaller, 
subdominant trees (90%) to larger, dominant trees (10%).  There were no visible 
foraging corridors due to the density of subcanopy clutter and abundance of relatively 
young, small trees. 

Habitat B03 started on the east side of the reservoir where habitat B02 ended on the 
north side of the reservoir, directly opposite the starting point.  This habitat was a 
young, upland, mixed hardwood community consisting mostly of southern red oak with 
tulip poplar and sycamore interspersed.  The dominant overstory species were 
scattered along the reservoir and their estimated dbh was 15 to 17 inches.  
Subdominant overstory species were red maple, white oak, and swamp chestnut oak 
(Q. michauxii).  Subcanopy clutter was high, caused by an abundance of shrubs.  
Roost tree potential was low due to the abundance of smaller, subdominant trees 
(90%) to larger, dominant trees (10%).  There were no visible foraging corridors due to 
the density of subcanopy clutter and abundance of relatively young, small trees. 

Facilities 

Ela Dam powerhouse is a tightly enclosed building with little room inside for 
maneuvering.  Level one had broken windows that were replaced with concrete.  
Ventilation holes on the generator housing could allow bat entry.  Droppings were 
observed on the floor, however, it could not be determined if they were of rodent or bat 
origin. 

The tainter gate house at Ela Dam showed no sign of bats and temperatures are likely 
to reached over 100º F.  Wasps and hornets were observed using the outside of the 
structure. 
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Recommendations 

The area surrounding Ela Reservoir was not recommended for further bat survey 
(Table 2).  Within the relicensing perimeter, Ela Reservoir did not provide habitat 
suitable for maternity colonies of the Indiana bat.  This finding is based on the 
noticeable lack of 1) large potential roost trees, 2) snags, and 3) open corridors for 
travel and foraging.  Canopy closure was high in all three types of habitat. 

Facilities also were not recommended for further survey (Table 3).  Though droppings 
were observed on the floor, it is not likely they were of bat origin. 

Table 2.  Summary of shoreline habitat, presence of travel/foraging corridors, and 
netting recommendations for each reservoir.   

SHORELINE HABITAT  

RESERVOIR 

Large 
Trees1 

(roost 
potenti

al) 

Canopy 
Closure

1 
Understory 

Clutter1 

TRAVEL/ 
FORAGING 

CORRIDORS 
Yes (Y) or No (N) 

NETTING 
RECOMMENDED 
Yes (Y) or No (N) 

Ela  M H H N N 
Dillsboro L M L Y Y 
Emory H M L N Y 
Mission M M L Y Y 
Glenville L L H N N 

L. Glenville L L L N N 
Nantahala M-L M L Y Y 
Whiteoak L L L Y Y 

Dicks2 L M M Y Y 

Diamond2 L M M Y Y 

Tanassee L L L N N 
Wolf Creek L L L N N 
Bear Creek L L H N N 
Cedar Cliff M H H N N 

1H=High occurrence, M=Moderate occurrence, L=Low occurrence.   
2Dicks and Diamond diversion ponds were combined as one site due to size and proximity. 
 
 
 
 
 

5.2 DILLSBORO PROJECT:  DILLSBORO RESERVOIR AND DAM 
Habitat 
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Dillsboro Reservoir is a 13.9-acre impoundment on the Tuckasegee River in Jackson 
County, North Carolina.  Dillsboro Reservoir is used for recreational fishing and 
hydroelectric power production.  Two habitat types were observed while surveying 
within the relicensing perimeter of Dillsboro Reservoir.  These habitat types were 
labeled D01 and D02. 
 
The habitat survey of Dillsboro Reservoir began on the north side of the reservoir and 
followed the reservoir edge east until the end of the reservoir.  The survey crew 
traveled south across the reservoir and continued west along the reservoir.  The survey 
ended south of the dam across from the starting point. 

Habitat D01 began on the north side of the dam and continued east until a habitat type 
change was noticeable.  Habitat D01 was comprised of small, subdominant trees and 
herbaceous plants.  There were no large, dominant overstory trees.  The small, 
subdominant overstory species consisted of sycamore, black willow, and black locust.   

Subcanopy clutter was moderate and consisted of shrubs.  Roost tree potential was 
moderate because there were some medium-sized snags.  There were no visible 
foraging corridors due to subcanopy clutter and an abundance of small, subdominant 
trees. 

Habitat D02 began on the south side of the reservoir where Habitat D01 ended and 
continued west toward the dam.  The habitat type was comprised of young mixed 
upland hardwoods consisting of black walnut, sycamore, and sourwood (Oxydendrum 
arboreum) as the subdominant overstory species.  Subcanopy clutter was high and 
consisted of shrubs.  Roost tree potential was low due to an abundance of small, 
subdominant trees (100%) to large, dominant trees.  Between the reservoir and paved 
road, there appeared to be a possible travel/foraging corridor.  However, canopy 
closure over the corridor was low due to lack of canopy-sized trees. 

Facilities 

Dillsboro Dam powerhouse contained an estimated 500 bats and a significant presence 
of bat droppings inside and outside the powerhouse.  Both levels of the powerhouse 
had bat activity.  Bats have been known to use this facility for years.  Several dead bats 
and decomposed carcasses were observed in several locations inside the powerhouse. 
 Guano was 4 to 5 inches deep in places and urine staining was observed were large 
numbers of bats entered and exited most frequently.   
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Table 3.  Reservoirs and associated facilities with signs of bat presence.   
NAME OF 

RESERVOIR FACILITIES SIGNS OF BAT 
PRESENCE 

Ela Powerhouse 
Tainter Gate House 

Yes 

Dillsboro Powerhouse Yes 
Emory Powerhouse No 
Mission Powerhouse Yes 
Glenville Powerhouse  

Diversion House 
Diversion Tunnel 

Intake Gate 
Workshop 

No 

Little Glenville  Powerhouse No 
Nantahala 

 
Powerhouse 
Intake Gate 

Diversion House 
Diversion Tunnel 

Tainter Gate House 
Valve House 

No 

Dicks Creek  - - 
White Oak 

Creek 
Valve House No 

Diamond Valley - - 
Tanassee Power House 

Intake House 
Tainter Gate House 

No 

Wolf Creek Tainter Gate House 
Intake Gate 

No 

Bear Creek Power House 
Intake Gate 

Tainter Gate House 

No 

Cedar Cliff Powerhouse 
Tainter Gate House 

No 

 

ESI completed a brief sampling of the powerhouse to confirm the species of bat using 
the powerhouse.  Equipment use consisted of two 30-foot mist nets (2-ply, 50 denier, 
nylon construction, 1-1.5 inch mesh size) set up inside the building, and a double-frame 
harp trap (Tidemann and Woodside 1978) at the front entrance of the powerhouse.  
From that effort, 55 little brown bats were captured.   

Recommendation 
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Within the relicensing perimeter, Dillsboro Reservoir provided habitat of moderate 
quality for a maternity colony of Indiana bats.  This finding is based on the 1) medium-
sized snags in Habitat D01, 2) the travel corridor observed in Habitat D02, and 3) the 
known colony of little brown bats inside the powerhouse.  Indiana bats have been 
documented forming a small maternity colony cohabitating in the same building 
structure.  Butchkoski and Hassinger (2001) observed groups of Indiana bats and little 
brown bats clustered together on various occasions during their study.  The Dillsboro 
powerhouse potentially provides the same conditions for Indiana bats and little brown 
bats to form coexisting, and intermixing, maternity colonies. 

ESI recommends a net survey due to the large numbers of little brown bats using the 
powerhouse facility (Table 3).  A maternity colony of Indiana bats was recently found in 
Pennsylvania roosting in a man-made structure along with little brown bats (Butchkoski 
and Hassinger, 2001).  It was found that the building in Pennsylvania might have 
provided a thermal advantage because of the northern latitude.  While the use of man-
made buildings throughout the Indiana bats range is uncommon, sampling of near-by 
natural habitats at Dillsboro may provide similar information to the Pennsylvania 
findings.   

5.3 FRANKLIN PROJECT:  EMORY RESERVOIR AND DAM 
Habitat 

The Emory Reservoir is a 198-acre impoundment located on the Little Tennessee River 
in Macon County, North Carolina.  Emory Reservoir is used for recreational fishing and 
hydroelectric power production.  Two habitat types were observed while surveying 
within the relicensing perimeter of Emory Reservoir.  These habitat types were labeled 
as A and B. 

The habitat survey of Emory Reservoir started at the south end of the Little Tennessee 
River at the confluence of Cullasaja River.  The survey crew worked in a northerly 
direction on the east side of Lake Emory until they reached the powerhouse and dam. 
They then proceeded south along the west bank back to the confluence.  

Habitat A was mixed hardwoods with moderate canopy closure.  The overstory habitat 
consisted of many tall trees with openings in the canopy due to dead snags.  Dominant 
overstory species included tulip poplar, white oak, and other oak species.  The 
subdominant overstory species consisted of black locust, red maple, white oak, and 
sourwood.  Subcanopy clutter was high, consisting of shrubs and saplings of 
subdominant species.  Roost tree potential was high due to the relative abundance of 
large, dominant trees (40%), smaller, subdominant canopy trees (60%), and snags.  
There were no visible travel corridors due to the subcanopy clutter and abundance of 
relatively young, small, subdominant trees and shrubs.   
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Habitat B was comprised of young mixed hardwoods consisting of sycamore, red 
maple, and black walnut as the dominant overstory species.  Estimated dbh of 
dominant canopy species was 20 inches.  The subdominant overstory species had an 
estimated dbh of 10 inches and consisted of sycamore, black walnut, and black willow. 
 Subcanopy clutter was moderate and comprised of shrubs, saplings, and the lower 
branches of canopy trees.  Roost tree potential was moderate due to large, dominant 
trees.  There were no visible travel corridors due to the density of subcanopy clutter 
and abundance of small, subdominant trees. 

Facilities 

Emory Dam powerhouse had several broken and open windows, which potentially 
allowed bats entry into the facility.  Both first and second levels were surveyed, with no 
finding of bats or evidence of bat activity.  Habitat outside of the facility consisted of 
several snags along the eastern shoreline.   

Recommendation 

Habitat A contained eleven areas that were considered moderate to high potential 
roosting habitat.  Large canopy trees and dead snags were observed within 25 feet of 
the shoreline.  Habitat B contained large, dominant canopy trees.  However, there were 
no corridors or flyways that would facilitate capture of bats foraging or traveling around 
the reservoir.  Although mist netting would prove somewhat difficult due to the 
understory clutter and lack of traveling corridors, netting was recommended (Table 2).  
Because of the lack of travel/foraging corridors and the difficulty in mist netting, Duke 
authorities requested that our mist netting efforts be concentrated on other reservoirs.  

5.4 MISSION PROJECT:  MISSION RESERVOIR AND DAM 
Habitat 

The Mission Reservoir, a 61.4-acre impoundment located on the Hiwassee River in 
Clay and Cherokee counties, North Carolina, is used for recreational fishing and 
hydroelectric power production.  Three habitat types were observed while surveying 
within the relicensing perimeter of Mission Reservoir.  These habitat types were labeled 
as M01, M02, and M03.   

The habitat survey of Mission Reservoir started on the north side of the dam and 
followed the reservoir east to the rapids that marked the end of the reservoir and the 
beginning of the Hiwassee River.  Crossing the reservoir south just east of an island, 
the habitat survey west toward the dam where two more habitat types were observed.  
The survey ended on the south side of the dam, opposite of the starting point. 
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Habitat M01 began on the north side of Mission Dam and continued east until a habitat 
type change was noticeable.  Habitat M01 consisted of a young deciduous forest and 
snags bordered by wetlands.  Estimated dbh of dominant overstory species was 15 to 
16 inches.  The dominant overstory species were sycamore and white pine (P. 
strobus).  Dominant overstory trees were scattered within the smaller, subdominant 
trees.  The subdominant overstory species consisted of sycamore, river birch (B. 
nigra), and red maple.  Subcanopy clutter was moderate, and was provided by 
subdominant species saplings.  Roost tree potential was moderate due to an open 
canopy and abundance of snags within the wetland.  Travel and foraging corridors 
were observed along the shore and up the hillside.  There was a corridor along the 
north side of the reservoir next to a trash boom (apparatus used to screen trash from 
entering water intake area) and a few residential clearings along the north shoreline. 

Habitat M02 began on the south side of the reservoir south of the island and continued 
west. Habitat M02 continued west along the reservoir to the next noticeable habitat 
change.  Habitat M02 was a pine monoculture consisting of white pine as the dominant 
overstory species (90%).  Estimated dbh of the dominant trees was 15 inches.  The 
subdominant species (10%) was flowering dogwood (Cornus florida).  Subcanopy 
clutter was high and came from the lower branches of canopy trees.  There were no 
visible foraging corridors due to the density of the white pine.  Roost tree potential was 
low due to species composition (i.e., pine monoculture) and lack of travel/foraging 
corridors.   

Habitat M03 started on the south side of the reservoir where habitat M02 ended and 
continued west to the dam.  This habitat was a young mixed pine-hardwood forest on 
an upland slope.  Canopy closure in this habitat was moderate.  The dominant 
overstory species consisted mostly of white pine and sycamore.  The estimated dbh of 
the dominant species was 15 to 17 inches.  Subdominant overstory species were red 
maple and sourwood.  Subcanopy clutter was moderate consisting of shrubs.  There 
were no visible foraging corridors due to the density of subcanopy clutter and 
abundance of relatively young, small trees.  Roost tree potential was moderate due to 
the abundance snags in the wetland. 

From M03 to the dam, the habitat consisted of steep rock outcrops from shoreline to 
approximately 30 feet up with few trees.  Small-footed bats could potentially use the 
rock outcrops and deep cracks for roosting. 

Facilities 

There was no observed usage of the Mission Dam powerhouse by bats.  Conditions 
within the facility were cool, dark, and damp.  Several broken windows and open vents 
in various locations allow moderate airflow, maintained a cool temperature, and it was 
dark in the lower levels.  The open vents and broken windows could potentially allow 
entrance into the powerhouse for summer and/or winter usage by bats. 
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The structure of the dam was “hollow” with an entrance and walkway underneath the 
spillway.  Bats could potentially readily enter and exit this area during either summer or 
winter.  The area was not prone to flooding, however, several water level entrances 
would be cut off leaving only the maintenance entryway for entry/exit.   

The area directly behind the powerhouse where the intake pipes are located contains 
several shallow cave-like “inlet” areas under the structure that hold a shallow amount of 
water at times.  In one of these areas a single unidentified dead bat was found 
attached to the concrete wall where it had died prior to our inspection.  These areas 
offered cover from the environment for potential summer use, such as night roosting.   

Recommendation 

Mission Reservoir provided suitable Indiana bat habitat within the relicensing perimeter. 
 This finding is based on the noticeable abundance of 1) potential roost trees (snags), 
2) open corridors for travel and foraging, 3) wetland habitat that would likely provide 
good foraging habitat and, 4) large, subdominant canopy trees observed in habitat M01 
and M03.  Netting of one mist net site was recommended (Table 2).   

Although the potential of bats using the facility in the winter was considered low, a 
winter survey was recommended (Table 3).  A Duke Power employee visited the facility 
in January 2002 to visually inspect the powerhouse and dam openings, tunnels, cracks, 
and crevices.  No evidence of hibernating bats was observed. 

5.5 WEST FORK PROJECT 

5.5.1 Glenville Reservoir and Dam 
Habitat 

The Glenville Reservoir is a 1,462-acre impoundment located on the West Fork 
Tuckasegee River in Jackson County, North Carolina.  Glenville Reservoir is used for 
recreational fishing, swimming, boating, and hydroelectric power production.  Two 
habitat types were observed while surveying within the relicensing perimeter of 
Glenville Reservoir.  These habitat types were labeled A and B.   

The habitat survey of Glenville Reservoir started on the north side of the reservoir 
where Pine Creek and West Fork Reservoir meet, west of the dam.  Habitat A was 
found on the east side of Hurricane Lake, which is the southeast portion of West Fork 
Reservoir, and on the north end where Pine Creek enters the reservoir.  Habitat B was 
found in all other perimeter areas.  A few islands existed and were surveyed. 

Habitat A consisted of small trees and shrubs.  Dominant overstory species were 
sparsely scattered throughout and consisted of tulip poplar, white pine, red maple, red 
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oak, and pin oak (Q. palustris).  Estimated dbh of the dominant overstory trees was 16 
inches.  The subdominant species were white oak, red maple, pin oak, black locust, 
yellow birch (B. lutea), and eastern hemlock (Tsuga canadensis).  The estimated dbh 
of the subdominant trees was 5 inches.  Subcanopy clutter was high, the origin of 
which was subdominant trees.  Roost tree potential was low due to lack of contiguous 
large trees and the relative abundance of small trees.  A small area within habitat A had 
approximately five snags (<10 in dbh) with exfoliating bark.  There were no noticeable 
corridors due to the density of the subcanopy clutter.  The canopy in habitat A was 
considered open due to the lack of canopy trees. 

Habitat B was a pine-hardwoods mix consisting of white pine, various oaks, and tulip 
poplar as the dominant overstory species.  Estimated dbh of the dominant species was 
18 inches.  Canopy closure was moderate.  The subdominant species were red maple, 
white oak, red oak, white pine, black locust, eastern hemlock, yellow birch, and Fraser 
magnolia (Magnolia fraseri).  The estimated dbh of the subdominant trees was 5 
inches.  Subcanopy clutter was high and comprised of the lower branches of canopy 
trees.  There were no visible foraging corridors due to the subcanopy vegetation, which 
consisted of saplings, shrubs, and lower branches of canopy trees.  Potential for bat 
habitat was low due to the abundance of small trees, lack of traveling corridors, and 
poor foraging habitat.  The island habitat was an extension of the mainland Habitat B 
and was dominated by pine species.   

Facilities 

The Glenville Dam powerhouse showed no signs of bats.  Level one had two broken 
windows during our survey, but the floor, walls, and corners did not show bat 
droppings.  Duke Power employees stated that the windows are usually fixed promptly 
which would limit possible egress.  Tight fitting doors and screened vents prevented bat 
entry.  Levels two and three both had clean floors and neither level allowed for bat 
entry.  Level four was noticeably cooler than the other levels and was damp.  However, 
this level is where the water jets turn the turbine.  When the turbine is running, the 
noise level is high.  There was no sign of bats on level four. 

The diversion house did not show signs of bats or bat use.  The windows had concrete 
over them.  Two vents approximately 8 inches in size were the only potential entry for 
bats.  These small vents where located on the outside of the facility and led below level 
one.  Although we were unable to visually inspect these vents, no droppings or staining 
from bat use were observed.  The diversion tunnel is inaccessible to bats. 

The Glenville Dam intake house did not show signs of bats or bat use.  Level one was 
very clean and broken panes of glass were replaced with aluminum.  Some holes still 
exist though, potentially providing possible access for bats.  Level two contained debris 
and was cluttered and dark.  There were no windows on this level, but access through 
level one was possible.   
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The Glenville Dam “old shop” or workshop did not show signs of bats.  The floors were 
very clean and there were no windows.   

Recommendation 

Overall, this reservoir did not provide suitable habitat for maternity colonies of Indiana 
bats (Table 2).  Both habitat types did not support Indiana bat habitat due to a lack of 
large potential roost trees and travel/foraging corridors.  Residential areas were being 
built along the waters edge and the shoreline is eroding due to wave action from 
recreational boats and is causing trees to fall into the reservoir.   

 

Facilities associated with the Glenville Reservoir did not show signs of bat use or 
presence.  These facilities and shoreline habitat were not recommended for further 
survey (Table 3). 

5.5.2 Little Glenville Reservoir, Tuckasegee Dam 
Habitat 

Little Glenville Reservoir is a 7.9-acre impoundment on the West Fork Tuckasegee 
River downstream of West Fork Reservoir in Jackson County, North Carolina.  Little 
Glenville Reservoir is used for recreational fishing, boating, and hydroelectric power 
production.  Two habitat types were observed while surveying within the relicensing 
perimeter of Glenville Reservoir.  These habitat types were labeled as G01 and G02.  
Habitat G01 was observed on the east side.  Habitat G02 was on the west side.  
Highway 107 bordered habitat G01 along the east side of the reservoir.  Habitat G01 
consisted of small trees, which were sycamore, sourwood, and black locust.  Canopy 
closure in habitat G01was open due to the lack of canopy trees.  Subcanopy clutter 
was low consisting of saplings.  There were no noticeable travel/foraging corridors due 
to the lack of trees and land between the reservoir and Highway 107.  Roost tree 
potential was low due to the overall lack of large trees, snags, and tree species 
composition. 

Habitat G02 had steep banks comprised of mostly rock with trees often existing only 
well beyond the relicensing perimeter.  Large, dominant overstory species were 
sparsely interspersed and consisted of tulip poplars with an estimated dbh of 16 inches. 
 The small, subdominant overstory species were red maple, black locust, and tulip 
poplar.  Subcanopy clutter was high and comprised of shrubs.  There were no visible 
travel/foraging corridors because of the steep rock wall.  Roost tree potential and was 
low due to the lack of large trees and species composition.   

Facilities 
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The Tuckasegee Dam powerhouse did not show signs of bat use.  Level one has no 
windows and is very compact.  Level two was also very clean and no bat dropping or 
insect parts were found.  Underneath the powerhouse, however, exists a diversion 
culvert that allows water to flow into the west fork of the Tuckaseegee from the hillside 
runoff behind the powerhouse.  This culvert is approximately 60 feet long and 6 feet in 
diameter.  Water flow through this culvert is low, even during flooding.  Bats could 
potentially use this culvert for night roosting, however, no evidence of bats was 
observed.   

Recommendation 

Overall, this reservoir did not provide suitable maternity roost habitat for the Indiana 
bat.  The east side of this reservoir consisted of small trees sparsely interspersed with 
a few large trees and was bordered by a paved highway.  The west side contained 
more trees, but all were small (<16 in dbh).  Dead trees consisted of a couple of very 
small snags.  There were no corridors for travel or netting.  Snags and larger trees 
sometimes existed beyond the relicensing perimeter.  The reservoir was not 
recommended for mist netting (Table 2). 

No further surveys are recommended for the Tuckasegee Dam powerhouse.  There 
was no evidence bat use (Table 3).  There is potential for exposed rock faces along 
portions of the reservoir to provide roosting habitat for the eastern small-footed bat, 
but largely this would be outside the project boundary. 

5.6 NANTAHALA PROJECT 

5.6.1 Nantahala Reservoir and Dam 
Habitat 

The Nantahala development, which includes Nantahala Reservoir, White Oak Creek, 
Dicks Creek, and Diamond Valley, includes 1,605 acres of impoundments located on 
the Nantahala River in Macon County, North Carolina.  These reservoirs are used for 
recreational fishing, swimming, boating, and hydroelectric power production.   

A total of six forest compositions, labeled A through F, were observed along the 
Nantahala Reservoir shoreline.  Three islands, labeled Island #1, Island #2 and Island 
#3, were also surveyed. Islands #1 and #2 had similar habitats.  The habitat survey 
started at the north end of the reservoir on the east side of Nantahala Dam and ended 
at the north end of the reservoir on the west side of the dam. 

Habitat A was found in several locations around Nantahala Reservoir.  The habitat had 
a closed canopy and red maple, tulip poplar, sycamore, white oak, and pin oak were 
the dominant overstory species.  The estimated dbh of these trees was 15 inches.  The 
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subdominant overstory species were red maple, eastern hemlock, yellow birch, 
honeysuckle, and elm spp.  Larger, dominant (50%) trees and smaller, subdominant 
(50%) trees were equal in abundance.  The subcanopy clutter was moderate and 
comprised of the lower branches of canopy trees and saplings.  There were no travel 
corridors visible in this habitat and the 10-foot vertical licensing perimeter included 
banks that were very steep.  Occasionally, dead snags were observed beyond the 
licensing perimeter and near houses.  Roost tree potential was low due to 1) species 
composition, 2) a closed, thick canopy and, 3) lack of snags or large roost trees within 
the relicensing perimeter.   

Habitat B was an outcrop of pine with hardwoods interspersed.  This habitat was found 
near the Lee Branch of the Nantahala Reservoir.  Dominant overstory species in this 
habitat were red maple and white pine.  Estimated canopy closure was moderate.  
Subdominant overstory species were eastern hemlock and red oak.  Subcanopy clutter 
was moderate and was produced by black locust and sassafras saplings.  There were 
no visible travel/foraging corridors and a noticeable lack of snags.  Roost tree potential 
was low due to the relative abundance of small, subdominant (80%) trees to large, 
subdominant (20%) trees and species composition.   

Habitat C was on the northeast section of the reservoir, south of Lee Branch.  The 
dominant overstory species were tulip poplar and honeysuckle, which had an estimated 
dbh of 16 inches and an open canopy.  Subdominant overstory species were yellow 
birch, black locust, and red maple.  Estimated dbh of the subdominant overstory trees 
was 12 inches.  Subcanopy clutter was high and a result of lower branches of canopy 
trees, red maple saplings and rosebay rhododendron (Rhododendron maximum) 
shrubs.  Roost tree potential was moderate because of limiting numbers of large trees 
within the relicensing perimeter.  

Habitat D was found on Island #1, located in the northeast branch of Nantahala 
Reservoir.  Island #1 is small with only three trees that have dominant overstory 
characteristics.  The subdominant overstory species were red maple, white pine, white 
oak, and pin oak.  Subcanopy clutter was high and was produced by the lower 
branches of canopy trees, shrubs, and subdominant species saplings.  Travel/foraging 
corridors were not observed.  Roost tree potential was non-existent due to the 1) 
amount of small, subdominant (99%) trees to large, dominant (1%) trees, 2) species 
composition, and 3) no snags >10 inches dbh. 

Habitat D was also found on Island #2, which is similar to Island #1 in habitat, species 
abundance and composition, and tree size. 

Island #3 was near the Garrison Branch of Nantahala Reservoir.  There were no 
dominant overstory trees (>15” dbh) on the island.  Subdominant overstory species 
were red maple, pin oak, white oak, white pine, and black locust.  Subcanopy clutter 
was high and was a result of shrubs, lower branches of canopy trees, and subdominant 
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species saplings.  Travel corridors did not exist on Island #3.  Roost tree potential was 
low on Island #3 due to 1) amount of small, subdominant (100%) trees, 2) species 
composition, and 3) no snags >10 inches dbh. 

Habitat E, found on the east side of Nantahala Reservoir near Arrowhead Branch and 
Camp Sequoyah, consisted of tall, dense pines with hardwoods interspersed and some 
residential areas.  Dominant overstory species were white pine, Virginia pine, pin oak, 
and tulip poplar.  Canopy closure was moderate to open.  Subdominant overstory 
species were white pine, white oak, tulip poplar, red maple, Virginia pine, and pitch 
pine.  Subcanopy clutter was moderate to open and was comprised of lower branches 
of canopy trees, shrubs, and overstory species saplings.  The relative abundance of 
large, subdominant (80%) trees to small, subdominant (20%) trees was favorable, 
however, roost tree potential was low due to species composition of the large canopy 
trees. 

Habitat F was present in many areas around the reservoir.  Habitat F had a moderate-
to-closed canopy with a few small snags.  Dominant overstory species were red maple, 
white oak, and red oak.  Subdominant overstory species were striped maple (A. 
pensilvanicum), white oak, yellow birch, red oak, and black locust.  Travel corridors 
were not present due to the large amount of subcanopy clutter, which was produced by 
lower branches of canopy trees, willow species, Rosebay rhododendron, witch-hazel 
(Hamamelis virginiana) shrubs, and saplings of subdominant overstory species.  Roost 
tree potential was low for this habitat type due to the relative abundance of small, 
subdominant (60%) trees to large, subdominant (40%) trees, species composition, and 
lack of snags. 

Facilities 

Buildings surveyed for potential bat inhabitance included the following:  powerhouse, 
intake house, diversion house, and tainter gate house.   

The Nantahala Dam powerhouse did not show signs of bat use.  Level one had several 
windows broken and was open for ventilation.  These were possible entry points for 
bats, however, the floor was clean, and no bat droppings or bats were observed.  Level 
two also had a clean floor with no signs of bat use. Levels three and four were dark and 
damp, but with no signs of bat use.  The powerhouse is loud when the generator 
comes on-line at approximately 0900 h everyday.  

The intake house had several broken windows potentially allowing bat entry, but the 
structure did not show signs of bat use.   

Survey of the Nantahala Dam diversion house found several hundred dead ladybird 
beetles (Family Coccinellidae) and several broken windows.  Although there was an 
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apparent nearby food source (as evidenced by the ladybugs) and entry points, the 
diversion house showed no signs of bat use. 

The diversion tunnel is under the diversion house and inaccessible to bats. 

The Nantahala Dam tainter gate house did not show signs of bat use.  The roof was 
constructed of metal, allowing temperatures to likely reach 100ºF.   

The Nantahala valve house is constructed of tin and metal materials with interior 
temperatures likely to reach over 100ºF.  No bats were found upon survey, and no 
evidence of bats using the facility during winter months was observed. 

The warehouse or maintenance building provided no access for bats.  There was no 
evidence of bat use or bat presence inside or outside of the building.   

Recommendation 

Overall, Nantahala Reservoir is experiencing residential development along the 
perimeter, and has little contiguous, wooded habitat within the relicensing perimeter.  
However, nine areas throughout the seven different habitat types were identified as 
having moderate to high roost potential.  Although potential roost tree habitat within the 
relicensing perimeter was low, the relative size of the reservoir and overall habitat 
surrounding the reservoir may provide habitat suitable for nursery colonies of the 
Indiana bat.  Also, potential suitable habitat may be adjacent to the relicensing 
perimeter, and act synergistically with it.  Therefore, two mist net sites were 
recommended for Nantahala Reservoir (Table 2).  

Facilities associated with the Nantahala Reservoir did not provide signs of bat use and 
were not recommended for further survey (Table 3). 

5.6.2 Dicks Creek Diversion Pond and Dam 
Dicks Creek Diversion Pond is a small (< 1 acre) secluded water source, 1.5 miles from 
another body of water.  One habitat type comprised the habitat surrounding the 
reservoir.  On the north side, between Dicks Creek Road and the reservoir, dominant 
overstory species have an open canopy and consist of tulip poplar.  The estimated 
average dbh is 18 inches.  There are few large, subdominant overstory trees on the 
south side of the reservoir.  Subdominant overstory species are yellow birch and 
eastern hemlock.  Pawpaw (Asimina triloba) comprised the subdominant species.  
Subcanopy clutter was low on the north side.  On the south side, however, subcanopy 
clutter was high due to Rosebay rhododendron shrubs.  Roost tree potential was low in 
the relicensing perimeter due to the abundance of small, subdominant (90%) trees and 
lack of large, subdominant (10%) trees.  However, because of the small size of the 
reservoir, the influence of adjacent habitat is greater.  A water pipeline right-of-way, 
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which connects into the reservoir at the east end, could provide a travel corridor for 
bats.   

Recommendation 

Although there was limited roost tree potential within the relicensing perimeter of Dicks 
Creek Diversion Pond, netting is recommended (Table 2).  This is because (1) the 
reservoir is 1.5 miles from another water source and could provide an important bat 
requisite, (2) the pipeline could be used as a travel corridor and could provide a net 
site, and (3) the relatively large influence of adjacent habitat on a small assessment 
area.  However, Duke authorities requested that mist netting efforts be concentrated on 
the larger reservoirs. 

5.6.3 White Oak Diversion Pond, Dam, and Associated Facilities 
The White Oak Diversion Pond is a small (< 2 acres) water source 2 miles from 
another water source.  The east side of the reservoir was bounded by Road 1310 and 
was void of vegetation.  The west side of the reservoir had a dominant overstory of tulip 
poplar, elm species, and red oak.  The estimated dbh was 16 inches.  Canopy cover 
was open because of spatial orientation of the reservoir and large trees.  Subdominant 
overstory species were tulip poplar, red oak, and striped maple.  Subcanopy clutter 
was high due to shrubs and Rosebay rhododendron, black locust, and white oak 
sapling species.  A stream running into the reservoir from a wooded area could provide 
a corridor for bats.  

Facilities 

The White Oak Creek valve house is a small, tight structure and did not show any signs 
of current bat use. 

Recommendation 

White Oak Diversion Pond is an important water source.  Roost tree potential within the 
10 vertical feet ownership perimeter was low.  However, because of the small size of 
the pond and the close proximity of abundant nearby roost habitat, netting was 
recommended (Table 2).  However, Duke authorities requested that mist netting efforts 
be concentrated on the larger reservoirs.  The White Oak Creek valve house was not 
recommended for further survey (Table 3). 

5.6.4 Diamond Valley Diversion Pond and Dam 
Diamond Valley Diversion Pond is the smallest functioning hydroelectric power-
producing diversion pond (<.25 acre).  One habitat type was found within the 
relicensing perimeter surrounding the diversion pond.  The dominant overstory species 
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had a closed canopy and consisted of tulip poplar and maple species.  The estimated 
dbh was 16 inches.  Subdominant overstory species were yellow birch, eastern 
hemlock, and Ohio buckeye (A. glabra).  Subcanopy clutter was high due to Rosebay 
rhododendron shrubs.  Roost tree potential was low due to the closed canopy and few 
large trees.  

Recommendation 

The overall area associated with the project was limited, but this area provided 
potentially suitable habitat for use by Indiana bats.  Netting is recommended (Table 2).  
The diversion pond provides water, a trail can be used as a travel corridor, and it is 
situated within an area that provides opportunities for roosts.  However, Duke 
authorities requested that mist netting efforts be concentrated on the larger reservoirs. 

 

5.7 EAST FORK PROJECT 

5.7.1 Tanassee Creek Reservoir and Dam 
Habitat 

The Tanassee Creek Development, comprised of Tanassee Creek Lake and Wolf 
Creek Lake, includes 223 acres of impoundments located on the East Fork 
Tuckasegee River and Wolf Creek in Jackson County, North Carolina.  These 
reservoirs are used for recreational fishing and hydroelectric power production.   

The habitat survey began at the east end of the reservoir, just north of the bridge where 
the Tuckasegee River connects to the reservoir.  This area contained young mixed 
hardwoods.  Mixed hardwoods continued along the south side of the reservoir 
interspersed with rock outcrops.  An inlet in the south section of the reservoir was 
blocked with a large rock.  Behind the rock, a stream flowed into the reservoir.  The 
dam was at the west end of the reservoir with rock overhangs and outcrops comprising 
most of the habitat.  The north side was mostly rock wall and mixed hardwoods with 
white pine bordered by Highway 281.   

Only one habitat type, young mixed hardwoods with white pine interspersions, was 
found around the Tanassee Reservoir.  Young, mixed hardwood forests dominated 
areas of the reservoir that had less steep banks and fewer rock facings.  There were no 
dominant overstory trees so canopy closure was low.  Subdominant species were 
sycamore, white pine, and red maple.  The subcanopy clutter was high as a result of 
mountain-laurel (Kalima latifolia) and flowering dogwood shrubs and tulip poplar 
saplings.  Roost tree potential was low due to the lack of 1) large trees, 2) snags, and 
3) species composition.  
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Facilities 

Both Tanassee and Wolf Creek share the same powerhouse.  There were no signs of 
bat use observed in the powerhouse.  The building is constructed of tin, and is very 
open, well lit, and frequently visited by workers.  Lighting and human presence may 
deter bats from roosting in the structure.  The lower level was cool and damp, but did 
not show signs of bat use. 

The Tanassee intake house did not show signs of bat use.  The structure is 
constructed of tin and is well lit.  There were some small openings, but none showed 
signs of bat use. 

The Tanassee tainter gate building did not show signs of bat use.  This structure is well 
lit and the floor was clean. There were two possible access holes, but neither showed 
signs of bat entry. 

Recommendation 

Banks along Tanassee Creek are mostly high, vertical rock facings.  Therefore, within 
the 10 vertical feet limit, suitable habitat for nursery colonies of the Indiana bat was not 
present.  No large, dominant overstory trees were observed and very few snags 
existed along the banks.  The subcanopy clutter was thick, reducing the potential for 
foraging habitat. Overall, this reservoir provided a low potential for roosting and 
foraging habitat for the Indiana bat (Table 2). 

Exposed rock faces along portions of the reservoir may potentially provide roosting 
habitat for the eastern small-footed bat, but these areas are largely outside the 
project boundaries.  Facilities associated with Tanassee Creek Reservoir did not show 
any signs of bat use and is not recommended for further survey (Table 3). 

 

 

5.7.2 Wolf Creek Reservoir and Dam 
Habitat 

The habitat survey began just north of Wolf Creek Dam on the west side of the 
reservoir.  The west side had young mixed hardwoods, residential areas, and a pocket 
of white and shortleaf pines.  A small stream flowing into the reservoir provided a 
corridor that could potentially be used bats.  The north end of the reservoir was 
comprised of all young trees that continued around to the west side.  The west side 
also had many small inlets choked with young trees.   
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Wolf Creek Dam had one type of habitat within the 10-foot vertical relicensing 
perimeter.  There were no dominant overstory species found within this area.  Canopy 
closure was high for subdominant overstory species, which consisted of shellbark 
hickory (C. laciniosa), black oak, and white oak.  The habitat within the relicensing 
perimeter was mostly young trees, but beyond the 10 vertical feet mature canopy trees 
existed.  Subcanopy clutter was moderate consisting of red oak, black oak, and 
rhododendron shrubs.  Roost tree potential was low for Wolf Creek Dam based on a 
lack of large, dominant canopy trees 

Facilities 

Facilities at Wolf Creek Dam include the tainter gate building and intake house.  Neither 
showed signs of bat use.  The tainter gate building is a small, poorly insulated tin 
structure that is well lit.  The floors were clean and did not show signs of bat use 
(guano).  

The Wolf Creek intake house did not show signs of bat use.  The structure is made of 
concrete and small in size.  The floors were clean showing no signs of bat presence 
(guano).  

Recommendation 

The entire perimeter of this reservoir is comprised entirely of young, mostly deciduous 
trees interspersed with a few pines and hemlocks.  No potential roost trees were 
present and only one inlet provided a possible travel corridor.  Netting was not 
recommended (Table 2). 

Facilities did not provide evidence of bat use and were not recommended for further 
survey (Table 3). 

 

 

5.7.3 Bear Creek Reservoir and Dam 
Habitat 

Bear Creek Dam is a 476-acre reservoir located on the East Fork Tuckasegee River in 
Jackson County, North Carolina.  The reservoir is used for recreational fishing, boating, 
swimming, and hydroelectric power production.   

One habitat type was observed around Bear Creek Reservoir.  The perimeter of the 
shoreline consisted of steep banks, small trees (<10” dbh), and very few large trees.  
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Dominant overstory species were white pine, black locust, pines, white oak, hickories, 
and chestnut oak.  Estimated dbh of the dominant overstory trees was 18 inches.  
Subdominant overstory species were pines, white oak, red maple, honeysuckle, 
eastern hemlock, and pin oak.  Subcanopy clutter was comprised of lower branches of 
trees, subdominant saplings, and shrubs.  Roost tree potential was low due to the 
relative abundance of small, subdominant (90%) trees to large, dominant (10%) trees. 

Facilities 

The facilities at Bear Creek Dam include the powerhouse, the intake house, and the 
tainter gate building.  The powerhouse is a three story concrete building that is well lit 
and frequently visited by workers.  It is constructed of concrete and has a few small 
openings, none of which showed signs of bat entry.  The floors of the powerhouse were 
clean and did not show signs of bat use.  

The intake house at Bear Creek Dam consists of a concrete structure with no signs of 
present or past bat use.  The floors were clean and the building did not appear to 
contain entry points or small holes. 

The tainter gate building is a small tin structure that showed no signs of bat use.  
Workers visit the building often and the floors were clean.  

Recommendation 

Few large, dominant trees were observed and subcanopy clutter was high, reducing 
the potential for use by maternity colonies of Indiana bats.  Forested areas were well 
above the 10-foot vertical relicensing perimeter.  Overall, this reservoir provided low 
potential for roosting and foraging habitat, with no travel corridors where netting would 
be effective.  Therefore, netting is not recommended (Table 2). 

Facilities did not show bat use or presence and are not recommended for further 
survey (Table 3). 

 

5.7.4 Cedar Cliff Reservoir and Dam 
Habitat 

Cedar Cliff is a 121 acre reservoir with residential areas and a high volume of 
recreational activity such as boating, jet skiing, fishing, and swimming.  It is located on 
the Tuckasegee River in Jackson County, North Carolina.  Cedar Cliff Dam encloses 
the reservoir at the north end and Bear Creek Dam encloses the reservoir on the south 
end. 
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The habitat survey started at the parking lot near the boat dock on the south side of the 
reservoir and continued around the reservoir east to west.  Eight habitat types were 
identified and labeled C01 through C08. 

Habitat C01 began at the survey starting point and continued east past the residential 
area to a cove.  There were no dominant overstory species found in this habitat type.  
Subdominant overstory species were tulip poplar and red maple.  Subcanopy clutter 
was moderate and was comprised of American beech (Fagus grandifolia) and 
sassafras saplings.  Boat docks, mowed areas, and a few trees existed within the 10 
vertical feet perimeter.  Roost tree potential was low due to lack of large trees and 
snags.   

Habitat C02 began on the east side of the cove and continued east along the reservoir 
just past a powerline.  Dominant overstory species consisted of pignut hickory (C. 
glabra), American basswood, and black locust.  Canopy closure was moderate. 
Average estimated dbh of the dominant overstory trees was 16 to 19 inches.  
Subdominant overstory species were sugar maple, American beech, and American 
basswood.  Flowering dogwood, American beech saplings and mountain laurel 
cluttered the subcanopy.  No corridors for travel or foraging were observed.  Relative 
abundance of large, dominant (30%) trees to small, subdominant (70%) trees and 
species composition (mixed hardwoods) provided moderate roosting potential.   

Habitat C03 began where C02 ended on the east side of the reservoir.  Habitat C03 
consisted of a mixed conifers, eastern hemlock, and mixed hardwoods.  Habitat C03 
continued along the reservoir north into an inlet and past the Cedar Cliff Dam.  
Dominant overstory species were tulip poplar and eastern hemlock.  Canopy closure 
was high.  The average estimated dbh of the dominant trees was 16 to 20 inches.  
Subdominant overstory species were red maple, tulip poplar, and white pine.  The 
overstory habitat consisted of few large, dominant canopy trees (15%) with mostly 
small, subdominant (85%) trees.  Subcanopy clutter was moderate and comprised 
largely of shrubs.  There were no travel or foraging corridors due to the steepness of 
the banks.  Roost tree potential was moderate due to the size of trees and moderately 
closed understory.   

Habitat C04 was mixed hardwoods that began on the west side of the inlet and 
continued around the north side of the reservoir past the residential area.  Dominant 
overstory species were white oak, white pine, and scarlet oak (Q. coccinea).  Estimated 
dbh of the dominant overstory trees was 16 to 22 inches.  Canopy closure was 
moderate.  Subdominant overstrory species were black locust, shortleaf pine, and tulip 
poplar.  Overstory habitat consisted of a few large, subdominant (5%) canopy trees and 
many small, subdominant (95%) and understory species.  Flowering dogwood, and red 
maple and American beech saplings provided subcanopy clutter.  No travel/foraging 
corridors were observed.  Snags were observed within and just beyond the 10 vertical 
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foot limit.  The presence of snags and the size of trees provided moderate roost tree 
potential. 

Habitat C05 was a selective cut area on the northwest corner of the reservoir 
consisting of shortleaf pine.  Subdominant species were shortleaf pine, white oak, and 
swamp chestnut oak.  Dominant overstory habitat was non-existent.  Subcanopy clutter 
was very low and was comprised of red maple and oak saplings.  Due to selective 
cutting, roost tree potential was extremely low. 

Habitat C06 continued along the west side of the reservoir past Bear Creek Dam.  
Exposed rock was the dominant habitat.  Subdominant overstory species consisted of 
swamp chestnut oak, white oak, and eastern hemlock that comprised the habitat type. 
Roosting potential did not exist in this habitat.  

Habitat C07 began along the west side and was comprised of large oaks.  Dominant 
overstory species were white oak and southern red oak.  Canopy closure was high.  
The estimated dbh of the dominant trees was 16 to 24 inches.  Subdominant overstory 
species were red maple, and white and black oak.  Subcanopy clutter was low and was 
largely from the lower branches of canopy trees.  Roost potential in this habitat was 
moderate due to large potential roost trees and species composition.  Roost tree 
potential was not considered high because cavities or exfoliating bark were not 
observed.  Although this area provided suitable habitat for maternity colonies of the 
Indiana bat, it was a small area that could not be netted due to the steep slope. 

Habitat C08 continued south along the reservoir and ended by the boat dock.  The 
overstory habitat was a closed, mixed hardwoods with dominant overstory species 
consisting of eastern hemlock, black oak, and white oak.  Estimated dbh was 17 
inches.  Subdominant overstory species were swamp chestnut oak, southern red oak, 
and red maple.  Subcanopy clutter was high from mountain laurel, rhododendron, and 
American hazel (Corylus americana).  There were no visible travel corridors due to the 
thick understory.  Roost potential was moderate because of species composition and 
size of trees in the overstory.   

 

Facilities 

The Cedar Cliff dam powerhouse did not show signs of bat use.  The structure is well lit 
and constructed of concrete.  The noise level was high, which could be a deterrent for 
bats.  

The tainter gate building at Cedar Cliff Dam is a small tin structure with a plywood 
ceiling.  There were few openings through which bats could potentially gain entry, and 
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winter temperatures may be too cold for hibernation.  The floors were clean and there 
was no sign of bats using the building.  

Recommendation 

Overall, the area within 10 vertical feet around the reservoir provided moderate to low 
roost tree potential, high to moderate canopy closure, and a cluttered understory.  
There were no observed travel corridors.  Netting was not recommended for this 
reservoir (Table 2). 

None of the Cedar Cliff facilities provided signs of bat use and were not recommended 
for further survey (Table 3). 

 

6.0 DISCUSSION AND CONCLUSIONS 

Suitable Indiana bat summer habitat must contain life requisites of the species, 
including food, shelter, and water.  In general terms, the habitat of the Indiana bat can 
be described as containing large trees used as roosts, an open canopy that allows 
solar warming of roost sites, and an open uncluttered understory that that can be used 
for travel and foraging while providing protection from predators.  During this survey, 
the reservoirs were a close, dependable water supply, and therefore were not a limiting 
factor.  Indiana bats forage “over and around” many types of woody and woodland 
vegetation, and so generally foraging habitat was not limiting.  Roosting habitat and 
travel corridors were less obvious.   

ESI’s effort was to determine whether suitable maternity habitat was present for the 
endangered Indiana bat at any of the hydropower relicensing sites, and to look for 
other PETS bat species to the degree feasible.  One component of the habitat was 
woodlands along reservoir shorelines within 10 vertical feet of the lake.  The Indiana 
bat uses wooded habitat extensively during the summer reproductive season.  ESI’s 
habitat survey indicated that suitable habitat for Indiana bats was lacking in most 
places, but several areas contained the necessary elements to support summer 
maternity roosts. 

Project woodlands adjacent to the reservoirs (10 vertical feet) were assessed for a 
complement of needs required by nursery colony of Indiana bats.  For example, 
presence of a single large tree (or even several large trees) was not considered to 
constitute suitable habitat.  In this scenario, alternate roost sites may be lacking, a tight 
canopy of small trees may prevent thermal warming of potential roost sites, and/or a 
cluttered understory may not be conducive to bat use.  In general, riparian areas 
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surrounding reservoirs were not considered suitable habitat, and were not 
recommended for netting if: 1) large trees were sparse and heavily interspersed with a 
predominance of smaller trees, 2) specific potential roost sites could not identified, 3) 
the canopy was closed, 4) the understory was cluttered, and/or 5) the site lacked travel 
corridors. 

Roosting habitat is, in its simplest form, an area containing a sufficient number of large 
living, dying, and dead trees that dependably provide roosts (though ephemeral) 
presently and into the future.  The woodlands in which these roost trees occur should 
have an open canopy to allow sunlight in to warm the roost, and an open, uncluttered 
understory where the bats can fly.  Bats often travel among roosting, watering, and 
foraging areas along ‘travel corridors,” which provide an open, uncluttered flyway and 
canopy cover to help avoid predation.  Woodland streams, man-made paths, trails, and 
small roads are often used as travel corridors. 

Two structures, Mission Dam and Dillsboro Powerhouse, showed signs of bat use and 
bat presence (Table 3).  Potential bat use was observed in Ela powerhouse in the form 
of droppings.  However, it could not be determined if the droppings were from a rodent 
or bat.  A single unidentified dead bat was discovered at Mission Dam.  As a result of 
potential bat sign (guano), the dead bat, and the presence of suitable habitat, the two 
reservoirs associated with these facilities were recommended for mist netting.   

Overall, the structures associated with the reservoirs (i.e., diversion tunnel, intake 
house, tainter gate) in the project area did not provide suitable Indiana bat roosting 
habitat.  Most facilities were constructed of materials such as tin or concrete.  These 
materials can produce high temperatures or may be constructed tightly, which would 
deter Indiana bats from day roosting or roosting between foraging bouts.  Most 
buildings were however potentially accessible through open or broken windows, open 
vents, and other openings but no past or present bat usage was observed.  This could 
be because of the noise, heat, some unknown factor, or because there was enough 
natural habitat elsewhere in the vicinity off Duke Power property. 

Six reservoirs, Dillsboro, Emory, Mission, Nantahala, Diamond & Dicks (combined), 
and White Oak were recommended for mist net surveys.  Of these six, three reservoirs 
(Dillsboro, Mission, and Nantahala) were surveyed for bats.  The recommendation for 
netting surveys was based on quality and amount of potential Indiana bat habitat (i.e., 
large trees, open canopy or edge, uncluttered understory, presence of travel corridors). 

Overall, the structures associated with the reservoirs in the project area did not provide 
suitable roosting habitat for the other PETS bat species: eastern small-footed bat, 
northern long-eared bat, gray bat, and Rafinesque’s big-eared bat.  Although the 
surrounding habitat outside the relicensing perimeter must support eastern small-
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footed bats and northern long-eared bats, as evidence of their capture in mist nets, it is 
not likely that the area for relicensing is supportive for any of these species. 
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Figure 1.  Reservoirs surveyed for potential Indiana bat habitat. 
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Figure 2.  Bryson project, including Ela Reservoir, dam, and associated facilities.   
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Figure 3.  Dillsboro Reservoir, dam, and associated facilities. 
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Figure 4.  Franklin Reservoir, dam, and associated facilities. 
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Figure 5.  Mission Reservoir, dam, and associated facilities. 
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Figure 6.  West Fork project, including Glenville Reservoir and dam, Little Glenville 
Reservoir, Tuckasegee Dam, and associated facilities.   
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Figure 7.  Nantahala project, including Nantahala Reservoir, dam, and associated 
facilities.   
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Figure 8.  Nantahala project, including Diamond Valley Dam and diversion pond, Dicks 
Creek Dam and diversion pond, and White Oak Creek Dam, diversion pond, and 
associated facilities. 
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Figure 9.  East Fork project, including Tanassee Reservoir and dam, Wolf Creek 
Reservoir and dam, Bear Creek Reservoir and dam, Cedar Cliff Reservoir and dam, 
and associated facilities 
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1.0  Introduction 

1.1  Background 
 
Duke Power (Duke), a division of Duke Energy Corporation, is presently in the process 

of relicensing several of its Nantahala area hydroelectric projects with the Federal 

Energy Regulatory Commission.  As a part of that process, the US Fish and Wildlife 

Service (USFWS) and the North Carolina Wildlife Resources Commission (NCWRC) 

requested that surveys for the federally endangered Appalachian elktoe mussel, 

Alasmidonta raveneliana (I. Lea, 1834), and other mussel resources be conducted at 

localities near Duke Power-Nantahala Area hydropower facilities.  Duke agreed to 

conduct mussel surveys in stream reaches associated with 4 riverine hydropower 

facilities on the Hiwassee, Little Tennessee, Oconaluftee, and Tuckasegee rivers 

(Mission, Franklin, Bryson, and Dillsboro); and peaking hydropower projects on the 

Nantahala River, and the East and West Forks (and other tributaries) of the Tuckasegee 

River (Nantahala Project, East Fork Project, and West Fork Project). 

 

Within the Nantahala area, viable populations of native mussels are known presently in 

the Little Tennessee River downstream from Franklin Dam; in the Tuckasegee River 

(Little TN River system) downstream from Dillsboro Dam to the backwaters of the 

Tennessee Valley Authority (TVA) Fontana Reservoir and upstream to near Cullowhee; 

and in the Hiwassee River downstream from Mission Dam (downstream from Brasstown 

Creek to the backwaters of TVA’s Hiwassee Reservoir).  These Little Tennessee and 

Tuckasegee River populations constitute most of the native riverine mussel fauna left in 

the entire Little Tennessee River system.  Throughout most of their lengths, the Little 

Tennessee River and its larger tributaries have been impounded or otherwise altered 

such that native mussel habitats are either absent or substantially degraded.  The 

mainstem of the Little Tennessee River is almost entirely impounded from the mouth 

upstream to the backwaters of TVA’s Fontana Reservoir (Little Tennessee River Miles 

[LTRM] 0-90).  In the Hiwassee River system, fewer dams have been built and a bit 

more riverine habitat survives along the mainstem; however, mussel habitat in most of 

these remaining riverine reaches is degraded by altered flow regimes and cold water 

temperatures controlled by releases from upstream dams. 
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At least 10 mussel species are believed to survive within streams near Duke Power-

Nantahala Area hydroelectric facilities in western North Carolina: at least eight of these 

species likely persist in the Little Tennessee River system and at least 6 species still 

occur in the Hiwassee River system (Ahlstedt and Fraley 2000; C. McGrath, NCWRC, 

and J. Fridell, USFWS, personal communication 2001).  Two of these mussels are 

federal endangered species [Appalachian elktoe and littlewing pearlymussel, Pegias 

fabula (I. Lea, 1838) in the Little Tennessee River], two are listed as endangered in 

North Carolina [slippershell mussel, Alasmidonta viridis (Rafinesque, 1820) in the Little 

Tennessee, and Tennessee pigtoe, Fusconaia barnesiana (I. Lea, 1838) in the Little 

Tennessee and Hiwassee]; and two are listed as special concern in North Carolina 

[wavy-rayed lampmussel, Lampsilis fasciola Rafinesque, 1820, and rainbow, Villosa sp. 

cf. iris (I. Lea, 1829) in the Little Tennessee and Hiwassee] (Alderman, et al. 2001, 

Ahlstedt and Fraley 2000, North Carolina Department of Environment and Natural 

Resources 2001, Tennessee Valley Authority 2001).  Stream reaches near Duke Power-

Nantahala Area hydroelectric facilities known to contain Appalachian elktoes are limited 

to scattered localities on the Tuckasegee River (Little Tennessee River system) from the 

backwaters of Fontana Reservoir upstream to the vicinity of Webster, NC (approximately 

25 river miles) and the Little Tennessee River from the backwaters of Fontana Reservoir 

upstream to Franklin Dam (approximately 24 river miles) (Fridell 2001, TVA Regional 

Natural Heritage Database 2001, C. McGrath, NCWRC, personal communication 2001).  

The littlewing pearlymussel is believed to inhabit this same reach of the Little Tennessee 

River (Alderman, et al. 2001, D. Biggins, USFWS, personal communication 1996).  More 

detailed distribution and life history information for these protected species is given in 

section 3.0. 

 

1.2  Purpose and Scope 
 
Surveys were conducted to identify the distribution and abundance of native mussel 

stocks just upstream and downstream from four riverine hydropower facilities (Dillsboro, 

Bryson, Franklin, and Mission dams) located on the Tuckasegee, Oconaluftee, Little 

Tennessee, and Hiwassee rivers.  Other surveys were conducted to determine if native 

mussel populations were present in specific areas influenced by the operation of 

peaking hydropower facilities located on the Nantahala River, Dicks Creek, and the East 



 4

and West forks of the Tuckasegee River.  In addition, any hellbenders (Cryptobranchus 

alleghaniensis) (Federal Species of Concern and NC Species of Concern) encountered 

during any of these surveys were reported.  The areas surveyed at some sites included 

all likely habitats, while others were limited to transects previously established for 

Instream Flow Incremental Methodology (IFIM) analysis.  All of the survey sites were 

located in Cherokee, Clay, Jackson, Macon, and Swain counties, North Carolina. 
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2.0  Methods 
 

2.1  Survey Techniques 
 
All in-water work was conducted by mask and snorkel-equipped personnel.  At each site, 

the stream bottom was visually searched for mussel shells and siphons.  Tactile 

searches were also used to augment visual searching when necessary.  Larger rocks 

and other material (particularly macrophytes) at the substrate surface were moved and 

sediment was fanned away to increase search efficiency.  When found, mussels were 

removed from the substrate and identified to species.  Nomenclature follows Turgeon, et 

al. (1998).  Maximum lengths from a representative sample of each species encountered 

at a site were measured to the nearest 0.1 mm with digital calipers.  Mussels were 

replaced at the approximate location from which they were removed. 

 

Three types of field techniques were employed during these surveys.   Each technique 

was used to achieve specific goals, depending on the location. 

 

Riverine Facilities - The surveys at these facilities began by laying out grids running 

either 300 or 600 feet (91 or 183 meters) downstream and subdivided into 100 foot (30.5 

meter) increments.  The width of the river also was measured and divided into four equal 

segments and delineated with anchored buoys at each 100 foot linear segment.  Each 

100 foot by ¼ river width segment was surveyed for mussels using a timed, random 

search approach, with effort concentrated in areas which appeared to be the best 

mussel habitat.  Separate tallies were kept for each 100 foot by ¼ river width segment of 

the number of mussels encountered, a qualitative assessment of the spatial distribution 

of mussels, substrate composition, and average water depth. 

 

Along IFIM Transects - At specific locations on the Tuckasegee River, mussels were 

quantitatively surveyed along previously established IFIM transects.  Surveyor’s pins 

marking transect locations across likely Appalachian elktoe habitat (cobble/gravel runs 

and riffles) were located on both sides of the river.  A chain was stretched between these 

pins (perpendicular to the flow of the river) and was anchored along the river bottom.  

Five meter increments were marked along the length of the chain.  Personnel searched 
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for mussels along the downstream side of this chain, using a one meter long gauge 

stick, held parallel to the flow of the river with the upstream end flush with the transect 

chain, to limit their search area.  Mussel presence and habitat data were recorded 

separately for each one meter long by 5 meter wide transect segment. 

 

All Other Sites -  Timed, random searches in representative stream reaches were 

conducted, with effort concentrated in areas with the apparent best mussel habitat.  The 

total number of mussels encountered and catch per unit effort (CPUE = number of 

mussels/hours of effort) were combined for all personnel searching at each site.  A 

qualitative assessment of substrate composition, and average depth also were recorded 

for each area surveyed. 

2.2  Surveyed Areas 
 
Figure 1 shows the relative locations of the Duke Power-Nantahala Area hydropower 

facilities and the areas surveyed.  Figures 2 through 14 depict the areas specifically 

surveyed.  Table 1 lists the site-specific location information for all areas included in this 

survey.  The following paragraphs summarize this information for each identified river. 

 

Tuckasegee River - (9 sites)  An area was intensively surveyed in the reach within 300 

feet (91 meters) immediately downstream from the Dillsboro Dam (Tuckasegee River 

Mile [TuRM] 31.7) (Figure 2).  Timed, random surveys were made at five other sites: a 

site immediately upstream from the Dillsboro impoundment (TuRM 32.6) and four sites 

within the reach immediately downstream from the low-head dam at Cullowhee (not 

operated by Duke), upstream to the NC 107 crossing (TuRM 41.2-45) (Figure 3).  These 

sites were selected for surveys because they contained the most suitable mussel habitat 

in stream segments representative of conditions found within the Tuckasegee River.  

Three other sites between Webster and Bryson City were intensively surveyed across 

previously established IFIM transect localities (TuRM 14.2, 23.3, and 36.2) (Figures 4 

and 5). 

 
Nantahala River - (7 sites) Timed, random surveys were made at four sites within the 

bypass reach between Nantahala Dam and Nantahala Powerhouse (NRM 17.4-22.3) 

(Figure 6).  Sites were selected for surveys because they contained the most suitable 

mussel habitat in stream segments representative of conditions found within the bypass 
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reach.  Three sites with the most suitable mussel habitat downstream from the 

powerhouse were also surveyed (NRM 5.3-12.5) (Figures 7 through 9).  The uppermost 

site was at the upstream end of the uppermost fish depletion sampling site. 

 

Little Tennessee River - (2 sites) A site was intensively surveyed in the 300 foot (91 

meter) reach immediately downstream from Franklin Dam downstream to the mouth of 

Watauga Creek (LTRM 113.1) (Figure 10).  A timed, random survey was made at one 

site upstream from the Franklin impoundment (LTRM 118.5) (Figure 11).  The upstream 

site was selected based on presence of most suitable mussel habitat nearest to the 

upstream end of the Franklin impoundment. 

 

Oconaluftee River - (2 sites) A site was intensively surveyed in the reach within 600 

feet (183 meters) immediately downstream from Bryson Dam (ORM 0.5) (Figure 12).  

The other site immediately upstream from the Bryson impoundment was surveyed in an 

area with the most suitable mussel habitat within the upstream limit of the Bryson project 

boundary (ORM 2). 
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Table 1.  Locality and survey information for all sites associated with Nantahala 
Power & Light hydroelectric projects, surveyed in August and September, 
2001.  Latitude and longitude coordinates are to the nearest thousandths of 
a minute.  Effort time was not recorded for quantitative samples at IFIM 
transects.  

 
 

River River 
Mile

Latitude    
N

Longitude 
W County Description Survey Technique

Overall 
Effort 
(phrs)

Date 
Surveyed

Tuckasegee 14.2 35  25.893 83  25.427 Swain
Approximately 0.6 mi. downstream from the US 19 
bridge, adjacent to campground on left descending 
bank.  IFIM transect: SS4-T2

IFIM Transect - 14-Sep

Tuckasegee 23.3 35  24.516 83  19.614 Jackson
Approx. 0.8 air mile east of US 441-19/74 
intersection, behind upstream end of Gateway Flea 
Market.  IFIM transect: SS3-T1

IFIM Transect - 13-Sep

Tuckasegee 31.7 35  22.031 83  15.065 Jackson 100 yard reach immediately downstream from 
Dillsboro Dam, upstream from US 441 crossing. Downstream ROR 9 7-Aug

Tuckasegee 32.6 35  21.393 83  14.962 Jackson
At first shoal upstream from Dillsboro 
impoundment, approx. 1 mile downsream from 
Savannah Cr. confluence.

Timed Random Search 4 6-Sep

Tuckasegee 36.2 35  20.464 83  12.670 Jackson
At head of island approx. 0.75 mi. upstream from 
NC 116 crossing (Webster Bridge).                           
IFIM transect: SS1-T1

IFIM Transect - 13-Sep

Tuckasegee 41.2 35  18.911 83  10.581 Jackson
Shoal area immediately downstream from lowhead 
dam at Cullowhee, upstream from  old NC 107 
crossing.

Timed Random Search 2 8-Aug

Tuckasegee 42.5 35  18.456 83  09.572 Jackson Off Wayehutta Rd. 0.6 road mile southeast of 
Edgewater Rd,  intersection. Timed Random Search 2 8-Aug

Tuckasegee 43.6 35  18.205 83  10.360 Jackson Off Wayehutta Rd., approx. 0.5 road mile north of 
old NC 107 intersection. Timed Random Search 2 8-Aug

Tuckasegee 45 35  17.700 83  9.450 Jackson Shoal at NC 107 crossing, upstream from 
Cullowhee. Timed Random Search 2 8-Aug

Nantahala 5.3 35  19.978 83  35.450 Swain Off US 19/74, just upstream from Wesser Falls, at 
new bridge . Timed Random Search 2 18-Sep

Nantahala 7.2 35  20.157 83  37.076 Swain Off US 19/74, behind Roper's Barbeque, upstream 
from Miller Cove. Timed Random Search 2 18-Sep

Nantahala 12.5 35  16.911 83  40.422 Macon/ 
Swain Off US 19/74, near mouth of Ledbetter Creek Timed Random Search 2 18-Sep

Nantahala 13.6 35  16.385 83  40.489 Macon Bypass reach, just upstream from Queen's Creek 
Powerhouse discharge. Timed Random Search 2 12-Sep

Nantahala 17.4 35  15.015 83  38.433 Macon Bypass reach, just upstream from mouth of 
Whiteoak Creek. Timed Random Search 2 11-Sep

Nantahala 18.7 35  14.059 83  38.665 Macon Bypass reach, 1.5 road miles upstream from mouth 
of Whiteoak Creek. Timed Random Search 1.5 12-Sep

Nantahala 22.3 35  12.397 83  39.330 Macon Bypass reach, 0.4 road mile downstream from 
Nantahala Dam Rd. ford. Timed Random Search 1 11-Sep

Little 
Tennessee 113.1 35  13.236 83  22.296 Macon 100 yard reach immediately downstream from 

Emory Dam, to the mouth of Watauga Creek. Downstream ROR 21.4 23-Aug

Little 
Tennessee 118.5 35  09.708 83  22.516 Macon

First shoal upstream from Emory impoundment, 
approx. 0.3 mile upstream from US 441/23 
(Bypass) crossing.

Timed Random Search 4 6-Sep

Oconaluftee 0.5 35  26.790 83  22.550 Swain 200 yard reach immediately downstream from Ela 
Dam. Downstream ROR 8 7-Sep

Oconaluftee 2 35  27.328 83  22.162 Swain First shoal upstream from Ela impoundment, off US 
19. Timed Random Search 3 12-Sep

Hiwassee 106 35  03.917 83  56.083 Cherokee/
Clay

200 yard reach immediately downstream from 
Mission Dam. Downstream ROR 8 6-Aug

Cullasaja 0.3 35  10.229 83  21.923 Macon
Area immediately upstream from Emory 
impondment to upstream Emory project boundary, 
near US 441/23 (Bypass) crossing.

Timed Random Search 2.3 7-Aug

Dicks Creek (0+) 35  13.285 83  39.662 Macon Lower 100 yard reach from confluence with 
Nantahala River to near Cloud Walker Rd. Timed Random Search 1 11-Sep
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Hiwassee River - (1 site) This site was intensively surveyed in the reach within 600 feet 

(183 meters) immediately downstream from Mission Dam (HiRM 106) (Figure 13).  

Results from a previous survey immediately upstream from the Mission impoundment 

were also reported (Ahlstedt and Fraley 2000). 

 

Cullasaja River - (1 site) This site, immediately upstream from the Franklin 

impoundment, was surveyed to the upstream limit of the Franklin project boundary 

(CuRM 0.3) (Figure 11). 

 

Dicks Creek - (1 site) The lower 100 yards (91 meters) of Dicks Creek were surveyed, 

beginning at the confluence with the Nantahala River (Figure 14). 

 
West Fork Tuckasegee River - A reconnaissance of the West Fork Tuckasegee River, 

between Glenville Dam and powerhouse and Tuckasegee Dam and powerhouse, was 

made to determine if any suitable mussel habitat exits there.  No promising habitat or 

other evidence of mussel occurrence was discovered and no further instream surveys 

were conducted. 
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3.0  Distribution and Life History of Protected 
Species 

 

3.1 General Information 
 
North American freshwater mussels are bivalve mollusks classified in the families 

Unionidae and Margaritiferidae.  These animals spend most of their lives embedded in 

the bottom of streams, rivers, or lakes, generally moving very little.  Mussels have paired 

calcareous shells (valves) that are secreted by the outer layer of their bodies (mantle).  

The soft bodies of mussels can be completely enclosed within the valves; however, life 

functions require that the valves be partially open for most of the time.  Feeding, gas 

exchange, and reproduction all involve taking water in and expelling it out through two 

tube-like extensions of the mantle called siphons.  The beating of cilia moves water over 

the gills where gas exchange occurs and food items are filtered from the water.  Mussels 

collect and digest small suspended material, including plankton and organic detritus. 

 

Mussels have a complex reproductive cycle.  Male mussels release sperm into the water 

column and eggs are believed to be fertilized when females take in water that contains 

sperm.  Portions of the females’ gills are modified into brood pouches where the eggs 

are held while they develop into larvae.  Female mussels carrying larvae are termed 

“gravid”.  Native freshwater mussels are broadly separated into two reproductive 

categories: short- and long-term brooders.  Short-term brooders are those species 

whose larvae are fertilized, grow, and are expelled within the warmer months of a single 

year.  Long-term brooders typically retain the mature larvae over the winter before 

releasing them.  Larvae (glochidia) of almost all mussel species must live as parasites 

on a fish before they can transform into a juvenile mussel.  Some species can transform 

on a number of fish species, while others are restricted to one or a small group of fish 

species.  Glochidia attach to the gills or fins of their host fishes.  Many mussel species 

have evolved elaborate “lures” that attract fishes, increasing the likelihood of glochidia 

attachment.  Modified parts of the mantle on some mussel species mimic in incredible 

detail the appearance and movements of minnows, crayfish, hellgrammites, worms, and 

other fish prey.  Others expel the glochidia encased in small packets (conglutinates) that 

also mimic fish prey (e.g. larval fish, aquatic insects, worms).  The glochidia generally 
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remain attached to the host fish for between one and several weeks before transforming 

and detaching from the fish.  Subsequent survival of the juvenile mussel is presumed to 

depend largely upon it settling in suitable habitat on the stream bottom. 

 

North American freshwater mussels are one of the most imperiled groups of animals in 

the world (Bogan 1993; Williams, et al. 1993).  Of the 102 recognized species known 

from the Tennessee River basin, 29 are presently listed as federally endangered or 

threatened under the Endangered Species Act and 11 species are believed to be extinct.  

While not formally listed, the continued survival of another 6 species has been identified 

as threatened or endangered and 31 species are considered species of special concern 

(Williams, et al. 1993).  Only 36 of the 102 species known from the Tennessee River 

drainage are considered at presently stable population levels. 

 

The following accounts contain specific distribution and life history information for each 

of the six mussel species with either state or federal protection, that are known to occur 

in the Nantahala area.  This information was compiled from a number of primary 

(Ortmann 1921, Clarke 1981) and summary (Alderman, et. al., 2001; Fridell 2001; North 

Carolina Department of Environment and Natural Resources 2001; Parmalee and Bogan 

1998; Tennessee Valley Authority 2001; Watters 1994) source materials, as well as 

personal observations. 

 

3.2 Appalachian Elktoe, Alasmidonta raveneliana (I. Lea, 1834) 
 

Protection Status:  Federal Endangered Species.  

 

The USFWS has proposed critical habitat for this species (Fridell 2001).  The proposed 

areas include: 24 river miles (38.5 km) of the Little Tennessee River from Franklin Dam 

downstream to the backwaters of Fontana Reservoir, Swain and Macon Counties, North 

Carolina; and, 26 river miles (41.6 km) of the Tuckasegee River from the N.C. State 

Route 1002 Bridge in Cullowhee, downstream to the N.C. Highway 19 Bridge, north of 

Bryson City, Jackson and Swain counties, North Carolina. 

 

Distribution:  The known range of the Appalachian elktoe is restricted to tributaries of 

the Tennessee River in East Tennessee and western North Carolina.  In Tennessee, the 
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species is known only from a short reach of the Nolichucky River.  In North Carolina, it is 

now known to occur in short reaches of the Nolichucky, North Toe, South Toe, Cane, 

Pigeon, and Little rivers (French Broad River system); and the Little Tennessee, 

Tuckasegee, and Cheoah rivers (Little Tennessee River system).  Historically, it was 

also found in Tulula Creek (Little Tennessee River system), the mainstem of the French 

Broad River, and the Swannanoa River (French Broad River system), but has apparently 

been eliminated from those streams.  The Appalachian elktoe has never been recorded 

from the Hiwassee River system. 

 

Habitat Preferences:  Relatively little is known about the micro-habitat requirements of 

this animal.  The Appalachian elktoe is known to inhabit relatively shallow, medium-sized 

rivers and large creeks with cool, well-oxygenated and moderate to fast-flowing water, 

generally at depths of less than three feet.  It is found in a variety of substrate types 

including gravel mixed with cobble and boulders; in cracks in bedrock; and in relatively 

silt-free, coarse sand.   Substrate stability appears to be critical to the Appalachian 

elktoe, and it is seldom found in stream reaches with excessive accumulations of silt or 

other shifting substrata. 

 
Life History: The Appalachian elktoe is generally identified as a long-term brooder.  

Ortmann (1921) reported that the breeding season ended in May, based on four gravid 

females collected from the Pigeon River in May, 1914.  Gravid Appalachian elktoes have 

been found in the Little Tennessee River in October through January.  Both the banded 

sculpin (Cottus carolinae) and the mottled sculpin (C. bairdi) have been identified as fish 

hosts for this mussel.  Based on current sculpin taxonomy and distributions, the mottled 

sculpin most likely serves as a host in North Carolina streams.  The life span and many 

other aspects of this mussel’s life history are presently unknown.  Anecdotal 

observations suggest that it is relatively fast-growing and short-lived (~10 years). 

 

3.3 Littlewing Pearlymussel, Pegias fabula (I. Lea, 1838) 
 

Protection Status:  Federal Endangered Species. 

 

Distribution:  The littlewing pearlymussel once inhabited tributaries of the Tennessee 

and Cumberland River systems in Alabama, Tennessee, Kentucky, Virginia and North 
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Carolina.  Historical records are known from 24 stream reaches in these states, but it is 

presently known from only six stream reaches.  In the Nantahala area, it is known from 

recent collections (1990-1995) from the Little Tennessee River (LTRM 90-95-- within the 

reach between Franklin Dam and Fontana Reservoir) and an historical collection (date 

unknown) from “Valley Creek” in the Hiwassee River drainage in Cherokee County 

(exact locality unknown-- probably Valley River). 

 

Habitat Preferences:  This small mussel inhabits cool, clear, small creeks to medium-

sized rivers.  Individuals have been found in the transition zone between pools and 

riffles, buried under large flat rocks, and in sand and gravel substrata adjacent to 

waterwillow (Justicia americana) beds, generally in water less than 2 feet deep.  During 

spawning, it is often found lying on the substrate surface. 

 

Life History:  Relatively little is known about the life history requirements of this now 

extremely rare animal.  Ortmann (1914, cited in Parmalee and Bogan 1998) collected a 

gravid female littlewing pearlymussel in mid-September, suggesting that it is a long-term 

brooder.  The greenside darter (Etheostoma blennioides) and emerald darter (E. baileyi) 

[does not occur in the Tennessee River system] have been identified as hosts for this 

species.  The banded sculpin, redline darter (E. rufilineatum), and wounded darter (E. 

vulneratum) have been suggested as potential hosts.  Many other aspects of this 

mussel’s life history are presently unknown. 

 

3.4 Slippershell Mussel, Alasmidonta viridis (Rafinesque, 1820) 
 

Protection Status:  North Carolina Endangered Species 

 

Distribution:  This species is widespread and occurs in the Upper Mississippi River, 

Ohio River (including the Cumberland and Tennessee River drainages), St. Lawrence 

River, Lake Huron, Lake St. Clair, and Lake Erie basins.  In North Carolina, it is known 

from a short reach of the Mills River (French Broad River system) and the Little 

Tennessee River, between Franklin Dam and Fontana Reservoir. 

 

Habitat Preferences:  While the slippershell mussel is found primarily in small creeks 

and medium-sized rivers today, it once inhabited the shoals and riffles of large rivers 
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such as the French Broad and Holston before impoundment.  It may typically be found in 

sand and fine gravel substrate, and in mud and sand bottoms among the roots of aquatic 

vegetation (especially waterwillow) where current is present. 

 

Life History:  The slippershell is probably a long-term brooder, with gravid females 

observed from fall through spring. Individuals of this species have been observed 

spawning in January and February in the Little Tennessee River.  Fish hosts identified 

for the slippershell mussel include banded and mottled sculpins, and the Johnny darter 

(E. nigrum) [does not occur in Tennessee River tributaries in the Nantahala area].  
 

3.5 Tennessee Pigtoe, Fusconaia barnesiana (I. Lea, 1838) 
 
Protection Status:  North Carolina Endangered Species 
 

Distribution:  The Tennessee pigtoe is restricted to streams in the Tennessee River 

drainage. It is widespread and often locally common within this drainage and occurs in 

portions of nearly all Tennessee River tributaries, primarily in headwaters.  In North 

Carolina, this species is very rare and found only in a short reach of the Little Tennessee 

River, between Franklin Dam and Fontana Reservoir, and in the Hiwassee River, 

between Mission Dam and Hiwassee Reservoir. 

 

Habitat Preferences:  This species prefers riffles and runs of cool, clear small streams 

and medium rivers.  It was also found in larger rivers prior to impoundment.  Throughout 

most of its range it is found in clean-swept substrates of sand, gravel, and cobble.  In 

many streams, the Tennessee pigtoe is often the most abundant mussel species in 

these habitats.  It is rare in pools and slack waters. 

 

Life History:  Surprisingly, very little is known about the life history of this often common 

mussel.  It is probably a short-term brooder, based on data from other closely related 

species.  Host fish are unknown. 
 

3.6 Wavyrayed Lampmussel, Lampsilis fasciola Rafinesque, 1820 
 
Protection Status:  North Carolina Species of Special Concern 
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Distribution:  The wavyrayed lampmussel is widely distributed from the Great Lakes, 

through the Ohio and Mississippi river basins, as far south as the Tennessee River 

drainage (Parmalee and Bogan 1998).  Similar to the Tennessee pigtoe, it is widespread 

and often locally common in the Tennessee River drainage and occurs in portions of 

nearly all of its tributaries, primarily in headwaters.  In North Carolina, it occurs in the 

Nolichucky and Pigeon rivers (French Broad River system); the Little Tennessee and 

Tuckasegee rivers (Little Tennessee River system); and the Hiwassee River.   

 

Habitat Preferences:  This species typically inhabits larger creeks and medium-sized 

rivers, usually occurring at depths of three feet or less.  Wavyrayed lampmussels and 

Tennessee pigtoes often occur in the same general stream reaches; however, it can 

tolerate habitats with slower currents and finer substrata, that are often unfavorable to 

other species.  It reaches its greatest abundance in moderate currents with a stable 

sand and gravel bottom. 

 

Life History:  In spite of the extensive range and local abundance of the wavyrayed 

lampmussel, its reproductive period is poorly understood.  In the Little Tennessee River, 

the abundance of gravid females appears to peak in early to mid-summer (June - July), 

which suggests it is a long-term brooder; however, some gravid females can be found 

from early spring through fall.  While the primary host fish is apparently smallmouth bass 

(Micropterus dolomeiu), it may utilize other black bass species.  This species, like other 

Lampsilis, produces elaborate lure displays from a highly modified mantle flap.  Females 

in the Little Tennessee River show exceptional variability in the types of mimics that they 

produce. 

 

3.7 Rainbow, Villosa sp. cf. iris (I. Lea, 1829) 
 
Protection Status:  North Carolina Species of Special Concern 
 

Distribution:  Rainbows are widely distributed throughout the St. Lawrence, upper 

Mississippi, and Ohio river basins (including the Cumberland and Tennessee River 

drainages).  Rainbows are also widespread and locally common in the Tennessee River 

drainage and occur in portions of nearly all of its tributaries, primarily in headwaters.  In 
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North Carolina, this species was collected historically from the Watauga (Holston River 

system) and French Broad rivers, but is now known only from the Hiwassee and Little 

Tennessee river systems.  It is present both up- and downstream from Mission Dam 

(Hiwassee River) and downstream from Franklin Dam (Little Tennessee River). 

 

The type locality for this species is on the Ohio River.  In the Tennessee and 

Cumberland drainages, there are several distinct forms that are presently included within 

the rainbow species concept.  Some of these forms may represent closely related, but 

as of now, unrecognized species.  Animals collected from tributaries in western North 

Carolina may represent one or more of these forms.  This problem is presently being 

studied and more information regarding the taxonomic status of this group may become 

available in the near future. 

 

Habitat Preferences: The rainbow generally occurs at depths of less than three feet in 

relatively clean, well-oxygenated reaches of small streams to medium-sized rivers.  This 

species is found in a variety of habitats from swift riffles to quiet backwaters.  It is most 

numerous along the edges of streams in moderate to low current and in silt, sand, and 

gravel substrata, often along the edges of waterwillow beds.  In faster flowing reaches, it 

is often found under large, flat rocks. 

 

Life History:  This species is a long-term brooder with gravid females observed from 

July to May.  Numerous host fishes have been identified for this species, including: 

rockbass (Ambloplites rupestris), smallmouth bass, largemouth bass (Micropterus 

salmoides), spotted bass (M. punctulatus), Suwannee bass (M. notius) [does not occur 

in the Tennessee River system], and the western mosquitofish (Gambusia affinis).  

Rainbows appear to be relatively short-lived (~10 years). 
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4.0  Results 
 
 
Tables 2 and 3 present the results from sites where mussels were found.  The following 

paragraphs present summaries of this information and other observations.  Hellbender 

observations are listed under a separate heading at the end of this section. 
 

4.1  Riverine Facilities 
 

Dillsboro Dam (Tuckasegee River) - Two mussel species were found immediately 

downstream from Dillsboro Dam, including the Appalachian elktoe, which was the most 

abundant species (see Table 2).  A total of 44 individual mussels (41 Appalachian 

elktoes) were collected and the overall CPUE was 4.9 mussels per person hour of 

search time (Appalachian elktoe CPUE= 4.4).  Greatest relative abundance was at and 

to the left (descending) side of mid-channel, between 100 and 300 feet (30.5 and 91 

meters) downstream from the dam.  One Appalachian elktoe was found within 100 feet 

of the dam (70 feet [21 meters] from the dam face, center left quarter of channel).  This 

100-foot segment immediately downstream from the dam contained relatively poor 

mussel habitat, with much of the area dominated by a deep pool and bedrock substrate.  

The remaining area surveyed contained relatively good mussel habitat, consisting 

primarily of shallow runs with a mix of gravel, cobble, and sand substrate. 

 

The same two species were found immediately upstream from the Dillsboro 

impoundment.  A total of 15 mussels (14 Appalachian elktoes) was collected at the 

upstream site and overall CPUE was 3.75 mussels per person hour of search time 

(Appalachian elktoe CPUE= 3.5).  A good distribution of size/age classes (range= 25-76 

mm total length) was represented by the Appalachian elktoe specimens collected from 

both the upstream and downstream sites, indicating recent reproduction and recruitment 

at both sites. 

 

Franklin Dam (Little Tennessee River) - Four mussel species were found immediately 

downstream from Franklin Dam, including the Appalachian elktoe, which was the most 

abundant species (see Table 3).  A total of 164 mussels (63 Appalachian elktoes) was 
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collected and the overall CPUE was 7.7 mussels per person hour of search time 

(Appalachian elktoe CPUE= 2.9).  Greatest relative abundance was to the right 

(descending) of mid-channel, between 100 and 300 feet (30.5 and 91 meters) 

downstream from the dam.  The distribution of mussels was roughly wedge-shaped, with 

the powerhouse discharge channel at the narrow end of the wedge.  Mussels were 

present to within 50 feet (15 meters) downstream from the powerhouse, in the right 

(descending) quarter of the river channel.  Very little mussel habitat existed in the left  

 

Table 2.  Mussels collected immediately downstream from Dillsboro Dam, 
Tuckasegee River mile 31.7 (phrs= person hours, CPUE= catch per unit 
effort, Appalachian elktoe CPUE in parentheses)  

 
Distance 

From Species Channel Quarter
Total

Dam (ft) Common Name Scientific Name Right Center Right Center Left Left

0-100 Appalachian elktoe Alasmidonta raveneliana 0 0 1 0 1

Effort (phrs) 0.5 0.5 0.5 0.5 2
CPUE 0 0 (2) 0 (0.5)

100-200 Appalachian elktoe Alasmidonta raveneliana 4 1 14 6 25
Wavyrayed lampmussel Lampsilis fasciola 0 0 3 0 3

Total 4 1 17 6 28
Effort (phrs) 0.75 0.75 0.75 0.75 3

CPUE (5.3) (1.3) 22.7 (18.7) (8) 9.3 (8.3)

200-300 Appalachian elktoe Alasmidonta raveneliana 3 3 8 0 14
Wavyrayed lampmussel Lampsilis fasciola 1 0 0 0 1

Total 4 3 8 0 15
Effort (phrs) 1 1 1 1 4

CPUE 4 (3) (3) (8) 0 3.8 (3.5)

Total Appalachian elktoe Alasmidonta raveneliana 7 4 23 6 40
Wavyrayed lampmussel Lampsilis fasciola 1 0 3 0 4

Total 8 4 26 6 44
Effort (phrs) 2.25 2.25 2.25 2.25 9

CPUE 3.6 (3.1) (1.8) 11.6 (10.2) (2.7) 4.9 (4.4)

 
 
(descending) three quarters of the river channel, to approximately 250 feet (76 meters) 

downstream from the dam.  Bedrock and large boulders dominated the substrate in this 

area.  All four species collected were represented by multiple size/age classes (range= 

14.1-90.9mm), indicating recent reproduction and recruitment. 

 

No live mussels or any relict shells were found at the Little Tennessee River and 

Cullasaja River sites, immediately upstream from the Franklin impoundment.  The Little 

Tennessee River site was dominated by slow runs with heavy deposits of sand and fine 

sediments.  Some relatively fair mussel habitat was present in riffles and swift runs; 
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however, a large proportion of sand and fine sediments was present in these habitats.  

The area surveyed at the Cullasaja River site was entirely slow run, approximately 2.5 

feet (0.8 meters) deep.  While a high proportion of sand and fine sediments was present, 

there was noticeably less than at the Little Tennessee site. 

 

Mission Dam (Hiwassee River) - During this survey, no live mussels nor any relict 

shells were found immediately downstream from Mission Dam on the Hiwassee River.  

Substrate and habitat quality appeared to be at least adequate to support native 

mussels; however, none were found.  Previous surveys identified at least four mussel 

species immediately upstream from the Mission impoundment (HiRM 108.2), no mussels 

at HiRM 104.6, and at least three species at HiRM 102.2 (Ahlstedt and Fraley 2000). 

 

Bryson Dam (Oconaluftee River) - No live mussels nor any relict shells were found 

during surveys at both upstream and downstream sites associated with Bryson Dam on 

the Oconaluftee River.  Substrate and habitat quality appeared to be at least adequate to 

support native mussels; however, no mussels were found. 

4.2  IFIM Transects 

 

In the Tuckasegee River, no mussels were collected during surveys along IFIM transects 

at the upstream site (TuRM 36.2), nor at the middle site (TuRM 23.3).  These results 

should not be interpreted to mean that mussels are absent from these reaches of the 

river.  Mussels are known to be present in the general reaches where these transects 

were located; however, their abundance is low and distribution is patchy.  

 

Five Appalachian elktoes were collected at the downstream site (TuRM 14.2).  Mussels 

were collected from three of 21 total transect segments.  Segments containing mussels 

were located between 15 and 20 meters (49 and 66 feet) from the left (descending) 

 

 

Table 3.  Mussels collected immediately downstream from Franklin Dam, Little 
Tennessee River (phrs= person hours, CPUE= catch per unit effort, 
Appalachian elktoe CPUE in parentheses) 
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Distance 
From Dam 

Species Channel Quarter
Total

(ft) Common Name Scientific Name Right Center Right Center Left Left

0-100 Appalachian elktoe Alasmidonta raveneliana 2 0 0 0 2
Wavyrayed lampmussel Lampsilis fasciola 1 0 0 0 1
Rainbow Villosa sp. cf. iris 1 0 0 0 1

Total 4 0 0 0 4
Effort (phrs) 2.5 0.5 0.5 0.5 4

CPUE 1.6 (0.8)* 0 0 0 1 (0.5)

100-200 Appalachian elktoe Alasmidonta raveneliana 24 1 0 0 25
Wavyrayed lampmussel Lampsilis fasciola 17 0 0 0 17
Slippershell mussel Alasmidonta viridis 14 0 0 0 14
Rainbow Villosa sp. cf. iris 7 0 0 0 7

Total 62 1 0 0 63
Effort (phrs) 3.9 1.3 0.5 0.5 6.2

CPUE 15.9 (6.15) (0.8) 0 0 10 (4)

200-300 Appalachian elktoe Alasmidonta raveneliana 18 15 3 0 36
Wavyrayed lampmussel Lampsilis fasciola 13 1 6 0 20
Slippershell mussel Alasmidonta viridis 3 14 12 2 31
Rainbow Villosa sp. cf. iris 2 2 5 1 10

Total 36 32 26 3 97
Effort (phrs) 2.8 2.8 2.8 2.8 11.2

CPUE 12.9 (6.4) 11.4 (5.4) 9.3 (1.1) 1.1 8.7 (3.2)

Total Appalachian elktoe Alasmidonta raveneliana 44 16 3 0 63
Wavyrayed lampmussel Lampsilis fasciola 31 1 6 0 38
Slippershell mussel Alasmidonta viridis 17 14 12 2 45
Rainbow Villosa sp. cf. iris 10 2 5 1 18

Total 102 33 26 3 164
Effort (phrs) 9.2 4.6 3.8 3.8 21.4

CPUE 11 (4.8) 7.2 (3.5) 6.8 (0.8) 0.8 7.7 (2.9)

 
 
bank (1 mussel), between 30 and 35 meters (98 and 115 feet) from the right bank (3 

mussels), and between 35 and 40 meters (115 and 131 feet) from the right bank (1 

mussel).  This transect crossed a variety of habitat conditions.  Mussels were found in 

both relatively swift and slow flowing runs with substrates ranging from predominately 

cobble/gravel to sand/gravel. 

4.3  All Other Sites 
 

Mussels were found at only one other site.  The second-most upstream site surveyed on 

the Tuckasegee River (TuRM 43.6, upstream from Cullowhee) produced a single live 

mussel.  The shell of that mussel was severely eroded and almost completely lacking 

periostracum, making a positive identification very difficult.  It could be ruled out as being 

an Appalachian elktoe, however, because the valves were so eroded that well defined 

lateral teeth were visible (lateral teeth are vestigial to absent in the Appalachian elktoe).  

It was tentatively identified as either a rainbow or a spike, Elliptio dilatata (Rafinesque, 
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1820), based on overall shell shape; however, this identification should be regarded as 

tentative given the condition of the shell and the apparent absence of other known 

records of either of these species from the Tuckasegee River (C. McGrath, NCWRC, 

personal communication, 2001).  This individual mussel appeared to be a non-

reproducing, living relict, and probably does not represent a viable population in this 

reach of the Tuckasegee River.  Other recent surveys in the same general reach have 

failed to detect any mussels (C. McGrath, NCWRC; and T. Savidge, NC Department of 

Transportation, personal communication 2001). 

 

No live mussels nor any relict shells were found at any of the sites surveyed on the 

Nantahala River and Dicks Creek.  Some sites on the Nantahala bypass reach, 

especially the most downstream site (just upstream from the powerhouse discharges), 

appeared to have habitat at least adequate to support native mussels; however, none 

were found. 

4.4  Hellbender Observations 

 
Hellbenders were seen at three sites on the Tuckasegee River (TuRM 32.6, 43.6, and 

45) and at the downstream site on the Oconaluftee River (ORM 0.5).  One hellbender 

was seen at each of these sites, except at TuRM 32.6, where two animals were 

observed. 
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5.0  Discussion 
 

Impacts from impoundment are often cited as a primary cause for the decline of mussel 

species richness and abundance in the Tennessee River drainage (e.g. Ahlstedt 1983 

and 1984; Bates 1962; Bogan 1993; Isom 1969 and 1971a; Parmalee and Bogan 1998; 

Parmalee and Hughes 1993).  The habitat alterations associated with impoundment 

have played a role in the extinction of at least 11 mussel species from the Tennessee 

River system during the last century (Williams, et. al. 1993).  Most reservoirs are very 

different from free-flowing rivers and a variety of relatively well understood factors 

related to impoundment can result in a drastic reduction in mussel species richness and 

changes in community composition (see Baxter 1977, Ward and Stanford 1979, Watters 

2000, and Yeager 1993 for reviews of the effects of impoundment and other aspects of 

river regulation).  Stream reaches downstream from dams (tailwaters) generally 

experience a different, but related, set of habitat alterations and subsequent changes in 

mussel resources.  While some of the specific mechanisms involved are not yet fully 

understood, most downstream effects of dams are relatively well known.  Some of these 

effects are clearly detrimental to mussels, some are neutral or insignificant, and other 

effects may even be beneficial under certain circumstances. 

 

All dams are not identical and these differences can result in different reservoir and 

tailwater conditions and related impacts to mussels.  There is a wide variety of dam 

designs and functions; however, the Duke Power-Nantahala Area hydroelectric projects 

can be divided into two general types: riverine facilities and storage-peaking facilities.  

Each type of facility has a similar design, but different operation characteristics.  Thus, 

mussel populations can be affected differently downstream from some Nantahala area 

facilities of the same design.  In addition, other factors such as past pollution events, can 

have a greater influence on present mussel community characteristics than some dam-

related effects.  In the following paragraphs, the common effects of each general dam 

type, and any unique characteristics of each facility or affected stream reach, are 

discussed as they relate to the present status of associated mussel resources. 

 

5.1  Riverine Facilities 
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Common Effects -  Riverine facilities are generally less ecologically disruptive than 

storage-peaking facilities.  This is due to their smaller overall “footprint” and fewer 

detrimental effects to tailwaters downstream from these dams.  The four Nantahala area 

riverine projects (Dillsboro, Franklin, Mission, and Bryson) have relatively low head dams 

that impound small detention pools.  Penstocks or flumes are relatively short and water 

that passes through the turbine(s) re-enters the stream a short distance downstream 

from the dam.  By definition, these dams do not significantly alter water flow in the 

streams.  River flow that exceeds the capacity-- or the desired operation level-- of the 

turbine(s) passes over the dam.  Thus, the natural or background flow regime 

(hydrograph) is essentially unaltered by these facilities. 

 

The most obvious impacts to mussels occur upstream from these dams.  Impoundment 

causes lower flow velocities, increased depth, and subsequent sedimentation in the 

relatively small detention pools.  These are unfavorable conditions for the protected 

mussels known from the Nantahala area and for the riffle and run-dwelling fishes that 

serve as hosts for their larvae.  Small dams also can prevent the upstream movement of 

host fishes.  This can effectively isolate upstream mussel populations or potential 

habitats by impeding gene flow and/or (re)colonization from downstream mussel 

populations (Watters 1996). 

 

Downstream effects of riverine facilities are generally less detrimental to mussels.  Since 

the detention pools are relatively shallow and retention time is short, the detention pools 

don’t stratify (Duke, unpublished data).  Consequently, water temperature and dissolved 

oxygen in the discharge are essentially the same as upstream of the impounded reach.  

Similarly, nutrient flow is not likely to be significantly altered by small riverine facilities.  

While some settling of particulate organic matter (an important source of nutrients for 

filter feeders) surely occurs in the detention pools, frequent mixing and flushing by higher 

flows likely prevents any substantial sequestration of nutrients. 

 

In addition, small dams can alter bedload and sediment transport patterns.  They can 

serve as sediment traps, allowing coarser sediments (e.g. sand) and some silt to settle 

out in the detention pool.  Long-term downstream transport of larger bedload 

constituents (i.e. gravel, cobble) may also be interrupted.  The loss of bedload material 

downstream from these dams can contribute to increased channel degradation (down 
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cutting) and bank erosion in the tailwater (Simons 1979, Ligon et al. 1995).  Assessing 

the impact of these alterations on mussel resources is complicated and, for the most 

part, beyond the scope of this study.  Nonetheless, some conclusions can be drawn from 

our observations and they are discussed below. 

 

Excessive sedimentation is detrimental to most mussels (see reviews in Waters 1995 

and Parmalee and Bogan 1998); however, a certain amount of sediment is necessary for 

the growth and survival of juvenile mussels (Yeager et al. 1994, R.J. Neves and J.W. 

Jones, Virginia Polytechnic Institute, personal communication, 2001).  Lack of sediment 

does not appear to be a significant limiting factor for mussels downstream from 

Nantahala area riverine facilities.  A relatively small stream reach between the 

downstream dam face and the powerhouse discharge may be sediment limited.  These 

areas receive little or no flow except when water passes over the dam.  Sediments and 

other small bedload particles are apparently scoured away from the area immediately 

downstream from the dam.  These scoured reaches are relatively short downstream 

from Bryson and Dillsboro dams, but are slightly longer downstream from Franklin and 

Mission dams.  Among the two riverine tailwaters that are presently known to contain 

mussels, no mussels were found in this reach immediately downstream from Franklin 

Dam, while one Appalachian elktoe was found immediately downstream from Dillsboro 

Dam. 

 

Franklin Dam -  During these surveys, the greatest species richness and highest 

relative abundance of mussels (including the Appalachian elktoe) were found 

downstream from Franklin Dam.  This reach of the Little Tennessee River from Franklin 

Dam to the backwaters of TVA’s Fontana Reservoir supports the most abundant and 

diverse mussel fauna in western North Carolina.  In contrast, no mussels were found 

upstream from the Franklin impoundment in either the Little Tennessee or Cullasaja 

rivers during these, or any other recent surveys (C. McGrath and J. Alderman, NCWRC, 

personal communication, 2001).  Excessive sedimentation resulting from poor land use 

practices in the upper Little Tennessee River watershed, is apparently the primary 

reason for the lack of mussels upstream from Franklin Dam. 

 

As evident by the near filling of Lake Emory (the Franklin detention pool), Franklin Dam 

has effectively trapped substantial amounts of sediment.  Lake Emory contains perhaps 
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10 million cubic yards (7.6 million cubic meters) of sediments that otherwise would have 

continued down the Little Tennessee River (Simmons 1993, Kroeger 1994).  This 

sediment trapping function may be the primary reason the relatively rich mussel fauna 

persists downstream from Franklin Dam.  Much of this benefit, however, may have been 

already realized.  Lake Emory no longer has the capacity to trap sediments due to near 

filling of the detention pool (G. Vaughan, Duke Energy, personal communication, 2002).  

Presently, most of the suspended sediment and much of the fine bedload sediments 

transported from upstream pass over the dam during high flow events.  Bottom 

conditions in the immediate tailwater observed during our surveys indicate that a fair 

amount of sediment is also passed through the Franklin powerhouse. 

 

The survey results suggest that the presence of Franklin Dam and the present operating 

regime have had no significant detrimental effects on the four mussel species found 

downstream from Franklin Dam.  Moreover, considering the amount of sediment that has 

been trapped in Lake Emory, the presence of Franklin Dam has been a net benefit for 

downstream mussel populations. 

 

Dillsboro Dam – The presence and operation of the Dillsboro facility has had relatively 

little effect on mussel populations in the Tuckasegee River beyond those discussed 

under Common Effects.  The present mussel species richness in the Tuckasegee River 

appears to have been limited primarily by past events that were unrelated to any action 

associated with Dillsboro Dam.  Reproducing populations of the same species occur 

both upstream and downstream from the dam and detention pool, suggesting that the 

linear distribution of these species is not significantly affected by the Dillsboro facility. 

 

The Tuckasegee River is now known to support reproducing populations of two mussel 

species: Appalachian elktoe and wavyrayed lampmussel.  Prior to 1996, the presence of 

mussels in the Tuckasegee River was unknown to resource managers.  No historical 

mussel collections are known from the Tuckasegee River and limited surveys made by 

TVA in the 1970’s found no live mussels at selected sites between Dillsboro and Bryson 

City (TVA unpublished data; S.A. Ahlstedt, US Geological Survey, personal 

communication, 2001).  Observations at that time suggested that effluent from a paper 

mill at Sylva produced water and sediment quality conditions that were unsuitable for 

mussels (Ridenhour 1973).  This effluent entered the Tuckasegee River via Scott Creek, 
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which joins the river approximately 0.25 mile (0.4 km) downstream from Dillsboro Dam.  

Changes in operation and improved wastewater treatment at the paper mill that occurred 

during the 1970’s and 80’s, have apparently improved habitat conditions and helped 

make the lower Tuckasegee River suitable for natural mussel recolonization. 

 

In 1996, Appalachian elktoes were found near Bryson City and subsequently at other 

upstream locales to near Dillsboro.  In 1997, both Appalachian elktoes and wavyrayed 

lampmussels were found between the US 441 bridge and the Dillsboro Dam, and just 

upstream from the Dillsboro impoundment (author’s personal observations; C. McGrath, 

NCWRC, personal communication, 1997; North Carolina Department of Environment 

and Natural Resources 2001).  The results of our surveys add no new species to the 

known reproducing mussel fauna in the Tuckasegee River.  The species now known to 

occur downstream from the mouth of Scott Creek are the same as those represented by   

reproducing populations upstream from both the mouth of Scott Creek and Dillsboro 

Dam.  This suggests that the apparent recolonization of the lower Tuckasegee River has 

likely resulted from surviving mussel populations in the reach upstream from the mouth 

of Scott Creek. 

 

Mission Dam -  Mussel occurrence in the Hiwassee River upstream from TVA’s 

Hiwassee Reservoir was unknown to resource managers prior to 1998.  Surveys 

conducted in 2000 confirmed the presence and linear distribution of at least six species 

in this reach of the river (Ahlstedt and Fraley 2000).  At least four mussel species have 

been encountered immediately upstream from the Mission impoundment (HiRM 108.2); 

however, the absence of any evidence of recent recruitment and the apparent old age 

and poor condition of the remaining adults suggests that these are non-reproducing 

relicts.  No mussels have been found within four miles downstream from Mission Dam, 

but at least three species are known at HiRM 102.2, where limited recruitment is 

occurring among wavyrayed lampmussels and rainbows. 

 

In the reach of the upper Hiwassee River affected by Mission Dam, mussel populations 

appear to be limited primarily by cold water temperature coming from hypolimnetic 

releases from TVA’s Chatuge Dam (HiRM 121).  Cold water temperatures appear to play 

a major role in limiting mussel populations downstream from Mission Dam, at least to the 

mouth of Brasstown Creek (HiRM 103.1) (TVA, unpublished data).  As evident by their 
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presence upstream from Mission Dam, individual mussels can persist for many decades 

in river reaches that experience altered temperature and flow regimes; however, 

reproduction and/or recruitment in these populations may cease.  Cold water 

temperatures alone may not fully explain the apparent absence of at least a few relict 

adult mussels in the four-mile reach downstream from Mission Dam.  Determination of 

such causal factors is beyond the scope of this study; however, the normal, daily 

operation of Mission Dam as a riverine facility has likely had little additional effect on 

downstream mussel populations. 

 

Bryson Dam -  Since there are no known historical records of mussels from the 

Oconaluftee River upstream or downstream from Bryson Dam, and none were found 

during this survey, specific impacts from Bryson Dam on mussel resources are difficult to 

determine.  Habitat in the reach downstream from Bryson Dam to the confluence with 

the Tuckasegee River appears to be suitable, and water temperature and the fish 

community present in this reach appear to be sufficient for mussel growth and 

reproduction.  The Appalachian elktoe population in the lower Tuckasegee River extends 

downstream well past the mouth of the Oconaluftee River.  The apparent lack of 

colonization of the lower Oconaluftee River by the Appalachian elktoe remains 

unexplained by our limited observations. 

5.2  Peaking Facilities 
 

Common Effects -  Unlike riverine projects, storage-peaking facilities can have drastic 

and far-reaching effects on aquatic life in general and mussel resources in particular.  

There are a number of basic construction and operational differences between storage-

peaking and riverine facilities that produce these effects.  Storage-peaking dams are 

generally larger and impound longer river reaches, creating larger and deeper 

reservoirs.  This larger pool area is used to store water during high flow periods for 

controlled release later in the year.  Downstream from these dams, floods are 

substantially reduced (if not eliminated entirely) and maximum flow rarely exceeds bank-

full.  Releases for hydroelectric generation are planned to meet peak power demands, 

which may occur one or two times each day.  This results in a tailwater hydrograph that 

may fluctuate from no (or minimum) flow to bank-full on a daily or hourly basis.  

Seasonal discharge in tailwaters is generally altered from the free-flowing hydrograph.  

Most of the typical high spring flows are stored in the reservoir and downstream releases 
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are reduced.  In late summer and early autumn when free-flowing streams are generally 

at their lowest levels, releases from these dams are generally greater and more frequent 

in order to meet peak power demand. 

 

The Nantahala area storage-peaking projects were constructed on high gradient streams 

at relatively high elevations (2278 – 3491 feet above sea level).  Streams of this kind in 

the Blue Ridge physiographic province rarely support mussel populations (Parmalee and 

Bogan 1998).  There are no known historical records of mussels from streams within the 

immediate vicinity of any of these storage-peaking facilities.  It is reasonable to conclude 

that mussels did not occur at or upstream from these dam sites prior to their 

construction.  Therefore, it is assumed that there are no effects on mussel populations 

upstream from these dams.  Accordingly, the following discussion is limited to 

downstream effects and upstream effects only as they influence downstream conditions. 

 

The potential downstream effects produced by storage-peaking facilities can be divided 

into three general categories:  thermal, physico-chemical, and hydrological.  Direct 

measurement of these variables below Nantahala area dams was beyond the scope of 

this study; however, a brief review of their known effects on mussel resources elsewhere 

is provided. 

 

Changes in downstream water temperatures result from thermal stratification within the 

reservoir and the relative position of the intake to the powerhouse.  Dams with 

hypolimnetic, or bottom intakes can discharge water that is substantially colder than the 

pre-impoundment condition and can cause some of the most significant effects in 

tailwaters below dams with hypolimnetic releases (Ward and Stanford 1979a, Watters 

2000, Miller, et.al. 1984).  These colder conditions can significantly alter ecological 

processes and aquatic community structure.  Changes in fish and macroinvertebrate 

communities in cold tailwaters are generally drastic and can happen relatively quickly 

following impoundment (e.g. Pfitzer 1962, Ward and Stanford 1979b).  Changes in fish 

communities in cold tailwaters can indirectly affect mussel reproduction by eliminating 

warm-water fish hosts (Tarzwell 1939, Dendy and Stroud 1949, Pfitzer 1962).  Cold 

water conditions can also directly curtail reproduction in many mussel species, 

apparently through physiological changes that can disrupt gamete production (Heinricher 

and Layzer 1999, McMahon 1991, Yokely 1972).  Layzer et al. (1993) concluded that 
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while a known fish host (banded sculpin) for three species of Epioblasma was abundant 

in the Center Hill Dam tailwater portion of the Caney Fork River, these mussels may 

have disappeared from that reach due to direct inhibition of reproduction by cold water.  

Mussel growth, condition, and short term survival can be adversely affected by cold 

tailwater conditions (Cahn 1936, Isom 1971b); however, some individual adult mussels 

may persist for many years following impoundment (Layzer et al. 1993, Ahlstedt and 

Fraley 2000).  Eventually, most mussel species are eliminated entirely from cold 

tailwaters (Ahlstedt 1983, 1984; Layzer et al. 1993, Miller et al. 1984, Yeager et al. 

1987). 

 

Physico-chemical effects in storage-peaking tailwaters that can degrade mussel habitat 

include lowered dissolved oxygen concentrations, metal precipitates, increased 

hydrogen sulfide concentrations, and disruption of seston/nutrient transport.  The 

biological and chemical processes that occur in the hypolimnion of stratified reservoirs 

can result in releases that are very low in dissolved oxygen.  Dissolved oxygen (DO) 

levels of 6 mg/l are occasionally cited as the minimum necessary for mussel growth and 

reproduction in large streams (e.g. TVA 1990); but species-specific information 

regarding critical DO limits at all life stages is not available, especially for the species of 

concern in the Nantahala area.  Anaerobic conditions in the hypolimnion of storage 

reservoirs facilitate the mobilization of certain metals (especially manganese and iron) 

and accumulation of hydrogen sulfides.  As these waters are released below the dam 

and are aerated by turbulence, dissolved metals can precipitate out and are deposited 

on the stream bed (Hannan and Broz 1976).  During this study, deposits believed to be 

characteristic of manganese and iron were noted in the upper reaches of the 

Tuckasegee (TRM 46 to 49.5) and Nantahala (NRM 10 to 13.5) rivers.  Hydrogen sulfide 

(H2S) concentrations >0.002mg/l are considered to be detrimental to most fish and other 

aquatic life (Walburg et al. 1981, USEPA 1986).  Toxic or harmful concentrations and 

specific effects of these metals (both dissolved and as deposits) and hydrogen sulfide on 

mussel species in the Nantahala area are not well known; however, national water 

quality criteria are established (USEPA 1986).  Measurement of metal or hydrogen 

sulfide concentrations in the Nantahala area tailwaters was beyond the scope of this 

study. 
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Disruption of seston transport may have detrimental effects on mussel populations 

downstream from storage reservoirs.  Seston in this context includes all suspended 

material, but particularly sources of carbon, nitrogen, and phosphorus, both living 

(plankton) and non-living (particulate organic matter).  The effect of storage 

impoundments on downstream seston transport is complex and variable, depending on 

several factors, including discharge intake level, reservoir retention times, season, and 

nutrient inputs from upstream (see review in Yeager 1994).  Based on our limited 

observations, the Nantahala area storage-peaking facilities may limit the availability of 

nutrients, especially those associated with fine particulate organic matter (FPOM), within 

the first few miles downstream from the powerhouses.  Mussels are filter feeders and 

once past the juvenile stage, are dependent upon suspended material for food.  Recent, 

unpublished research suggests that a substantial proportion of mussel nutrition 

(practically all carbon and nitrogen) is derived from bacteria associated with FPOM 

(Nichols 2002).  Juvenile mussels feed on fine organic sediments.  Reduced transport of 

seston and fine bedload may limit food availability for juvenile and adult mussels for 

some distance downstream from these dams (Mehlop and Vaughn 1994). 

 

One of the most obvious downstream effects produced by storage-peaking hydroelectric 

facilities is the altered flow regime or hydrology.  Flow is altered in two fundamental ways 

in tailwaters downstream from these dams: daily flow variability is increased and 

seasonal variability is decreased.  These alterations can affect the stream for many 

miles downstream from the dam, often much farther than any other dam-related effect.  

The result is a hydrograph that has little in common with natural cycles or historical flow 

patterns.  The effects of these alterations on mussel resources is not fully understood; 

however, some recent studies indicate that in free-flowing rivers, spatial distribution and 

species composition of mussel communities are influenced directly and indirectly by 

characteristics of the flow regime (Di Maio and Corkum 1995; Layzer and Madison 1995; 

Strayer 1993, 1999; Vannote and Minshall 1982).  Alterations to these natural 

characteristics and patterns of flow typically result in adverse effects on mussel 

communities in tailwaters. 

 

Daily fluctuations for peaking power production can dewater shallow areas in the 

tailwater.  Benthic life in general and mussels in particular cannot tolerate prolonged 

periods of dewatering (Blinn et al. 1995, Fisher and LaVoy 1972, Moog 1993, Neck and 
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Howells 1994).  Observations in the Cherokee Dam tailwater of the Holston River in 

eastern Tennessee indicate that mussels have been eliminated from shallow riffles that 

were dewatered more or less daily over several decades prior to adoption of minimum 

flow releases (TVA unpublished data).  Mussel reproductive activities may be affected by 

both daily and seasonal variations in flow.  The cycle of low flow periods that allow 

shallow areas to warm and sudden cold water releases can result in rapid temperature 

fluctuations that can cause some gravid mussels to abort developing glochidia (Matteson 

1948). 

 

Recruitment of juvenile mussels may also be affected by the altered flow regime.  

Mussels evolved in free-flowing streams with certain seasonal characteristics of 

discharge.  Daily peaking discharge and seasonal storage (late winter-spring) and 

release (late summer-autumn) result in a hydrograph that rarely, or only inconsistently, 

resembles the natural, seasonal patterns.  Many mussel reproductive strategies appear 

to be adapted to typical seasonal flow patterns and the resulting host fish behavioral 

patterns.  Studies indicate that higher density mussel beds are often associated with 

relatively lower bottom velocities (Way et al. 1989, Strayer and Ralley 1993, Layzer and 

Madison 1995).  Moreover, near-bottom shear stresses and other complex hydraulic 

variables associated with high flows may inhibit settlement and subsequent recruitment 

of juvenile mussels, when high flows coincide with when early juveniles drop from their 

fish hosts (Layzer and Madison 1995; Hardison and Layzer 2001).  Peaking discharges 

can result in daily flows that may approximate naturally infrequent flood events in a given 

season (especially mid-summer through mid-autumn) and may inhibit the settlement of 

juvenile mussels in suitable habitats. 

 

Tuckasegee River -  Nantahala area storage-peaking projects on upper Tuckasegee 

River tributaries (East and West Fork projects) release cold, hypolimnetic water into the 

Tuckasegee River.  This results in a fish community that is dominated by cold water 

species downstream to the vicinity of the Dillsboro impoundment (TVA unpublished 

data).  Both Appalachian elktoes and wavyrayed lampmussels are present within this 

reach; however, their densities were considerably lower immediately upstream from the 

Dillsboro impoundment than they were downstream from Dillsboro Dam.  By all 

indications, mussels become more scarce as you move upstream from the Dillsboro 

area toward Webster, where Appalachian elktoes reach their known upstream limit.  
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While determination of specific limiting factors and their relative importance was beyond 

the scope of this study, some reasonable conclusions can be drawn from our 

observations.  Cold water releases appear to be the primary factor limiting the present 

upstream distribution of both Appalachian elktoes and wavyrayed lampmussels.  

Whatever effects the other potential limiting factors may be having on potential mussel 

habitat within this reach, they are likely masked by the overriding influence of cold water 

conditions. 

 

As water temperatures are ameliorated farther downstream, effects from peaking 

discharge may have some limiting effect on mussel distributions.  Some small areas of 

shallow habitat may be degraded by dewatering.  Alterations in seasonal flow patterns 

may have some effect on mussel recruitment and distribution.  Habitat may also be 

degraded by siltation and water quality resulting from local runoff along this reach of the 

Tuckasegee River and its tributaries.  The relative importance of these various factors in 

limiting the potential for mussel resources in the lower Tuckasegee River is unclear. 

 

Nantahala River - There are no known historical records of mussels from the Nantahala 

River system and none were found during this survey; therefore, specific impacts from 

the Nantahala River system storage-peaking projects on extant mussel resources are 

difficult to determine.  It is difficult to imagine that mussels did not historically exist in at 

least the lower reaches of the Nantahala River (the area now impounded by TVA’s 

Fontana Reservoir and upstream to near the Nantahala Powerhouse) given the relatively 

rich mussel fauna known from the Little Tennessee River.  Habitat in this area is now 

very unfavorable for mussels, due to impoundment and cold water releases from the 

Nantahala and Queens Creek powerhouses.  The bypass reach between Nantahala 

Dam and Powerhouse contains a cool-warm water fish community and some scattered 

habitat that appears to be at least adequate to support mussels; however none were 

found during this survey.  The reach between the Nantahala Powerhouse and the dam 

has a relatively higher gradient than the reach downstream, with several waterfalls and 

steep cascades.  Conditions in this reach may never have been favorable for the 

colonization and long-term survival of mussels.  Initial colonization of these areas may 

have been precluded by waterfalls and cascades that prevented the upstream dispersal 

of glochidia-infected host fishes.  If mussels ever existed upstream from these barriers, 
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frequent floods and scour may have washed them out and subsequent recolonization 

may have been prevented by the same barriers. 
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6.0  Summary and Conclusions 
 

Twenty three sites associated with Duke Power-Nantahala Area hydroelectric projects 

on seven streams were surveyed for native mussels.  Native mussels were found at five 

of these sites on two streams: at Tuckasegee River miles 14.2, 31.7, 32.6, and 43.6; and 

Little Tennessee River mile 113.1.  The federally endangered Appalachian elktoe was 

present at four of these sites (not found at Tuckasegee River mile 43.6).  Appalachian 

elktoes were present immediately downstream from the Dillsboro Dam and upstream 

from the Dillsboro impoundment.  They were also present immediately downstream from 

the Franklin Dam.  Based on the size distribution of the mussels collected, these 

populations have successfully reproduced and recently recruited, indicating viable 

populations.  No mussels were found at sites surveyed on the Cullasaja, Hiwassee, 

Nantahala, and Oconaluftee rivers; the upper Little Tennessee River (upstream from 

Franklin Reservoir); and Dicks Creek. 

Among the four riverine facilities, each has relatively different situations as they relate to 

mussel populations, but they presently appear to have few adverse impacts on mussel 

resources.  Franklin Dam appears to be the least detrimental to mussel resources and 

may have produced considerable benefits in the past.  Dillsboro Dam produces 

unfavorable mussel habitat in its detention pool and isolates upstream mussel 

populations.  Mission Dam likely has no additional effects on mussel resources beyond 

the predominately unfavorable cold water conditions produced by TVA’s Chatuge Dam, 

located upstream from the Mission facility.  Since no mussels are known historically from 

the Oconaluftee River, and none were found during these surveys, the effects of Bryson 

Dam on mussel resources are difficult to determine. 

Releases from the East and West Fork Tuckasegee River storage-peaking projects 

produce cold water conditions that appear to inhibit mussel resources in approximately 

10 miles of the Tuckasegee River.  The altered flow regime resulting from these peaking 

projects may have some adverse effect on mussel resources in the lower Tuckasegee 

River.  No mussels were found in the Nantahala River and none are known historically; 

therefore, effects from the Nantahala River system storage-peaking projects are also 

difficult to determine.  Cold water conditions resulting from discharge from Nantahala 



 35

and Queens Creek powerhouses presently produce unfavorable conditions in the lower 

Nantahala River for native mussels. 
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EXECUTIVE SUMMARY 
 
Surveys for 11 salamander and one frog PETS species were conducted in association 
with the Duke Power - Nantahala Area Relicensing Project in Clay, Jackson, and Macon 
counties, North Carolina.  Thirty-two surveys, each including daytime and nighttime 
components, were conducted at 64 sites that were considered to be suitable habitat for 
one or more of these species, including all sites within the FERC project boundaries 
where these species have previously been reported.  Eighteen species of amphibians, 
including 12 salamanders, and nine species of reptiles were recorded between June 2001 
and January 2002, but no PETS species were encountered during the survey period.  
Previous records of PETS species typically are based on historic records (>20 years old) 
of only one or a few specimens, they are based on individuals taken in terrestrial habitats 
rather than wetland and aquatic habitats associated with the reservoirs included in this 
relicensing project.  The southern Appalachians suffered a severe drought in 2001, which 
caused many amphibian species to seek refuge in deeper moister microhabitats, where 
they were inaccessible during these surveys.     
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1.0 INTRODUCTION 
 
1.1 Importance of the Issue to Relicensing 
 
Based on specific requirements of the Federal Energy Regulatory Commission and other 
federal agencies such as the US Fish and Wildlife Service and US Forest Service for 
relicensing hydroelectric generation projects, the identification of project-related wildlife 
resources relative to any federally listed rare, threatened, or endangered specie sis 
required.  In addition, any other Proposed/Endangered/Threatened or Sensitive (PETS) 
species in the project area was requested to be surveyed by certain project stakeholders 
such as the US Fish and Wildlife Service (USFWS), US Forest Service (USFS), and the 
North Carolina Wildlife Resources Commission (NCWRC).  The 12 salamander and two 
frog PETS species proposed for survey were the eastern hellbender (Cryptobranchus a. 
alleganiensis)(FSC, NCSC), common mudpuppy (Necturus maculosus)(NCSC), mole 
salamander (Ambystoma talpoideum) (NCSC), green salamander (Aneides aeneus) (NCE, 
FSC), seepage salamander (Desmognathus aeneus) (FSC, NCSR), Santeetlah dusky 
salamander (Desmognathus santeetlah) (NCSR), pygmy salamander (Desmognathus 
wrighti) (FSC, NCW5), brownback salamander (Eurycea aquatica), longtail salamander 
(Eurycea l. longicauda)(NCSC), Junaluska salamander (Eurycea junaluska)(FSC, 
NCSC), four-toed salamander (Hemidactylium scutatum)(NCSC), southern Appalachian 
salamander (Plethodon oconaluftee)(removed from NCW), mountain chorus frog 
(Pseudacris brachyphona)(NCSC), and Carolina gopher frog (Rana c. capito)(FSC, 
NCSC).  After consultation, the brownback salamander and Carolina gopher frog were 
deleted from the list of PETS species because their geographic distributions are well 
outside the project boundaries, reducing the list of PETS species to 11 salamanders and 
one frog.  
 
1.2 Objective 
 
The objective of this study was to characterize suitable habitat within project boundaries 
for use by eleven salamander and one frog species noted by the US Fish and Wildlife 
Service, US Forest Service, and the North Carolina Wildlife Resources Commission, 
document species occurrence, and evaluate the extent of any potential project-related 
impacts on those species. 
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2.0 STUDY AREA/SITE SELECTION 
 
In general, the selected study areas for this project are located in Clay, Jackson, and 
Macon counties, North Carolina.  Elevations in the study area range from 2,200 to 3,200 
feet above Mean Sea Level (MSL).  Survey locations were chosen and others eliminated 
based on a review of county and quadrangle databases and records and known habitat 
preferences.  Based on this information, a review of aerial photography, land use 
classifications, and other large-scale mapping sources were used to determine the 
locations of suitable habitat types for the 11 salamander and one frog species in or 
immediately adjacent to the FERC project boundaries. 
 
Sixty-four sites were selected for the amphibian surveys.  These sites include a variety of 
mid-elevational habitats ranging from seeps, springs, and trout streams to sphagnum 
bogs, cove forests, and moist rocky outcrops.  Sites were chosen in such a way as to 
represent both the range of habitats within the FERC project areas and the specific 
habitats preferred by the 12 PETS species.  Survey sites generally grouped into two 
categories.  One group focused on FERC project areas associated with reservoirs per se, 
defined as any area below an elevation that was 10 feet above maximum reservoir level, 
including the confluences of watersheds that emptied into FERC reservoirs and,  to a 
lesser extent, to the steep banks and cliffs adjacent to these reservoirs, except at Emory 
and Dillsboro reservoirs, where maximum reservoir level defined the upper limits of the 
FERC project area.  The second group of survey sites tended to focus on areas associated 
with above-ground or below-ground tunnels, power stations, power-line rights-of-way, 
and riverine habitats located below dams.  Locations of the sites, dates of their surveys, 
and survey methodologies are provided in Table 1, habitat descriptions and species 
encountered are provided in Table 2, and the approximate amount of area ground-truthed 
in the survey sites are shown in Figures 1-11 (Attachments).   
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Table 1.  Sites in Clay, Jackson, and Macon counties, North Carolina, and dates (all 

2001 except when noted; N=nocturnal survey) of amphibian surveys 
conducted during the Duke Power - Nantahala Area relicensing project.  

 
SITE 

NAME 
QUAD AND 

RESERVOIR 
NAMES 

MODE 
OF 

ACCESS 

SURVEY 
DATES 

SURVEY 
METHODOLOGY 

 
SITE DESCRIPTION 

 
 

M1 

 
Peachtree: 
Mission 

Reservoir 

 
 

foot 

22 June 
22 June (N) 
10 July 
10 July (N) 
11 Oct 

 
 

under debris, 
seine, dip nets 

 
 
area immediately below Mission Dam on 
Hiwasee River (mile 105.9-106.1) 

 
 

M2 

 
Peachtree: 
Mission 

Reservoir 

 
 

foot 

22 June 
10-12 July 
10 July (N) 
11-13 Oct 

 
under debris, dip net, 
60 pitfall trapnights 
(15 cans X 4 nights) 

 
northern edge of Hiwasee River from 
Mission Dam to Carroll Lake Creek (mile 
106.1-106.6) 

 
M3 

Peachtree: 
Mission 

Reservoir 

 
foot 

 
11 July 
 

 
under debris 

dip net 

south side of Mission Reservoir where an 
unnamed creek enters Hiwasee River (mile 
106.4-106.5) 

 
M4 

Peachtree: 
Mission 

Reservoir 

 
canoe 

 
11 July  

 
under debris 

dip  net 

Mission Reservoir from dam to confluence 
of Anderson Branch and Hiwasee River 
(mile 106.1-107.5) 

 
Q1 

Hewitt: Queens 
Creek 

Reservoir 

 
foot 

22 June 
12 Oct 
27 Jan 2002 

 
under debris 

dip net 

 
area where Clear Branch enters north side 
of Queens Creek Reservoir 

 
Q2 

Hewitt: Queens 
Creek 

Reservoir 

 
foot 

22 June 
12 Oct 
27 Jan 2002 

 
under debris 

dip net 

 
area below Queens Creek Dam 

 
 

Q3 

 
Hewitt: Queens 

Creek 
Reservoir 

 
 

foot 

22 June 
12 Oct 
10 Nov (N) 
27 Jan 2002 

 
under debris 

dip net 

 
area on Nantahala River at Beechertown 
power station 

 
N1 

Hewitt & 
Topton: 

Nantahala Res 

 
foot 

12 Oct 
10 Nov (N) 
27 Jan 2002 

 
under debris 

dip net 

 
area on Nantahala River at its confluence 
with Whiteoak Creek 

 
N2 

Topton: 
Nantahala 
Reservoir 

 
foot 

12 Oct 
12 Oct (N) 
27 Jan 2002 

 
under debris 

dip net 

 
area on Whiteoak Creek where Penstock 
Tunnel enters Whiteoak Reservoir 

 
N3 

Topton: 
Nantahala Res 

 
foot 

13  Oct (N) 
  9 Nov 

under debris 
dip net 

area on Nantahala River immediately below 
its confluence with Dicks Creek 

 
N4 

Topton: 
Nantahala Res 

 
foot 

   
10 Nov 

under debris 
dip net 

area on Dicks Creek where Penstock Tunnel 
and Nantahala Tunnel cross one another 

 
N5 

Topton: 
Nantahala Res 

 
foot 

 
10 Nov 

under debris 
dip net 

 
area around Dicks Creek Reservoir 

 
 

N6 

 
Topton: 

Nantahala 
Reservoir 

 
 

foot 

  7 Sept 
11 Oct (N) 
13 Oct 
  8 Nov (N) 
8-11 Nov 

 
under debris,  

seine, dip net, 75 
pitfall trapnights 

(25 cans X 3 nights) 

 
 
area below Nantahala Dam 

 
N7 

Topton: 
Nantahala Res 

 
foot 

13 Oct 
  9 Nov 

under debris 
dip net 

wetlands on Little Choga Creek at its 
confluence with Shop Branch, above 
Nantahala Reservoir 

 
N8 

Topton: 
Nantahala Res 

 
foot 

  7 Sept 
13 Oct 

under debris 
dip net 

area where Wolf Creek enters Nantahala 
Reservoir 
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SITE 

NAME 
QUAD AND 

RESERVOIR 
NAMES 

MODE 
OF 

ACCESS 

SURVEY 
DATES 

SURVEY 
METHODOLOGY 

 
SITE DESCRIPTION 

 
N9 

Topton: 
Nantahala Res 

 
foot 

  7 Sept    
  9 Nov 

under debris 
dip net 

area where Wine Spring Creek enters 
Nantahala Reservoir, above Hwy 2 

 
N10 

Topton: 
Nantahala 
Reservoir 

 
foot 

   
  7 Sept 
  9 Nov 

 
under debris 

dip net 

area around an unnamed creek enters east 
side of Nantahala Reservoir (approximately 
2500 ft south of Wine Spring Creek at 
Bartram Trail) 

 
N11 

 
Topton: 

Nantahala Res 

 
foot 

 
  7 Sept 
8-11 Nov 

under debris, dip net, 45 
pitfall trapnights (15 

cans X 3 nights) 

 
area along Jarrett Creek above its 
confluence with Nantahala Reservoir 

 
N12 

Topton: 
Nantahala 
Reservoir 

 
foot 

 
11 Oct 
6-8 Dec 

under debris, dip net, 30 
pitfall trapnights 

(15 cans X 2 nights) 

 
area along Clear Creek above its confluence 
with Nantahala Reservoir 

 
N13 

Topton: 
Nantahala Res 

 
boat 

  8 Sept 
10 Nov 

seine 
dip net 

upper reaches of Nantahala Reservoir in an 
area known as the “Horseshoe” 

 
 

E1 

 
Corbin Knob: 

Emory 
Reservoir 

 
foot 

24 June 
  9 July (N) 
21 July 
  7 Dec (N) 

 
under debris 

dip net 

 
area immediately below Emory Dam on 
Little Tennessee River (mile 113.0-113.2) 

 
E2 

Corbin Knob: 
Emory 

Reservoir 

 
foot 

23 Sept 
10 Oct (N) 
27 Jan 2002 

 
under debris 

dip net 

 
wetland area where Rabbit Creek enters east 
side of Emory Reservoir, below Lake 
Emory Rd 

 
E3 

Corbin Knob: 
Emory 

Reservoir 

 
foot 

23 Sept 
10 Oct (N) 
27 Jan 2002 

 
under debris, seine,  

dip net 

 
Rabbit Creek wetland area adjacent to Hwy 
441 and Chevrolet dealership, above Lake 
Emory Rd 

 
E4 

Franklin: 
Emory Res. 

 
canoe 

   
  5 Sept 

under debris 
dip net 

wetland area on east side of Emory 
Reservoir adjacent to mine (mile 114.4) 

 
E5 

Franklin: 
Emory Res. 

 
canoe 

 
  5 Sept 

under debris 
dip net 

wetland area on west side of Emory 
Reservoir adjacent to trailer park (mile 
114.8) 

 
E6 

Franklin: 
 Emory Res. 

 
canoe 

   
  5 Sept 

under debris 
dip net 

wetland area on east side of Emory 
Reservoir at mile 115.4 

 
E7 

Franklin: 
Emory 

Reservoir 

 
foot 

24 June   
21 July 
  7 Aug (N) 

 
under debris 

dip net 

 
wetland area where Windy Gap Creek 
enters west side of Emory Reservoir (mile 
115.4) 

 
E8 

Franklin & 
Corbin Knob: 
Emory Res. 

 
foot 

24 June 
21 July 
  3 Sept (N) 

 
dip net 

 
western edge of Emory Reservoir along 
newly created walkway (mile 115.8-116.6) 

 
E9 

Franklin & 
Corbin Knob: 
Emory Res. 

 
foot 

  
21 July 
  8 Sept (N) 

 
dip net 

 
western edge of Little Tennessee River 
from mile 117.4 to end of project area (mile 
117.8) 

 
E10 

Corbin Knob: 
Emory Res. 

 
foot 

21 July 
  8 Sept (N) 

 
dip net 

wetland area where Dowdle Knob Creek 
enters southwest side of Cullasaja River 
(mile 0.3-0.5) 

 
E11 

Franklin & 
Corbin Knob: 
Emory Res. 

 
boat 

   
   9 Aug 

 
dip net 

 
Emory Reservoir from dam (mile 113.2) to 
mile 115.8 

 
Ela1 

Bryson City & 
Whittier: Ela 

Reservoir 

 
foot 

12 July 
12 July (N) 
10 Nov 

 
under debris 

dip net 

 
area immediately below Ela Dam on 
Oconaluftee River (mile 0.4-0.5) 

 
Ela2 

 
Whittier: 

Ela Reservoir 

 
foot 

12 July 
12 July (N) 
10 Nov 

 
under debris 

dip net 

 
northern edge of Ela Reservoir immediately 
above dam (mile 0.5-0.8) 

 
Ela3 

 
Whittier: 

Ela Reservoir 

 
foot 

12 July 
12 July (N) 
10 Nov 

 
under debris 

dip net 

southern edge of Ela Reservoir where an 
unnamed creek enters Oconaluftee River 
(mile 1.0-1.3) 
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SITE 

NAME 
QUAD AND 

RESERVOIR 
NAMES 

MODE 
OF 

ACCESS 

SURVEY 
DATES 

SURVEY 
METHODOLOGY 

 
SITE DESCRIPTION 

 
Ela4 

 
Whittier: 

Ela Reservoir 

 
foot 

12 July 
12 July (N) 
10 Nov 

 
under debris 

dip net 

 
western edge of Ela Reservoir below Hwy 
19 (mile 1.6-1.8) 

 
D1 

South Sylva: 
Dillsboro 
Reservoir 

 
foot 

23 June 
23 Sept 
  9 Nov (N) 

 
dip net 

 
area immediately above Dillsboro Dam on 
Tuckasegee River (mile 31.7-31.8) 

 
D2 

South Sylva: 
Dillsboro 
Reservoir 

 
foot 

 23 June  
  5 Sept (N) 
23 Sept 

 
under debris 

dip net 

eastern edge of Dillsboro Reservoir where 
Yellow Bird Branch enters Tuckasegee 
River (mile 32.0) 

 
D3 

South Sylva: 
Dillsboro 
Reservoir 

 
foot 

23 June 
22 Sept 
22 Sept (N) 

 
under debris 

dip net 

western edge of Dillsboro Reservoir where 
an unnamed creek enters Tuckasegee 
River (mile 32.3) 

 
D4 

South Sylva: 
Dillsboro 
Reservoir 

 
foot 

23 June 
  7 Sept 
  7 Sept (N) 

 
under debris 

dip net 

eastern edge of Dillsboro Reservoir where 
an unnamed creek enters Tuckasegee 
River (mile 32.4) 

 
D5 

South Sylva: 
Dillsboro 
Reservoir 

 
foot 

23 June 
  7 Sept    
  7 Sept (N) 

 
under debris 

dip net 

eastern edge of Dillsboro Reservoir 
between State Road 1359 and Tuckasegee 
River (mile 32.5) 

 
G1 

Glenville & Big 
Ridge: 

West Fork Res 

 
canoe 

   
  4 Sept 
  4 Sept (N) 

 
under debris 

dip net 

 
West Fork Reservoir (mile 2.8-3.2) at 
power station and Hwy 107  

 
G2 

Glenville & Big 
Ridge: 

West Fork Res 

 
foot 

10 Aug (N) 
  4 Sept    
  8 Nov 

 
under debris, 
seine, dip net 

 
wetlands around West Fork Reservoir 
(mile 3.0-3.4), power station, and Hwy 
107  

 
G3 

Glenville: 
Glenville 
Reservoir 

 
foot 

23 June 
10 Aug (N) 
  6 Dec 

 
under debris 

dip net 

 
West Fork River at Mill Creek (mile 4.1-
4.3) 

 
G4 

Glenville: 
Glenville Res. 

 
foot 

  4 Sept 
22 Sept 

under debris 
dip net 

Glenville Tunnel at Trout Creek, above 
ground to southwest and underground to 
northeast 

 
G5 

Glenville: 
Glenville 
Reservoir 

 
foot 

  4 Sept 
20 Sept (N) 
  6 Dec 

 
under debris 

dip net 

 
Glenville Tunnel (above ground) on west 
side of Hwy 107 and on either side of 
Shoal Creek 

 
 
 

G6 

 
 

Glenville: 
Glenville 
Reservoir 

 
 
 

foot 

23 June 
13 July 
  8 Aug (N) 
22 Sept 
14 Oct 
  6 Dec 
  6 Dec (N) 

 
 
 

under debris 
dip net 

 
 
 
area below Glenville Dam, including 
upper reaches of West Fork River (mile 
9.0-9.6) 

 
G7 

Glenville: 
Glenville 
Reservoir 

 
foot 

23 June (N) 
22 Sept 
  6 Dec 

 
under debris 

dip net 

 
shoreline around boat ramp on north side 
of Glenville Reservoir  

 
G8 

 
Glenville: 

Glenville Res. 

 
foot 

  6 Sept 
11 July (N) 
  6 Dec 

 
under debris 

dip net 

 
wetlands where Pine Creek enters 
Glenville Reservoir 

 
G9 

Glenville: 
Glenville Res. 

 
boat 

  
  9 Sept 

under debris 
dip net 

 
shorelines of two islands in Glenville 
Reservoir 

 
G10 

Big Ridge: 
Glenville Res. 

 
foot 

  6 Sept (N) 
  8 Nov 

under debris, 
seine, dip net 

wetlands where Cedar Creek enters 
Jenkins Lake and thence Glenville 
Reservoir 

 
G11 

Glenville & Big 
Ridge: 

Glenville Res. 

 
foot 

  6 Sept 
21 Sept (N) 
  6 Dec 

 
under debris 

dip net 

 
southwestern shoreline where Hurricane 
Creek enters Glenville Reservoir 
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OF 
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METHODOLOGY 
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G12 

Glenville: 
Glenville Res. 

 
boat 

   
  9 Sept 

under debris 
dip net 

shorelines where Pine Creek and Norton 
Creek enter Glenville Reservoir 

 
C1 

Tuckasegee: 
Cedar Cliff 
Reservoir 

 
boat 

 
21 Sept 

 
under debris 

dip net 

upper reaches of Cedar Cliff Reservoir and 
area where Cedar Cliff Ck enters north 
side of reservoir 

 
C2 

Tuckasegee: 
Cedar Cliff 
Reservoir 

 
foot 

 
10 Aug 

 
under debris 

dip net 

 
area below Cedar Cliff Dam 

 
C3 

Tuckasegee: 
Cedar Cliff 
Reservoir 

 
foot 

    
  8 Nov 
 

 
under debris 

dip net 

Tuckasegee River at power station, 
extending about 3000 ft below station, 
including Canoe Creek 

 
C4 

Big Ridge: 
Cedar Cliff 
Reservoir 

 
foot 

 
10 Aug 
26 Jan 2002 

 
under debris 

dip net 

shoreline where Kiesee Creek enters south 
side of Cedar Cliff Reservoir 

 
 

B1 

 
Big Ridge: 
Bear Creek 
Reservoir 

 
 

boat 

 
 
21 Sept 

 
 

under debris, 
seine, dip net 

upper reaches of Bear Creek Reservoir and 
shoreline areas where of Bear, Gladie 
rocky creek bed in hardwood forest; 
Rocky Bar & Shore and Acidic Cove 
Forest, Robinson, Sols, and Neddie creeks 
enter reservoir 

 
B2 

Big Ridge: 
Bear Ck Res. 

 
foot 

  8 Nov 
26 Jan 2002 

under debris 
dip net 

 
area below Bear Creek Dam (mile 54.4-
54.5) 

 
B3 

Big Ridge: 
Bear Creek 
Reservoir 

 
foot 

10 Aug 
  6 Sept 
26 Jan 2002 

 
under debris 

dip net 

 
shoreline around boat ramp on north side 
of Bear Creek Reservoir 

 
W1 

L Toxoway: 
Wolf Ck Res. 

 
foot 

10 Aug 
  5 Dec (N) 

under debris 
dip net 

shoreline above Wolf Creek Reservoir 
where an unnamed creek enters east side 
of reservoir 

 
W2 

L Toxoway & 
Big Ridge: 

Wolf Ck Res. 

 
foot 

   
  6 Sept 
26 Jan 2002 

 
under debris 

dip net 

 
area below Wolf Creek Dam extending 
along Wolf Creek about 5000 feet below 
dam 

 
 

T1 

L Toxoway: 
Tanasee Ck 
Reservoir 

 
 

foot 

10 Aug 
  7 Nov (N) 
  8 Nov 

 
under debris 

dip net 

area where unnamed creek enters south 
side of Tanasee Creek Reservoir, and an 
adjacent, exposed wet rock face on south 
side of reservoir 

 
T2 

L Toxoway: 
Tanasee Creek 

Reservoir 

 
foot 

10 Aug 
  7 Nov (N) 
  8 Nov 

 
under debris 

dip net 

 
Tanasee Creek from Hwy 281 bridge 
upstream to end of FERC project area 

 
T3 

Big Ridge: 
Tanasee Creek 

Reservoir 

 
foot 

   
  8 Aug 

 
under debris 

dip net 

Tuckasegee River (Bonas Defeat) from 
Tanasee Creek Dam to power station at 
headwaters of Bear Creek Reservoir (mile 
59.5-60.8) 
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3.0 LIFE HISTORIES 
 
Provided beyond are condensed life history data for each PETS species, including such 
information as description, habitat, geographic distribution, reproduction and 
development, feeding biology, and status. 
 
 
Common mudpuppy 
Necturus m. maculosus 
 
The common mudpuppy is a relatively large aquatic salamander that has three pairs of 
bushy maroon-colored gills and a laterally compressed tail.  Most adults are about 12 
inches in total length, but some individuals in the northernmost part of its geographic 
distribution have measured 19 inches in total length (Bishop, 1941a).  They have a fold 
of skin beneath the chin and four toes on each hind foot.  Common mudpuppies are 
brownish-gray above and paler below, with scattered bluish-black blotches throughout, 
and there is a dark stripe on each side of the head that extends through the eye.  Juveniles 
are more colorful, with a dark dorsal band edged with yellow, dark sides, and a paler 
underside.  Common mudpuppies inhabit lakes and reservoirs, slow-moving rivers and 
streams, and other permanent bodies of water where they hide during the day beneath 
rocks, submerged logs, and other debris or in stream bank burrows (Bishop, 1926). 
 
The geographic distribution of the common mudpuppy extends throughout much of 
eastern North America, from southern Canada (Manitoba, Ontario, and Quebec) 
southward to northern Mississippi, Alabama, and Georgia (Petranka, 1998).  In North 
Carolina, the common mudpuppy is known only on the basis of one specimen from Mills 
River (Henderson County), which flows into the French Broad River.  The NCHNP 
considers three counties--Buncombe, Henderson, and Transylvania--as potential sites of 
occurrence based on this historic (>20 years old) record, all of which are well outside the 
FERC project areas (LeGrand et al., 2001).  However, Petranka’s (1998) range map 
appears to include the Hiwassee River as suitable habitat.  Martof et al. (1980) stated that 
this species “is thought to occur in the Little Tennessee River drainage,”  and specimens 
have been taken in Abrams Creek, on the southwestern boundary of the Great Smoky 
Mountains National Park (Huheey and Stupka, 1967), which flows into the Little 
Tennessee River.  It was included on the list of PETS species by the NCNHP. 
 
Males develop pronounced cloacal swellings in the fall when courtship begins, but 
mating activities extend into the spring months.  Each male crawls over the tail and body 
of a female, rubbing his body against hers, and eventually he presents to her a 
spermatophore that she envelopes with her cloacal lips.  Fertilization is internal.  Males 
then disperse, leaving the females to construct nests under rocks and debris and inside 
rotten logs (Bishop, 1941a; Fitch, 1959).  Females turn upside down and attach 60 to 80 
eggs, one at a time, by to the underside surface of rocks and logs during the late spring 
and early summer months (Bishop, 1941a; Fitch, 1959).  Each local population of 
females synchronizes their egg laying during a brief period lasting one week or less 
(Bishop, 1941; Fitch, 1959).  Females guard their nests until mid- to late summer, when 
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hatchlings first appear (Bishop, 1941).  The gilled larvae rely on their yolk sacs for 
nourishment during the first few months of life.  Hatchlings grow quickly and reach 2 
inches in total length at one year of age.  Males and females attain sexual maturity at 
about the same size (almost 8 inches in total length) and age (about five years of age). 
 
The common mudpuppy is an active predator that forages primarily at night.  It consumes 
a wide variety of prey, but prey size is dependent on the age and size of the mudpuppy 
(Harris, 1959).  Juvenile mudpuppies subsist almost entirely on small aquatic insect 
larvae (Cochran and Lyons, 1985), but adults consume crayfish, insects, fish, fish eggs, 
worms, and snails (Hamilton, 1932; Harris, 1959).  In turn, mudpuppies are consumed by 
northern water snakes (Nerodia sipedon) and larger fishes and turtles (Collins, 1993).  
Humans are another source of mortality, as common mudpuppies caught on baited hooks 
or in seines are typically discarded on land.  In North Carolina, the common mudpuppy is 
listed as Special Concern by the NCNHP. 
 
 
Eastern hellbender 
Cryptobranchus a. alleganiensis 
 
This is the largest salamander in North America, reaching 29 inches in total length.  It is 
entirely aquatic, inhabiting large, clear, shallow, fast-flowing streams with big flat rocks, 
snags, and debris (Hillis and Bellis, 1971; Nickerson and Mays, 1973a).  It is well 
adapted for living in this habitat, having a depressed head and body and a strongly keeled 
tail.  The small eyes lack eyelids.  The body has a large fold of wrinkled skin along each 
side between the front and hind limbs, a smaller fold of skin on the outer side of each leg, 
and five toes on each hind foot.   Adults lack gills but they usually retain a gill slit on 
either or both sides of the throat.   This heavily built salamander is variable in coloration 
(Fauth et al., 1996), but the eastern hellbender is typically mottled greenish to grayish-
brown, darker above and paler below, with darker or paler irregularly shaped spots on its 
dorsal surface and a uniformly pale-colored chin.  Spots are most prevalent in individuals 
that are one to five years old (Bishop, 1941a).    
 
The eastern hellbender is distributed along the Appalachian highlands from New York 
southward to western South Carolina, northern Georgia, Alabama, and Mississippi, and 
westward throughout the Ohio River basin; an isolated population inhabits the Ozark 
Uplift of east-central Missouri and adjacent Illinois (Petranka, 1998).  In North Carolina, 
the eastern hellbender is found below 2,500 feet in elevation in mountain streams and 
rivers that typically feed the Mississippi River (Martof et al., 1980).  The NCNHP 
(LeGrand et al., 2001) has records from every county in the mountain physiographic 
province except Ashe County (where it likely occurs), and it has on record three locations 
in the vicinity of the Duke Power-Nantahala Area --one from the Little Tennessee River 
at Franklin in Macon County and two from above Murphy on the Hiwassee River in 
Cherokee County.  Voucher material from western North Carolina is in the U.S. National 
Museum of Natural History, N.C. State Museum of Natural Sciences, and several 
academic institutions (Appalachian State University, N.C. State University, University of 



 10

Michigan, UNC-Asheville, UNC-Pembroke, UNC-Wilmington, and Western Carolina 
University).  
 
Males and females are similar in size at similar ages, but males developed swollen 
cloacal glands during the late summer and early autumn breeding season (Bishop, 1941a; 
Pfingsten, 1990).  During this period, males excavate depressions under rocks and logs 
and wait for females to swim past, at which time they entice females into their 
depressions (Bishop, 1941a; Kern, 1986; Nickerson and Mays, 1973a).  Each female 
oviposits paired strings containing 300 to 400 eggs, and some depressions include eggs 
from several females (Martof et al., 1980; Petranka, 1998).  The male then ejaculates over 
the egg mass, fertilizing the eggs externally.  Males evict the females and protect the eggs 
during at least the first part of the gestation period, which lasts about two months 
(Bishop, 1941a; Peterson, 1988). 
 
Little is known about hellbenders during their early development, but eggs hatch into 
gilled larvae that are about 1 inch long.  Each larva relies on a yolk sac for sustenance 
during its first few months of life.  Larvae reach about 3 inches in total length after their 
first year and 4 to 5 inches in total length at 18 to 24 months of age, when they lose their 
gills (Bishop, 1941a; Nickerson and Mays, 1973a).  Males reach sexual maturity when 
they are 5 to 6 years old and about 12 inches in total length, whereas females reach sexual 
maturity when they are 6 to 8 years old and about 14 to 15 inches in total length (Dundee 
and Dundee, 1965; Nickerson and Mays, 1973; Taber et al., 1975).  Hellbenders are long 
lived and some live to be about 30 years of age.  Growth in both sexes declines over time, 
however, and individuals that are 25 to 30 years of age only grow about 1/25 inch per 
year (Peterson et al., 1988; Taber et al., 1975). 
 
Hellbenders are active predators that forage at night or on overcast days, feeding 
primarily on small fish and crayfish, although aquatic insects, worms, and snails also are 
consumed (Bishop, 1941a; Nickerson and Mays, 1973a; Noeske and Nickerson, 1979; 
Peterson et al., 1989).  Local legend has it that hellbenders are poisonous and evil, and 
mountain folk catch them on baited hooks set over rivers and then discard the carcasses 
on land.  Nonetheless, in suitable habitat there are estimates of 690 hellbenders per mile 
of river/stream (Nickerson and Mays, 1973b) and three hellbenders per acre of 
river/stream (Peterson et al., 1988).  Siltation, pollution, and the impoundment of 
mountain rivers and streams are thought to be the leading causes for population declines 
in some parts of the eastern hellbender’s geographic distribution (Bury et al., 1980; Gates 
et al., 1985; Williams et al., 1981).  The eastern hellbender is listed as Special Concern at 
both federal (USFWS) and state (NCNHP) levels. 
 
 
Mole salamander 
Ambystoma talpoideum 
 
The mole salamander is extremely variable in morphology and coloration because it 
exists in three body forms--gilled larvae, gilled neotenic adults, and metamorphosed 
terrestrial adults.  Terrestrial adults are stocky, with a greatly enlarged and rounded head, 
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large legs, 10 or 11 conspicuous costal grooves, and a tail that is laterally compressed 
along the distal third of its length (Martof et al., 1980; Petranka, 1998) and about one half 
the animal’s total length (Pague and Mitchell, 1991).  The nasolabial groove is absent and 
there are five toes on each hind foot.  Adults are 3 to 5 inches in total length and typically 
grayish-brown in coloration above, with pale bluish spots on the sides and sometimes the 
dorsum, and a paler bluish-gray below.  Gilled adults and larvae have three pairs of bushy 
gills and a well defined dorsal fin that extends from the shoulders to the tip of the tail, 
and a ventral fin that extends from just behind the cloaca to the tip of the tail.  Early in 
life, larvae have conspicuous alternating blotches of black and yellow along the midline 
of their backs, which continues as patches of black and yellow on the tail fin (Volpe and 
Shoop, 1963).  Larvae nearing maturity have four yellowish stripes; the two mid-dorsal 
stripes are less distinctive than the two lateral stripes.  Larvae, recently metamorphosed 
juveniles, and gilled adults also have a dark mid-ventral stripe that is lacking in terrestrial 
adults (Orton, 1942).  Males and females are similar in size (Raymond and Hardy, 1990), 
but terrestrial adults are significantly larger than gilled adults of similar ages. 
 
The mole salamander is distributed along the Gulf Coast from eastern Texas and 
Oklahoma eastward to Florida, Georgia, and South Carolina, and northward along the 
Mississippi River valley to southeastern Missouri, southern Illinois, and western 
Kentucky (Petranka, 1998).  Throughout this range, individuals have been taken in 
riparian wetlands dominated by cypress and gum (Semlitsch, 1981; Shoop, 1960).  
Isolated populations adjacent to this conterminous range, especially in the South Atlantic 
states, inhabit upland hardwood and mixed pine-hardwood forests with ephemeral to 
permanent depressions lacking predatory fishes.  Terrestrial adults are more common 
around temporary ponds whereas gilled adults are more common around permanent 
ponds.  However, local populations can consist of entirely of terrestrial adults or both 
terrestrial and gilled adults (Semlitsch and Gibbons, 1985; Semlitsch et al., 1990).  In 
North Carolina, the mole salamander is localized into disjunct populations, one 
encompassing the Nantahala and southern Blue Ridge mountains (Petranka, 1998).  The 
NCNHP has current records (<20 years old) from Buncombe, Cherokee, and Polk 
counties, historic records (>20 years old) from Henderson and Transylvania counties, and 
another historic record from Macon County (LeGrand et al., 2001). 
 
Gilled adults inhabit semi-permanent ponds and riparian swamp depressions throughout 
the year (Semlitsch, 1988), while terrestrial adults burrow underground in forests 
adjacent to depressions during the warmer months and migrate to temporary ponds during 
the autumn/winter breeding season.  These migrations commence with autumnal cold 
fronts that bring prolonged rains (Patterson, 1978; Semlitsch 1981; Semlitsch et al., 
1985a), with males tending arriving earlier and staying longer than females (Hardy and 
Raymond, 1990).  The number of females at breeding ponds is influenced positively by 
the cumulative amount of rainfall that has fallen during that breeding season (Pechmann 
et al., 1991; Semlitsch, 1981, 1987a; Semlitsch et al., 1996).  Courtship is most prevalent 
on cold winter nights (Shoop, 1960).  At breeding sites where both gilled and terrestrial 
adults congregate, gilled adults reproduce first, which maintains some degree of 
reproductive isolation between gilled and terrestrial adults.  Terrestrial females lay more 
and larger eggs than do gilled females, however, and their larvae grow faster (Semlitsch 
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and Gibbons, 1990).  Terrestrial females along the Gulf Coast lay an average of 17 to 18 
eggs (Raymond and Hardy, 1990) in small clusters on submerged twigs, whereas gilled 
females and terrestrial females from the Atlantic Coastal Plain lay 10 to 40 eggs singly 
(Semlitsch and Walls, 1990; Trauth, et al., 1995).  Sexual maturity is attained by the end 
of the first (Semlitsch, 1985b) or second (Raymond and Hardy, 1990) year.  
Metamorphosis has both genetic (Harris et al., 1990) and environmental components, it 
varies among populations, and the percentage of larvae becoming gilled and terrestrial 
adults is influenced by pond drying, food availability, and larval density (Semlitsch and 
Gibbons, 1985; Semlitsch, 1987b; Semlitsch et al., 1990).  The mole salamander is 
threatened by loss of habitat as breeding ponds become silted or filled in following 
timbering, agriculture, and development, and several populations have been extirpated in 
the eastern United States.  It is therefore listed as Special Concern in North Carolina by 
the NCHNP, but it is not listed on any federal lists. 
 
 
Green salamander 
Aneides aeneus 
 
The green salamander is stenotypic, which means that it is restricted to a narrow range of 
habitats and has acquired morphological modifications that belie that dependency.  The 
green salamander prefers narrow anastomotic crevices in moist rocks, although it has 
been observed beneath the bark of fallen trees (see below), and its morphological 
adaptations include a depressed head and body, relatively long legs and tail, and 
expanded toes that are squarish in outline, slightly webbed, and cornified on their tips.  
The dorsal coloration consists of bright greenish blotches on a dark neutral background, 
resembling the mottled appearance of lichens growing on rocks and trees, and the venter 
is solid yellowish-white.  Adults are 3 to 6 inches in total length, they have 14 or 15 
costal grooves, and they have five toes on each hind foot.  Hatchlings are about ¾ inch 
long and they resemble adults in color and shape (Martof et al., 1980). 
 
The green salamander is found throughout much of the southern Appalachian Mountains 
from northern Alabama northeastward to southwestern Pennsylvania, but its distribution 
is extremely patchy within this broad geographic area because of its limited choice of 
habitats (Petranka, 1998).  There are many disjunct populations, which attest to it once 
being more widespread in the region.  One disjunct population occurs in the Highland 
Plateau and southern Blue Ridge Escarpment of southwestern North Carolina, western 
South Carolina, and northeastern Georgia.  Individuals from North Carolina are more 
similar chromosomally to those from Pennsylvania, West Virginia, and Kentucky than to 
those from Tennessee and Alabama (Sessions and Kezer, 1987).  In North Carolina, 
green salamanders have been reported from Macon, Jackson, Transylvania, Henderson, 
and Rutherford counties (LeGrand et al., 2001), and voucher material is deposited at 
many of the institutions mentioned above, but none of these records is from the Duke 
Power-Nantahala Area. 
 
All salamanders in the genus Aneides, including the green salamander, have a 
reproductive strategy in which males breed annually and females breed biennially 
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(Canterbury and Pauley, 1994).  Most reproductive activity occurs in May and June, but 
there may be another bout in September and October if conditions are favorable and the 
first clutch is lost (Gordon, 1952).  In North Carolina, each female typically lays 17 to 19 
eggs (range 10-26) over a two-day period in June (Eaton and Eaton, 1956; Gordon, 1952; 
Gordon and Smith, 1949), and all females in a population oviposit within a two- to four-
week period.  Eggs are laid on the roof of horizontal crevices and on the sides of vertical 
crevices (Petranka, 1998).  The eggs hatch in early September after an 84- to 91-day 
development period (Gordon, 1952).  Females guard the eggs throughout development 
and they remain with hatchlings during their first few months (Cupp, 1991).  During this 
time, females have scant time to forage, which may explain why they breed every other 
year (Petranka, 1998).  Juveniles disperse in late autumn and early winter.  Juveniles and 
adults are seldom seen from November through late March because they have moved 
deeper inside of anastomotic crevices (Martof  et al., 1980). 
 
The green salamander inhabits damp, but not wet, shaded crevices in sandstone, granite, 
schist, quartzite, and limestone cliffs and outcrops in deciduous forest between 1,200 and 
4,400 feet in elevation (Russo and Sweeney, 2000).  Occupied cliffs and rocky outcrops 
are protected from drastic climatic fluctuations by their orientation to the sun, and they 
are seldom subject to direct rainfall.  This salamander apparently spends the majority of 
its life in crevices and rarely has been taken on the forest floor adjacent to occupied rocky 
outcrops (Snyder, 1991).  There are several records of green salamanders being found 
beneath the bark of large fallen trees (Pope, 1928; Barbour, 1953; Gordon, 1952) or in 
woodpiles (Brimley, 1939-1943), but these records are from the period extending from 
the 1920’s to the 1950’s when old-growth forest, and hence large slabs of bark under 
which to survive, was much more abundant in the southern Appalachians (Petranka, 
1998).  Recent timber practices and droughts have reduced the amount of suitable habitat 
and scientific collecting has reduced numbers at some sites, such that the green 
salamander is considered to be a Species at Risk by USFWS and Endangered in North 
Carolina by the NCNHP. 
 
 
Seepage salamander  
Desmognathus aeneus 
 
The seepage salamander is a tiny salamander, barely exceeding 2 inches in total length, 
that is somewhat variable in coloration (Martof et al., 1980; Petranka, 1998).  All 
specimens have a pale dorsal stripe, with a darker Y-shaped figure behind the eyes, but 
the dorsal stripe varies in color from yellowish to reddish-bronze, sometimes resulting in 
a herringbone pattern, and the Y sometimes extends down the center of the back as 
irregularly-shaped dots or a faint line.  The border between the paler dorsal stripe and the 
darker sides is straight to wavy, the top of the hind legs has paler spots, and the belly 
typically is mottled with brown and white, although it can be pale and unmarked.  As is 
typical of salamanders in the genus Desmognathus, the seepage salamander has 
nasolabial grooves and the pale diagonal line between the eyes and the angles of the jaw, 
and it lacks lungs.  The tail is relatively short, about half the total length, and circular in 
cross-section throughout its length.  The seepage salamander has 13 or 14 costal grooves 
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and five uncornified toes on each foot.  The pygmy salamander most closely resembles 
the seepage salamander, but the top of the head of the latter is smooth rather than rough, 
and the mental gland (a collection of scent-producing glands that become enlarged in 
courting males) of the latter is small and restricted to the tip of the chin rather than large 
and extending posteriorly to the angle of the jaw (Conant and Collins, 1998). 
 
This salamander is primarily associated with damp leaf litter and moss in deciduous 
forests in the foothills found immediately south and east of the Cumberland Plateau and 
south of the Blue Ridge Escarpment.  One disjunct population inhabits the Fall Line Hills 
in west-central Alabama and two others occur in northeastern Georgia and western South 
Carolina, but the major swath of distribution extends from east-central Alabama 
northeastward to southwestern North Carolina and adjacent southeastern Tennessee.  In 
North Carolina, the seepage salamander is known from a wide range of elevations (1,600 
to 4,600 feet) in the region between the Highlands Plateau and the Unicoi Mountains.  
The type locality is near Peachtree in Cherokee County, North Carolina, and specimens 
have also been taken on Wayah Bald in Macon County, sites that are within 10 miles of 
FERC project areas.  There are current records (<20 years old) from Cherokee, Graham, 
and Macon counties and historic records (>20 years old) from Clay County, North 
Carolina (LeGrand et al., 2001). 
 
Both males and females mate annually (Harrison, 1967).  Courtship involves more biting 
than is typical of most desmognathine salamanders (Promislow, 1987).  Each female 
typically lays 11 to 14 eggs in moist moss or a damp decomposing log in late April or 
early May and, to a lesser extent, in the late summer or early autumn (Bishop and 
Valentine, 1950; Collazo and Marks, 1994; Harrison, 1967; Jones, 1982; Mount, 1975).  
Nesting females congregate in favored sites (Harrison, 1967).  Females stay with their 
eggs during the incubation period (Bishop and Valentine, 1950; Brown and Bishop, 
1948), which lasts from six to nine weeks (Harrison, 1967; Jones, 1982).  The seepage 
salamander has no aquatic larval stage (Hairston, 1949; Harrison, 1967), although the ¼-
inch hatchlings sometimes have gills for the first few days; they  transform when they are 
about ½ inch in length (Valentine, 1963).  Males and females attain sexual maturity at 
two years of age, when they are about ¾ inch long (Harrison, 1967), but many females do 
not  reproduce until their third year (Petranka, 1998). 
 
The seepage salamander is an extremely secretive salamander that spends the majority of 
its time within leaf litter, where it forages on a variety of arthropods, earthworms, 
pulmonate snails, and nematodes (Donovan and Folkerts, 1972; Jones, 1982).  It seldom 
is seen above ground (Hairston, 1987), even on rainy nights when most salamanders 
venture forth on the forest floor, stems and leaves, and roadways.  Hence, little is known 
about many aspects of its natural history.  Populations likely are affected negatively as 
preferred habitat is lost to development and as moist leaf litter in head waters and 
seepages become desiccated due to intensive lumbering practices (e.g., clear cutting for 
chip mills) and global warming (Petranka, 1998).  It is considered rare to uncommon in 
North Carolina, where it reaches the northernmost limit of its range, and it is listed as 
Special Concern throughout its range by the USFWS because of its relatively restricted 
geographic distribution and habitat requirements. 
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Santeetlah dusky salamander 
Desmognathus santeetlah 
 
The Santeetlah dusky salamander is similar to other members of the northern dusky 
(Desmognathus fuscus) complex in size, in shape, and in the tremendous amount of 
variation in color that exists among individuals.  It is similar to other species in the 
complex in that a pale yellowish line extends from the eye to the angle of the jaw, there 
are 14 costal grooves, the toes are uncornified, there are five toes on each hind foot, and 
the tail is laterally compressed, keeled above, and roughly triangular in cross section 
along its basal third.  Also, it is medium in size, reaching about 4 inches in total length, 
and the head and body comprises slightly more than half the animal’s total length.  The 
Santeetlah dusky salamander differs from other members in the complex, however, in the 
color patterns exhibited by local populations.  In general, the Santeetlah dusky 
salamander has a drab greenish-brown back, poorly defined dorsolateral stripes, a 
ventrolateral row of pale colored portholes between the front and hind legs, and a 
yellowish wash on the belly and tail; it typically lacks the well-defined pale dorsal stripe 
that extends along the tail in other members of the complex (Conant and Collins, 1998; 
Petranka, 1998).  This cryptic species closely resembles the northern dusky salamander 
and some authorities (Petranka, 1998) do not consider them distinct.   
   
The Santeetlah dusky salamander is endemic to higher elevations (>2,200 feet) in the 
Great Balsam, Plott Balsam, Great Smoky, and Unicoi mountains of western North 
Carolina and eastern Tennessee, where it inhabits headwater streams, seepages, and their 
adjacent slopes.  In North Carolina, there are historic records (>20 years old) from 
Jackson and Swain counties and current records (<20 years old) from Graham County 
(LeGrand et al., 2001).  There are records of the Santeetlah dusky salamander from 
several sites on the south-facing slopes of the Tuckasegee drainage, but at elevations well 
above the Duke Power-Nantahala areas on the basin’s north side.  The Santeetlah dusky 
salamander is not known from the Hiwassee or Nantahala River drainage basins.   
 
The Santeetlah dusky and northern dusky hybridize along the northern Great Smoky 
Mountains, and they were not considered distinct species until Tilley (1981) described 
the former.  In order to hybridize, their reproductive patterns and habitat requirements 
must be somewhat similar.  In the northern dusky, courtship and mating occurs in both 
the spring and autumn (Bishop, 1941a; Organ, 1961), but egg laying occurs in late spring 
and early summer.  Female Santeetlah duskies oviposit sometime between mid-May and 
early July (Hom, 1987; Jones, 1986), laying 20 or so eggs under moss mats (Jones, 1986; 
Tilley, 1988) and probably other sites used by northern duskies, who typically attach two 
dozen or so eggs in grape-like fashion to the undersides of rocks in streams, in leaves and 
clumps of moss near streams, or in rotting logs (Bishops, 1941a).  Female northern dusky 
salamanders brood and aggressively protect their clutches for the seven- to eight-week 
incubation period (Juterbock, 1986), during which time they spend little time foraging, 
and it is likely that female Santeetlah duskies do the same.  Hatchling Santeetlah duskies 
appear throughout July and August, and larvae metamorphose the next summer when 
they are about ½ inch in total length (Jones, 1986).  Growth is steady the first three to 
four years of life in northern dusky salamanders (Danstedt, 1975), and likely Santeetlah 
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dusky salamanders as well.  In Santeetlah duskies, sexual maturity is attained when 
individuals are about 2¼ inches in total length, when males reach two and females three 
years of age (Jones, 1986). Females northern duskies from mountainous areas breed 
biennially (Organ, 1961), as might female Santeetlah duskies.   
 
Adult Santeetlah dusky salamanders generally remained within a 50-foot section of a 
stream during a two-year study period (Hom, 1987), which appears similar to some of the 
information available for adult northern dusky salamanders.  In the latter species, adults 
have a home range of about 10 feet of stream (Barthalmus and Bellis, 1972), where they 
forage on  terrestrial and aquatic arthropods and mollusks (Barbour and Lancaster, 1946; 
Krzysik, 1979; Sites, 1978).  
 
The Santeetlah dusky salamander is an excellent bio-indicator of forest health, and 
numbers within its restricted geographic distribution appear healthy.  Nonetheless, the 
only recent North Carolina records are from Graham County.  It is listed as Significantly 
Rare in North Carolina by the NCNHP, but it is not included on any federal lists.     
 
 
Pygmy salamander 
Desmognathus wrighti 
 
This is the smallest salamander in the region, seldom reaching 2 inches in total length.  It 
has the typical Desmognathus characters--nasolabial grooves, a pale line extending from 
the back of the eye to the angle of the jaw, and no lungs.  There are 13 or 14 costal 
grooves, five uncornified toes in each hind foot, and the tail, circular in cross section 
throughout its length, is less than half the animal’s total length.  In coloration, the pygmy 
salamander has a reddish-bronze dorsal stripe, flanks that grade from dark near the back 
to silvery near the belly, and an unpigmented venter.  The pygmy salamander and 
seepage salamander resemble each other, the top of the head of the former is rugose 
(rough to the touch) rather than smooth, the dorsal stripe is comprised of a conspicuous 
herringbone pattern rather than an absent or poorly developed herringbone pattern, the 
belly is unmarked rather than mottled, and in males the mental gland is U-shaped and 
extends posteriorly to the angle of the jaw rather than kidney-bean shaped and limited to 
the anterior edge of the lower jaw.  Juvenile and adult pygmy salamanders resemble each 
other, except that juveniles have conspicuous spots (Martof et al., 1980). 
 
The pygmy salamander is endemic to the higher mountain ranges of the Blue Ridge 
Province in western North Carolina and adjacent parts of southwestern Virginia and 
eastern Tennessee (Petranka, 1998), where it inhabits rich mesophytic cove and spruce-fir 
forests (Hairston, 1949; Tilley and Harrison, 1969).  In many ways it is the ecological 
equivalent of the seepage salamander--both are tiny and secretive, and both lack a true 
aquatic larval stage and frequently are found far from running water.  However, these 
species differ in two important ways.  First, the pygmy salamander tends to inhabit rich 
cove and spruce-fir forests at higher elevations (>2,750 feet) rather than the mesic 
hardwood forests at slightly lower elevations favored by the seepage salamander.  
Second, the geographic distributions of these species do not overlap, save for a couple of 
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old-growth hardwood sites in the Nantahala Mountains.  In southwestern North Carolina, 
the pygmy salamander is known from the Nantahala, Cowee, Great Smoky, Plott Balsam, 
and Great Balsam mountains (Bruce, 1977; Rubin, 1971; Tilley and Harrison, 1969), and 
it inhabits the upper reaches of the Nantahala, Little Tennessee, West Fork, and 
Tuckasegee River drainages.  The pygmy salamander is not known from the Hiwassee 
River watershed. 
 
Courtship occurs in the spring (April and May) and autumn (September and October), 
and both sexes are annual breeders (Tilley, 1968).  Courtship involves a lot of biting, 
which is unusual among most desmognathines (Promislow, 1987).  Females lay clusters 
of about six to 10 eggs in subterranean cavities near a stream head, seep, or moist refuge, 
and they curl around their eggs during the developmental period.  Embryos resorb their 
gills before hatching, at which time they are less than ½ inch in total length (Organ, 
1961).  Males reach sexual maturity at 3½ years of age, when they are about 1 inch in 
total length; females reach sexual maturity a year later, but they do not lay their first 
clutch of eggs until they are five years old (Organ, 1961). 
 
The pygmy salamander is most active on humid or rainy nights.  It frequently climbs 
vegetation, where it can forage on small invertebrates while avoiding larger (predaceous) 
terrestrial salamander species.  Moreover, it is the most terrestrial of its desmognathine 
guild (Hairston, 1987), thereby avoiding the larger and predaceous lotic species of 
salamanders.  Individuals also have been observed during the day under rocks, logs, and 
leaf litter, where they remain motionless in defense posture (Dodd, 1990).  This 
salamander, although seldom abundant anywhere in its range, is widespread on the 
loftiest peaks of the southern Appalachian Mountains.  In southwestern North Carolina, 
there are numerous records from Graham, Swain, Macon, and Jackson counties.  The 
pygmy salamander is not listed in North Carolina, where much of its favored mesophytic 
cove and spruce-fir habitat exists; however, it was included in the list of PETS species by 
the USFWS because little is known about this southern Blue Ridge endemic. 
 
 
Longtail salamander 
Eurycea l. longicauda 
 
The longtail salamander grows to almost 8 inches in total length and, as its name implies, 
it has a long tail as an adult (approximately 60% total length).  Tail length, however, is 
dependent on age.  Larvae and recently transformed juveniles have relatively short tails 
(<50% total length), but the tail grows disproportionately after sexual maturity is attained.  
This colorful salamander is yellowish- to reddish-orange with irregularly-shaped blackish 
spots down the back and on the tops of the legs, it has numerous blackish spots on the 
sides, and it has blackish, vertical, dumbbell-shaped bars on the tail that sometimes form 
a herringbone pattern; the belly is pale and unmarked.  The longtail salamander has 13 or 
14 costal grooves and five toes on each hind foot (Petranka, 1998).  Larvae are well 
adapted for an aquatic existence.  They have well-developed gills and a dorsal fin that 
extends forward to the pelvis.  Initially they are cream colored, with melanophores on 
their dorsal surfaces and often on the throats, but their backs become greenish- to 
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brownish-gray, some with a weakly defined mid-dorsal stripe, and their sides become 
darker as they approach transformation.  Transforming individuals continue to darken on 
the sides and chin region.   
 
The longtail salamander is associated with moist to wet microhabitats in the Appalachian 
and Ozark mountains--limestone, slate, or shale outcroppings, mines and caves, and 
under rocks and logs along the edges of streams and seepages in hardwood forests and 
floodplains containing semi-permanently inundated depressions and small ponds 
(Anderson and Martino, 1966, 1967; Ireland, 1979; Minton, 1972; Mount, 1975).  In the 
eastern United States, its geographic distribution extends from southern New York to the 
southernmost limit of the Cumberland Plateau in northern Alabama, and thence westward 
across the Ohio River drainage to the Ozark Plateau (Conant and Collins, 1998).  The 
longtail salamander is relatively common in suitable habitat on the Tennessee side of the 
Great Smoky Mountains National Park (Huheey and Stupka, 1967).  On the North 
Carolina side, however, the only recent (<20 years old) record is from the Unicoi 
Mountains in Graham County.  In addition, there are a couple of historic records (>20 
years old) from the Nantahala Reservoir in Macon County, one from a steep shoreline 
with slate outcroppings at the mouth of Clear Creek and another from the floodplain 
where the Nantahala River enters Nantahala Reservoir, and there are historic records 
from Alleghany, Haywood, and Watauga counties (LeGrand et al., 2001).  There are no 
records from Jackson County.  There is scant voucher material from North Carolina 
(Field Museum of Natural History, Museum of Comparative Zoology at Harvard 
University, Museum of Zoology at the University of Michigan, and N.C. State Museum 
of Natural Sciences). 
 
Courtship commences in mid-autumn (Cooper, 1960) and continues until spring 
(Hutchinson, 1956; Ireland, 1974; Rossman, 1960).  Females breed annually, they likely 
deposit small groups of eggs in several areas rather than one large egg mass in one area, 
and they are incapable therefore of brooding their eggs.  Eggs are attached one at a time 
to wet rocks in caves, mines, and underground havens.  The length of the incubation 
period, which varies between four and 12 weeks, and the rate of larval growth depend on 
temperature (Ireland, 1974).  Hatchlings have been found from November through March 
(Ireland, 1974; Rossman, 1960; Rudolph, 1978).  Larvae typically transform in June and 
July of their first year, when they are about 1½ inches in total length, although some 
individuals transform the following spring (Anderson and Martino, 1960; Franz and 
Harris, 1965; Huheey and Stupka, 1967).  Males and females reach sexual maturity two 
years after transformation, at which time they are about 3½ inches in total length 
(Anderson and Martino, 1966; Ireland, 1974).  Adults tend to concentrate at secure sites--
mines, caves, and crevices among horizontal slabs of rock--for much of the year 
(September to April) but they move to the vicinity of depressions and small ponds in the 
surrounding forest during the remainder of the year (Anderson and Martino, 1967; Franz, 
1967; Mohr, 1944). 
 
Larvae forage on a wide variety of aquatic invertebrates, including crustaceans, mollusks, 
and insects (Rudolph, 1978), whereas adults consume earthworms, insects, arachnids, and 
myriapods (Anderson and Martino, 1967).  The longtail salamander is distributed widely 
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in the Ohio River Basin and the Appalachian Mountains, and it is common throughout 
much of this range.   Therefore, it currently is not listed by the USFWS.  The State of 
North Carolina, however, considers the longtail salamander to be imperiled to critically 
imperiled and vulnerable to very vulnerable to extirpation (LeGrand et al., 2001).  
 
Junaluska salamander 
Eurycea junaluska 
 
The Junaluska salamander resembles the Blue Ridge two-lined salamander, so much so 
that they were not considered distinct species until 1976 (Sever et a., 1976).  The 
Junaluska salamander is dull greenish-brown with scattered darker spots above, 
becoming paler on the sides and especially the unmarked belly.  A poorly defined 
dorsolateral stripe extends from the nostril, through the eye, and down the side to the tail, 
where it becomes broken.  The tail of the Junaluska salamander constitutes about half the 
total length of the individual.  In contrast, the Blue Ridge two-lined salamander is bright 
yellowish-orange with irregularly shaped blackish spots on the dorsum, it has a bold 
dorsolateral stripe running continuously down each side and onto the tail, where it 
becomes broken along its distal half, and its unmarked belly is pale yellowish.  The tail of 
the Blue Ridge two-lined salamander constitutes about 55% of the animal’s total length.  
The Junaluska salamander grows to 4 inches in total length, it has 14 costal grooves, and 
it has five toes on each hind foot.  In addition, it has relatively long front and hind limbs, 
such that when the limbs are folded toward each other against the body, only one costal 
groove is exposed (Conant and Collins, 1998).  Larvae of the Junaluska and Blue Ridge 
two-lined salamanders so similar that they are difficult to distinguish from each other, but 
the former is stockier, its dorsal surface is greenish-brown rather than yellowish, and its 
belly lacks iridiophores (Bruce, 1982; Petranka, 1998). 
 
The Junaluska salamander resides under rocks and logs adjacent to streams and small 
ponds in moist hardwood forests.  It has an extremely restricted geographic distribution 
and is known only from elevations below 2,400 feet in southwestern North Carolina 
(Cherokee, Clay, and Graham counties) and southeastern Tennessee (Monroe and Sevier 
counties) (LeGrand et al., 2001; Petranka, 1998; Sever, 1983a).  Individuals are known 
from Peachtree Creek in Cherokee County and the Cheoah River drainage in Graham 
County, North Carolina, and from Fighting Creek in Sevier County and the Tellico River 
in Monroe County, Tennessee.  The only record of a Junaluska salamander from the 
vicinity of the Duke Power-Nantahala Area came from Peachtree Creek at U.S. Hwy 64 
in Cherokee County, approximately six miles downriver from the Hiwassee Reservoir.  
The Junaluska salamander is not known from Macon or Jackson counties. 
 
There is a scant amount of information on the reproductive biology of this species, and 
much of what is known is anecdotal because most observations have occurred on rainy 
nights when salamanders are crossing the roads.  Courtship occurs throughout the 
autumn, winter, and early spring months (Sever, 1979), when adults move to breeding 
streams (Sever, 1983b).  Each female attaches a clutch of 30 to 50 eggs one at a time to 
the underside of a rock in a stream channel in April or May and broods the clutch until 
they hatch in early summer (Bruce, 1982).  Hatchlings are about ½ inch in total length, 
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and they grow to reach about 3 inches in total length by their second summer, when they 
typically transform; however, some individuals transform during their first or third 
summer (Bruce, 1982; Petranka, 1998). 
 
Little is known about this rare and extremely localized salamander.  It was not recognized 
as distinct until 1976, when it was described (Sever et al., 1976).  In particular, 
competitive interactions between it and the Blue Ridge two-lined salamander need to be 
examined, both as larval and adult competitors.  The Junaluska salamander is listed as 
Special Concern by USFWS and NCWRC, and it is considered imperiled and vulnerable 
to extirpation in North Carolina because of its rarity. 
 
 
Four-toed salamander 
Hemidactylium scutatum 
 
The four-toed salamander is easily identified by the irregularly-shaped black spots on its 
white belly, the presence of four toes on each hind foot, and the conspicuous constriction 
around the base of its tail.  Its back is brownish and the sides of grayish-brown above and 
grayish-white below, and there are 13 or 14 costal grooves.  The tail, which is circular in 
cross-section throughout its length, usually constitutes more than half the animal’s total 
length.  Adults average about 3½ inches in total length, but females are larger than males 
in head and body length and males have proportionately longer tails (Berger-Bishop and 
Harris, 1996; Bishop, 1941a; Blanchard and Blanchard, 1931).  Hatchlings are yellowish-
brown above, they are about ½ inch in total length, and they have a dorsal fin that extends 
to the shoulders (Bishop, 1919).  This species is unusual in that it can autotomize its tail 
at the constriction.  The autotomized tail wiggles in the same manner as in many lizards, 
thereby distracting potential predators. 
 
The four-toed salamander is a denizen of mossy vernal ponds and bogs in hardwood 
forests from Nova Scotia and the Great Lakes southward to the Gulf Coast.  It currently 
exists in every state east of the Mississippi River; however, its distribution is 
discontinuous, especially in the southern and western portions of its range (Petranka, 
1998).  There are no recent records (<20 years old) from southwestern North Carolina, 
but there are historic (>20 years old) and obscure (date of occurrence unknown) records 
from Cherokee, Graham, Clay, Macon, Henderson, Buncombe, and Polk counties 
(LeGrand et al., 2001).  Four-toed salamanders have been taken at Topton in Graham 
County and from near Andrews in Cherokee County, North Carolina, and voucher 
material from those sites is deposited at the University of Michigan’s Museum of 
Zoology and the Field Museum of Natural History, respectively.  The Topton site is about 
4 miles of the Beechertown Power Station on the Nantahala River.  Otherwise, there are 
no records of this species from the FERC project areas. 
 
There is little published information about reproduction in the southern part of four-toed 
salamander’s range, especially the disjunct populations, but a Michigan population 
courted from early autumn to early winter and females migrated from winter refugia to 
nesting sites in April (Blanchard, 1934b; Breitenbach, 1982).  Migration and oviposition 
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occurs earlier in southern and less mountainous populations, and in North Carolina 
oviposition occurs in March (Martof et al., 1980).  Females typically lay eggs in mossy 
clumps growing on the steep banks and exposed roots along the margins of venal ponds, 
swamps, and slow-moving streams and on small moss-covered hammocks in these 
wetland habitats; however, egg clusters also have been found in clumps of sedges and 
grasses, in leaf litter, and under bark (Bishop, 1919, 1941a; Blanchard, 1923; 
Breitenbach, 1982; Wood, 1955).  Egg laying generally occurs during a two- to three-
week period in each localized population (Blanchard, 1923; Harris and Gill, 1980; Wood, 
1955), occurring in February and early March in Tennessee, the Carolinas, and Virginia 
(Gentry, 1955; Martof et al., 1980), and 30 to 35 congregating females have been know 
to share a single nest site (Blanchard, 1934a).  During oviposition, which can last from 12 
to 72 hours (Harris et al., 1995), each female turns upside down and attach 30 to 50 eggs, 
one at a time, to anything forming the roof of the nesting cavity (Bishop, 1941a).  Each 
female broods her own clutch unless it is part of a communal clutches, in which case 
brooding typically is performed by the first female to lay eggs (Harris et al., 1995) or 
shared by a couple of females (Blanchard, 1934a; Breitenbach, 1982).  The incubation 
period is 52 to 62 days (Bishop, 1941a; Wood, 1955).  Hatching occurs in May in North 
Carolina (Martof et al., 1980).  Larvae live in the water for three to six weeks, when they 
are almost 1 inch in total length, and then emerge as terrestrial juveniles (Berger-Bishop 
and Harris, 1996; Blanchard, 1923).  They mature one to two years later, when they are 2 
to 2½ inches in total length  (Blanchard and Blanchard, 1931; Wood, 1953). 
 
The splintered range of the four-toed salamander indicates that it once had a more 
widespread and continuous distribution that coincided with the eastern deciduous forest.  
Before Europeans colonized North America, beavers contributed to the maintenance of 
vernal ponds, swamps, bogs, and marshes in these old-growth forests.  The mature forests 
have been cut since then, sometimes many times over, and the role of beavers has been 
diminished greatly.  Largely because of the loss of these breeding ponds and a 
commensurate reduction in overall abundance, the four-toed salamander is listed as 
Special Concern by North Carolina.  Furthermore, it is listed by all other states in the 
mid-eastern United States, where it exists in scattered disjunct populations.  It is not 
included on any federal lists. 
 
 
Southern Appalachian salamander 
Plethodon oconaluftee 
 
This relatively large dark grayish to blackish salamander reaches 8 inches in total length.  
It has small irregularly shaped whitish spots on the back and especially on the sides, and 
it often has reddish spots on the legs; the belly is grayish and the throat and chin are 
whitish (Conant and Collins, 1998).  In addition, it typically has 16 costal grooves, it 
lacks the pale stripe between the eye and the angle of the jaw, it has five toes on each 
hind foot, and its tail is circular in cross-section throughout its length.  Another trait used 
to identify the southern Appalachian salamander is its sticky skin-gland secretions, which 
adhere obstinately to the skin of its handler.  Close relatives also produce glue-like 
secretions from skin glands, but the geographic distributions of members in this group of 
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related salamanders seldom overlap so it is possible to use this unpleasant reminder, in 
conjunction with the location of handling, as a clue to their identifications. 
 
The southern Appalachian salamander is restricted to the mountain ranges found west of 
the French Broad River in western North Carolina and adjacent parts of eastern 
Tennessee; in addition, there are scattered populations in northwestern Georgia and 
western South Carolina (Petranka, 1998).  It is most abundant in mature deciduous forests 
in elevation up to about 5,000 feet in the Great Smoky, Plott Balsam, Great Balsam, and 
Cowee mountains and the Highlands Plateau.  Hybrids between it and both the red-
cheeked and red-legged forms of Jordan’s salamander (Plethodon jordani) are known 
from the Great Smoky Mountains and from the Cheoah, Snowbird, and Nantahala 
mountains, respectively (Bishop, 1941b; Highton, 1970, 1983; Highton and Henry, 
1970), and hybrids between it and the slimy salamander (Plethodon glutinosus) are 
known from the Unicoi Mountains and, from there, a couple of isolated locations to the 
southwest (Highton, 1983, 1995). 
 
Reproductive patterns of the southern Appalachian salamander are largely unknown, but 
they presumably are similar to those of Jordan’s and slimy salamanders given the 
existence of hybrids.  For the latter two species (Petranka, 1998, and references cited 
therein), courtship generally occurs from mid-summer to mid-autumn.  Males mate 
annually and produce a spermatophore every week or so.  Females have a biennial mating 
strategy--each female courts, picks up spermatophores from one or more males, and then 
lays eggs in underground nests the following year, from late spring to early summer.  
Females probably guard the eggs during the two- to three-month developmental period, 
resulting in the biennial mating strategy.  Hatchlings emerge the following year in late 
summer or early autumn.  Juveniles resemble adults in shape and color.  Female southern 
Appalachian salamanders reach sexual maturity at about five years of age (Hairston, 
1983). 
 
Juveniles and adults are most active from spring to autumn, especially on rainy nights, 
when they feed at ground level, primarily on insects and millipedes but also on spiders, 
slugs, and earthworms (Powders and Tietjen, 1974; Rubin, 1969).  This species appears 
to be in little danger of loss of habitat given that much of its geographic distribution is 
under federal ownership (Petranka, 1998).  Moreover, several populations maintained 
steady numbers during a relatively recent 20-year study (Hairston and Wiley, 1993), 
suggesting that the southern Appalachian salamander appears to be in little danger from 
global warming or acid rain.  In North Carolina, the southern Appalachian salamander is 
relatively abundant in suitable habitat (Hairston and Wiley, 1993), and it is not included 
on any federal or state list.  It was added to the list of PETS species at the request of 
Duke Power.   
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Mountain chorus frog 
Pseudacris brachyphona 
 
The mountain chorus frog is known as the “frog with the reversed parentheses” because 
of dark marking located on either side of the middle of the back; however, the 
parentheses are sometimes incomplete and they sometimes touch, forming an X or H 
(Conant and Collins, 1998).  Mountain chorus frogs also have a dark area between the 
eyes that resembles a triangle with its apex pointed posteriorly, they have a dark stripe 
that extends, typically continuously but sometimes not, along each side from the nostril to 
the side of each hind leg, and they have a faint whitish line on the upper lip.  The 
background color on the dorsum is pale greenish- to grayish-brown, and the darker areas 
are pigmented more heavily.  The belly is whitish in both sexes, but the throat region is 
pale in females and brownish-gray in courting males because of their elastic vocal 
patches (Martof et al., 1980), and the undersides of the hind legs are yellowish (Hoffman, 
1980).  As in all species of chorus frogs (genus Pseudacris), there is little webbing 
between the toes and the toe pads are moderately developed between that seen in cricket 
frogs (genus Acris) and tree frogs (genus Hyla). 
 
The mountain chorus frog is an upland species that inhabits hardwood forests that are less 
than 3,500 feet in elevation.  Its geographic distribution consists of three disjunct 
populations that essentially coincides with the Appalachian Plateau.  The northernmost 
population extends from southwestern Pennsylvania southwestward to north-central 
Tennessee, the southernmost population occurs in northern Alabama and adjacent parts of 
northern Mississippi and south-central Tennessee, and the third population is restricted to 
extreme western North Carolina, southwestern Tennessee, and north-central Georgia 
(Conant and Collins, 1998).  In North Carolina, there are two records from Cherokee 
County, one from near Murphy and another from Andrews, from the 1950’s (Schwartz, 
1955).  In addition, there are current (<20 years old) and historic (>20 years old) records 
from Cherokee and Haywood counties, respectively (LeGrand et al., 2001).  These 
locations are well outside the FERC project areas, with the possible exception of the 
Mission Reservoir area. 
 
Individuals spend most of the year on the ground on wooded slopes and the tops of hills 
far from water; however, during the breeding season they congregate in depressions, 
ditches, springs, and other small bodies of water for courtship.  Courting individuals 
seldom climb, preferring to hide in thick vegetation or fallen leaves on the ground near 
water, in clumps of vegetation in or immediately adjacent to water, or submerged up to 
the neck in water (Schwartz, 1955).  Courtship extends from December to April in 
Alabama (Mount, 1975) and February to April in the Carolinas and Virginia (Martof et 
al., 1980) and is especially prevalent after lengthy winter rains create temporarily flooded 
pastures and other low-lying areas.  During courtship, males call to females.  The call is 
unusual because of its brevity, lasting 300 to 500 milliseconds (Thompson and Martof, 
1957), and is said to resemble the sound of a turning wagon wheel that lacks lubrication.  
Females lay 300 to 400 eggs in clusters of 10 to 50, attaching them to submerged 
vegetation and detritus (Green, 1938), and the male fertilizes them externally.  The eggs 
hatch in four to five days, and tadpoles at this time are approximately 1/5 inch in total 
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length.  Tadpoles transform in 50 to 56 days (Martof et al., 1980) when they are about 1½ 
inches in length.  Froglets are almost 1/3 inch in total length at transformation and they 
grow to reach 1½ inches in total length as adults. 
 
The mountain chorus frog has a relatively wide geographic distribution in Pennsylvania, 
Ohio, West Virginia, Kentucky, and Alabama, and as such it is not listed on any federal 
lists.  However, its numerous disjunct populations indicate that the mountain chorus frog 
once had a more extensive geographic distribution.  Because timber practices and 
development are more likely to affect smaller populations, states with marginal or small 
disjunct populations are most susceptible to the likelihood of this species becoming 
extirpated due to habitat modification.  In North Carolina, where the mountain chorus 
frog is rare to extirpated, it is considered to be critically imperiled because of its extreme 
rarity. 
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4.0 SURVEY METHODS 
 
A list of the amphibian species that were the focus of this survey was compiled after 
consultation with project stakeholders.  Species that might occur in the FERC project 
areas include the common mudpuppy, eastern hellbender, mole salamander, green 
salamander, seepage salamander, Santeetlah dusky salamander, pygmy salamander, 
longtail salamander, Junaluska salamander, four-toed salamander, southern Appalachian 
salamander, and mountain chorus frog.  Some of these species have not been reported 
near the project areas, but they were included in the list of PETS by one or more project 
stakeholders.  Surveys for all the aforementioned species were undertaken, figuring that 
range extensions were possible given that little is known about some of these species, 
especially in the FERC project areas. 

 
In order to adequately survey the amphibian fauna in the riparian habitats in the FERC 
project areas, a total of 32 full days were spent in the study region.  Field surveys 
consisted of traditional techniques in areas thought to harbor PETS species, focusing both 
on areas that provided the narrow habitat requirements used by stenotypic species, such 
as the green salamander, and on specific localities where specimens of PETS species had 
been reported previously.   Daytime surveys were rotated among sites in close proximity 
and typically involved spending 1 to 2 hours at each site.   If the site was unusually large 
(areas below Nantahala, Glenville, Thorpe, and Tanasee dams) or they involved the use 
of a canoe or boat (Mission, Nantahala, Emory, West Fork, Glenville, Cedar Cliff, and 
Bear Creek reservoirs) where they included 4 to 8 hours of survey for each site.  At least 
one 2- to 3-hour nocturnal survey was conducted at most FERC project areas.  Creeks 
and their adjacent slopes were canvassed on foot, turning over rocks and logs; crevices in 
rock walls were examined; and a limited amount of pitfall trapping and seining was 
conducted in terrestrial and aquatic sites conducive to those survey techniques, 
respectively.   
 
Pitfalls consisted of #10 cans buried with their lips flush with the ground.  Five pitfalls 
were set in a cross-shaped array connected by hardware cloth fencing--one can was at 
each end of two 25-ft perpendicular lines that bisected the fifth can in the middle of the 
array.  The number of arrays needed were determined based on the size of the study area.  
Arrays were scattered throughout the Mission (3 arrays at one site) and Nantahala (11 
arrays at three sites) study regions in an attempt to sample the diversity of habitats 
available.  Pitfalls at Mission Reservoir were capped with roofing shingles at the end of 
first survey period to prevent the accumulation of target and non-target species, and 
pitfalls were removed at the end of the last survey period at all sites where they were 
used.  Three 75-foot passes with a 25-ft seine were used to sample the upper end of the 
West Fork Reservoir.  Most sites were accessible on foot, but it was necessary to use a 
canoe or boat to reach some sites on Mission, Nantahala, Emory, Glenville, Cedar Cliff, 
and Bear Creek reservoirs.  In general, survey effort was proportionate to the amount of 
area and suitable habitat at each site.  Therefore, Nantahala Reservoir and its associated 
FERC project area had the most survey sites (16), followed by the Tanasee Creek-Wolf 
Creek-Bear Creek-Cedar Cliff complex (12), Glenville-West Fork complex (12), Emory 
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(11), Dillsboro (5), Mission (4), and Ela (4), and the number of visits and amount of time 
in each of the aforementioned project areas followed a similar trend.    
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5.0 RESULTS AND DISCUSSION 
 
The most ubiquitous and numerically abundant species of salamanders encountered 
during the survey period were those commonly associated with clear fast-flowing brooks 
and streams or stagnant pools that had few, if any, predaceous fish (Table 2).  These 
salamanders included the red-spotted newt (Notophthalmus v. viridescens), blackbelly 
salamander (Desmognathus quadramaculatus), seal salamander (Desmognathus 
monticolus), northern dusky salamander (Desmognathus fuscus), Blue Ridge two-lined 
salamander (Eurycea wilderae), and three-lined salamander (Eurycea guttolineata).  
Newts were abundant in stagnant pools and ditches, whereas the other salamanders were 
common to abundant in brooks and streams feeding the reservoirs and lotic habitats 
immediately below dams.  The shovelnose salamander (Leurognathus marmoratus) was 
present in much lower densities in the brooks and steams surveyed.  The largest 
concentration of salamanders was encountered in late September on the north-facing rock 
wall below Glenville Dam, where scores of red-spotted newts and four species of 
desmognaths were active.  The greatest diversity of salamanders was encountered  in 
mid-October in the pools below Nantahala Dam, where seven species of salamanders 
were observed (Table 2).    
 
Slopes and seepages associated with the streams and pools mentioned above also were 
surveyed, and the marbled salamander (Ambystoma opacum), Ocoee salamander 
(Desmognathus ocoee), Jordan’s salamander (Plethodon jordani), southern redback 
salamander (Plethodon serratus), and blackchin salamander (Pseudotriton ruber 
schencki) were observed (Table 2).  In general, these salamanders were encountered less 
frequently than those listed in the preceding paragraph because less survey effort was 
expended in the wooded slopes and depressions adjacent to the FERC project areas where 
they would be expected to be somewhat more abundant.  Nonetheless, surveys did extend 
beyond the FERC project area boundaries on occasion because these species rely to some 
extent on the brooks, streams, and pools for part of their lives and these species may be 
affected by project operations and maintenance measures. 
 
The most ubiquitous and numerically abundant species of frogs encountered during the 
survey period were the bullfrog (Rana catesbeiana) and northern spring peeper 
(Pseudacris c. crucifer), two species associated with lentic habitats with shorelines 
dominated by dense herbaceous vegetation or brushy second growth (Table 2).  Four 
other species of frogs and toads were encountered by sight or sound during the amphibian 
surveys, including the gray treefrog (Hyla chrysoscelis or H. versicolor), green frog 
(Rana clamitans melanota), wood frog (Rana  sylvatica), and American toad (Bufo 
americanus), but they occurred in lower densities and were infrequently encountered.  
 
No amphibian species classified as PETS were encountered during the survey period; 
however, eastern hellbenders were encountered by other survey groups (Fraley, 2002; 
and incidental catch information associated with the fisheries survey) at many sites 
(Table 3).  The lengths and weights of these individuals indicate healthy populations in 
the Hiwasee, Oconaluftee, and Tuckasegee River systems, with most individuals of  
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Table 2.  List of amphibian and reptile species observed at 64 sites in Clay, Jackson, 

and Macon counties, North Carolina, between June 2001 and January 2002 
for the Duke Power - Nantahala Area relicensing project.  Capitalized 
habitats from Schafale and Weakley (1990). 

 
SITE 

NAME 
RESERVOIR 

NAME 
HABITAT 

DESCRIPTION 
SPECIES OBSERVED AND NUMBER FOUND 

 
 
 

M1 

 
 

Mission 
Reservoir 

 
 
riverine, small to large submerged  and 
emergent rocks, shoreline sparsely 
vegetated; Rocky Bar & Shore   

Desmognathus fuscus (N. Dusky Salamander) (2) 
Desmognathus monticolus (Seal Salamander) (2) 
Eurycea wilderae (Blue Ridge Two-lined Salamander) (3) 
Hyla versicolor/chrysoscelis (Gray Tree Frog) (calling) 
Pseudacris c. crucifer (Spring Peeper) (calling) 

 
 

M2 

 
Mission 

Reservoir 

 
old roadbed and densely vegetated 
shoreline; Pine-Oak Forest and Sand 
&Mud Bar 

Notophthalmus v. viridescens (Red-spotted Newt) (ca 15) 
Bufo americanus (American Toad) (1) 
Pseudacris c. crucifer (Spring Peeper) (calling) 
Thamnophis s. sirtalis (Eastern Garter Snake) (1) 

 
M3 

Mission 
Reservoir 

rocky creek bed and densely vegetated 
shoreline; Rocky Bar & Shore and Sand 
& Mud Bar 

 
Rana catesbeiana (Bullfrog) (1) 

 
M4 

 
Mission 

Reservoir 

submerged and emergent vegetation 
around perimeter of open water and one 
rock wall; Sand & Mud Bar, Rocky Bar 
& Shore, and Spray Cliff 

 
Desmognathus fuscus  (N. Dusky Salamander) (7) 
Desmognathus monticolus (Seal Salamander) (5) 

 
Q1 

Queens Lake 
Reservoir 

 
rocky creek bed in hemlock forest; 
Canada Hemlock Forest 

 
Desmognathus monticolus (Seal Salamander) (5) 

 
Q2 

Queens Lake 
Reservoir 

riverine, moss-covered rocks in 
rhododendron forest; Rocky Bar & Shore 
and Rich Cove Forest  

Desmognathus monticolus (Seal Salamander) (3) 
Desmognathus quadramaculatus (Blackbelly Salamander) 
(2) 

 
Q3 

 
Queens Lake 

Reservoir 

 
riverine, submerged rocks, shoreline with 
boulders and sparsely vegetated; Rocky 
Bar & Shore and Rick Cove Forest   

Desmognathus fuscus  (N. Dusky Salamander) (1) 
Desmognathus monticolus (Seal Salamander) (2) 
Eurycea wilderae (Blue Ridge Two-lined Salamander) (1) 

 
N1 

Nantahala 
Reservoir 

riverine, small to large submerged and 
emergent rocks, sparsely vegetated 
shoreline; Rocky Bar & Shore and Rich 
Cove Forest   

Eurycea wilderae (Blue Ridge Two-lined Salamander) (9) 
Eurycea guttolineata (Three-lined Salamander) (2) 

 
N2 

Nantahala 
Reservoir 

lentic habitat with sparsely vegetated 
shoreline; Rich Cove Forest   

None observed 

 
N3 

 
Nantahala 
Reservoir 

riverine, small to large submerged rocks, 
with dense stand of alder in river; Rocky 
Bar & Shore, Rich Cove Forest, and 
Montane Alluvial Forest 

None observed 

 
N4 

 
Nantahala 
Reservoir 

 
mucky wetlands under  tunnels and 
sparsely vegetated shorelines adjacent to 
Dicks Creek; Rich Cove Forest 

Desmognathus monticolus (Seal Salamander) (1) 
Desmognathus quadramaculatus (Blackbelly 
Salamander)(2) 
Eurycea guttolineata (Three-lined Salamander) (1) 

 
N5 

Nantahala 
Reservoir 

lentic habitat with sparsely vegetated 
shoreline; Rich Cove Forest   

Desmognathus fuscus  (N. Dusky Salamander) (1) 
Desmognathus monticolus (Seal Salamander) (3) 

 
 
 
 
 
 

N6 

 
 
 
 
 
 

Nantahala 
Reservoir 

 
 
 
 
hardwood forests sloping to a variety of 
wetlands, including stagnant pools, 
beaver ponds, and lotic habitats, and rock 
walls; Rocky Bar & Shore, Sand & Mud 
Bar, Spray Cliff, Rich Cove Forest, and 
Montane Alluvial Forest  

Desmognathus fuscus (N. Dusky Salamander) (6) 
Desmognathus monticolus (Seal Salamander) (4) 
Desmognathus quadramaculatus (Blackbelly 
Salamander)(2) 
Eurycea wilderae (Blue Ridge Two-lined Salamander)(17) 
Eurycea guttolineata  (Three-lined Salamander) (5) 
Pseudotrition ruber schenki  (Blackchin Red 
Salamander)(1) 
Plethodon serratus (S. Redback Salamander)(1) 
Notophthalmus v. viridescens (Red-spotted Newt) (7) 
Pseudacris c. crucifer (Spring Peeper) (calling) 
Rana catesbeiana (Bullfrog) (3) 
Chelydra s. serpentina Snapping Turtle) (1) 
Terrapene c. Carolina (Box Turtle) (1) 
Diadophis punctatus edwardsii (N. Ringneck Snake) (1) 
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SITE 
NAME 

RESERVOIR 
NAME 

HABITAT 
DESCRIPTION 

SPECIES OBSERVED AND NUMBER FOUND 
 

 
N7 

Nantahala 
Reservoir 

rocky creek bed and adjacent hardwood 
forest; Rocky Bar & Shore and  Rich 
Cove Forest  

 
Desmognathus monticolus (Seal Salamander) (4) 

 
N8 

 
Nantahala 
Reservoir 

greatly disturbed habitat with sparsely 
vegetated shoreline adjacent to hardwood 
forest;  Sand & Mud Bar and Rich Cove 
Forest 

None observed 

 
 

N9 

 
 

Nantahala 
Reservoir 

 
rocky creek bed, small to large 
submerged and emergent rocks, and 
adjacent hardwood forest with sparsely 
vegetated shoreline; Rocky Bar & Shore, 
Sand & Mud Bar, and Rich Cove Forest 

Desmognathus fuscus  (N. Dusky Salamander) (5) 
Desmognathus monticolus (Seal Salamander) (4) 
Desmognathus ocoee (Ocoee Salamander) (3) 
Desmognathus quadramaculatus (Blackbelly 
Salamander)(3) 
Eurycea guttolineata (Three-lined Salamander) (1) 

 
 

N10 

 
Nantahala 
Reservoir 

 
small rocky creek bed and adjacent 
hardwood forest with densely vegetated 
shrub layer; Rocky Bar & Shore and 
Rich Cove Forest 

Desmognathus fuscus (N. Dusky Salamander) (3) 
Desmognathus monticolus (Seal Salamander) (3) 
Desmognathus ocoee (Ocoee Salamander) (1) 
Desmognathus quadramaculatus (Blackbelly 
Salamander)(2) 

 
 

N11 

 
Nantahala 
Reservoir 

 
rocky creek bed and adjacent hardwood 
forest with densely vegetated shrub 
layer; Rocky Bar & Shore, Canada 
Hemlock Forest, and Rich Cove Forest 

Desmognathus fuscus (N. Dusky Salamander) (2) 
Desmognathus monticolus  (Seal Salamander) (3) 
Desmognathus quadramaculatus (Blackbelly 
Salamander)(1) 
Plethodon jordani (Jordan’s Salamander) (2) 
Sceloporus undulatus hyacinthinus (N. Fence Lizard) (1) 

 
 

N12 

 
 

Nantahala 
Reservoir 

 
rocky creek bed, active beaver ponds and 
associated wetlands, and adjacent 
hardwood forest with densely vegetated 
shrub layer; Sand & Mud Bar, Rich Cove 
Forest, and Submerged Wetlands 

Ambystoma opacum (Marbled Salamander) (1) 
Desmognathus monticolus (Seal Salamander) (5) 
Desmognathus quadramaculatus (Blackbelly 
Salamander)(7) 
Leurognathus marmoratus (Shovelnose Salamander) (2) 
Eurycea wilderae (Blue Ridge Two-lined Salamander) (3) 

 
 
 

N13 

 
 

Nantahala 
Reservoir 

 
 
riverine, small to large submerged and 
emergent rocks, sparsely vegetated 
shoreline; Rocky Bar & Shore and Sand 
& Mud Bar 
  

Desmognathus fuscus (N. Dusky Salamander) (2) 
Desmognathus monticolus (Seal Salamander) (7) 
Desmognathus quadramaculatus (Blackbelly 
Salamander)(2) 
Eurycea wilderae (Blue Ridge Two-lined Salamander) (4) 
Notophthalmus v. viridescens (Red-spotted Newt) (6) 
Rana catesbeiana (Bullfrog) (1) 

 
E1 

Emory 
Reservoir 

riverine, small to large submerged and 
emergent rocks, sparsely vegetated 
shoreline; Rocky Bar & Shore and Sand 
& Mud Bar   

Eurycea guttolineata (Three-lined Salamander) (3) 
Nerodia s. sipedon (N.. Water Snake) (1) 

 
E2 

Emory 
Reservoir 

marsh with open water and submerged 
and emergent vegetation around 
perimeter; Sand & Mud Bar   

 
Pseudacris c. crucifer (Spring Peeper) (calling) 

 
E3 

Emory 
Reservoir 

marsh with submerged and emergent 
vegetation; Sand & Mud Bar   

Notophthalmus v. viridescens (Red-spotted Newt) (1) 
Pseudacris c. crucifer (Spring Peeper) (calling) 

 
E4 

 
Emory 

Reservoir 

 
marsh with open water and submerged 
and emergent vegetation around 
perimeter; Sand & Mud Bar   

Rana catesbeiana (Bullfrog) (7) 
Chelydra s. serpentina (Snapping Turtle) (3) 
Chrysemys p. picta (Painted Turtle) (20) 

 
E5 

 
Emory 

Reservoir 

 
marsh with open water and submerged 
and emergent vegetation around 
perimeter; Sand & Mud Bar   

Notophthalmus v. viridescens (Red-spotted Newt) (20) 
Rana catesbeiana (Bullfrog) (2) 
Chrysemys p. picta (Painted Turtle) (12) 

 
E6 

Emory 
Reservoir 

marsh with open water and submerged 
and emergent vegetation around 
perimeter; Sand & Mud Bar   

Notophthalmus v. viridescens (Red-spotted Newt) (25) 
Rana catesbeiana (Bullfrog) (1) 

 
E7 

Emory 
Reservoir 

marsh with open water and submerged 
and emergent vegetation around 
perimeter; Sand & Mud Bar   

 
Rana catesbeiana (Bullfrog) (calling) 

 
E8 

Emory 
Reservoir 

lentic, greatly disturbed habitat with 
sparsely vegetated shoreline; Sand & 
Mud Bar   

 
Rana catesbeiana (Bullfrog) 

 
E9 

Emory 
Reservoir 

lentic, greatly disturbed habitat with 
sparsely vegetated shoreline; Sand & 
Mud Bar   

Bufo americanus (American Toad) (1) 
Rana catesbeiana (Bullfrog) (3) 
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SITE 

NAME 
RESERVOIR 

NAME 
HABITAT 

DESCRIPTION 
SPECIES OBSERVED AND NUMBER FOUND 

 
 

E10 
Emory 

Reservoir 
lentic, greatly disturbed habitat with 
sparsely vegetated shoreline; Sand & 
Mud Bar     

None observed 

 
E11 

Emory 
Reservoir 

open water with submerged and 
emergent vegetation around perimeter; 
Sand & Mud Bar 

Chelydra s. serpentina (Snapping Turtle) (1) 
Chrysemys p. picta (Painted Turtle) (25) 

 
Ela1 

 
Ela Reservoir 

riverine, small to large submerged and 
emergent rocks, sparsely vegetated 
shoreline; Rocky Bar & Shore and Sand 
& Mud Bar     

None observed 

Ela2 Ela Reservoir densely vegetated shoreline; Sand and 
Mud Bar   

None observed 

 
Ela3 

 
Ela Reservoir 

rocky creek bed densely vegetated 
shoreline; Rocky Bar & Shore and Sand 
& Mud Bar 

None observed 

Ela4 Ela Reservoir densely vegetated shoreline; Sand & 
Mud Bar   

Rana catesbeiana (Bullfrog) (calling) 

 
D1 

Dillsboro 
Reservoir 

greatly disturbed habitat with sparsely to 
densely vegetated shoreline; Sand & 
Mud Bar 

 
Rana catesbeiana (Bullfrog) (1) 

 
D2 

Dillsboro 
Reservoir 

greatly disturbed habitat with sparsely to 
densely vegetated shoreline; Sand & 
Mud Bar 

 
Pseudacris c. crucifer (Spring Peeper) (calling) 

 
D3 

Dillsboro 
Reservoir 

greatly disturbed habitat with sparsely to 
densely vegetated shoreline; Sand & 
Mud Bar 

None observed 

 
D4 

Dillsboro 
Reservoir 

greatly disturbed habitat with sparsely to 
densely vegetated shoreline; Sand & 
Mud Bar 

 
Rana catesbeiana (Bullfrog) (calling) 

 
D5 

Dillsboro 
Reservoir 

greatly disturbed habitat with sparsely to 
densely vegetated shoreline; Sand & 
Mud Bar 

Pseudacris c. crucifer Spring Peeper) (calling) 
Rana catesbeiana (Bullfrog) (calling) 

 
G1 

 
West Fork 
Reservoir 

open water with submerged and 
emergent vegetation around perimeter, 
some greatly disturbed and sparsely 
vegetated, and one rock wall; Sand & 
Mud Bar and Spray Cliff 

 
Rana catesbeiana (Bullfrog) (2) 

 
G2 

West Fork 
Reservoir 

greatly disturbed habitat with sparsely to 
densely vegetated areas; Rocky Bar & 
Shore and Sand and Mud Bar 

Notophthalmus v. viridescens (Red-spotted Newt) (6) 
Thamnophis s. sirtalis (Eastern Garter Snake) (2) 

 
G3 

 
Glenville 
Reservoir 

 
small to large submerged  and emergent 
rocks, shoreline sparsely vegetated; 
Rocky Bar & Shore and Rich Cove 
Forest     

 
Desmognathus fuscus (N. Dusky Salamander) (3) 
Desmognathus monticolus (Seal Salamander) (3) 
Desmognathus quadramaculatus (Blackbelly 
Salamander)(1) 

 
 
 

G4 

 
 

Glenville 
Reservoir 

 
south-facing hardwood forests and north-
facing cove forests sloping to rocky 
stream with rhododendron thickets and 
sparsely vegetated shoreline; Acidic 
Cove Forest, Rich Cove Forest, and 
Rocky Bar & Shore   

Desmognathus fuscus  (N. Dusky Salamander) (3) 
Desmognathus monticolus (Seal Salamander) (1) 
Desmognathus ocoee (Ocoee Salamander) (4) 
Desmognathus quadramaculatus (Blackbelly 
Salamander)(1) 
Elaphe o. obsoleta (Black Rat Snake) (1) 

 
G5 

Glenville 
Reservoir 

small to large submerged  and emergent 
rocks, shoreline sparsely vegetated; 
Rocky Bar & Shore and Rich Cove 
Forest     

 
Desmognathus monticolus (Seal Salamander) (2) 

 
 
 
 

G6 

 
 
 

Glenville 
Reservoir 

 
 
hardwood forests sloping to a variety of 
wetlands, including wet cliffs, stagnant 
pools, and lotic habitats; Rocky Bar & 
Shore, Spray Cliff, Rich Cove Forest, 
and Montane Alluvial Forest 

Desmognathus fuscus (N. Dusky Salamander) (5) 
Desmognathus monticolus (Seal Salamander) (7) 
Desmognathus ocoee (Ocoee Salamander) (3) 
Desmognathus quadramaculatus (Blackbelly 
Salamander)(2) 
Eurycea guttolineata (Three-lined Salamander)(2) 
Notopthalmus v. viridescens (Red-spotted Newt) (35) 
Rana catesbeiana (Bullfrog) (50) 
Sceloporus undulatus hyacinthinus (N. Fence Lizard) (6) 
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SITE 
NAME 

RESERVOIR 
NAME 

HABITAT 
DESCRIPTION 

SPECIES OBSERVED AND NUMBER FOUND  

 
G7 

Glenville 
Reservoir 

greatly disturbed habitat with sparsely 
vegetated shoreline; Sand & Mud Bar 

 
Rana catesbeiana (Bullfrog) (calling) 

 
G8 

Glenville 
Reservoir 

greatly disturbed habitat with sparsely 
vegetated shoreline; Sand & Mud Bar 

None observed 

 
G9 

Glenville 
Reservoir 

greatly disturbed habitat with sparsely 
vegetated shoreline; Sand & Mud Bar 

None observed 

 
G10 

 
Glenville 
Reservoir 

 
rocky creek bed and densely vegetated 
shoreline; Rocky Bar & Shore and Rich 
Cove Forest 

Desmognathus monticolus (Seal Salamander) (1) 
Desmognathus ocoee (Ocoee Salamander) (5) 
Rana catesbeiana (Bullfrog) (1) 

 
G11 

Glenville 
Reservoir 

sparsely to densely vegetated shoreline in 
hardwood forest; Rocky Bar & Shore, 
Sand & Mud Bar, and Rich Cove Forest 

None observed 

 
G12 

Glenville 
Reservoir 

greatly disturbed habitat with sparsely 
vegetated shoreline; Sand & Mud Bar 

None observed 

 
C1 

 
Cedar Cliff 
Reservoir 

 
rocky creek bed and densely vegetated 
shoreline; Rocky Bar & Shore and 
Acidic Cove Forest 

Desmognathus fuscus (N. Dusky Salamander) (1) 
Desmognathus monticolus (Seal Salamander) (3) 
Desmognathus quadramaculatus (Blackbelly 
Salamander)(1) 

 
C2 

Cedar Cliff 
Reservoir 

dry cliffs, stagnant pools, and lotic 
habitats; Rocky Bar & Shore, Pine-Oak-
Heath Forest, and Acidic Cove Forest 

None observed 

 
C3 

 
Cedar Cliff 
Reservoir 

riverine, submerged and emergent rocks, 
shoreline with boulders and densely to 
sparsely vegetated; Rocky Bar & Shore 
and Acidic Cove Forest   

 
Desmognathus monticolus (Seal Salamander) (7) 
Desmognathus quadramaculatus (Blackbelly 
Salamander)(3) 

 
C4 

 
Cedar Cliff 
Reservoir 

 
rocky creek bed in hardwood forest; 
Rocky Bar & Shore and Acidic Cove 
Forest 

Desmognathus fuscus  (N. Dusky Salamander)(1) 
Desmognathus monticolus (Seal Salamander)(1) 
Desmognathus ocoee (Ocoee Salamander)(1) 

 
B1 

 
Bear Creek 
Reservoir 

greatly disturbed habitat with sparsely to 
densely vegetated shoreline and rocky 
creek bed in hardwood forest; Sand & 
Mud Bar, Rocky Bar & Shore, and 
Acidic Cove Forest 

None observed 

 
B2 

Bear Creek 
Reservoir 

dry cliffs, stagnant pools, and lotic 
habitats; Rocky Bar & Shore, Pine-Oak-
Heath Forest, and Acidic Cove Forest 

None observed 

 
B3 

Bear Creek 
Reservoir 

greatly disturbed habitat with sparsely to 
densely vegetated shoreline; Sand & 
Mud Bar 

None observed 

 
W1 

Wolf Creek 
Reservoir 

rocky creek bed in hardwood forest; 
Rocky Bar & Shore and Acidic Cove 
Forest 

Desmognathus monticolus (Seal Salamander)(3) 
Desmognathus ocoee (Ocoee Salamander)(2) 

 
 
 
 

W2 

 
 
 

Wolf Creek 
Reservoir 

 
 
hardwood forests sloping to a variety of 
wetlands, including wet cliffs, stagnant 
pools, and lotic habitats; Rocky Bar & 
Shore, Spray Cliff, Rich Cove Forest, 
and Montane Alluvial Forest 

Desmognathus fuscus (N. Dusky Salamander) (2) 
Desmognathus ocoee (Ocoee Salamander)(3) 
Notophthalmus v. viridescens (Red-spotted Newt) (1) 
Rana catesbeiana (Bullfrog) (7) 
Rana clamitans melanota (Green Frog) (15) 
Sceloporus undulatus hyacinthinus (N. Fence Lizard) (1) 
Elaphe o. obsoleta (Black Rat Snake) (1) 
Diadophis punctatus edwardsii (N. Ringneck Snake) (1) 

T1 Tanasee Creek 
Reservoir 

rocky creek bed in hardwood forest; 
Rocky Bar & Shore and Acidic Cove 
Forest 

Desmognathus quadramaculatus  (Blackbelly 
Salamander)(2) 
Eurycea wilderae (Blue Ridge Two-lined Salamander)(1) 

 
 

T2 

 
Tanasee Creek 

Reservoir 

 
riverine, submerged and emergent rocks, 
shoreline with boulders and densely 
vegetated; Rocky Bar & Shore and Rich 
Cove Forest   

Desmognathus fuscus  (N. Dusky Salamander)(2) 
Desmognathus monticolus (Seal Salamander) (1) 
Desmognathus quadramaculatus (Blackbelly 
Salamander)(3) 
Eurycea wilderae (Blue Ridge Two-lined Salamander) (2) 

 
 

T3 

 
 

Tanasee Creek 
Reservoir 

 
hardwood forests sloping to a variety of 
wetlands, including wet cliffs, stagnant 
pools, and lotic habitats; Rocky Bar & 
Shore, Spray Cliff, Rich Cove Forest, 
and Montane Alluvial Forest 

Desmognathus ocoee (Ocoee Salamander) (3) 
Desmognathus quadramaculatus (Blackbelly 
Salamander)(3) 
Rana catesbeiana (Bullfrog) (6) 
Rana sylvatica (Wood Frog) (4) 
Lampropeltis t. triangulum (E. Milk Snake) (1) 
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sufficient size to be sexually mature or approaching sexual maturity.  Some individuals 
were likely 20-25 years old given their sizes.  In addition to the specimens reported here, 
there are museum voucher specimens from the vicinity of FERC project areas on the 
Hiwasee River in Cherokee County (N.C. State Museum of Natural Science and the 
University of Michigan Museum of Zoology) and the Little Tennessee River in Macon 
County, ostensibly near the Emory Reservoir (U.S. National Museum of Natural 
History).  Moreover, there are NC Natural Heritage Program records from the last 20 
years from all counties in the mountain physiographic province except Ashe, Avery, and 
Swain counties, and there are historic records (>20 years old) from Ashe and Avery 
counties.   Given these records, it appears that the eastern hellbender is relatively 
ubiquitous in western North Carolina and that suitable habitat exists within the FERC 
project areas in the Hiwasee, Oconaluftee, and Tuckasegee drainages.  The status of the 
eastern hellbender in the Nantahala, Little Tennessee, and West Fork drainages remains 
enigmatic. 
 
There are records of several other PETS species, other than those for the hellbender, from 
the vicinity of the FERC project areas.  The common mudpuppy is essentially a 
Midwestern species that is relatively abundant in the Great Lakes region.  Its abundance 
and distribution becomes spotty south of the Ohio River, however, and in North Carolina 
it is known only on the basis of one specimen from Mills River (Henderson County), 
which flows into the French Broad River.  The NCHNP considers three counties--
Buncombe, Henderson, and Transylvania--as potential sites of occurrence based on this 
historic (>20 years ago) record (LeGrand et al., 2001), but these counties are east of the 
FERC project areas.  Other drainages in North Carolina thought to provide suitable 
habitat are the Hiwasee and Little Tennessee (Martof et al., 1980; Petranka, 1998); 
however, specimens were neither captured in the upper reaches of the West Fork 
Reservoir, which was seined on 4 September 2001, nor observed by the other survey 
groups working on the relicensing project, despite extensive survey work in both the 
Hiwasee and Little Tennessee River systems.  The status of the common mudpuppy in 
North Carolina also remains enigmatic.  
 
The mole salamander is primarily a denizen of cypress-gum swamps along the Gulf 
Coast, but in the Nantahala and southern Blue Ridge mountains it inhabits hardwood 
forests with ephemeral to permanent depressions that lack fish.  This species is listed as 
Special Concern in North Carolina, where it is considered imperiled because of its rarity.  
The NCNHP has current records (<20 years ago) from Buncombe, Cherokee, and Polk 
counties and historic records (>20 years ago) from Henderson, Transylvania, and Macon 
counties.  However, even with extensive survey work at suitable habitat, during this 
investigation in the Nantahala-Queens Creek complex and at the other FERC project 
areas this species was not documented in the region.    
 
In North Carolina, the green salamander is known only from the Highlands Plateau and 
southern Blue Ridge Escarpment, but throughout this region its distribution is spotty and 
the species is nowhere abundant.  It is most commonly found in deep, moist crevices on 
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Table 3.  Sites where eastern hellbenders (Cryptobranchus a. alleganiensis) 
were observed during the Duke Power - Nantahala Area licensing 
project (Fraley, 2002* and incidental fisheries survey data) 

 
River and 

Station or Mile 
Date Total 

length (mm) 
Weight 

(g) 
Hiwasee, Station 1 14 June 2001 68 3 
Hiwasee, Station 1 14 June 2001 330 267 
Hiwasee, Station 1 - 390 342 
Hiwasee, Station 2 13 June 2001 270 111 
Oconaluftee, Station 1 14 June 2001 358 314 
Oconaluftee, Station 1 14 June 2001 458 650 
Oconaluftee, Mile 0.5 - - - 
Tuckasegee, Station 1 28 May 2001 384 286 
Tuckasegee, Station 1 28 May 2001 343 257 
Tuckasegee, Station 1 28 May 2001 328 303 
Tuckasegee, Station 1 28 May 2001 397 461 
Tuckasegee, Station 1 20 July 2001 444 457 
Tuckasegee, Station 1   28 Sept 2001 454 454 
Tuckasegee, Station 2 29 May 2001 550 959 
Tuckasegee, Station 2 19 July 2001 242 82 
Tuckasegee, Station 3 19 July 2001 372 220 
Tuckasegee, Station 3 25 Oct 2001 481 640 
Tuckasegee, Station 3 25 Oct 2001 444 567 
Tuckasegee, Station 3 25 Oct 2001 340 307 
Tuckasegee, Station 3 25 Oct 2001 340 307 
Tuckasegee, Station 4 21 May 2001 209 50 
Tuckasegee, Station 4 6 Sept 2001 318 256 
Tuckasegee, Mile 32.6* - - - 
Tuckasegee, Mile 32.6* - - - 
Tuckasegee, Mile 43.6* - - - 
Tuckasegee, Mile 45.0* - - - 
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sandstone, granite, and schist rock faces and cliffs, so this type of habitat was a primary 
focus of the surveys.   There are no records of green salamanders in the vicinity of the 
Mission, Nantahala, Emory, Ela, or Dillsboro reservoirs, and suitable habitat was not 
found within the boundaries of these FERC project areas during the course of this survey.  
There are, however, records of green salamanders from Jackson County (south of the 
Tennessee Valley Divide in the vicinity of Cashiers) and suitable habitat was found 
within the FERC project boundaries at higher elevations on both the West Fork and 
Tuckasegee rivers (north of the Tennessee Valley Divide).  Nonetheless, specimens were 
not observed during the course of this investigation.  
 
In North Carolina, the seepage salamander is known from a wide range of elevations 
(1600 to 4600 feet) in the region between the Tanasee Ridge and the Unicoi Mountains.  
The type specimen is from Peachtree in Cherokee County and specimens have also been 
taken on Wayah Bald in Macon County, sites that are both within 10 miles of FERC 
project areas.  Little is known about the seepage salamander.  It inhabits seepages and 
smaller streams in hardwood forests, and it is not unusual to find individuals far removed 
from running water.  It is considered rare to uncommon in North Carolina and it is listed 
at Special Concern by the USFWS.  It was not encountered at the 64 survey sites during 
the course of this study; however, it likely occurs in the drainage systems of most, if not 
all, reservoirs associated with this relicensing project, but above the 10-foot contour over 
full pond elevation and hence outside the FERC project boundaries.   
 
The Santeetlah dusky salamander is found at higher elevations (>2200 feet) in the Great 
Balsam, Plott Balsam, Great Smoky, and Unicoi mountains of western North Carolina 
and eastern Tennessee.  In North Carolina, there are historic records (>20 years old)  
from Jackson and Swain counties and current records (<20 years ago) from Graham 
County.  This cryptic species closely resembles the northern dusky salamander and some 
authorities (Petranka, 1998) consider them synonymous.  All individuals from 
Tuckasegee River drainage system were identified as northern dusky salamanders, but 
small series of specimens from the Tanasee Creek, Wolf Creek, and Cedar Cliff 
reservoirs will be sent to Alvin Braswell, N.C. State Museum of Natural Science, so their 
identifications can be confirmed.  The Santeetlah dusky salamander does not occur in the 
other FERC project areas. 
 
The pygmy salamander is genetically similar to the seepage salamander; however, it 
tends to inhabit rich cove and spruce-fir forests at higher elevations.  This species lacks 
the aquatic larval stage and is usually encountered far from running water.  In 
southwestern North Carolina, it is known from the Nantahala, Cowee, Great Smoky, Plott 
Balsam, and Great Balsam mountains, and it inhabits the upper reaches of the Nantahala, 
Little Tennessee, Oconaluftee, West Fork, and Tuckasegee river drainages, but above the 
10-foot contour over full pond elevation so outside the FERC project boundaries.  The 
pygmy salamander is not known from the Hiwasee River watershed. 
  
The longtail salamander is restricted to the Appalachian and Ozark plateaus, save for a 
handful of extralimital historic records (>20 years old) from southeast of the Great 
Smoky and Unicoi mountains.  Two of these disjunct records are from the Nantahala 
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Reservoir--one from a steep shoreline with slate outcroppings at the mouth of Clear 
Creek and another from the floodplain where the Nantahala River enters Nantahala 
Reservoir.  Both sites were canvassed on several occasions during the course of this 
study, and the vicinity of the former was surveyed with pitfall traps as well.  Nonetheless, 
longtail salamanders were not encountered at the two Nantahala sites and they were not 
encountered at any of the other 62 sites that were surveyed.   In fact, the only recent 
record (<20 years old) of the longtail salamander from North Carolina is from Graham 
County. 
 
The Junaluska salamander has an extremely restricted geographic distribution, and is 
known from elevations below 2400 feet in southwestern North Carolina (Cherokee, Clay, 
and Graham counties) and southeastern Tennessee (Monroe and Sevier counties).  It is 
listed as Special Concern by USFWS and NCWRC, and it is considered imperiled in 
North Carolina because of its rarity.  The only record of  a Junaluska salamander from the 
vicinity of a FERC project area came from Peachtree Creek at U.S. Hwy 64 in Cherokee 
County, approximately 6 miles downriver from the Hiwasee Reservoir.  No specimens 
were observed during this investigation.    
 
The four-toed salamander once had a more widespread distribution that extended 
throughout the eastern deciduous forest from the Great Lakes southward to the Gulf 
Coast, but in the South it now exists in highly scattered pockets where vernal ponds and 
sphagnum bogs in hardwood forests have not been lost to agriculture or development.  
There is a vague report of one four-toed salamander from near Topton in Graham 
County, which is within about 4 miles of the Beechertown Power Station on the 
Nantahala River; otherwise, there are no records of this species from the FERC project 
areas.  Suitable habitat currently exists along the middle sections of Clear Creek, where 
beavers have created an assortment of semi-permanent ponds that lack fish, but this area 
is outside the FERC project boundaries.  Surveys (diurnal ground-truthing and pitfalls) 
were conducted here, but four-toed salamanders were not encountered here or elsewhere 
in the FERC project areas.  
 
The southern Appalachian salamander is known from the Great Smoky, Plott Balsam, 
Great Balsam, and Cowee mountains and the Highlands Plateau.  It is the most terrestrial 
of the PETS species included in this investigation, and given that the majority of the 64 
survey sites consisted of wetland and aquatic habitats, it was unlikely that this species 
would be encountered within any of the FERC project boundaries.  The southern 
Appalachian salamander was not encountered during this investigation.   
 
The mountain chorus frog is another species that has a geographic distribution that 
essentially coincides with the Appalachian Plateau.  There are three disjunct populations, 
the smallest of which is restricted to extreme western North Carolina (Cherokee County), 
southwestern Tennessee, and north-central Georgia, well outside the FERC project areas, 
with the possible exception of the Mission Reservoir area.  Diurnal and nocturnal surveys 
at the Mission Reservoir were supplemented with pitfall trapping , but this frog, which is 
considered critically imperiled in North Carolina because of its extreme rarity, was not 
seen or heard at this reservoir or at any of the other  reservoirs.  
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6.0 CONCLUSIONS 
 
Sixty-four sites within the Duke Power - Nantahala Area Relicensing Project in Clay, 
Jackson, and Macon counties were surveyed for 12 amphibian PETS species from June 
2001 to January 2002.   No PETS species were encountered during the survey period, 
although 18 species of amphibians (12 salamanders and six anurans) were recorded.  
Previous records of PETS species in the region typically are based on only one or a few 
specimens, many of which are historic records (>20 years old), or they are based on 
individuals taken in terrestrial habitats rather than wetland and aquatic habitats associated 
with the reservoirs included in this relicensing project.  The southern Appalachians 
suffered a severe drought in 2001, which caused many amphibian species to seek refuge 
in deeper moister microhabitats, where they were inaccessible during these surveys.   
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SALAMANDER SAMPLING LOCATIONS 



MACROINVERTEBRATE SURVEY 
FRANKLIN PROJECT 

 
Introduction 
 
Based on information in the First Stage Consultation Report (Nantahala Power and Light 
2000) the Technical Leadership Team (TLT) identified a need to provide basic 
information about macroinvertebrate communities and Proposed, Endangered, 
Threatened and Special concern (PETS) species and evaluate any potential project-related 
effects on macroinvertebrate resources at each project.  This report presents the results of 
a literature survey and a field survey conducted at the Franklin Project (Lake Emory) in 
association with the NPLINVERTSURVEY study plan. 
 
Methods 
 
Literature Survey 
 
The literature survey was conducted by Fish and Wildlife Associates, Inc. (FWA) to 
assist in providing macroinvertebrate community information and PETS species in the 
project area.  The literature survey identified several sources of macroinvertebrate data in 
the vicinity of the Franklin Project:  The North Carolina Department of Environment and 
Natural Resources’ (NCDENR) Basinwide Assessment Report-Little Tennessee River 
(NCDENR 2000), a biological survey of the Cullasaja River (North Carolina Department 
of Water Quality 1999), extensive macroinvertebrate literature for the Coweeta 
Hydrologic Laboratory, and studies conducted by the Tennessee Valley Authority.  
 
The studies of Grubach et al (1996, 1997) were concerned with annual production of the 
macroinvertebrate community in relation to habitat availability in the Little Tennessee 
River and did not deal directly with water quality. The Tennessee Valley Authority 
(TVA) has conducted macroinvertebrate sampling near Needmore (river mile 94.3), 18.8 
miles below Franklin dam, and these data are only useful for a general water quality 
description due to its distance from the Franklin Project. The Western North Carolina 
Alliance (WNCA) conducted benthic surveys in the Little Tennessee River watershed in 
1991 and 1992 (McLarney 1992).  In that study macroinvertebrates were sampled at the 
Needmore site (1991 and 1992) and a site upstream of the Franklin Project at river mile 
119.0 (1992); at the time of the report publication the benthic identifications had not been 
completed and no Benthic Index of Biotic Integrity was presented in that report.  The 
eventual disposition of that data is not clear.  The applicable studies identified in the 
FWA survey have been incorporated into the discussion of the results of the 
macroinvertebrate field surveys conducted by Duke at the Franklin Project.   
 
 
Field Sampling and Data Analyses 
 
 Field sampling was conducted upstream and downstream of the Franklin reservoir during 
August  2001, using the Standard Operating Procedures for Benthic Macroinvertebrates 



(SOP) developed by the Environmental Sciences Branch (ESB) of the NC Division of 
Water Quality (NCDENR 2001). The SOP uses a bioclassification system of data 
analysis based on the sensitivity of aquatic insects to pollution.  The system is based on 
two metrics; one based on the total number of Ephemeroptera (mayflies), Plecoptera 
(stoneflies), and Trichoptera (caddisflies) taxa (EPT) and one based on relative tolerance 
of each species to water pollution.  The most sensitive species are those of the EPT taxa.  
In terms of species tolerance, the classification system uses a rating called the Biotic 
Index (BI).  The BI is derived by assigning tolerance values to aquatic insect species and 
then summing the individual species tolerance value times that species abundance and 
then dividing the overall sum by the sum of all abundance values.  Species with a low 
tolerance for pollution have a low score and more tolerant species have a higher score, so 
that the lower the BI the better the water quality.  The two metrics, EPT taxa and BI are 
used to derive the bioclassification for a particular stretch of a river or stream and scored 
as Excellent-5, Good-4, Good-Fair-3, Fair-2, and Poor-1. The details of BI index 
calculations, EPT taxa, and BI index values and their scores, and the assigning of a 
bioclassification were taken from the SOP and are presented in Table 1. 
 
Aquatic macroinvertebrate sampling was conducted in representative reaches at two 
mainstem locations in the Little Tennessee River; a location immediately downstream of 
the project dam (LT-1) and  a second  location immediately upstream of the project 
reservoir (LT-2) (Figure 1).   The use of the SOP resulted in a full inventory of the 
macroinvertebrate fauna at each site.  Field sampling consisted of two kick net samples, 
three sweep net samples, one leaf pack sample, two fine-mesh rock wash samples, one 
sand sample, and visual collections.  The samples were field sorted and the insects 
transferred to glass vials containing 95% ethanol preservative.  The samples were 
returned to the Duke Energy Environmental Laboratory for processing and identification.  
In some instances identification to the species level was not possible because the animal 
was immature, damaged during collection, recently described species that have not been 
incorporated into taxonomic identification keys, or undescribed species.  All first form 
male crayfish, the adult morphological stage required for identification, were sent to Dr. 
Guenter Schuster of Eastern Kentucky University for positive identification.  The data 
were then entered in the computerized database and analyzed according to SOP 
procedures. Data were tabulated by location for total taxa, number of EPT taxa, biotic 
index value, and bioclassification.  
 
No sampling for mussels was conducted during this phase of the study.  A separate 
mussel survey of the Little Tennessee River upstream and downstream of the project was 
conducted by Stephen Fraley 2002, Tennessee Valley Authority, on August 23 and 
September 6, 2001 (Fraley 2002). 
 
Results and Discussion 
 
The water quality of the Little Tennessee River, located in the Little Tennessee River 
Subbasin 01, is generally high (NCDENR 2000).  Clean water indicators of the EPT 
insect orders tend to dominate the benthic community.  Historically, the NCDENR has 
monitored a location immediately downstream of the Franklin Project starting in 1983, 



with the last published collection in 1999.   Over the 16 yr period of monitoring by the 
ESB, the Franklin site exhibited water quality ratings (bioclassification) ranging from 
Good-Fair to Excellent.   
 
The Duke sampling of Location LT-2 on August 27, 2001, upstream of Lake Emory, 
yielded an overall bioclassification of Good-Fair.  A total of 20 EPT taxa (score of 2.4) 
were collected and a BI value of 5.2 (score of 3.0) was calculated for the sample (Table 
2).   The nearest upstream site sampled by the ESB is near the town of Prentiss (ESB 
Location B-2) approximately 9 mi upstream of Lake Emory.  The ESB reported 
bioclassifications ranging from Fair to Good-Fair for this site (NCDENR 2000).  The 
bioclassification from the present study was within the range reported by the ESB.  
 
  
 
Sampling of location LT-1, downstream of Franklin dam, on August 27, 2001, yielded an 
overall bioclassification of Fair. A total of 16 EPT taxa (score of 2.0) were collected and 
a BI value of 5.45 (score of 3.0) was calculated for the sample.  Based on the SOP 
whenever the EPT score and the BI value differ by exactly one, then the EPT N value is 
used to determine the bioclassification.  Based on this criterion the bioclassification was 
“rounded down” from Good-Fair to Fair. The Duke field notes indicate a habitat of “riffle 
of cobble, bedrock silt coated, macrophytes, no leaf pack, no undercut bank habitat”. The 
ESB reported bioclassifications for their sampling site B-3, about 3 miles downstream of 
the reservoir, of Good-Fair in 1983 through1987and 1999 and Good in 1994 (NCDENR 
2000).  The Duke results were lower than any of those reported by the ESB.  
 
 
For the Duke sampling, the difference in bioclassification between the two sampling 
locations appears to be due to differences in habitat.  The downstream location had no 
leaf packs and no undercut bank habitat while the upstream location had such habitat.  
The difference in bioclassification between the downstream ESB Location B-3 and 
downstream Duke (LT-1) location also appears to be due to habitat differences.  The ESB 
B-3 location habitat description is “swift flow over primarily bedrock” (NCDENR 2000) 
while Duke’s LT-1 location habitat contained cobble, silt covered bed rock and 
macrophytes.  The water quality in the LT-1 sampling area is sufficient to maintain 
mussels and that the low bioclassification rating must be due to poor aquatic insect 
habitat.   
 
To evaluate the potential presence of PETS species for the Franklin Project, listings of 
PETS species were obtained from the North Carolina Natural Heritage Program and the 
US Fish and Wildlife Service (Nantahala Power and Light 2000).  The only federal 
endangered species listed for the project area were two species of mussel, the 
Appalachian elktoe, Alasmidonta raveneliana and the littlewing pearlymussel, Pegias 
fabula.  Results of the 2001 mussel survey found live Appalachian elktoe, A. raveneliana, 
only at the downstream location of the Franklin reservoir (Fraley 2002). No live mussels 
nor any relict shells were found at the upstream sampling locations. All crayfish collected 
during this study were Cambarus bartonii, a species that is not in the PETS listing.   The only 



PETS species found in the vicinity of the Franklin Project was the mayfly Heterocleon 
petersi, which was collected at location LT-1.   This mayfly is listed as “SR” 
(Significantly Rare) and “… exists in the state in small numbers and has been determined 
by the NC Natural Heritage Program to need monitoring.”   One individual of the genus 
Pteronarcys (stonefly), Hydroptila (caddisfly), and a specimen of the dragonfly family 
Gomphidae was found at LT-2. The reason these three taxa are mentioned is that 
Pteronarcys proteus, Hydroptila englishi, and fifteen species of Gomphidae are listed as 
“SR”; it is possible that any of these single specimen might be species listed as “SR”. No 
other species or genera of aquatic insects of concern were found in the Franklin project 
area. 
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Table 1.  Procedure for developing bioclassification (taken from SOP  NCDENR 
2001). 
 
The Biotic Index for a sample is a summary measure of the tolerance values of 
organisms found in the sample, relative to their abundance. 
 

Biotic Index (BI) = Sum(TVi)(ni) /N    
 
     TVi = ith taxa's tolerance value 

   ni = ith taxa's abundance value (1, 3 or 10) 
   N = sum of all abundance values 

 
 
Table of values used to determine the scores for EPT taxa richness values  and 
Biotic Index values for all standard qualitative samples: 
 
Score    BI Values     EPT Values 
     Mt*          P**        CA***        MT*               P**     CA*** 
5  <4.00        <5.14           <5.42        >43             >33   >29 
4.6    4.00-4.04    5.14-5.18      5.42-5.46      42-43           32-33    28 
4.4    4.05-4.09    5.19-5.23      5.47-5.51      40-41           30-31     27 
4       4.10-4.83    5.24-5.73      5.52-6.00       34-39           26-29             22-26 
3.6    4.84-4.88    5.74-5.78      6.01-6.05       32-33    24-25    21 
3.4    4.89-4.93    5.79-5.83      6.06-6.10      30-31           22-23                20 
3       4.94-5.69    5.84-6.43      6.11-6.67       24-29           18-21            15-19 
2.6    5.70-5.74    6.44-6.48      6.68-6.72       22-23   16-17     14 
2.4    5.75-5.79    6.49-6.53      6.73-6.77      20-21   14-15     13 
2       5.80-6.95    6.54-7.43      6.78-7.68       14-19           10-13              8-12 
1.6    6.96-7.00    7.44-7.48      7.69-7.73       12-13      8-9     7 
1.4    7.01-7.05    7.49-7.53      7.74-7.79       10-11      6-7      6 
1         >7.05           >7.53           >7.79        0-9      0-5     0-5 
 
   * Mountain     **Piedmont    *** Coastal A 
 
Derivation of Final Bioclassification for Standard Qualitative Samples 
For most mountain streams, equal weight is given to both the NC Biotic Index value and 
EPT taxa richness value in assigning bioclassifications. For these metrics, 
bioclassifications are assigned from the following scores: Excellent: 5 Good: 4 Good-
Fair: 3 Fair: 2 Poor: 1.  
 



Table 2. Qualitative bioassessment of the Little Tennessee
River downstream (Location LT-1) and upstream
(Location LT-2) of the Franklin Project 2001. 

 
 

                                     
   TAXON                      LT-1    LT-2 
 
 
         Annelida 
         Oligochaeta 
         Haplotaxida 
          Naididae 
           Nais behningi                        .         R 
           Nais variabilis                      R         R 
         Lumbriculida 
          Lumbriculidae 
           Lumbriculidae                        C         C 
         Arthropoda 
         Crustacea 
         Amphipoda 
          Gammaridae 
           Gammarus spp.                        R         . 
         Isopoda 
          Asellidae 
           Caecidotea spp.                      R         . 
         Insecta 
         Coleoptera 
          Elmidae 
           Ancyronyx variegatus                 .         C 
           Macronychus glabratus                R         A 
           Promoresia elegans                   .         C 
          Gyrinidae 
           Dineutus spp.                        .         A 
           Gyrinus spp.                         R         . 
         Diptera 
          Ceratopogonidae 
           Palpomyia-Bezzia complex             R         R 
          Chironomidae-Chironominae 
           Chironomus spp.                      R         . 
           Cryptochironmus spp.                 R         . 
           Cryptotendipes spp.                  R         . 
           Phaenopsectra spp.                   A         . 
           Polypedilum flavum                   A         A 
           Polypedilum illinoense               .         A 
           Polypedilum laetum                   A         . 
           Polypedilum scalaenum                .         R 
           Rheotanytarsus spp.                  C         A 
           Stenochironomus spp.                 R         R 
           Tanytarsus spp.                      A         R 
          Chironomidae-Diamesinae 
           Diamesa spp.                         R         . 
          Chironomidae-Orthocladiinae 
           Corynoneura spp.                     .         R 
           Cricotopus bicinctus                 A         C 
           Heterotrissocladius spp.             .         R 
           Nanocladius downesi                  R         R 
           Nanocladius spp.                     R         R 
           Rheocricotopus spp.                  .         R 
           Thienemanniella spp.                 C         C 
           Tvetenia spp.                        R         . 
          Chironomidae-Tanypodinae 
           Ablabesmyia mallochi                 R         R 
           Ablabesmyia spp.                     C         . 
           Labrundinia spp.                     R         R 
           Rheopelopia spp.                     R         . 
          Empididae 
           Empididae                            .         R 
          Simuliidae 
           Simulium spp.                        A         A 
          Tipulidae 
           Antocha spp.                         .         C 
           Tipula spp.                          .         R 
         Ephemeroptera 
          Baetidae 
           Baetis anoka                         A         . 



           Baetis intercalaris                  C         . 
           Baetis pluto                         .         C 
           Baetis propinquus                    A         R 
           Centroptilum spp.                    R         C 
           Heterocloeon petersi                 R         . 
          Caenidae 
           Caenis spp.                          .         C 
          Ephemerellidae 
           Serratella deficiens                 .         R 
           Serratella serratoides               R         R 
          Heptageniidae 
           Heptagenia spp.                      .         R 
           Stenonema ithaca                     .         A 
           Stenonema mediopunctatum             C         C 
           Stenonema modestum                   R         C 
          Neoephemeridae 
           Neoephemera purpurea                 .         R 
          Oligoneuriidae 
           Isonychia spp.                       A         C 
         Megaloptera 
          Corydalidae 
           Corydalus cornutus                   C         A 
           Nigronia serricornis                 R         . 
         Odonata-Anisoptera 
          Aeshnidae 
           Boyeria vinosa                       R         C 
          Corduliidae 
           Neurocordulia spp.                   R         . 
          Gomphidae 
           Gomphidae                            .         R 
          Macromiidae 
           Macromia georgina                    .         R 
           Macromia spp.                        C         . 
         Odonata-Zygoptera 
          Calopterygidae 
           Hetaerina americana                  C         . 
          Coenagrionidae 
           Argia spp.                           C         . 
           Ischnura spp.                        R         . 
         Plecoptera 
          Pteronarcyidae 
           Pteronarcys dorsata                  .         C 
           Pteronarcys spp.                     .         R 
         Trichoptera 
          Brachycentridae 
           Brachycentrus lateralis              C         . 
           Micrasema wataga                     R         R 
          Hydropsychidae 
           Cheumatopsyche spp.                  A         C 
           Hydropsyche sparna                   R         A 
           Hydropsyche venularis                A         C 
          Hydroptilidae 
           Hydroptila spp.                      .         A 
          Leptoceridae 
           Oecetis spp.                         R         . 
          Polycentropodidae 
           Cyrnellus fraternus                  C         . 
           Polycentropus spp.                   .         R 
         Mollusca 
         Gastropoda 
         Basommatophora 
          Physidae 
           Physella spp.                        R         . 
         Limnophila 
          Ancylidae                   
           Ferrissia spp.                       .         R 
         Pulmonata 
          Planorbidae 
           Planorbidae                          R         . 
         Nemertea 
         Enopla 
         Hoplonemertea 
          Tetrastemmatidae 
           Prostoma graecens                    R         . 
 

                   

    



           L-1    L-2 
TOTAL TAXA FOUND 54 52
NUMBER OF EPT TAXA 16 20
BIOTIC INDEX VALUE 5.45 5.20
BIOCLASSIFICATION FAIR* GOOD-Fair

* Rounded down to FAIR from GOOD-FAIR 

     Note on abundance abbreviations:  The abundance for each taxon is tabulated as R = 
Rare  (1-2 specimens); C= Common  (3-9 specimens); A= Abundant  (>9 specimens).     
 
 
 
 
 
 





Bryson, Dillsboro, Franklin & Mission Projects

Historical Streamflow Study
Summary Report



 
Methodology: 
 
The summary flow statistics and flow duration curves for the four run-of-river projects were calculated in 
one of two ways: 
 

(1)  The flow at Mission, Franklin and Bryson was calculated by applying simple drainage area 
ratios to nearby USGS daily streamflow records.  The resulting daily time series of flows was then 
used with SAS programs provided by NC WRC to compute the summary statistics and flow-
duration curves presented in this application for these three dam locations.   

 
(2)  The flow at Dillsboro was calculated by applying the method used to compute the flows used 
for the IFIM studies on the Tuckasegee River.  This method is based on knowing the daily flow 
series at the three upper-most hydro projects at the top of  the basin and the daily flow series at the 
Bryson City gage at the bottom of the basin.  The arithmetic difference between the daily flow at 
the top and at bottom of the basin is the accretion flow that comes into the river.  This accretion 
flow can be apportioned to any point on the river by using the methods based on the equations 
presented in USGS WSP 2403 (1993).  In addition to the equations, this paper publishes mean 
annual runoff rates (cfs/sq mi) for the state of North Carolina in map form.  Using GIS tools, the 
average mean annual runoff rate can be computed for any defined area.  The relative proportion of 
the accretion flow can be computed for a drainage area by using the product of the runoff rate and 
the drainage area (sq mi).  This proportion, used in conjunction with the daily time series, 
produces a daily time series for the intermediate point of interest on the river -- in this case the 
Dillsboro Dam. This time series for Dillsboro dam was then used with SAS programs provided by 
NC WRC to compute the summary statistics and flow-duration curves presented in this application 
for the Dillsboro Dam location.   

 
 
 
 



Mission
Flow Duration Curves



Annual flow-duration curve for Mission
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January flow-duration curve for Mission
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February flow-duration curve for Mission
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March flow-duration curve for Mission
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April flow-duration curve for Mission
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May flow-duration curve for Mission
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June flow-duration curve for Mission
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July flow-duration curve for Mission

0

1000

2000

3000

4000

5000

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percent of time flow is equaled or exceeded

F
lo

w
 in

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d



August flow-duration curve for Mission
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September flow-duration curve for Mission
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October flow-duration curve for Mission
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November flow-duration curve for Mission
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December flow-duration curve for Mission
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Franklin
Flow Duration Curves



Annual flow-duration curve for Franklin
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January flow-duration curve for Franklin
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February flow-duration curve for Franklin
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March flow-duration curve for Franklin
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April flow-duration curve for Franklin
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May flow-duration curve for Franklin
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June flow-duration curve for Franklin
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July flow-duration curve for Franklin
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August flow-duration curve for Franklin
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September flow-duration curve for Franklin
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October flow-duration curve for Franklin
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November flow-duration curve for Franklin
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December flow-duration curve for Franklin
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Bryson
Flow Duration Curves



Annual flow-duration curve for Bryson
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January flow-duration curve for Bryson
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February flow-duration curve for Bryson
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March flow-duration curve for Bryson
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April flow-duration curve for Bryson
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May flow-duration curve for Bryson
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June flow-duration curve for Bryson
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July flow-duration curve for Bryson
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August flow-duration curve for Bryson
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September flow-duration curve for Bryson
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October flow-duration curve for Bryson

0

1000

2000

3000

4000

5000

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percent of time flow is equaled or exceeded

F
lo

w
 in

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d



November flow-duration curve for Bryson
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December flow-duration curve for Bryson
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Dillsboro
Flow Duration Curves



Annual flow-duration curve for Dillsboro
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January flow-duration curve for Dillsboro
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February flow-duration curve for Dillsboro
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March flow-duration curve for Dillsboro
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April flow-duration curve for Dillsboro
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May flow-duration curve for Dillsboro
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June flow-duration curve for Dillsboro
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July flow-duration curve for Dillsboro
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August flow-duration curve for Dillsboro
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September flow-duration curve for Dillsboro

0

1000

2000

3000

4000

5000

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percent of time flow is equaled or exceeded

F
lo

w
 in

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d



October flow-duration curve for Dillsboro
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November flow-duration curve for Dillsboro
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December flow-duration curve for Dillsboro
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Duke Power Nantahala Area Relicensing
Franklin Hydro Plant Operations

Introduction

     Duke Power Nantahala Area (DPNA) formed Technical Leadership Teams (TLT) early in
2000 to develop study plans to address concerns of stakeholders in the relicensing of the
hydroelectric plants of DPNA.  A TLT was formed to investigate reservoir level control of the
DPNA plants that include Franklin, Bryson, Mission, and Dillsboro plants.  These hydroelectric
stations are operated by float control systems that regulate the reservoir outflow through the
generators and tainter gates.  All elevations are referenced in the U.S. Geological Survey (USGS)
datum and are expressed in feet above mean sea level.

Background

     The Franklin Plant reservoir level is controlled by several independent float systems.  These
are float control systems that have been in operation for over fifty years.  Each generating unit
and spill gate has its own float control system.  The control system consists of several
mechanical devices including ball floats, connecting rods, micro switches, and cams.   A small
electric motor turns the cams and provides a tainter gate motor or a generator unit load control
motor with a run time control loop.  Even though the control systems are independent, the floats
must be calibrated relative to one another in order to maintain the balance between reservoir
level, generator output, and tainter gate operation. This float control system has many moving
parts that require periodic maintenance.  Most of the replacement parts for this system must be
fabricated.  Each time an operator visits one of these plants; he checks the float control system
and does the necessary maintenance to help ensure proper operation of the system. These float
control systems have been a dependable means of controlling reservoir level within a band of 0.2
to 0.4 feet.  However, there have been some equipment or controls’ failures that have resulted in
large fluctuations in the reservoir level.
     High and low reservoir level alarm points are set using the float system.  The status of each
point is wired into a station monitoring system.  When the reservoir level reaches one of these
alarm points, this system initiates a call to a monitoring center, Hydro Central, in Charlotte.
Hydro Central then dispatches an operator to the plant to investigate the problem.
     The large bandwidth in this float control system results in very poor reservoir control when
inflows are low.  During these low inflow periods, one of the tainter gate float controls may be
disabled.  This gate would be manually set to pass the minimum flow requirement.  The present
monitoring system only alerts Hydro Central after the reservoir level reaches an alarm point.
The system does not report failures of the independent float systems.

Objectives

     The TLT determined that a more accurate reservoir control system was needed in order to
achieve a stable reservoir level and hence an outflow equals inflow equilibrium.  This is
especially needed during periods of low inflow to help ensure that a minimum outflow from the



station is maintained. The new control system would need to be able to do the same functions as
the float control system, but be more accurate and have a quicker response time to changing
conditions.  The control system should be able to monitor all generator and tainter gate controls
and alert the station monitoring system of any failures.  The control system should ensure
minimum flow to be passed at all times.

DPNA Franklin Plant Operation Plan

     The float control systems at the Franklin Plant will be replaced with a programmable logic
controller (PLC) and pressure transducers.  A pressure transducer placed in the reservoir
provides a continuous reservoir level signal to the PLC.  The integrity of this signal is constantly
checked and an alarm point is set if there is a loss of this signal.  A second pressure transducer
will be installed and used for backup.  When completed, this control system will monitor
reservoir level, operate tainter gates, load or unload generators, and perform other station
monitoring functions.    A reservoir level variance of 0.1 feet will be maintained.  The PLC will
provide a faster acknowledgement of trouble and subsequent reporting to Hydro Central.  The
float control system settings will be readjusted to provide backup control in case of a PLC
failure.
     The Franklin Plant PLC will maintain the reservoir level at Full Pond Elevation 2000.22 feet.
There are three free flowing or overtopping spillways at Franklin with crest elevation 2000.22
feet.  By maintaining the reservoir level at 2000.22 feet, almost no flow interruption would occur
in case of any tainter gate motor failure or loss of gate control.
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Duke Power Nantahala Area Relicensing

Franklin Hydro Project Trash Removal Study Report

Introduction

During January of 2000, Duke Power Nantahala Area (DPNA) filed a notice of intent to

relicense the Franklin Hydro Project.  DPNA was requested to implement a trash and

debris management plan during the initial scoping process for this project.  In response to

this request, DPNA formed a Technical Leadership Team (TLT) to develop an

appropriate response.

Background

Trash and debris is common in and near all streams in the Nantahala Area.  Some of this

debris, that which is organic and biodegradable, is an important component of stream

ecosystems.  Other trash, mostly man made and non-biodegradable, is better removed and

disposed of properly.  This trash and debris collects on the intake racks and reduces water

flow into the turbine at these plants.  Over time, some of this debris builds up in front of

the intake racks, reducing intake area and causing increased pressures on the racks.

In addition, only a small portion of the total trash in the river is deposited on the intake

racks.  Most trash is moved down the river during high stream flow events.  During these

events the tainter gates are opened at the station to help stabilize reservoir levels.  Since

river currents are greater near the tainter gates, most of the trash and debris goes through

the tainter gate openings and down the river.  Much of this trash is deposited on the

riverbanks as flow in the streams subsides.

Objectives

The primary objective of the trash removal study plan was to determine a safe, cost

effective, environmentally sound means of removing and disposing of debris that collects

on the intake racks.  In addition DPNA agreed to consider ways to become an active

partner in organized large scale trash and debris management efforts.
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DPNA Trash Removal Program

DPNA will initiate the following actions to improve trash removal and to help ensure a

cleaner environment:

(1) Suitable collection containers will be placed at all the run of river plants near the

intake racks.  On days designated for trash collection operators will separate the

non-biodegradable from the biodegradable.  Biodegradable trash will be passed

downstream.  Non-biodegradable trash will be placed in the collection container.  A

log sheet recording the results of this operation will be kept at each plant.  When the

collection container becomes full, the operator will dispose of the trash at an

appropriate landfill.  Date of disposal and the approximate amount of trash will be

recorded in the log for the station. The trash removal program described in this

section was implemented on March 31, 2001 at the Franklin Plant.

(2) There are several groups and organizations that are involved in river clean up

projects in the Nantahala Area.  DPNA will actively support and participate in such

river clean up efforts by helping sponsor and/or promote these projects.  DPNA will

also help increase public awareness on the benefits of clean rivers, streams, and

reservoirs by working with state and local groups like the public schools. In

alignment with this program DPNA will sponsor and help promote the National

River Clean-up Day in May, 2002.

(3) Duke Power already helps promote an annual reservoir cleanup effort, Big Sweep,

on other hydro project reservoirs.  This same effort will be expanded onto the

Nantahala Area reservoirs and accordingly DPNA will sponsor and help promote

“Big Sweep” on Nantahala Area reservoirs in September, 2002.
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Duke Power Nantahala Area Relicensing

Franklin Hydro Station Energy Conservation Assessment

Introduction

During January of 2000, Duke Power Nantahala Area (DPNA) filed a notice of intent to

relicense the Franklin Hydro Project.  DPNA received requests for information about

energy conservation measures during the initial scoping process for this project.  DPNA

formed a Technical Leadership Team (TLT) to evaluate energy conservation measures

and recommend any enhancements to existing programs.

Objective

The objective of the program was to complete a review of present energy conservation

measures and propose alternatives for new conservation programs for consideration by

DPNA.

Methods

The TLT formed to address this subject was chaired by a DPNA employee and the

members of the TLT were volunteers for the Nantahala Area representing local

government, educational institutions, and non-governmental organizations.  The TLT met

in August and November of 2001, and January 2002.  The TLT discussed a number of

energy conservation issues during these meetings and developed the following four areas

of focus for this assessment:

1. Information and Educational Programs

2. DPNA Hydro System Electricity Uses

3. Alternative Energy Technology and “Green Power”

4. Internal Energy Conservation Initiatives

Results of the Energy Conservation Evaluation
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1. Energy Conservation Information and Education Programs

Energy conservation and education opportunities available within Duke Energy

Corporation were assessed.  Following are the results of the assessment:

Energy Conservation Literature:

This kind of information has always been available to DPNA customers.  Following

are a list of the publications available:

•  “What you should know about Hot Water”

•  “What you should know about Air Leaks and Your Home”

•  “What you should know about Electric Heat Pumps”

•  “What you should know about Refrigerators and Freezers”

•   “What you should know about Lighting Energy and Money”

•  “What you should know about Home Insulation”

•  “What you should know about Energy and Your Mobile Home”

•  “Your Energy Dollars at Work”

•  “Home Energy Conservation Checklist”

While this material has always been available, there has been no systematic means of

distributing this information to DPNA customers.

Energy Audits

In-home energy audits were formerly a part of the DPNA energy conservation

program.  This labor intensive program was discontinued about 1998.  Instead, DPNA

now has made available an online energy audit suitable for individual residences or

small businesses.  This detailed energy audit can be accessed on the internet at

http://www.energyguide.com.  For larger businesses with more complex energy

problems, Duke Power may be able to provide an on-site energy needs assessment

along with recommendations on how to solve energy-related problems.  Typically

these opportunities are discussed on a case-by-case basis with larger industrial or

commercial customers.
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Environmental Education

Duke Power Conducts a week-long workshop each summer for 25-30 teachers in the

Duke Power service area.  Information on the workshop can be found at

http://dukepower.com.   

Additional information for students and teachers can be found on Duke Power’s

educational web site at http://zaxenergyzone.com.

Other Energy Conservation Programs

DPNA has always had programs available to customers that encourage energy

conservation.  Special electric rates are available to customers who modify or build

their homes to meet insulation and other energy conservation requirements and to

large industrial customers that shift usage from peak times.  Conservation brochures

have been as mentioned above have been provided customers.  Ads reminding

customers to use energy wisely have been placed in many local publications.  As

discussed, audits of energy use have been provided to customers, and self-audits are

currently available on the internet.  There are also external programs related to energy

conservation.  One example is the Rebuild America Program (http://www.rebuild.org)

which provides grants for school and urban restoration projects seeking to rebuild

areas in ways that conserve energy.

2. Nantahala Area Hydro System Uses

DPNA projects have a combined total of 100 MW.  In 1974 electrical demand in the

Nantahala Area surpassed the 100 MW capacity of the DPNA system.  Because of

peaking power needs and recreational flow releases, DPNA hydro projects have not

been able to completely meet the annual electric energy needs of NA customers since

1971 and purchased power has been needed to meet customer demand.  Population

and concomitant electric energy requirements of customers in the Nantahala Area
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have increased considerably in the last 50 years.  Now, purchased power is meeting

all new load growth and is a larger and larger portion of system supply.  Because of

this increased demand for electricity, power produced by the Nantahala Area hydro

stations is always used directly by NA customers.

3. Alternative Energy Technology and “Green Power” Opportunities

As with other generation technologies deployed by Duke Energy, renewable energy

generation technologies must be economically attractive in addition to their having

technological feasibility.  Duke Energy considers the development of clean,

renewable energy sources to be a matter of importance.    Duke Energy has been

involved in the following related initiatives:

Duke Solutions

Duke Solutions is a Duke Energy Company that provides comprehensive energy

management, energy efficiency and productivity services as well as energy consulting

services to various commercial and industrial segments in the U.S. and Canada.

Duke Solutions has also partnered with other companies to develop a large scale

application of poultry waste-to-energy-to-organic fertilizer operation.  More

information about Duke Solutions can be found at the following web-site:

http://www.dsi.duke-energy.com.

Green Power

Duke Power is participating in a collaborative effort with utilities, environmental and

renewable energy stakeholders to develop a statewide, voluntary green power

program in North Carolina.  Advanced Energy has formed an advisory committee, of

which Duke Power is a participant, to develop, implement and market the program.

More information about North Carolina’s “Green Power” initiative can be found on

the internet at http://www.advancedenergy.org.
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4. Internal Energy Conservation Initiatives

During the consultations with the TLT members questioned what kind of energy

conservation measures Duke Energy business units had in place.  Energy is one of the

major operational costs for all Duke Energy business units.  Competition demands

that energy costs receive close scrutiny across all business units.  As with all Duke

generation assets, DPNA hydro projects receive regular maintenance and upgrades to

make them as efficient as possible.  This includes leakage protection and conservation

of water resources whenever possible.  For instance releases into bypass areas have a

tremendous effect on resource conservation for the DPNA hydros.  Since these

releases do not pass through electric generation equipment they contribute to an

overall loss of efficiency for the system and are very costly to DPNA requiring

efficiencies to be compensated for in other areas or increased purchases from other

generating sources.

Recommendations for Enhancements

Based on the preceding assessment of energy conservation and other energy conservation

related programs within Duke Energy, DPNA will implement the following

enhancements:

1. Printed Literature on Energy Conservation Measures:

Information will continue to be made available to all DPNA customers.  This

information will be reviewed and updated.  In addition, a better system will be

established for getting this information to the customer.

2. Energy Conservation Web-Site

An Energy Conservation website will be added to the Duke Power and/or Duke

Power Nantahala Area website that will contain electronic copies of printed literature

and links to sites mentioned in this report.  This site will updated annually to include

new developments and links as technological advances are made.
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3. Teacher Workshops

Any teacher workshops sponsored or co-sponsored by Duke Energy or DPNA will

devote more time to energy conservation issues.
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History and Background 
 
Duke Power Nantahala Area (DPNA), during 2000, filed seven notices of intent (NOI) to 
relicense all seven hydro-electric projects within their service area. A request for an 
internet website to provide information regarding DPNA relicensing resulted from the 
First Stage Consultation Meeting for all seven projects in 2000. The Director of North 
Carolina’s Division of Water Quality made this request. The information requested would 
be used to educate and update stakeholders and the public about the ongoing relicensing 
process.    
 
Study Objective 
 
This study request recommended that Duke Power review needs and presentation 
methodologies for providing accessible desired information about relicensing. This study 
will enhance public involvement and education about the DPNA relicensing throughout 
the process.  
 
Study Process 
 
Duke Power, being consistent with other study requests, developed a technical leadership 
team (TLT) to put the issue under review and development. The TLT consisted of a lead 
from Duke Power, technology development experts, and other community stakeholders. 
  

NP&L Lead Duke Power Fred Alexander 
Agency Contacts     
NP&L Supporting 
Consultant 

Framatome - ANP Ed Luttrell  

Webmaster 
Other 
Participants 

Friends of Lake 
Glenville 

Keith Dixon 

 
Outcome   
 
A relicensing website was created as an entire section of the existing 
www.natahalapower.com site. The internet website serves as an information source to 
stakeholders and others regarding the Duke Power Nantahala Area relicensing process. 
The website is maintained and updated regularly by Framatome, which is provided 
updated information by DPNA. The information and education website includes: 
 

1. Stakeholder and other meeting information 
a. Agendas, minutes, announcements, etc 
 

2. Relicensing process updates on studies, data, and other information 
a. Overall updates on what to expect when and what has happened so far in 

the process 
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3. Important communication on sensitive issues 
a. Letters, presentation, and dialogues on certain issues that need to be 

shared with the entire stakeholder group 
 

4. Study Plans 
a. How studies are being conducted and timeline for completion 
 
 

5. Study updates 
a. Periodic update on the relicensing process and when to expect certain 

studies to be completed 
 

6. Study final reports 
a. Posting of all final reports from studies upon study completion 
 

7. Links to other relicensing websites (to enhance knowledge of relicensing) 
a. FERC (Federal Energy Regulatory Commission) 
b. National Hydropower Association 

 
Other Sites or Locations for DPNA Relicensing and Public Information 
 
The Natural Resources Leadership Institute of North Carolina State University plays a 
key role in the facilitation of both the Tuckaseigee and Nantahala Stakeholder teams. 
They have included information regarding meeting, minutes, charters, rosters, and other 
process related information on:  
 

http://www.ces.ncsu.edu/depts/agecon/PIE/nrli/EDM/Current%20Projects.htm 
 

DPNA also houses and maintains reservoir and generation information on:   
 

http://www.nantahalapower.com/lakelevel1.asp 
 

DPNA also operates and maintains Voice Response Unit (VRU), which provides lake 
level for Nantahala, Cedar Cliff, Glenville, and Bear Creek:  
 

1-800-829-LAKE 
 

DPNA generation schedules can be obtained at each station via a manual voice recording. 
 
Conclusion 
 
The creation of this enhanced website has led to easier access to information and 
education regarding the DPNA relicensing process. This education and information helps 
to support DPNA commitment to better education and information to the public regarding 
the relicensing process.  

www.nantahalapower.com  



NPLOTH7 – GIS Database Development 
Mission (2619), Bryson (2601), Franklin (2603), Dillsboro (2602) 

 
Final Report 

 
Introduction 
 
Duke Power – Nantahala Area (Duke) is in the process of relicensing the Mission, Bryson, 
Dillsboro and Franklin Hydroelectric Projects.  The relicensing process requires the applicant to 
file accurate maps depicting the projects, project features and other geographic features.  At the 
beginning of the relicensing process, Duke had limited electronic maps of the four projects.  
Accordingly, Duke undertook an effort to develop Geographic Information System (GIS) data 
for the projects.  Duke’s objective was to utilize the GIS data in preparing reports and maps for 
use in the relicensing process.  In addition, Duke will utilize the GIS data in the long-term 
management of the projects. 
 
Database Development 
 
Duke determined that it would utilize 
high-resolution, geo-referenced aerial 
photography of the projects for its base 
data layer.  All other data layers would 
be built upon this base.  The projects 
were flown in early 2001 during leaf-off 
conditions.  Leaf-off conditions allowed 
the greatest opportunity to identify 
individual structures and other features.  
The data were collected in wide area 
mosaic 3-foot Ground Sample Distance 
imagery.  See Figure 1 for an example 
of the aerial images.  
 
The firm Orbis GIS, Inc. was selected to 
develop the GIS database.  Orbis 
obtained GIS data from a number of 
sources including the United States 
Forest Service, local counties, the North 
Carolina Center for Geographic Information and Analysis (NCGIA) and other sources.  The data 
is in GIS projection North Carolina Stateplane NAD 83 in feet. 
 
Project boundaries were then digitized from FERC exhibit drawings and overlaid on the aerial 
photography.  Where there were obvious discrepancies between the digitized project boundaries 
and the aerial photography, the project boundary was adjusted to fit the georeferenced aerial 
photography.  For some projects, Duke has proposed to modify portions of the project boundary; 
the GIS data have been modified to reflect these changes.  Full pond boundaries were developed 
from the aerial photography by photo interpretation of the full pond elevation around each 
reservoir at the time of the aerial photography.  The locations of project structures including 
dams and powerhouses were developed based upon photo interpretation of the aerial 
photography.  The GIS data developed as part of this effort is not intended to be survey quality.  
These data layers were reviewed by Lake Management, Hydro Licensing and others 

Figure 1 
Dillsboro Hydroelectric Project 

Aerial Image 



knowledgeable of the projects prior to being completed.  See Figures 2 and 3 for examples of the 
data that was developed. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
These data layers and associated metadata files are currently maintained by the Lake 
Management organization within Duke Power and will be utilized in administering Duke’s Lake 
Management Policies and Procedures.  The data is also being utilized in relicensing reports.  
Some of the additional data currently available is listed in Table 1. 
 
 

Data Source 
National Wetlands Inventory US Fish & Wildlife Service 
National Register Sites North Carolina Department of Cultural 

Resources 
Federal Land Ownership NCGIA 
Clay County Tax Parcels Clay County 
Macon County Tax Parcel Macon County 
Indian Lands and Native Entities US Bureau of Indian Affairs 
Natural Heritage Sites North Carolina Department of Environment and 

Natural Resources 
Significant Natural Heritage Areas North Carolina Department of Environment and 

Natural Resources 
US Forest Service Land Ownership US Forest Service 
US Forest Service Management Areas US Forest Service 
Trails US Forest Services 

 
Table 1 

Western North Carolina GIS Data and Sources 
 
 
 
 
 
 
 
 

  
Figure 2 

Dillsboro Hydroelectric Project 
Project Information 

     Project Boundary 

      Full Pond 

      Project Structures 

Figure 3 
Dillsboro Hydroelectric Project 

Aerial image with project information overlay 



 
 
 
 
 
 
 

Appendix 1:  Study Plan 



 
Action #: NPLOTH7    Prerequisite Action #’s: NPL______________ 
 
Action Description: 
Develop a GIS-based mapping system to support cataloging and data presentation and analysis 
for several other studies. 
 
Applicable Hydro Projects/Developments: 
Bryson, Dillsboro, East Fork (Wolf Creek, Bear Creek, Tennessee Creek, Cedar Cliff), Franklin, Mission, 
Nantahala (Nantahala, Diamond Valley, White Oak Creek, Dicks Creek), West Fork (Thorpe, 
Tuckasegee) 
 
 
 
 
I. Objective  
 
Develop GIS-based maps of projects and project lands that can be utilized for data presentation, analysis 
and cataloging. 
 
II. Basis 
 
FERC requires applicants to provide accurate maps of projects as part of the license application.  Duke 
Power – Nantahala Area does not currently have GIS-based maps of the projects.  Development of 
accurate maps will facilitate the presentation of data collected during the relicensing studies and facilitate 
the analysis of such data.    
 
III. Geographic and Temporal Scope 
 
GIS data for all Duke Power - Nantahala Area projects referenced above will be compiled. Where data is 
already existing and available, the GIS database may include data that extends beyond the project 
boundary.  Where data layers must be developed, efforts will focus on developing such data within the 
project boundaries. 
 
IV. Approach and Analysis 
 
Geo-referenced aerial photographs of the projects will serve as a backdrop for the GIS-database.  The 
photographs will be obtained from a consultant selected through a competitive bidding process.  Duke 
Power’s GIS consultant will develop the GIS database by obtaining existing GIS-data layers from state 
and federal agencies or developing other data layers.  The consultant will be selected through a 
competitive bidding process. GIS data will be accessible through ArcView software. 
 
Duke Power’s GIS database will meet or exceed the standards developed by the Federal Geographic Data 
Committee. 
 
The following list includes data layers that will be included in the GIS database: 
 



• Project boundaries 
• Project structures 
• Wetlands 
• Natural heritage sites 
• Federal lands 
• Native American lands 
• Hydrologic features 
• FERC-required recreation areas 

• Parks (local, state and federal) 
• Roads, railroads 
• Political boundaries (counties, cities) 
• Relicensing study information like sampling 

locations, data points, etc. 
• Archaeological sites (Note: access to data 

will be restricted) 

 
Schedules and Required Conditions 
 
1st quarter, 2001 • Obtain aerial photographs of projects.  
 • Submit Request for Services (RFS) for GIS database development. 
3rd quarter, 2001 • Initiate development of GIS database.  Project would continue throughout 2002 

with additional data layers added as information becomes available from the 
various relicensing studies. 

 
 
V. Results 
 
The GIS mapping system will be a tool for use in other relicensing studies.  Development of the GIS 
mapping information will provide a way to spatially examine, describe and depict relationships between 
the projects and adjoining lands.   
 
 
VI. Participants 
 

 Organization Name Phone # E-Mail 
NP&L Lead Resource Management Jennifer Huff 704.373.4392 jrhuff@duke-

energy.com 
Agency Contacts NCWRC 

USFS 

USFWS 

Chris Goudreau 

Ray Johns 

Mark Cantrell 

828.652.4360 

828.257.4859 

828.258.3939 

Goudrecj@wnclin
k.com 
Rayjohns@fs.fed.
us 
Mark_a_cantrell
@fws.gov 

NP&L Supporting 
Consultant 

Orbis GIS, Inc.    

 
 
VII. Expected Benefits 
 
Duke Power – Nantahala Area does not currently have tools to effectively depict the projects and their 
locations.  The development of the GIS mapping system will provide an effective tool for doing so.  The 
GIS mapping system will also prove useful in lake management activities that take place after the 
relicensing effort. 
 

VIII. List of Attachments  
 
Request for Services for aerial photography 
 

IX. List of References   



 
 



GUIDELINES FOR ACQUIRING DIGITAL AERIAL PHOTOGRAPHY FOR THE NANTAHALA 
HYDROELECTRIC PROJECTS 

January 9, 2001 
 

INTRODUCTION 
 
The purpose of this document is to provide a set of guidelines to acquire a cost proposal to: 

1. Collect digital aerial photography for Duke Power’s Nantahala Hydroelectric Projects. The 
projects are distributed across the southwestern area of North Carolina.  

 
2. Process the data to where it is compatible for use as backdrop in development of Geographic 

Information System (GIS) Data.  
 

3. Certify the data is at a quality suitable to use in performing heads up digitizing of natural features 
such as lakes, rivers, roads and other aspects of infrastructure in the Nantahala area. The image 
data will eventually be incorporated as a back drop for the GIS data to a degree sufficient to view 
all amenities that are along the shorelines of the Nantahala lakes, i.e. private piers, commercial 
facilities, transmission lines, distribution lines, communication lines, environmental areas, etc.  

 
 
PROJECT NECESSITY 
 
Nantahala Power and Light, a division of Duke Energy Corporation is the licensee for the Nantahala 
Hydroelectric Project. The projects are licensed by the Federal Energy Regulatory Commission (FERC) 
as Project 2694 (Queens Creek), Project 2692 (Nantahala), 2601 (Bryson), 2602 (Dillsboro), 2603 
(Franklin), 2619 (Mission), West Fork (2686), East Fork (2698). This work is being performed to support 
development of the GIS database to support ongoing activities to meet the FERC requirements at the 
Nantahala projects. There is an immediate need to gather the aerial data in February 2001 because there is 
an interest to gather the data with the larger lakes drawn down approximately 20 feet. Historically, the 
lakes start filling up due to seasonal rains in February. Consultant is requested to arrange schedule with 
communication from Duke personnel to collect photography in manner to meet the time frame 
requirements at the optimum depth levels. The data will eventually need to be passed on to a GIS 
consultant hired by Duke Power to begin the process of developing the full GIS database.  
 
SCOPE OF WORK FOR CONSULTANT 
 
This section provides a summary of expectations to be completed to acquire the digital aerial photography 
in preparation to use the data for developing a GIS database for the Nantahala Projects.   
 
SCOPE: 
 

1. Utilize the attached USGS 1:24000 North Carolina Quad Maps to locate the area Duke Power is 
requesting to be flown. The areas are outlined in red ink on the maps. The following North 
Carolina Quad Maps are included: Peachtree, Topton, Hewitt, Bryson City, Whittier, Greens 
Creek, Sylva South, Tuckasegee, Glenville, Big Ridge, Lake Toxaway, Franklin, and Corbin 
Knob. This will cover areas for lake and riverine areas known as Mission, Nantahala, Queens 
Creek, Bryson, Dillsboro, Franklin, Thorp, Tuckasegee, Cedar Cliff, Bear Cliff, Wolf Creek and 
Tennessee Creek. Duke Power Lake Management personnel shall be provided opportunity to 
critique flight lines prior to collection of data to certify the coverage area is accurate.  

 



2. Plans should be coordinated to collect the data near the beginning of February. The primary idea 
is to collect the data when Lake Nantahala and Lake Glenville are in the 20 foot drawdown range. 
This criteria is not applicable to the other lakes that are to be flown. Consultant should include in 
the cost a separate breakout to collect the data a second time for Nantahala Lake and Thorp Lake 
when they approach the 10 foot drawdown. The time period for these conditions can be predicted 
but it is difficult to say exactly what day they will occur due to weather conditions. The 20 foot 
drawdown range at Nantahala Lake is expected to occur near the first of February so that is the 
time frame Emerge should plan to collect the first pass.  

 
3. GIS Projection shall be North Carolina Stateplane Nad 83 in feet. Data is requested to be wide 

area mosaic 3'GSD imagery. This is same as that collected for the Duke Power Catawba/Wateree 
system.  

 
4. After the area is flown and data is processed the data shall be delivered on CDROM in TIFF 

format to Duke Power or a designated GIS consultant vendor to be determined in the future. 
   

5. Duke Power, plus any other division of Duke Energy reserves the right to share the data in digital 
or hard copy format between internal divisions in the day to day business of the corporation as 
deemed necessary. 

 
 
TERMS: 
 

1. Consultant shall assume responsibility for meeting all dates as requested.  
 
2. Project is dependent on approval of quotation of fees and signing of contract between consultant 

and Duke Energy. 
 
3. In the future it is probable that Duke Power or other parties involved with Duke Power on 

Nantahala projects may request additional copies of the aerial data. Upon such request it is 
expected that consultant will make copies of the data as requested in return for a nominal fee.  

 
 
 
 



Franklin Hydroelectric Project (FERC # 2603) 
 
Report on High Water Availability for Recreation and Recreation Opportunity Studies 
 
The Franklin Project is located on the Little Tennessee River in the town of Franklin in a 
mountain valley setting surrounded by commercial and industrial development, 
woodlands, wetlands and open fields.  The river arises in the mountains of north Georgia 
and travels north into Franklin, North Carolina.  The average annual runoff is about 749 
cfs measured at Needmore, which is about 19 miles downstream of the project.  The 
Little Tennessee River joins the Nantahala and Tuckasegee Rivers in Fontana Reservoir, 
which is managed by the Tennessee Valley Authority as a hydroelectric project.  At full 
pond, Fontana Reservoir begins about five miles downstream from Needmore.  
Information about river flows at Needmore is available through the Tennessee Valley 
Authority phone messaging system for the public interested in downstream recreation.  
The TVA numbers are 800 238 2264 and 800 438 2264 (for hearing impaired).  Real time 
flow information can be obtained from the United States Geological Survey (USGS) 
gauge at Needmore (gauge number 03503000) on the USGS website. 
 
The Franklin Project does not significantly affect flow levels in the Little Tennessee 
River since it is a hydroelectric project with limited storage.  Water either flows through 
the generator(s) and back into the riverbed below the 35-foot high dam or it runs over the 
dam or both.  Since the Project has minimal effects on either river flows or reservoir 
levels, it also has no impact on angling and paddling recreational opportunities on the 
reservoir and downstream of the Project whether at low or high stream flows.  Further 
information will be available from the Franklin Plant Operation Plan currently being 
developed as part of Federal Energy Regulatory Commission relicensing of the Franklin 
Project. 
 
Rev Date: 02/22/02 



Sediment Issues for the Franklin Project 

 

Based on information in the First Stage Consultation Report (FSCR), the Technical 

Leadership Team (TLT) identified sediment accumulation in the main-stem reservoirs as 

an area of concern.  The TLT also recommended the development of a sediment 

management plan for the Franklin Project.  The present plan contains information about 

sediment accumulation in the reservoir, particle size analysis in different areas of the 

reservoir, cleaning trash racks, downstream bank stability and a review of bathymetric 

mapping results for 1999 and 2001. 

 

The Franklin Project only generates electricity when there is sufficient flow in the river. 

Flows up to about 734 cfs can be routed through the units and flows above that are 

spilled.   There is negligible useable storage for electric generation and, consequently, 

there is no need nor are there plans for dredging sediments from the reservoir.  The only 

maintenance activity in the reservoir is trash and debris removal from the trash racks.  

 

Bathymetric Surveys 

Bathymetric surveys were conducted in June 2001.   Measurements were taken along 

transects used to produce the1999 maps (Nantahala Power and Light 2000).  An 

aluminum boat equipped with an outboard motor and an electric trolling motor was used 

to obtain depth readings using a depth finder with an accuracy of +/- 0.5 ft. The shoreline 

points used in the 1999 survey were used to establish transects used in the 2001 survey.  

To locate each transect, a Trimble model AgGPS 132, with sub-meter differential 

accuracy (correction factors from Omnistar Satellite service) was used to establish GPS 

points established as close to the right-hand bank left-hand bank(facing downstream) as 

possible. At some locations the GPS points were established a considerable distance from 

the shore due to a lack of signal availability because of overhanging trees. Here, the GPS 

points were located on the map (e.g. transect 10 in Figure 5.3.7-1) and depths recorded 

along regular intervals to the shore. A field estimate was made as to the distance to the 

bank; a more accurate distance measure was made using the Arc-View (version 3.2a) 

measuring tool on the aerial imagery.  The image was geo-referenced and has a 3-ft 



resolution.  The bathymetric map was produced by transferring the GPS points, transects, 

and depth data to the aerial image. 

 

Sediment samples were collected from transects established at points 1/5th, 2/5th, 3/5th, 

and 4/5th along the midline of the impoundment from the dam to the headwater area. At 

each transect, PONAR grab samples were taken at 4 equidistant points across the 

impoundment.  Particle sizing was done according to ASTM D422 method using 

standard sieve sizes (number in parenthesis is sieve opening in mm) of: # 4 (4.750 mm), 

#10 (2.000 mm), #20 (0.850 mm), #40 (0.425 mm), #60 (0.250 mm), #80 (0.180 mm), 

#100 (0.150 mm), #120 (0.125 mm), #200 (0.075 mm), #270 (0.053 mm). Sediment 

particle size analysis was done by Standard Laboratories, Inc. of Jacksboro, Tennessee. 

 

Results and Discussion 

The results of the July 2001 bathymetry survey compared to the 1999 depth profiles 

reveal no major changes.  Comparisons of the maps yield little information regarding 

changes in the storage volume of the reservoir and give no useable information about the 

rate of sediment accumulation.     

 

There are several reasons why detailed comparisons can not be made. The accuracy of 

the 2001 and 1999 depth measurements is roughly comparable (+/- 0.5 ft). Though the 

1999 transects were re-run in 2001, the intervals where depth measurements were taken 

are not the same.  The 1999 survey relied on taking depth readings at timed intervals 

along a transect (the accuracy of the distance measured for this was not available) or, 

where the reservoir was narrow enough, a calibrated chain was used (the original data 

were not available). In 2001, depth readings were taken at given distances based on 

distances measured using a hip chain (a distance measuring device where a thin thread-

line runs across a calibrated wheel; accurate to +/- 0.5 ft per 100 ft).   Due to the 

difference in the measuring methods, the distances from shore where the depth 

measurements were taken were not the same.   The 1999 depth and distance results were 

plotted on an enlargement of a topographic map and the depth contours drawn by hand. 

The resulting maps had no horizontal scale so distances could not be measured on the 



1999 bathymetric maps.  The 2001 depth and distance data were plotted on a geo-

registered digital photo with GPS points used to locate the contour lines.  Cross sections 

of the reservoir could be measured to +/- 3 ft using the ArcView (version 3.2a) GIS 

software.  Placement of the contour lines is an important variable in determining volumes 

of the reservoir.  Selection of the 1999 contour intervals, the distance from shore and the 

actual depth interval, determined the accuracy of the comparisons for evaluating any loss 

of reservoir volume.  The depth intervals were also too great for the amount of 

sedimentation that might have actually occurred between the two measurement periods.  

Furthermore, as discussed below, it appears that filling of the reservoir has reached a 

balance in which either depostion or scouring is predominant depending on river flows. 

     

Sediment carried by the Little Tennessee River is highly mobile and composed of 

suspended sands and silts which are deposited on the falling limb of the hydrograph in 

backwater areas, but easily re-suspended and moved during high flow events.  Based on 

the bathymetric maps, the general form of the channel bed upstream of the dam remained 

unchanged.  Material deposited behind the dam is very fine grained (generally less than 1 

mm) and is of such a composition that it is easily re-suspended during high flows.  There 

is no decrease in particle size from upstream to downstream near the dam, which would 

have indicated coarse particles aggrading due to backwater effects of the dam.  Particle 

sizes along the length of the reservoir indicate that deeper areas have 1 mm particles, and 

shallower areas have essentially very fine, suspendable particles less than 0.1 mm (see A 

through D Figure 5.3.7-1 and Table 5.3.7-1). During high flows observations upstream 

and downstream of the dam indicated the presence of large amounts of suspended 

materials; as flows dropped, this material was not stored in the main channel except for in 

backwaters and deep pools.  

 

The bathymetry and particle size data show that the reservoir is similar to a river with a 

sandy-silt bed (Figure 5.3.7-1). Sediment translocation within and transport through the 

reservoir are dependent on the river flows.  During periods of lower flows (roughly less 

than half bankfull) there is sediment deposition, and during high flows (roughly bankfull 

or greater) there is sediment mobilization and transport through and out of the reservoir. 



The river channel width is confined by rock which limits lateral migration thus, only the 

channel bed can change in response to flow changes.  Scouring occurs at set points in the 

reservoir, such as in bends and in constricted areas.  The extent of scouring changes in 

relation to flow and the incoming sediment loads. Since the flow is unregulated and, 

considering the present sediment accumulation within the reservoir, there will be little net 

increase of sediment storage.  

 

Sediment in the system consists of suspended silts and sands that deposit only when 

stopped by downstream controls.  Trash blocking the trash rack and preventing these 

suspended sediments from moving through the system enhances deposition.  The routine 

maintenance removal of trash and debris from the trash rack assures that the trash rack 

opening does not become obstructed.  The funneling effect of water entering the unit 

intakes causes an increase in the water velocity in the forebay area.  The increased flow 

velocity causes erosion of the toe of the foreset slope and the sediments are transported 

downstream.   

 

Sediment accumulation is not occurring at the dam face due to the shear stress at the 

tainter gates.  The elevation of the bottom of the tainter gate opening determines the 

depth of sediment accumulation at the dam, and acts as the “base level”.  The funneling 

effect of water where flow enters the gate causes an increase in the water velocity in the 

forebay area.  The increased flow velocity and shear stress causes erosion of any 

deposited sediment and the sediments are transported downstream.  Headward (upstream) 

migration of the deposited sediments continues, creating a channel within the sediments.  

This channel is evident from the bathymetric data, and the depth of the channel 

approximately equals the depth of the tainter gates. 

 

There is no delta formation (i.e., indicating excessive sediment availability) downstream 

of Franklin Dam. There appears to be a balance between sediment delivered to this area 

and the ability of the river to move this material (US Army Corps of Engineers 1997). 

 



Trash Rack Maintenance 

Based on a review of hydro operations at Franklin, it was determined that the main 

operational problems were related to debris accumulation on the trash racks.  Sediment 

accumulation in the reservoirs had little direct effect on unit operation. The trash racks 

are designed to keep large debris from blocking or entering the hydro unit and causing 

damage.  The racks also accumulate small debris, such as leaves.  This small debris is 

continuously removed using a leaf rake to keep the rack open so that the debris does not 

accumulate to such an extent that the flow into the penstock would be reduced or stopped.  

The small amount of sediment associated with routine debris removal is carried 

downstream and widely dispersed by the water used in generation.  However, the leaf 

rakes do not keep the racks completely clean and small debris and leaves accumulate in 

front of the racks and become buried under silt and sediment. Once this layer forms the 

leaf rake can not remove this material and a new layer starts forming.  This process is 

repeated until the debris and sediment mixture has accumulated to such an extent that it 

interferes with unit operation and it must be cleaned to provide sufficient water flow to 

the unit.  Compounding the problem of routine cleaning is the presence of large objects, 

such as trees, which have lodged against the rack and interfere with the rake cleaning.  

Eventually the debris and sediment obstruction must be removed in order to provide 

sufficient water depth and flow for the unit. 

 

Historical Review of Maintenance Activities 

The review of operational maintenance activities indicates that, in general, major 

cleaning of the trash racks is done about every 7 to 8 years at Franklin. This cleaning of 

the racks is done with large equipment, such as track hoes and clam-shells, that is capable 

of removing the accumulated debris. Franklin Reservoir was lowered from October 18, 

1995 to October 21, 1995 to remove a log from under the tainter gate.  The reservoir was 

drained  from September 1, 1997 to September 24, 1997 to install a new sluice gate. 

  

Proposed debris/sediment management plan 

Routine trash rack cleaning is done using leaf rakes on a day-to-day basis. Major cleaning 

using heavy equipment will be done when operations become affected by debris build-up. 



The major debris removal can be done at any time of year and under different flow 

regimes since no flow will pass through the turbines during this time (see 5.3.7.2.3 below 

for details).  As noted above, historically, major debris removal from trash racks occurrs 

approximately every 7 to 8 years.  It is difficult to provide a more precise estimate for 

scheduling cleaning of the racks since the rate of debris accumulation is dependent on the 

amount of debris transported from the area upstream of the project. There are no permit 

requirements for trash rack maintenance and Duke Power plans to continue the routine 

maintenance program. 

  

Major debris removal process 

Present plans call for cleaning the racks under a wide range of flow conditions.  Prior to 

cleaning the generating units will be shut off and the water will be allowed to spill 

through the tainter gates so that currents in the debris removal area are minimized.  The 

impoundment will be kept at full pond during the entire debris removal operation.  The 

debris will be removed using large equipment (clam-shell or track hoes) and disposed of 

properly.  Once debris removal ceases, the sediments that became suspended will either 

settle out or will be carried over the dam and dispersed by the downstream currents.  

Once the debris removal is completed and the heavy equipment removed, the generating 

unit will be ready for operation.  The reservoir will be maintained at full pond during the 

entire operation so there is never a time when the pond is drained or lowered.  The debris 

removal operation may take two to three days to complete. 

 

Required Drawdowns for Planned or Emergency Work 

The Licensee shall notify the North Carolina Department of Environment and Natural 

Resources (NCDENR), the North Carolina Wildlife Resources Commission (NCWRC), 

and the United States Fish and Wildlife Service (USF&WS) at least 15 days prior to 

planned major debris removal activities or planned drawdowns for maintenance or 

inspection purposes that will require a temporary modification of the reservoir elevation 

limits.  The licensee shall notify the NCDENR, the NCWRC, and the USF&WS as soon 

as practical, but no later than ten days after any temporary modification of the reservoir 

elevation limits required by an operating emergency beyond the control of the Licensee. 



 

Drawdown Procedure 

The tainter gates will be used to release water during normal or emergency drawdowns at 

the Franklin Project.  Using the tainter gates to release water will provide for the best 

dispersion of debris and sediment downstream of the project.  If the automatic tainter 

gates fail to operate, water will be released by opening the motor operated sluice gate 

located on the right side of the dam, facing downstream.  The sluice gate will not 

completely drain the reservoir. The turbines will not be used during drawdowns, due to 

the potential for major debris build-up in front of the intake racks.  

 

Timing of Drawdown  

Considering local weather patterns and inflow levels, summer and fall are the preferred 

times of year for planned drawdowns.  The NCWRC and Duke fisheries biologists will 

be consulted as to the spawning periods for the species that inhabit the project reservoirs. 

Drawdowns during the spawning period will be avoided whenever possible to ensure that 

spawning beds will not be de-watered. Whenever possible drawdowns will be scheduled 

during high flow periods of the year to ensure that adequate flow will be available to 

move the sediment through the system.  

 

Rate of Drawdown 

Historically, drawdown of the Franklin Reservoir was accomplished in 2-3 hours.  The 

current drawdown procedure for scheduled maintenance is to gradually drain the 

reservoir over a 24-hour period. This slower drawdown rate should minimize any flow or 

sediment related downstream impacts.   To address the drawdown rate, a cooperative 

field study with representatives from North Carolina resource agencies and the USFWS 

will be conducted to develop project-specific guidelines for the Franklin Project.  

 

Rate of Refilling 

Typically, to facilitate maintenance and repair activities, drawdowns will be conducted in 

the summer or fall during the natural low-flow period of the year. Refilling the reservoir 

during the low-flow period may be difficult, depending upon the magnitude of 



downstream minimum flow requirements and the sporadic nature of rain events at this 

time of the year. To address the refill rate and minimum flow issues, a cooperative field 

study with representatives from North Carolina resource agencies and the USFWS will be 

conducted to develop project-specific guidelines for the Franklin Project.  

 

 

Agency Notification 

The Licensee shall notify the NCDENR, the NCWRC, and the USFWS at least 15 days 

prior to commencing planned drawdowns for maintenance or inspection purposes that 

will require a temporary modification of the reservoir elevation limits or planned major 

debris removal activities.  The licensee shall notify the NCDENR and the NCWRC of 

any temporary modification of the reservoir elevation limits required by an operating 

emergency beyond the control of the Licensee as soon as practical, either before, during, 

or immediately following such emergency, but no later than ten days after each such 

incident. 

 

Downstream Bank Erosion 

Based on information in the FSCR, the TLT identified excessive bank erosion as a 

potential problem below Franklin Dam. The concern about downstream bank erosion in 

excess of the natural rate is based, in part, on the erosive power of water released from 

storage reservoirs.  

 

“Initially, after reservoir construction, the hydraulics of flow (velocity, slope, depth, and 

width) remain unchanged from pre-project conditions.  However, the reservoir acts as a 

sink and traps sediment, especially the bed material load.  This reduction in sediment 

delivery to the downstream channel causes the energy in the flow to be out of balance 

with the boundary material for the downstream channel.  Because of the available energy, 

the water attempts to re-establish the former balance with sediment load from material in 

the stream bed, and this results in a degradation trend. Initially, degradation may persist 

only a short distance downstream from the dam because the equilibrium sediment load is 



soon re-established by removing material from the stream bed.” (US Army Corps of 

Engineers 1997). 

At the Franklin Project, the sediment rich waters and the lack of sediment trapping ability 

of the reservoir mean that any waters released from the project are essentially “in 

balance”, and removal of sediment from the streambed is minimal.  In order to 

approximate the rate of streambed and, consequently, bank erosion, the TLT agreed that a 

comparison of the river channel downstream of the dam over a long time interval should 

indicate if extensive bank erosion has occurred over time.  To that end, historical (circa 

1970) USDA aerial photographs were examined to determine if excessive bank erosion 

was occurring downstream of the project.  Additionally, an aerial photograph from a 

March 25, 1967  TVA over-flight (Figure 5.3.7.4-  ) was obtained and compared to the 

digital photograph taken in February 2001 (Figure 5.3.7.4-  ).  A visual comparison of 

these figures revealed no major changes in the downstream bank configuration nor any 

signs of excessive bank erosion had occurred over the 34-yr time period. Additionally, 

visual searches for a distance of 200 meters downstream of the dam for obvious signs of 

bank erosion were made as part of macrobenthic sampling or bathymetric mapping.  

Those searches also support the lack of excessive bank erosion downstream of the 

Franklin Project.  
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RIGHT LEFT RIGHT LEFT
sieve size (mm) 4P1 4P2 4P3 4P4 sieve size (mm) 2P1 2P2 2P3 2P4

4,75 100 100 99,97 99,98 4,75 100 100 100 99,8
Location A 2 100 99,36 99,66 99,6 Location C 2 99,88 99,71 99,79 93,17

0,85 99,93 91,97 97,68 99,18 0,85 99,77 99,08 95,64 80,01
0,425 99,69 55,42 61,96 95,43 0,425 99,08 93,68 73,33 60,99

0,25 98,71 20,87 21,72 76,14 0,25 92,83 78,55 56,45 52,07
0,18 96,72 14,36 15,45 58,55 0,18 84,57 53,46 51,71 47,15
0,15 91,82 12,29 13,79 45,55 0,15 75,73 44,05 49,72 44,52

0,125 79,83 10,48 11,76 39,06 0,125 64,15 34,84 46,65 40,39
0,075 61,13 9,31 10,3 33,93 0,075 53,74 29,8 43,16 38,1
0,053 50,74 8,43 9,02 31,24 0,053 47,26 26,55 40,73 36,78

sieve size (mm) 3P1 3P2 3P3 3P4 sieve size (mm) 1P1 1P2 1P3 1P4
4,75 100 100 100 100 4,75 99,77 100 99,89 100

Location B 2 100 100 98,94 97,89 Location D 2 94,22 99,96 98,44 100
0,85 99,77 99,83 76,37 84,06 0,85 83,63 99,73 97,04 99,85

0,425 99,46 99,26 49,88 55,97 0,425 64,2 95,84 91,06 98,69
0,25 98,64 96,48 33,94 35,59 0,25 48,21 67,22 74,88 86,64
0,18 97,52 92,2 25,43 26,25 0,18 35,89 41,64 51,46 61,63
0,15 94,46 85,81 21,98 22,09 0,15 27,63 26,86 43,75 36,46

0,125 86,42 69,41 18,05 16,55 0,125 19,51 14,15 32,66 20,19
0,075 80,78 58,22 15,85 12,84 0,075 16,92 9,54 26,07 12,55
0,053 76,2 51,93 14,42 10,28 0,053 15,95 7,6 22,77 9,82

Table 5.3.7-1.  Franklin Project.  Percentage of sediments passed through nested standard sieves.  Locations designated by capital letters 
correspond to locations in Figure 5.3.7-1.  Results are represented with RIGHT as the right-hand side facing the dam.















TEMPERATURE AND DISSOLVED OXYGEN 
 

FRANKLIN PROJECT 
 
 
INTRODUCTION 
 
 
Even though the North Carolina Department of Environment and Natural Resources, Division of 
Water Quality (NCDENR, DWQ) has reported that the water quality in the Little Tennessee River  
supported its designated use, the measurement of water quality is a portion of the basic information 
requirement of 18CFR4.51 and 18CFR4.61.  Pursuant to obtaining a Federal Energy Regulatory 
Commission (FERC) license, a state 401 water quality certification (maintenance of water quality 
standards associated with a project) for the project is required. 
 
Traditionally, temperature and dissolved oxygen are the primary water quality parameters used to 
assess the habitability and suitability for many aquatic organisms. The NCDENR-DWQ has 
established water quality standards for these parameters for all waters of the State.  The standards 
involve two primary considerations:  1) the designated water uses for each reach of stream (Table 1),  
and, 2) water quality limits required to protect those uses.  The applicable water quality limits are 
summarized as follows (NCDENR-DWQ, 2002): 
 
 

(b) Dissolved oxygen: not less than 6.0 mg/l daily average for trout waters; for non-trout 
waters, not less than a daily average of 5.0 mg/l with a instantaneous minimum value of not 
less than 4.0 mg/l.  Swamp waters, lake coves, or backwaters, and lake bottom waters may 
have lower values if caused by natural conditions; 
 
(j) Temperature: not to exceed 2.8 degrees C (5.04 degrees F) above the natural water 
temperature, and in no case to exceed 29 degrees C (84.2 degrees F) for mountain and upper 
piedmont waters and 32 degrees C (89.6 degrees F) for lower piedmont and coastal plain 
waters. The temperature for trout waters shall not be increased by more than 0.5 degrees C 
(0.9 degrees F) due to the discharge of heated liquids, but in no case to exceed 20 degrees C 
(68 degrees F); 

 
The NCDENR water quality temperature standard for designated trout waters is an upper limit of 
20°C.  However, in much of the United States, ambient water temperatures often exceed 20º C, even 
in natural trout streams (Ruane, 2002).  Wildlife resource agencies (most notably the North Carolina 
Wildlife Resources Commission and the United States Fish and Wildlife Service) have requested the 
characterization of the water temperature and dissolved oxygen concentrations associated with  the 
Franklin Project to provide information regarding the management of aquatic wildlife.   
 
The objectives of this report are to describe the temperature and dissolved oxygen concentrations in 
the Little Tennessee River.  Comparisons to state water quality standards and differences in upstream 
versus downstream locations will be used to assess the impact of the Franklin Project on the 
temperatures and dissolved oxygen concentrations downstream of the project. 
 
 



Table 1. Temperature and Dissolved Oxygen Sampling Locations Associated with the Franklin   
   Hydroelectric Project - Period of Deployments, Stream Classifications, and Available   
   Historical Data  
 
 

Current Study                  
Period of Deployment            

(% Data Recovery) 

Historical Data                              
Period of Record                           

(Stream Classification) 

Site Location River 
Mile 

Temperature 
Loggers     

Hydrolabs      
2001 

NCDENR-
DWQ 

Fish and 
Wildlife 

Associates, 
Inc.  

Tennessee 
Valley 

Authority 

Cullasaja River 
- upstream of 
Porter Cove 

1.2 
10 May 2001     

to              
15 May 2002     

( 82%) 

N/A              
(B;Tr) N/A N/A 

Little 
Tennessee 

River -          
upstream of 

confluence with 
Cullasaja River 

117.6 
10 May 2001     

to              
15 May 2002     

(100%) 

N/A 
(Prentiss)       

1981 - 2001    
( C ) 

Temp          
4 Jan, 2000     

to             
1 Nov, 2000 

N/A 

Little 
Tennessee 

River -          
powerhouse 

flow 
downstream of 
Franklin Dam 

113.0 
10 May 2001     

to             
15 May 2002     

(100%) 

6 Aug - 10 Aug   
(100 %)        

&              
16 Sep - 20 

Sep            
(100 %) 

(Iotla)          
1974 - 2001    

( C ) 

Temp          
4 Jan, 2000     

to             
1 Nov, 2000 

N/A 

       

Stream Classification Water Quality Standards 

Symbol Designated Use Temperature Dissolved Oxygen 

B Primary Recreation less than 29oC 5 mg/l mean, 4 mg/l 
instantaneous  

C Secondary Recreation less than 29oC 5 mg/l daily mean,              
4 mg/l minimum 

Tr Trout Water less than or equal to 20oC 6 mg/l daily mean,              
5 mg/l minimum 

 
 
 
 



METHODS 
 
Fish and Wildlife Associates, Inc. (FWA) deployed Onset Stowaway XTI temperature loggers above 
and below the Franklin Project in 2000. The temperature data were recorded at approximately 4-hour 
intervals (Nantahala Power and Light, 2000) . 
 
In May 2001, recording thermistors (StowAwayTidbit, Onset Computer Corp.) were programmed 
by Duke Power Company (DPC) to record temperatures at 15-minute intervals. The temperature 
loggers were deployed in the Little Tennessee River at approximately the same locations as FWA in 
2000 (Figure 1 and Table 1). The thermistors were deployed beginning on 10 May 2001 and recorded 
temperatures for a period of 370 days.  
 
The loggers were attached to a loop of ⅛” wire rope cable.  The loop was crimped with stainless steel 
sleeves.  The tethered loggers were usually placed in a deep pool.  The shore end of the cable was 
looped around an inconspicuous tree (or other permanent object), and again crimped with stainless 
steel sleeves.   Two temperature loggers were deployed at each location (Figure 1 and Table 1) to 
provide redundancy in the event of logger failure and to minimize the loss of data due to vandalism 
(most loggers were deployed on individual tethers).   
 
Data were downloaded from the loggers at approximately monthly intervals. For each deployment 
period, data editing involved plotting and comparing the data from individual loggers from each site 
and then comparing the similarity in trends and magnitude of differences to data from the nearest 
upstream or downstream location.   Data that were obviously erroneous were discarded.  The process 
of double deployment and monthly data retrieval resulted in an average temperature data recovery of  
100 % from the Little Tennessee River and 82% from the Cullasaja River (Table 1).  The loss of data 
from the Cullasaja River was the result of a faulty ‘data Shuttle’ supplied by Onset Computer 
Corporation.  After the loss of data from the Cullasaja River, data was downloaded directly into a 
computer and the ‘data shuttle’ was not used for any other data retrieval.  The temperature data from 
both the FWA and DPC loggers from each location were averaged from midnight to midnight 
resulting in the daily average temperatures for each river location.  Daily minimum and maximum 
values represent the range of individual readings during the given 24-hr period. 
 
Dissolved oxygen measurements (as well as conductivity, temperature, depth, and pH) were collected 
with a programmable Hydrolab DataSonde.  The DataSonde was suspended off the bottom by an 
anchored float (Knight, 1998) in the powerhouse flow downstream of the Franklin Project  The 
Hydrolab was programmed to record data at 5-minute intervals during  a 4-day period in August 
2001, and a 4-day period in September 2001.  This deployment was conducted during times when 
baseflow was low (minimum rainfall) but with normal project operations.  August and September 
were the warmest months and were used to represent the lowest dissolved oxygen concentrations 
exhibited during the year.   
 
Even though the North Carolina Certified Laboratory Procedures only require calibration of in situ 
monitors according to the manufacturer’s recommendation, additional quality control procedures 
designed to measure the accuracy and precision of the instruments were employed prior to and after 
the river deployments.  The recording thermistors were placed in a controlled temperature oil bath 
(traceable to NBS standards).  The oil bath was adjusted in ~5°C increments while the instruments 
recorded the temperature at minute intervals.  These data were within the manufacturer’s 
specifications.  



The Hydrolab DataSonde was calibrated for dissolved oxygen, conductivity, depth, and pH prior to 
each deployment. After initial calibration, the instruments were placed in a circulating water bath.  
The oxygen concentrations in the water bath were lowered by bubbling nitrogen or increased by 
bubbling oxygen.  The DataSonde recorded the changes at minute intervals.  After each change of 
oxygen concentration, a Winkler determination was made from the water bath.  The dissolved oxygen 
concentrations recorded by the Hydrolabs and the Winkler method were compared over the range of 
dissolved oxygen concentrations.  Results showed that the Hydrolab DataSonde dissolved oxygen 
concentrations were within the manufacturer’s specifications prior to deployment; but, after 
deployment, the oxygen concentrations recorded by the Hydrolabs were slightly lower than the 
concentrations determined by the Winkler method.  This instrument drift indicated slight membrane 
fouling during the time the instruments were in the river.  No attempt was made to adjust the data 
recorded during the river deployments for this fouling.  Therefore, the oxygen concentrations reported 
would represent slight underestimates of the actual river concentrations.  
 
Historical records of stream flow (mean daily discharge) were obtained from the USGS 
(http://waterdata.usgs.gov/nwis/sw).  Mean daily summer flows (June - September) were calculated 
for each year for the period of record (1944 - 2001).  Summer flows within ±25% of the ‘grand’mean 
summer flow for the period of record were designated as normal flow years. The years where mean  
summer flows were greater than 25% of the ‘grand’ mean were designated as high flow, conversely, 
those years with summer flows less than 25% of the ‘grand’ mean were considered low flow years. 
Historical records of water quality (temperature and dissolved oxygen, monthly grab samples) were 
obtained from NCDENR, DWQ (Sauber, 2002). 
 

 
Figure 1. Map of Temperature and Dissolved Oxygen Sampling Locations in the Little Tennessee 
    and Cullasaja  Rivers - River Miles and Historical Data Collection Sites 

http://waterdata.usgs.gov/nwis/sw


RESULTS 
 
Temperature 
 
Continuous Water Temperature 
 
Cullasaja  River 
 
The 2001-02 daily average, minimum, and maximum temperatures, calculated from the 15-minute 
temperature recordings from Cullasaja River upstream of the project at river mile 1.2 (Figure 2),  
exhibited warmest temperatures during July and August with coolest temperatures in January.  Within 
the general seasonal trends of temperature, shorter intervals of heating and cooling periods were 
observed, indicating a rapid response of river temperatures to the prevailing meteorological 
conditions.  Beginning in June and continuing into September 2001, ambient river temperatures of the 
Cullasaja River routinely exceeded the state water quality standard of 20°C for trout waters.  
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Figure 2. Mean, Minimum, and Maximum Daily Water Temperatures, Cullasaja River - Upstream of 
    Franklin Project  
 



Little Tennessee River  
 
The daily average, minimum, and maximum temperatures calculated from the Little Tennessee River 
upstream of the Franklin Project in 2000 (Figure 3 ) and 2001-02 (Figure 4) exhibited the warmest 
temperatures during July and August, with slightly warmer temperatures observed in 2000.  The 
coldest temperatures in 2000 were observed in late January - early February, while 2002 had a brief 
cold period in early January.  As with the Cullasaja River (Figure 2), the ambient river temperatures 
in the Little Tennessee River (upstream of the Franklin Project) indicated a rapid response to the 
prevailing meteorological conditions.  Since the Little Tennessee River was not classified as trout 
waters, temperatures did not exceed state water quality standards (29°C). 
 
The daily average, minimum, and maximum temperatures calculated from the Little Tennessee River 
downstream of the Franklin Project in 2000 (Figure 5 ) and 2001-02 (Figure 6) exhibited identical 
trends as the temperatures recorded upstream of the Franklin Project.  Comparison of the daily mean 
temperatures upstream and downstream of the Franklin Project (Figures 7 and 8) indicated very little 
difference between the sites during the winter and spring seasons. However, water temperatures 
during the summer and fall months were slightly warmer downstream of Lake Emory, but were well 
below state water temperature standards. 
 
Examination of the individual temperature measurements (≈ 4-hour intervals in 2000 and 15-minute 
intervals in 2001) during the warmest period (Figures 9 and 10) revealed the significant diel 
temperature cycles at all sites.  During this summer period of warm temperatures, the diel temperature 
changes often exceeded 2ºC at all sites; maximum diel temperatures were observed downstream of 
the Franklin Project while minimum diel temperatures were observed upstream of Franklin, usually in 
the Cullasaja River (Figure 10).  The ‘peaks and valleys’ of the diel temperature cycles occurred at 
the same time during the day at all sites indicating that the river temperatures at all sites responded 
very rapidly to the prevailing meteorological conditions. However, Lake Emory exhibited 
characteristics of a large pool in the river where retention time, depth, and width of the river increased 
(relative to the original river channel), but maintained sufficient mixing to prevent thermal 
stratification (Nantahala Power and Light, 2000).  These characteristics enabled the water in Lake 
Emory to achieve slightly warmer temperatures (closer to equilibrium with the meteorological 
conditions) during the warmer times of the year.   
 
The tendency of Lake Emory to achieve temperatures closer to equilibrium with the conditions 
imposed by the weather was also reflected in the mean monthly and seasonal temperatures (Table 2). 
Average seasonal water temperatures in 2000 were 1.1ºC warmer than in 2001 (average difference in 
the Little Tennessee River upstream of the project between the two years).  The average seasonal 
temperature of the water downstream of Lake Emory was 1.2ºC warmer in 2000, compared to 0.9ºC 
in 2001.  These data again illustrate the rapid response of water temperature to the prevailing 
meteorological conditions, but that the net effect of Lake Emory during the warmest time of the year 
was to increase the retention time of the water to allow the water to achieve temperatures closer to 
equilibrium with the prevailing meteorology.  During the winter - spring period, when flows were 
typically greater (reduced retention time) and meteorological conditions were changing rapidly 
(evidenced by wide fluctuations in water temperatures), at all locations, the river exhibited similarly 
large heat fluxes due to large differences between meteorological equilibrium and water temperatures. 
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Figure 3. Mean, Minimum, and Maximum Daily Water Temperatures, Little Tennessee River -    
    Upstream of Franklin Project at River Mile 117.6 (FWA) 
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Figure 4. Mean, Minimum, and Maximum Daily Water Temperatures, Little Tennessee River -    
    Upstream of Franklin Project at River Mile 117.6 
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Figure 5. Mean, Minimum, and Maximum Daily Water Temperatures, Little Tennessee River -    
    Downstream of Franklin Project at River Mile 113.0 (FWA) 
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Figure 6. Mean, Minimum, and Maximum Daily Water Temperatures, Little Tennessee River -    
    Downstream of Franklin Project at River Mile 113.0 
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 Figure 7. Comparison of the Mean Daily Water Temperatures, Little Tennessee River - Upstream 
      and Downstream of Franklin Project (RM 117.6 and 113.0, respectively) (FWA) 
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Figure 8. Comparison of the Mean Daily Water Temperatures, Upstream of the Franklin Project 
(Little Tennessee River, RM 117.6 and the Cullasaja River, RM 1.2) and Downstream of Franklin 
Project (Little Tennessee River, RM 113.0) 
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Figure 9. Comparison of 5-hour Water Temperatures, Little Tennessee River - Upstream and   
    Downstream of  Franklin Project (RM 117.6 and 113.0, respectively) (FWA) 
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Figure 10. Comparison of 15-minute Water Temperatures, Upstream of the Franklin Project (Little 
Tennessee River, RM 117.6 and the Cullasaja River, RM 1.2) and Downstream of Franklin Project 
(Little Tennessee River, RM 113.0) 



Table 2. Mean Monthly Temperatures (ºC), Little Tennessee River, Upstream and Downstream of 
   Franklin Project, 2000 and 2001. 
 

2000 2001 2000 2001 2000 2001 2000 2001 2000 2001 2000 2001

21.0 20.1 23.1 21.5 22.7 22.3 19.9 19.0 14.3 12.6 20.2 19.1

22.3 21.1 23.9 22.9 24.1 23.5 21.5 19.9 15.4 12.7 21.4 20.0

1.3 1.0 0.8 1.4 1.5 1.2 1.5 0.9 1.1 0.1 1.2 0.9

September October Mean Temperature  
June - Oct 

Mean Temperature Difference 
(Downstream - Upstream)

Little Tennessee River       
Upstream Franklin Project

Little Tennessee River       
Downstream Franklin Project

June AugustJuly

 
 
 
 



Historical Water Temperature 
 
The twenty years of monthly ‘grab’ temperature data collected by the NCDENR-DWQ upstream of 
USGS gage at Prentiss (Figure 11) and the 27 years of monthly ‘grab’ samples collected downstream 
of the Franklin Project at Iotla (Figure 12) revealed temperatures that were consistently less than the  
state water quality standard of 29ºC for Class C waters. Even though the temperature values from 
both sites followed typical seasonal trends, the monthly ‘grab’ samples from both sites illustrated a  
high degree of variability  between the various years in the Little Tennessee River.   This variability is 
not unexpected since, as mentioned in the previous section, the river temperatures responded very 
rapidly to changing meteorological conditions;  hence, the water temperatures reflect the 
meteorological conditions immediately prior to sampling.   
 
The historical ‘grab’ samples of temperature do reveal that the years with low- and mid-range 
summer flows exhibited warmer summertime temperatures than the years with high summer flows 
(Figures 11 and 12).  In addition, the historical data from the Iotla site, downstream of the Franklin 
Project, were typically warmer than the water from the Prentiss site.  Analogous to the seasonal 
average temperatures calculated in Table 2, the average temperature of all data collected June through 
October for the low, mid, and high flow periods, revealed that mean temperatures were 0.1ºC, 1.4ºC, 
and 2.0ºC warmer downstream of the Franklin Project for the high, mid, and low flow years, 
respectively.  As discussed in the previous section of continuously recorded temperatures, these 
‘grab’ sample averages again illustrate the rapid response of water temperature to the prevailing 
meteorological conditions, and that the net effect of Lake Emory during the warmest time of the year 
was to increase the retention time of the water to allow the water to achieve temperatures closer to 
equilibrium with the prevailing meteorology. 
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Figure 11.  Monthly ‘grab’ Water TemperaturesCollected by NCDENR-DWQ at RM 122.3 upstream 
       of USGS gage at Prentiss), Little Tennessee River  (USGS flows from Prentiss: blue = 
       summer flow > 329, green = 197 < summers flow > 329,  and red = summer flow < 197) 
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Figure 12.  Monthly ‘grab’ Water Temperatures  Collected by NCDENR-DWQ at RM 110.3  (near 
        Iotla), Little Tennessee River (USGS flows from Needmore: blue = summer flow > 529, 
        green = 891 < summer flow < 881,  and red = summer flow < 529) 
 



Dissolved Oxygen 
 
Dissolved Oxygen and General Water Quality 
 
As mentioned in the Methods Sections, the temperature data were downloaded from the ‘Tidbits’ 
were at approximately monthly intervals. During these monthly trips, water quality data were 
measured with a calibrated Hydrolab in the immediate tailrace of the Franklin Hydroelectric Station 
(Table 3).  Temperature, dissolved oxygen concentrations, and pH were well within state water 
quality standards.  Conductivity values, a measure of total dissolved solids (no state standard applies), 
were relatively low, even though the Little Tennessee River had 39 point source discharges upstream 
of the Franklin Project ( Nantahala Power and Light, 2002). 
 
Table 3. Water Quality ‘Grab’ Samples, Little Tennessee River, Downstream of Franklin Project,  
    2001. 
 

DATE  TIME TEMP.  
(deg-C) 

DO    
(mg/l) 

COND.  
(uSi/cm)

pH  
(units) REMARKS 

              
05/17/01 2:15 PM 19.5 8.9 71 7.0 Franklin generating 
06/10/01 10:21 AM 19.9 7.3 61 6.8 Franklin generating 
07/11/01 9:10 AM 22.6 7.3 49 6.8 Franklin generating 
08/10/01 9:55 AM 24.4 6.8 80 6.8 Franklin generating 
09/06/01 1:15 PM 23.7 7.1 109 6.8 Franklin generating 
10/01/01 3:15 PM 14.9 9.5 86 6.6 Franklin generating 
11/19/01 2:26 PM 8.7 11.7 108 6.9 Franklin generating 
              

 
 
 
Dissolved Oxygen Deployments 
 
The times of the measurement of dissolved oxygen monitoring at the Franklin Project were chosen 
during the late summer when dissolved oxygen concentrations were expected to be lowest. Minimum 
dissolved oxygen concentrations in rivers typically were observed during the late summer when 
temperatures were warm and the growing season of aquatic plants had peaked.   At warmer water 
temperatures, the amount of dissolved oxygen in equilibrium with the atmosphere (saturation) 
decreases, while biological metabolism (photosynthesis and respiration rates) increases. Hence, the 
lowest dissolved oxygen concentrations were expected during August and September. 
 
Little Tennessee River 
 
The dissolved oxygen concentrations measured at 5-minute intervals in the Little Tennessee River 
during August and September (Figures 12 and 13) were at least 2 - 3 mg/l greater than the 4 mg/l 
minimum standard for Class C waters. The lowest recorded dissolved oxygen concentration was 6.8 
mg/l for a brief period on September 16th.  Daily average dissolved oxygen concentrations were at 
least  2 mg/l greater than the state standard of 5 mg/l oxygen.   
 



The diel patterns of dissolved oxygen concentrations in the Little Tennessee River below Lake Emory  
(Figure 12 and 13) were consistent with the biological metabolism patterns of increased oxygen from 
photosynthesis during the day and respiration consumption of oxygen at night.  The oxygen 
concentrations in August exceeded 100% saturation, indicating significant aquatic plant 
photosynthetic activity in Lake Emory.  Even though September oxygen concentrations did not 
exceed saturation levels, oxygen concentrations followed the same diel pattern as in August, again 
indicating significant aquatic plant metabolism.  Fish and Wildlife Associates (Nantahala Power and 
Light, 2000) reported slightly reduced oxygen concentrations in the deeper areas of Lake Emory.   
The biological respiration rates lowered the dissolved oxygen in the reservoir, but the water retention 
time and  depth of Lake Emory were low enough to prevent significant oxygen depletion.  The 
September concentrations, even though well above state standards, were probably representative of 
low concentrations originating from Lake Emory.   
 
 
Historical Dissolved Oxygen Concentrations 
 
The 20 years of monthly grab samples from the Little Tennessee River at Prentiss and the 27 years of 
monthly samples from the Iotla site (Figures 16 and 17) indicate that the Little Tennessee River  
consistently had oxygen concentrations greater than state water quality standards.  Unlike the 
temperature data, summertime flow did not appear to influence the oxygen concentrations. 
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Figure 12. Comparison of the observed 5 minute Dissolved Oxygen Concentrations and Calculated 
      Oxygen Saturation Concentrations, August 2001, Little Tennessee River - Downstream of 
      the Franklin Project (RM 113.0) 
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Figure 13.  Comparison of the observed 5 minute Dissolved Oxygen Concentrations and Calculated 
       Oxygen Saturation Concentrations, September, 2001, Little Tennessee River -   
       Downstream of the Franklin Project (RM 113.0) 
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Figure 16.  Monthly ‘grab’ Dissolved Oxygen Concentrations Collected by NCDENR-DWQ at RM 
       122.3 (upstream of USGS gage at Prentiss), Little Tennessee River  (USGS flows from 
       Prentiss: blue = summer flow > 329, green = 197 < summers flow > 329,  and red =    
       summer flow < 197) 
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Figure 17.  Monthly ‘grab’ Dissolved Oxygen Concentrations Collected by NCDENR-DWQ at RM 
       110.3  (near Iotla), Little Tennessee River (USGS flows from Needmore: blue = summer 
       flow > 529, green = 891 < summer flow < 881,  and red = summer flow < 529) 
 



CONCLUSIONS 
 
Water temperatures in  both the Little Tennessee River and Cullasaja River responded rapidly to 
changing meteorological conditions as evidenced by similar daily, weekly, and seasonal changes of 
water temperature from all locations.  The local meteorological conditions created ambient river 
temperatures that periodically exceeded state water quality standards for trout waters (20ºC) in the 
Cullasaja River, but not for non-trout waters (29ºC).  The net effect of the Franklin project (Lake 
Emory) during the warmest time of the year was to increase the retention time of the water to allow 
the water to achieve temperatures closer to equilibrium with the prevailing meteorology.  During low 
to average summer flows, temperatures increased by 1-2ºC through Lake Emory. During summer 
high flow times and during the winter - spring periods, Lake Emory water temperatures were very 
similar to those temperatures above the project.  
 
The August dissolved oxygen concentrations immediately downstream of the Franklin Project 
typically exceeded saturation concentrations during the day, but dropped below saturation 
concentrations at night.  This diel pattern strongly suggests the role of aquatic plant metabolism on 
the oxygen dynamics within Lake Emory.  The slightly lower dissolved oxygen concentrations in 
September were also influenced of by aquatic plant metabolism within Lake Emory but  resulted in 
slightly lower oxygen concentrations below the project.  Based upon dissolved oxygen data collected 
in 2001 and the NCDENR-DWQ historical data, oxygen concentrations consistently exceeded the 
minimum concentrations established by State water quality standards for both the Tennessee River.  
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Point Source Inventory - Franklin Project

I. Introduction

North Carolina Department of Environment and Natural Resources - Division of Water
Quality (NCDENR-DWQ) is responsible for managing the water quality of the state’s
freshwater resources.  The NCDENR-DWQ relies on the basinwide management plan
developed for each river basin. Each plan is evaluated and, based upon water quality
monitoring, revised every 5-years.  The goals of the plan are to identify and restore full use to
impaired waters, protect highly valued resource waters, and manage problem pollutants.  The
primary component of a basinwide plan is the process of permitting point source, wastewater
treatment facilities through the National Pollutant Discharge Elimination System (NPDES).

A portion of the water quality issues addressed by various agencies in the FERC relicensing
process was the identification and inventory of the point source discharges upstream, downstream
and within project waters. Therefore, the objective of this report is to provide an inventory of the
NPDES discharges for the entire watershed of the Little Tennessee basin continuing until Fontana
Reservoir.

II. Methods

An inventory of the NPDES permits for the respective river basins was collated in January,
2002.  Duke Power Company had in its GIS data base a list of the NPDES permits on record
as of November, 1997.  In order to update the inventory, a data request from the NCDENR -
Division of Water Quality for the NPDES permits on record as of December, 2001 was
requested.  Upon obtaining these records, a comparison with the 1997 records revealed
numerous point source discharges listed in the 1997 records were not listed in the 2002 data
base.   In addition, the headwaters of the Little Tennessee River are located in Georgia,
therefore, a listing of the NPDES discharges in Georgia were included. A complete record of
the NPDES permits since 1997 was obtained from the various sources listed in Table 1.
Duplicate records between databases were deleted.

III. Results

The results of the collation of the various databases are presented in Tables 2 and 3.  If the
respective category is blank, that data was not available from the database supplied by the
state.



Table 1.  List of Sources to Obtain NPDES Permit Information

Data Source
Data

acquired Source Obtained via Internet URL

1999 01/17/02

Georgia Department
of Natural Resources

Environmental
Protection Division

Download from
agency website

http://www.ganet.org//dnr/environ/techguide_files/gsb/dr0021.zip

1994 11/06/97

North Carolina Center
for Geographic
Information and

Analysis

Download from
agency website

http://www.ncmapnet.com/

2000 08/24/00

North Carolina Center
for Geographic
Information and

Analysis

Download from
agency website

http://www.ncmapnet.com/

2001 01/16/02

North Carolina
Department of

Environment and
Natural Resources
Division of Water

Quality

Attachment to
email from Charles
Weaver responding
to request for data

 



Table 2.   NPDES Permits - Little Tennessee River Basin  (Franklin Project downstream to Fontana Lake)

Data
Source

PERMIT # FACILITY
RECEIVING

STREAM
TYPE

DATE
ISSUED

DATE
EXPIRES

PERMITTED
FLOW

(gal/day)
COUNTY Longitude Latitude

1994 NC0065412 Shuler Ruby Mine Caler Fork Creek - 12/30/92 - - Macon
83° 21'

29.02" W
35° 16'

22.01" N

1994 NCG520017
Cherokee Ruby

Mine
Caler Fork Creek - 11/01/93 - - Macon

83° 21'
2.02" W

35° 16'
22.01" N

1994 NCG520018 Jones Ruby Mine Caler Fork Creek - 11/01/93 - - Macon
83° 21'

38.02" W
35° 16'

18.01" N

1994 NCG520019 Shuler Ruby Mine Caler Fork Creek - 11/01/93 - - Macon
83° 21'

29.02" W
35° 16'

22.01" N

1994 NCG520016 Pinaud Gem Mine Mason Branch - 11/01/93 - - Macon
83° 23'

28.00" W
35° 14'

43.01" N

1994 NCG530071 Tellico Trout Farm Tellico Creek - 11/01/93 - - Macon
83° 31'

27.01" W
35° 16'

35.00" N



Table 3.   NPDES Permits - Little Tennessee River Basin  (Upstream of the Franklin Project)

Data
Source

PERMIT # FACILITY
RECEIVING

STREAM
TYPE

DATE
ISSUED

DATE
EXPIRES

PERMITTED
FLOW

(gal/day)
COUNTY Longitude Latitude

2001 NC0032778 4th Street WTP Big Creek

Water Plants and
Water

Conditioning
Discharge

9/29/97 10/31/02 - Macon
83° 13'
3.00" W

35° 4'
11.00" N

2001 NC0036692 Skyline Lodge Big Creek
Discharging 100%

Domestic
< 1MGD

5/12/98 11/30/02 10000 Macon
83° 12'

56.00" W
35° 4'

27.00"  N

2001 NC0070394 Willowbrook Park Coweeta Creek
Discharging 100%

Domestic
< 1MGD

3/30/98 11/30/02 24600 Macon
83° 23'

12.00" W
35° 5'

4.00"  N

2001 NC0021407
Highlands Town-

WWTP
Cullasaja River

Discharging 100%
Domestic
< 1MGD

3/3/99 10/31/02 500000 Macon
83° 13'

31.00" W
35° 4'

3.00"  N

2001 NC0059552
Highlands Falls

WWTP
Cullasaja River

Discharging 100%
Domestic
< 1MGD

3/30/98 11/30/02 3000 Macon
83° 11'

20.00" W
35° 4'

47.00" N

2001 NC0067300
Macon Middle
School WWTP

Cullasaja River
Discharging 100%

Domestic
< 1MGD

3/2/98 10/31/02 10000 Macon
83° 21'

37.00" W
35° 9'

51.00" N

2001 NC0067326 Cullasaja School Cullasaja River
Discharging 100%

Domestic
< 1MGD

1/26/98 10/31/02 2000 Macon
83° 18'

53.00" W
35° 9'

40.00" N

2001 NC0075612
Wildcat Cliffs Co

Club/ WWTP
Cullasaja River

Discharging 100%
Domestic
< 1MGD

1/26/98 11/30/02 50000 Macon
83° 9'

17.00" W
35° 5'

5.00" N

2001 NC0037991
Highlands

Mountain Club
Monger Creek

Discharging 100%
Domestic
< 1MGD

5/12/98 11/30/02 22000 Macon
83° 13'

37.00" W
35° 2'

48.00" N



Table 3.  Con't

2001 NC0058262
Highlands Country

Club WWTP
Monger Creek

Discharging 100%
Domestic
< 1MGD

5/12/98 10/31/02 50000 Macon
83° 13'

20.00" W
35° 3'

13.00" N

2001 NC0060844
Laurel Hills

Homeowners Assoc
Norton Branch

Discharging 100%
Domestic
< 1MGD

3/23/98 11/30/02 9000 Macon
83° 22'

23.00" W
35° 7'

45.00" N

2001 NC0021547
Franklin Town-

WWTP
Norton Branch

Municipal
Wastewater

Discharge - Large
3/13/98 10/31/02 1650000 Macon

83° 23'
5.00" W

35° 12'
3.00" N

2001 NC0051381
Highlands Falls

Country Club WWTP
Saltrock Branch

Discharging 100%
Domestic
< 1MGD

10/15/97 11/30/02 135000 Macon
83° 10'

44.00" W
35° 3'

53.00" N

2000 NC0086461
Western Sand
Corporation

Little Tennessee Sand Dredging 03/11/99 11/30/02 60000 Macon
83° 22' 28"

W
35° 11' 13"

N

1999 GA0023787 Vulcan Materials Co. Kellys Cr. Industrial - - - Rabun
83° 21'

25.24" W
34° 58'

27.15" N

1999 GA0000060 Rabun Apparel Inc.
Little Tennessee

River
Industrial - - - Rabun

83° 22'
36.17" W

34° 57'
37.95" N

1999 GA0047139 Dillard WPCP
Little Tennessee

River Trib.
Municipal - - - Rabun

83° 22'
55.26" W

34° 58'
38.59" N

1994 NCG550162
Arthur E. Gamache

Residence
Buck Creek - 11/01/93 - - Macon

83° 16'
40.01" W

35° 7'
43.00" N

1994 NCG550170
Wendel Nixon

Residence
Buck Creek  - 11/01/93 - - Macon

83° 15'
27.97" W

35° 7'
30.00" N



Table 3.  Con't

1994 NCG550444
J. Edward Gay

Residence
Buck Creek - 11/01/93 - - Macon

83° 16'
45.01" W

35° 7'
44.00" N

1994 NCG550364
Frank Fargo
Residence

Coweeta Creek  - 11/01/93 - - Macon
83° 23'

40.02" W
35° 4'

28.99" N

1994 NCG550518
Tom Earley
Residence

Coweeta Creek - 11/01/93 - - Macon
83° 23'

40.99" W
35° 4'

15.02" N

1994 NC0061221 On the Verandah; Inc. Lake Sequoyah - 12/30/92 - - Macon
83° 13'

12.00" W
35° 3'

49.00" N

1994 NCG550389
Lonnie Barnes

Residence
Little Buck Creek - 11/01/93 - - Macon

83° 13'
57.00" W

35° 8'
22.02" N

1994 NCG550396
Gerald A. Wolfe

Residence
Little Buck Creek  - 11/01/93 - - Macon

83° 13'
19.02" W

35° 8'
46.00" N

1994 NC0027243
Franklin Mineral

Products Company
Little Tennessee

River
 - 12/30/92 - - Macon

83° 22'
13.01" W

35° 10'
48.00" N

1994 NC0069078 Mann Brothers
Little Tennessee

River
 - 12/30/92 - - Macon

83° 22'
57.00" W

35° 5'
35.99" N

1994 NC0073261
Walter L. Propst

Property
Little Tennessee

River
 - 12/30/92 - - Macon

83° 22'
57.97" W

35° 5'
37.00" N

1994 NCG520024
Evans / Kirkland Sand

Dredge
Little Tennessee

River
 - 11/01/93 - - Macon

83° 22'
13.98" W

35° 10'
30.00" N



Table 3.  Con't

1994 NCG520031
Bert Raby Sand

Dredge
Little Tennessee

River
- 11/01/93 - - Macon

83° 23'
8.99" W

35° 3'
38.99" N

1994 NCG520039
Harold Clark SFR
(Lake Emory Sand

Dredge)

Little Tennessee
River

 - 11/01/93 - - Macon
83° 23'
2.98" W

35° 12'
11.02" N

1994 NCG550299
Anthony J. Fiorillo

Residence
Little Tennessee

River
 - 11/01/93 - - Macon

83° 22'
45.01" W

35° 12'
29.99" N

1994 NCG550300
Rodney W. Goehman

Residence
Little Tennessee

River
 - 11/01/93 - - Macon

83° 22'
45.01" W

35° 12'
29.99" N

1994 NCG550392
James Jacobs

Residence
Middle Creek  - 11/01/93 - - Macon

83° 21'
51.98" W

35° 3'
10.98" N

1994 NCG550000
Highlands Assembly

of God
Mill Creek  - 11/01/93 - - Macon

83° 11'
38.00" W

35° 3' 4.00"
N

1994 NCG550482
Barbara Service

Residence
Skeenah Creek - 11/01/93 - - Macon

83° 24'
15.98" W

35° 6'
38.99" N

1994 NCG550658
Highlands-Cashiers

Animal Clinic
UT Cullasaja

River
 - 11/01/93 - - Macon

83° 11'
17.99" W

35° 4'
10.99" N

1994 NC0060682
Sky Valley Resort /

Alpine Lodge
UT Mud Creek  - 12/30/92 - - Macon

83° 20'
10.00" W

34° 59'
58.99" N

1994 NC0020524
LBJ Civilian

Conservation Center
Wayah Creek  - 12/30/92 - - Macon

83° 30'
27.97" W

35° 9'
54.00" N
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