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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 Tuckasegee River from all riverine stations located 
below the Dillsboro dam but not from any riverine station above the dam or from the 
reservoir.  It was not collected in any seine sample. 

 
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.  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 Tuckasegee River at all riverine stations but was not 
collected in the reservoir.  It was not collected in any seine sample. 

 
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 Tuckasegee River only at riverine Stations T-1 and T-3 
but was not collected from any other riverine station or in the reservoir.  It was not 
collected in any seine sample. 

 
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.  The U.S. Forest Service 
lists it as a sensitive species.    
 

Stizostedion vitreum, walleye 
 

A. Identification 
 

The walleye is a member of the Family Percidae (the perches) in the Order Perciformes.  
This is a slender, streamlined fish with a large mouth (upper jaw extends will behind the 
middle of the eye) and sharp teeth.  Body color is extremely variable, ranging from bluish 
gray to brown to bright yellow.  Pigment pattern is also variable, usually rather uniform, 
but it may have lateral and dorsal blotching.  The first dorsal fin is dusky with a large, 
black basal posterior blotch.  The second dorsal and caudal fins have narrow brown 
bands.  The pectoral fin has a black spot at the base.  The top of the anal fin, the lower 
lobe of the caudal fin, and the belly are white.  The lateral line is complete, a frenum is 
absent, and the gill membranes are separate.  The posterior margin of the preopercle is 
strongly serrate and adults get rather large (12 inches TL or much more).  The dorsal fin 
has 12-16 spines and 18-21 soft rays.  The anal fin has 2 spines and 11-14 soft rays.  The 
pectoral fin has 13-16 rays and the caudal fin has 17 principal rays. 

 
B. Range 

 
The walleye has been widely introduced and hence their native range is uncertain.  They 
occur throughout the Great Lakes and Hudson Bay drainages into the Arctic drainage in 
the Mackenzie River, and throughout the Mississippi and Missouri river basins.  
Populations also occur in the Atlantic slope from Pennsylvania to North Carolina and the 
Gulf Coast. 

 
C. Habitat 

 
Walleye are abundant in cool, sandy-bottom lakes, large rivers, and in clearer reservoirs.  
They are intolerant of turbidity, silt, and high temperatures and often occur together in 
loose schools.  The walleye is sensitive to strong light and avoids it by seeking deeper 
water and sheltered areas during the day and moving inshore to shoal areas to feed at 
dusk. 

 
D. Local Occurrence 

 
The walleye occurs mainly in reservoirs and a few streams of the Appalachian Mountain 
Province of western North Carolina. 
 
This species was found in the Tuckasegee River at Station T-1 only.  It was not collected 
from any other riverine station or in the reservoir.  It was not collected in any seine 
sample. 
 



E. Federal and State Status 
 

No federal or state status. 
 

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 Tuckasegee River at all riverine stations but was not 
collected in the reservoir.  It was collected in all seine samples except for Stations T-2 
and T-3 for the March sample.  It was however collected in the February seine sample at 
T-3. 

 
E. Federal and State Status 
 



No federal or state status. 
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Figure 1.  Map of the Dillsboro project fish sampling stations on the Tuckasegee River. 
 
 



River Site Length (m) Width (m) GPS
Dillsboro Reservoir DR

Left Bank 200
    Upper end 35o 21.663' N 83o 14.781' W
    Lower end 35o 21.769' N 83o 14.799' W
Middle 200
Right Bank 200
    Upper end 35o 21.796' N 83o 14.831' W
    Lower end 35o 21.913' N 83o 14.855' W

Tuckasegee T-1
Backpack 50
    Upper end 42,06 35o 22.990' N 83o 17.440' W

50,29
49,68

    Lower end 51,82 No reading

Boat 150
    Upper end No reading
    Lower end 35o 23.078' N 83o 17.526' W

Tuckasegee T-2
Backpack 50
    Upper end 50,60 35o 22.005' N 83o 15.337' W

47,85
43,28
43,28
42,98
44,50
42,37

    Lower end 42,37 35o 22.017' N 83o 15.303' W

Boat 150
    Upper end 35o 22.014' N 83o 15.265' W
    Lower end 35o 22.032' N 83o 15.142' W

Tuckasegee T-3
Backpack 50 46,33

Boat 128
    Upper end

taken at mid-section 35o 22.061' N 83o 15.072' W
    Lower end

Table 1.  Length, mean width and GPS coordinates for each of the fisheries sample stations for the 
Dillsboro Project, Tuckasegee River.



Table 1.  Continued.

River Site Length (m) Width (m) GPS
Tuckasegee T-4

Backpack 50
    Upper end 52,43 35o 21.007' N 83o 13.735' W

38,71
31,39
33,53

    Lower end 34,59 35o 21.010' N 83o 13.733' W

Boat 150
    Upper end 35o 20.985' N 83o 13.620' W
    Lower end 35o 21.007' N 83o 13.735' W

Tuckasegee T-5
Backpack 50
    Upper end 39,93 35o 17.688' N 83o 08.633' W

39,93
39,93
39,93
39,93
43,53
42,32
40,77
38,08
36,50
36,91
38,91
37,26
38,66
39,37
38,84
38,28
40,23
40,59

    Lower end 39,27 35o 17.702' N 83o 08.676' W

Boat 150
    Upper end 35o 17.702' N 83o 08.675' W
    Lower end 35o 17.745' N 83o 08.744' W



Common Name Scientific Name T-1 T-2 T-3 T-4 T-5 DR
Mountain brook lamprey Ichthyomyzon greeleyi x x x x x
Rainbow trout (stocked) Oncorhynchus mykiss x x x x x
Rainbow trout (wild) Oncorhynchus mykiss x x x x x
Brown trout (stocked) Salmo trutta x x x x x
Brown trout (wild) Salmo trutta x x x x x x
Brook trout (stocked) Salvelinus fontinalis x x x x x x
Central stoneroller Campostoma anomalum x x x x x
Whitetail shiner Cyprinella galacturus x x x x x
Common carp Cyprinus carpio x
Warpaint shiner Luxilus coccogenis x x x x x
River chub Nocomis micropogon x x x x x x
Golden shiner Notemigonus crysoleucas x
Tennessee shiner Notropis leuciodus x x x x x
Silver shiner Notropis photogenis x x x
Mirror shiner Notropis spectrunculus x x x x
Telescope shiner Notropis telescopus x x x x
Fatlips minnow Phenacobius crassilabrum x x x x x
Blacknose dace Rhinichthys atratulus x x
Longnose dace Rhinichthys cataractae x x x
White sucker Catostomus commersoni x x x x
Northern hog sucker Hypentelium nigricans x x x x x x
River redhorse Moxostoma carinatum x x x
Black redhorse Moxostoma duquesnei x x x x x x
Golden redhorse Moxostoma erythrurum x x x
Shorthead redhorse Moxostoma macrolepidotum x x
Black bullhead Ameiurus melas x
Brown bullhead Ameiurus nebulosus x
Mottled sculpin Cottus bairdi x x x x x
Rock bass Ambloplites rupestris x x x x x x
Redbreast sunfish Lepomis auritus x x x x x
Green sunfish Lepomis cyanellus x
Bluegill Lepomis macrochirus x x
Smallmouth bass Micropterus dolomieui x x x x x x
Spotted bass Micropterus punctulatus x
Largemouth bass Micropterus salmoides x x
Greenside darter Etheostoma blennioides x x x x x
Greenfin darter Etheostoma chlorobranchium x x x x x
Wounded darter Etheostoma vulneratum x x x x x
Banded darter Etheostoma zonale x x x x
Yellow perch Perca flavescens x
Tangerine darter Percina aurantiaca x x x
Gilt darter Percina evides x x x x x
Olive darter Percina squamata x x
Walleye Stizostedion vitreum x

Total Fish Species 32 28 38 24 24 11

Table 2.  Fish species collected by sample station during electrofishing sampling of the Tuckasegee River during 
May 2001, July 2001, September 2001 and March 2002.

Station



Mar
Common Name Scientific Name May July Sept Mar Seine

Mountain brook lamprey Ichthyomyzon greeleyi 2 -- 7 -- --
Rainbow trout (stocked) Oncorhynchus mykiss 2 2 -- 3 --
Rainbow trout (wild) Oncorhynchus mykiss -- 1 -- -- --
Brown trout (stocked) Salmo trutta 1 1 -- 7 --
Brown trout (wild) Salmo trutta -- -- -- 2 --
Brook trout (stocked) Salvelinus fontinalis 1 -- -- 10 --
Central stoneroller Campostoma anomalum 4 17 24 -- 2
Whitetail shiner Cyprinella galacturus 5 9 14 40 1
Common carp Cyprinus carpio -- -- -- -- --
Warpaint shiner Luxilus coccogenis 20 20 11 27 1
River chub Nocomis micropogon 79 81 104 68 5
Golden shiner Notemigonus crysoleucas -- -- -- -- --
Tennessee shiner Notropis leuciodus 98 212 46 70 39
Silver shiner Notropis photogenis 13 1 -- 2 4
Mirror shiner Notropis spectrunculus 11 57 9 196 6
Telescope shiner Notropis telescopus 28 6 27 46 32
Fatlips minnow Phenacobius crassilabrum -- 27 10 2 8
Blacknose dace Rhinichthys atratulus -- -- -- -- --
Longnose dace Rhinichthys cataractae -- -- -- -- --
White sucker Catostomus commersoni -- -- -- -- 1
Northern hog sucker Hypentelium nigricans 20 37 28 57 12
River redhorse Moxostoma carinatum 3 5 4 4 --
Black redhorse Moxostoma duquesnei 19 19 24 55 --
Golden redhorse Moxostoma erythrurum 5 1 2 5 --
Shorthead redhorse Moxostoma macrolepidotum 8 1 1 -- --
Black bullhead Ameiurus melas -- -- -- -- --
Brown bullhead Ameiurus nebulosus -- -- -- -- --
Mottled sculpin Cottus bairdi 4 4 8 5 4
Rock bass Ambloplites rupestris 19 9 12 18 --
Redbreast sunfish Lepomis auritus 3 -- -- -- --
Green sunfish Lepomis cyanellus -- -- -- -- --
Bluegill Lepomis macrochirus 1 -- -- -- --
Smallmouth bass Micropterus dolomieui 7 3 6 6 --
Spotted bass Micropterus punctulatus -- -- -- -- --
Largemouth bass Micropterus salmoides -- -- -- -- --
Greenside darter Etheostoma blennioides 9 5 24 4 --
Greenfin darter Etheostoma chlorobranchium 5 7 24 2 --
Wounded darter Etheostoma vulneratum 31 17 57 25 6
Banded darter Etheostoma zonale 19 16 33 13 3
Yellow perch Perca flavescens -- -- -- -- --
Tangerine darter Percina aurantiaca 6 8 7 1 --
Gilt darter Percina evides 42 94 113 60 39
Olive darter Percina squamata -- -- 1 1 --
Walleye Stizostedion vitreum -- -- -- 1 --

Total Fish Collected 465 660 596 730 163
Total Fish Species 28 25 24 26 15

Station T-1

Table 3.  Total number of fish by species and sample period collected at Station T-1, Tuckasegee River 
upstream of Barkers Creek, during May 2001, July 2001, September 2001 and March 2002.



Mar
Common Name Scientific Name May July Sept Mar Seine

Mountain brook lamprey Ichthyomyzon greeleyi 2 5 2 2 --
Rainbow trout (stocked) Oncorhynchus mykiss 1 3 -- 1 --
Rainbow trout (wild) Oncorhynchus mykiss 1 1 1 -- --
Brown trout (stocked) Salmo trutta 2 2 -- 4 --
Brown trout (wild) Salmo trutta 1 3 -- 1 --
Brook trout (stocked) Salvelinus fontinalis 7 1 -- 1 --
Central stoneroller Campostoma anomalum 40 92 44 33 4
Whitetail shiner Cyprinella galacturus 3 7 3 9 --
Common carp Cyprinus carpio -- -- -- -- --
Warpaint shiner Luxilus coccogenis 57 21 44 65 --
River chub Nocomis micropogon 198 208 162 161 9
Golden shiner Notemigonus crysoleucas -- -- -- -- --
Tennessee shiner Notropis leuciodus 98 104 129 91 23
Silver shiner Notropis photogenis 4 4 -- -- --
Mirror shiner Notropis spectrunculus 12 56 38 9 --
Telescope shiner Notropis telescopus 6 6 45 61 1
Fatlips minnow Phenacobius crassilabrum 26 3 14 7 17
Blacknose dace Rhinichthys atratulus -- -- -- -- --
Longnose dace Rhinichthys cataractae -- 1 -- -- --
White sucker Catostomus commersoni -- -- -- -- --
Northern hog sucker Hypentelium nigricans 24 37 28 50 --
River redhorse Moxostoma carinatum 2 4 -- 13 --
Black redhorse Moxostoma duquesnei 38 49 -- 25 --
Golden redhorse Moxostoma erythrurum 1 5 -- -- --
Shorthead redhorse Moxostoma macrolepidotum 3 5 -- 1 --
Black bullhead Ameiurus melas -- -- -- -- --
Brown bullhead Ameiurus nebulosus -- -- -- -- --
Mottled sculpin Cottus bairdi 2 5 4 2 --
Rock bass Ambloplites rupestris 9 14 3 6 --
Redbreast sunfish Lepomis auritus -- -- -- -- --
Green sunfish Lepomis cyanellus -- -- -- -- --
Bluegill Lepomis macrochirus -- -- -- -- --
Smallmouth bass Micropterus dolomieui 4 7 4 2 --
Spotted bass Micropterus punctulatus -- -- -- -- --
Largemouth bass Micropterus salmoides -- -- -- -- --
Greenside darter Etheostoma blennioides 10 12 4 13 --
Greenfin darter Etheostoma chlorobranchium 13 25 7 3 1
Wounded darter Etheostoma vulneratum 10 23 2 7 8
Banded darter Etheostoma zonale 8 32 16 8 4
Yellow perch Perca flavescens -- -- -- -- --
Tangerine darter Percina aurantiaca 1 1 -- 3 --
Gilt darter Percina evides 38 74 9 26 17
Olive darter Percina squamata -- -- -- -- --
Walleye Stizostedion vitreum -- -- -- -- --

Total Fish Collected 621 810 559 604 84
Total Fish Species 27 28 19 25 9

Station T-2

Table 4.  Total number of fish by species and sample period collected at Station T-2, Tuckasegee River 
downstream of the confluence with Scott Creek, during May 2001, July 2001, September 2001 and 
March 2002.



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

Mountain brook lamprey Ichthyomyzon greeleyi 4 -- -- -- -- 2 --
Rainbow trout (stocked) Oncorhynchus mykiss -- -- 1 -- -- 1 --
Rainbow trout (wild) Oncorhynchus mykiss -- -- 1 4 -- 7 --
Brown trout (stocked) Salmo trutta 3 4 3 2 -- 4 --
Brown trout (wild) Salmo trutta 3 10 5 1 -- 5 --
Brook trout (stocked) Salvelinus fontinalis 2 -- -- 1 -- 4 1
Central stoneroller Campostoma anomalum 1 -- 24 20 7 5 2
Whitetail shiner Cyprinella galacturus 5 29 -- 2 -- 1 --
Common carp Cyprinus carpio -- 1 -- -- -- -- --
Warpaint shiner Luxilus coccogenis 7 20 57 19 6 1 --
River chub Nocomis micropogon 42 46 78 36 34 88 18
Golden shiner Notemigonus crysoleucas -- -- -- -- -- -- --
Tennessee shiner Notropis leuciodus 8 22 27 33 64 14 12
Silver shiner Notropis photogenis -- -- 1 -- 24 -- 4
Mirror shiner Notropis spectrunculus 4 18 57 43 26 30 1
Telescope shiner Notropis telescopus 1 2 6 9 -- -- --
Fatlips minnow Phenacobius crassilabrum 3 -- 3 1 1 3 2
Blacknose dace Rhinichthys atratulus -- -- -- -- -- 1 --
Longnose dace Rhinichthys cataractae -- -- -- -- -- -- --
White sucker Catostomus commersoni -- 1 2 -- -- -- --
Northern hog sucker Hypentelium nigricans 3 33 27 19 19 8 6
River redhorse Moxostoma carinatum -- 7 5 -- -- 1 --
Black redhorse Moxostoma duquesnei 16 33 37 22 -- 39 --
Golden redhorse Moxostoma erythrurum 12 12 8 1 -- 11 --
Shorthead redhorse Moxostoma macrolepidotum -- -- -- -- -- -- --
Black bullhead Ameiurus melas 1 -- -- -- -- -- --
Brown bullhead Ameiurus nebulosus -- -- 1 -- -- 2 --
Mottled sculpin Cottus bairdi 3 -- 2 -- 2 1 --
Rock bass Ambloplites rupestris 17 31 29 29 1 56 1
Redbreast sunfish Lepomis auritus 2 16 11 -- -- 7 --
Green sunfish Lepomis cyanellus -- -- -- 1 -- -- --
Bluegill Lepomis macrochirus 4 11 23 1 -- 8 --
Smallmouth bass Micropterus dolomieui 3 19 8 3 -- 13 --
Spotted bass Micropterus punctulatus -- 1 -- -- -- -- --
Largemouth bass Micropterus salmoides 2 2 6 -- -- 2 --
Greenside darter Etheostoma blennioides 19 10 11 8 5 7 2
Greenfin darter Etheostoma chlorobranchium 17 9 4 -- -- 1 2
Wounded darter Etheostoma vulneratum 15 13 6 1 2 5 4
Banded darter Etheostoma zonale 21 14 17 7 19 10 5
Yellow perch Perca flavescens 1 1 -- -- -- -- --
Tangerine darter Percina aurantiaca 4 8 1 1 -- -- --
Gilt darter Percina evides 9 5 20 1 4 6 3
Olive darter Percina squamata 1 -- -- -- -- -- --
Walleye Stizostedion vitreum -- -- -- -- -- -- --

Total Fish Collected 233 378 481 265 214 343 63
Total Fish Species 29 26 28 23 14 28 14

Station T-3

Table 5.  Total number of fish by species and sample period collected at Station T-3, Tuckasegee River 
immediately downstream of the Dillsboro Dam, during May 2001, July 2001, September 2001, February 2002 
and March 2002.



Mar
Common Name Scientific Name May July Sept Mar Seine
Mountain brook lamprey Ichthyomyzon greeleyi 7 4 1 14 --
Rainbow trout (stocked) Oncorhynchus mykiss 1 1 -- 2 --
Rainbow trout (wild) Oncorhynchus mykiss -- -- 1 3 --
Brown trout (stocked) Salmo trutta -- 2 -- 4 --
Brown trout (wild) Salmo trutta 2 -- -- 4 --
Brook trout (stocked) Salvelinus fontinalis 3 -- -- 11 1
Central stoneroller Campostoma anomalum 16 27 43 25 --
Whitetail shiner Cyprinella galacturus 10 15 19 7 --
Common carp Cyprinus carpio -- -- -- -- --
Warpaint shiner Luxilus coccogenis -- 7 21 29 --
River chub Nocomis micropogon 31 52 65 64 4
Golden shiner Notemigonus crysoleucas -- -- -- -- --
Tennessee shiner Notropis leuciodus 25 56 69 64 1
Silver shiner Notropis photogenis -- -- -- -- --
Mirror shiner Notropis spectrunculus 22 42 51 50 --
Telescope shiner Notropis telescopus -- -- -- -- --
Fatlips minnow Phenacobius crassilabrum -- 4 16 26 --
Blacknose dace Rhinichthys atratulus -- 1 -- -- --
Longnose dace Rhinichthys cataractae 3 1 1 -- --
White sucker Catostomus commersoni -- -- -- -- --
Northern hog sucker Hypentelium nigricans 2 6 9 5 --
River redhorse Moxostoma carinatum -- -- -- -- --
Black redhorse Moxostoma duquesnei 3 2 2 5 --
Golden redhorse Moxostoma erythrurum -- -- -- -- --
Shorthead redhorse Moxostoma macrolepidotum -- -- -- -- --
Black bullhead Ameiurus melas -- -- -- -- --
Brown bullhead Ameiurus nebulosus -- -- -- -- --
Mottled sculpin Cottus bairdi 108 155 169 120 10
Rock bass Ambloplites rupestris 9 7 6 7 --
Redbreast sunfish Lepomis auritus -- -- -- 1 --
Green sunfish Lepomis cyanellus -- -- -- -- --
Bluegill Lepomis macrochirus -- -- -- -- --
Smallmouth bass Micropterus dolomieui 1 3 5 1 --
Spotted bass Micropterus punctulatus -- -- -- -- --
Largemouth bass Micropterus salmoides -- -- -- -- --
Greenside darter Etheostoma blennioides 32 32 29 28 --
Greenfin darter Etheostoma chlorobranchium 88 163 151 63 8
Wounded darter Etheostoma vulneratum 54 48 47 10 --
Banded darter Etheostoma zonale 7 10 9 8 --
Yellow perch Perca flavescens -- -- -- -- --
Tangerine darter Percina aurantiaca -- -- -- -- --
Gilt darter Percina evides 29 25 33 27 2
Olive darter Percina squamata -- -- -- -- --
Walleye Stizostedion vitreum -- --

Total Fish Collected 453 663 747 578 26
Total Fish Species 20 22 20 22 6

Station T-4

Table 6.  Total number of fish by species and sample period collected at Station T-4, Tuckasegee River 
near Webster, during May 2001, July 2001, September 2001 and March 2002.



Mar
Common Name Scientific Name May July Sept Mar Seine

Mountain brook lamprey Ichthyomyzon greeleyi 12 -- 1 1 --
Rainbow trout (stocked) Oncorhynchus mykiss -- -- -- -- --
Rainbow trout (wild) Oncorhynchus mykiss 6 2 3 7 --
Brown trout (stocked) Salmo trutta -- -- 1 -- --
Brown trout (wild) Salmo trutta 4 7 4 1 2
Brook trout (stocked) Salvelinus fontinalis -- -- -- 1 --
Central stoneroller Campostoma anomalum 8 5 4 24 1
Whitetail shiner Cyprinella galacturus 5 -- -- -- --
Common carp Cyprinus carpio -- -- -- -- --
Warpaint shiner Luxilus coccogenis 2 -- -- 20 --
River chub Nocomis micropogon 56 58 108 81 --
Golden shiner Notemigonus crysoleucas -- -- -- -- --
Tennessee shiner Notropis leuciodus 2 2 4 2 --
Silver shiner Notropis photogenis -- -- -- -- --
Mirror shiner Notropis spectrunculus -- -- -- -- --
Telescope shiner Notropis telescopus 1 -- -- -- --
Fatlips minnow Phenacobius crassilabrum -- -- -- 5 1
Blacknose dace Rhinichthys atratulus -- -- -- -- --
Longnose dace Rhinichthys cataractae 2 1 -- 1
White sucker Catostomus commersoni 9 14 7 -- --
Northern hog sucker Hypentelium nigricans 5 3 5 8 --
River redhorse Moxostoma carinatum -- -- -- -- --
Black redhorse Moxostoma duquesnei 84 6 10 18 --
Golden redhorse Moxostoma erythrurum -- -- -- -- --
Shorthead redhorse Moxostoma macrolepidotum -- -- -- -- --
Black bullhead Ameiurus melas -- -- -- -- --
Brown bullhead Ameiurus nebulosus -- -- -- -- --
Mottled sculpin Cottus bairdi 100 176 230 112 84
Rock bass Ambloplites rupestris 13 5 4 7 --
Redbreast sunfish Lepomis auritus 2 -- -- -- --
Green sunfish Lepomis cyanellus -- -- -- -- --
Bluegill Lepomis macrochirus -- -- -- -- --
Smallmouth bass Micropterus dolomieui -- -- -- 1 --
Spotted bass Micropterus punctulatus -- -- -- -- --
Largemouth bass Micropterus salmoides 1 -- -- -- --
Greenside darter Etheostoma blennioides 1 6 16 10 5
Greenfin darter Etheostoma chlorobranchium 7 4 12 1 --
Wounded darter Etheostoma vulneratum 5 4 -- -- --
Banded darter Etheostoma zonale -- -- -- -- --
Yellow perch Perca flavescens -- -- -- -- --
Tangerine darter Percina aurantiaca -- -- -- -- --
Gilt darter Percina evides 1 -- 2 6 6
Olive darter Percina squamata -- -- -- -- --
Walleye Stizostedion vitreum

Total Fish Collected 326 292 412 305 100
Total Fish Species 21 13 15 17 7

Station T-5

Table 7.  Total number of fish by species and sample period collected at Station T-5, Tuckasegee River 
upstream of the confluence with Caney Fork Creek, during May 2001, July 2001, September 2001 and 
March 2002.



Common Name Scientific Name May March
Mountain brook lamprey Ichthyomyzon greeleyi -- --
Rainbow trout (stocked) Oncorhynchus mykiss 2 11
Rainbow trout (wild) Oncorhynchus mykiss -- --
Brown trout (stocked) Salmo trutta -- --
Brown trout (wild) Salmo trutta -- 1
Brook trout (stocked) Salvelinus fontinalis -- 5
Central stoneroller Campostoma anomalum -- --
Whitetail shiner Cyprinella galacturus -- --
Common carp Cyprinus carpio -- --
Warpaint shiner Luxilus coccogenis -- --
River chub Nocomis micropogon 1 1
Golden shiner Notemigonus crysoleucas 1 --
Tennessee shiner Notropis leuciodus -- --
Silver shiner Notropis photogenis -- --
Mirror shiner Notropis spectrunculus -- --
Telescope shiner Notropis telescopus -- --
Fatlips minnow Phenacobius crassilabrum -- --
Blacknose dace Rhinichthys atratulus -- --
Longnose dace Rhinichthys cataractae -- --
White sucker Catostomus commersoni -- 3
Northern hog sucker Hypentelium nigricans 3 2
River redhorse Moxostoma carinatum -- --
Black redhorse Moxostoma duquesnei 1 21
Golden redhorse Moxostoma erythrurum -- --
Shorthead redhorse Moxostoma macrolepidotum -- --
Black bullhead Ameiurus melas -- --
Brown bullhead Ameiurus nebulosus -- --
Mottled sculpin Cottus bairdi -- --
Rock bass Ambloplites rupestris 9 5
Redbreast sunfish Lepomis auritus -- 2
Green sunfish Lepomis cyanellus -- --
Bluegill Lepomis macrochirus -- --
Smallmouth bass Micropterus dolomieui 1 --
Spotted bass Micropterus punctulatus -- --
Largemouth bass Micropterus salmoides -- --
Greenside darter Etheostoma blennioides -- --
Greenfin darter Etheostoma chlorobranchium -- --
Wounded darter Etheostoma vulneratum -- --
Banded darter Etheostoma zonale -- --
Yellow perch Perca flavescens -- --
Tangerine darter Percina aurantiaca -- --
Gilt darter Percina evides -- --
Olive darter Percina squamata -- --
Walleye Stizostedion vitreum

Total Fish Collected 18 51
Total Fish Species 7 9

Station DR

Table 8.  Total number of fish by species and sample period collected at Station DR, 
Dillsboro Reservoir, during May 2001 and March 2002.



Common Name Scientific Name May July Sept Mar May July Sept Mar
Mountain brook lamprey Ichthyomyzon greeleyi 2 -- 6 -- 1 -- 4 --
Rainbow trout (stocked) Oncorhynchus mykiss 2 2 -- 3 1 1 -- 2
Rainbow trout (wild) Oncorhynchus mykiss -- 1 -- -- -- 1 -- --
Brown trout (stocked) Salmo trutta 1 1 -- 7 1 1 -- 4
Brown trout (wild) Salmo trutta -- -- -- 2 -- -- -- 1
Brook trout (stocked) Salvelinus fontinalis 1 -- -- 10 1 -- -- 5
Central stoneroller Campostoma anomalum 4 20 21 -- 2 9 12 --
Whitetail shiner Cyprinella galacturus 5 11 12 42 3 5 7 20
Warpaint shiner Luxilus coccogenis 20 24 10 28 10 10 6 14
River chub Nocomis micropogon 80 96 90 71 40 41 52 34
Tennessee shiner Notropis leuciodus 99 252 40 73 49 106 23 35
Silver shiner Notropis photogenis 13 1 -- 2 7 1 -- 1
Mirror shiner Notropis spectrunculus 11 68 8 204 6 29 5 83
Telescope shiner Notropis telescopus 28 7 23 48 14 3 14 23
Fatlips minnow Phenacobius crassilabrum -- 32 9 2 -- 14 5 1
Northern hog sucker Hypentelium nigricans 20 44 24 59 10 19 14 29
River redhorse Moxostoma carinatum 3 6 3 4 2 3 2 2
Black redhorse Moxostoma duquesnei 19 23 21 57 10 10 12 28
Golden redhorse Moxostoma erythrurum 5 1 2 5 3 1 1 3
Shorthead redhorse Moxostoma macrolepidotum 8 1 1 -- 4 1 1 --
Mottled sculpin Cottus bairdi 4 5 7 5 2 2 4 3
Rock bass Ambloplites rupestris 19 11 10 19 10 5 6 9
Redbreast sunfish Lepomis auritus 3 -- -- -- 2 -- -- --
Bluegill Lepomis macrochirus 1 -- -- -- 1 -- -- --
Smallmouth bass Micropterus dolomieui 7 4 5 6 4 2 3 3
Greenside darter Etheostoma blennioides 9 6 21 4 5 3 12 2
Greenfin darter Etheostoma chlorobranchium 5 8 21 2 3 4 12 1
Wounded darter Etheostoma vulneratum 31 20 50 26 16 9 29 13
Banded darter Etheostoma zonale 19 19 29 14 10 8 17 7
Tangerine darter Percina aurantiaca 6 10 6 1 3 4 4 1
Gilt darter Percina evides 42 112 98 62 21 47 57 30
Olive darter Percina squamata -- -- 1 1 -- -- 1 1
Walleye Stizostedion vitreum -- -- -- 1 -- -- -- 1

TOTAL 470 786 518 758 233 330 298 356

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

Table 9.  Catch per unit of effort (number per hour and number per 100 m of shoreline) for Station T-1, Tuckasegee River 
upstream of Barkers Creek, during May 2001, July 2001, September 2001 and March 2002.



Common Name Scientific Name May July Sept Mar May July Sept Mar
Mountain brook lamprey Ichthyomyzon greeleyi 2 5 2 2 1 3 1 1
Rainbow trout (stocked) Oncorhynchus mykiss 1 3 -- 1 1 2 -- 1
Rainbow trout (wild) Oncorhynchus mykiss 1 1 1 -- 1 1 1 --
Brown trout (stocked) Salmo trutta 2 2 -- 4 1 1 -- 2
Brown trout (wild) Salmo trutta 1 3 -- 1 1 2 -- 1
Brook trout (stocked) Salvelinus fontinalis 8 1 -- 1 4 1 -- 1
Central stoneroller Campostoma anomalum 44 101 51 29 20 46 22 17
Whitetail shiner Cyprinella galacturus 3 8 3 8 2 4 2 5
Warpaint shiner Luxilus coccogenis 63 23 51 57 29 11 22 33
River chub Nocomis micropogon 218 229 186 142 99 104 81 81
Tennessee shiner Notropis leuciodus 108 114 148 80 49 52 65 46
Silver shiner Notropis photogenis 4 4 -- -- 2 2 -- --
Mirror shiner Notropis spectrunculus 13 62 44 8 6 28 19 5
Telescope shiner Notropis telescopus 7 7 52 54 3 3 23 31
Fatlips minnow Phenacobius crassilabrum 29 3 16 6 13 2 7 4
Longnose dace Rhinichthys cataractae -- 1 -- -- -- 1 -- --
Northern hog sucker Hypentelium nigricans 26 41 32 44 12 19 14 25
River redhorse Moxostoma carinatum 2 4 -- 11 1 2 -- 7
Black redhorse Moxostoma duquesnei 42 54 -- 22 19 25 -- 13
Golden redhorse Moxostoma erythrurum 1 5 -- -- 1 3 -- --
Shorthead redhorse Moxostoma macrolepidotum 3 5 -- 1 2 3 -- 1
Mottled sculpin Cottus bairdi 2 5 5 2 1 3 2 1
Rock bass Ambloplites rupestris 10 15 3 5 5 7 2 3
Smallmouth bass Micropterus dolomieui 4 8 5 2 2 4 2 1
Greenside darter Etheostoma blennioides 11 13 5 11 5 6 2 7
Greenfin darter Etheostoma chlorobranchium 14 27 8 3 7 13 4 2
Wounded darter Etheostoma vulneratum 11 25 2 6 5 12 1 4
Banded darter Etheostoma zonale 9 35 18 7 4 16 8 4
Tangerine darter Percina aurantiaca 1 1 -- 3 1 1 -- 2
Gilt darter Percina evides 42 81 10 23 19 37 5 13

TOTAL 682 890 643 533 311 405 280 311

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

Table 10.  Catch per unit of effort (number per hour and number per 100 m of shoreline) for Station T-2, Tuckasegee River 
downstream of the confluence with Scott Creek, during May 2001, July 2001, September 2001 and March 2002.



Common Name Scientific Name May July Sept Feb Mar May July Sept Feb Mar
Mountain brook lamprey Ichthyomyzon greeleyi 3 -- -- -- 2 2 -- -- -- 2
Rainbow trout (stocked) Oncorhynchus mykiss -- -- 1 -- 1 -- -- 1 -- 1
Rainbow trout (wild) Oncorhynchus mykiss -- -- 1 5 6 -- -- 1 3 5
Brown trout (stocked) Salmo trutta 3 5 2 3 3 2 2 2 2 3
Brown trout (wild) Salmo trutta 3 11 3 1 4 2 6 3 1 4
Brook trout (stocked) Salvelinus fontinalis 2 -- -- 1 3 1 -- -- 1 3
Central stoneroller Campostoma anomalum 1 -- 16 26 4 1 -- 12 16 4
Whitetail shiner Cyprinella galacturus 4 33 -- 3 1 3 16 -- 2 1
Common carp Cyprinus carpio -- 1 -- -- -- -- 1 -- -- --
Warpaint shiner Luxilus coccogenis 6 23 37 25 1 4 11 29 15 1
River chub Nocomis micropogon 36 53 51 47 75 24 26 39 28 69
Tennessee shiner Notropis leuciodus 7 25 18 43 12 4 12 14 26 11
Silver shiner Notropis photogenis -- -- 1 -- -- -- -- 1 -- --
Mirror shiner Notropis spectrunculus 3 21 37 56 26 2 10 29 34 23
Telescope shiner Notropis telescopus 1 2 4 12 -- 1 1 3 7 --
Fatlips minnow Phenacobius crassilabrum 3 -- 2 1 3 2 -- 2 1 2
Blacknose dace Rhinichthys atratulus -- -- -- -- 1 -- -- -- -- 1
White sucker Catostomus commersoni -- 1 1 -- -- -- 1 1 -- --
Northern hog sucker Hypentelium nigricans 3 38 18 25 7 2 19 14 15 6
River redhorse Moxostoma carinatum -- 8 3 -- 1 -- 4 3 -- 1
Black redhorse Moxostoma duquesnei 14 38 24 29 33 9 19 19 17 30
Golden redhorse Moxostoma erythrurum 10 14 5 1 9 7 7 4 1 9
Black bullhead Ameiurus melas 1 -- -- -- -- 1 -- -- -- --
Brown bullhead Ameiurus nebulosus -- -- 1 -- 2 -- -- 1 -- 2
Mottled sculpin Cottus bairdi 3 -- 1 -- 1 2 -- 1 -- 1
Rock bass Ambloplites rupestris 14 36 19 38 48 10 17 15 23 44
Redbreast sunfish Lepomis auritus 2 18 7 -- 6 1 9 6 -- 5
Green sunfish Lepomis cyanellus -- -- -- 1 -- -- -- -- 1 --
Bluegill Lepomis macrochirus 3 13 15 1 7 2 6 12 1 6
Smallmouth bass Micropterus dolomieui 3 22 5 4 11 2 11 4 2 10
Spotted bass Micropterus punctulatus -- 1 -- -- -- -- 1 -- -- --
Largemouth bass Micropterus salmoides 2 2 4 -- 2 1 1 3 -- 2
Greenside darter Etheostoma blennioides 16 11 7 10 6 11 6 6 6 5
Greenfin darter Etheostoma chlorobranchium 14 10 3 -- 1 10 5 2 -- 1
Wounded darter Etheostoma vulneratum 13 15 4 1 4 8 7 3 1 4
Banded darter Etheostoma zonale 18 16 11 9 9 12 8 9 5 8
Yellow perch Perca flavescens 1 1 -- -- -- 1 1 -- -- --
Tangerine darter Percina aurantiaca 3 9 1 1 -- 2 4 1 1 --
Gilt darter Percina evides 8 6 13 1 5 5 3 10 1 5
Olive darter Percina squamata 1 -- -- -- -- 1 -- -- -- --

TOTAL 197 434 312 344 294 131 212 241 210 269

number of fish per 
100 meter of shorelinenumber of fish per hour

Table 11.  Catch per unit of effort (number per hour and number per 100 m of shoreline) for Station T-3, Tuckasegee River immediately downstream of 
the Dillsboro Dam, during May 2001, July 2001, September 2001, February 2002 and March 2002.



Common Name Scientific Name May July Sept Mar May July Sept Mar
Mountain brook lamprey Ichthyomyzon greeleyi 6 3 1 11 4 2 1 7
Rainbow trout (stocked) Oncorhynchus mykiss 1 1 -- 2 1 1 -- 1
Rainbow trout (wild) Oncorhynchus mykiss -- -- 1 2 -- -- 1 2
Brown trout (stocked) Salmo trutta -- 2 -- 3 -- 1 -- 2
Brown trout (wild) Salmo trutta 2 -- -- 3 1 -- -- 2
Brook trout (stocked) Salvelinus fontinalis 3 -- -- 8 2 -- -- 6
Central stoneroller Campostoma anomalum 15 23 35 19 8 14 22 13
Warpaint shiner Luxilus coccogenis -- 6 17 22 -- 4 11 15
River chub Nocomis micropogon 28 44 52 49 16 26 33 32
Whitetail shiner Notropis galacturus 9 13 15 5 5 8 10 4
Tennessee shiner Notropis leuciodus 23 47 56 49 13 28 35 32
Mirror shiner Notropis spectrunculus 20 35 41 38 11 21 26 25
Fatlips minnow Phenacobius crassilabrum -- 3 13 20 -- 2 8 13
Blacknose dace Rhinichthys atratulus -- 1 -- -- -- 1 -- --
Longnose dace Rhinichthys cataractae 3 1 1 -- 2 1 1 --
Northern hog sucker Hypentelium nigricans 2 5 7 4 1 3 5 3
Black redhorse Moxostoma duquesnei 3 2 2 -- 2 1 1 --
Mottled sculpin Cottus bairdi 99 130 136 91 54 78 85 60
Rock bass Ambloplites rupestris 8 6 5 5 5 4 3 4
redbreast sunfish Lepomis auritus -- -- -- 1 -- -- -- 1
Smallmouth bass Micropterus dolomieui 1 3 4 1 1 2 3 1
Greenside darter Etheostoma blennioides 29 27 23 21 16 16 15 14
Greenfin darter Etheostoma chlorobranchium 81 137 122 48 44 82 76 32
Wounded darter Etheostoma vulneratum 50 40 38 8 27 24 24 5
Banded darter Etheostoma zonale 6 8 7 6 4 5 5 4
Gilt darter Percina evides 27 21 27 21 15 13 17 14

TOTAL 416 557 602 437 227 332 374 292

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

Table 12.  Catch per unit of effort (number per hour and number per 100 m of shoreline) for Station T-4, Tuckasegee River near 
Webster, during May 2001, July 2001, September 2001 and March 2002.



Common Name Scientific Name May July Sept Mar May July Sept Mar
Mountain brook lamprey Ichthyomyzon greeleyi 13 -- 1 1 6 -- 1 1
Rainbow trout (wild) Oncorhynchus mykiss 7 2 3 8 3 1 2 4
Brown trout (stocked) Salmo trutta -- -- 1 -- -- -- 1 --
Brown trout (wild) Salmo trutta 4 7 4 1 2 4 2 --
Brook trout (stocked) Salvelinus fontinalis -- -- -- 1 -- -- -- 1
Central stoneroller Campostoma anomalum 9 5 4 29 4 3 2 12
Whitetail shiner Cyprinella galacturus 6 -- -- -- 3 -- -- --
Warpaint shiner Luxilus coccogenis 2 -- -- 24 1 -- -- 10
River chub Nocomis micropogon 62 57 114 98 28 29 54 41
Tennessee shiner Notropis leuciodus 2 2 4 2 1 1 2 1
Telescope shiner Notropis telescopus 1 -- -- -- 1 -- -- --
Fatlips minnow Phenacobius crassilabrum -- -- -- 6 -- -- -- 3
Longnose dace Rhinichthys cataractae 2 -- 1 -- 1 -- 1 --
White sucker Catostomus commersoni 10 14 7 -- 5 7 4 --
Northern hog sucker Hypentelium nigricans 6 3 5 10 3 2 3 4
Black redhorse Moxostoma duquesnei 93 6 11 22 42 3 5 9
Mottled sculpin Cottus bairdi 111 174 242 136 50 88 115 56
Rock bass Ambloplites rupestris 14 5 4 8 7 3 2 4
Redbreast sunfish Lepomis auritus 2 -- -- -- 1 -- -- --
Smallmouth bass Micropterus dolomieui -- -- -- 1 -- -- -- 1
Largemouth bass Micropterus salmoides 1 -- -- -- 1 -- -- --
Greenside darter Etheostoma blennioides 1 6 17 12 1 3 8 5
Greenfin darter Etheostoma chlorobranchium 8 4 13 1 4 2 6 1
Wounded darter Etheostoma vulneratum 6 4 -- -- 3 2 -- --
Gilt darter Percina evides 1 -- 2 7 1 -- 1 3

TOTAL 362 289 434 367 163 146 206 156

Table 13.  Catch per unit of effort (number per hour and number per 100 m of shoreline) for Station T-5, Tuckasegee River 
upstream of the confluence with Caney Fork Creek, during May 2001, July 2001, September 2001 and March 2002.

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



Common Name Scientific name May Mar May Mar
Rainbow trout (stocked) Oncorhynchus mykiss 20 62 1 6
Brown trout (wild) Salmo trutta -- 6 -- 1
Brook trout (stocked) Salvelinus fontinalis -- 28 -- 3
River chub Nocomis micropogon 10 6 1 1
Golden shiner Notemigonus crysoleucas 10 -- 1 --
White sucker Catostomus commersoni -- 17 -- 2
Northern hog sucker Hypentelium nigricans 30 11 2 1
Black redhorse Moxostoma duquesnei 10 118 1 11
Rock bass Ambloplites rupestris 89 28 5 3
Redbreast sunfish Lepomis auritus -- 11 -- 1
Smallmouth bass Micropterus dolomieui 10 -- 1 --

TOTAL 179 287 12 29

Table 14.  Catch per unit of effort (number per hour and number per 100 m of shoreline) for Station DR, Dillsboro 
Reservoir, during May 2001 and March 2002.

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



Date Station Method Number

Total 
Length 
(mm)

Total 
Weight 

(g)
Spawning 
Condition

28.9.2001 T-1 Boat 1 52 <1
Subtotal 1 <1

5.4.2002 T-1 BP 1 119 18 R
Subtotal 1 18

21.5.2001 T-3 BP 1 101 8 R
Subtotal 1 8

Total fish collected 3 26

Table 15.  Summary of Olive darter, Percina squamata ,  collections from the 
Tuckasegee River, by sample station and sample date.



Date Station Method Number

Total 
Length 
(mm)

Total 
Weight (g)

Spawning 
Condition

28.5.2001 T-1 BP 9 25-49 8 I
BP 22 50-74 65 R

Subtotal 31 73

20.7.2001 T-1 BP 7 25-49 5
BP 5 50-74 11
BP 5 75-99 25

Subtotal 17 41

28.9.2001 T-1 BP 15 25-49 17
BP 37 50-74 77
BP 5 75-99 7

Subtotal 57 101

5.4.2002 T-1 BP 5 25-49 5
BP 20 50-74 47 R

Seine 1 49 --
Seine 1 35 --
Seine 4 50-74 --

Subtotal 31 52

29.5.2001 T-2 BP 4 25-49 2 I
BP 2 50-74 4 R

Boat 4 50-74 14 R
Subtotal 10 20

19.7.2001 T-2 BP 4 25-49 4
BP 11 50-74 26

Boat 5 25-49 9
Boat 3 50-74 12

Subtotal 23 51

26.10.2001 T-2 BP 2 50-74 7
Subtotal 2 7

Table 16.   Summary of Wounded darter, Etheostoma vulneratum, collections from the 
Tuckasegee River, by sample station and sample date.



Table 16.  Continued.

Date Station Method Number

Total 
Length 
(mm)

Total 
Weight (g)

Spawning 
Condition

25.3.2002 T-2 BP 1 49 1
BP 2 50-74 5

Boat 2 25-49 3
Boat 2 50-74 5
Seine 1 62 --
Seine 1 62 --
Seine 1 58 --
Seine 1 68 --
Seine 1 74 --
Seine 1 59 --
Seine 1 54 --
Seine 1 52 --

Subtotal 15 14

21.5.2001 T-3 BP 1 25-49 1 I
BP 10 50-74 33 R

Boat 4 25-49 6 I
Subtotal 15 40

19.7.2001 T-3 BP 2 25-49 7
BP 11 50-74 32

Subtotal 13 39

25.10.2001 T-3 BP 2 25-49 <1
BP 3 50-74 4

Boat 1 49 <1
Subtotal 6 4

18.2.2002 T-3 BP 1 47 <1
Subtotal 1 <1

19.2.2002 T-3 Seine 1 50 --
Seine 1 54 --

Subtotal 2



Table 16.  Continued.

Date Station No. Method Number

Total 
Length 
(mm)

Total 
Weight (g)

Spawning 
Condition

25.3.2002 T-3 BP 1 49 1
BP 4 50-74 3

Seine 1 57 --
Seine 1 68 --
Seine 1 70 --
Seine 1 67 --

Subtotal 9 4

21.5.2001 T-4 BP 19 25-49 20 M
BP 4 50-74 7 M
BP 19 25-49 13 R
BP 12 50-74 37 R

Subtotal 54 77

11.7.2001 T-4 BP 39 25-49 42
BP 9 50-74 20

Subtotal 48 62

6.9.2001 T-4 BP 26 25-49 26
BP 21 50-74 44

Subtotal 47 70

4.4.2002 T-4 BP 9 25-49 18
BP 1 60 2

Subtotal 10 20

18.5.2001 T-5 BP 1 62 3 R
BP 1 52 1 R
BP 1 60 3 R
BP 1 56 3 R
BP 1 51 1 R

Subtotal 5 11

10.7.2001 T-5 BP 3 25-49 <1
Boat 1 34 <1

Subtotal 4

Total fish collected 400 686



T-1, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 100-124 1 4 2 0,008
125-149 1 4

Rainbow trout (stocked) Oncorhynchus mykiss 250-274 1 143 2 0,390
275-299 1 247

Brown trout (stocked) Salmo trutta 350-375 1 502 1 0,502

Brook trout (stocked) Salvelinus fontinalis 225-249 1 129 1 0,129

Central stoneroller Campostoma anomalum 75-99 2 19 4 0,068
100-124 1 14
125-149 1 35

Warpaint shiner Luxilus coccogenis 50-74 8 18 20 0,147
75-99 3 19

100-124 8 88
125-149 1 22

River chub Nocomis micropogon 50-74 28 85 79 1,742
75-99 8 53

100-124 24 470
125-149 9 286
150-174 5 242
175-199 3 220
200-224 2 386

Whitetail shiner Cyprinella galacturus 75-99 3 30 5 0,068
100-124 2 38

Tennessee shiner Notropis leuciodus 25-49 4 4 98 0,202
50-74 94 198

Silver shiner Notropis photogenis 50-74 7 8 13 0,038
75-99 6 30

Mirror shiner Notropis spectrunculus 50-74 11 22 11 0,022

Telescope shiner Notropis telescopus 50-74 16 26 28 0,083
75-99 12 57

Northern hog sucker Hypentelium nigricans 75-99 3 24 20 2,016
100-124 2 27
125-149 1 33
150-174 1 51
175-199 6 552
200-224 1 101
225-249 3 420
250-274 1 236
275-299 1 256
300-324 1 316

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



Appendix 1 - Table 1 continued.

T-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 425-449 1 862 3 3,147

450-474 1 1.015
475-499 1 1.270

Black redhorse Moxostoma duquesnei 100-124 1 11 19 9,496
225-249 1 164
250-274 2 365
350-374 3 1.427
375-399 5 2.802
400-424 5 3.240
425-449 2 1.487

Golden redhorse Moxostoma erythrurum 350-374 1 617 5 3,556
375-399 2 1.103
400-424 1 852
450-474 1 984

Shorthead redhorse Moxostoma macrolepidotum 375-399 4 2.514 8 5,556
400-424 1 717
425-449 3 2.325

Rock bass Ambloplites rupestris 25-49 2 3 19 1,047
50-74 3 12
75-99 1 12

100-124 7 200
125-149 2 101
175-199 1 128
200-224 3 591

Redbreast sunfish Lepomis auritus 125-149 2 118 3 0,223
150-174 1 105

Bluegill Lepomis macrochirus 150-174 1 62 1 0,062

Smallmouth bass Micropterus dolomieui 50-74 2 9 7 0,250
75-99 2 16

175-199 3 225

Greenside darter Etheostoma blennioides 25-49 1 1 9 0,050
50-74 2 5
75-99 4 19

100-124 2 25

Greenfin darter Etheostoma chlorobranchium 50-74 3 11 5 0,026
75-99 2 15

Wounded darter Etheostoma vulneratum 25-49 9 8 31 0,073
50-74 22 65

Banded darter Etheostoma zonale 25-49 11 12 19 0,030
50-74 8 18



Appendix 1 - Table 1 continued.

T-1, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Tangerine darter Percina aurantiaca 125-149 5 121 6 0,158

150-174 1 37
Gilt darter Percina evides 25-49 13 19 42 0,119

50-74 29 100

Mottled sculpin Cottus bairdi 75-99 4 43 4 0,043

Total Number and Weight of Fish Collected 465 29,251



T-1, July 2001

Size Class Size Class Total Total 
Common Name Scientific name Size Class Number Weight (g) Number Weight (kg)

Rainbow trout (stocked) Oncorhynchus mykiss 225-249 2 269 2 0,269

Rainbow trout (wild) Oncorhynchus mykiss 275-299 1 189 1 0,189

Brown trout (stocked) Salmo trutta 225-249 1 129 1 0,129

Central stoneroller Campostoma anomalum 75-99 4 34 17 0,246
100-124 12 181
125-149 1 31

Warpaint shiner Luxilus coccogenis 25-49 3 TR 20 0,073
50-74 6 15
75-99 9 39

100-124 2 19

River chub Nocomis micropogon 25-49 1 1 81 1,374
50-74 9 37
75-99 33 224

100-124 25 396
125-149 7 234
150-174 2 122
175-199 2 145
200-224 2 215

Whitetail shiner Cyprinella galacturus 50-74 5 14 9 0,040
75-99 3 16

100-124 1 10

Tennessee shiner Notropis leuciodus 25-49 4 2 212 0,355
50-74 192 303
75-99 16 50

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

Mirror shiner Notropis spectrunculus 25-49 1 TR 57 0,098
50-74 53 89
75-99 3 9

Telescope shiner Notropis telescopus 50-74 3 5 6 0,011
75-99 1 2

150-174 2 4

Fatlips minnow Phenacobius crassilabrum 75-99 26 108 27 0,117
100-124 1 9

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



Appendix 1 - Table 2 continued.

T-1, July 2001

Size Class Size Class Total Total 
Common Name Scientific name Size Class Number Weight (g) Number Weight (kg)
Northern hog sucker Hypentelium nigricans 25-49 2 2 37 2,655

100-124 12 187
125-149 4 94
150-174 4 199
200-224 6 566
225-249 5 678
250-274 1 212
275-299 3 717

River redhorse Moxostoma carinatum 475-499 1 1.064 5 7,802
500-524 2 2.542
575-599 1 1.750
600-624 1 2.446

Black redhorse Moxostoma duquesnei 250-274 1 186 19 10,544
275-299 1 252
350-374 2 862
375-399 8 4.265
400-424 5 3.561
425-449 2 1.418

Golden redhorse Moxostoma erythrurum 374-399 1 600 1 0,600

Shorthead redhorse Moxostoma macrolepidotum 325-349 1 370 1 0,370

Rock bass Ambloplites rupestris 100-124 2 61 9 0,494
125-149 5 224
150-174 1 58
200-224 1 151

Smallmouth bass Micropterus dolomieui 100-124 1 11 3 0,338
200-224 1 109
250-274 1 218

Greenside darter Etheostoma blennioides 75-99 4 34 5 0,044
100-124 1 10

Greenfin darter Etheostoma chlorobranchium 25-49 4 4 7 0,012
50-74 2 5
75-99 1 3

Wounded darter Etheostoma vulneratum 25-49 7 5 17 0,041
50-74 5 11
75-99 5 25

Banded darter Etheostoma zonale 25-49 4 2 16 0,023
50-74 12 21

Tangerine darter Percina aurantiaca 75-99 2 15 8 0,158
100-124 2 37
125-149 4 106



Appendix 1 - Table 2 continued.

T-1, July 2001

Size Class Size Class Total Total 
Common Name Scientific name Size Class Number Weight (g) Number Weight (kg)
Gilt darter Percina evides 25-49 9 6 94 0,209

50-74 84 197
75-99 1 6

Mottled sculpin Cottus bairdi 75-99 4 41 4 0,041

Total Number and Weight of Fish Collected 660 26,236



T-2, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 100-124 1 4 2 0,006
125-149 1 2

Rainbow trout (stocked) Oncorhynchus mykiss 300-324 1 337 1 0,337

Rainbow trout (wild) Oncorhynchus mykiss 225-249 1 121 1 0,121

Brown trout (stocked) Salmo trutta 250-274 1 177 2 0,533
300-324 1 356

Brown trout (wild) Salmo trutta 25-49 1 1 1 0,001

Brook trout (stocked) Salvelinus fontinalis 225-249 5 690 7 1,085
250-274 1 175
275-299 1 220

Central stoneroller Campostoma anomalum 75-99 21 92 40 0,542
100-124 10 110
125-149 8 298
150-174 1 42

Warpaint shiner Luxilus coccogenis 50-74 26 61 57 0,230
75-99 27 126

100-124 4 43

River chub Nocomis micropogon 50-74 59 136 198 3,410
75-99 31 239

100-124 64 916
125-149 25 665
150-174 9 464
175-199 8 754
200-224 2 236

Whitetail shiner Cyprinella galacturus 75-99 1 3 3 0,023
100-124 2 20

Tennessee shiner Notropis leuciodus 25-49 21 16 98 0,184
50-74 68 134
75-99 9 34

Silver shiner Notropis photogenis 25-49 1 3 4 0,010
50-74 2 2
75-99 1 5

Mirror shiner Notropis spectrunculus 50-74 12 27 12 0,027

Telescope shiner Notropis telescopus 25-49 4 2 6 0,004
50-74 2 2

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



Appendix 1 - Table 5 continued.

T-2, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Fatlips minnow Phenacobius crassilabrum 50-74 10 31 26 0,131

75-99 13 68
100-124 3 32

Northern hog sucker Hypentelium nigricans 75-99 8 47 24 1,653
125-149 2 63
150-174 3 151
175-199 5 315
200-224 2 212
225-249 1 139
250-274 1 208
275-299 1 241
300-324 1 277

River redhorse Moxostoma carinatum 475-499 1 1.077 2 2,264
525-549 1 1.187

Black redhorse Moxostoma duquesnei 225-249 1 191 38 18,232
250-274 2 377
275-299 1 223
325-349 1 359
350-374 10 4.243
375-399 13 6.711
400-424 9 5.393
425-449 1 735

Golden redhorse Moxostoma erythrurum 400-424 1 649 1 0,649

Shorthead redhorse Moxostoma macrolepidotum 275-299 1 224 3 1,428
375-399 1 551
425-449 1 653

Rock bass Ambloplites rupestris 50-74 3 7 9 0,407
100-124 2 46
125-149 2 100
150-174 1 95
175-199 1 159

Smallmouth bass Micropterus dolomieui 100-124 1 13 4 0,713
175-199 1 65
225-249 1 188
300-324 1 447

Greenside darter Etheostoma blennioides 50-74 4 14 10 0,058
75-99 3 15

100-124 3 29

Greenfin darter Etheostoma chlorobranchium 25-49 2 3 13 0,040
50-74 11 37

Wounded darter Etheostoma vulneratum 25-49 4 2 10 0,020
50-74 6 18

Appendix 1 - Table 5 continued.



T-2, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Banded darter Etheostoma zonale 25-49 7 8 8 0,010

50-74 1 2

Tangerine darter Percina aurantiaca 125-149 1 23 1 0,023

Gilt darter Percina evides 25-49 14 16 38 0,082
50-74 24 66

Mottled sculpin Cottus bairdi 50-74 1 4 2 0,011
75-99 1 7

Total Number and Weight of Fish Collected 621 32,234



T-2, July 2001

Size Class Size Class Total Total 
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 150-174 5 33 5 0,033

Rainbow trout (stocked) Oncorhynchus mykiss 250-274 1 164 3 0,591
275-299 2 427

Rainbow trout (wild) Oncorhynchus mykiss 150-174 1 32 1 0,032

Brown trout (stocked) Salmo trutta 250-274 2 374 2 0,374

Brown trout (wild) Salmo trutta 275-299 2 475 3 1,167
375-399 1 692

Brook trout (stocked) Salvelinus fontinalis 275-299 1 212 1 0,212

Central stoneroller Campostoma anomalum 25-49 66 43 92 0,786
75-99 5 50

100-124 5 89
125-149 12 405
150-174 4 199

Warpaint shiner Luxilus coccogenis 25-49 9 1 21 0,069
50-74 1 2
75-99 7 29

100-124 4 37

River chub Nocomis micropogon 25-49 34 9 208 3,166
50-74 26 92
75-99 40 284

100-124 63 926
125-149 29 887
150-174 11 555
175-199 4 320
200-224 1 93

Whitetail shiner Cyprinella galacturus 25-49 1 1 7 0,053
75-99 4 23

100-124 2 29

Tennessee shiner Notropis leuciodus 25-49 7 1 104 0,182
50-74 94 169
75-99 3 12

Silver shiner Notropis photogenis 75-99 1 6 4 0,027
100-124 3 21

Mirror shiner Notropis spectrunculus 0-24 1 TR 56 0,097
25-49 3 TR
50-74 52 97

Telescope shiner Notropis telescopus 50-74 6 11 6 0,011

Appendix 1 - Table 6 continued.

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



T-2, July 2001

Size Class Size Class Total Total 
Common Name Scientific name Size Class Number Weight (g) Number Weight (kg)
Fatlips minnow Phenacobius crassilabrum 50-74 3 9 3 0,009

Longnose dace Rhinichthys cataractae 25-49 1 1 1 0,001

Northern hog sucker Hypentelium nigricans 25-49 5 4 37 3,000
100-124 11 154
150-174 2 95
175-199 2 149
200-224 7 707
225-249 5 640
250-274 2 417
275-299 2 561
300-324 1 273

River redhorse Moxostoma carinatum 400-424 1 643 4 4,111
475-499 1 995
500-524 1 1.319
525-549 1 1.154

Black redhorse Moxostoma duquesnei 225-249 1 108 49 21,805
275-299 3 661
300-324 3 897
325-349 5 1.773
350-374 16 6.686
375-399 11 5.680
400-424 10 6.000

Golden redhorse Moxostoma erythrurum 350-374 2 1.014 5 2,870
375-399 3 1.856

Shorthead redhorse Moxostoma macrolepidotum 275-299 1 264 5 2,589
350-374 2 888
400-424 1 703
425-449 1 734

Rock bass Ambloplites rupestris 50-74 4 17 14 0,518
100-124 2 46
125-149 6 240
150-174 1 86
175-199 1 129

Smallmouth bass Micropterus dolomieui 25-49 3 3 7 0,237
100-124 2 30
175-199 1 81
200-224 1 123

Greenside darter Etheostoma blennioides 50-74 5 19 12 0,081
75-99 6 42

100-124 1 20

Greenfin darter Etheostoma chlorobranchium 25-49 6 7 25 0,062
50-74 19 55

Appendix 1 - Table 6 continued.



T-2, July 2001

Size Class Size Class Total Total 
Common Name Scientific name Size Class Number Weight (g) Number Weight (kg)
Wounded darter Etheostoma vulneratum 25-49 9 13 23 0,051

50-74 14 38

Banded darter Etheostoma zonale 25-49 19 22 32 0,044
50-74 13 22

Tangerine darter Percina aurantiaca 100-124 1 12 1 0,012

Gilt darter Percina evides 25-49 13 13 74 0,150
50-74 61 137

Mottled sculpin Cottus bairdi 50-74 1 3 5 0,038
75-99 4 35

Total Number and Weight of Fish Collected 810 42,378



T-2, September 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 125-149 2 9 2 0,009

Rainbow trout (wild) Oncorhynchus mykiss 225-249 1 123 1 0,123

Central stoneroller Campostoma anomalum 25-49 2 1 44 0,872
50-74 16 40
75-99 3 29

100-124 10 181
125-149 4 124
150-174 8 405
175-199 1 92

Warpaint shiner Luxilus coccogenis 25-49 18 14 44 0,156
50-74 8 11
75-99 14 86

100-124 4 45

River chub Nocomis micropogon 25-49 25 28 162 2,209
50-74 26 63
75-99 42 268

100-124 47 733
125-149 10 305
150-174 6 301
175-199 5 411
200-224 1 100

Whitetail shiner Cyprinella galacturus 50-74 1 2 3 0,023
75-99 1 5

100-124 1 16

Tennessee shiner Notropis leuciodus 25-49 38 24 129 0,239
50-74 85 193
75-99 6 22

Mirror shiner Notropis spectrunculus 25-49 5 3 38 0,083
50-74 32 75
75-99 1 5

Telescope shiner Notropis telescopus 25-49 6 3 45 0,090
50-74 37 78
75-99 2 9

Fatlips minnow Phenacobius crassilabrum 25-49 4 5 14 0,051
50-74 3 7
75-99 7 39

Northern hog sucker Hypentelium nigricans 50-74 3 12 28 1,275
75-99 2 35

100-124 5 56
125-149 8 201
150-174 3 155
200-224 6 616
250-274 1 200

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



Appendix 1 - Table 7 continued.

T-2, September 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Rock bass Ambloplites rupestris 50-74 1 4 3 0,104

100-124 1 21
175-199 1 79

Smallmouth bass Micropterus dolomieui 50-74 1 2 4 0,167
100-124 1 11
125-149 1 23
200-224 1 131

Greenside darter Etheostoma blennioides 50-74 1 1 4 0,024
75-99 3 23

Greenfin darter Etheostoma chlorobranchium 25-49 1 TR 7 0,020
50-74 4 9
75-99 2 11

Wounded darter Etheostoma vulneratum 50-74 2 7 2 0,007

Banded darter Etheostoma zonale 50-74 16 39 16 0,039

Gilt darter Percina evides 50-74 8 23 9 0,030
75-99 1 7

Mottled sculpin Cottus bairdi 25-49 1 2 4 0,024
75-99 3 22

Total Number and Weight of Fish Collected 559 5,545



T-2, March 2002

Size Class Size Class Total Total 

Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Mountain brook lamprey Ichthyomyzon greeleyi 100-124 1 2 2 0,013

150-174 1 11

Rainbow trout (stocked) Oncorhynchus mykiss 425-449 1 477 1 0,477

Brown trout (stocked) Salmo trutta 225-249 1 156 4 0,956
275-299 1 290
300-324 2 510

Brown trout (wild) Salmo trutta 350-374 1 463 1 0,463

Brook trout (stocked) Salvelinus fontinalis 300-324 1 240 1 0,240

Central stoneroller Campostoma anomalum 25-49 3 4 33 0,604
50-74 11 22
75-99 1 4

100-124 9 134
125-149 4 131
150-174 5 309

Warpaint shiner Luxilus coccogenis 25-49 31 22 65 0,150
50-74 15 22
75-99 17 81

100-124 2 25

River chub Nocomis micropogon 25-49 14 17 161 3,507
50-74 12 25
75-99 43 291

100-124 50 869
125-149 14 413
150-174 20 1.012
175-199 3 257
200-224 4 468
225-249 1 155

Whitetail shiner Cyprinella galacturus 50-74 4 6 9 0,030
75-99 5 24

Tennessee shiner Notropis leuciodus 25-49 25 16 91 0,181
50-74 62 146
75-99 4 19

Mirror shiner Notropis spectrunculus 25-49 5 2 9 0,008
50-74 4 6

Telescope shiner Notropis telescopus 25-49 2 3 61 0,184
50-74 33 90
75-99 26 91

Fatlips minnow Phenacobius crassilabrum 75-99 7 51 7 0,051

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



Appendix 1 - Table 8 continued.

T-2, March 2002

Size Class Size Class Total Total 

Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Northern hog sucker Hypentelium nigricans 50-74 3 8 50 4,125

100-124 11 183
125-149 9 259
150-174 6 283
175-199 2 174
200-224 8 854
225-249 6 970
250-274 2 466
275-299 2 588
300-324 1 340

River redhorse Moxostoma carinatum 450-474 1 967 13 17,628
475-499 3 3.149
500-524 2 2.728
525-549 5 7.290
550-574 2 3.494

Black redhorse Moxostoma duquesnei 250-274 2 379 25 14,454
350-374 5 2.188
375-399 6 3.386
400-424 8 5.506
425-449 4 2.995

Shorthead redhorse Moxostoma macrolepidotum 425-449 1 838 1 0,838

Rock bass Ambloplites rupestris 50-74 2 10 6 0,223
100-124 1 33
125-149 2 93
150-174 1 87

Smallmouth bass Micropterus dolomieui 150-174 1 53 2 0,217
325-349 1 164

Greenside darter Etheostoma blennioides 75-99 9 61 13 0,107
100-124 4 46

Greenfin darter Etheostoma chlorobranchium 25-49 1 TR 3 0,007
50-74 2 7

Wounded darter Etheostoma vulneratum 25-49 3 4 7 0,014
50-74 4 10

Banded darter Etheostoma zonale 50-74 8 16 8 0,016

Tangerine darter Percina aurantiaca 125-149 3 79 3 0,079

Gilt darter Percina evides 25-49 4 7 26 0,080
50-74 22 73

Mottled sculpin Cottus bairdi 50-74 1 2 2 0,010
75-99 1 8

Total Number and Weight of Fish Collected 604 44,662



T-3, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 125-149 4 24 4 0,024

Brown trout (stocked) Salmo trutta 225-249 2 308 3 0,492
250-274 1 184

Brown trout (wild) Salmo trutta 375-399 1 552 3 6,092
600-624 1 2.660
625-649 1 2.880

Brook trout (stocked) Salvelinus fontinalis 225-249 2 263 2 0,263

Central stoneroller Campostoma anomalum 175-199 1 94 1 0,094

Warpaint shiner Luxilus coccogenis 50-74 5 11 7 0,060
100-124 1 11
125-149 1 38

River chub Nocomis micropogon 50-74 20 57 42 0,744
75-99 4 46

100-124 10 139
125-149 5 170
175-199 1 81
200-224 2 251

Whitetail shiner Cyprinella galacturus 75-99 5 30 5 0,030

Tennessee shiner Notropis leuciodus 25-49 1 2 8 0,023
50-74 5 13
75-99 2 8

Mirror shiner Notropis spectrunculus 25-49 2 2 4 0,005
50-74 2 3

Telescope shiner Notropis telescopus 75-99 1 4 1 0,004

Fatlips minnow Phenacobius crassilabrum 50-74 3 7 3 0,007

Northern hog sucker Hypentelium nigricans 200-224 1 108 3 0,603
225-249 1 155
300-324 1 340

Black bullhead Ameiurus melas 250-274 1 248 1 0,248

Black redhorse Moxostoma duquesnei 175-199 3 222 16 4,921
200-224 3 279
250-274 1 193
300-324 1 337
325-349 1 395
350-374 1 438
375-399 6 3.057

Appendix 1 - Table 9 continued.

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



T-3, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Golden redhorse Moxostoma erythrurum 175-199 1 84 12 6,015

200-224 1 109
250-274 1 168
300-324 1 385
325-349 2 855
350-374 3 1.467
400-424 1 752
450-474 1 966
475-499 1 1.229

Rock bass Ambloplites rupestris 50-74 2 11 17 0,762
75-99 2 32

100-124 5 150
125-149 4 211
150-174 3 230
175-199 1 128

Redbreast sunfish Lepomis auritus 100-124 1 17 2 0,062
125-149 1 45

Bluegill Lepomis macrochirus 125-149 3 151 4 0,252
175-199 1 101

Smallmouth bass Micropterus dolomieui 75-99 1 7 3 0,493
200-224 1 143
275-299 1 343

Largemouth bass Micropterus salmoides 300-324 1 400 2 1,198
375-399 1 798

Greenside darter Etheostoma blennioides 50-74 19 45 19 0,045

Greenfin darter Etheostoma chlorobranchium 25-49 4 3 17 0,039
50-74 13 36

Wounded darter Etheostoma vulneratum 25-49 5 7 15 0,040
50-74 10 33

Banded darter Etheostoma zonale 25-49 7 7 21 0,027
50-74 14 20

Yellow perch Perca flavescens 175-199 1 52 1 0,052

Tangerine darter Percina aurantiaca 75-99 1 6 4 0,058
100-124 2 27
125-149 1 25

Gilt darter Percina evides 25-49 6 5 9 0,013
50-74 3 8

Olive darter Percina squamata 100-124 1 8 1 0,008

Appendix 1 - Table 9 continued.



T-3, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Mottled sculpin Cottus bairdi 75-99 3 15 3 0,015

Total Number and Weight of Fish Collected 233 22,689



T-3, July 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number  Weight (kg)

Brown trout (stocked) Salmo trutta 175-199 1 51 4 0,582
250-274 3 531

Brown trout (wild) Salmo trutta 275-299 1 237 10 11,007
300-324 1 304
350-374 2 918
375-399 2 1.178
475-499 1 1.374
575-599 1 2.024
600-624 1 2.542
625-649 1 2.430

Common carp Cyprinus carpio 575-599 1 2.752 1 2,752

Warpaint shiner Luxilus coccogenis 25-49 6 3 20 0,056
50-74 4 9
75-99 10 44

River chub Nocomis micropogon 25-49 2 1 46 0,668
50-74 14 53
75-99 10 63

100-124 10 144
125-149 7 210
150-174 1 45
175-199 1 58
200-224 1 94

Whitetail shiner Cyprinella galacturus 25-49 3 2 29 0,201
75-99 21 118

100-124 2 19
125-149 3 62

Tennessee shiner Notropis leuciodus 25-49 3 1 22 0,035
50-74 19 34

Mirror shiner Notropis spectrunculus 0-24 2 TR 18 0,020
25-49 2 1
50-74 14 19

Telescope shiner Notropis telescopus 50-74 1 4 2 0,009
75-99 1 5

White sucker Catostomus commersoni 325-349 1 392 1 0,392

Northern hog sucker Hypentelium nigricans 100-124 5 70 33 2,967
125-149 6 69
175-199 6 395
200-224 5 514
225-249 7 916
250-274 3 709
275-299 1 294

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



Appendix 1 - Table 10 continued.

T-3, July 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number  Weight (kg)
River redhorse Moxostoma carinatum 450-474 1 1.076 7 10,718

475-499 1 1.078
500-524 1 1.194
550-574 2 3.620
575-599 1 1.842
600-624 1 1.908

Black redhorse Moxostoma duquesnei 175-199 1 66 33 8,412
200-224 4 397
225-249 8 917
250-274 5 845
275-299 1 211
300-324 2 556
325-349 3 995
350-374 3 1.226
375-399 3 1.410
400-424 3 1.789

Golden redhorse Moxostoma erythrurum 250-274 1 244 12 5,448
300-324 1 375
325-349 3 1.314
350-374 5 2.316
375-399 2 1.199

Rock bass Ambloplites rupestris 50-74 4 23 31 0,937
75-99 2 24

100-124 15 395
125-149 8 337
150-174 1 65
175-199 1 93

Redbreast sunfish Lepomis auritus 100-124 4 102 16 0,870
125-149 7 269
150-174 3 246
175-199 1 111
200-224 1 142

Bluegill Lepomis macrochirus 100-124 3 80 11 0,852
125-149 4 243
150-174 3 270
225-249 1 259

Smallmouth bass Micropterus dolomieui 25-49 1 1 19 4,616
100-124 2 36
175-199 1 70
200-224 3 370
225-249 4 588
250-274 1 248
275-299 2 532
325-349 1 502
350-374 3 1.607
375-399 1 662

Spotted bass Micropterus punctulatus 200-224 1 226 1 0,226



Appendix 1 - Table 10 continued.

T-3, July 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number  Weight (kg)
Largemouth bass Micropterus salmoides 225-249 1 128 2 0,392

275-299 1 264

Greenside darter Etheostoma blennioides 25-49 1 TR 10 0,036
50-74 7 26
75-99 2 10

Greenfin darter Etheostoma chlorobranchiu 25-49 3 5 9 0,017
50-74 6 12

Wounded darter Etheostoma vulneratum 25-49 2 7 13 0,039
50-74 11 32

Banded darter Etheostoma zonale 25-49 6 7 14 0,021
50-74 8 14

Yellow perch Perca flavescens 200-224 1 101 1 0,101

Tangerine darter Percina aurantiaca 100-124 6 80 8 0,115
125-149 2 35

Gilt darter Percina evides 50-74 5 15 5 0,015

Total Number and Weight of Fish Collected 378 51,504



T-3, September 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Rainbow trout (stocked) Oncorhynchus mykiss 400-424 1 858 1 0,858

Rainbow trout (wild) Oncorhynchus mykiss 275-299 1 256 1 0,256

Brown trout (stocked) Salmo trutta 275-299 1 286 3 1,898
400-424 1 593
475-499 1 1.019

Brown trout (wild) Salmo trutta 250-274 1 182 5 3,030
275-299 1 207
300-324 1 292
400-424 1 648
500-524 1 1.701

Central stoneroller Campostoma anomalum 25-49 1 TR 24 0,458
50-74 2 2
75-99 4 40

100-124 9 128
125-149 7 243
150-174 1 45

Warpaint shiner Luxilus coccogenis 25-49 18 12 57 0,118
50-74 33 51
75-99 4 22

100-124 1 13
125-149 1 20

River chub Nocomis micropogon 25-49 2 1 78 1,861
50-74 5 28
75-99 22 153

100-124 23 376
125-149 11 288
150-174 7 286
175-199 6 500
200-224 2 229

Tennessee shiner Notropis leuciodus 25-49 11 6 27 0,048
50-74 16 42

Silver shiner Notropis photogenis 100-124 1 12 1 0,012

Mirror shiner Notropis spectrunculus 25-49 50 23 57 0,038
50-74 7 15

Telescope shiner Notropis telescopus 25-49 2 TR 6 0,004
50-74 4 4

Fatlips minnow Phenacobius crassilabrum 50-74 3 6 3 0,006

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



Appendix 1 - Table 11 continued.

T-3, September 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
White sucker Catostomus commersoni 350-374 2 880 2 0,880

Northern hog sucker Hypentelium nigricans 50-74 2 10 27 0,918
100-124 11 192
125-149 7 171
150-174 3 175
175-199 1 74
200-224 3 296

Brown bullhead Ameiurus nebulosus 125-149 1 166 1 0,166

River redhorse Moxostoma carinatum 450-474 1 872 5 6,592
475-499 1 1.125
500-524 1 1.290
525-549 1 1.400
550-574 1 1.905

Black redhorse Moxostoma duquesnei 100-124 1 17 37 11,059
125-149 1 34
175-199 2 131
200-224 1 103
225-249 4 515
250-274 5 814
275-299 4 840
300-324 1 264
325-349 5 1.848
350-374 3 1.212
375-399 8 4.006
400-424 1 590
425-449 1 685

Golden redhorse Moxostoma erythrurum 350-374 1 548 8 4,579
375-399 6 3.416
400-424 1 615

Rock bass Ambloplites rupestris 25-49 1 1 29 1,505
75-99 1 7

100-124 3 84
125-149 13 500
150-174 8 566
175-199 3 347

Redbreast sunfish Lepomis auritus 75-99 1 13 11 0,400
100-124 4 81
125-149 3 86
150-174 3 220

Bluegill Lepomis macrochirus 100-124 1 37 23 1,422
125-149 9 426
150-174 11 762
175-199 2 197



Appendix 1 - Table 11 continued.

T-3, September 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Smallmouth bass Micropterus dolomieui 100-124 1 20 8 2,558

125-149 1 22
225-249 2 330
300-324 1 328
350-374 2 1.169
375-399 1 689

Largemouth bass Micropterus salmoides 50-74 1 1 6 2,222
275-299 1 288
300-324 2 878
325-349 2 1.055

Greenside darter Etheostoma blennioides 50-74 1 2 11 0,102
75-99 6 36

100-124 4 64

Greenfin darter Etheostoma chlorobranchium 50-74 4 3 4 0,003

Wounded darter Etheostoma vulneratum 25-49 3 TR 6 0,004
50-74 3 4

Banded darter Etheostoma zonale 25-49 6 8 17 0,028
50-74 11 20

Tangerine darter Percina aurantiaca 100-124 1 21 1 0,021

Gilt darter Percina evides 25-49 9 10 20 0,050
50-74 10 32
75-99 1 8

Mottled sculpin Cottus bairdi 50-74 1 6 2 0,013
75-99 1 7

Total Number and Weight of Fish Collected 481 41,109



T-3, February 2002

Size Class Size Class Total Total 
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Rainbow trout (wild) Oncorhynchus mykiss 100-124 2 27 4 1,675
175-199 1 58
225-249 1 1.590

Brown trout (stocked) Salmo trutta 325-349 2 799 2 0,799

Brown trout (wild) Salmo trutta 75-99 1 7 1 0,007

Brook trout (stocked) Salvelinus fontinalis 250-274 1 164 1 0,164

Central stoneroller Campostoma anomalum 50-74 11 17 20 0,351
75-99 1 8

100-124 1 11
125-149 3 80
150-174 1 26
175-199 2 133
200-224 1 76

Warpaint shiner Luxilus coccogenis 25-49 2 TR 19 0,124
50-74 2 2
75-99 9 49

100-124 6 73

River chub Nocomis micropogon 25-49 1 TR 36 1,383
50-74 3 8
75-99 9 56

100-124 5 98
125-149 5 176
150-174 6 296
175-199 3 217
200-224 2 256
225-249 2 276

Whitetail shiner Cyprinella galacturus 75-99 1 6 2 0,014
100-124 1 8

Tennessee shiner Notropis leuciodus 25-49 16 6 33 0,042
50-74 13 23
75-99 4 13

Mirror shiner Notropis spectrunculus 0-24 2 TR 43 0,065
25-49 6 2
50-74 35 63

Telescope shiner Notropis telescopus 25-49 9 5 9 0,005

Fatlips minnow Phenacobius crassilabrum 50-74 1 TR 1 0,000

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



Appendix 1 - Table 12 continued.

T-3, February 2002

Size Class Size Class Total Total 
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Northern hog sucker Hypentelium nigricans 50-74 5 13 19 0,386

75-99 2 13
100-124 7 118
125-149 3 75
175-199 2 167

Black redhorse Moxostoma duquesnei 150-174 1 23 22 10,401
275-299 1 191
300-324 1 269
325-349 1 320
350-374 4 1.767
375-399 8 4.101
400-424 4 2.406
425-449 2 1.324

Golden redhorse Moxostoma erythrurum 350-374 1 560 1 0,560

Rock bass Ambloplites rupestris 50-74 2 12 29 1,413
75-99 3 39

100-124 8 180
125-149 6 250
150-174 5 322
175-199 4 401
200-224 1 209

Green sunfish Lepomis cyanellus 75-99 1 13 1 0,013

Bluegill Lepomis macrochirus 150-174 1 60 1 0,060

Smallmouth bass Micropterus dolomieui 25-49 1 TR 3 0,304
200-224 1 107
250-274 1 197

Greenside darter Etheostoma blennioides 50-74 5 9 8 0,038
75-99 2 15

100-124 1 14

Wounded darter Etheostoma vulneratum 25-49 1 1 1 0,001

Banded darter Etheostoma zonale 50-74 7 16 7 0,016

Tangerine darter Percina aurantiaca 100-124 1 13 1 0,013

Gilt darter Percina evides 25-49 1 TR 1 0,000

Total Number and Weight of Fish Collected 265 17,834



T-3, March 2002

Size Class Size Class Total Total 
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 125-149 1 6 2 0,012
150-174 1 6

Rainbow trout (stocked) Oncorhynchus mykiss 225-249 1 123 1 0,123

Rainbow trout (wild) Oncorhynchus mykiss 100-124 2 21 7 0,680
125-149 1 18
150-174 1 46
175-199 1 69
300-324 2 526

Brown trout (stocked) Salmo trutta 225-249 1 144 4 1,386
250-274 1 266
300-324 1 265
400-424 1 711

Brown trout (wild) Salmo trutta 125-149 2 42 5 1,030
150-174 2 56
425-449 1 932

Brook trout (stocked) Salvelinus fontinalis 275-299 1 260 4 1,431
300-324 1 379
325-349 2 792

Central stoneroller Campostoma anomalum 150-174 2 116 5 0,385
175-199 3 269

Warpaint shiner Luxilus coccogenis 50-74 1 1 1 0,001

River chub Nocomis micropogon 25-49 8 8 88 1,852
50-74 7 18
75-99 22 163

100-124 23 390
125-149 12 336
150-174 12 579
175-199 2 141
200-224 2 217

Whitetail shiner Cyprinella galacturus 75-99 1 5 1 0,005

Tennessee shiner Notropis leuciodus 25-49 12 7 14 0,012
50-74 2 5

Mirror shiner Notropis spectrunculus 25-49 14 5 30 0,034
50-74 15 25
75-99 1 4

Fatlips minnow Phenacobius crassilabrum 50-74 1 TR 3 0,007
75-99 2 7

Blacknose dace Rhinichthys atratulus 25-49 1 TR 1 TR

Appendix 1 - Table 13.  Size class and biomass data by sample station and sample period for fish collections associated with the 
Dillsboro Project.



Appendix 1 - Table 13 continued.

T-3, March 2002

Size Class Size Class Total Total 
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Northern hog sucker Hypentelium nigricans 50-74 3 9 8 0,265

100-124 2 27
175-199 3 229

Brown bullhead Ameiurus nebulosus 200-224 1 134 2 0,341
250-274 1 207

River redhorse Moxostoma carinatum 550-574 1 2.034 1 2,034

Black redhorse Moxostoma duquesnei 125-149 1 32 39 18,518
250-274 3 499
325-349 3 1.101
350-374 7 2.946
375-399 20 10.839
400-424 5 3.101

Golden redhorse Moxostoma erythrurum 350-374 1 425 11 7,362
375-399 7 4.501
400-424 2 1.525
425-449 1 911

Rock bass Ambloplites rupestris 50-74 3 18 56 2,070
75-99 7 75

100-124 12 264
125-149 24 1.028
150-174 9 569
175-199 1 116

Redbreast sunfish Lepomis auritus 100-124 4 98 7 0,273
125-149 1 41
150-174 2 134

Bluegill Lepomis macrochirus 75-99 1 8 8 0,445
100-124 2 43
150-174 4 294
175-199 1 100

Smallmouth bass Micropterus dolomieui 100-124 4 63 13 1,261
125-149 3 84
175-199 2 130
225-249 3 455
325-349 1 529

Largemouth bass Micropterus salmoides 275-299 1 242 2 0,776
350-374 1 534

Greenside darter Etheostoma blennioides 50-74 1 1 7 0,056
75-99 3 19

100-124 3 36

Greenfin darter Etheostoma chlorobranchium 50-74 1 2 1 0,002



Appendix 1 - Table 13 continued.

T-3, March 2002

Size Class Size Class Total Total 
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Wounded darter Etheostoma vulneratum 25-49 1 1 5 0,004

50-74 4 3

Banded darter Etheostoma zonale 50-74 10 20 10 0,020

Gilt darter Percina evides 25-49 4 5 6 0,010
50-74 2 5

Mottled sculpin Cottus bairdi 75-99 1 12 1 0,012

Total Number and Weight of Fish Collected 343 40,407



T-4, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 100-124 1 1 7 0,026
125-149 6 25

Rainbow trout (stocked) Oncorhynchus mykiss 300-324 1 172 1 0,172

Brown trout (wild) Salmo trutta 225-249 1 138 2 0,333
250-274 1 195

Brook trout (stocked) Salvelinus fontinalis 200-224 1 104 3 0,340
225-249 2 236

Central stoneroller Campostoma anomalum 50-74 7 18 16 0,164
75-99 5 27

125-149 3 76
150-174 1 43

River chub Nocomis micropogon 50-74 11 29 31 0,377
75-99 1 5

100-124 15 209
125-149 3 86
150-174 1 48

Whitetail shiner Cyprinella galacturus 50-74 1 2 10 0,080
75-99 5 32

100-124 4 46

Tennessee shiner Notropis leuciodus 25-49 10 6 25 0,035
50-74 15 29

Mirror shiner Notropis spectrunculus 25-49 12 15 22 0,035
50-74 10 20

Longnose dace Rhinichthys cataractae 50-74 2 6 3 0,013
75-99 1 7

Northern hog sucker Hypentelium nigricans 75-99 1 7 2 0,033
125-149 1 26

Black redhorse Moxostoma duquesnei 100-124 1 15 3 0,818
275-299 1 253
400-424 1 550

Rock bass Ambloplites rupestris 75-99 1 14 9 0,356
100-124 4 100
125-149 3 138
175-199 1 104

Smallmouth bass Micropterus dolomieui 75-99 1 7 1 0,007

Appendix 1 - Table 14.  Size class and biomass data by sample station and sample period for fish collections associated with 
the Dillsboro Project.



Appendix 1 - Table 14 continued.

T-4, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Greenside darter Etheostoma blennioides 50-74 9 17 32 0,165

75-99 22 133
100-124 1 15

Greenfin darter Etheostoma chlorobranchium 50-74 87 205 88 0,223
100-124 1 18

Wounded darter Etheostoma vulneratum 25-49 38 33 54 0,077
50-74 16 44

Banded darter Etheostoma zonale 25-49 7 9 7 0,009

Gilt darter Percina evides 25-49 6 5 29 0,058
50-74 23 53

Mottled sculpin Cottus bairdi 25-49 61 121 108 0,282
50-74 40 124
75-99 7 37

Total Number and Weight of Fish Collected 453 3,603



T-4, July 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number  Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 100-124 1 2 4 0,010
125-149 2 8
150-174 1 TR

Rainbow trout (stocked) Oncorhynchus mykiss 275-299 1 209 1 0,209

Brown trout (stocked) Salmo trutta 200-224 1 80 2 0,327
275-299 1 247

Central stoneroller Campostoma anomalum 25-49 3 TR 27 0,268
50-74 5 22
75-99 8 53

100-124 7 100
125-149 4 93

Warpaint shiner Luxilus coccogenis 50-74 3 6 7 0,045
75-99 1 2

100-124 3 37

River chub Nocomis micropogon 25-49 1 TR 52 0,484
50-74 26 97
75-99 10 84

100-124 13 210
150-174 1 36
175-199 1 57

Whitetail shiner Cyprinella galacturus 0-24 1 TR 15 0,063
25-49 1 TR
50-74 5 10
75-99 6 33

100-124 2 20

Tennessee shiner Notropis leuciodus 25-49 3 TR 56 0,090
50-74 53 90

Mirror shiner Notropis spectrunculus 0-24 1 TR 42 0,055
25-49 7 4
50-74 34 51

Fatlips minnow Phenacobius crassilabrum 50-74 1 3 4 0,018
75-99 3 15

Blacknose dace Rhinichthys atratulus 0-24 1 TR 1

Longnose dace Rhinichthys cataractae 50-74 1 1 1 0,001

Northern hog sucker Hypentelium nigricans 125-149 1 36 6 1,052
200-224 1 129
225-249 1 178
250-274 1 234
275-299 2 475

Appendix 1 - Table 15 continued.

Appendix 1 - Table 15.  Size class and biomass data by sample station and sample period for fish collections associated with the 
Dillsboro Project.



T-4, July 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number  Weight (kg)
Black redhorse Moxostoma duquesnei 300-324 1 326 2 0,815

350-374 1 489

Rock bass Ambloplites rupestris 100-124 4 105 7 0,263
125-149 2 78
150-174 1 80

Smallmouth bass Micropterus dolomieui 75-99 2 15 3 0,022
100-124 1 7

Greenside darter Etheostoma blennioides 50-74 9 20 32 0,152
75-99 22 121

100-124 1 11

Greenfin darter Etheostoma chlorobranchium 25-49 46 42 163 0,326
50-74 114 271
75-99 3 13

Wounded darter Etheostoma vulneratum 25-49 39 42 48 0,062
50-74 9 20

Banded darter Etheostoma zonale 25-49 10 13 10 0,013

Gilt darter Percina evides 25-49 7 9 25 0,048
50-74 18 39

Mottled sculpin Cottus bairdi 0-24 5 TR 155 0,379
25-49 73 126
50-74 73 229
75-99 4 24

Total Number and Weight of Fish Collected 663 4,702



T-4, September 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 100-124 1 3 1 0,003

Rainbow trout (wild) Oncorhynchus mykiss 225-249 1 104 1 0,104

Central stoneroller Campostoma anomalum 25-49 1 1 43 0,725
50-74 22 48
75-99 4 33

100-124 8 146
125-149 3 114
150-174 2 79
175-199 2 197
200-224 1 107

Warpaint shiner Luxilus coccogenis 25-49 2 2 21 0,111
50-74 3 7
75-99 13 74

100-124 3 28

River chub Nocomis micropogon 25-49 6 4 65 1,097
50-74 8 27
75-99 24 166

100-124 15 257
125-149 6 160
150-174 2 124
175-199 3 241
200-224 1 118

Whitetail shiner Cyprinella galacturus 25-49 1 TR 19 0,096
50-74 6 17
75-99 12 79

Tennessee shiner Notropis leuciodus 25-49 12 8 69 0,140
50-74 57 132

Mirror shiner Notropis spectrunculus 25-49 4 4 51 0,080
50-74 47 76

Fatlips minnow Phenacobius crassilabrum 25-49 1 1 16 0,082
50-74 15 81

Longnose dace Rhinichthys cataractae 75-99 1 6 1 0,006

Northern hog sucker Hypentelium nigricans 100-124 1 13 9 1,173
125-149 1 29
175-199 1 82
200-224 3 654
225-249 3 395

Black redhorse Moxostoma duquesnei 250-274 1 180 2 0,403
275-299 1 223

Appendix 1 - Table 16 continued.

T-4, September 2001

Appendix 1 - Table 16.  Size class and biomass data by sample station and sample period for fish collections associated with 
the Dillsboro Project.



Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Rock bass Ambloplites rupestris 75-99 3 36 6 0,159

100-124 1 25
125-149 2 98

Smallmouth bass Micropterus dolomieui 50-74 1 3 5 0,346
100-124 1 14
125-149 1 27
225-249 1 126
250-274 1 176

Greenside darter Etheostoma blennioides 25-49 2 2 29 0,167
50-74 10 34
75-99 14 90

100-124 3 41

Greenfin darter Etheostoma chlorobranchium 25-49 55 61 151 0,343
50-74 93 263
75-99 3 19

Wounded darter Etheostoma vulneratum 25-49 26 26 47 0,070
50-74 21 44

Banded darter Etheostoma zonale 50-74 9 15 9 0,015

Gilt darter Percina evides 25-49 3 3 33 0,077
50-74 30 74

Mottled sculpin Cottus bairdi 25-49 32 23 169 0,522
50-74 126 427
75-99 11 72

Total Number and Weight of Fish Collected 747 5,719



T-4, March 2002

Size Class Size Class Total Total 
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 75-99 3 6 14 0,055
100-124 1 2
125-149 8 35
150-174 2 12

Rainbow trout (stocked) Oncorhynchus mykiss 250-274 1 191 2 0,461
300-324 1 270

Rainbow trout (wild) Oncorhynchus mykiss 75-99 1 11 3 0,662
250-274 1 207
325-349 1 444

Brown trout (stocked) Salmo trutta 225-249 2 293 4 0,672
250-274 2 379

Brown trout (wild) Salmo trutta 250-274 2 318 4 1,225
300-324 1 288
350-374 1 619

Brook trout (stocked) Salvelinus fontinalis 250-274 2 413 11 2,817
275-299 8 2.049
300-324 1 355

Central stoneroller Campostoma anomalum 50-74 8 15 25 0,304
75-99 6 46

100-124 11 243

Warpaint shiner Luxilus coccogenis 25-49 17 8 29 0,054
50-74 3 6
75-99 8 32

100-124 1 8

River chub Nocomis micropogon 25-49 6 4 64 0,804
50-74 19 50
75-99 14 95

100-124 13 219
125-149 9 251
150-174 2 107
175-199 1 78

Whitetail shiner Cyprinella galacturus 50-74 2 3 7 0,040
75-99 3 12

100-124 1 9
125-149 1 16

Tennessee shiner Notropis leuciodus 25-49 21 6 64 0,093
50-74 40 77
75-99 3 10

Mirror shiner Notropis spectrunculus 25-49 12 3 50 0,065
50-74 38 62

Appendix 1 - Table 17.  Size class and biomass data by sample station and sample period for fish collections associated with the 
Dillsboro Project.



Appendix 1 - Table 17 continued.

T-4, March 2002

Size Class Size Class Total Total 
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Fatlips minnow Phenacobius crassilabrum 25-49 4 3 26 0,116

50-74 4 5
75-99 18 108

Northern hog sucker Hypentelium nigricans 100-124 1 19 5 0,491
125-149 2 62
250-274 1 169
275-299 1 241

Black redhorse Moxostoma duquesnei 250-274 1 162 5 1,882
300-324 1 254
350-374 1 465
375-399 2 1.001

Rock bass Ambloplites rupestris 50-74 1 4 7 0,335
75-99 1 7

125-149 3 138
150-174 1 79
175-199 1 107

Redbreast sunfish Lepomis auritus 175-199 1 115 1 0,115

Smallmouth bass Micropterus dolomieui 75-99 1 6 1 0,006

Greenside darter Etheostoma blennioides 25-49 3 3 28 0,146
50-74 8 20
75-99 15 99

100-124 2 24

Greenfin darter Etheostoma chlorobranchium 25-49 17 17 63 0,151
50-74 46 134

Wounded darter Etheostoma vulneratum 25-49 9 18 10 0,020
50-74 1 2

Banded darter Etheostoma zonale 25-49 1 1 8 0,015
50-74 7 14

Gilt darter Percina evides 25-49 5 5 27 0,060
50-74 22 55

Mottled sculpin Cottus bairdi 25-49 33 37 120 0,366
50-74 77 272
75-99 10 57

Total Number and Weight of Fish Collected 578 10,955



T-4, July 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number  Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 100-124 1 2 4 0,010
125-149 2 8
150-174 1 TR

Rainbow trout (stocked) Oncorhynchus mykiss 275-299 1 209 1 0,209

Brown trout (stocked) Salmo trutta 200-224 1 80 2 0,327
275-299 1 247

Central stoneroller Campostoma anomalum 25-49 3 TR 27 0,268
50-74 5 22
75-99 8 53

100-124 7 100
125-149 4 93

Warpaint shiner Luxilus coccogenis 50-74 3 6 7 0,045
75-99 1 2

100-124 3 37

River chub Nocomis micropogon 25-49 1 TR 52 0,484
50-74 26 97
75-99 10 84

100-124 13 210
150-174 1 36
175-199 1 57

Whitetail shiner Cyprinella galacturus 0-24 1 TR 15 0,063
25-49 1 TR
50-74 5 10
75-99 6 33

100-124 2 20

Tennessee shiner Notropis leuciodus 25-49 3 TR 56 0,090
50-74 53 90

Mirror shiner Notropis spectrunculus 0-24 1 TR 42 0,055
25-49 7 4
50-74 34 51

Fatlips minnow Phenacobius crassilabrum 50-74 1 3 4 0,018
75-99 3 15

Blacknose dace Rhinichthys atratulus 0-24 1 TR 1

Longnose dace Rhinichthys cataractae 50-74 1 1 1 0,001

Northern hog sucker Hypentelium nigricans 125-149 1 36 6 1,052
200-224 1 129
225-249 1 178
250-274 1 234
275-299 2 475

Appendix 1 - Table 15 continued.

Appendix 1 - Table 15.  Size class and biomass data by sample station and sample period for fish collections associated with the 
Dillsboro Project.



T-4, July 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number  Weight (kg)
Black redhorse Moxostoma duquesnei 300-324 1 326 2 0,815

350-374 1 489

Rock bass Ambloplites rupestris 100-124 4 105 7 0,263
125-149 2 78
150-174 1 80

Smallmouth bass Micropterus dolomieui 75-99 2 15 3 0,022
100-124 1 7

Greenside darter Etheostoma blennioides 50-74 9 20 32 0,152
75-99 22 121

100-124 1 11

Greenfin darter Etheostoma chlorobranchium 25-49 46 42 163 0,326
50-74 114 271
75-99 3 13

Wounded darter Etheostoma vulneratum 25-49 39 42 48 0,062
50-74 9 20

Banded darter Etheostoma zonale 25-49 10 13 10 0,013

Gilt darter Percina evides 25-49 7 9 25 0,048
50-74 18 39

Mottled sculpin Cottus bairdi 0-24 5 TR 155 0,379
25-49 73 126
50-74 73 229
75-99 4 24

Total Number and Weight of Fish Collected 663 4,702



T-4, September 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 100-124 1 3 1 0,003

Rainbow trout (wild) Oncorhynchus mykiss 225-249 1 104 1 0,104

Central stoneroller Campostoma anomalum 25-49 1 1 43 0,725
50-74 22 48
75-99 4 33

100-124 8 146
125-149 3 114
150-174 2 79
175-199 2 197
200-224 1 107

Warpaint shiner Luxilus coccogenis 25-49 2 2 21 0,111
50-74 3 7
75-99 13 74

100-124 3 28

River chub Nocomis micropogon 25-49 6 4 65 1,097
50-74 8 27
75-99 24 166

100-124 15 257
125-149 6 160
150-174 2 124
175-199 3 241
200-224 1 118

Whitetail shiner Cyprinella galacturus 25-49 1 TR 19 0,096
50-74 6 17
75-99 12 79

Tennessee shiner Notropis leuciodus 25-49 12 8 69 0,140
50-74 57 132

Mirror shiner Notropis spectrunculus 25-49 4 4 51 0,080
50-74 47 76

Fatlips minnow Phenacobius crassilabrum 25-49 1 1 16 0,082
50-74 15 81

Longnose dace Rhinichthys cataractae 75-99 1 6 1 0,006

Northern hog sucker Hypentelium nigricans 100-124 1 13 9 1,173
125-149 1 29
175-199 1 82
200-224 3 654
225-249 3 395

Black redhorse Moxostoma duquesnei 250-274 1 180 2 0,403
275-299 1 223

Appendix 1 - Table 16 continued.

T-4, September 2001

Appendix 1 - Table 16.  Size class and biomass data by sample station and sample period for fish collections associated with 
the Dillsboro Project.



Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Rock bass Ambloplites rupestris 75-99 3 36 6 0,159

100-124 1 25
125-149 2 98

Smallmouth bass Micropterus dolomieui 50-74 1 3 5 0,346
100-124 1 14
125-149 1 27
225-249 1 126
250-274 1 176

Greenside darter Etheostoma blennioides 25-49 2 2 29 0,167
50-74 10 34
75-99 14 90

100-124 3 41

Greenfin darter Etheostoma chlorobranchium 25-49 55 61 151 0,343
50-74 93 263
75-99 3 19

Wounded darter Etheostoma vulneratum 25-49 26 26 47 0,070
50-74 21 44

Banded darter Etheostoma zonale 50-74 9 15 9 0,015

Gilt darter Percina evides 25-49 3 3 33 0,077
50-74 30 74

Mottled sculpin Cottus bairdi 25-49 32 23 169 0,522
50-74 126 427
75-99 11 72

Total Number and Weight of Fish Collected 747 5,719



T-4, March 2002

Size Class Size Class Total Total 
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 75-99 3 6 14 0,055
100-124 1 2
125-149 8 35
150-174 2 12

Rainbow trout (stocked) Oncorhynchus mykiss 250-274 1 191 2 0,461
300-324 1 270

Rainbow trout (wild) Oncorhynchus mykiss 75-99 1 11 3 0,662
250-274 1 207
325-349 1 444

Brown trout (stocked) Salmo trutta 225-249 2 293 4 0,672
250-274 2 379

Brown trout (wild) Salmo trutta 250-274 2 318 4 1,225
300-324 1 288
350-374 1 619

Brook trout (stocked) Salvelinus fontinalis 250-274 2 413 11 2,817
275-299 8 2.049
300-324 1 355

Central stoneroller Campostoma anomalum 50-74 8 15 25 0,304
75-99 6 46

100-124 11 243

Warpaint shiner Luxilus coccogenis 25-49 17 8 29 0,054
50-74 3 6
75-99 8 32

100-124 1 8

River chub Nocomis micropogon 25-49 6 4 64 0,804
50-74 19 50
75-99 14 95

100-124 13 219
125-149 9 251
150-174 2 107
175-199 1 78

Whitetail shiner Cyprinella galacturus 50-74 2 3 7 0,040
75-99 3 12

100-124 1 9
125-149 1 16

Tennessee shiner Notropis leuciodus 25-49 21 6 64 0,093
50-74 40 77
75-99 3 10

Mirror shiner Notropis spectrunculus 25-49 12 3 50 0,065
50-74 38 62

Appendix 1 - Table 17.  Size class and biomass data by sample station and sample period for fish collections associated with the 
Dillsboro Project.



Appendix 1 - Table 17 continued.

T-4, March 2002

Size Class Size Class Total Total 
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Fatlips minnow Phenacobius crassilabrum 25-49 4 3 26 0,116

50-74 4 5
75-99 18 108

Northern hog sucker Hypentelium nigricans 100-124 1 19 5 0,491
125-149 2 62
250-274 1 169
275-299 1 241

Black redhorse Moxostoma duquesnei 250-274 1 162 5 1,882
300-324 1 254
350-374 1 465
375-399 2 1.001

Rock bass Ambloplites rupestris 50-74 1 4 7 0,335
75-99 1 7

125-149 3 138
150-174 1 79
175-199 1 107

Redbreast sunfish Lepomis auritus 175-199 1 115 1 0,115

Smallmouth bass Micropterus dolomieui 75-99 1 6 1 0,006

Greenside darter Etheostoma blennioides 25-49 3 3 28 0,146
50-74 8 20
75-99 15 99

100-124 2 24

Greenfin darter Etheostoma chlorobranchium 25-49 17 17 63 0,151
50-74 46 134

Wounded darter Etheostoma vulneratum 25-49 9 18 10 0,020
50-74 1 2

Banded darter Etheostoma zonale 25-49 1 1 8 0,015
50-74 7 14

Gilt darter Percina evides 25-49 5 5 27 0,060
50-74 22 55

Mottled sculpin Cottus bairdi 25-49 33 37 120 0,366
50-74 77 272
75-99 10 57

Total Number and Weight of Fish Collected 578 10,955



T-5, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 100-124 2 7 12 0,053
125-149 8 34
150-174 2 12

Rainbow trout (wild) Oncorhynchus mykiss 25-49 1 2 6 0,602
125-149 1 32
175-199 1 68
225-249 1 144
250-274 1 160
275-299 1 196

Brown trout (wild) Salmo trutta 25-49 2 2 4 0,592
300-324 1 266
325-349 1 324

Central stoneroller Campostoma anomalum 25-49 4 5 8 0,037
50-74 1 4
75-99 1 8

100-124 2 20

Warpaint shiner Luxilus coccogenis 100-124 2 22 2 0,022

River chub Nocomis micropogon 25-49 17 13 56 0,957
50-74 3 11
75-99 8 64

100-124 14 210
125-149 10 243
175-199 2 148
200-224 1 126
225-249 1 142

Whitetail shiner Cyprinella galacturus 25-49 1 1 5 0,036
75-99 1 2

100-124 3 33

Tennessee shiner Notropis leuciodus 50-74 2 2 2 0,002

Telescope shiner Notropis telescopus 50-74 1 1 1 0,001

Longnose dace Rhinichthys cataractae 25-49 1 TR 2 0,002
50-74 1 2

White sucker Catostomus commersoni 75-99 1 6 9 2,874
100-124 1 14
275-299 1 210
300-324 1 303
325-349 3 1.127
375-399 2 1.214

Appendix 1 - Table 18.  Size class and biomass data by sample station and sample period for fish collections associated with 
the Dillsboro Project.



Appendix 1 - Table 18 continued.

T-5, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)
Northern hog sucker Hypentelium nigricans 50-74 1 1 5 0,858

175-199 1 78
225-249 1 156
275-299 1 253
325-349 1 370

Black redhorse Moxostoma duquesnei 25-49 23 23 84 1,277
50-74 55 99
75-99 1 6

150-174 1 32
175-199 1 67
300-324 2 646
325-349 1 404

Rock bass Ambloplites rupestris 25-49 1 2 13 0,701
100-124 6 168
125-149 2 92
150-174 2 159
175-199 1 118
200-224 1 162

Redbreast sunfish Lepomis auritus 125-149 2 90 2 0,090

Largemouth bass Micropterus salmoides 75-99 1 9 1 0,009

Greenside darter Etheostoma blennioides 100-124 1 11 1 0,011

Greenfin darter Etheostoma chlorobranchium 25-49 3 3 7 0,013
50-74 2 4
75-99 2 6

Wounded darter Etheostoma vulneratum 50-74 5 11 5 0,011

Gilt darter Percina evides 50-74 1 1 1 0,001

Mottled sculpin Cottus bairdi 25-49 45 72 100 0,283
50-74 29 81
75-99 26 130

Total Number and Weight of Fish Collected 326 8,432



T-5, July 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number  Weight (kg)

Rainbow trout (wild) Oncorhynchus mykiss 250-274 1 147 2 0,482
325-349 1 335

Brown trout (wild) Salmo trutta 50-74 3 10 7 0,319
75-99 3 22

300-324 1 287
0,014

Central stoneroller Campostoma anomalum 25-49 3 3 5
50-74 1 2
75-99 1 9

River chub Nocomis micropogon 25-49 4 3 58 0,947
50-74 17 50
75-99 10 83

100-124 13 222
125-149 8 227
150-174 4 193
175-199 1 69
200-224 1 100

Tennessee shiner Notropis leuciodus 25-49 2 TR 2

White sucker Catostomus commersoni 125-149 6 148 14 2,849
150-174 1 39
250-274 1 239
275-299 1 277
300-324 2 666
325-349 1 394
350-374 1 508
375-399 1 578

Northern hog sucker Hypentelium nigricans 50-74 1 1 3 0,395
225-249 1 158
250-274 1 236

Black redhorse Moxostoma duquesnei 50-74 1 1 6 0,893
75-99 3 18

350-374 2 874

Rock bass Ambloplites rupestris 100-124 1 37 5 0,422
125-149 1 42
150-174 1 78
175-199 2 265

Greenside darter Etheostoma blennioides 50-74 5 5 6 0,007
75-99 1 2

Greenfin darter Etheostoma chlorobranchium 50-74 4 9 4 0,009

Wounded darter Etheostoma vulneratum 25-49 4 TR 4
Appendix 1 - Table 19 continued.

Appendix 1 - Table 19.  Size class and biomass data by sample station and sample period for fish collections associated with the 
Dillsboro Project.



T-5, July 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number  Weight (kg)
Mottled sculpin Cottus bairdi 25-49 9 11 176 0,489

50-74 151 362
75-99 16 116

Total Number and Weight of Fish Collected 292 6,826



T-5, September 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 125-149 1 7 1 0,007

Rainbow trout (wild) Oncorhynchus mykiss 50-74 1 8 3 0,041
100-124 2 33

Brown trout (stocked) Salmo trutta 600-624 1 2.440 1 2,440

Brown trout (wild) Salmo trutta 75-99 2 26 4 0,241
100-124 1 19
250-274 1 196

Central stoneroller Campostoma anomalum 50-74 2 6 4 0,026
75-99 2 20

River chub Nocomis micropogon 25-49 7 6 108 1,166
50-74 58 291
75-99 7 42

100-124 24 384
125-149 8 215
150-174 3 152
175-199 1 76

Tennessee shiner Notropis leuciodus 25-49 2 TR 4 0,003
50-74 2 3

Longnose dace Rhinichthys cataractae 50-74 1 7 1 0,007

White sucker Catostomus commersoni 150-174 2 102 7 2,574
175-199 1 61
325-349 1 410
375-399 2 1.190
400-424 1 811

Northern hog sucker Hypentelium nigricans 50-74 1 3 5 0,087
75-99 1 6

100-124 1 14
150-174 2 64

Black redhorse Moxostoma duquesnei 200-224 2 208 10 3,705
225-249 2 276
250-274 1 163
350-374 2 840
375-399 1 630
425-449 2 1.588

Rock bass Ambloplites rupestris 150-174 4 356 4 0,356

Greenside darter Etheostoma blennioides 50-74 13 29 16 0,048
75-99 3 19

Appendix 1 - Table 20 continued.

T-5, September 2001

Appendix 1 - Table 20.  Size class and biomass data by sample station and sample period for fish collections associated with the 
Dillsboro Project.



Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Greenfin darter Etheostoma chlorobranchium 25-49 4 4 12 0,024
50-74 8 20

Gilt darter Percina evides 50-74 2 3 2 0,003

Mottled sculpin Cottus bairdi 0-24 11 6 230 0,776
25-49 67 150
50-74 130 475
75-99 22 145

Total Number and Weight of Fish Collected 412 11,504



T-5, March 2002

Size Class Size Class Total Total 
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Mountain brook lamprey Ichthyomyzon greeleyi 150-174 1 10 1 0,010

Rainbow trout (wild) Oncorhynchus mykiss 75-99 1 8 7 0,213
100-124 1 16
125-149 2 41
150-174 2 71
200-224 1 77

Brown trout (wild) Salmo trutta 150-174 1 42 1 0,042
300-324
325-349

Brook trout (stocked) Salvelinus fontinalis 275-299 1 249 1 0,249

Central stoneroller Campostoma anomalum 25-49 2 2 24 0,157
50-74 9 23
75-99 9 58

100-124 2 26
125-149 2 48

Warpaint shiner Luxilus coccogenis 25-49 17 9 20 0,032
50-74 1 1

100-124 2 22

River chub Nocomis micropogon 25-49 2 2 81 1,161
50-74 40 86
75-99 9 53

100-124 14 231
125-149 7 198
150-174 6 285
200-224 3 306

Tennessee shiner Notropis leuciodus 50-74 2 5 2 0,005

Fatlips minnow Phenacobius crassilabrum 25-49 1 1 5 0,018
75-99 4 17

Northern hog sucker Hypentelium nigricans 75-99 2 19 8 1,940
100-124 1 18
125-149 1 28
300-324 1 360
325-349 2 917
350-374 1 598

Appendix 1 - Table 21.  Size class and biomass data by sample station and sample period for fish collections associated with the 
Dillsboro Project.



Appendix 1 - Table 21 continued.

T-5, 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 4 18 4,932

75-99 2 12
100-124 2 24
125-149 1 18
150-174 1 27
200-224 1 102
225-249 1 120
250-274 2 346
350-374 1 482
375-399 2 1.018
400-424 3 1.928
450-474 1 851

Rock bass Ambloplites rupestris 50-74 1 5 7 0,409
75-99 1 6

125-149 2 85
150-174 1 73
175-199 2 240

Smallmouth bass Micropterus dolomieui 275-299 1 299 1 0,299

Greenside darter Etheostoma blennioides 50-74 5 13 10 0,043
75-99 4 19

100-124 1 11

Greenfin darter Etheostoma chlorobranchium 50-74 1 1 1 0,001

Gilt darter Percina evides 50-74 6 10 6 0,010

Mottled sculpin Cottus bairdi 25-49 9 14 112 0,443
50-74 91 344
75-99 12 85

Total Number and Weight of Fish Collected 305 9,964



DR, May 2001

Size Class Size Class Total Total
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Rainbow trout (stocked) Oncorhynchus mykiss 275-299 1 204 2 0,472
300-324 1 268

River chub Nocomis micropogon 150-174 1 60 1 0,060

Golden shiner Notemigonus crysoleucas 125-149 1 26 1 0,026

Northern hog sucker Hypentelium nigricans 250-274 1 222 3 0,924
275-299 1 260
325-349 1 442

Black redhorse Moxostoma duquesnei 350-374 1 486 1 0,486

Rock bass Ambloplites rupestris 100-124 1 38 9 0,504
125-149 5 224
150-174 2 120
175-199 1 122

Smallmouth bass Micropterus dolomieui 75-99 1 6 1 0,006

Total Number and Weight of Fish Collected 18 2,478

Appendix 1 - Table 22.  Size class and biomass data by sample station and sample period for fish collections associated with 
the Dillsboro Project.



DR, March 2002

Size Class Size Class Total Total 
Common Name Scientific Name Size Class Number Weight (g) Number Weight (kg)

Rainbow trout (stocked) Oncorhynchus mykiss 250-274 1 132 11 3,963
275-299 1 182
300-324 2 661
325-349 6 2.357
400-424 1 631

Brown trout (wild) Salmo trutta 275-299 1 211 1 0,211

Brook trout (stocked) Salvelinus fontinalis 275-299 1 330 5 1,698
300-324 2 599
325-349 2 769

River chub Nocomis micropogon 75-99 1 6 1 0,006

White sucker Catostomus commersoni 75-99 1 15 3 1,464
400-424 1 683
425-449 1 766

Northern hog sucker Hypentelium nigricans 250-274 1 204 2 0,622
325-349 1 418

Black redhorse Moxostoma duquesnei 150-174 1 35 21 11,255
175-199 1 65
275-299 1 186
325-349 3 1.051
350-374 2 920
375-399 3 1.672
400-424 6 4.035
425-449 3 2.302
450-474 1 989

Rock bass Ambloplites rupestris 125-149 2 83 5 0,262
150-174 3 179

Redbreast sunfish Lepomis auritus 100-124 1 23 2 0,129
175-199 1 106

Total Number and Weight of Fish Collected 51 19,610

Appendix 1 - Table 23.  Size class and biomass data by sample station and sample period for fish collections associated with the 
Dillsboro Project.



T-3, February Seine 2002

Size Class Total
Common Name Scientific Name Size Class Number Number

Central stoneroller Campostoma anomalum 50-74 2 7
75-99 1

100-124 2
150-174 1
175-199 1

Warpaint shiner Luxilus coccogenis 25-49 1 6
50-74 1
75-99 4

River chub Nocomis micropogon 25-49 1 34
50-74 5
75-99 10

100-124 15
150-174 3

Tennessee shiner Notropis leuciodus 25-49 26 67
50-74 36
75-99 5

Silver shiner Notropis photogenis 50-74 1 24
75-99 2

100-124 21

Mirror shiner Notropis spectrunculus 50-74 26 26

Fatlips minnow Phenacobius crassilabrum 75-99 1 1

Northern hog sucker Hypentelium nigricans 50-74 8 19
75-99 1

100-124 4
125-149 5
175-199 1

Rock bass Ambloplites rupestris 125-149 1 1

Greenside darter Etheostoma blennioides 25-49 2 5
50-74 2
75-99 1

Wounded darter Etheostoma vulneratum 50-74 2 2

Banded darter Etheostoma zonale 25-49 1 19
50-74 18

Appendix 1 - Table 24.  Size class and biomass data by sample station and sample period for fish collections associated with 
the Dillsboro Project.



Appendix 1 - Table 24 continued.

T-3, February Seine 2002

Size Class Total
Common Name Scientific Name Size Class Number Number
Gilt darter Percina evides 25-49 2 4

50-74 2

Mottled sculpin Cottus bairdi 25-49 1 2
50-74 1

Total Number of Fish Collected 217



T-1, March Seine 2002

Size Class Total
Common Name Scientific Name Size Class Number Number

Central stoneroller Campostoma anomalum 50-74 2 2

Warpaint shiner Luxilus coccogenis 50-74 1 1

River chub Nocomis micropogon 25-49 1 5
75-99 3

125-149 1

Whitetail shiner Cyprinella galacturus 50-74 1 1

Tennessee shiner Notropis leuciodus 25-49 5 39
50-74 33
75-99 1

Silver shiner Notropis photogenis 50-74 3 4
75-99 1

Mirror shiner Notropis spectrunculus 50-74 6 6

Telescope shiner Notropis telescopus 50-74 31 32
75-99 1

Fatlips minnow Phenacobius crassilabrum 50-74 8 8

White sucker Catostomus commersoni 50-74 1 1

Northern hog sucker Hypentelium nigricans 50-74 9 12
100-124 2
150-174 1

Wounded darter Etheostoma vulneratum 25-49 2 6
50-74 4

Banded darter Etheostoma zonale 25-49 1 3
50-74 2

Gilt darter Percina evides 25-49 27 39
50-74 12

Mottled sculpin Cottus bairdi 50-74 4 4

Total Number of Fish Collected 163

Appendix 1 - Table 25.  Size class and biomass data by sample station and sample period for fish collections associated 
with the Dillsboro Project.



T-2, March Seine 2002

Size Class Total
Common Name Scientific Name Size Class Number Number

Central stoneroller Campostoma anomalum 25-49 3 4
50-74 1

River chub Nocomis micropogon 25-49 7 9
75-99 1

100-124 1

Tennessee shiner Notropis leuciodus 25-49 7 23
50-74 15
75-99 1

Telescope shiner Notropis telescopus 50-74 1 1

Fatlips minnow Phenacobius crassilabrum 50-74 15 17
75-99 2

Greenfin darter Etheostoma chlorobranchium 50-74 1 1

Wounded darter Etheostoma vulneratum 50-74 8 8

Banded darter Etheostoma zonale 25-49 2 4
50-74 2

Gilt darter Percina evides 25-49 2 17
50-74 15

Total Number of Fish Collected 84

Appendix 1 - Table 26.  Size class and biomass data by sample station and sample period for fish 
collections associated with the Dillsboro Project.



T-3, March Seine 2002

Size Class Total
Common Name Scientific Name Size Class Number Number

Brook trout (stocked) Salvelinus fontinalis 225-249 1 1

Central stoneroller Campostoma anomalum 100-124 1 2
125-149 1

River chub Nocomis micropogon 25-49 2 18
75-99 7

100-124 8
150-174 1

Tennessee shiner Notropis leuciodus 50-74 12 12

Silver shiner Notropis photogenis 100-124 4 4

Mirror shiner Notropis spectrunculus 50-74 1 1

Fatlips minnow Phenacobius crassilabrum 75-99 2 2

Northern hog sucker Hypentelium nigricans 100-124 2 6
125-149 4

Rock bass Ambloplites rupestris 50-74 1 1

Greenside darter Etheostoma blennioides 75-99 2 2

Greenfin darter Etheostoma chlorobranchium 50-74 2 2

Wounded darter Etheostoma vulneratum 50-74 4 4

Banded darter Etheostoma zonale 25-49 2 5
50-74 3

Gilt darter Percina evides 25-49 2 3
50-74 1

Total Number of Fish Collected 63

Appendix 1 - Table 27.  Size class and biomass data by sample station and sample period for fish 
collections associated with the Dillsboro Project.



T-4, March Seine 2002

Size Class Total
Common Name Scientific Name Size Class Number Number

Brook trout (stocked) Salvelinus fontinalis 275-299 1 1

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

100-124 1
125-149 1

Tennessee shiner Notropis leuciodus 75-99 1 1

Greenfin darter Etheostoma chlorobranchium 25-49 4 8
50-74 4

Gilt darter Percina evides 50-74 2 2

Mottled sculpin Cottus bairdi 25-49 1 10
50-74 8
75-99 1

Total Number of Fish Collected 26

Appendix 1 - Table 28.  Size class and biomass data by sample station and sample period for fish 
collections associated with the Dillsboro Project.



T-5, March Seine 2002

Size Class Total
Common Name Scientific Name Size Class Number Number

Brown trout (wild) Salmo trutta 100-124 1 2
125-149 1

Central stoneroller Campostoma anomalum 25-49 1 1

Fatlips minnow Phenacobius crassilabrum 75-99 1 1

Longnose dace Rhinichthys cataractae 75-99 1 1

Greenside darter Etheostoma blennioides 50-74 3 5
75-99 1

100-124 1

Gilt darter Percina evides 50-74 6 6

Mottled sculpin Cottus bairdi 25-49 4 84
50-74 72
75-99 8

Total Number of Fish Collected 100

Appendix 1 - Table 29.  Size class and biomass data by sample station and sample period for fish 
collections associated with the Dillsboro Project.
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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. 



 

 

8

 
 
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. 



 

 

17

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 
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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 



 24

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 
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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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SITE 

NAME 
QUAD AND 

RESERVOIR 
NAMES 

MODE 
OF 

ACCESS 

SURVEY 
DATES 

SURVEY 
METHODOLOGY 

 
SITE DESCRIPTION 

 
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) 

 
 
 



 8

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 
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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) 



 30

 
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) 



 31

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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Tuckasegee River Paddling Recreational Instream Flow Study 
East Fork, West Fork, and Dillsboro Hydroelectric Projects 

FERC #’s 2698, 2686, 2602 
Dillsboro and Whittier Sections - July 2-3, 2001 

West Fork By-Pass Section – May 9 and June 29, 2001 
East Fork By-Pass Section – July 9, 2002 

 
Introduction 
Duke Power-Nantahala Area, a Division of Duke Energy Corporation (Duke) is in the process of 
relicensing its hydroelectric projects with the Federal Energy Regulatory Commission (FERC).  The East 
Fork (FERC # 2698), West Fork (FERC # 2686), and Dillsboro (FERC # 2602) Projects are located on the 
Tuckasegee River in southwestern North Carolina.  The area includes rural mountainous terrain and 
sections of small rural communities and features river sections that currently provide excellent paddling 
opportunities.  Duke Power is utilizing a modification of the traditional relicensing process involving the 
use of Technical Leadership Teams (TLT).    In this study, Duke Power assessed the paddling experience 
on two sections of the main stem, a section of the West Fork By-Pass, a section of the East Fork By-Pass 
(Bonas Defeat Section) and determined how flows affect the paddling experience. Duke worked closely 
with American Whitewater, Western Carolina University, the Carolina Canoe Club, local outfitters, local 
government representatives and other organizations as well as the TLT in this effort.  This document 
describes study goals and objectives, the area, methodology, and results of the study. 
 
Study Goals and Objectives 
This study assessed paddling potential on four sections of the Tuckasegee River.  On three of the sections 
this was done with about 60 paddlers using a variety of boat types – kayaks, canoes, rafts, and inflatable 
kayaks (duckies).  These paddlers used their experiences in this study and their experience of other rivers to 
identify minimum flow levels and optimal flow ranges for paddling on these reaches and further identify 
how flow levels affect various factors that make up the paddling experience.  On the fourth section (East 
Fork By-Pass), a four-phase study approach was used as described below. 
  
Specific objectives of the study included: 

• Description of current access to each section 
• Description of key paddling areas   
• Development of relationships between flow levels and quality of paddling experience for the three 

study reaches that were paddled to identify minimum and optimum flow ranges for paddling 
• Identify other recreation opportunities and assess the relative impacts of paddling flows on these 

activities 
 
Study Area 
Both forks of the Tuckasegee River arise in the Blue Ridge Mountains of southwestern North Carolina in 
the area between Highlands and Brevard.  The river flows through the cities of Cullowhee, Sylva, and 
Bryson City before it joins the Little Tennessee River in Fontana Reservoir almost fifty miles from the 
headwaters.   
 
Five Duke Hydropower Developments (the East and West Fork Projects) are located about 20 miles above 
the Dillsboro Project.  The Tuckasegee Plant and Thorpe Plant (FERC # 2686), located on the West Fork, 
are operated in tandem.  The usual release from the Tuckasegee Plant (the downstream plant) is about 205 
cfs plus a continuous release of 10 cfs from Cedar Cliff (when it is not generating) for a total of about 215 
cfs in the riverbed at the Confluence from power generation and continuous releases.  Average annual 
runoff in the West Fork (at the Tuckasegee/Little Lake Glenville Reservoir) is about 158 cfs with 
significant seasonal variations.  The Tennessee Creek (also called Tanassee Creek), Bear Creek, and Cedar 
Cliff developments (FERC # 2698) on the East Fork are operationally linked to each other and are operated 
as such.  The usual release from the Cedar Cliff Plant (the downstream plant) is about 480 cfs plus a 
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continuous release of 20 cfs from the West Fork for a total of about 500 cfs from power generation and 
continuous releases.  Average annual runoff in the East Fork (at Cedar Cliff Reservoir) is about 249 cfs 
with significant seasonal variations.  The Dillsboro Project does not significantly affect flow levels in the 
Tuckasegee River.  Water either flows through the generator(s) and back into the riverbed below the 12-
foot high dam or it runs over the dam or both.  The average annual runoff at Dillsboro is about 779 cfs with 
significant seasonal variations. 
 
The following river sections were analyzed in this study. 
 
Section Study Dates Description Miles 
Dillsboro July 2-3, 

2001 
Main Stem – Dillsboro to Barker’s Creek 4.5 

Whittier July 2-3, 
2001 

Main Stem - Whittier to Ela 3.0 

West 
Fork  

 June 29, 
2001 

West Fork - By-Pass between Lake Glenville & Thorpe Powerhouse  4.5 

East Fork July 9,2002 East Fork – By-Pass between Tennessee Creek Reservoir & 
confluence with Wolf Creek 

1.5 

 
The Dillsboro Section is the most popular of the four sections.  Whitewater rafting outfitters, whitewater 
canoe/kayak outfitters, summer camps, schools, canoe clubs, and private paddlers all use this class II 
stretch of whitewater, primarily in the summer and on late spring and early fall weekends.  The three local 
outfitters estimated 40,000 guests (numbers provided by Tuckasegee Outfitters Association) on the river in 
2001.  
 
The Whittier Section is used occasionally by canoe clubs, summer camps, and private paddlers but is not 
generally well known.  It is class II whitewater with a short section of fairly continuous ledges including 
one steep ledge (class II +) worthy of being named.  
 
Paddling information about all sections (except the Bonas Defeat Gorge) from the confluence to Bryson 
City is provided in “A Canoeing & Kayaking Guide to the Carolinas” (Benner and Benner, 2002). 
 
Local paddlers have used the class III/IV West Fork By-Pass Section occasionally.  This section requires 
substantial rainfall before it can be run.  There have been five spills from the dam at Lake Glenville in the 
60-year history of the project prior to the paddling study releases.   
 
The East Fork By-Pass (Bonas Defeat) section is popular with local and regional hikers who value it for the 
extremely rugged terrain, the natural beauty, and for its remoteness.   This reach may never have been 
paddled before.  Steep gradient, large potholes, undercut rocks, narrow crevices, and wood in and across 
the channel characterize this section.  A four-phase approach (explained in West Fork By-Pass section) was 
used to explore the potential for studying this section. 
 
A map of the study area and the study locations is provided in Appendix M.  
 
Methodology 
A controlled flow assessment technique (Whittaker, et al., 1993) was used to evaluate opportunities for 
paddling at a range of flow conditions.  A specified group of study participants paddled the Dillsboro 
Section at four different flows, the Whittier Section at two different flows, and the West Fork By-Pass at 
two different flows.  Participants completed two survey forms as a means of documenting the quality of the 
paddling experience.  They also filled out a Pre-Run Information Survey (Appendix A). 
 
Upon completion of each test release, each paddler filled out a Single Flow Survey (Appendix A) to help 
him/her describe the quality of the paddling experience specific to each flow.  Specifically, participants 
were asked to rate the flow with regard to (1) paddling experience characteristics, (2) whether they would 
choose to paddle the level again in the future (3) the whitewater difficulty of the flow, (4) how well suited it 
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was for different skill levels, (5) whether they would prefer a higher or lower flow level to define minimum 
acceptable and optimal flows (6) identify particularly challenging rapids (7) the number of boat hits, stops, 
drags, and portages (8) identifying portage areas and (9) significant problems such as a swim, pin, etc. They 
were also asked to provide any other comments they wanted to make.   
 
After paddling each section at all the test flows, participants filled out a Comparative (Overall) Survey 
(Appendix A) to evaluate the flows. Specifically, they were asked to (1) rank the importance of the 
paddling experience characteristics, (2) to rate the flows as to how well they contributed to a high quality 
trip (3) make an overall evaluation of the flows, (4) suggest flow levels for minimum acceptable, optimum, 
“standard” trip optimum, high challenge trip optimum, highest safe flow, and a flow if only one flow could 
be provided, (5) make an opinion of whether a variety of flows was important, (6) whether they would 
recommend a standard trip or high challenge trip flow to other paddlers, (7) compare the section to other 
rivers locally, regionally, and nationally, and (8) compare the section to other rivers in the region with 
regard to paddling characteristics.  They were also asked to add anything they desired about paddling the 
section.  Survey responses were compiled in spreadsheets (Appendix B) and compared across the different 
flow conditions to see how the flows affected the quality of the paddling experience and to determine 
minimal acceptable and optimal flow levels.  All written comments made on the surveys were compiled 
(Appendix C). 
 
Paddlers were recruited utilizing American Whitewater sources, Western Carolina University staff, local 
outfitters, Carolina Canoe Club members, local summer camp staff, Duke employees, newspaper articles 
about the study, and nonaffiliated private paddlers.  All participants signed a waiver (Appendix D) and 
participated in a short orientation to the study that included an explanation of why Duke was conducting the 
study, background on the questionnaires including an explanation of the American Whitewater 
International Scale of River Difficulty (Appendix E), a safety briefing, and the study schedule (Appendix 
F).  The gear options were kayak (river, play, creek), decked canoe, open canoe (solo or tandem), raft, 
inflatable kayak (or “duckie”).  Tuckasegee Outfitters provided the necessary shuttles and other logistical 
support.  
 
Four flow levels were studied in the Dillsboro Section – (1) base flow + “maximum flow” from generation 
at Thorpe Powerhouse, (2) base flow + “most efficient flow” from generation at Cedar Cliff Powerhouse, 
(3) base flow + “most efficient flow” from generation at Thorpe Powerhouse, and (4) base flow + “most 
efficient flow” from generation at both Thorpe and Cedar Cliff Powerhouses.  Flows 2, 3, and 4 are “best 
efficiency flows” for these facilities and it is difficult to maintain significantly different flows for long 
periods of time without harming the equipment.  Flow 1 is a maximum flow that is at the limit of the 
capability of the machinery.   
 
The flow levels for the Whittier Study were the afternoon flows (Flows 2 and 4) from the Dillsboro study 
plus incremental flow from the intervening watershed; base flow + “most efficient flow” from generation at 
Cedar Cliff Powerhouse, and base flow + “most efficient flow” from generation at both Thorpe and Cedar 
Cliff Powerhouses.  This study was conducted in the evening after the Dillsboro Study was completed and 
was possible due to the downstream travel times of the flows.  Some participants also participated in the 
Dillsboro Study and others only participated in the Whittier Study. 
 
A four-phase approach was used in the West Fork By-Pass study (Appendix G –Description of Four Phase 
Approach).  The initial flow level for the West Fork By-Pass Study was determined after a preliminary 
paddle at a lower flow level on May 9, 2001 to evaluate whether the resource values warranted further 
study (Appendix G – West Fork Results of Phases 1 and 2)).  The results indicated that further study was 
warranted and that the flow level on May 9 was below the minimum acceptable. The initial flow for the 
June 29, 2001 study was chosen as a best guess at the minimum acceptable flow range.  The second flow 
on that day was determined after the completion of the first flow by the study team.  All flows were 
obtained by raising the tainter gates at Lake Glenville by an amount predicted from a gate opening/cfs 
chart. 
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A four-phase approach was used in the East Fork By-Pass study (Appendix G – Description of Four Phase 
Approach).  The visual assessment of flows in Phase 2 resulted in a decision to end the study at this point 
so no paddling flow study was done (Appendix G – East Fork Results of Phases 1 and 2). 
 
The flow duration was sufficient for all studies for participants to “play the river” at spots as well as paddle 
down the section.  For the Dillsboro and Whittier studies, participants were told what the approximate flow 
conditions would be in terms of which hydro plant was generating the flow.  The flow progression was 
from the lowest flow (base flow) to the highest flow in the Whittier and West Fork By-Pass studies.  The 
flow progression for each day of the Dillsboro study was low in the morning and higher in the afternoon 
however the progression from lowest flow to highest flow was Flow 3 (morning of July 3), Flow 1 
(morning of July 2), Flow 2 (afternoon of July 2) and Flow 4 (afternoon of July 3). 
 
All flows were documented by video photography.  The Dillsboro and West Fork By-Pass studies were also 
documented by still photography. 
 
Results and Discussion 
Results from this paddling recreation flow study are presented below.  These results are taken from the Pre-
Run Information Form, the Single Flow Survey, filled out after each flow experience, and the Comparative 
Survey, filled out after the completion of the last flow condition (Appendix A).  Actual flow was measured 
for each section at each flow during the paddling experience.  Actual flow (in cfs) is provided in the data 
tables but discussion of flows uses the Flow 1, Flow 2, etc. terminology.  Each section is presented and 
discussed separately starting with Dillsboro, then Whittier, followed by the West Fork By-Pass and the East 
Fork By-Pass.  
 
Dillsboro Section 
General 
This 4.5-mile river section starts at a public access area below the Dillsboro Dam, which is maintained by 
the town of Dillsboro.  It ends at the Barker’s Creek Bridge that is just upstream of Tuckasegee Outfitters.   
As noted above, this is currently the most popular section for paddling on the Tuckasegee River. 
 
Measured flows during this study are shown below for the Dillsboro Section.  These are in sequential order 
from day 1 (Flows 1 and 2) through day 2 (Flows 3 and 4).   The mean and median base flow in July 
historically (about 40 years of measurements) at Dillsboro is about 576 cfs and 483 cfs respectively 
compared to the measured base flow in this study of about 315 cfs.  This appears to be consistent with the 
drought conditions encountered in this area over the last three or so years. 
 

 Flow 1 Flow 2 Flow 3 Flow 4 
Base Flow 315 315 315 315 
Flow from Generation 239 506 170 698 
 Total cfs 554 821 485 1013 

 
Access 
Public access is available at the Dillsboro put-in below the Dillsboro Dam.  This site is maintained by the 
town of Dillsboro and has parking space for about 8 vehicles plus a small turn around area for vans pulling 
trailers.  On peak summer days, the area is congested at best.  Public access at the take-out is limited to the 
highway and bridge right of way areas at the Barker’s Creek Bridge.  There is virtually no public parking.  
Tuckasegee Outfitters currently allows private and commercial paddling groups to park on its property just 
downstream of the Barker’s Creek Bridge.  They also provide shuttles for a small fee. 
  
Information from Single Flow Surveys, Comparative Surveys and Pre-Run Forms 
 
Participant Information (Tables 1 and 2) 
Table 1 provides information about the participants.  One participant paddled only on day one (raft) and 
another paddled only on day two (tandem “duckie”).  A third participant missed Flow 3 only.  A variety of 
boat types were used in the study and there were a variety of skill levels represented although intermediate 
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paddlers were the largest single group.  While the mean days paddled per year was 33, almost 50% of the 
participants paddled 0 to 10 days per year.   
 
Table 1. Tuckasegee River Dillsboro Section.  Participant Information 
Times Boated Score: 1 = 0 times; 2 = 1-10 times; 3 = 11-20 times; 4 = 21-30 times; 5 = >30 times 

Participants Kayak = 9; Decked C1 = 3; Solo Open Canoe = 6; Tandem Open Canoe = 10 
(5 Boats); Raft = 9 (2 Boats); Inflatable Kayak = 7 (6 Boats) 

Skill Level Beginner = 7; Novice = 7; Intermediate = 20; Advanced = 8; Expert = 2 
Years Using Craft Mean = 10; Median = 8; Range = 0 to 35 
Times Boated 
Dillsboro Section  

Mean = 2.3; Median = 2.0; 8 Participants had never paddled it and 4 had 
paddled it >30 times 

Paddle Whitewater – 
Days/Year 

Mean = 33; Median = 15; 27 participants paddled 21 days/year; 18 
participants paddled >21 days/year; Range: 0 to 200 days/year 

Age Mean = 46; Median = 48; Range = 12 to 69 
 
Table 2 presents data from the Pre-Run Form (Appendix A) concerning participant preferences for different 
kinds of paddling experiences.  In general this group preferred running easy (class II and III) whitewater, 
particularly if it was a unique or interesting place and they tolerated difficult access to rivers and/or 
portages if they could run a section with interesting whitewater.  They also enjoyed running both easy and 
difficult rivers.  They generally did not prefer paddling class IV/V whitewater, rivers with big waves and 
powerful hydraulics or steep technical rivers.  They also would not usually choose to run a short section 
just for the challenging rapids. 
 
Table 2.  Tuckasegee River Dillsboro Section.  Percentage, Mean, and Median Score of Participants 
Agreeing/Not Agreeing with Possible Paddling Experiences 
7-Point Scale: 1 = Strongly Disagree; 2 = Moderately Disagree; 3 = Slightly Disagree; 4 = No Opinion; 5  
Slightly Agree; 6 = Moderately Agree; 7 = Strongly Agree.  Results are expressed as a percentage. 

1 2 3 4 5 6 7                                                                                           Scale 
 
Experience Preference 

 
% 

M
ea

n 
 M

ed
ia

n 
 

 

I Prefer Running Rivers with Class II/III Rapids 0 0 2 5 5 42 46 6.3 6.0 
I Prefer Running Rivers with difficult Class IV/V Rapids 30 14 20 7 7 11 11 3.2 3.0 
Running Challenging Whitewater is Most Important Part of 
Boating 

9 14 20 14 25 11 7 3.9 4.0 

I Often Boat Short Sections (< 4 miles) for the “Play Areas” 18 11 14 9 16 23 9 4.0 4.0 
I Often Boat a Section to Experience a Unique/Interesting 
Place 

5 5 2 2 14 20 52 5.9 7.0 

I Often Boat Short Sections to Run Challenging Rapids 23 11 18 7 18 18 5 3.6 3.0 
I Boat Sections Based on Length/Experience Regardless of 
Difficulty 

29 6 18 18 18 6 6 3.3 3.0 

I tolerate difficult put-ins/portages to run interesting whitewater 0 11 11 6 22 39 11 5.0 5.5 
I prefer rivers with large waves and powerful hydraulics 44 6 11 11 22 6 0 2.8 2.5 
I prefer boating steep technical rivers 22 28 6 11 17 17 0 3.2 2.5 
I enjoy boating both difficult and easy rivers 0 6 11 6 22 6 50 5.6 6.5 
 
Paddling Experience Characteristics (Tables 3 and 4 and Appendix B) 
Participant ratings from the Single Flow Survey for paddling experience characteristics under the four 
different flow conditions are shown in Table 3.  The mean rating for “Safety”, “Aesthetics”, “Length of 
Run”, and “Number of Portages” for all flows was between “Acceptable” (+1) and “Totally Acceptable 
(+2) with little variation in the numerical values between flows.  For “Navigability”, “Availability of 
Challenging Technical Boating”, “Availability of Powerful Hydraulics”, and Availability of Whitewater 
Play Areas”, Flow 3 (485 cfs) with “Neutral” (0) ratings had the lowest ratings followed by Flow 1(554 cfs) 
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with mostly “Neutral” ratings but slightly higher numerical values.  Flows 2 (821 cfs) and 4 (1013 cfs) had 
“Acceptable” to “Totally Acceptable” ratings. 
 
Table 3.  Tuckasegee River Dillsboro Section.  Mean and Median Ratings of the Four Flows for 
Paddling Characteristics; 5-point scale: -2 = Totally Unacceptable; -1 = Unacceptable; 0 = Neutral; +1 = 
Acceptable; +2 = Totally Acceptable.  
 
Characteristic 

Flow 1 
554 cfs 

Flow 2 
821 cfs 

Flow 3 
485 cfs 

Flow 4 
1013 cfs 

 Mean Median Mean Median Mean Median Mean Median 
Navigability  1.0 1.0 1.7 2.0  0.5 1.0 1.6 2.0 
Availability of challenging 
 technical boating 

 0.3 0.0 1.0 1.0  0.1 0.0 0.7 1.0 

Availability of powerful  
hydraulics 

-0.2 0.0 0.5 0.0 -0.4 0.0 0.6 1.0 

Availability of whitewater  
“play areas” 

 0.4 0.5 1.2 1.0  0.1 0.0 0.7 1.0 

Overall whitewater challenge  0.2 0.0 1.1 1.0  0.1 0.0 0.7 1.0 
Safety  1.5 2.0 1.7 2.0  1.5 2.0 1.3 1.0 
Aesthetics  1.2 1.0 1.5 2.0  1.2 1.0 1.2 1.0 
Length of Run  1.3 1.0 1.3 1.0  1.2 1.0 1.4 1.5 
Number of Portages  1.0 1.0 1.3 2.0  1.1 1.0 1.1 2.0 
Overall rating  0.9 1.0 1.4 1.0  0.5 1.0 0.8 1.0 
 
Participants were asked in the Comparative Survey to rate the importance of some other factors that can 
affect participant satisfaction with a whitewater trip. These factors are shown in Table 4 in order of 
importance to the participants.  The top five are “Safe Trip”, “Number of Rapids”, “Attractive Scenery”, 
“Water Quality”, and “Difficulty of Rapids”. 
  
Table 4. Tuckasegee River Dillsboro Section. Mean Rating of Some Factors that Can Affect 
Participant Satisfaction with a Whitewater Trip 
Importance Scale: 5-Point Scale where 1 = Not Important; 3 = Somewhat Important; 5 = Very Important 

Importance of 
Characteristic 

 
Characteristic 

Mean Median 
Safe Trip 4.1 5.0 
Number of Rapids 3.8 4.0 
Attractive Scenery 3.8 4.0 
Water Quality 3.8 4.0 
Difficulty of Rapids 3.8 4.0 
Crowding 3.5 3.5 
Accessibility 3.3 3.0 
Driving Distance to River 3.1 3.0 
Thrilling Experience 3.1 3.0 
Good Guide 2.8 3.0 
Weather 2.7 3.0 
Shuttle Availability 2.6 2.5 
Water Temperature 2.4 2.0 

 
Suitability for Different Skill Levels (Table 5 and Appendix B) 
When asked what skill level a paddler would need to safely paddle the Dillsboro Section, Flows 1 (485cfs) 
and 3 (554 cfs) were noted as primarily “Beginner” and “Novice” levels.  Flows 2 (821 cfs) and 4 (1013 
cfs) were noted as mainly “novice” with a few participants indicating these flows required an intermediate 
skill level.  
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Table 5.  Tuckasegee River Dillsboro Section.  Number of Participants Selecting the Skill Level 
Needed to Safely Paddle the Dillsboro Section at the Four Flows 

 
Skill Level 

Flow 1 
554 cfs 

Flow 2 
821 cfs 

Flow 3 
485 cfs 

Flow 4 
1013 cfs 

Beginner 20 11 25 7 
Novice  19 23 11 30 
Intermediate   0 2 0 7 

 
Whitewater Difficulty Rating (Table 6 and Appendix B) 
The majority of participants rated the Dillsboro Section as class II on the American Whitewater 
International Scale of River Difficulty at all flow levels (Table 6).  Smaller numbers rated it at class I, 
particularly at the two lower flows (Flows 1 and 3). 
 
Table 6.  Tuckasegee River Dillsboro Section.  Number of Participants Rating the Whitewater 
Difficulty at the Four Flows 

 
Difficulty Rating 

Flow 1 
554 cfs 

Flow 2 
821 cfs 

Flow 3 
485 cfs 

Flow 4 
1013 cfs 

Class I 12 5 12 4 
Class II 26 29 21 31 
Class III 0 3 0 0 

 
Estimation of Hits, Stops, Drags, and Portages (Table 7 and Appendix B) 
The number of “hits” (hit an obstacle but did not stop) was highest at Flows 3 (485 cfs) and 1 (554 cfs) 
with a median of 20 and 15 respectively (Table 7).  At Flows 2 (821 cfs) and 4 (1013 cfs) the number of 
hits decreased to a median of 5.  The median number of “hits” that would be acceptable to participants was 
8-10 for all flows so Flows 3 and 1 exceeded the acceptable range of “hits” but Flows 2 and 4 did not.  The 
number of “stops” (boat stopped but participant(s) did not have to get out of the boat to get it moving 
again) was 3 or less for all flows with Flow 4 having no “stops”.  The total number of “drags” (boat 
stopped and participant(s) had to get out to drag the boat to get it moving again) ranged from 2-5.  There 
were no portages at any of the flows. 
 
Table 7.  Tuckasegee River Dillsboro Section.  Median Number and Range of Hits, Acceptable Hits, 
Stops, Drags, and Portages at the Four Flows 

Flow 1 
554 cfs 

Flow 2 
821 cfs 

Flow 3 
485 cfs 

Flow 4 
1013 cfs 

 
Estimate of: 

Median      Range Median     Range Median     Range Median     Range 
# of Hits 15               3-100   5              1-  29 20              4-  68   5              0-  20 
# of Hits Acceptable 10               2-100 10              1-100 10              2-100   8              2-100 
# of Stops   2               0-  10   1              0-    3   3              0-  16   0              0-    4 
# of Drags   0               0-    5   0              0-    2   0              0-    4   0              0-    2 
# of Portages   0   0   0   0 
 
Evaluation of Flow Preferences (Tables 8, 9, and Figures 1,2 and Appendix B) 
The Overall Rating from the Single Flow Survey (Question 3) and the Overall Evaluation from the 
Comparative Survey (Question 4) show similar trends (Table 8) with Flow 2 (821 cfs) having the highest 
rating followed by Flows 1 and 4.  Figure 1 shows the number of responses (as a %) for each rating on the 
comparative overall survey.  For “Minimal” flow participants desired “No Change” at Flow 1 (554 cfs), a 
little “Higher” at Flow 3 (485 cfs), a little “Lower” at Flow 2 (821 cfs), and “Lower” at Flow 4 (1013 cfs).  
For “Optimal” flow participants wanted “Higher” to “Much Higher” levels at Flows 1 and 3, “No Change” 
at Flow 2 (821 cfs), and “Lower” at Flow 4.  Participants would “Possibly” paddle Flow 3 again, 
“Probably” paddle Flows 1 and 4, and “Definitely” paddle Flow 2.   
 
Table 8. Tuckasegee River Dillsboro Section.  Mean and Median Ratings for Overall Experience, 
Flow Preference, and Whether Participants Would Paddle Flows Again 
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Overall Rating Scale:  -2 = Totally Unacceptable; -1 = Unacceptable; 0 = Neutral; 1 = Acceptable; 2 = 
Totally Acceptable  
Flow Preference Scale: 1 = Much Lower; 2 = Lower; 3 = No change; 4 = Higher; 5 = Much Higher 
Paddle Again Scale: 1 = Definitely No; 2 = Possibly; 3 = Probably; 4 = Definitely Yes 

Flow 1 
554 cfs 

Flow 2 
821 cfs 

Flow 3 
485 cfs 

Flow 4 
1013 cfs 

 
Questions 

Mean Median Mean Median Mean Median Mean Median 
Single Flow Overall Rating 0.9 1.0 1.4 1.0 0.5 1.0 0.8 1.0 
Minimal Acceptable Flow 
Preference 

3.0 3.0 2.5 2.0 3.5 4.0 1.8 2.0 

Optimum Flow Preference 4.4 4.0 3.3 3.0 4.0 4.0 2.3 2.0 
Paddle Again? 2.8 3.0 3.5 4.0 2.3 2.0 3.3 3.0 
Comparative Overall Rating 0.7 1.0 1.6 2.0 0.1 0.0 0.9 1.0 
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Table 9 shows participant responses when asked to specify flows for specific experiences.  The minimal 
acceptable flow is between Flows 3 and 1 of the study.  The flow with the highest ratings (Flow 2 of the 
study) is between the designated optimal and standard trip flows and close to the 803 cfs desired if there 
could be only one flow.  The highest safe flow is estimated to be 1000 to 2000 cfs though a few participants 
would be willing to paddle at considerably higher levels.  Figure 2 shows the number and distribution of 
participant choices for flows for minimal acceptable, optimum, high challenge, and safe flow trips.  About 
98% of the participants would recommend the standard trip to others while only 54% would recommend 
the high challenge trip to others.  In general participants thought it was moderately to very important to 
have a variety of flows to provide “different types of boating experiences” and “opportunities for people 
with different skill levels and craft types”.  The scale choices were “not at all important”, “slightly 
important”, “moderately important”, “very important”, and “extremely important”. 
 
 
Table 9. Tuckasegee River Dillsboro Section.  Mean and Median Flows designated by Participants 
for Specific Experiences 
Specify Flows For: Mean 

cfs 
Median 
cfs 

Comments 

Minimal Acceptable   538 540 31 of 43 participants designated 485 and 554 cfs; 4 below & 8 
above 

Optimum   854 815 17 of 42 participants designated 815 cfs; 5 below & 20 above 
Standard Trip at 
Medium flows 

  746 815 18 of 43 participants designated 815 cfs; 17 below & 8 above; 
98% would recommend this trip to others 

High Challenge Trip at 
Higher flows 

1493 1015 16 of 39 participants designated 1015 & 1115 cfs; 19 below & 4 
above including 1 at 8215 and 1 at 15215; 54% would 
recommend this trip to others 

Highest safe flow 1828 1015 22 of 31 participants designated 1015 to 1215 cfs; 4 below & 5 
above including 1 at 10,215 and 1 at 12,215 

Only One Flow   803 815 30 of 44 participants designated 688 to 917; 7 below & 7 above 
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Comparison to Other Rivers (Table 10 and Appendix B) 
When asked to rate the Dillsboro Section with regard to boating opportunities, participants rated it average 
when compared to other rivers locally, regionally, and nationally (Table 10). 
 
Table 10.  Tuckasegee River Dillsboro Section.  Comparison to Other Rivers on a Local, Regional, 
and National Level 
Rating Scale: 1 = Worse than Average; 2 = Average/ 3 = Better than Average; 4 = Excellent; 5 = Among 
the Very Best 

% Rating and (No. Responses): The Tuckasegee River is:  
Compared to 
Other Rivers In: 

M
ed

ia
n 

M
ea

n 
 

Worse than 
Average  

Average Better than 
Average 

Excellent Among the 
Very Best 

1 Hour Drive 2.0 2.3 26 (10) 39 (15) 13 (5) 21 (8)      0 
Western NC 2.0 2.1 32 (12) 41 (15) 14 (5) 14 (5)      0 
Southeast 2.0 2.1 33 (10) 40 (12) 13 (4) 10 (3) 3 (1) 
USA 2.0 2.0 37 (10) 41 (11) 11 (3) 11 (3)      0 
 
Participants were also asked to compare the boating opportunities at various regional rivers (Nantahala, 
Little Tennessee, Chattooga II, III, and IV, French Broad/Hot Springs section, Pigeon, Middle and Upper 
Ocoee, and Hiwassee) to those at the Dillsboro Section of the Tuckasegee (Appendix B, “Compare with 
Other Rivers”).  In general Dillsboro was considered about equal to the Little Tennessee and Chattooga II 
for novice boaters and more desirable than the other rivers for this skill level boater.  For intermediate 
paddlers, Dillsboro was considered equal to all the other rivers except the Nantahala and Section III of the 
Chattooga, which were rated more desirable.  Most of the other rivers were considered more desirable for 
advanced boaters except for the Little Tennessee, Section II of the Chattooga and the Hiwassee Rivers. For 
boating characteristics such as size/difficulty of rapids, play boating, rafting, river running, eddy hopping, 
technical maneuvering, and river gradient most of the other rivers were considered more desirable than 
Dillsboro with the exception of the Hiwassee that was similar and the Little Tennessee which was less 
desirable.  For logistical characteristics (driving distance to river, shuttles, and access to river), Dillsboro 
was considered similar to or more desirable than the rest of the rivers.  For scenery, all the rivers were rated 
similar to Dillsboro except the Chattooga where all sections were rated more desirable.  For water quality, 
the Nantahala and all sections of the Chattooga were rated more desirable, the Pigeon and Upper Ocoee 
were rated less desirable and the rest were considered equal to Dillsboro.  For an overall rating, participants 
scored the Little Tennessee, Chattooga II, French Broad, and Hiwassee as similar to Dillsboro and the rest 
of the rivers as more desirable. 
 
Written Comments From Single Flow Surveys and Comparative Surveys (Appendix C) 
 
When asked to identify particularly challenging rapids or sections and rate their difficulty (using the 
International Whitewater Scale), the rapids most often named were “First Hole”, “Second Hole”, “Tanya’s 
Rock”, “Double Drop”, “Surprise”, and “Shark’s Tooth”.  All were generally rated Class I-II+ at all flows.  
At all flows, many participants either did not answer the question or noted that none of the rapids/sections 
were particularly challenging.  There were no portages made during the study.  While several participants 
fell out of rafts, swam from their hard boats, or pinned momentarily on rocks, these incidents are 
considered part of the sport of whitewater paddling and thus not significant for the purposes of this study. 
 
When asked for additional comments at the end of the Single Flow Surveys, participants noted that Flows 1 
(554 cfs) and 3 (485 cfs) were minimal flows with many hits and stops, and many of them said they still 
had a good time.  Several people noted that this section was very good for teaching people to paddle and for 
people renting rafts and “duckies”, particularly for a family outing where children would be present.  After 
Flow 3 (821 cfs), participants noted the fast fun rapids with places to surf and play, the clear channels, and 
generally thought it was more fun with less work to get through the rapids, particularly in the shallower 
places.  While several participants liked the bigger waves and faster current of Flow 4 (1013 cfs), many 
participants commented that it was too fast, the river features were less distinct, and that they would prefer 
a lower level with more defined river features.  Several participants noted that this flow would not be as 
good for teaching novice hard boaters or for family rafting. 
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Comments from the Comparative Survey included the need for public access at the take-out and the value 
of this section for teaching people to paddle and for family recreation. 
 
Conclusions for the Dillsboro Section 
The Dillsboro Section of the Tuckasegee River is characterized by a fairly continuous average gradient of 
about 15 feet per mile and a rocky bedrock river channel with rapids, shoals, and pools.  The river is 
generally rated as class II on the International Whitewater Scale.  The banks are generally vegetated with 
shrubs or small trees and are both steep and high along sections of the river.   
 
The put-in has public access courtesy of the Town of Dillsboro, but the area is congested and parking is 
inadequate for the number of people who utilize the area on busy summer days.  The take-out at Barker’s 
Creek is along the highway and bridge right-of-ways with little or no parking available.  Parking is 
currently available on private property courtesy of Tuckasegee Outfitters.  Land along the river in this 
section is in private ownership with business development on both sides of the river in Dillsboro and a 
trailer park and private homes along the remainder of the stretch on the river left side (left facing 
downstream). 
 
The results of the controlled flow study indicate that the minimum acceptable flow for paddling is between 
Flows 1 (554cfs) and 3 (485 cfs), the optimum flow was at Flow 3 (821 cfs), and if only one flow could be 
provided, participants would prefer it be around 800 cfs.  Participants often noted the lower flows as being 
well suited to beginner/novice users (see Written Comments in Appendix C) both in rafts and hard boats.  
Beginner/novice users probably make up a large percentage of the current use on this section of river as 
evidenced by the 40,000 or so participants in commercial raft trips and the extensive use of the river for 
canoe/kayak instruction by commercial outfitters, summer camps, county/city recreation departments, 
universities and paddling clubs. 
 
 
Whittier Section 
 
General 
This 3-mile section begins in the town of Whittier at a small dirt pull-off about a quarter mile downstream 
of the Whittier Post Office on Old Highway 19.  The take-out is in the Town of Ela at a TVA/Swain 
County Access Area.  The river parallels Old Highway 19 for about a mile where the river channel is about 
300 feet wide with many small ledges.  As the road separates from the river, the ledges become higher and 
more continuous, culminating in a beautiful ledge drop (class II+) about a quarter of a mile above the 
confluence with the Oconoluftee River.  The take-out is about a half mile below on river right.  
 
Measured flows during this study are shown below for the Whittier Section.  These flows correspond to 
Flows 2 and 4 of the Dillsboro Section. 
 

 Flow 1 Flow 2 
Base Flow 410 410 
Flow from Generation 403 575 
Total cfs 813 985 

 
Access 
The put-in area is on private property, but has wooden steps to the river and anglers and boaters regularly 
access the river at this point.  There is room for about eight cars in the area.  The publicly owned take-out 
in Ela has parking for about 6 cars, stairs to the river, a grill, and picnic table. 
 
Information from Single Flow Surveys, Comparative Surveys and Pre-Run Forms 
 
Participant Information (Tables 11 and 12 and Appendix H) 
Table 11 provides information about the participants.  Five participants paddled only on day one (1 tandem 
open canoe and 3 kayaks).  A variety of boat types were used in the study and there were a variety of skill 
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levels represented although intermediate paddlers were the largest single group.  The mean days paddled 
per year were 49 compared to 33 for the Dillsboro Section.  Only two paddlers in this group paddled less 
than 20 days per year whereas 50% of the Dillsboro participants paddled 0 to 10 days per year.   
 
Table 11. Tuckasegee River Whittier Section.  Participant Information 
Times Boated Score: 1 = 0 times; 2 = 1-10 times; 3 = 11-20 times; 4 = 21-30 times; 5 = >30 times 

Participants Kayak = 9; Decked C1 = 1; Solo Open Canoe = 1; Tandem Open Canoe = 2 
(1Boat); Raft = 3 (1 Boat); Sit-on-Top Kayak = 1 

Skill Level Beginner = 1; Novice = 1; Intermediate = 10; Advanced = 4; Expert = 1 
Years Using Craft Mean = 14; Median = 12; Range = 0 to 35 
Times Boated 
Whittier Section  

Mean Score = 1.5; Median = 2.0; 6 Participants had never paddled it and 7 
had paddled it 1-10 times 

Paddle Whitewater – 
Days/Year 

Mean = 49; Median = 20; 9 participants paddled <21 days/year; 7 participants 
paddled >21 days/year ; Range: 0 to 200 days/year 

Age Mean = 42; Median = 43; Range = 23 to 60 
 
Table 12 presents data from the Pre-Run Form (Appendix H) concerning participant preferences for 
different kinds of paddling experiences.  In general, this group preferred running easy (class II and III) 
whitewater, particularly if it was a unique or interesting place and they tolerated difficult access to rivers 
and/or portages if they could run a section with interesting whitewater.  They also enjoyed running both 
easy and difficult rivers.  They generally did not prefer rivers with big waves and powerful hydraulics and 
were generally more neutral about the other types of paddling experiences.  
 
 
Table 12.  Tuckasegee River Whittier Section.  Percentage, Mean, and Median Score of Participants 
Agreeing/Not Agreeing with Possible Paddling Experiences 
7-Point Scale: 1 = Strongly Disagree; 2 = Moderately Disagree; 3 = Slightly Disagree; 4 = No Opinion; 5 = 
Slightly Agree; 6 = Moderately Agree; 7 = Strongly Agree.  

1 2 3 4 5 6 7                                                                                    Scale        
Experience Preference  

% 

M
ea

n 

M
ed

ia
n 

 

 

I Prefer Running Rivers with Class II/III Rapids 0 0 6 0 0 50 44 6.3 6.0 
I Prefer Running Rivers with difficult Class IV/V Rapids 19 6 12 0 25 19 19 4.4 5.0 
Running Challenging Whitewater is Most Important Part of 
Boating 

18 24 12 0 35 12 0 3.5 3.0 

I Often Boat Short Sections (< 4 miles) for the “Play Areas” 6 18 18 6 18 23 12 4.3 5.0 
I Often Boat a Section to Experience a Unique/Interesting 
Place 

0 6 0 0 12 12 70 6.4 7.0 

I Often Boat Short Sections to Run Challenging Rapids 12 6 12 12 29 23 6 4.4 5.0 
I Boat Sections Based on Length/Experience Regardless of 
Difficulty 

17 0 17 33 17 0 17 4.0 4.0 

I tolerate difficult put-ins/portages to run interesting 
whitewater 

0 0 0 0 33 33 33 6.0 6.0 

I prefer rivers with large waves and powerful hydraulics 33 17 0 17 33 0 0 3.0 3.0 
I prefer boating steep technical rivers 17 17 0 17 17 33 0 4.0 4.5 
I enjoy boating both difficult and easy rivers 0 17 0 0 0 0 83 6.2 7.0 
 
Paddling Experience Characteristics (Tables 13 and 14, Appendix H) 
Participant ratings from the Single Flow Survey for paddling experience characteristics under the two 
different flow conditions are shown in Table 13.  There is some slight preference for Flow 1 for most 
characteristics and they all score in the acceptable range except for “availability of powerful hydraulics” 
and “aesthetics” (neutral.at Flow 2).  The overall rating is generally  “acceptable” for both flows. 
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Table 13.  Tuckasegee River Whittier Section.  Mean and Median Rating of the Two Flows for 
Paddling Characteristics  
 5-point scale: -2 = Totally Unacceptable; -1 = Unacceptable; 0 = Neutral; +1 = Acceptable; +2 = Totally 
Acceptable.  Flow values are in cfs. 

 
Participants were asked in the Comparative Survey to rate the importance of some other factors that can 
affect participant satisfaction with a whitewater trip. These factors are shown in Table 14 in order of 
importance to the participants.  The top five are “Safe Trip”, “Crowding”, “Water Quality”,  “Difficulty of 
Rapids”, and “Number of Rapids”.   
 
  
Table 14. Tuckasegee River Whittier Section. Mean and Median Ratings of Some Factors that Can 
Affect Participant Satisfaction with a Whitewater Trip 
Importance Scale: 5-Point Scale where 1 = Not Important; 3 = Somewhat Important; 5 = Very Important 

Importance of Characteristic  
Characteristic 

Mean Score Median Score 
Safe Trip 3.8 4.0 
Crowding 3.6 4.0 
Water Quality 3.4 3.5 
Difficulty of Rapids 3.4 3.0 
Number of Rapids 3.4 3.0 
Accessibility 3.2 3.0 
Driving Distance to River 3.1 3.0 
Attractive Scenery 3.1 3.0 
Thrilling Experience 2.9 3.0 
Good Guide 2.8 2.0 
Shuttle Availability 2.4 1.5 
Weather 2.3 2.0 
Water Temperature 2.3 2.0 

 
Suitability for Different Skill Levels (Table 15 and Appendix H) 
When asked what skill level a paddler would need to safely paddle the Whittier Section, both flows were 
rated as suitable for “Beginner” and “Novice” levels primarily though 15-20% of this group rated it an 
intermediate section of river..   
 
 
 

 
Characteristic 

Flow 1 
813 cfs 

Flow 2 
985 cfs 

 Mean Median Mean Median 
Navigability 0.9 1.0 1.1 1.o 
Availability of challenging technical boating 0.9 1.0 0.6 1.0 
Availability of powerful hydraulics 0.4 0.0 0.3 0.0 
Availability of whitewater “play areas” 0.9 1.0 0.6 0.5 
Overall whitewater challenge 0.9 1.0 0.6 1.0 
Safety 1.1 1.0 1.0 1.0 
Aesthetics 0.5 1.0 0.0 0.0 
Length of Run 1.4 1.0 0.7 1.0 
Number of Portages 1.0 2.0 1.1 1.0 
Overall rating 1.1 1.0 0.7 1.0 
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Table 15.  Tuckasegee River Whittier Section.  Number of Participants Selecting the Skill Level 
Needed to Safely Paddle the Dillsboro Section at the Two Flows 

 
Skill Level 

Flow 1 
813 cfs 

Flow 2 
985 cfs 

Beginner 3 6 
Novice  9 3 
Intermediate   3 4 

 
Whitewater Difficulty Rating (Table 16 and Appendix H) 
The majority of participants rated the Whittier Section as class II on the American Whitewater International 
Scale of River Difficulty at both flow levels (Table 16).  Smaller numbers rated it at class III at the lower 
flow. 
  
Table 16.  Tuckasegee River Whittier Section.  Number of Participants Rating the Whitewater 
Difficulty at the Two Flows 

 
Difficulty Rating 

Flow 1 
 813 cfs 

Flow 2 
985 cfs 

Class I 1 0 
Class II 9 10 
Class III 3 1 

 
Estimation of Hits, Stops, Drags, and Portages (Table 17 and appendix H) 
The median number of “hits” (hit an obstacle but did not stop) was the same for both flow levels at 10.  The 
number of “acceptable hits” was close at 8-10.  There were few “stops” (stopped by a hit but did not get out 
of boat) at either level and no “drags” (had to get out of boat to move it from the “stop”).  There were 2 
“portages” at the Class II+ ledge at Flow 1 and no portages at Flow 2. 
 
 
 
Table 17.  Tuckasegee River Whittier Section.  Median Number and Range of Hits, Acceptable Hits, 
Stops, Drags, and Portages at the Four Flows 

Flow 1 
813 cfs 

Flow 2 
985 cfs 

 
Estimate of: 

Median      Range Median     Range 
# of Hits 10               1-40 10              2-44 
# of Hits Acceptable 10               4-60   8              1-35 
# of Stops   0               0-  3   0              0-  4 
# of Drags   0               0   0              0 
# of Portages   0               0-  2   0              0 

 
 
 
 
Evaluation of Flow Preferences (Tables 18, 19; Figures 3,4; and Appendix H) 
The Overall Rating from the Single Flow Survey (Question 3) and the Overall Evaluation from the 
Comparative Survey (Question 4) indicate a generally “Acceptable” rating for both flows (Table 18).  
Figure 3 shows the number of responses (as a %) for each rating on the comparative overall survey. 
For “Minimal” flow participants desired “No Change” at Flow 1 and “Lower” to “No Change” at Flow 2.  
For “Optimal” flow participants wanted “Higher” water at Flow 1 and “No Change” to “Higher” at Flow 2.  
Participants would “Possibly” to “Probably” paddle both flows again.   
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Table 18. Tuckasegee River Whittier Section.  Mean and Median Ratings for Overall Experience, 
Flow Preference, and Whether Participants Would Paddle Flows Again 
Overall Rating Scale:  -2 = Totally Unacceptable; -1 = Unacceptable; 0 = Neutral; 1 = Acceptable; 2 = 
Totally Acceptable  
Flow Preference Scale: 1 = Much Lower; 2 = Lower; 3 = No change; 4 = Higher; 5 = Much Higher 
Paddle Again Scale: 1 = Definitely No; 2 = Possibly; 3 = Probably; 4 = Definitely Yes 

Flow 1 
813 cfs 

Flow 2 
985 cfs 

 
Questions 

Mean Median Mean Median 
Single Flow Overall Rating 1.1 1.0 0.7 1.0 
Flow Preference – Minimal Acceptable Flow 3.1 3.0 2.6 2.5 
Flow Preference – Optimum Flow 3.9 4.0 3.4 3.5 
Paddle Again? 2.8 3.0 2.6 3.0 
Comparative Overall Rating 0.6 1.0 1.1 1.0 
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Table 19 shows participant responses when asked to specify flows for specific experiences.  The “minimal 
acceptable” flow is below the 813 cfs of Flow 1.  Close to a majority of participants noted 900 to 1000 cfs 
as the flow range for an “optimum trip”, “standard trip at medium flows”, “highest safe flow”, and if “only 
one flow” could be provided.  The means for “highest safe flow” and “only one flow” drop from 2451 cfs 
and 1925 cfs respectively to 1073 cfs and 907 cfs when the high estimate of 12,100 cfs is removed 
(medians for both are 1100).  Figure 4 shows the number and distribution of participant choices for flows 
for a minimal acceptable, optimum, high challenge, and safe flow trips.  About 71% of the participants 
would recommend the standard trip to others while only 15% would recommend the high challenge trip to 
others.  Half of the participants did not believe a variety of flows for either different types of boating 
experiences or providing opportunities for different skill levels and craft types was important for this 
section.  Of the six that thought flow variety would be important for providing different types of boating 
experiences, half rated it as “not at all important” and the other half rated it not higher than “moderately 
important”.  Of the six that thought flow variety would be important for providing opportunities for 
different skill levels and craft types the ratings were between “slightly important” to “moderately 
important”.  The scale choices were “not at all important”, “slightly important”, “moderately important”, 
“very important”, and “extremely important”. 
 
Table 19. Tuckasegee River Whittier Section.  Mean Flows designated by Participants for Specific 
Experiences 
Specify Flows For: Mean 

cfs 
Median 
cfs 

Comments 

Minimal Acceptable   749   800 Range: 400-900; 8 of 12 participants noted 700-813 
Optimum 1067 1075 Range: 400-1900; 6 of 12 participants noted 900-1000 
Standard Trip at  
Medium Flows 

  951 1000 Range: 400-1300; 7 of 12 participants noted 900-1000 

High Challenge Trip  
at Higher Flows 

1568 1100 Range: 400-4100; 4 of 9 participants noted 900-1000 

Highest safe flow 2451 1100 Range: 1100-12,100; 7 of 8 participants noted 900-1000; 
mean is 1073 when the 12,100 estimate is removed 

Only One Flow 1925 1008 Range: 400-12,100; 6 of 11 participants noted 900-1000; 
mean is 907 when the 12,100 estimate is removed 

 
Comparison to Other Rivers (Table 20 and Appendix H) 
When asked to rate the Whittier Section with regard to boating opportunities (Table 20), participants 
generally rated it “worse than average” when compared to other rivers locally, regionally, and nationally 
(Table 20). 
 
Table 20.  Tuckasegee River Whittier Section.  Comparison to Other Rivers on a Local, Regional, 
and National Level 
Rating Scale: 1 = Worse than Average; 2 = Average/ 3 = Better than Average; 4 = Excellent; 5 = Among 
the Very Best 

% Rating (and No. Responses): The Tuckasegee River is:  
Compared to  
Other Rivers In: M

ed
ia

n 

M
ea

n 
 

Worse than 
Average  

Average Better than 
Average 

Excellent Among the 
Very Best 

1 Hour Drive                  1.0 1.5 55   (6) 36 (4)       9 (1) 0 0 
Western NC 1.0 1.2 83 (10) 17 (2) 0 0 0 
Southeast 1.0 1.1 83 (10) 17 (2) 0 0 0 
USA 1.0 1.1 91 (10)   9 (1) 0 0 0 
 
Participants were also asked to compare the boating opportunities at various regional rivers (Nantahala, 
Little Tennessee, Chattooga II, III, and IV, French Broad/Hot Springs section, Pigeon, Middle and Upper 
Ocoee, and Hiwassee) to those at the Whittier Section of the Tuckasegee (Appendix H, Tab labeled 
“Compare with Other Rivers”).  Overall, all the rivers were rated “more desirable” than Whittier except for 
the Little Tennessee and the Hiwassee which were considered “similar to” the Whittier section.  
Participants rated Chattooga Section II as “more desirable” to the Whittier Section for novice paddlers and 



 

Tuckasegee Paddling Flow Study Results FERC #’s 2686, 2698, 2602  
7/20/02 

23

the rest of the rivers were rated “similar to” Whittier.  Generally the other rivers were rated “more 
desirable” for intermediate and advanced paddlers with the exception of the Little Tennessee, Chattooga 
Section II, and the Hiwassee which were “similar to” Whittier.  For boating characteristics such as 
size/difficulty of rapids, play boating, rafting, river running, eddy hopping, technical maneuvering, and 
river gradient most of the other rivers were considered “more desirable” than Whittier with the exception of 
the Hiwassee and the Little Tennessee that were generally considered “similar to” Whittier.  For logistical 
characteristics (driving distance to river, shuttles, and access to river) Whittier was generally considered 
“similar to” all the rivers except the Nantahala, Pigeon, Middle Ocoee, and Upper Ocoee which were 
considered “more desirable”.  For scenery, all the rivers were rated “more desirable” than Whittier except 
the Little Tennessee, the Middle Ocoee, and the Upper Ocoee, which were rated “similar to”.  For water 
quality, all rivers were rated “more desirable than Whittier with the exception of the Pigeon which was 
considered “similar to” Whittier. 
 
Written Comments From Single Flow Surveys and Comparative Surveys (Appendix I) 
 
When asked to identify particularly challenging rapids or sections and rate their difficulty (using the 
International Whitewater Scale), the rapid most often named was the steepest ledge, which was called 
Overlook Rapid by several participants.  This rapid was rated Class II+ to III at both water levels.   Two 
participants noted that they portaged Overlook Rapid at Flow 1.  Neither of these participants paddled Flow 
2 and none of the other participants portaged any rapid during Flow 2. There were no significant problems 
noted during the two flows and the only incidents noted were one short pin and a swim, which are part of 
normal paddling trips. 
 
In the “additional comments” section of the Single Flow Survey, participants said that they enjoyed the 
section with plenty of places to play and to teach others at both levels.  A couple of people wanted more 
water at Flow 1 and another suggested improved access at the put-in and a river gauge.  
 
Comments from the Comparative Survey included a statement about no fees to paddle the river or park 
while paddling, a question about water quality after perceiving pipes entering the river as possible septic 
pipes and the value of this section for teaching people to paddle. 
 
Conclusions for the Whittier Section 
The Tuckasegee River above Whittier has an average gradient of about 10 feet per mile.  The river through 
the Whittier section has an average gradient of about 18 feet per mile with the majority of the drop in the 
mile of ledges above the confluence with the Oconoluftee River.  Just below the put-in at the Town of 
Whittier, the riverbed widens significantly.  For a mile, small ledges characterize the river.  The next mile 
features larger, more continuous ledges that culminate in the rapid now called Overlook and this section 
drops at about 30 feet/mile.  The 0.8-mile section below the confluence with the Oconoluftee has long swift 
riffles but few ledges or rapids of significance.  The entire section is generally rated on the International 
Whitewater Scale as Class I-II+ with a mile of relatively continuous Class II ledges and one Class II+ to III 
ledge (Overlook Rapid).  On the river left bank (looking downstream), the river is paralleled by the Great 
Smoky Mountain Railroad and for the first mile (on river right bank) by Old Highway 19 with home and 
business development between the road and river.  The second mile has little development (two homes) and 
is characterized by vegetated banks.  The last 0.8-miles again presents both home and business 
development along both sides of the river including a trailer park which is densely developed. 
  
The put-in is apparently on private land that has traditionally been made available for public use.  There are 
old wooden steps leading to the river.  The take-out is at the TVA/Swain County Public Access Area, 
which has a ramp and space for about 8 vehicles.  This section is not currently utilized much by boaters. 
  
The results of the controlled flow study indicate that the minimum acceptable flow for paddling is around 
Flow 1 (813 cfs) and the optimum flow would be slightly higher (1067 cfs) than Flow 2 (985 cfs). 
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West Fork By-Pass Section 
 
General 
The entire By-Pass section below the dam at Lake Glenville to the Tuckasegee Powerhouse is about 6.9 
miles.  Due to the lack of definitive information on the feasibility of providing whitewater recreation on 
this section and the quality of those resources, a phased approach (Appendix G) was used to analyze the 
possible opportunities.  The phases were: 
 

 Phase 1:  This was an on-land assessment of the By-Pass Section using desktop analysis (length, 
gradient, hydrology, access, etc) followed by a site visit to inspect the characteristics of the 
section.  The conclusions from this phase indicated that further study of the 1.2-mile section 
between the Glenville Dam and the put-in section for this study was not needed due in part to 
difficult portages around three waterfalls, a series of beaver dams obstructing downstream 
navigation, and the encroachment of vegetation into the river channel. 

 Phase 2:  This was an on-water reconnaissance at a conservative flow level to determine the 
quality of the whitewater resource and see if further test releases were needed.  The conclusions 
from this phase indicated that the 1.2-mile section below the Little Lake Glenville Dam to the 
Tuckasegee Powerhouse could be eliminated due to access difficulties, lack of whitewater features 
and the similarity of the section to other sections on the main stem of the Tuckasegee River.  The 
section starting 1.2 miles below the Lake Glenville Dam to the Thorpe Powerhouse was 
determined to have recreation opportunities that required further study. 

 Phase 3:  This was an on-water assessment of two additional test flows that are documented here 
utilizing the methodology of Whittaker, et al (1993). 

 Phase 4:  If needed, this phase provides the additional information necessary to determine 
minimum acceptable and optimum flows and other resource characteristics and participant 
preferences.  This was not needed for the West Fork since minimum acceptable and optimum 
flows were determined on the West Fork in Phase 3 as well as sufficient information about 
participant preferences. 

  
The 4.5-mile study section begins about 1.2 miles below the dam at Lake Glenville.  The put-in is accessed 
by a quarter mile trail from Shoal Creek Road about a mile from its intersection with Highway 107.  The 
first 1.7 miles of the section is away from public roads though the river flows next to the Cullowhee Forest 
Development with a view of three houses currently.  While Highway 107 parallels the river for the next 2.8 
miles, the road is often high above the river with steep vegetated banks on one or both sides.  The take-out 
is at Little Lake Glenville near the Thorpe Powerhouse.  
 
Estimated flows (from the tainter gate/cfs chart) during this study (June 29, 2001) and the reconnaissance 
study (May 8, 2001) are shown below for the West Fork By-Pass Section.  An additional 10 to 15 cfs was 
estimated visually as base flow prior to the releases. 
 

5/8/01 6/29/01 Flows in cfs from: Flow 1 Flow 1 Flow 2 
Tainter Gate/cfs Chart 63 160 250 
Visual Estimate of Base Flow 12    12   12 
Total Estimate of cfs 75 172 262 

 
Access 
The put-in area is on private property and currently requires a quarter mile hike to the river.  Shoal Creek 
Road is a small dirt road with parking for 8 to 10 cars near the trailhead.  Downstream there are three 
access areas; one onto private property at the Cullowhee Forest Bridge, one onto probable Highway 107 
right-of-way at a small wooden bridge to the Sapphire Development (take-out for Flow 2 on June 29), and  
the last at either the bridge 50 yards above Little Lake Glenville (take-out for Flow 1 on June 29) or at the 
head of Little Lake Glenville.  The area at the head of Little Lake Glenville is in a dirt pull-off area with a 
capacity for about six cars.  Additional parking might be available across Highway 107 in the area between 
the Thorpe Powerhouse and the unoccupied employee housing area.  The access areas at Cullowhee Forest 
Bridge and the Sapphire Development Bridge have very limited parking. 
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Information from Single Flow Surveys and Comparative Surveys (Appendix J) 
 
Participant Information 
Six paddlers participated in the May 8, 2001 river test flow of 75 cfs (Appendix G).  On June 29, 2001 
eight participants paddled Flow 1 (5 of the 6 participants from the May 4 release plus 3 additional paddlers) 
and six paddled Flow 2 (2 participants opted out of the higher flow).  On May 8, 4 paddlers were in kayaks 
and 2 were in inflatable kayaks.  For the June 29 study 7 participants were in kayaks and one was in a sit-
on-top kayak during Flow 1 and all 6 paddled kayaks during Flow 2.  One participant was an intermediate 
and the rest were advanced to expert in skill level.  All had at least 10 years of paddling experience.  One 
participant had paddled the section between Cullowhee Forest Bridge and Thorpe Powerhouse several 
times before the study.  None of the other participants had paddled any part of the section.  The average age 
was about 36 and the average days paddled per year are estimated at over 100. 
 
Paddling Experience Characteristics (Tables 21 and 22 and Appendix K) 
Participant ratings from the Single Flow Survey for paddling experience characteristics under the two 
different flow conditions are shown in Table 21.  There is a definite preference for Flow 2. 
 
Table 21.  West Fork By-Pass Section.  Mean and Median Ratings of the Two Flows for Paddling 
Characteristics  
 5-point scale: -2 = Totally Unacceptable; -1 = Unacceptable; 0 = Neutral; +1 = Acceptable; +2 = Totally 
Acceptable.  Flow values are in cfs. 

 
 
Participants were asked in the Comparative Survey to rate the importance of some other factors that can 
affect participant satisfaction with a whitewater trip. These factors are shown in Table 22 in order of 
importance to the participants.  The top five are “Availability of Challenging Technical Boating”, 
“Navigability”, “Safety”,  “Overall Whitewater Challenge”, and “High Quality Aesthetics”.   
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Characteristic 

Flow 1 
172 cfs 

Flow 2 
262 cfs 

 Mean Median Mean Median 
Navigability  0.5 1.0 1.8 2.0 
Availability of challenging technical boating  0.6  1.0 2.0 2.0 
Availability of powerful hydraulics -0.3 0.0 1.8 2.0 
Availability of whitewater “play areas”  0.0 0.0 1.5 1.5 
Overall whitewater challenge  0.1 0.0 2.0 2.0 
Safety  0.4 0.5 1.3 1.5 
Aesthetics  0.8 1.0 1.7 2.0 
Length of Run  1.3 1.5 1.8 2.0 
Number of Portages  0.0 0.0 1.7 2.0 
Overall rating  0.4 0.5 2.0 2.0 
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Table 22. West Fork By-Pass Section. Mean and Median Ratings of Some Factors that Can Affect 
Participant Satisfaction with a Whitewater Trip 
Importance Scale: 5-Point Scale where 1 = Not at All Important; 2 = Slightly Important; 3 = Moderately 
Important; 4 = Very Important; 5 = Extremely Important 

 
Characteristic 

Importance of Characteristic 
Mean Score         Median Score 

Availability of Challenging Technical Boating 4.7 5.0 
Navigability 4.5 5.0 
Safety 4.5 5.0 
Overall Whitewater Challenge 4.5 4.5 
High Quality Aesthetics 3.8 4.0 
Availability of Powerful Hydraulics 3.0 3.0 
Few Portages 2.7 3.0 
Availability of Whitewater “Play Areas” 2.5 3.0 
Length of Run 2.5 2.5 
Easy Access 2.5 2.5 

 
Suitability for Different Skill Levels (Table 23 and Appendix K) 
When asked what skill level a paddler would need to safely paddle the West Fork Section, both flows were 
rated as suitable for “Advanced” levels primarily (Table 23).   
 
Table 23.  West Fork By-Pass Section.  Number of Participants Selecting the Skill Level Needed to 
Safely Paddle the Dillsboro Section at the Two Flows 

 
Skill Level 

Flow 1 
172 cfs 

Flow 2 
272 cfs 

Intermediate 2 1 
Advanced 4 4 
Expert 0 0 

 
Whitewater Difficulty Rating (Table 24 and Appendix K) 
The majority of participants rated the West Fork By-Pass Section as class IV on the American Whitewater 
International Scale of River Difficulty at both flow levels (Table 24).   
 
Table 24. West Fork By-Pass Section.  Number of Participants Rating the Whitewater Difficulty at 
the Two Flows 

 
Difficulty Rating 

Flow 1 
 172 cfs 

Flow 2 
262 cfs 

Class III 0 1 
Class IV 2 5 
Class V 0 0 

 
Estimation of Number of Portages (Appendix K) 
There were 17 portages (had to get out of the boat) at Flow 1 (range of 0 to 4 per participant) and 1 portage 
at Flow 2.  
 
Evaluation of Flow Preferences (Tables 25 and 26 and Appendix K) 
The Overall Rating from the Single Flow Survey (Question 5) and the Overall Evaluation from the 
Comparative Survey (Question 3) show the same trend but with a greater scoring difference between the 
two flows and a change from a “Neutral” rating at Flow 1 to an “Unacceptable” rating at Flow 2 (Table 25).  
For “Minimal” flow participants desired “No Change” at Flow 1 and “Lower” at Flow 2.  For “Optimal” 
flow participants wanted “Higher” water at Flow 1 and “No Change” at Flow 2.  Participants would 
“Possibly” to “Probably” paddle Flow 1 and “Definitely Yes” paddle Flow 2 again. 
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Table 25. West Fork By-Pass Section.  Mean and Median Ratings for Overall Experience, Flow 
Preference, and Whether Participants Would Paddle Flows Again 
Overall Rating Scale:  -2 = Totally Unacceptable; -1 = Unacceptable; 0 = Neutral; 1 = Acceptable; 2 = 
Totally Acceptable  
Flow Preference Scale: 1 = Much Lower; 2 = Lower; 3 = No change; 4 = Higher; 5 = Much Higher 
Paddle Again Scale: 1 = Definitely No; 2 = Possibly; 3 = Probably; 4 = Definitely Yes 

 
Questions 

Flow 1 
172 cfs 

Flow 2 
262 cfs 

 Mean Median Mean Median 
Single Flow Overall Rating  0.4  0.5 2.0 2.0 
Flow Preference – Minimal Acceptable Flow  3.4  3.5 2.2 2.0 
Flow Preference – Optimum Flow  4.1  4.0 3.0 3.0 
Paddle Again?  2.6  3.0 4.0 4.0 
Comparative Overall Rating -1.0 -1.0 2.0 2.0 

 
Table 26 shows participant responses when asked to specify flows for specific experiences.  The 
“Minimum Acceptable” flow designation is slightly higher than Flow 1 (172 cfs) while all participants 
selected 262 (250 cfs + 12 cfs) cfs as the “optimal” level.  The selection for a “standard trip at medium 
flows” was in the range of 200-210 cfs..  All of the participants would recommend both the “Standard Trip” 
and the “High Challenge Trip” to others.  On average, the participants thought it was “Very Important” to 
provide a variety of flows for different types of boating experiences and to provide opportunities for people 
with different skill levels and craft types.   
 
Table 26. West Fork By-Pass Section.  Mean and Median Flows Designated by Participants for 
Specific Experiences 
Specify Flows For: Mean 

cfs 
Median 
cfs 

Comments 

Minimal Acceptable 189 195 Range = 187-212 cfs 
Optimum 250 250 All participants noted 262 
Standard Trip at Medium Flows 213 200 Range = 212-262 
High Challenge Trip at Higher flows 308 300 Range = 262-412 
Highest safe flow 375 350 Range = 312-512 
Only One Flow 250 250 All participants noted 262 
 
Comparison to Other Rivers (Table 27 and Appendix K) 
When asked to rate the West Fork By-Pass Section with regard to boating opportunities, participants 
generally rated it “Better than Average” to “Excellent” when compared to other rivers locally, regionally, 
and nationally (Table 27).  The West Fork moves from a general rating of “Excellent” in a local context to 
“Better than Average” in a regional/national context. 
 
Table 27.  West Fork By-Pass Section.  Comparison to Other Rivers on a Local, Regional, and 
National Level 
Rating Scale: 1 = Worse than Average; 2 = Average; 3 = Better than Average; 4 = Excellent; 5 = Among 
the Very Best 

% Rating and (No. Responses): The Tuckasegee River is:  
Compared to  
Other: Rivers In 

M
ed

ia
n 

M
ea

n Worse than 
Average  

Average Better than 
Average 

Excellent Among the 
Very Best 

1 Hour Drive                  4.0 3.7 0       0 33 (2) 67 (4) 0 
Western NC 3.5 3.3 0 17 (1) 33 (2) 50 (3) 0 
Southeast 3.0 3.0 0 17 (1) 67 (4) 17 (1) 0 
USA 3.0 2.5 0 20 (1) 60 (3) 20 (1) 0 
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Written Comments From Single Flow Surveys (Appendix L) 
 
In Question 11, participants where asked to identify particularly challenging rapids or sections and rate the 
difficulty (using the International Whitewater Scale) at both flow levels.  At Flow 1 (172 cfs) the following 
rapids/sections were named by most participants: 

 First Falls (100 yards below put-in) – Class III+ to V- (river left run easier than river right run) 
 Second Falls (0.25-mile above Cullowhee Forest Bridge  - Class III 
 Gorge Section (0.75-mile section below Cullowhee Forest Bridge- Class III-IV 

 
At Flow 2 (262 cfs), First Falls was again identified as particularly challenging (Class IV-V-).  A rapid 
called High Turn Over (Class IV-V) located just below the Cullowhee Forest Bridge was also named by 
most participants due to the fierce hole that developed there, which allowed a number of participants to 
cartwheel in the hole before being able to exit. 
 
In Question 13, participants were asked to identify rapids/sections they portaged and rate the difficulty of 
those portages.  A total of 17 portages were made by the group at Flow 1 (172 cfs).  One paddler took out 
after portaging First Falls due to the difficulty of the river for an intermediate paddler.  Four of the 17 
portages were rated “slightly difficult” and the rest were rated as “easy”.  Only one portage was recorded 
during Flow 2 (262 cfs) and it was rated as “easy”. 
 
In Question 14, participants were asked if they had any significant problems during the run.  At Flow 1 
there was a swim below First Falls that led a participant to leave the study indicating a lack of the skills 
necessary to paddle at this flow level.  At Flow 2, a participant got pinned briefly but was able to get 
himself unpinned and several paddlers were surfed in holes but nothing really out of the ordinary for a river 
at this difficulty for this skill level paddler.   
 
When asked to provide additional comments, most participants noted the danger presented by the trees 
(“wood”) in the channel at both flow levels.  At Flow 1, there were more encounters with trees but the 
current was not as pushy.  Generally paddlers felt that more water would reduce the number of rock scrapes 
and open up more channels.  At Flow 2, additional channels did open up which made portages less likely 
but there was stronger current pushing toward the two significantly dangerous logs in the river channel.  
Generally, paddlers said Flow 2 was “awesome”, “excellent”, “great” and something they would return to 
paddle again. 
 
Conclusions for West Fork By-Pass Section 
The 4.5-mile study section of the 9-mile By-Pass of the West Fork of the Tuckasegee River can be divided 
into three sub-sections.  The first sub-section from the put-in to Cullowhee Forest Bridge is about 1.7 miles 
long, drops about 240 feet or about 141 feet per mile, and is rated Class III-IV+.  The river channel is a 
combination of bedrock slides/ledges and boulder garden.  The second sub-section is about a mile long, 
drops 120 feet, and is rated Class III-IV.  The river channel is bedrock slide/ledge and then enters a narrow 
bedrock gorge.  The third sub-section is about 1.8 miles long, drops about 120 feet or 67 feet per mile, and 
is rated Class II-III.  The river channel is generally a boulder garden.  All of the 4.5-mile study section is 
bordered on both sides by private property.  Currently there are three houses and a trailer visible from the 
river and traffic noise can be heard where Highway 107 parallels the river.  Otherwise the river is fairly 
isolated due to the steep vegetated riverbanks and the height of the road above the river. 
 
There are three significant whitewater features:  First Falls and Second Falls, which are in the first sub-
section and the Gorge Section that is in the second sub-section.  The entire study section was generally 
rated “Better than Average” to “Excellent” when compared to other rivers locally, regionally, and 
nationally. 
 
The results of the controlled flow study indicate that the minimum acceptable flow for paddling is around 
Flow 1 (187 –212 cfs) and the optimum flow is around Flow 2 at 262 cfs. 
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East Fork By-Pass (Bonas Defeat) Section 
 
General 
The entire By-Pass section below the dam at Tennessee (or Tanassee) Lake to the Powerhouse is about 1.5 
miles.  Due to the lack of definitive information on the feasibility of providing whitewater recreation on 
this section and the quality of those resources, a phased approach (Appendix G) was used to analyze the 
possible opportunities.  The phases were: 
 
Phase 1:  This was an on-land assessment of the By-Pass Section using desktop analysis (length, gradient, 
hydrology, access, etc) followed by a site visit to inspect the characteristics of the section.  The conclusions 
from this phase indicated that there were potential paddling opportunities for extremely skilled paddlers 
(teams of experts).  Because of the potential hazards in all sections, a visual inspection of flows by paddlers 
experienced in running Class V water was indicated. 
 
Phase 2:  This was a visual flow assessment of three different flows (approximately 170 cfs, 190 cfs, and 
325 cfs) utilizing teams of observers with cameras at the most significant rapids.  See Appendix G for a 
report on the visual assessment.  The conclusions from this phase indicated that flow of around 325 cfs is 
needed to open up the majority of the lines in the rapids.  Lower flows do not cover up many of the 
dangerous features of the riverbed, and higher flows would create dangerously large hydraulics. Section 2 
(0.5 miles) is generally Class V+.  Section 1 (0.5 miles) is primarily Class III+ after the Class 5 Spillway 
slide.  Section 2 (0.5 miles) is generally Class V+ and Section 3 (0.5 miles) is generally Class III+.  As 
anticipated, Bonas Defeat Gorge is a dangerous and challenging whitewater run.  However, several 
members of the study team wanted the opportunity to paddle the gorge and thought other high caliber 
boaters would also want such an opportunity. 
 
This section should only be paddled by small teams of experts using all precautions.  The sections are 
relatively short but stopping before the most difficult areas might be extremely difficult for all but the most 
experienced paddlers. 
 
Due to the conclusive results of this study, the pressing schedule of the relicensing process, and the 
logistical requirements of a flow study in Bonas Defeat Gorge, a paddling flow study with boats will not be 
done.  Other ways for paddlers who wish to experience this section will be explored. 
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Appendix A 
Whittier and Dillsboro Sections 

(1) Single Flow Survey 
(2) Comparative Flow Survey 

(3) Pre-Run Form 
(Surveys for Whittier and Dillsboro are the same except for number of flows) 

(Flow designations are in Targeted cfs rather than Measured cfs) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
SINGLE FLOW EVALUATION FORM 

Dillsboro Hydroelectric Project, FERC No. 2602 
 Whitewater Controlled Flow Study 

 
Date of run:             
 
 
Your name: _____________________________________ 
 
 
Please indicate which flow release this survey corresponds to (check one):  
 

Flow 1 393 cfs Monday, June 2nd, 9am  

Flow 2 613 cfs Monday, June 2nd, 2pm  

Flow 3 338 cfs Tuesday, June 3rd, 9am  

Dillsboro 
Reach 

Flow 4 808 cfs Tuesday, June 3rd, 2pm  

  
  

Flow 1 713 cfs Monday, June 2nd, 6pm  Whittier 
Reach Flow 2 908 cfs Tuesday, June 3rd, 6pm  

 
 
CRAFT USED (Circle):  Kayak (play,  river,  creek)   OC1     OC2       
    C1  C2        Raft       Ducky 
 
SKILL LEVEL (Circle):  Beginner    Novice    Intermediate     Advanced   
 Expert 
 

 
1) Please estimate the time you put-in and completed this run. 

 
Put-in time:  _____  
 
Take-out time:   _____ 
 
 

2) Please evaluate the access. 
 
Access at the put-in  easy  moderate  difficult 
 
Access at the take-out  easy  moderate  difficult 



3) Please evaluate this flow on this run for your craft and skill level for each of the 
following characteristics.  (Circle one number for each item).  

 
      If unacceptable 

was it 
 Totally 

unacceptable 
Unacceptable Neutral Acceptable Totally 

acceptable 
too  
low 

too  
high 

Navigability -2 -1 0 1 2   
Availability of 
challenging technical 
boating 

-2 -1 0 1 2   

Availability of 
powerful hydraulics  

-2 -1 0 1 2   

Availability of 
whitewater  “play 
areas” 

-2 -1 0 1 2   

Overall whitewater 
challenge 

-2 -1 0 1 2   

Safety  -2 -1 0 1 2   
Aesthetics  -2 -1 0 1 2   

Length of run -2 -1 0 1 2   
Number of portages -2 -1 0 1 2   

Overall Rating -2 -1 0 1 2   
 
4) If this test flow were provided periodically, are you likely to return for future boating?  (Circle one). 
 

a.  Definitely no 
b.  Possibly 
c.  Probably 
d.  Definitely yes   

 
5) At this test flow, how would you rate the whitewater difficulty of the river at this 

flow?  (Use the International Whitewater Scale that ranges from Class I to Class 
VI). 

 
Difficulty: I II III IV V VI 

 



6) At this test flow, what skill level would a paddler need to safely paddle this section? 
 

Beginner Novice  Intermediate  Advanced   Expert  
 
7) Relative to this flow, would you consider the minimum acceptable flow (defined as the lowest flow 

you would return to boat) to be higher, lower, or about the same as this flow?  (Circle one). 
 

1  2     3     4     5 
much   lower  no change higher  much  
lower        higher 

 
8)  Relative to this flow, would you consider the optimum flow (defined as the ideal flow you would 

return to boat) to be higher, lower, or about the same as this flow?  (Circle one). 
 

1  2     3     4     5 
much   lower  no change higher  much  
lower        higher 

 
 
9)  Using place names, please identify particularly challenging rapids or sections and 

rate their difficulty at this flow (using the International Whitewater Scale). 
 
Location               Rating   Location                         Rating 
 
            
  
            
  
            
  
            
  

 
10)   Please estimate the number of hits, stops, boat drags, and portages you had on this 

run.  
 

I hit rocks or other obstacles (but did not stop) about ____ times. 
 
Number of hits generally acceptable to you   ____. 
 
I was stopped after hitting rocks or other obstacles about _____ times (but did not have to get out 
of my boat to continue downstream). 
 
I had to get out to drag or pull my boat off rocks or other obstacles about _____ times. 
 
I had to portage around unrunnable rapids or sections about _____ times. 

 
 
 
 
 
 
 
 



11)  Using place names on the map provided, please identify rapids or sections you chose 
to portage and rate the difficulty of those portages (using your type of craft at this 
flow level).  

  
 

Location / reason Easy Slightly 
difficult 

Moderately 
difficult 

Extremely 
difficult 

_____________________        1 2 3 4 
_____________________ 1 2 3 4 
_____________________ 1 2 3 4 
_____________________ 1 2 3 4 
_____________________ 1 2 3 4 
_____________________ 1 2 3 4 

 
 
12)  Did you have any significant problems during your run (e.g., became pinned, 

wrapped a boat, had to swim, etc.)?  Please provide a brief description and 
location of any incident. 

 
Incident      Location 
____________________________________ _______________ 
____________________________________ _______________ 
____________________________________ _______________ 

 
13) Provide any additional comments about this test flow below.  If necessary, 

please use place names to identify specific locations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



COMPARATIVE FLOW EVALUATION FORM 
Dillsboro Hydroelectric Project, FERC No. 2602 
Whitewater Controlled Flow Study at Dillsboro 

 
DATE:_____________2001 
 
CRAFT USED (Circle):  Kayak (play,  river,  creek)   OC1      OC2      
    C1  C2        Raft        Ducky 
 
SKILL LEVEL (Circle):  Beginner   Novice   Intermediate   Advanced   Expert 
 
Did you participate in all four test releases?  Yes  No 
 
Please answer each of the following questions based on your experience or reaction to the 
river at each of the flows tested.  If you have no opinion about a particular item, leave it 
blank.  Please do not discuss these questions or your response with other participants. 
 
1.  How many times have you boated the Dillsboro Section of the Tuckasegee 
River before this study? (Circle one) 
 

0 times     1-10 times      11-20 times      21-30 times      >30 times 
 
2.  A number of factors can affect your satisfaction with a whitewater trip.  How important are 
each of these factors?  (Circle one number for each factor):        
 Not Important  Somewhat 

Important 
 Very 

Important 
Number of 
Rapids 

1 2 3 4 5 

Size/Difficulty of 
Rapids  

1 2 3 4 5 

Driving Distance 
to River 

1 2 3 4 5 

Accessibility 1 2 3 4 5 

Shuttle 
Availability 

1 2 3 4 5 

Crowding 1 2 3 4 5 

Weather 1 2 3 4 5 

Water 
Temperature 

1 2 3 4 5 

Attractive 
Scenery 

1 2 3 4 5 

Water Quality 1 2 3 4 5 

Thrilling 
Experience 

1 2 3 4 5 

Safe Trip 1 2 3 4 5 

Good Guide 1 2 3 4 5 

 



3.  Please evaluate the following flows for your craft and skill level.  In making your evaluations, 
please consider all the flow-dependent characteristics that contribute to a high quality trip (e.g., 
navigability, whitewater challenge, safety, availability of surfing or other play areas, aesthetics, 
and length of run).  (If you do not feel comfortable evaluating a flow you have not seen, don’t 
circle a number for that flow). 
 
 

Release 
Number/Date 

Flow (CFS) Totally 
Unacceptable 

Unacceptable Neutral Acceptable Totally 
Acceptable 

 200 -2 -1 0 1 2 
 250 -2 -1 0 1 2 
Flow 3, July 3 
Tuesday, AM 

350 
 

-2 -1 0 1 2 

Flow 1: July 2 
Monday AM 

400 -2 -1 0 1 2 

 450 -2 -1 0 1 2 
 500 -2 -1 0 1 2 
 550 -2 -1 0 1 2 
Flow 2: July 2 
Monday PM 

600 -2 -1 0 1 2 

 650 -2 -1 0 1 2 
 700 -2 -1 0 1 2 
 750 -2 -1 0 1 2 
Flow 4: July 3 
Tuesday PM 

800 -2 -1 0 1 2 

 850 -2 -1 0 1 2 
 900 -2 -1 0 1 2 
 > 900 

______specify 
-2 -1 0 1 2 

 
 
4.  Based on the type of craft you used in the study, provide an overall evaluation for each of the 
flows.  Please give consideration to all the conditions (see question #2) that make up a high 
quality trip (Circle one rating number for each flow). 
   
  Totally                     Totally  
        Unacceptable  Unacceptable    Neutral       Acceptable   Acceptable  
350 cfs      -2               -1   0          1         2 
Tues AM 
 
400 cfs     -2    -1   0          1         2 
Mon AM 
 
600 cfs     -2    -1   0          1         2 
Mon PM 
 
800 cfs     -2     -1   0          1         2 
Tues PM 
 



If different than a flow you tested, estimate optimal flow for your type of craft. 
____ cfs. 
 

5.  Based on your boating trips on the Dillsboro section of the Tuckasegee River, please specify 
the flows that provide the following types of experiences.  (Note: you can specify flows that you 
have not seen, but which you think would provide the type of experience in question). 
  Flow (cfs) 
From a recreational perspective what is the minimum acceptable flow for this 
run? Note that the minimum acceptable differs from the minimum flow necessary 
to navigate.   

  
_____ 

From your perspective what is the optimum flow for this run?  _____ 
   
Many people are interested in a “standard” whitewater trip at medium flows.  
Think of this “standard trip” in your craft.   

  

      What is the best or optimal flow for this type of trip?  _____ 
   
Some people are interested in taking trips at higher flows for increased 
whitewater challenge.  Think of this “high challenge trip” in your craft. 

  

      What is the best or optimal flow for this type of trip?  _____ 
   
What is the highest safe flow for your craft and skill level?  _____ 
   
If Duke Power released only one flow for boating, what flow would you prefer?  _____ 
 
 
6.  How important is it to release a variety of flow levels on the Dillsboro section 
of the Tuckaseegee River?  Please rate the importance of providing several 
different flows for the two reasons below, or check the box. 
 

Providing several different  
flows is necessary to… 

Not at all 
important 

Slightly 
important 

Moderately 
important 

Very 
important 

Extremely 
important 

…provide different types of boating 
experiences.  

1 2 3 4 5 

… provide opportunities for people with 
different skill levels and craft types. 

1 2 3 4 5 

 
Or… ❑  it isn’t important to provide a variety of flow levels. 
 
 
 
7.  At the optimum flows for standard and high challenge trips would you recommend this section 
to others? 
 
 Standard trip   yes  no 
 High challenge Trip  yes  no 
 
 
 
 
 
 
 
 



8.  Compared to other rivers, how would you rate boating opportunities on the Dillsboro section of 
the Tuckasegee River.  (Circle one number for each; if you are unsure about a comparison, leave 
that item blank). 
 

 The Tuckasegee River is… 
Compared to… Worse 

than 
average 

   Average  Better 
than 

average 

    
Excellent 

Among 
the very 

best 
…other rivers within a 1 hr Drive 1 2 3 4 5 
…other rivers in Western N. Carolina 1 2 3 4 5 
…other rivers in the Southeast 1 2 3 4 5 
…other rivers in the country 1 2 3 4 5 
 



 
9.  Based on your experience at other regional rivers please use the following scoring system to 
compare the boating opportunities at these regional rivers to those at the Dillsboro section of the 
Tuckaseegee.  Please assume optimal flow conditions for boating. 
 
Score using the following system: 
 1 = More desirable than Dillsboro Section Tuckasegee 
 2 = Similar to the Dillsboro Section Tuckasegee 
 3 = Less Desirable than Dillsboro Section Tuckasegee 
 N = No experience boating the river 
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Suitability For 
Novice Boater 

               

Suitability For 
Intermediate 
Boater 

               

Suitability For 
Advanced Boater 

               

Size & Difficulty 
Of Rapids 

               

Play Boating                
Rafting                
River Running                
Eddy Hopping                
Technical 
Maneuvering 

               

River Gradient                
Driving Distance 
To river 

               

Shuttles                
Access to River                
Scenery                
Water Quality                
Overall                 
 
 
10.  Any other comparative evaluations you would like to make? 
 
THANK YOU for your participation 
 
 



PRE-RUN INFORMATION FORM  
Dillsboro Hydroelectric Project, FERC No. 2602  

Whitewater Controlled Flow Study 
 
Date:      _____ / _____ / 2001 
 
Your name: _____________________________________ 
 
1. What type of craft do you generally use for whitewater paddling? (Circle one) 
 

1. Hard shell kayak 5. Cataraft (please indicate length: _____)  
2. Inflatable kayak 6.  Self-bailing raft (please indicate length: _____) 
3. Closed deck canoe 7. Wrap-floor raft (please indicate length: _____) 
4. Open canoe with floatation 8. Other: (please explain) ______________________ 

 
2. How many years have you been using this type of craft?    _____ years 
 
3. How would you rate your skill level with this type of craft? 
 

1. Novice (comfortable running Class II whitewater) 
2. Intermediate (comfortable running Class III whitewater) 
3. Advanced (comfortable running Class IV-V whitewater) 
4. Expert (comfortable running Class V whitewater) 

 
4. In general, how many days per year do you spend whitewater boating? _____  
 
5. What is your age?     _____ years  
 
6. Are you  male or  female? 
 
Please respond to each of the following statements about your river-running preferences. 
 

 Strongly 
disagree 

Moderately 
disagree 

Slightly 
disagree 

 No Opinion Slightly 
agree 

Moderately 
agree 

Strongly 
agree 

I prefer running rivers with rapids Class II and III. 1 2 3 4 5 6 7 
I prefer running rivers with difficult rapids, Class 
IV and V). 

1 2 3 4 5 6 7 

Running challenging whitewater is the most 
important part of my boating trips. 

1 2 3 4 5 6 7 

I often boat short river segments (under 4 miles) to 
take advantage of whitewater play areas. 

1 2 3 4 5 6 7 

I often boat river segments to experience a unique 
and interesting place. 

1 2 3 4 5 6 7 

I often boat short river segments to run challenging 
rapids. 

1 2 3 4 5 6 7 

I select boating opportunities based on length and 
experience regardless of difficulty 

1 2 3 4 5 6 7 

I am willing to tolerate difficult put-ins and 
portages in order to run interesting reaches of 
whitewater. 

1 2 3 4 5 6 7 

I prefer boating rivers that feature large waves and 
powerful hydraulics. 

1 2 3 4 5 6 7 



I prefer boating steep, technical rivers. 1 2 3 4 5 6 7 
I enjoy boating both difficult and easy rivers. 1 2 3 4 5 6 7 

 
 
 



 
 
 

Appendix C 
Dillsboro Flow Study 

Written Comments From 
(1) Single Flow Surveys 

(2) Comparative Flow Surveys 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Tuckasegee River Paddling Flow Study 
Dillsboro Section – July 2-3, 2001 

Written Comments – Single Flow Evaluations 
(Questions correspond to single flow evaluation form) 

 
Question 9:  Using place names, please identify particularly challenging rapids or sections and rate 
their difficulty at this flow (using the International Whitewater Scale). 
 Flow 1: Monday AM – 554 cfs 
 Alexander – None were particularly challenging. 
 Beazley – At all the sites the biggest challenge was finding enough water. 
 Blackburn, M. – 1st Hole (I+), 2nd Hole (I+), Moonshoot (I+), Double Drop (II) 
 Blackburn, U. – 1st Hole (I+), 2nd Hole (I+), Moonshoot (II), Double Drop (II), Slingshot (I+) 
 Borawa – Double Drop (III), Slingshot (II), Surprise Hole (II) 
 Brueckner – None 
 Cable – NA 
 Colburn – NA 
 Everly -- NA 

Gilbert -- None 
 Gossett – 2nd Hole (III) 
 Guthrie – NA 
 Heynie – 1st Hole (II), 2nd Hole (II), Tonya’s Rock, Surfing Rapid, Shark’s Tooth 

Hughes – Railroad (I), 2nd Hole (II), Moonshot (I), Double Drop (II), Slingshot (II), Surfing Rapid 
(II), Shark’s Tooth (I) 

Jackson – 2nd Hole (II), Double Drop (II), 1st Hole (II) 
Johns – 1st Rapid (I+), 2nd Rapid (I), 1st Hole (II-), Shoals (I), 2nd Hole (II), Tonya’s Rock (II),  

Double Drop (II), Surfing (II), Shark’s Tooth (II) 
Johnson -- NA 
Kane -- 2nd Hole (III) 
Kelly – All rock gardens (I) 
Koval – 1st Hole (I) near top, 2nd Hole (I) quarter of way down, Double Drop (I) two thirds of way  

down, Tonya’s Rock (I) half way down. 
Leatherman -- NA 
Lineberger – All were fun but not hard in raft. 
Lucic – 1st Hole (II+) below railroad bridge, 2nd Hole (II+) Barry’s house, Double Drop (II+) more 

than half way. 
Lynch, S. – No real challenge. 
Lynch, W. – None 
McPherson -- NA 
Mead, J. – None are especially challenging.  
Mead, R. – Shoal below 1st Hole where the camera was set up was very shallow and scrapey—
kind of a pain. Double drop was fun. 
Miller -- NA 
Olson – 1st Hole (II), Moon Shoot (II), Double Drop (II) 
O’Neal – Railroad (II), 2nd Hole (II+), Tonya’s Rock (II), Double Drop (II) 
Patterson – 2nd Hole (II), Double Drop (II) 
Pennington -- None 
Pope – 2nd Hole (I) third of way down, Double Drop (I) two thirds way down, Slingshot (I) three  

quarters way down, Tonya’s Rock (I) half way down. 
Robinson – NA 
Rosar – Railroad Bridge & 1st Hole (II), 2nd Hole (II) 
Smith – None found. 
Smith-Lovin – Named rapids were generally Class II. 
Walls – No difficult section, but an overall pleasurable experience! 
Willenborg, D. – None at this level. 
Willenborg, R. – NA 



Williams -- NA 
Winholtz – 1st Hole (II), 2nd Hole (II) 
Wishon – NA 
 
Flow 2: Monday PM – 821 cfs 
Alexander – None particularly challenging. 

 Beazley – Railroad (II), Moon Shoot (II), Surfing Rapid (II) 
Blackburn, M, -- Railroad (I+), 1st Hole (II), 2nd Hole (II), Moon Shoot (I+), Double Drop (II), 
Slingshot (I+). 
Blackburn, U. – Railroad (I), 1st Hole (II), 2nd Hole (II), Moonshot (I+), Double Drop (II), 
Slingshot (I+), Surprise (I+), Surfing (I+). 
Borawa – 1st Hole (II), 2nd Hole (III), Moonshot (II), Slingshot (II), Double Drop (III), Surprise 
Hole (III), Surfing Rapid (II), Shark’s Tooth (II). 
Brueckner – 1st Hole (II+), Double Drop (II+) 

 Cable -- NA 
 Colburn -- NA 
 Everly – NA 
 Gilbert -- None 
 Gossett – Surfing Rapid (II) 
 Guthrie – Double Drop (II+) 
 Heynie – 1st Hole (II), 2nd Hole (II) 

Hughes – Railroad (I), 2nd Hole (II), Moonshot (I), Double Drop (II), Slingshot (I), Surfing Rapid  
(I), Shark’s Tooth (I). 

 Jackson – 1st Hole (III), 2nd Hole (III), Double Drop. 
 Johns -- NA 
 Johnson – Not qualified to comment. 
 Kane – Surfing Rapid (II) 
 Kelly – Railroad (II+), Barry’s (II+), Surfing (II+) aka Ghetto 
 Koval – 1st Hole (1+), 2nd Hole (I+), Double Drop (I+), Tonya’s Rock (I+) 
 Leatherman -- NA 
 Lineberger – Double Drop (II) 
 Lucic – 1st Hole (II+) below railroad bridge, Double Drop (II+) 
 Lynch, S. – They were all fun! 
 Lynch, W. -- NA 
 McPherson – NA 

Mead, J. – 2nd Drop surfing wave at bottom, surfed morning flow, couldn’t surf this afternoon,  
Double Drop, waves more fun at this flow, Surprise Hole? Above Surfing Rapid, fun surf  
at this flow. 

Mead, R. – Shoal below 1st Hole was a lot less scrapey that the 1st run today—much better. 1st  
Hole and 2nd Hole were little easier/not quite as much fun as at lower flow. The big  
surfing wave below 2nd Hole was smaller and not as good to surf as at lower flow. Double  
Drop had bigger waves and was more fun than at lower flow. Wave above surfing rapid  
was good at this level. 

Miller – 2nd Hole (II+) below railroad. 
Olson – 1st Hole (II), Moonshot (II), Double Drop (II) 
O’Neal -- NA 
Patterson – 2nd Hole (II), Double Drop (II) 
Pennington – Double Drop (II+), Railroad Bridge (II), 2nd Hole (II+), Shark’s Tooth (II) 
Pope – 1st Hole (I+) top, 2nd Hole (I+) third way down, Double Drop (I+) half way down, Tonya’s 
Rock (I+). 
Robinson – NA 
Rosar – Shark’s Tooth (II), Railroad Bridge (II+) 
Smith – Named rapids all were an enjoyable Class II. 
Smith-Lovine – 2nd Hole (II+) good waves, Surfing (II) fun surfing. 
Walls – Good trip with no hard/difficult sections. Good novice run. 
Willenborg, D. – Double Drop (II), Surfing Rapid (II) 



Willenborg, R. – Railroad (II), 2nd Hole (II), Double Drop (II) 
Williams – NA 
Winholtz – 1st Hole (II), 2nd Hole (II) 
Wishon – NA 
 
Flow 3:  Tuesday AM – 485 cfs 
Alexander: None particularly challenging. 

 Beazley – The challenging thing was avoiding rocks in all the rapids. 
Blackburn, M. – Railroad (I), 1st Hole (I), 2nd Hole (I+), Moonshot (I), Double Drop (I+),  

Slingshot (I). 
Blackburn, U. – Railroad (I), 1st and 2nd Hole (I+), Moonshot and Double Drop (I+), Slingshot and  

Surprise (I), Surfing (I). 
Borawa – 1st Hole (I), 2nd Hole (I), Moonshot (II), Double Drop (II), Slingshot (I), Surprise Hole  

(II), Surfing Rapid (II), Shark’s Tooth (II). 
Brueckner – None 
Colburn – NA 
Everly -- NA 
Faulkner -- NA 
Gilbert – None 
Gossett -- None 
Guthrie – NA 
Heynie -- NA 
Hughes – Railroad (I), 2nd Hole (II), Moonshot (I), Double Drop (II), Slingshot (I), Surfing Rapid  

(I), Shark’s Tooth (I). 
Jackson – 1st Hole (II), 2nd Hole (II), Slingshot (II), Surfing (II) 
Johns – NA 
Johnson – Shark’s Tooth (I) 
Kane -- None 
Kelly – NA 
Koval – NA 
Leatherman – NA 
Lineberger – Double Drop (II) 
Lucic – NA 
Lynch, S. – NA 
Lynch, W. – NA 
McPherson – NA 
Mead, J. – NA 
Mead, R. – Shoal below 1st Hole is scrapey. Surfing wave below 2nd Hole is smaller/keeps you less  

than yesterday am. Smaller waves on Double Drop, but still fun. 
Miller -- NA 
Olson – None 
O’Neal -- NA 
Patterson – 2nd Hole, Double Drop 
Pope -- NA 
Robinson – NA 
Rosar – Slingshot (II), Double Drop (I), Shark’s Tooth (I), 2nd Hole (II) 
Smith – All named rapids had narrowed routes at this flow, but were still Class II. 
Smith-Lovin – NA 
Walls – 2nd Hole (II), Double Drop (II). 
Willenborg, D. – 2nd Hole (II), Double Drop (II) 
Willenborg, R. – Railroad (II), Double Drop (II), 2nd Hole (II). 
Winholtz – NA 
Wishon -- NA 
 
Flow 4:  Tuesday PM – 1013 cfs 
Alexander – None 



 Beazley – Railroad (II), Moonshot (II+), Double Drop (II+), Shark’s Tooth (II). 
Blackburn, M. – Railroad (I), 1st Hole (I+), 2nd Hole (II), Moonshot (I), Double Drop (II),  

Slingshot (I+), Shark’s Tooth (I+). 
Blackburn, U. – Railroad (I), 1st Hole (I), 2nd Hole (I+), Moonshot (II), Slingshot (I), Double Drop  

(II), Surprise (I), Surfing and Shark’s Tooth (I+). 
Borawa – 1st Hole (I), 2nd Hole (II), Moonshot (II), Double Drop (II), Slingshot (I), Surprise Hole  

(II), Surfing Rapid (II), Shark’s Tooth (I)/ 
Brueckner – 1st Hole (II), 2nd Hole (II), Double Drop (II). 
Colburn – NA 
Everly – NA 
Faulkner – Double Drop (II), Slingshot (II), rest seemed to be Class I. 
Gilbert -- None 
Gossett – Surprise (III), Surfing (II) 
Guthrie – NA 
Heynie – NA 
Hughes – Railroad (I), 2nd Hole (II), Moonshot (I), Double Drop (II), Slingshot (I), Surprise Hole  

(I), Surfing Rapid (I), Shark’s Tooth (I). 
Jackson – 1st Hole (II), 2nd Hole (II) 
Johns – NA 
Johnson – NA 
Kane -- NA 
Kelly – NA 
Koval – Tonya’s Rock (I+) half way down, 2nd Hole (II) two thirds way down, Double Drop (I+)  

three quarters way down. 
Leatherman – NA 
Lineberger -- None 
Lucic – 1st Hole (II+) below railroad, 2nd Hole (II+) Barry’s house. 
Lynch, S. – NA 
Lynch, W. – NA 
McPherson – 1st Hole (I), 2nd Hole (II), Moonshot (II), Double Drop (I) 
Mead, J. – NA 
Mead, R. – Good surfing at Surprise Hole. Bigger hole at 2nd drop, but can still be avoided. 
Double Drop still fun. 
Miller -- NA 
Olson – None 
O’Neal – NA 
Patterson – 2nd Hole, Double Drop 
Pennington – Railroad (I+), 2nd Hole (II), Moonshot (II), Shark’s Tooth (II). 
Pope – Tonya’s Rock (I+), halfway down. 2nd Hole (II) two thirds down, Double Drop (I+) three  

quarters down. 
Robinson -- NA 
Rosar – All named drops except Shark’s Tooth (II+). 
Smith – All named rapids washed out and became shorter and easier. 
Smith-Lovin -- NA 
Walls -- NA 
Willenborg, D. – Surfing Rapid (II) 
Willenborg, R. – Railroad (II), 2nd Drop (II), Tonya’s Rock (II), Double Drop (II), Shark’s Tooth  

(II) 
Williams -- NA 
Winholtz – NA 
Wishon – NA 
 

Question 11:  Using place names on the map provided, please identify rapids or sections you chose to 
portage and rate the difficulty of those portages (using your type of craft at this flow level).  
 Flow 1:  Monday AM – 554 cfs 
 Alexander – None 



 Beazley – NA 
 Blackburn, M. – NA 
 Blackburn, U. – NA 
 Borawa – None 
 Brueckner – NA 
 Cable -- NA 
 Colburn – NA 
 Everly -- NA 
 Gilbert – None 
 Gossett -- None 
 Guthrie -- NA 
 Heyner – None 
 Hughes – None 
 Jackson – 1st Hole (2), 2nd Hole (3), Double Drop (2), Surfing Rapid (2) 
 Johns – NA 
 Johnson -- NA 
 Kane – None 
 Kelly -- NA 
 Koval -- NA 
 Leatherman – NA 
 Lineberger – None 
 Lucic – NA 
 Lynch, S. -- None 
 Lynch, W. – None 
 McPherson -- NA 
 Mead, J. – None 
 Mead, R. -- None 
 Miller – NA 
 Olson – None 
 O’Neal -- NA 
 Patterson – NA 
 Pennington -- None 
 Pope -- None 
 Robinson -- NA 
 Rosar – NA 
 Smith – No portages. 
 Smith-Lovin – NA 
 Walls -- NA 
 Willenborg, D. -- NA 
 Willenborg, R. – NA 
 Williams -- NA 
 Winholtz -- NA 
 Wishon – NA 
 
 Flow 2:  Monday PM -821 
 Alexander – None 
 Beazley – NA 
 Blackburn, M. -- NA 
 Blackburn, U. -- NA 
 Borawa -- None 
 Brueckner -- None 
 Cable -- NA 
 Colburn -- NA 
 Everly -- NA 
 Gilbert – None 
 Gossett – None 



 Guthrie -- NA 
 Heyne -- NA 
 Hughes -- NA 
 Jackson – 1st Hole (2), 2nd Hole (2), Double Drop (2), Surfing (2) 
 Johns -- NA 
 Johnson – Double Drop (3). 
 Kane -- None 
 Kelly -- NA 
 Koval – NA 
 Leatherman – NA 
 Lineberger – None 
 Lucic -- NA 
 Lynch, S. – None. 
 Lynch, W. -- NA 
 McPherson – NA 
 Mead, J. -- None 
 Mead, R. – None 
 Miller -- NA 
 Olson – None 
 O’Neal -- NA 
 Patterson – 2nd Hole (2), Double Drop (2) 
 Pennington – None 
 Pope – NA 
 Robinson – NA 
 Rosar -- NA 
 Smith -- None 
 Smith-Lovin – None 
 Walls -- NA 
 Willenborg, D. – NA 
 Willenborg, R. -- NA 
 Williams – No problems. 
 Winholtz – NA 
 Wishon – NA 
 
 Flow 3:  Tuesday AM – 485 cfs 
 Alexander – NA 
 Beazley -- NA 
 Blackburn, M. – NA 
 Blackburn, U. – NA 
 Borawa – None 
 Brueckner – None 
 Colburn – NA 
 Everly -- NA 
 Faulkner -- NA 
 Gilbert – None  
 Gossett – None 
 Guthrie – NA 
 Heyne -- NA 
 Hughes -- NA 
 Jackson -- NA 
 Johns – NA 
 Johnson – 1st Hole (2), 2nd Hole (2), Moonshot (1), Double Drop (2), Slingshot (1), Surprise (2) 
 Kane -- None 
 Kelly – NA 
 Koval -- NA 
 Leatherman – NA 



 Lineberger -- NA 
 Lucic – NA 
 Lynch, S. – None 
 Lynch, W. – NA 
 McPherson – NA 
 Mead, J. – None 
 Mead, R. – None 
 Miller – NA 
 Olson – None 
 O’Neal -- NA 
 Patterson – No 
 Pope -- NA 
 Robinson – NA 
 Rosar -- NA 
 Smith – None 
 Smith-Lovin – NA 
 Walls – NA 
 Willenborg, D. – NA 
 Willenborg, R. – NA 
 Winholtz – NA 
 Wishon – NA 
  
 Flow 4:  Tuesday PM – 1013 cfs 
 Alexander – None 
 Beazley – NA 
 Blackburn, M. – NA 
 Blackburn, U. – NA 
 Borawa -- None 
 Brueckner -- None 
 Colburn – NA 
 Everly – NA 
 Faulkner – NA 
 Gilbert – None 
 Gossett – None 
 Guthrie – NA 
 Heyne – NA 
 Hughes – NA 
 Jackson – NA 
 Johns – NA 
 Johnson -- NA 
 Kane -- None 
 Kelly -- NA 
 Koval -- NA 
 Leatherman -- NA 
 Lineberger -- NA 
 Lucic – NA 
 Lynch, S. – NA 
 Lynch, W. – NA 
 McPherson – NA 
 Mead, J. -- None 
 Mead, R. -- None 
 Miller – NA 
 Olson -- None 
 O’Neal – None 
 Patterson -- None 
 Pennington – None 



 Pope -- None 
 Robinson – NA 
 Rosar -- NA 
 Smith -- None 
 Smith-Lovin – None 
 Walls -- NA 
 Willenborg, D. – NA 
 Willenborg, R. – NA 
 Williams – NA 
 Winholtz – NA 
 Wishon -- NA 
 
Question 12:  Did you have any significant problems during your run (e.g., become pinned, wrapped 
a boat, had to swim, etc.)?  Please provide a brief description and location of any incident. 
 Flow 1: Monday AM – 554 cfs 
 Alexander – No 
 Beazley – NA 
 Blackburn, M. – No 
 Blackburn, U. – NA 
 Borawa – No 
 Brueckner – NA 
 Cable -- No 
 Colburn – NA 
 Everly -- NA 
 Gilbert – None 
 Gossett – None 
 Guthrie -- NA 
 Heynie – None 
 Hughes – Big sticks! Moonshot—stuck on a rock. Shark’s Tooth—stuck on rock. 
 Jackson – None 
 Johns – NA 
 Johnson -- No 
 Kane – None 
 Kelly -- NA 
 Koval -- NA 
 Leatherman – No significant problems. 
 Lineberger -- None 
 Lucic -- NA 
 Lynch, S. – No problems. 
 Lynch, W. -- No 
 McPherson – NA 
 Mead, J. – None 
 Mead, R. -- None 
 Miller -- No 
 Olson – None 
 O’Neal -- No 
 Patterson – NA 
 Pennington -- No 
 Pope -- NA 
 Robinson – NA 
 Rosar -- No 
 Smith -- None 
 Smith-Lovin – No 
 Walls – Swam—talking too much. 
 Willenborg, D. – None 
 Willenborg, R. -- NA 



 Williams – No 
 Winholtz -- NA 
 Wishon – None 
 
 Flow 2:  Monday PM – 821 cfs 
 Alexander – NA 
 Beazley – No problems. 
 Blackburn, M. – No 
 Blackburn, U. -- No 
 Borawa – No 
 Brueckner – Pinned on rock below Shark’s Tooth 
 Cable -- No 
 Colburn -- NA 
 Everly -- NA 
 Gilbert -- No 
 Gossett – None 
 Guthrie -- NA 
 Heyne -- NA 
 Hughes – Hung on rock at Moonshot. 
 Jackson -- None 
 Johns – Rescued a boat not in our group. 
 Johnson -- No 
 Kane – None 
 Kelly -- NA 
 Koval – NA 
 Leatherman – No problems. 
 Lineberger – NA 
 Lucic – NA 
 Lynch, S. – No problems! 
 Lynch, W. – None 
 McPherson -- NA 
 Mead, J. – None 
 Mead, R. -- None 
 Miller – NA 
 Olson -- None 
 O’Neal – NA 
 Patterson -- NA 
 Pennington – None 
 Pope -- NA 
 Robinson -- NA 
 Rosar – NA 
 Smith -- None 
 Smith-Lovin – None 
 Walls – NA 
 Willenborg, D. – None 
 Willenborg, R. – NA 
 Williams -- Nope 
 Winholtz – NA 
 Wishon – NA 
 
 Flow 3:  Tuesday AM – 485 cfs 
 Alexander – NA 
 Beazley -- No 
 Blackburn, M. – No 
 Blackburn, U. – NA 
 Borawa – NA 



 Brueckner – None 
 Colburn – NA 
 Everly – Washed sideways on rock and turned over at second drop. 
 Faulkner -- NA 
 Gilbert – No 
 Gossett -- None 
 Guthrie -- NA 
 Heyne – NA 
 Hughes – 4 hard sticks 
 Jackson -- None 
 Johns – NA 
 Johnson -- NA 
 Kane – None 
 Kelly – NA 
 Koval – NA 
 Leatherman – No significant problems. 
 Lineberger -- NA 
 Lucic – NA 
 Lynch, S. -- NA 
 Lynch, W. – NA 
 McPherson – NA 
 Mead, J. – None 
 Mead, R. – None 
 Miller – NA 
 Olson – None 
 O’Neal -- NA 
 Patterson – No 
 Pope – None  
 Robinson – NA 
 Rosar – NA 
 Smith – NA 
 Smith-Lovin – NA 
 Walls – NA 
 Willenborg, D. – None 
 Willenborg, R. – NA 
 Winholtz – NA 
 Wishon – NA 
 
 Flow 4:  Tuesday PM – 1013 cfs 
 Alexander – NA 
 Beazley – NA 
 Blackburn, M. – No 
 Blackburn, U. – NA 
 Borawa – No 
 Brueckner – None 
 Colburn – NA 
 Everly – NA 

Faulkner -- Broadsided a rock, fell out. Partner error. Near take-out. 
 Gilbert – No 
 Gossett -- None 
 Guthrie – NA 
 Heyne – NA 
 Hughes – 2 rock snags—huge rocks just under surface that spun ducky at Railroad Rapid. 
 Jackson – Random boater flipped and got hurt. We helped. 1st Hole. 
 Johns – NA 
 Johnson -- No 



 Kane -- None 
 Kelly – NA 
 Koval – NA 
 Leatherman – No significant problems. 
 Lineberger – None 
 Lucic – NA 
 Lynch, S. -- None 
 Lynch, W. – NA 
 McPherson – NA 
 Mead, J. – None 
 Mead, R. – None 
 Miller -- NA 
 Olson -- None 
 O’Neal -- NA 
 Patterson -- NA 
 Pennington – None 
 Pope – None 
 Robinson -- NA 
 Rosar -- NA 
 Smith – None 
 Smith-Lovin -- None 
 Walls – NA  
 Willenborg, D. – None 
 Willenborg, R. – NA 
 Williams -- None 
 Winholtz – NA 
 Wishon -- NA 
 
Question 13:  Provide any additional comments about this test flow below.  If necessary, please use 
place names to identify specific locations. 
 Flow 1:  Monday AM – 554 cfs   

Alexander – This was an easy run for young couples with small (5-8) kids and older folks in their  
50s who do not exercise regularly. I think the positive camaraderie among these  
participants--and any other family or social group--would override any concerns related  
to flows at this level and somewhat lower flows. That is, “having a good time” is not  
necessarily related to water quality.  

Beazley – This flow was bare minimum—in fact it was too low, not even minimum flow! I would  
only boat this flow if every other river was completely dry (and there was a gun to my  
head). 

Blackburn, M. -- NA 
Blackburn, U. -- NA 
Borawa – Generally the flow was not difficult. Not knowing the river caused a lot of the hits. 
Brueckner – There is no public access at the take-out. Access that is owned and maintained by a  

government entity should be provided in the event that the outfitter is unable to provide  
access in the future. 

Cable -- NA 
Colburn – Very low water for this river. It is runnable but any lower would be miserable. 
Everly -- NA 
Gilbert – Most “rapids” would have been more enjoyable, even easier, with a higher flow. 
Gossett -- None 
Guthrie – Perfect for sightseeing. 
Heynie – I could always find a channel. The channels required quick maneuvering but it was 

possible. This level made the trip the most enjoyable I’ve ever done because I didn’t have  
to work constantly to steer around and look for rocks. 

Hughes – For beginners, this level may be too low because it was very frustrating to hit and bump  
off rocks. 



Jackson – Good water for beginners to intermediates. What will it be like if the natural flow is  
lower? 

Johns -- NA 
Johnson -- NA 
Kane -- None 
Kelly – Not near enough water! 
Koval -- NA 
Leatherman – I have never been down this section of river ‘til today. At this level there were about 

5 times (give or take) that we were hung on rocks—I believe this had more to do with a  
novice/beginner “team” lacking the ability to “read the river” and navigate rocks and/or  
ledges. For a family (of novices) it might be a little discouraging to get stuck or “hung”  
but still safe and fun. A guide would have been helpful. 

Lineberger – Due to river bed width, this flow seemed most suitable for kayaks and canoes,  
although the raft was also fun. Would have been a good flow to paddle in a canoe,  
stopping to fish often. All the hang ups (where we had to get out) were in the first half. 

Lucic – 1st run—good minimum flow.  
Lynch, S. – This was fun, but I would not want to paddle it at a lower level. 
Lynch, W. – Fun, good group. 
McPherson -- NA 
Mead, J. – Hard to find scrape free route in shoal area downstream of 1st Hole, and also in ledges  

between put-in and railroad bridge. 
Mead, R. -- NA 
Miller – Little bit scrapey in places, but sometimes that could be attributed to boater’s decisions. 
Olson -- NA 
O’Neal – Most rapids low resulting in scraping. 
Patterson -- NA 
Pennington – Good training river or trip with children at this level.  
Pope -- NA 
Robinson – NA 
Rosar – Too many hits for me to willingly paddle a C-1 made of Kevlar (instead of plastic). 
Smith – No problem for unguided “tourist” type floats. 
Smith-Lovin – Some places had rocks in eddys. Some shallow places where it was hard to paddle 
(paddle hit rocks). Major rapids had enough water to be fun. In-between areas generally very 
navigable, if you were paying attention. 
Walls – Great trip for beginning boaters. 
Willenborg, D. – Good level for beginners with some skills. 
Willenborg, R. – NA 
Williams – Great teaching level. 
Winholtz – Very nice not to drag much, but still able to find channels. 
Wishon – NA 
 
Flow 2:  Monday PM – 821 cfs 
Alexander – I got stuck or hung up more often on this run or at least certainly had to work harder  

to get off rocks than in the first run. Presumably I did this because this run was easier  
because of the higher flows, which, in my case, meant I paid less attention to paddling  
and much more to enjoying the scenery and talking with fellow paddlers. 

 Beazley – Good, fun level for beginners, intermediates—something for everyone. 
 Blackburn, M. – Good play level. 
 Blackburn – Good run. Plenty of weather. 

Borawa – The additional water meant fewer hits and it was easier to get off stops. The aesthetics  
were better. Less paddling made for a faster trip. 

Brueckner – Need public access at take-out. Good run for intermediates; current velocity too swift  
in places for beginners. Suitable for novices accompanied by more experienced paddlers.  
Suitable for intermediate instruction; too swift for beginner or novice students. 

 Cable – I had a great time. 
 Colburn – Many more play spots. Better playspots. A low but fun level for this river. 



 Everly -- NA 
Gilbert – This flow provided a number of stop and play waves. Flat water was moving nicely. But  

level was still OK for beginner boaters. Still huge recovery pools.  
 Gossett – Awesome ride! 
 Guthrie -- NA 
 Heynie – Like the waves. Less paddling required. The “channel” was sometimes harder to see. 

Hughes – Some of the surfing areas near ledges were washed out. Trees just under water level but  
didn’t seem too dangerous, easy to avoid. 

Jackson – Good recreational flow. 
Johns – NA 
Johnson – This was a good flow. Safer in many respects because less getting out of boats and  

stops. 
Kane – Great ride! 
Kelly – Better flow with this extra water. 
Koval – This flow was lots of fun for me as a beginner. 
Leatherman – Overall good/fun ride. Few “hits”, enjoyable float speed. Less need to be able to  

“read river”. Novice family could enjoy and do safely without the need of guide—mainly  
because of less hits. 

Lineberger – NA 
Lucic – 2nd run flow was much better. Less scrapey. 
Lynch, S. – I really enjoyed this level. There were many, many places to play, work on skills, etc.  

This was a fun level. This would, also, be a great level for teaching. 
Lynch, W. – Too fast a run. Wanted more time to play. 
McPherson – Good fun at this level. 
Mead, J. – Overall, better than morning flow. A few surf spots not as good, but others were good 
Rapids whose appeal was waves (Slingshot, Double Drop) were better at this flow. 
Mead, R. – NA 
Miller – Much improved from Flow 1. Less rock dodging, more surfing. 
Olson – River in general was more fun and play spots were better than lower level. Many more  

lines through most all of the rapids. 
O’Neal – Still some scraping at certain shoals—Childress property below Railroad Rapid and  

Moonshot. 
Patterson – NA 
Pennington – Nice trip to do in general going home or when Nanty is not running and I need to  

paddle. It was much more fun than this am. 
Pope – NA 
Robinson – NA 
Rosar – Acceptable level for Kevlar hulled boats but still hitting enough rocks with paddle that I  

wished I had not brought my wooden paddle. 
Smith – At this level you were not crowded by rental craft due to the better route had widened out. 
Smith-Lovin – At this level waves and other play spots a lot more fun. Slow sections require less  

concentration to get through clearly and go faster. More fun, less work. 
Walls – This flow was an excellent flow for any novice paddler.  
Willenborg, D. – Good level. 
Willenborg, R. – NA 
Williams – Good for surfing and river running. Not so good for novice. 
Winholtz – Much river flow, more variety of lines to follow. 
Wishon -- NA 

 
 Flow 3:  Tuesday AM – 485 cfs 
 Alexander – Good fun! 
 Beazley – Pretty minimum flow. I would only use it if I was desperate.  
 Blackburn, M. – Still some play waves but they were not very exciting. 
 Blackburn, U. – Enjoyed the river. Not much different from 7/2 am. 

Borawa – Too many scrapes and hang ups. Had to work too hard to get down river. Aesthetics not 
much different except less whitewater. 



Brueckner – This flow was almost identical to flow number one. Suitable for teaching beginners  
and novices.  

Colburn – Very low water. Few play opportunities. Bumpy and scrapey. 
Everly – Very scrapey and hard on boat. 
Faulkner – Generally pleasant run, great scenery! 
Gilbert – Expected level to cause many more hits, stops, etc. Surprised to find out channels were  

usable and OK to pass. Actually hit fewer times than on 1st run at higher flow. Could be  
due to more focus on my part or to channeling of water. While I would not return for a  
river trip for pleasure, I would come back for the sake of beginners or novices in the  
group. 

Gossett – Nice ride, needed more water. 
Guthrie -- NA 
Heyne – This was a little more challenging than the 400 level because you had to make quick  

adjustments. Therefore this level could actually be harder for beginners than the 400 level  
where channels were more defined and deeper. This level allows for “safe” drill and  
practice and testing new skills. 

Hughes – For a ducky run this was blah, not too exciting. 
Jackson – Good water for beginners. 
Johns – NA 
Johnson – A little too low for my taste. 
Kane – Nice, easy ride. 
Kelly -- NA 
Koval – Due to lower water I had more difficulty paddling to avoid obstacles (couldn’t get the  

paddle deep enough in the water to maneuver boat). 
Leatherman – Good float trip for a family—actually better than yesterday’s low flow run. I believe  

this would be a safe and fun run for a novice/beginning family or individual. 
Lineberger – No noticeable difference in river features from Flow 1 on 7/2/01. 
Lucic – Silty water made it hard to see rocks in river. Hit more rocks. 
Lynch, S. – This is a great river for teaching and developing skill levels. 
Lynch, W. – NA 
McPherson – Too low. 
Mead, J. – Double Drop—waves less exciting than flow #1. 2nd Hole—surf spot at bottom, more  

available than flow #2, not as sticky as flow #1. Surprise Hole—surf spot not as good  
asflow#2. Shoals by “fugitive train” and between 1st and 2nd hole, not significantly more  
than flow #1. However, we also may be learning the best routes to avoid scraping after 2  
prior runs. 

Mead, R. – Very similar experience to first flow yesterday. Both felt like the minimum acceptable. 
Miller – Boney in places, benign overall. 
Olson – Too low! 
O’Neal – Too low to be much challenge to intermediate or greater paddlers. Some danger to  

beginners at 2nd Hole and ? 
Patterson -- NA 
Pope – At this level I believe it to be unsafe for beginning canoes. 
Robinson – I hit rocks less frequently today largely because my own paddling and ability to see  

the rocks improved over the last 2 days. 
Rosar -- NA 
Smith – At this level damage to bottom of boat starts to happen. 
Smith-Lovin – Fine level for a pleasant, contemplative paddle—but the river isn’t really pretty  

enough for that (traffic noise, development, trash). Would bring a beginner friends but  
wouldn’t paddle this level for my own enjoyment. 

Walls – Good trip for teaching but maybe too low for rafts. 
Willenborg, D. – Need more water. 
Willenborg, R. – NA 
Winholtz – Not sure I’d come back at this level? Had to work harder at navigating. 
Wishon – NA 
 



Flow 4:  Tuesday PM – 1013 cfs 
Alexander – Given that the primary recreational use of this section is young families with small  

kids, this flow would be either off-putting or dangerous. At this velocity things happen  
much more rapidly, reducing parental response time. 

Beazley – This was a nice water level. Good for novice/intermediate. Maybe a little high for  
beginners. 

Blackburn, M. – Some surfing waves washed out.  
Blackburn, U. – Fast run most places washed out. 
Borawa – There was too much water in the named areas that took away some of the challenges. It  

was more enjoyable in the riffle area (less hits). More aesthetic in riffle areas (more  
“white” water). 

Brueckner – Some rapids were washed out, particularly at 2nd Hole. This rapid offered a better  
surfing wave and attaining opportunities at 613 cfs than it did today. I did not feel that the  
additional water improved the overall quality of the trip. 

Colburn – 2-3 cool mystery move spots, 1 awesome one. Good level. Lots of small waves. Less  
good for beginners. 

Everly -- NA 
Faulkner – Good trip. Fast moving water which made better waves to ride. Harder to read river  

although there was less need due to deeper water. Preferred second run in ducky. 
Gilbert – This flow washed out a lot of features which took away the definition that creates river  

play and moves. There were a few surfing spots and a number of eddy moves but I would  
prefer more definition. 

Gossett – Nice run, too much water. 
Guthrie -- NA 
Heynie – Wave trains fun but less technical. 
Hughes – Thought this flow was too high. There were many floating branches and other debri that  

made me nervous about what else was floating just below the surface. Huge rocks were  
barely covered and the lines from lower flows were completely washed out. 

Jackson -- NA 
Johns – NA 
Johnson – It was a lot easier because of the volume of water, but I don’t think it was any more  

challenging or exciting. Just easier for raft. 
Kane – Great ride. A little too much water. 
Kelly – Fun, maybe a touch high for ideal novice instruction. 
Koval – NA 
Leatherman – There were fewer “hits” and “hangs” at this level. But this level increased your  

exposure to free overhangs and low limbs. I was surprised to find that the length of the  
run was about the same as the others. From the viewpoint of a family, this run would be a  
challenge and once again I wonder about someone, without a guide, getting out to move a  
stuck boat in that volume of water and current speed. 

Lineberger – Way too much flow. River features were all washed out. 
Lucic – Good surfing level. 
Lynch, S. – This was a fun level. A loved the bigger waves. I would not want to teach beginners  

on this level. 
Lynch, W. – Liked the larger waves more places to surf, etc. 
McPherson – Good flow for experienced paddlers.  
Mead, J. – Great surf spot at Surprise Hole. Fun wave train at Double Drop. Moonshot more  

interesting—long, continuous at this flow. Other than named rapids, less concentration  
required, not sure this is necessarily better. More turbid at this flow. Some surf spots  
better, others washed out. 

Mead, R. – Muddier water at this flow level. 
Miller – Some new play spots, but some washout on others. 
Olson – Some play spots starting to wash out, but new ones starting to appear.  
O’Neal – Some of spots are washed out at this level others are present. 
Patterson -- NA 
Pennington – At this level, river seems washed out at rapids and “pooling” between. Most rapids  



seemed much less technical, less water reading required overall. This level would be  
good for tubers. 

Pope – Most of drops and ledges washed out at this level. Best level was Monday afternoon’s. 
Robinson – This one was great fun. 
Rosar – Some spots that were good for playing at Flow #2 were not worth playing at Flow #4  

(wash out or too powerful). Overall, I enjoyed Flow #4 the best of all. 
Smith – NA 
Smith-Lovin – Some good spots to practice bigger water moves, but actually fewer play spots for  

an open boat than Flow 2. Still fine for less experienced people, but it’s a big, fast flush  
for them. Would be a nice, fairly quick run. 

Walls – Water level was too high and the runs were washed out. 
Willenborg, D. – 2nd Hole and Double Drop were washed out. Surfing and Surprise Hole were  

much better. Great level for us. Thanks. 
Willenborg, R. – Tonya’s Rock became a real rapid. Fun practice river for novice/intermediate. 
Williams – Too high for the average boater that uses this river. 
Winholtz – Bigger wares, less technical. 
Wishon – Too fast. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Tuckasegee River Paddling Flow Study 
Dillsboro Section – July 2-3, 2001 

Written Comments - Comparative Evaluation Survey 
(Question Numbers Correspond to those on Comparative Survey Form) 

 
Question 10:   Any other comparative evaluations you would like to make? 
 

 I had fun on each run in the raft. I have tandem canoed Chattooga and Nantahala River with 
an expert boater. As you know it is a different ride than a raft, more challenging/exciting, and 
each river noted above in rafts, the raft rides were guided. I enjoy the more challenging ride 
and of course feel safe with a guide since they know how to “read the river”. From 
conversation with individuals in the study group, the Dillsboro Section would be a good 
section for a beginning boater to learn. I don’t see the Dillsboro Section becoming Nantahala 
River in popularity. But would probably be safe and fun ride with Mom/Dad and the kids 
without a guide. My concern would be someone getting stuck/hung on a rock and getting out 
of the boat to dislodge it and getting hurt, stuck themselves.  

 Some of the questions would not make a passing grade in survey research 101. 
 Really enjoy this river for practicing skills. 
 I still think this is an excellent teaching drill and practice river because of the easy recoveries, 

and non-threatening for small kids. Water temp is better for little kids too.  
 Please add up boats on the river. Big issue on the Nantahala! 
 I am glad to know about the Tuckasegee. 
 River needs more public access from Dillsboro to Ela.  
 None. 
 NO FEES for parking or using the river. Free access to all rivers! 
 All releases but the heaviest were LOW, but OK for those that use this river. 
 This section of the Tuck is a great alternative to other rivers in the region—and it’s not as 

crowded! Also, the river provides good opportunity for teaching beginners and novices.  
 This is one of the best training rivers for beginners in Western NC/SE—used by clubs from 

Atlanta, for example.  
 Need a public access at Tuck take-out. It is very nice of the outfitter to let the public use his 

business as a take-out. 
 31 Participants had no response. 

 
Comments on Other Pages of the Comparative Survey 
 Overall, I believe this survey form is deficient in clarity, which will produce less accurate 

results.  Also – discussions after rides are not focus groups.  To use this term is to be 
misleading. 

 A beginner ‘s or novice’s perception of “having a good time” is more important than 
particular river /water characteristics.  A person of this kind will not have much – or any – 
prior experience to compare with their Tuck Float.  What may be old hat and boring to a more 
experienced boater may be as thrilling as they can stand to a beginner or novice.  Also, a raft, 
for example, with a guide, can have greater satisfaction with poorer water quality, all other 
factors remaining equal. 

 With regard to Question 3 – Not having the table in chronological order may create skewed 
results. 

 With regard to Question 5 – when asked for an estimation of optimal flow – “none I can think 
of”; when asked to estimate highest safe flow – “don’t know – maybe short of flood” 

 With regard to Question 6 – It isn’t important to provide a variety of flow levels – skill levels 
above beginner novice boaters have other nearby options. 

 With regard to Question 7 – Would you recommend standard trip and/or high challenge trip to 
others?  Response would depend on my perception of the skill of the others.  Generally I send 
people to Nantahala (for a high challenge trip). 

 Question 7 -  No, not for intermediate kayakers  
 With regard to Question 8 – Makes no sense (to compare Dillsboro to other rivers) unless the  

skill level is specified.  I even heard others asking each other what this meant. 



 Question 8 – Comparing to rivers of my skill level (rated all 1’s) 
 Question 8 – Haven’t been on many rivers – nothing for me to compare to except Lower 

Pigeon 
 Question 8 – This scale is inappropriate since this river is better suited for novice level 

boaters.  They are sure to drive regardless. 
 Question 8 – At what flow?  600… 
 Question 9 – only rated Lower Pigeon 
 Question 9 – I hate comparative evaluations 

 
 
 

 



 
 

Appendix D 
Dillsboro Flow Study 

Acknowledgement and Assumption of Risk Forms 
Dillsboro and Whittier 

(Dillsboro and Whittier Forms are the same) 

West Fork By-Pass 
East Fork By-Pass (Bonas Defeat) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 

Acknowledgement and Assumption of Risk 
And 

Release of Liability 
 

 As a prudent person who has decided to participate in this recreation flow study on the Dillsboro 
and/or Whittier sections of the Tuckasegee River I understand that this whitewater trip will expose me to 
numerous known and unknown risks which could result in personal injury, illness, death or damage to 
myself or my property.  A very few of the many risk factors include: 

- Travel in a canoe, kayak or inflatable craft, in rough water conditions 
- Swimming/floating in unfamiliar and sometimes turbulent water 
- The forces of nature including lightning 
- Paddling on 4 different water flows during this study 
- The physical exertion required to paddle the Tuckasegee River at 4 flows over 2 days and/or 

paddle a second section in the evening of each day 
 

My participation in these trips is voluntary and I participate in spite of these named and other 
unnamed risks.  I accept and assume all responsibility for and risk of personal injury, illness, death or 
damage to myself and my property arising from this trip. 

 
In consideration that Duke Power has provided the water for these paddle trips I voluntarily 

release and forever discharge Duke Energy, Inc., American Whitewater and their officers, agents, and 
employees from any and all liability or claim for any injury, illness, or death, or damage to myself or 
property arising out of my participation in this trip. 

 
I fully recognize that if injury, illness, death or damage occurs to me while participating in this trip 

that I will have no right to make a claim or file a lawsuit against Duke Energy or its officers, agents or 
employees, even if any of them negligently cause my injury, illness, death, or damage. 

 
I also grant Duke Energy and American Whitewater the right to use any photographs or videos 

taken of me during this trip for documentation and purposes related to studies for the hydropower 
relicensing of the Thorpe and Tuckasegee power plants. 
 
______________________________________________________________________ 

Signature of Participant                        Printed Name                                  Date 
 
If participant is under 18 years old, please fill out the following: 
 
 
Parent or Guardian Signature 
 
Participant’s Age_______ 
 
 

 
 
 
 
 
 



 
 
 
 
 
 

Acknowledgement and Assumption of Risk 
And 

Release of Liability 
 

 As an expert paddler with experience paddling rivers with big drops, unknown rapids, and 
multiple hazards I understand and accept that this trip on the West Fork of the Tuckasegee River will 
expose me to numerous known and unknown risks which could result in personal injury, illness, death or 
damage to myself or my property.  In addition to the usual hazards of whitewater some of the specific 
known factors creating risk on this section include: 

• This section of the river is not run often and water is seldom released from the spillway.  This 
results in trees and vegetation in the river, some vertical and some horizontal that must be avoided. 

• There will be floating debris of all sizes in the river bed. 
• The releases of approximately 250 to 400 cfs will present unknown navigability problems and 

there may be places the channel is not navigable. 
• Several water falls or other large drops. 
 

My participation in this trip is voluntary and I participate in spite of these named and other 
unnamed risks.  I accept and assume all responsibility for and risk of personal injury, illness, death or 
damage to myself and my property arising from this trip. 

 
In consideration that Duke Power has provided the water for this paddle trip I voluntarily release 

and forever discharge Duke Energy, Inc., American Whitewater and their officers, agents, and employees 
from any and all liability or claims for any injury, illness, or death, or damage to myself or property arising 
out of my participation in this trip. 

 
I fully recognize that if injury, illness, death or damage occurs to me while participating in this trip 

that I will have no right to make a claim or file a lawsuit against Duke Energy or its officers, agents or 
employees, even if any of them negligently cause my injury, illness, death, or damage. 

  
 I also grant Duke Energy and American Whitewater the right to use any 
photographs or videos taken of me during this trip for documentation and purposes 
related to studies for the hydropower relicensing of the Thorpe and Tuckasegee power 
plants. 
 
 
Signature    Printed Name     Date                                           

 
 
 
 
 
 
 
 
 
 
 
 
 



East Fork Tuckasegee River Bonas Defeat Section  
Bypass Recreational Flow Study Visual Assessment 

Acknowledgement and Assumption of Risk 
And Release of Liability 

 
 As an expert paddler with experience walking in steep river channels with big drops, unknown 
rapids, large and small boulder sieves, and multiple hazards, I understand and accept that participating in 
this whitewater recreational flow study visual assessment in the Bonas Defeat Section will expose me to 
numerous known and unknown risks which could result in personal injury, illness, death or damage to 
myself or my property.  In addition to the usual hazards of walking in this steep congested river channel 
there will also be three or more releases of water from the Tennessee Dam which will have unknown 
impact on water levels in the river channel where I will be walking and observing these flows.  I understand 
this section is steep and technically difficult to walk in when dry and that I will be in the channel when it is 
wet which poses a greater probability of falls onto rocks or into extremely dangerous whitewater rapids and 
requires me to have expert skills in navigating this type of terrain. 

 
My participation in this flow study is voluntary and I participate in spite of these named and other 

unnamed risks.  I accept and assume all responsibility for and risk of personal injury, illness, death or 
damage to myself and my property arising from this trip.  I assume all financial responsibility for any 
medical, rescue or other expenses that may be incurred in connection with my participation in this flow 
study.   In addition, it is my responsibility to insure the safety of the equipment I will use and to see that it 
is operated properly, and I accept that Duke Energy Corporation and American Whitewater, and their 
officers, agents, and employees assume no responsibility for the condition of the study site on which the 
study is to be held, or of such equipment, its operation, or safety of the activities involved in this study. 

 
In consideration that Duke Energy Corporation has provided the water and accepted my 

registration for this flow study, I voluntarily release and forever discharge Duke Energy Corporation, 
American Whitewater and their officers, agents, and employees from any and all liability or claims for any 
injury, illness, or death, or damage to myself or property arising out of my participation in this trip even if 
such injury, illness, death, or damage is caused by the negligence of Duke Energy Corporation or American 
Whitewater and further agree to pay, protect, indemnify, hold harmless and save Duke Energy Corporation, 
and American Whitewater and their officers, agents, and employees against all liabilities, damages, costs, 
expenses, causes of action, suits, demands, judgments and claims of any nature whatsoever arising from, by 
reason of, or in connection with any injury or death of persons or damage to property arising from, by 
reason of or in connection with my participation in this flow study.. 

 
I fully recognize that if injury, illness, death or damage occurs to me while participating in this 

flow study that I will have no right to make a claim or file a lawsuit against Duke Energy Corporation or 
American Whitewater or their officers, agents or employees, even if any of them negligently cause my 
injury, illness, death, or damage.  This Release shall be binding upon me, my heirs, executors and 
administrators.  I agree that if any portion is held invalid, the remainder will continue in full legal force and 
effort. 

  
 I also grant Duke Energy Corporation and American Whitewater the right to use any photographs 
or videos taken of me during this whitewater flow study visual assessment for documentation and purposes 
related to studies for the hydropower relicensing of the East Fork Tuckasegee power plants (FERC Project 
No. 2698). 
 
I have read this document completely and understand its contents. 
 
 
Signature    Printed Name     Date       

 



 
Appendix E 

Dillsboro Study 
International Scale of Whitewater Difficulty 

(Same for all three sections) 



INTERNATIONAL SCALE OF RIVER DIFFICULTY  
STANDARD RATED RAPIDS 

 
This is the American version of a rating system used to compare river difficulty 

throughout the world.  This system is not exact; rivers do not always fit easily into one 
category, and regional or individual interpretations may cause misunderstandings.  It is 
no substitute for a guidebook or accurate first-hand description of a run. 

Paddlers attempting difficult runs in an unfamiliar area should act cautiously until 
they get a feel for the way the scale is interpreted locally.  River difficulty may change 
each year due to fluctuations in water level, downed trees, recent floods, geological 
disturbances, or bad weather.  Stay alert for unexpected problems! 

As river difficulty increases, the danger to swimming paddlers becomes more 
severe.  As rapids become longer and more continuous, the challenge increases.  There is 
a difference between running an occasional Class IV rapid and dealing with an entire 
river of this category.  Allow an extra margin of safety between skills and river ratings 
when the water is cold or if the river itself is remote and inaccessible. 
 
THE SIX DIFFICULTY CLASSES: 
 
Class I: Easy  Fast moving water with riffles and small waves. Few obstructions, 
all obvious and easily missed with little training. Risk to swimmers is slight; self-rescue 
is easy. 
 
Class II: Novice  Straightforward rapids with wide, clear channels which are evident 
without scouting. Occasional maneuvering may be required, but rocks and medium sized 
waves are easily missed by trained paddlers. Swimmers are seldom injured and group 
assistance, while helpful, is seldom needed. Rapids that are at the upper end of this 
difficulty range are designated “Class II+”. 
 
Class III: Intermediate  Rapids with moderate, irregular waves which may be 
difficult to avoid and which can swamp an open canoe. Complex maneuvers in fast 
current and good boat control in tight passages or around ledges are often required; large 
waves or strainers may be present but are easily avoided. Strong eddies and powerful 
current effects can be found, particularly on large-volume rivers. Scouting is advisable 
for inexperienced parties. Injuries while swimming are rare; self-rescue is usually easy 
but group assistance may be required to avoid long swims. Rapids that are at the lower or 
upper end of this difficulty range are designated “Class III-” or “Class III+” respectively. 
 
Class IV: Advanced  Intense, powerful but predictable rapids requiring precise 
boat handling in turbulent water. Depending on the character of the river, it may feature 
large, unavoidable waves and holes or constricted passages demanding fast maneuvers 
under pressure. A fast, reliable eddy turn may be needed to initiate maneuvers, scout 
rapids, or rest. Rapids may require “must'” moves above dangerous hazards. Scouting 
may be necessary the first time down. Risk of injury to swimmers is moderate to high, 
and water conditions may make self-rescue difficult. Group assistance for rescue is often 
essential but requires practiced skills. A strong Eskimo roll is highly recommended. 



Rapids that are at the upper end of this difficulty range are designated “Class IV-” or 
“Class IV+” respectively. 
 
Class V: Expert.  Extremely long, obstructed, or very violent rapids which 
expose a paddler to added risk.  Drops may contain large, unavoidable waves and holes 
or steep, congested chutes with complex, demanding routes. Rapids may continue for 
long distances between pools, demanding a high level of fitness. What eddies exist may 
be small, turbulent, or difficult to reach. At the high end of the scale, several of these 
factors may be combined. Scouting is recommended but may be difficult. Swims are 
dangerous, and rescue is often difficult even for experts. A very reliable Eskimo roll, 
proper equipment, extensive experience, and practiced rescue skills are essential. Because 
of the large range of difficulty that exists beyond class IV, Class 5 is an open ended, 
multiple level scale designated by Class 5.0, 5.1, 5.2, etc.  Each of these levels is an order 
of magnitude more difficult than the last. Example: Increasing difficulty from class 5.0 to 
class 5.1 is a similar order of magnitude as increasing from class IV to Class 5.0.  
 
Class VI: Extreme and Exploratory  These runs have almost never been 
attempted and often exemplify the extremes of difficulty, unpredictability and danger. 
The consequences of errors are very severe and rescue may be impossible. For teams  
of experts only, at favorable water levels, after close personal inspection and taking all 
precautions. After a Class VI rapids has been run many times, its rating may be changed 
to an appropriate Class 5.x rating. 
 



 
 

Appendix F 
Dillsboro Flow Study 
Whittier Flow Study 

West Fork By-Pass Study 
East Fork By-Pass (Bonas Defeat) Study 

Study Schedule and Participant Information 
(includes information for both studies) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

June 24, 2000 
 
Dear Tuckasegee River Recreation Study Participant: 
 
Thank you for your interest in, and willingness to volunteer for, the Tuckasegee River Recreation Study.  
This letter serves as an official invitation and orientation to the study.  It provides very important 
information about the study and your participation.  Please read it carefully. 
 
Purpose of the Study 
The purpose of the Tuckasegee River Recreation Study is to collect information on how various flows in 
the Tuckasegee River may affect recreation opportunities and the quality of those opportunities for 
whitewater boating.  The study will focus on the 4.5 mile Dillsboro Section (Dillsboro to Barker’s Creek) 
below the Dillsboro Dam.  We will also evaluate the Whittier Section in a less detailed way.  You can 
choose to do either the Dillsboro or the Whittier study or both.  This study is one of many studies being 
undertaken by Duke Power as part of the relicensing of their eleven hydropower facilities on the 
Tuckasegee, Nantahala, Hiwassee and Little Tennessee Rivers.  Duke Power is conducting the study in 
collaboration with study team members from American Whitewater, Western Carolina University, 
Tuckasegee Outfitters Association, various state and federal agencies, and others.  And, most importantly – 
YOU. 
 
Schedule and Commitment 
The dates for the Tuckasegee River Recreation Study are July 2 and 3.  The study methodology requires a 
commitment from you for two full days.  It is necessary that you commit to both days in order to 
participate in the study.   
 
The study will begin at 8 AM on July 2, with a mandatory orientation and safety meeting at Tuckasegee 
River Outfitters located about 2 miles west (towards Bryson City) of the intersection of highways 74 and 
441.  There will be different flow releases on both days.  Participants will be required to sign a liability 
waiver. 
  
The boating schedule will be as follows: 
 
 July 2:   8 AM – Orientation to Study 

9 AM - First evaluation run - Dillsboro 
12 Noon – Lunch (provided) 
2 PM – Second evaluation run - Dillsboro 
6 PM – First evaluation run - meet at Whittier Post Office 

July 3:  8 AM – Orientation 
  9 AM – Third evaluation run - Dillsboro 
  12 Noon – Lunch (provided) 
  2PM – Fourth evaluation run - Dillsboro 
  6PM – Second evaluation run – meet at Whittier Post Office 
PLEASE NOTE: The Dillsboro study requires all participants boat the river twice each day for 
two days.  The Whittier study requires participants boat the river once each day for two days.  The 
Dillsboro Section is almost 5 miles long and the Whittier Section is 3 miles long.  Both sections 
are from class I – II, with some II+.  You can participate in either or both of these studies but you 
must fully participate in whatever you choose.  Please make sure you are willing and able to 
commit to this much paddling.  If you have any reservations about your ability to do two trips in 
one day, please do not commit to the study. 
 



Study Plan and Logistics 
The Tuckasegee River Recreation Study will involve paddling on sections of the 
Tuckasegee River at several different, pre-arranged flow levels.  As a participant, after 
each flow level, you will be asked to evaluate specific characteristics of the river, as well 
as the quality of your experience using a standard survey questionnaire.  At the end of the 
two-day evaluation period, after you have experienced several different flows, you will 
also be asked to complete a second survey questionnaire that compares the different flow 
levels. The intent of the study is to collect objective information about various aspects of 
the flows being tested, so it is important that your responses to the survey questions be as 
objective as possible. 
 
The Dillsboro study begins each day promptly at 8 AM with an orientation and safety meeting at 
Tuckasegee Outfitters.  Paddlers should be ready for paddling at this time.  The orientation will consist of a 
detailed review of the questionnaires, a safety review, and the detailed logistics for each day.  These 
meetings will be mandatory for all study participants.  The orientation meeting for the Whittier Study 
will begin at 6PM at the Whittier Post Office.  To get there take the Whittier exit off US 74 about 13 
miles west of Dillsboro.   Post Office is within 200 yards of exit.  There will be rafts, inflatable kayaks, 
kayaks and canoes utilized in the study.  Tuckasegee Outfitters will provide rafts and inflatable kayaks.  All 
shuttle logistics will be arranged and provided for as part of the study. 
 
RSVP 
If you would like to participate in the study, and can commit to the study dates and plans, please RSVP by 
June 28th by calling Bunny Johns at 828 488 8539 or by email at bunnyjohns@yahoo.com.  Please 
indicate which craft you will paddle and whether you will participate in the Dillsboro study, the 
Whittier study, or both. 
 
If you have any questions about the study or need further clarification, please do not hesitate to contact 
Bunny Johns or John Gangemi at (406) 837-3155.  
 
We appreciate your participation in this important study. 
 
Sincerely, 
 
 
Chuck Borawa   John Gangemi   Bunny Johns 
Duke Study Lead   Conservation Director  Field Study Coordinator 
    American Whitewater 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



June 26,2991 
 

To: Kevin Colburn, Leland Davis, James Jackson, Ken 
Kastorff, Trip Kinney, John 

       Miller, Danny Mongo, Shane Williams; Ian Bondi (Still Photographer) 
Re: West Fork Tuckasegee Flow Study on June 29, 2001 
 
Thank you for being willing to participate in this study.  I would like to ask: 

• Everyone to bring a rope and any other rescue gear you normally carry.   
• Trip Kinney to bring a first aid kit.  I will also have a small one. 
• Leland Davis to document the trip on video; John Miller to be the back-up 
• James Jackson to provide a large pickup truck for the shuttle for the second run. 
• Directions to Put-In: From Sylva, take Highway 107 past Cullowhee and Western 

Carolina University and towards Cashiers.  You’ll pass a dam with a very small lake (on 
the right) and a powerhouse (on the left).  After a 290 degree bend in road (at entrance 
to Cullowhee Forest Development) look for Shoal Creek Road (next road on right; there 
is a sign).  Go 0.9 miles and look for a pull off.  There is a trail down hill that leads to the 
trail to the river.  About 20 miles from Sylva to Shoal Creek Road. 

 
Logistics: 

• We should be at the trailhead at 7:00AM.  This will give us tine to discuss safety and trip 
logistics as well as watch the water come over High Falls at around 8:30AM.  From the 
road we carry down about 300 yards, leave the boats, and walk to High Falls (about 0.6 
mile). It’s another 300 yards to the river.  Water should be at the put in site by about 
9AM. 

• Attached is the study plan, which contains a brief description of the study area for those 
who need some night time reading. 

• After the first run we’ll decide about the second flow so that can be communicated to 
staff opening the gates.  We’ll also fill out the evaluation form for the first flow and 
discuss the flow.  Lunch is provided 

• The second flow is scheduled to start at 2PM; at put in by about 3PM.   
• After second flow, fill out evaluations and discuss the flows, possibly over dinner if 

everyone can stay around for that. 
 
If you have questions or comments email (bunnyjohns@yahoo.com) or call (828 488 8539) me.  
Thanks again,  Bunny Johns 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



East Fork Tuckasegee (Bona’s Defeat Section) Paddling Study  
Operating Procedure for Visual Assessment 

DRAFT 
 
Study description:  
 
This study will assess whether paddling opportunities are present on the 1.5-mile Bona’s Defeat Section of 
the East Fork of the Tuckasegee River.  This will be done via a visual assessment of three flow levels 
utilizing a small group of whitewater boaters who will observe (but not paddle) the three flows.  These 
observations will be used to evaluate whether a flow study utilizing paddlers is needed in this river section.  
The proposed flow levels are 150 cfs, 200 cfs, and 250 cfs. 
 
Pairs of observers will be positioned in the Gorge at six to seven vantage points.  Video will be taken at 
several of the locations.  Please bring video cameras or still cameras if you have one.  All observers will 
meet afterwards to discuss each location, view video footage, and discuss whether subsequent studies are 
necessary.  We will have a TV and video player.  Please bring any specific hook ups needed for your 
system. 
 
July 9, 2002 – Schedule for Visual Observation 
 
  9:00 AM – Meet at Duke gate entrance to site.  Kevin and Bunny will work to consolidate cars prior to  

arriving there.  This is necessary due to restricted access at the site.  There will be 
an orientation and safety briefing prior to moving to sites in the gorge.  Simple 
lunch stuff will be available for you to take into the gorge – apples, granola bars, 
nuts, etc.  Please bring water as it can be very hot in the gorge.  Directions to the 
site are provided below.  Once on the site we must leave the road passable for 
Duke Maintenance trucks. 

10:00 AM – Begin placing observers in the Gorge 
11:30 AM – Start first flow – 150 cfs 
  1:00 PM – Start second flow – 200 cfs 
  2:30 PM – Start third flow – 250 cfs 
  4:00 PM – Start walking out of Gorge when water level has decreased significantly 
  5:00 PM – Debrief and dinner for those who can stay. 
       All flows will end as soon as cfs measurements are completed with no less than 45 minutes observation 
time.   
 
This schedule is tentative but it will be a long day in any case.  Please come prepared to stay at your 
observation point for at least 5 hours.  Some of the observation points will allow only minimal movement 
once the flows arrive.  We will have radios at some sites that can communicate with the powerhouse and 
others that will allow communication with those observation points in close proximity to each other but not 
with the powerhouse. 
 
Starting when all observers are at their observation locations (approximately 11:30AM), there will be 150 
cfs (approximately) release.  After the flow has been measured and all stations have reported in, the second 
flow will start (approximately 1:00 PM) and the same with the third flow.  We will not start a flow if any 
observer is uncomfortable with his/her safety situation with regard to the upcoming flow.  After the third 
flow observers must wait until the flow is significantly decreased before walking out of the gorge.  Travel 
times for the second and third flows may be much reduced so the start of those flows may be earlier than 
shown in the schedule. 
   
We would like all observers to wear PFD’s when there is water in the gorge and to have ropes and other 
simple rescue gear available.  Observers will be walking on wet rocks so use appropriate shoes.  Small 
waterproof bags that are easy to carry will also be helpful. 
 



Directions to Entrance Gate Site: From  Highway 74 in Sylva, take the Cullowhee Exit (Hwy 107).  Drive 
past Western Carolina University and continue south on Hwy 107.  Approximately 13 miles from the 
intersection with Hwy 74 and approximately 3 miles from East LaPorte, turn left on Highway 281.  Drive 
about 11-12 miles to Wolf Lake.  The road will go over the dam at Wolf Lake.  About a mile from the dam 
is a road that leads to the gate.  As you drive from the dam you will see an RV Park on the left and then at 
the top of the hill a wood house on a small hill on the right.  Just past the house is a road – turn right and go 
past the house.  Turn left onto road to gate.  Do not block any roads or driveways.  
 
Thank you for your contribution of time and energy.  If you have questions please contact Bunny Johns or 
Kevin Colburn. 
 Bunny – 828 488 8539 or bunnyjohns@yahoo.com 
 Kevin – 828 252 6482 or Kevin@amwhitewater.org 
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Recreational Paddling Instream Flow Study 
Description of Four-Phase Approach for By-Pass Sections 

West Fork By-Pass Section – FERC #2686 
East Fork By-Pass Section – Bonas Defeat Section – FERC # 2698 

 
Overview 
 
This document describes the four-phase process used to assess whitewater boating opportunities in the By-
Pass Sections of the East and West Fork Projects.  Since 1941 when Glenville Reservoir was built, water 
has spilled into the approximately 6.9-mile By-Pass Section a total of five times.  Since 1955 when the 
Tennessee Creek Reservoir was completed, water has spilled numerous times into the approximately 1.5-
mile By-Pass Section that is called the Bonas Defeat Section.  As a result of the dewatering, the lack of 
access, and (for Bonas Defeat) the extremely steep river channel, conditions have rarely been suitable for 
whitewater recreation in the By-Pass Sections.  Consequently, little information is available regarding the 
feasibility of these sections to provide whitewater recreation or the quality of those recreational 
opportunities. 
 
Because of the lack of definitive information on these potential whitewater resources, Duke has elected to 
use a four-phase approach to investigate the whitewater resources in these sections.  Each phase of the 
study is sequential, building off the results of the previous step.  Progression to successive phases is usually 
undertaken if results from the previous step warrant further investigation.  Phases 2, 3, and 4 require 
releasing test flows. 
 
Key objectives include: 

 Assess and evaluate existence and quality of whitewater resources in the By-Pass Sections 
 Describe current access to the sections 
 Describe and classify key rapids and sections 
 Develop a relationship between flow levels and quality of experience 

 
The Four-Phase Approach includes: 

 Phase 1:  This involves an on-land assessment of the river section including desktop analysis of 
length, gradient, hydrology, access points and notable physical features.  This information is then 
used for a site visit to visually inspect the characteristics of the section and the access points. 

 Phase 2:  This requires an on-water reconnaissance study at a pre-determined flow level to 
determine: 

1. If a whitewater resource exists in the By-Pass section 
2. The quality of the whitewater resource 
3. Based on the results of 1 and 2 determine if further test release are warranted 

The pre-determined test flow in Phase 2 is conservative so that investigators can safely explore the 
resource by foot and/or by boat and make recommendations for further test flow releases should it 
be warranted. 

 Phase 3:  This is an on-water assessment of additional test flows utilizing protocols developed by 
Whittiker, et al (1993).  A designated number of participants (often a small number) paddle one or 
two test flows to determine minimum acceptable and optimum flows as well as participant 
preference information.  If uncertainty exists regarding identification of minimum acceptable and 
optimum flow levels for whitewater recreation then the additional flows of Phase 4 is required. 

 Phase 4:  This involves increasing the study to encompass the additional flows necessary to 
determine minimal acceptable and optimal water volumes for whitewater paddling recreation.  It 
may also involve a larger number of participants in a wider variety of crafts or other factors 
deemed necessary by the study team. 

 
 



 
 
 

Recreational Paddling Instream Flow Study 
Results of Phases 1 and 2 of the Four-Phase Assessment 

West Fork By-Pass Section of the Tuckasegee River – FERC # 2686 
May 9, 2001 

 
Overview 
 
This document describes the results of Phases 1 and 2 from the assessment of the West Fork By-Pass 
Section of the Tuckasegee River (See Description of Four-Phase Approach for By-Pass Sections).  Since 
construction of the Glenville Reservoir in 1941, water has spilled from the reservoir into the 6.9 miles of 
natural river channel between the dam and the Tuckasegee Powerhouse on five occasions prior to this 
study. 
 
Results and Discussion 
 
Phase 1:  Desktop Assessment and Site Visit 
The approximately 6.9-mile section was divided into 5 sections based on potential access points or stream 
characteristics.  These sections are: 

1. 0.6 miles: Glenville Dam to High Falls 
2. 0.6 miles: High Falls to Put-in point below Beaver Dams 
3. 1.7 miles: Put-in point to Cullowhee Forest Bridge 
4. 2.8 miles: Cullowhee Forest Bridge to Thorpe Powerhouse 
5. 1.2 miles: Below Little Lake Glenville Dam to Tuckasegee Powerhouse 

 
The 6.9-mile section was visually inspected, either from the road or by hiking parts of the channel.  This 
inspection was done by Bunny Johns (Duke Consultant), Chuck Borawa (Duke Study Lead for 
Recreational Instream Flow Studies), Shane Williams, and Ken Kastorff (both on the Technical Leadership 
Study Team for Recreational Paddling Instream Flow Studies).   
 
Desktop and visual inspection provided the following descriptions of Sections 1 and 2. 

1. Section 1 from the Glenville Dam to High Falls is about 0.6 miles long and characterized by a 
bedrock channel with several small to moderate slides and drops.  The segment ends at High Falls, 
which has a series of three waterfalls, each 40 to 60 feet high.  A large tree was found to block the 
channel below the upper most falls.  The riverbanks are uniformly steep and a portage around the 
three falls would be arduous at best.   

2. High Falls to a potential Put-in Area below the Beaver Dams is about 0.6 miles with bedrock 
slides for about 0.3-mile below the third drop at High Falls.  Several small beaver dams then 
impound the river and there is considerable vegetation in the channel.  

 
The conclusions from Phase 1 indicated that: 

1. Sections 3, 4, and 5 had potential for whitewater recreation and warranted further study, 
particularly Sections 3 and 4, which appeared particularly suitable for whitewater recreation.  A 
substantial number of trees blocked the river channel in these sections and potentially provided 
significant hazards to boaters. 

2. It was determined that Sections 1 and 2 did not warrant further study due in part of the 
encroachment of vegetation into the river channel, the series of beaver dams obstructing 
downstream navigation, and the difficulty of portaging around three significant waterfalls 
surrounded by steep banks. 

 
Phase 2:  Reconnaissance Trip 
From the conclusions from Phase 1 and the possibility of trees and significant floating debris in the river 
channel, a reconnaissance trip was planned for May 9, 2001.  Six boaters paddled Sections 3, 4, and 5 at a 



targeted flow level of 100 cfs.  The actual cfs turned out to be about 63 cfs.  Video photography was taken 
by one of the paddlers and still photos were taken from on land.  This reconnaissance trip provided the 
opportunity to further evaluate the whitewater resources in Sections 3, 4, and 5. 
 

1. Section 3.  The put-in is about 1.2 miles below the Glenville Dam.  The put-in is on private land 
and is accessed by a trail approximately 400 yards long from Shoal Creek Road, which is about 1 
mile from Highway 107.  Randy Bennett who is developing the land and marketing the area for its 
aesthetic and fishing appeal owns the land.  He has opened up an old roadbed to the river (which 
we used to put-in) and is developing trails along the river downstream from where we put in. This 
section is about 1.7 miles long and drops about 240 feet or 141 feet per mile.  The first 200 yards 
is very exciting with 3 or 4 bedrock ledges and slides culminating in a forty foot water fall which 
is a double drop on the right and a steep slide on the left.  Three paddlers went over the left slide 
and three walked this one.  Several paddlers speculated that the right side could be run with more 
water.  The left side had just enough water to allow a bumpy entrance at the top.   From here to 
just above the Cullowhee Forest Bridge the riverbed contained boulders and several trees.  The 
paddlers thought this section was class III+.  At 63 cfs the water level was well below the deck of 
house number two which is the closest man-made object near the river.  Ian (still photos) talked 
with the owners of house number one (currently under construction) who expressed dismay that 
there might be releases and paddlers in the river. There is another bedrock slide of about 30 feet 
just above the bridge to Cullowhee Forest.  All the paddlers ran this slide.  The take-out was at the 
Cullowhee Forest Bridge that is also private property.  Both the put-in and the take-out have 
limited parking in the form of pull-offs on one-lane dirt roads. 

2. Section 4.  This section runs from the Cullowhee Forest Bridge to Thorpe Power Plant/Little Lake 
Glenville.  It is about 2.8 miles long and drops about 240 feet or about 86 feet per mile.  The 
bedrock slides continue for about 0.3-mile past the Cullowhee Forest Bridge and then the river 
enters a much narrower bedrock gorge for about 0.75-mile (estimated at Class IV difficulty).  The 
remainder of the run is more open with boulder and generally smaller ledges and is probably class 
II+ to III-.  The put-in is on private property as noted above.  The take-out is acroos the road from 
the Thorpe Powerhouse either at the small wooden bridge directly across from the Powerhouse of 
the firt pull-off at the head of Little Lake Glenville.  It is about 0.5-mile from the bridge to the 
Dam on Little Lake Glenville. 

3. Section 5.  This section is 1.2 miles long with the put-in at the base of the dam at Little Lake 
Glenville and the take-out at the Tuckasegee Powerhouse.  The trail to the river below the dam is 
steep and dissolves into a sea of poison ivy.  The river channel has a lot of vegetation in the river 
and logs across the river.  The gradient is minimal and was rated as Class I+ by the group.  The 
take-out is easy and there is adequate and there is parking at the Tuckasegee Powerhouse.  
Sections of the Main Stem of the Tuckasegee River are easier to access and are comparable in 
whitewater features.   

4. In general, the water was quite silty but there was not much debris floating in the water.  There 
were about 12 major trees across the river which had to be avoided as well as several smaller trees.    
Often the only paddling route went through dense over hanging branches but that might be 
alleviated with more water, as the boatable channel would probably be wider.  The major tree fall 
below the upper most falls at High Falls did not move from the 63 cfs release though leaves 
washed onto the trees/tree limbs to a height of about 1.5 to 2 feet in this constricted area but 
nothing major moved downstream.  The bedrock just above the lip of the second major falls was 
scoured clean where there had been some vegetation prior to the release.  All three sections are 
bordered by private property on both sides of the river throughout its length with potential access 
issues both from ownership patterns and parking/other facilities. 

 
The conclusions from Phase 2 indicated that: 

1. Sections 3 and 4 contain whitewater opportunities worthy of further study utilizing protocols 
outlined in Phase 3.  The 63 cfs release was below a minimum acceptable flow level in these two 
sections. 

2. Section 5 was eliminated from further study due in part to the difficult access below the dam, lack 
of whitewater opportunities, similarity to other sections of the mainstem Tuckasegee River and 
obstructions in the river channel. 



Recreational Paddling Instream Flow Study 
Results of Phases 1 and 2 of the Four-Phase Assessment 

East Fork By-Pass Section (Bonas Defeat) of the Tuckasegee River – FERC # 2698 
July 9, 2002 

 
Overview 
 
This document describes the results of Phases 1 and 2 from the assessment of the East Fork By-Pass 
Section (Bonas defeat) of the Tuckasegee River (See Description of Four-Phase Approach for By-Pass 
Sections in Appendix H).   
 
Results and Discussion 
 
Phase 1:  Desktop Assessment and Site Visit 
Access to this site is possible through Duke property by paddling across Tennessee (also called Tanassee) 
Lake with a portage in the area of the dam to the put-in either at or below the Spillway Slide.  The take-out 
can be accessed by paddling across Bear Lake to a North Carolina Wildlife Resources Commission public 
access area. 
  
The approximately 1.5-mile section was divided into 3 sections based on gradient.  These sections are: 

1. Section 1 - First 0.5 miles below the dam – about 100 feet of elevation change 
2. Section 2 - Middle 0.5 miles – about 200+ feet of elevation change 
3. Section 3 - Last 0.5 miles – about 90 feet of elevation change 

The 1.5-mile section was visually inspected by hiking the channel.  This was done by Bunny Johns (Duke 
Consultant) and Kevin Colburn (American Whitewater).  Shane Williams and Ken Kastorff (both on the 
Technical Leadership Study Team for Recreational Paddling Instream Flow Studies) hiked the channel one 
or more times.  In addition, most members of the visual inspection team had been in the river channel prior 
to the visual observation with released flows.  All sections were characterized by a bedrock channel varying 
in width from about 20 feet to over a hundred feet in several areas with significant obstructions, rock and 
log sieves, large potholes, and large boulders in the channel.  In July there is about 3-5 cfs in the river 
channel contributed form dam leakage and two small creeks - Slickens Creek, and Doe Creek. 
 
Desktop and visual inspection provided the following descriptions of the sections: 

1. Section 1 includes the spillway, which is a Class V very steep runnable bedrock slide 
approximately 100 yards long.  Around the corner from the spillway is a section with vertical 
walls and a narrow channel area.  This section was evaluated to potentially have Class III+ rapids 
but with some concern about hazards in the area. 

2. Section 2 starts at the Bonas Wall and ends below “The Crack”, an area where the river enters a 
very narrow crack, which also has undercut areas.  With 200+ feet of elevation change, numerous 
boulder and wood sieves, undercut rocks, large potholes and other whitewater obstacles, this area 
was determined to be the most crucial for visual observations with water in the channel. 

3. Section 3 starts below The Crack and has a couple of drops before entering a section with greater 
channel width, smaller boulders in the channel and generally much less gradient.  The section ends 
at the confluence with Wolf Creek. 

 
The conclusions from Phase 1 indicated that there were potential paddling opportunities for extremely 
skilled paddlers (teams of experts).  Because of the potential hazards in all sections (particularly Section 2), 
a visual inspection of flows by paddlers experienced in running Class V water was indicated. 
 
Phase 2:  Visual Inspection 
On July 9, 2002, fifteen observers were distributed primarily in Section 2 with one observer in Section 1 
and a flow measurement team in Section 3.  Radio contact between the dam and primary observation points 
in the gorge was maintained during the study.  All observers walked into the gorge prior to the first release 
of water and remained there until the flow subsided substantially after the last flow.  Still cameras and 
video cameras were used to record the major areas of interest: 



1. The Spillway Slide 
2. The steep walled area around the corner from the Spillway Slide 
3. Bonas Wall Waterfall area 
4. The Middle Section with observers at several locations 
5. The Pothole/Slide Rapid 
6. The Crack 
 

The targeted flows were 150 cfs, 200 cfs, and 250 cfs.  The first flow was around 170 cfs, the second flow 
was about 190 cfs, and the third flow was around 325 cfs.  All flows initially carried a small amount of 
sediment but quickly cleared up.  The targeted flow of 250 cfs was increased after consultation with 
observers in the gorge.  A debrief was held with all observers in the evening with opportunity for 
discussion and observation of videos and digital camera images of many of the critical areas.  Major points 
from the debrief include: 

1. Section 1.  Section 1 at the Spillway Slide could probably be run at Flows 1 and 2.  Flow 3 
appeared more problematic due to the force of the water as it hit the rock ledges and a large rock 
flake on river left at the bottom where most of the water ended up.  The area around the corner 
was runnable at all three levels with the increased water generally smoothing out the run.  There 
were no other observations in this section.  Still photos are available from this section. 

2. Section 2.   
a. The Bonas Wall Waterfall appeared to have different lines at the different flows.  Flow 3 

opened up more of the rapid to be run but with significant consequences for missing the 
line.  This rapid was described as Class V+ and “runnable on the right day”.  Both still 
and digital photos were taken at this rapid.  This rapid could be portaged if necessary. 

b. The next corner downstream from the Bonas Wall contained two runnable Class V 
rapids.  The observer described a “must make” move which was most doable at Flow 3 
but again with serious consequences.  There are no photos available from this site.  These 
rapids could be portaged if necessary. 

c. About 100 yards or so further downstream.  Observers described one drop that might 
have to be portaged but described ways to run the rest of the drops in the area but again 
with potentially serious consequences for a swim or missed line.  This area was described 
as a complex series of Class V+ drops. This section could be portaged in its entirety or in 
pieces if necessary.  Photos are available for this area. 

d. The Pothole Slide.  Observers here indicated this rapid could be run at all the flows along 
the left side of the rapid with the judicious trimming of a few rhododendron bushes.  This 
rapid was described as Class V.  Photos are available for this area.  This rapid could 
easily portaged if necessary. 

e. The Crack.  Observers here indicated that the final part of this rapid could not be run at 
any water level observed making the entire rapid unrunnable.  It appeared that higher 
water levels would not make this rapid runnable.  This rapid could be portaged if 
necessary.  The area below the Crack appeared to have several significant but runnable 
drops.  Photos are available for this area. 

3. Section 3.  The area below the “Danger Water Can Rise” sign appears to be in the class II-III 
range with the bedrock channel including some small rock boulder gardens. 

 
Conclusions from Phase 2 
Generally, a flow of around 325 cfs is needed to open up the majority of the lines in the rapids.  Lower 
flows do not cover up many of the dangerous features of the riverbed, and higher flows would create 
dangerously large hydraulics. Section 2 is generally Class V+.  Section 1 is primarily Class III+ after the 
Class 5 Spillway slide.  Section 2 is generally Class V+ and Section 3 is generally Class III+.  As 
anticipated, Bonas Defeat Gorge is a dangerous and challenging whitewater run.  However, several 
members of the study team wanted the opportunity to paddle the gorge and thought other high caliber 
boaters would also want such an opportunity. 
 
This section should only be paddled by small teams of experts using all precautions.  The sections are 
relatively short but stopping before the most difficult areas might be extremely difficult for all but the most 
experienced paddlers. 



 
Due to the conclusive results of this study, the pressing schedule of the relicensing process, and the 
logistical requirements of a flow study in Bonas Defeat Gorge, a paddling flow study with boats will not be 
done.  Other ways for paddlers who wish to experience this section will be explored. 
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Tuckasegee River Paddling Flow Study 
Whittier Section – July 2-3, 2001 

Written Comments – Single Flow Evaluations 
(Question numbers correspond to those on single flow survey) 

 
Question 9: Using place names, please identify particularly challenging rapids or sections and rate 
their difficulty at this flow (using the International Whitewater Scale). 
 Flow 1: Monday PM – 813 cfs 
 Beazley – NA 
 Borawa – Overlook Ledge (III) 
 Brueckner – Overlook Ledge (III-) 
 Colburn – NA 
 Hughes – Ledges 1 (I), Big Ledge (II), Overlook (II+) 
 Jackson, E. – Dick’s (III) 
 Jackson, J. – Dick’s Creek (II-III) 
 Johns – Overlook Rapid (III) just upstream of Oconoluftee confluence. 
 Keller – 1st Rapid (II) halfway; 2nd Rapid (III) I mile downstream of 1st Rapid. 
 Kelly – Ledges (III) 
 Mead, J. – (II+) by the house, the big one. 
 Mead, R. – The biggest rapid (II+, III) a lot of fun. 
 Olson – (II) ledge 
 Smith, C. – Ledges (III) 
 Smith, M. – Overlook Rapid (III) near house. 
 Walls – Overlook Rapid (III) by house. 
 Williams -- ? 
 
 Flow 2: Tuesday PM – 985 cfs 
 Beazley – 1 challenging rapid 
 Borawa – Overlook Fall (II) 
 Brueckner – Overlook Ledge (III) 
 Colburn – NA 
 Dill – Big Drop Overlook (III) 
 Jackson, E. – NA 
 Jackson, J. – House Rapid (III), Dick’s (II) 
 Johns -- NA 
 Kelly – Ledge (II-) 
 Miller – NA 
 Olson – ? (II) big ledge 
 Smith, C. – Ledges (III) 
 Walls – Overlook Rapid (II+) 
 Williams – No problems. 
 
 
Question 11:  Using place names, please identify rapids or sections you chose to portage and rate the 
difficulty of those portages (using your type of craft at this flow level). 
 Flow 1: Monday PM – 813 cfs 
 Beazley – NA 
 Borawa – None 
 Brueckner – None 
 Colburn – NA 
 Hughes – Overlook Rapid (2) 
 Jackson, E. – Dick’s (3) 
 Jackson, J. – Dick’s (3) 
 Johns – NA 
 Keller – Class III rapid at house (30 
 Kelly – NA 
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 Mead, J. – None 
 Mead, R. -- None 
 Olson -- None 
 Smith, C. – None 
 Smith, M. – NA 
 Walls -- NA 
 Williams – NA 
 
 Flow 2: Tuesday PM – 985 cfs 
 Beazley – NA 
 Borawa – None 
 Brueckner – None 
 Colburn – NA 
 Dill -- NA 
 Jackson, E. – NA 
 Jackson, J. -- NA 
 Johns -- NA 
 Kelly – NA 
 Miller -- NA 
 Olson – None 
 Smith, C. – None 
 Walls -- NA 
 Williams – NA 
 
Question 12: Did you have any significant problems during your run (e.g., become pinned, wrapped a 
boat, had to swim, etc.)?  Please provide a brief description and location of any incident. 
 Flow 1: Monday PM – 813 cfs 
 Beazley – Just needs a little more water 
 Borawa – No 
 Brueckner – None 
 Colburn – NA 
 Hughes – Hit rock after 1st ledge, quick pin. 
 Jackson, E. – NA 
 Jackson, J. – None 
 Johns -- NA 
 Keller – Swam, hit a small hole bottom of 1st Rapid at ledges on right. 
 Kelly – NA 
 Mead, J. – None 
 Mead, R. – None 
 Olson -- None 
 Smith, C. – None 
 Smith, M. -- NA 
 Walls -- NA 
 Williams – NA 
 
 Flow 2: Tuesday PM – 985 cfs 
 Beazley – No probs 
 Borawa – No 
 Brueckner – None 
 Colburn – NA 
 Dill – Can’t get in boat at put-in—whoops! 
 Jackson, E. – NA 
 Jackson, J. -- NA 
 Johns -- NA 
 Kelly – NA 
 Miller -- NA 
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 Olson – None 
 Smith, C. -- None 
 Walls – NA 
 Williams -- None 
 
Question 13: Provide any additional comments about this test flow below.  If necessary, please use 
place names to identify specific locations. 
 Flow 1: Monday PM – 813 cfs 
 Beazley – Ok for beginners, a little more water would be nice. 
 Borawa – NA 

Brueckner – Need to improve access at the put-in. Need a gauge in Dillsboro to provide more  
precise level. The Oconaluftee dumps a considerable amount of water into the Tuck just  
above the take-out. The only existing gauge for this section is downstream in Bryson  
City. 

Colburn – Neat run. Good play. Herons. A bit heavier—better. 
Hughes – If the water level was any lower, I wouldn’t run this section. Very rocky!  
Jackson, E. -- NA  
Jackson, J. – Need more water. 
Keller – It was great. I loved it! I had a really good time. Nice run. Good for intermediate kayak  

clinics or for recreational paddling. 
Mead, J. – Good section for practicing/teaching eddy turns. Eddys in ledges were clear and easy to  

use to scout route through ledges. Line at “the big one” fairly easy to find and approach. 
Mead, R. -- None 
Olson -- None 
Smith, C. -- NA 
Smith, M. – This was a really fun section of the river that I had never paddled before. It would be  

wonderful if this could be runnable more often. 
Walls – Good run. Possibly best of the day! Excellent way to end the day. 
Williams – Some really good spots. Some really scrapey stuff. 
 
Flow 2: Tuesday PM – 985 cfs 
Beazley – This is OK for beginners/novices. 

 Borawa – Some rapids washed out. Less hits made trip more enjoyable. 
Brueckner – Need to provide public walking trail around Overlook Ledge for boaters who choose  

to portage. Novices can negotiate most rapids but would need assistance at Overlook  
Ledge. Beginners could be guided through most of the ledges above Overlook.  
Concerned about water quality after passing RV park because of smell and pipes coming  
our of park. 

 Colburn – Need holes for learning to surf. Adequate flow. 
 Dill -- NA 
 Jackson, E. – NA 
 Jackson, J. – NA 
 Johns -- NA 
 Kelly – Straight pipe septic into river is disgusting. 
 Miller – More water = more fun compared to the 7/02 run! 
 Olson – NA 
 Smith, C. -- NA 
 Walls – NA 
 Williams – None 
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Tuckasegee River Paddling flow Study 
Whittier Section – July 2-3, 2001 

Written Comments – Comparative Evaluation Survey 
(Question numbers correspond to those on comparative survey form) 

 
Question 10:  Any other comparative evaluations you would like to make? 

 NA 
 NA 
 NA 
 NA 
 NA 
 NA 
 NA 
 NA 
 I like it! I’ll teach here. Good surfing.  
 NA 
 NA 
 NO FEES to park or paddle river. Free access to all rivers. 
 The water quality is probably very bad. We saw several septic lines coming out of the mobile 

trailer park and into the river—yuk!!!! 
 NA 

 
 



 
 

Appendix J 
West Fork By-Pass Section of Tuckasegee River 

(1) Single Flow Survey 
(2) Comparative Flow Survey 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
SINGLE FLOW EVALUATION FORM 

West Fork Tuckaseegee Whitewater Study, FERC No. 2686 
 
Date of run:             
 
 
Your name: _____________________________________ 
 
 
Flow Release (circle one): Flow 1   Flow 2       Flow 3 
   (5/09/01)  (6/29/01, AM)      (6/29/01, PM) 
 
1) What type of craft did you use for this run (Circle one)? 
 

a. Hard shell kayak 

b. Inflatable kayak 

c. Closed deck canoe 

d. Open canoe with floatation 

 
 
2) What was the flow on this run? 
 

_____ cfs 
 
 

3) Please estimate the time you put-in and completed this run. 
 
Put-in time:  _____  
 
Take-out time:   _____ 
 
 

4) Please evaluate the access. 
 
Access at the put-in  easy  moderate  difficult 
 
Access at the take-out  easy  moderate  difficult 



5) Please evaluate this flow on this run for your craft and skill level for each of the following 
characteristics.  (Circle one number for each item).  

 
      If unacceptable 

was it 
 Totally 

unacceptable 
Unacceptable Neutral Acceptable Totally 

acceptable 
too  
low 

too  
high 

Navigability -2 -1 0 1 2   
Availability of 
challenging technical 
boating 

-2 -1 0 1 2   

Availability of 
powerful hydraulics  

-2 -1 0 1 2   

Availability of 
whitewater  “play 
areas” 

-2 -1 0 1 2   

Overall whitewater 
challenge 

-2 -1 0 1 2   

Safety  -2 -1 0 1 2   
Aesthetics  -2 -1 0 1 2   

Length of run -2 -1 0 1 2   
Number of portages -2 -1 0 1 2   

Overall Rating -2 -1 0 1 2   
 
6) If this test flow were provided periodically, are you likely to return for future boating?  (Circle one). 
 

a.  Definitely no 
b.  Possibly 
c.  Probably 
d.  Definitely yes   

 
7) At this test flow, how would you rate the whitewater difficulty of the river at this flow?  (Use 

the International Whitewater Scale that ranges from Class I to Class VI). 
 

Difficulty: I II III IV V VI 
 



8) At this test flow, what skill level would a paddler need to safely paddle this section? 
 

Novice Intermediate  Advanced   Expert  
 

9) Relative to this flow, would you consider the minimum acceptable flow (defined as the lowest flow 
you would return to boat) to be higher, lower, or about the same as this flow?  (Circle one). 

 
1      2     3     4     5 
much   lower  no change higher   much  
lower        higher 
 

10)  Relative to this flow, would you consider the optimum flow (defined as the ideal flow you would 
return to boat) to be higher, lower, or about the same as this flow?  (Circle one). 

 
1      2     3     4     5 
much   lower  no change higher   much  
lower        higher 
 

 
11)  Using place names, please identify particularly challenging rapids or sections and rate their 

difficulty at this flow (using the International Whitewater Scale). 
 
Location               Rating   Location                         Rating 
 
                                           
 
                                           
 
                                           
 
                                            

 
12)  Please record the number of portages you had on this run.  

 
I had to portage around unrunnable rapids or sections _____ times. 
 

13)  Using place names, please identify rapids or sections you portaged and rate the difficulty of those 
portages (using your type of craft at this flow level).  

 
Location / reason Easy Slightly 

difficult 
Moderately 

difficult 
Extremely 

difficult 
_____________________    1 2 3 4 
_____________________ 1 2 3 4 
_____________________ 1 2 3 4 
_____________________ 1 2 3 4 
_____________________ 1 2 3 4 
_____________________ 1 2 3 4 

 
 
 
 



14)  Did you have any significant problems during your run (e.g., became pinned, wrapped a 
boat, had to swim, etc.)?  Please provide a brief description and location of any incident. 

 
Incident      Location 
____________________________________ _______________ 
____________________________________ _______________ 
____________________________________ _______________ 

 
 
15) Provide any additional comments about this test flow below.  If necessary, please use place 

names to identify specific locations. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
COMPARATIVE FLOW EVALUATION FORM 

West Fork Tuckaseegee Hydropower Project, FERC No. 2686 
Whitewater Recreation Study 

 
 
Today’s Date: _______________  
 
Did you participate in the 5/09/01 test release?   Yes  No 
 
Your name: _____________________________________ 
 
 
1) What type of craft did you use for this run (Circle one)? 
 

a. Hard shell kayak 
b. Inflatable kayak 
c. Closed deck canoe 
d. Open canoe with floatation 

 
 
2) For a high quality trip on the West Fork Tuckasegee River, please rate the importance of the following 
components. 
 
 Not at all 

important 
Slightly 

important 
Moderately 
important 

Very important Extremely 
important 

Navigability  1 2 3 4 5 
Availability of challenging 
technical boating 

1 2 3 4 5 

Availability of powerful 
hydraulics  

1 2 3 4 5 

Availability of whitewater  “play 
areas” 

1 2 3 4 5 

Overall whitewater challenge 1 2 3 4 5 
Safety 1 2 3 4 5 
High quality aesthetics  1 2 3 4 5 
Length of run 1 2 3 4 5 
Few portages 1 2 3 4 5 
Easy put-ins and take-outs 1 2 3 4 5 

 



 
3) Please evaluate the following flows for your craft and skill level.  In making your evaluations, please 
consider all the flow-dependent characteristics that contribute to a high quality trip (e.g., navigability, 
whitewater challenge, safety, availability of surfing or other play areas, aesthetics, and length of run).  (If 
you do not feel comfortable evaluating a flow you have not seen, don’t circle a number for that flow). 
 

Release No Flow (cfs) Totally 
Unacceptable

Unacceptable Neutral    Acceptable Totally 
Acceptable 

Flow 1 
5/09/01 

100 
 

-2 -1 0 1 2 

 150 -2 -1 0 1 2 
 200 -2 -1 0 1 2 
Flow 2 
6/29/01 AM 

250 -2 -1 0 1 2 

 300 -2 -1 0 1 2 
 350 -2 -1 0 1 2 
 400 -2 -1 0 1 2 
 450 -2 -1 0 1 2 
 500 -2 -1 0 1 2 
 600 -2 -1 0 1 2 
 700 -2 -1 0 1 2 
 > 700 cfs 

____specify 
-2 -1 0 1 2 

 
4) Based on the two test flows boated in this study, do you feel comfortable identifying minimum 
acceptable and optimum flows for whitewater recreation? 
  
  Yes   No   Uncertain 
 
5) What additional flows would you recommend testing to aid you in the identification of minimum 
acceptable and optimum flows for this run? (circle two flows or identify two flows not listed) 
 

100 400 700 

150 450 750 

200 500 800 

250 600  

300 650  

 



 
6) Based on your boating trips on the West Fork Tuckasegee River, please specify the flows that provide 
the following types of experiences.  (Note: you can specify flows that you have not seen, but which you 
think would provide the type of experience in question). 
 
  Flow in cfs 
From a recreational perspective what is the minimum acceptable flow for this run? Note 
that the minimum acceptable differs from the minimum flow necessary to navigate.   

  
_____ 

   
From your perspective what is the optimum flow for this run?  _____ 
   
Many people are interested in a “standard” whitewater trip at medium flows.  Think of 
this “standard trip” in your craft.   

  

      What is the best or optimal flow for this type of trip?  _____ 
   
Some people are interested in taking trips at higher flows for increased whitewater 
challenge.  Think of this “high challenge trip” in your craft. 

  

      What is the best or optimal flow for this type of trip?  _____ 
   
What is the highest safe flow for your craft and skill level?  _____ 
   
If Duke Power released only one flow for boating, what flow would you prefer?  _____ 
   
 
7) How important is it to release a variety of flow levels on the West Fork Tuckasegee River?  Please rate 
the importance of providing several different flows for the two reasons below, or check the box. 
 

Providing several different  
flows is necessary to… 

Not at all 
important 

Slightly 
important 

Moderately 
important 

Very 
important 

Extremely 
important 

…provide different types of boating 
experiences.  

1 2 3 4 5 

… provide opportunities for people with 
different skill levels and craft types. 

1 2 3 4 5 

 
Or… ❑  it isn’t important to provide a variety of flow levels. 

 
8) At the optimum flows for standard and high challenge trips would you recommend this section to others? 
 Standard trip   yes  no 
 High challenge Trip  yes  no 
 



9) Compared to other rivers, how would you rate boating opportunities on the West Fork Tuckasegee 
River.  (Circle one number for each; if you are unsure about a comparison, leave that item blank). 
 

 The WF Tuckasegee River is… 
Compared to… Worse than 

average 
   Average  Better than 

average 
    Excellent Among the 

very best 

…other rivers within a 1 hr Drive 1 2 3 4 5 
…other rivers in Western N. Carolina 1 2 3 4 5 
…other rivers in the Southeast 1 2 3 4 5 
…other rivers in the country 1 2 3 4 5 
 
 

 
 
 
 



Single Flow Evaluations for West Fork By-Pass Section - Tuckasegee River Paddling Flow Study - June 29, 2001

Participant Craft (2)
        Flow (1) 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
Colburn K 0 2 -1 2 0 2 0 1 1 2 0 1 -1 2 2 1 -1 1 0 2 3 4 4 4 I I 3 2 4 3 4 0
Davis K 1 2 1 2 -1 2 -1 1 0 2 0 1 1 2 1 2 0 2 1 2 2 4 3 I 4 2 5 3 0 0
Jackson SOT -1 1 0 0 -1 -2 2 2 -1 0 2 A 2 2 1
Johns K 1 1 1 1 1 1 2 2 1 1 3 A 3 4 3
Kastorff K 1 2 0 2 -1 2 1 2 0 2 1 0 1 2 2 2 1 2 1 2 3 4 4 A A 4 2 5 3 0 0
Miller K 0 2 1 2 1 2 0 2 0 2 0 2 1 1 1 2 0 2 0 2 3 4 4 A A 4 2 4 3 4 0
Mongo K 1 1 2 2 -2 1 0 1 0 2 2 2 0 1 0 2 0 1 1 2 3 4 4 A 3 3 4 3 1 1
Williams K 1 2 0 2 0 2 -1 2 0 2 1 2 2 0 2 0 2 -1 2 2 4 4 4 A 4 2 5 3 4 0
              Sum 4 11 5 12 -2 11 0 9 1 12 3 8 6 10 10 11 0 10 3 12 21 24 8 23 27 13 33 18 17 1

         Average 0,5 1,8 0,6 2,0 -0,3 1,8 0,0 1,5 0,1 2,0 0,4 1,3 0,8 1,7 1,3 1,8 0,0 1,7 0,4 2,0 2,6 4,0 4,0 3,8 3,4 2,2 4,1 3,0 2,1 0,2

(1) Flows: 1 = 160 cfs; 2 = 250 cfs
(2) K =Kayak; SOT = Sit On Top
(3) 1 = Definitely No; 2 = Possibly; 3 = Probably; 4 = Definitely Yes
(4) 1 = I; 2 = II; 3 = III; 4 = IV; 5 = V; 6 = VI
(5) B = Beginner; N = Novice; I = Intermediate; A = Advanced; E = Expert
(6) 1 = Much Lower; 2 = Lower; 3 = No Change; 4 = Higher; 5 = Much Higher
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West Fork By-Pass Section 
Recreational Paddling Instream Flow Study 

Written Comments 
(1) Single Flow Survey 

(No written comments on Comparative Flow Survey) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Tuckasegee River Paddling Flow Study 
West Fork By-Pass Section – June 29, 2001 

Written Comments – Single Flow Evaluations 
(Questions correspond to those on Single Flow Evaluation Sheet) 

 
Question 11:  Using place names, please identify particularly challenging rapids or sections and rate 
their difficulty at this flow (using the International Whitewater Scale). 
 Flow # 1 – 160 cfs 
 Colburn – Big Slide (IV+), countless others (IV) 
 Davis – First Falls (V-), Gorge Section (IV) 
 Jackson – Took out after first big drop. 
 Johns – First Falls (IV) 100 yd below, 2nd Falls (III), Gorge (III-IV) 
 Kastorff – Falls (III+), Mid Falls Slide (III), Lower Canyon (III+). 
 Miller – Waterfalls 100 yards below put-in (IV), Gorge below C. Forest Bridge (IV) 
 Mongo – First Drop (IV+), Upper Section (III-IV), Gorge Section (III), below Gorge (II). 
 Williams – Waterfall (IV), Gorge (III-IV) 
 
 Flow # 2 – 250 cfs 
 Colburn – Big Slide (IV), High Turn Over (V). 
 Davis – High Turn Over (V), First Falls (V-). 

Kastorff – Falls (IV), High Turn Over (IV), (IV+) with the tree. 
 Miller – Falls near put-in (IV), Gorge below Cull F. Bridge (IV). 
 Mongo – First Rapid (IV), High Turn Over (IV). 
 Williams – Falls (IV), Log Rapid (IV). 
 
Question 13:  Using place names, please identify rapids or sections you portaged and rate the 
difficulty of those portages (using your type of craft at this flow level).  (5-Point Scale: 1 = Easy; 2 = 
Slightly Difficult; 3 = Moderately Difficult; 4 = Extremely Difficult) 
 Flow # 1 – 160 cfs 
 Colburn – Wood (1) at five different locations. 
 Davis – NA 
 Jackson – NA 
 Johns – Tree (1), tree (1), tree (1). 
 Kastorff – NA 
 Miller -- ? (1), ? (1), ? (1), ? (1). 
 Mongo – Above Bridge, big tree in water (1). 
 Williams – Just for wood (2). 
 
 Flow # 2 – 250 cfs 
 Colburn – NA 
 Davis – NA 

Kastorff – NA 
 Miller -- NA 
 Mongo – High Turn Over (1) 
 Williams – Log Rapid (2) 
 
Question 14:  Did you have any significant problems during your run (e.g., became pinned, wrapped 
a boat, had to swim, etc.)?  Please provide a brief description and location of any incident. 
 Flow # 1 – 160 cfs 
 Colburn – NA 
 Davis – NA 
 Jackson – Swim. Half below waterfall. 
 Johns – NA 
 Kastorff – NA 
 Miller – No 
 Mongo – NA 



 Williams – No 
 
 Flow # 2 – 250 cfs 
 Colburn – Backendered at High Turn Over, Stuck in log sieve at High Turn Over. 
 Davis – NA  
 Kastorff – Stuck in two hole for a while. Fun! At High Turn Over. Sligh nose hit on the Falls.  
 Miller – Pinned, got off myself.  
 Mongo – Surfed in hole/not a big deal but I was in there, below High Turn Over. 
 Williams – If trees were gone, no problem. 
 
Question 15:  Provide any additional comments about this test flow below.  If necessary, please use 
place names to identify specific locations. 
 Flow # 1 – 160 cfs   

Colburn – Upper run = too much wood. 4-5 big trees, the rest would reorganize with high flow.  
Lower run = fun, easier and more open than upper. Slides were all scrapey. Flow was OK  
with wood. Way too low without wood.  

Davis – Felt that wood would need to be removed for optimal paddling and safety. Once this is  
accomplished, a little more water would probably make this an excellent intermediate  
run. 

Jackson – Too difficult for intermediate boaters on this section. Lots of danger from debris, 
undercuts, lots of trees in river bed. 

 Johns – Enough flow for a good paddler coming off the couch.  
 Kastorff – NA 

Miller – Water was a little low; more water would make it less scrapey, clean up some of the lines.  
The logs in the river make it significantly more difficult. This would be a good upper  
intermediate run if the wood was taken out.  

Mongo – I feel this would be an excellent resource for a first time creek experience. I think it  
would be better if the take-out was not the powerhouse, this seemed too long. It would be  
valuable in providing folks who paddle the local Nantahala and Tuckasegee a harder,  
more challenging option. More water would make it less boney.  

Williams – Wood needs to be removed. I think this would provide a more even playing field for  
different level of boaters. Also, more lines would “open up” making the availability to  
use less or more water.  

Flow # 2 – 250 cfs 
 Colburn – Awesome level. Awesome unique run. Falls were easier/cleaner. All slides more  

fun/less scrapey. Good play. Still had eddys. Lots of smiles. High Turn Over was harder  
and the log sieve dangerous.  

Davis – This flow was perfect! Both sections got much cleaner. Upper was easier, lower was  
harder but better. With two logs removed from lower this run would be an awesome  
resource.   

 Kastorff – Great run at 350. 
Miller – Excellent! This is a flow that good boaters will travel to do. Need to remove 2 big logs,  

everything else is manageable. One rapid below Cull. Falls Bridge (about 3rd down) has a  
dangerous log in it. Without that log, everything is pretty clean and easy to get around at  
this level. Good advanced river.  

Mongo – This flow changed the user base. It was now a river I would travel to do on my own. 
Without wood, it could still be a river I would take a non-expert down, but with wood  
this was a harder run. It moved faster and was not boney. Overall I had a much better  
time and I think boaters of advanced to expert skill would travel here to boat. With the  
possibility of lower skill trips. This flow opens the river to more folks.  

Williams – Great flow.  
 

 
 



Single Flow Evaluations for Dillsboro Section - Tuckasegee River Paddling Flow Study - July 2-3, 2001

Participant Craft (2) Skill (3)
            Flow (1) 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
FA DKY B 2 2 1 2 0 0 1 0 0 0 0 0 0 0 0 1 0 2 1 0 2 2 2 1 2 2 2 2 1 2 1 1 2 2 1 2 2 2 2 1 3 3 3 3
BB K-P A 1 1 0 2 -2 1 0 2 -2 0 -1 1 -1 1 -1 1 -1 1 -1 1 1 2 2 2 0 1 1 0 1 1 0 1 0 0 0 -1 1 -1 1 1 3 1 2
MB OC2 I 1 2 1 2 0 1 -1 1 0 0 -2 0 1 2 0 1 1 1 0 1 2 2 2 2 2 2 2 2 1 1 1 1 2 2 2 2 1 2 0 1 3 4 3 4
UB OC2 I 2 2 1 2 0 1 -1 1 -2 0 -2 0 2 2 0 1 0 1 0 1 2 2 2 2 2 2 2 2 1 1 1 1 2 2 0 0 2 2 0 1 4 4 3 4
CB Raft N 1 2 -1 2 0 2 1 2 0 1 0 2 1 2 1 1 1 2 0 2 2 1 1 2 1 2 1 2 2 1 2 0 0 0 0 1 2 0 0 4 4 2 4
BBr K-R I -1 2 0 2 -2 1 -1 1 -2 1 -2 1 1 2 2 1 -2 1 0 1 2 2 2 1 0 0 0 0 2 2 2 2 2 2 2 2 0 1 1 0 2 4 2 3
LC Raft B 1 2 1 1 1 1 1 1 0 1 0 2 2 2 1 1 1 1 1 1 4 4
KC K-P E 2 2 1 2 1 1 -1 1 -2 0 -1 1 -1 1 -2 2 0 1 -1 2 0 2 1 2 1 2 0 2 2 2 1 2 2 2 2 2 0 1 0 2 2 3 2 4
JE OC1 N 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 2 0 0 1 1 1 1 2 3 2 3
RF OC2 I 0 2 0 1 0 1 0 0 1 0 1 1 2 2 2 2 1 1 1 4 4
NG K I 0 2 0 2 -2 -1 -2 -2 -2 -1 -2 -2 0 1 -1 1 -1 0 -2 -2 2 2 2 2 1 1 1 1 2 1 1 1 2 2 2 2 0 1 0 1 1 4 1 2
WG DKY B 1 2 1 2 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 2 2 1 1 2 2 1 1 1 1 0 0 0 0 1 1 1 1 4 4 3 3
NG Raft N 1 1 1 1 1 1 1 0 0 0 0 -1 0 1 -1 -1 0 1 -1 -1 1 2 1 0 2 1 1 1 2 1 1 1 0 0 1 1 1 0 3 4 2 4
MH OC2 I 1 1 1 2 1 2 1 1 1 2 0 2 1 2 1 1 1 2 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 4 4 3 3
KH DKY N 1 2 1 0 1 1 1 0 1 2 1 1 1 1 0 -1 1 2 1 -1 1 1 1 -1 2 2 2 2 2 2 1 2 0 0 0 0 1 2 1 -1 3 4 2 2
JJ SOT I 2 2 2 2 2 2 2 1 2 2 2 0 2 2 2 0 2 2 2 1 2 2 2 -1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 4 4 4 3
BJ OC1 A 2 2 1 2 1 1 0 1 0 0 0 1 1 2 1 1 0 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 4 4 4 4
SJ Raft N 1 2 1 1 0 2 0 1 1 2 1 1 1 2 1 1 1 2 1 1 1 2 2 1 1 2 1 1 1 2 2 1 1 2 2 1 1 2 1 1 4 4 4 4
BK DKY I 1 2 1 1 0 1 1 1 1 1 0 1 0 1 0 1 1 1 1 1 1 2 2 2 1 1 1 1 1 2 2 2 0 0 0 0 1 1 1 4 4 3 4
RK Raft E -1 1 -1 2 -1 1 -1 0 -2 0 -2 1 -2 1 -2 0 -1 1 -2 0 1 2 1 1 0 1 0 2 1 2 1 2 0 2 0 2 -1 1 -2 1 1 2 1 3
LK OC2 B 1 2 0 1 1 2 1 1 0 1 0 1 0 2 0 1 1 1 -1 1 1 2 -1 1 0 1 0 0 0 2 1 0 0 2 1 2 1 2 0 1 3 4 1 4
LL Raft N 1 2 0 1 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 1 1 1 1 1 2 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 2 3 2 2
JL Raft B 2 1 1 2 0 1 0 -1 0 0 0 -1 1 0 1 -1 0 1 1 -1 2 2 2 2 2 2 2 1 2 1 2 1 0 1 2 2 1 1 2 -1 4 4 4 2
PL K-C E 1 1 0 2 1 1 1 1 0 0 0 1 -1 0 2 1 0 1 1 1 1 1 1 1 1 1 1 0 0 0 1 0 1 2 2 2 3
SL K I 1 2 1 1 1 2 1 1 0 0 0 0 1 2 1 1 1 1 1 1 1 2 2 1 2 2 2 2 1 2 2 2 0 0 2 1 2 1 1 3 4 3 4
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5 Point Scale -2 is totally unacceptable; -1 is unacceptable; 0 is neutral; +1 is acceptable; +2 is totally acceptable
Rate Flow for Each Characteristic

Question 3 Question 4
Would You

Note (4)
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Participant Craft (2) Skill (3)
            Flow (1) 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
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Rate Flow for Each Characteristic

Question 3 Question 4
Would You

Note (4)

WL C1 I 1 2 1 2 0 1 0 1 -1 0 0 0 0 1 0 1 0 1 1 1 2 2 2 2 2 2 2 2 1 0 1 2 0 0 0 1 1 1 1 3 4 3 4
MM DKY A 1 2 0 2 0 1 -2 1 -1 0 -2 1 1 2 -1 2 0 1 -1 2 2 2 2 2 1 2 0 2 0 0 -1 2 0 1 2 -2 2 3 3 1 4
JM OC2 I 0 2 0 2 0 0 0 1 0 0 0 1 0 0 0 1 1 1 0 1 2 1 1 1 2 2 2 0 2 2 2 2 2 2 2 2 3 1 2 2 2 3 2 4
RM OC2 I 1 2 1 2 0 1 0 2 2 0 1 1 1 1 1 1 -1 1 0 1 2 1 2 1 1 1 1 1 1 1 1 1 2 2 2 2 1 1 1 1 2 3 2 3
Rmi K I 0 1 0 1 0 1 0 1 0 2 0 2 0 2 1 0 1 2 2 1 2 2 2 2 2 2 2 2 2 2 0 0 0 0 0 2 0 1 2 4 2 4
AO C1 A 2 2 0 2 1 1 0 1 0 0 0 0 0 1 0 1 0 0 0 1 2 2 2 2 -2 -1 -1 -1 1 2 1 1 0 0 0 0 1 1 0 1 3 3 1 3
DO K I 0 2 -2 2 -1 0 -2 1 -2 0 -2 0 -1 0 -2 0 -1 0 -2 0 2 2 -1 1 2 2 2 0 -2 -2 2 0 2 -1 1 -2 1 2 3 1 3
TP OC1 N 1 1 1 2 1 2 1 2 1 1 0 2 1 2 1 2 1 2 1 2 2 2 2 2 1 2 2 2 2 2 2 2 0 0 0 0 1 2 1 2 3 4 2 4
AP OC1 I 1 1 2 0 2 1 0 1 1 0 2 1 0 1 1 2 2 2 0 0 1 1 1 1 2 2 2 0 1 1 2 3 3
AJP OC2 A 1 2 1 2 0 2 1 0 0 1 0 0 1 2 0 0 0 1 -1 0 0 2 2 1 0 2 2 1 1 2 2 1 2 2 2 2 1 1 0 0 2 3 1 3
DR OC2 B 1 2 1 2 0 1 0 2 0 1 0 2 1 1 0 2 1 1 0 1 1 2 1 2 2 2 1 2 1 2 1 2 0 2 1 2 1 2 1 2 4 4 2 4
BR C1 I -1 1 0 1 0 1 -2 2 -1 1 -2 2 0 1 -1 2 0 1 -1 2 1 1 1 2 0 1 1 1 2 1 1 2 2 2 2 2 1 0 2 2 3 2 4
CB OC1 I 1 2 1 1 -1 0 1 -1 -2 -2 -2 -2 -1 0 -1 -1 -1 1 0 -1 2 2 2 1 0 1 -1 -1 1 1 1 1 2 2 2 2 0 2 1 -1 2 4 3 1
LSL OC1 A 2 2 1 2 1 1 0 1 1 1 -1 1 1 1 0 1 0 1 -1 1 2 2 2 1 0 1 0 1 2 2 0 2 0 2 2 2 1 2 0 1 4 4 2 4
JAW Raft I 1 1 1 2 -1 0 0 -1 -1 0 0 0 0 0 0 -1 0 1 0 0 1 2 1 0 1 1 1 0 1 1 1 1 0 0 0 1 1 0 3 3 3 3
DW OC2 I 1 2 0 1 2 0 -1 1 0 0 1 0 0 1 0 2 2 2 0 0 0 1 0 1 2 2 1 1 2 0 2 3 2
RW OC2 I 1 2 1 2 0 0 0 1 0 1 0 1 0 1 0 2 0 1 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 1 2 3 4 3 4
SW K-R A 1 1 -2 1 1 -2 -1 0 -2 0 1 -2 1 1 -2 2 1 -2 2 2 -2 2 1 -2 0 2 -2 2 0 -2 4 4 3
WW OC2 I 1 2 0 2 2 2 1 1 0 1 0 2 1 2 1 1 0 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 0 1 2 2 2 2
JW Raft B 1 1 1 1 1 1 1 -1 0 0 0 0 0 1 0 0 1 2 1 -1 1 1 2 0 2 2 2 1 1 1 1 1 1 0 0 0 1 1 1 -1 4 3 3 2
                 Sum 42 74 21 69 11 46 5 29 -9 23 -15 25 17 53 2 30 10 48 3 29 66 75 64 54 52 63 48 52 59 58 51 59 41 52 41 41 37 62 20 35 125 154 98 140
           Mean 1,0 1,7 0,5 1,6 0,3 1,0 0,1 0,7 -0,2 0,5 -0,4 0,6 0,4 1,2 0,1 0,7 0,2 1,1 0,1 0,7 1,5 1,7 1,5 1,3 1,2 1,5 1,2 1,2 1,3 1,3 1,2 1,4 1,0 1,3 1,1 1,1 0,9 1,4 0,5 0,8 2,8 3,5 2,3 3,3
          Median 1,0 2,0 1,0 2,0 0,0 1,0 0,0 1,0 0,0 0,0 0,0 1,0 0,5 1,0 0,0 1,0 0,0 1,0 0,0 1,0 2,0 2,0 2,0 1,0 1,0 2,0 1,0 1,0 1,0 1,0 1,0 1,5 1,0 2,0 1,0 2,0 1,0 1,0 1,0 1,0 3,0 4,0 2,0 3,0
              Mode 1,0 2,0 1,0 2,0 0,0 1,0 1,0 1,0 0,0 0,0 0,0 1,0 1,0 1,0 0,0 1,0 0,0 1,0 1,0 1,0 2,0 2,0 2,0 2,0 2,0 2,0 2,0 2,0 1,0 2,0 1,0 2,0 0,0 2,0 2,0 2,0 1,0 1,0 1,0 1,0 2,0 4,0 2,0 4,0

(1) Flow 1 = 554 cfs; Flow 2 = 821 cfs; Flow 3 = 485 cfs; Flow 4 = 1013 cfs
(2) K = Kayak; P = Play; R = River; C = Creek; C1 = Decked Canoe Solo; OC1 = Open Canoe Solo; OC2 = Open Canoe Tandem; Ra = Raft; Dky = Inflatable Kayak (ducky)
(3) B = Beginner; N = Novice; I = Intermediate; A = Advanced; E = Expert
(4) 1 = Definitely No; 2 = Possibly; 3 = Probably; 4 = Definitely Yes
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Participant
            Flow (1)
FA
BB
MB
UB
CB
BBr
LC
KC
JE
RF
NG
WG
NG
MH
KH
JJ
BJ
SJ
BK
RK
LK
LL
JL
PL
SL

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
1 1 1 2 B B B N 2 2 2 1 4 3 4 2 20 5 15 1 100 100 100 100 2 2 6 0 0 0 3 0 0 0 0 0
2 2 2 2 B B 4 3 4 2 5 4 5 3 20 6 4 0 3 6 2 2 4 2 3 0 0 0 0 0 0 0 0 0
2 2 2 N N B I 3 3 4 2 4 3 4 2 12 3 10 8 10 10 0 1 0

1 2 B N B I 2 3 4 2 5 3 4 2 12 3 10 8 10 8 0 1 0 0 0 0 0
2 2 2 2 B N B B 3 2 4 1 4 3 5 2 43 14 67 16 20 20 15 15 4 1 16 1 2 1 1 0 0 0 0 0
2 2 2 N N N I 4 2 3 2 4 3 4 2 40 5 30 10 5 5 5 5 3 1 0 1 0 0 0 0 0 0 0 0
1 1 N N 4 3 4 3 43 3 3 3 4 2 2 1 3 2
1 2 2 2 B B B N 3 3 3 2 5 4 4 3 20 5 2 5 5 5 5 1 0 0 0 0 0 0 0 0 0 0 0
2 2 2 2 N N N 3 2 3 2 3 2 4 2 6 3 20 3 1 0 2 0 0 0 0 0 0 0 0 0

2 B N 4 3 4 3 20 8 5 5 6 3 3 0 0
2 2 2 2 B B B N 4 3 4 2 4 4 5 2 20 3 5 0 10 10 10 10 6 1 1 0 0 0 0 0 0 0 0 0
2 3 2 2 N N N N 2 2 3 1 4 3 5 2 15 13 26 8 9 10 10 5 7 2 7 0 2 1 0 0 0 0 0 0
2 2 1 1 N B N 4 4 2 4 5 2 30 47 15 30 9 7 0 5 3 0 0 0 0
1 2 2 2 N N B B 2 2 4 1 4 3 4 2 12 6 24 3 20 20 20 20 0 0 1 0 0 0 0 0 0 0 0
2 2 1 1 N N B N 4 3 4 2 4 3 5 2 50 29 75 20 6 6 6 6 4 3 8 4 0 0 1 0 0 0 0 0
2 2 2 B I 3 1 3 2 10 2 10 6 10 6 10 6 1 1 3 2 0 0 0 0 0 0 0 0
2 2 2 2 B N B I 3 2 3 2 4 3 4 2 4 4 10 4 30 30 30 30 0 0 0 0 0 0 0 0 0 0 0 0
1 3 2 2 B N N N 3 3 4 4 4 3 4 4 40 5 68 15 30 10 20 20 3 2 16 2 1 1 1 1 0 0 0 0
2 3 2 2 N I N N 2 2 3 2 3 3 5 2 15 13 26 6 10 10 10 10 7 2 7 1 2 1 0 0 0 0 0 0
2 2 1 2 B B B N 4 3 4 2 5 4 5 3 20 6 25 0 2 1 2 2 10 2 8 1 2 0 4 0 0 0 0 0
1 1 B B N N 3 3 4 2 4 3 4 2 20 5 40 3 20 20 20 20 2 0 3 0 0 0 0 0 0 0 0 0
1 2 2 N 3 3 3 2 4 3 4 2 20 5 50 6 5 5 5 5 3 1 12 2 1 0 2 2 0 0 0 0
1 2 1 1 B B B B 2 2 2 3 3 2 3 1 30 25 46 15 30 30 46 46 9 1 7 0 5 1 2 0 0 0 0 0
2 2 2 B B N 3 2 3 2 4 3 4 3 5 3 7 2 5 5 5 5 0 0 1 0 0 0 0 0 0 0 0 0

3 2 3 2 5 3 4 2 12 3 10 5 3 0 4 4 0 0 0 0 0 0 0 0 0 0 0 0
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Participant
            Flow (1)
WL
MM
JM
RM
Rmi
AO
DO
TP
AP
AJP
DR
BR
CB
LSL
JAW
DW
RW
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WW
JW
                 Sum
           Mean
          Median
              Mode

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
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2 2 2 N N 3 3 3 2 5 4 4 3 10 7 12 5 3 3 3 3 0 0 2 0 0 0 0 0 0 0 0 0
2 2 1 2 N N B N 2 2 5 1 4 4 5 3 12 2 15 4 8 2 0 4 2 1 2 0 0 0 2 0 0 0 0 0

2 2 2 B N B N 3 2 3 1 4 2 5 3 12 4 14 5 10 10 10 10 1 0 1 0 0 0 0 0 0 0 0 0
B B B N 3 2 3 2 4 4 10 4 14 4 10 10 15 1 0 1 0 0 0 0 0 0 0 0 0

2 N N 3 2 4 2 4 5 2 100 10 7 6 2 7 2 0 0 0 0 0 0 0
2 2 1 2 B B B N 3 3 1 2 3 4 5 2 10 10 30 5 10 10 10 8 0 0 6 0 0 0 0 0 0 0 0 0
2 2 1 2 N N N N 4 4 5 2 4 4 5 2 10 2 20 3 2 5 2 0 0 0 0 0 0 0 0 0 0 0
2 2 2 2 N N N N 3 3 4 2 4 3 4 3 15 5 10 5 10 5 5 5 4 5 5 0 0 2 2 0 0 0 0 0

2 2 N N N 3 3 2 4 4 2 20 5 3 5 5 5 0 1 0 0 0 0 0 0 0
1 1 B B N N 3 3 4 2 4 3 5 2 20 5 40 3 20 20 20 20 2 0 3 0 0 0 0 0 0 0 0 0
1 1 1 ` B B B 3 3 4 2 3 4 5 3 20 8 10 3 2 1 2 0 0 0 0 0 0 0 0 0
2 2 2 2 N I N I 3 2 3 1 4 4 5 3 12 6 15 6 5 5 5 5 3 2 5 1 0 0 0 0 0 0 0 0
2 2 2 2 N N B N 2 2 3 1 4 4 4 2 10 10 10 10 20 20 20 20 0 0 0 0 0 0 0 0 0 0 0 0
2 2 2 2 N N B N 3 2 3 1 4 3 5 2 6 3 3 3 10 10 10 10 0 0 0 0 0 0 0 0 0 0 0 0
1 B B N 3 2 4 2 4 4 4 2 30 25 46 15 9 1 7 0 5 1 2 0 0 0 0
2 2 2 N N N I 3 2 4 1 5 3 5 2 7 0 20 1 2 2 2 2 0 0 2 0 0 0 0 0 0 0 0 0
2 2 2 2 B N B N 2 2 4 3 5 3 4 2 20 1 10 20 20 20 0 0 0 0 0 0 0 0 0 0 0 0
2 2 2 N B 3 2 1 3 4 2 3 1 0 20 26 36 0 0 0 0 0 0 0 0
2 2 2 2 N N N B 3 3 4 1 4 3 4 2 12 6 24 3 20 20 20 20 0 1 1 0 0 0 0 0 0 0 0 0
1 1 1 1 B B B B 3 2 3 2 4 3 4 2 30 25 46 14 9 1 7 0 5 1 2 0 0 0 0 0

64 72 54 66 129 104 139 79 173 134 182 99 872 309 994 264 501 490 490 514 119 38 165 20 34 10 28 3 3 2 0 0
1,7 1,9 1,6 1,9 3,0 2,5 3,5 1,8 4,0 3,3 4,4 2,3 20 7 25 6 14 13 14 14 3 1 4 0 1 0 1 0 0 0 0 0
2,0 2,0 2,0 2,0 3,0 2,0 4,0 2,0 4,0 3,0 4,0 2,0 15 5 20 5 10 10 10 8 2 1 3 0 0 0 0 0 0 0 0 0
2,0 2,0 2,0 2,0 3,0 2,0 4,0 2,0 4,0 3,0 4,0 2,0 20 5 10 3 10 10 5 5 0 0 0 0 0 0 0 0 0 0 0 0

(5) 1 = I; 2 = II; 3 = III; 4 = IV; 5 = V; 6 = VI 
(6) 1 = Much Lower; 2 = Lower; 3 = No change; 4 = Higher; 5 = Much Higher
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Comparative Evaluations for Whittier Section - Tuckasegee River Paddling Flow Study - July 2-3, 2001
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Paddle
Participant Craft Skill All 400 500 600 700 813 900 985 1100 1200 1300 1400 >1400 813 985

(1) (2) Flows (3)
1 K-R E y 1 1 1 1 1 1 1 1 1 1 1 1 1 -2 -2 1 1
2 SOT 2 3 4 2 4 5 5 4 3 3 4 4 3 1 2 2 2 2 2 2 2 2 2 2 2 2 1 0
3 Raft I y 2 3 3 2 2 3 3 3 1 3 3 2 5 2 -1 -1 -1 0 1 1 1 1 1 1100
4 Raft N y 1 4 3 3 4 4 3 3 4 3 3 3 4 3 2 1 2 1
5 K-R B y 2 5 4 3 3 4 2 2 2 4 4 5 4 5 o 1 1 0 1
6 Raft A y 2 3 3 3 2 1 4 2 2 4 4 3 5 2 -2 -2 0 1 1 1 1 2 1 1
7 K I y 1 3 3 3 3 1 3 1 1 3 3 3 2 1 2 -1 2
8 OC1 I y 2 3 5 3 2 2 5 2 2 5 2 1 5 2 1 1 1 1
9 K-P y 1 3 3 3 2 1 4 1 1 4 4 3 3 1 -2 -2 -2 -1 1 1 1 2 2 2 2 2 1 2

10 K-R I y 1 4 4 5 5 1 5 2 2 4 5 1 5 5 1 2 1 2
11 K-P I y 2 3 2 4 4 4 5 2 4 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12 C1-P A y 1 4 3 5 5 1 4 1 1 3 3 3 5 5 0 2 1 2
13 K-R A y 2 5 5 5 5 5 5 3 5 3 5 5 5 5 0 1 0 1
14 K-R E y 1 3 4 2 3 1 2 5 2 2 4 4 4 5 -2 0 -1 0 1700

                  Sum 20 47 47 44 45 34 51 32 31 44 47 40 53 39 0 -2 -2 2 5 5 14 9 5 5 5 7 9 16 2800

            Mean 1,5 3,4 3,4 3,1 3,2 2,4 3,6 2,3 2,2 3,1 3,4 2,9 3,8 2,8 0,0 -0,4 -0,4 0,4 0,5 0,7 1,2 1,5 1,7 1,7 1,7 1,8 0,6 1,1 1400

          Median 2,0 3,0 3,0 3,0 3,0 1,5 4,0 2,0 2,0 3,0 3,5 3,0 4,0 2,0 0,0 -1,0 -1,0 0,0 1,0 1,0 1,0 1,5 2,0 2,0 2,0 2,0 1,0 1,0 1400
(1) K = Kayak; P = Play; R = River; SOT = Sit On Top Kayak; OC-1 = Solo Open Canoe; C1 = Solo Decked Canoe
(2) B = Beginner; N = Novice; I = Intermediate; A = Advanced; E = Expert
(3) 1 = 0; 2 = 1-10; 3 = 11-20; 4 = 21-30; 5 = >30

See Note (4)
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(4) Scale - 1 = Not Important; 3 = Somewhat Important; 5 = Very Important
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Participant

1
2
3
4
5
6
7
8
9

10
11
12
13
14

                  Sum

            Mean

          Median

400 400 400 400 1100 400 n y n 1 1 1 1
700 700 800 800 1100 600 1 3 n n 2 1 2 1
600 1100 900 1100 3 3 y n 1 1 1 1
700 850 850 850 n y n
700 1000 1000 1100 1000 1000 3 4 y n
813 1300 1300 4100 813 n y n 2 2 2 2
900 1050 1000 n y y 1 1

n y n 1 1 1 1
800 1300 1000 1400 1100 2 2 y y 3 1 1 1
900 1100 1100 1100 n y 2 1 1 1
700 800 1100 1100 1100 1 3 n n 1 1 1 1
813 1008 1008 1008 1008 1008 1 1 y n 2 2 1 1
813 1100 1100 1100 1100 1100 3 4 n n 1 1 1 1
900 1900 1100 3100 12100 12100 n n n 1 1 1 1

9739 12808 12358 14108 19608 21171 14 20 17 14 14 12

749 1067 951 1568 2451 1925 2,0 2,9 1,5 1,2 1,2 1,1
987 1073 907

800 1075 1000 1100 1100 1008 2,0 3,0 1,0 1,0 1,0 1,0
(5) 5-Point Scale; 1 is Not Important; 2 is Slightly Important; 3 is Moderately Important; 4 is Very Important; 5 is Extremely Important
(6) 5-Point Scale: 1 is Worse than Average; 2 is Average; 3 is Better than Average; 4 is Excellent; 5 is Among the Very Best

See Note (5) See Note (6)
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MACROINVERTEBRATE SURVEY 
DILLSBORO 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 Dillsboro Project in association 
with the NPLINVERTSURVEY study plan. 
 
Methods 
 
Literature Survey 
 
A literature survey was conducted by Fish and Wildlife Associates (FWA) to assist in 
providing macroinvertebrate community information and PETS species which might 
occur in the project area.  The literature survey identified two sources of 
macroinvertebrate data in the vicinity of the Dillsboro Project: The North Carolina 
Department of Environment and Natural Resources’ (NCDENR) Basinwide Assessment 
Report-Little Tennessee River (NCDENR 2000) and the Master’s thesis entitled The 
Impact of Urbanization on Benthic Macroinvertebrates in Southern Appalachian Streams 
(McTammany 1998).  McTammany’s thesis provides information on aquatic 
macroinvertebrates for two tributaries, Cullowhee Creek and Scott Creek, but no 
information for the Tuckasegee upstream and downstream of the Dillsboro Project.   The 
studies identified in the FWA survey have been incorporated into the discussion of the 
results of the benthic field surveys conducted by Duke at the Dillsboro Project.   
 
Field Sampling and Data Analyses 
 
 Field sampling was conducted upstream and downstream of the Dillsboro reservoir in 
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 four 
mainstem locations in the Tuckasegee River; a location immediately downstream of the 
project dam (T-3), a second downstream location (T-1) at Barker’s Creek Bridge crossing 
(about 4 mi below Dillsboro dam), a location immediately upstream of the project 
reservoir (T-4), and a second upstream location (T-5) near East Laport (about 13 mi 
upstream of Dillsboro dam) (Figure 1).   The use of the SOP resulted in a representative 
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 taxanomic identification keys or are 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 Tuckasegee River upstream and downstream of the project was 
conducted by Stephen Fraley, Tennessee Valley Authority, on September 7 and 12, 2001 
(Fraley 2002). 
 
Results and Discussion 
 
The Tuckasegee River, located in the Little Tennessee River Subbasin 02, “contains some 
of the most pristine and some of the highest quality waters of the state” (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 
Dillsboro Project starting in 1985, with the last published collection in 1999.   Over the 
15-yr period of monitoring, the Dillsboro site exhibited water quality ratings 
(bioclassification) ranging from Good-Fair to Excellent.   
 
The Duke sampling of Location T-4 on August 29, 2001, upstream of Dillsboro dam, 
yielded an overall bioclassification of Good.  A total of 30 EPT taxa (score of 3.4) were 
collected and a BI value of 4.43 (score of 5.0) was calculated for the sample (Table 2).   
Sampling of Location T-5 on August 28, 2001, about 13 mi upstream of the reservoir, 



yielded an overall bioclassification of Excellent. A total of 38 EPT taxa (score 4.0) were 
collected and a BI value of 3.51 (score 5.0) was calculated for the sample (Table 2). The 
nearest upstream site sampled by the ESB was in Savannah Creek (B-22), a tributary of 
the Tuckasegee about 4 mi upstream of Dillsboro Reservoir.  The ESB reported 
bioclassifications of Excellent in 1994 and Good in 1999 for this site (NCDENR 2000).  
The bioclassifications, number of EPT taxa and total taxa from the present study was 
within the range of those reported the ESB. 
 
         
Sampling of Location T-3 on August 29, 2001, immediately downstream of Dillsboro 
dam, yielded an overall bioclassification of Good.  A total of 29 EPT taxa (score of 3.0) 
were collected and a BI value of 4.18 (score of 4.0) was calculated for the entire 
macrobenthic sample (Table 2). The ESB reported bioclassifications for their site located 
downstream of Dillsboro Dam in the same area as Duke’s T-3 site, ranging from Good-
Fair to Excellent during the period 1985 through 1999 (NCDENR 2000).  The 
bioclassification from the present study was within the range reported by ESB. The ESB 
has also sampled Scott Creek (ESB Location B-24), a tributary which enters the 
Tuckasegee River downstream of the Dillsboro dam.  The bioclassification for B-24 was 
Good-Fair in 1994 and Good in 1999 (NCDENR 2000).  
 
Sampling of Location T-1 on August 21, 2001, approximately 4 mi downstream of 
Dillsboro dam, yielded an overall bioclassification of Good.  A total of 19 EPT taxa 
(score of 2.0) were collected and a BI value of 3.99 (score of 5.0) was calculated for the 
sample (Table 2).  Compared to the T-3 location, the number of EPT taxa had decreased, 
but the BI value had increased.  The major difference between the two sites is the lack of 
bank habitat and the presence of more silt and sandbars at T-1.  The relationship between 
the SOP-derived water quality ratings and macroinvertebrate habitat is well illustrated by 
the Duke sampling results from the main-stem Tuckasegee River.  The number of EPT 
taxa decreased from a high of 38 at Location T-5, to approximately 30 at T-4 and T-3, 
and to a low of 19 at Location T-1.  The trend appears to be related primarily to changes 
in the habitat and not water quality.  The habitat at Location T-5 includes cobble, 
bedrock, leaf packs and good bank habitat.  The habitats at Locations T-3 and T-4 
consisted of cobble, some bank habitat, few leaf packs, and some sand; while at T-1 there 
was some cobble, silt and sand bars with no bank habitat or leaf packs.   The changes in 
macroinvertebrate habitat and, consequently, in water quality bioclassification in this 
section of the Tuckasegee River are mostly related to changes in stream gradient, soil 
types, and land use practices.  
 
 
To evaluate the potential presence of PETS species for the Dillsboro 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,  
upstream and downstream of the Dillsboro reservoir (Fraley 2002).  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 Dillsboro Project was the mayfly 
Heterocleon petersi, which was found at Locations T-3 and T-4.  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.”   
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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 Tuckasegee River
    Downstream (Locations T-1 and T-3) and upstream.  

     (Locations T-4 and T-5) of the Dillsboro Project,  

       2001. 
 
  
   TAXON      T-1      T-3       T-4    T-5  
                                         
         Annelida 
         Hirudinea 
         Rhynchobdellida 
          Glossiphoniidae 
           Helobdella spp.                      R         .         .         . 
         Oligochaeta 
         Branchiobdellida 
          Branchiobdellidae 
           Branchiobdellidae                    .         C         R         R 
         Haplotaxida 
          Naididae 
           Bratislavia unidentata               .         .         .         C 
           Nais behningi                        .         R         C         C 
           Nais variabilis                      .         .         R         . 
           Pristina longisoma                   .         R         .         . 
          Tubificidae 
           Spirosperma nikolskyi                .         R         .         . 
           Tubificidae                          C         .         .         . 
         Lumbriculida 
          Lumbriculidae 
           Eclipidrilus spp.                    .         R         .         . 
           Lumbriculidae                        .         C         R         R 
 
         Arthropoda 
         Acari 
           Acari                                R         R         .         . 
         Crustacea 
         Decapoda 
          Cambaridae 
           Cambaridae                           R         C         R         R 
         Isopoda 
          Asellidae 
           Caecidotea spp.                      .         R         .         C 
         Insecta 
         Coleoptera 
          Curculionidae 
           Stenopelmus rufiansus                .         .         .         C 
          Dryopidae 
           Helichus lithophilus                 .         .         R         C 
          Dytiscidae 
           Bidessus spp.                        .         .         .         R 
          Elmidae 
           Ancyronyx variegatus                 C         .         R         R 
           Macronychus glabratus                R         R         R         . 
           Promoresia elegans                   R         R         A         R 
           Promoresia tardella                  .         .         R         A 
          Gyrinidae 
           Dineutus spp.                        A         .         .         . 
          Psephenidae 
           Ectopria nervosa                     .         .         R         . 
           Psephenus herricki                   .         C         .         . 
         Diptera 
          Athericidae 
           Atherix lantha                       .         .         R         . 
          Ceratopogonidae 
           Palpomyia-Bezzia complex             .         .         .         R 
          Chironomidae-Chironominae 
           Cladotanytarsus spp.                 .         A         .         . 
           Cryptochironmus spp.                 C         .         R         . 
           Micropsectra spp.                    .         .         .         C 
           Nilothauma spp.                      .         .         R         . 
           Paralauterborniella nigrohalterale   C         .         .         . 
           Paralauterborniella spp.             .         .         R         . 
           Phaenopsectra spp.                   C         .         R         . 
           Polypedilum fallax                   .         C         .         . 
           Polypedilum flavum                   .         C         .         . 
           Polypedilum illinoense               .         .         .         R 
           Pseudochironomus spp.                R         .         .         . 
           Rheotanytarsus spp.                  C         A         C         C 



           Robackia demeijerei                  .         .         .         R 
           Tanytarsus spp.                      .         .         C         . 
          Chironomidae-Diamesinae 
           Pagastia spp.                        .         C         .         A 
          Chironomidae-Orthocladiinae 
           Brillia spp.                         .         R         .         . 
           Cardiocladius spp.                   C         .         R         . 
           Corynoneura spp.                     .         .         .         C 
           Cricotopus bicinctus                 .         R         A         A 
           Cricotopus politus                   C         .         .         . 
           Cricotopus vierriensis               .         .         .         A 
           Eukiefferiella brehmi                .         .         R         . 
           Eukiefferiella gracei                .         R         A         . 
           Eukiefferiella pseudomontana         .         .         .         R 
           Eukiefferiella spp.                  .         R         .         . 
           Nanocladius downesi                  .         A         C         R 
           Nanocladius spp.                     .         .         A         . 
           Orthocladius annectens               R         A         .         . 
           Orthocladius obumbratus              .         A         .         . 
           Parakiefferiella spp.                .         .         R         . 
           Parametriocnemus spp.                .         R         R         . 
           Rheocricotopus spp.                  .         R         .         . 
           Thienemanniella spp.                 .         .         .         C 
           Tvetenia discoloripes                .         .         .         A 
          Chironomidae-Prodiamesinae 
           Odontomesa fulva                     .         .         R         . 
          Chironomidae-Tanypodinae 
           Ablabesmyia mallochi                 R         R         C         R 
           Ablabesmyia monilis                  .         .         R         . 
           Conchapelopia gp.                    .         R         .         C 
           Procladius spp.                      .         .         R         . 
           Zavrelimyia gp.                      .         .         C         C 
          Empididae 
           Hemerodromia spp.                    .         .         R         R 
          Simuliidae 
           Simulium spp.                        R         A         .         A 
          Tipulidae 
           Antocha spp.                         A         A         C         . 
           Dicranota spp.                       .         R         .         C 
           Hexatoma spp.                        .         .         .         C 
           Tipula spp.                          .         .         .         R 
         Ephemeroptera 
          Baetidae 
           Acentrella amplus                    .         C         .         . 
           Acentrella spp.                      R         C         C         . 
           Acerpenna spp.                       .         .         C         . 
           Baetis alachua                       R         .         .         A 
           Baetis anoka                         .         A         C         A 
           Baetis brunneicolor                  A         .         .         C 
           Baetis flavistriga                   .         A         A         C 
           Baetis pluto                         .         R         A         R 
           Baetis propinquus                    C         C         C         C 
           Baetis punctiventris                 .         R         R         . 
           Baetis tricaudatus                   .         A         .         . 
           Centroptilum spp.                    .         R         .         . 
           Heterocloeon petersi                 .         R         C         . 
           Procloeon spp.                       .         R         .         . 
           Pseudocentroptiloides spp.           .         R         .         . 
          Baetiscidae 
           Baetisca carolina                    .         .         .         C 
          Caenidae 
           Caenis spp.                          R         C         C         C 
          Ephemerellidae 
           Attenella attenuata                  .         .         .         R 
           Drunella allegheniensis              .         .         R         R 
           Ephemerella catawba                  .         .         .         A 
           Serratella deficiens                 .         A         A         C 
           Serratella serratoides               .         .         C         R 
          Heptageniidae 
           Epeorus rubidus                      R         .         R         C 
           Heptagenia marginalis                .         R         C         . 
           Stenacron pallidum                   R         A         R         C 
           Stenonema ithaca                     C         A         A         . 
           Stenonema mediopunctatum             C         .         .         . 
           Stenonema meririvulanum              .         C         .         C 
           Stenonema modestum                   .         .         .         A 
           Stenonema pudicum                    .         .         C         A 
          Leptophlebiidae 
           Paraleptophlebia spp.                .         .         .         A 
          Neoephemeridae 
           Neoephemera purpurea                 .         .         R         R 



           Neoephemera youngi                   .         .         .         C 
          Oligoneuriidae 
           Isonychia spp.                       .         C         .         A 
         Hemitpera 
          Corixidae 
           Corixidae                            .         R         .         . 
         Megaloptera 
          Corydalidae 
           Corydalus cornutus                   R         .         .         R 
           Nigronia serricornis                 .         C         .         A 
          Sialidae 
           Sialis spp.                          .         .         R         . 
         Odonata-Anisoptera 
          Aeshnidae 
           Boyeria vinosa                       C         C         R         A 
          Cordulegastridae 
           Cordulegaster maculata               .         .         .         R 
          Gomphidae 
           Hagenius brevistylus                 .         .         R         . 
           Lanthus vernalis                     .         .         .         R 
           Stylurus laurae                      .         .         R         . 
         Odonata-Zygoptera 
          Calopterygidae 
           Calopteryx spp.                      .         .         R         . 
         Plecoptera 
          Leuctridae 
           Leuctra spp.                         .         C         .         A 
          Perlidae 
           Acroneuria abnormis                  .         C         .         A 
           Paragnetina fumosa                   .         .         R         . 
           Paragnetina ichusa                   .         .         R         . 
           Perlesta spp.                        .         .         .         A 
          Perlodidae 
           Yugus spp.                           .         .         R         . 
          Pteronarcyidae 
           Pteronarcys dorsata                  .         .         .         R 
         Trichoptera 
          Brachycentridae 
           Brachycentrus appalachia             C         R         C         A 
           Brachycentrus lateralis              R         R         C         . 
           Brachycentrus numerosus              A         .         .         . 
           Micrasema rusticum                   .         .         R         . 
           Micrasema wataga                     R         R         .         A 
          Hydropsychidae 
           Cheumatopsyche spp.                  .         A         C         C 
           Hydropsyche demora                   R         .         .         . 
           Hydropsyche morosa                   C         C         A         A 
           Hydropsyche slossonae                C         .         .         . 
           Hydropsyche sparna                   C         A         A         A 
           Hydropsyche venularis                R         A         R         . 
          Lepidostomatidae 
           Lepidostoma spp.                     R         .         R         C 
          Leptoceridae 
           Nectopsyche exquisita                .         .         .         R 
          Limnephilidae 
           Hydatophylax argus                   .         .         R         R 
           Pycnopsyche spp.                     .         C         .         . 
          Philopotamidae 
           Chimarra spp.                        .         .         R         . 
           Dolophilodes spp.                    .         .         .         R 
          Polycentropodidae 
           Polycentropus spp.                   .         .         .         C 
          Psychomyiidae 
           Lype diversa                         .         .         .         R 
          Rhyacophilidae 
           Rhyacophila fuscula                  .         .         .         C 
         Mollusca 
         Gastropoda 
         Limnophila 
          Ancylidae 
           Ferrissia spp.                       R         .         .         C 
         Mesogastropoda 
          Viviparidae 
           Campeloma spp.                       .         .         R         . 
         Pelecypoda 
         Heterodontida 
          Corbiculidae 
           Corbicula fluminea                   .         R         R         . 
         Nemertea 
         Enopla 
         Hoplonemertea 



          Tetrastemmatidae 
           Prostoma graecens                    .         R         .         . 
         Platyhelminthes 
         Turbellaria 
         Tricladida 
          Planariidae 
           Dugesia spp.                         .         .         R         . 
 
                    
 
    
        T-1  T-3   T-4       T-5 

TOTAL TAXA FOUND 41 65 72 77
NUMBER OF EPT TAXA 19 29 30 38
BIOTIC INDEX VALUE 3.99 4.18 4.43 3.51
BIOCLASSIFICATION GOOD GOOD GOOD EXCELLENT

     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
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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
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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
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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

Dillsboro Hydro Project Trash Removal Study Report

Introduction

During January of 2000, Duke Power Nantahala Area (DPNA) filed a notice of intent to

relicense the Dillsboro hydro project.  DPNA was requested to implement a trash and

debris management plan during the initial scoping process for this project.  In response to

these 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 Dillsboro 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

Dillsboro Hydro Station Energy Conservation Assessment

Introduction

During January of 2000, Duke Power Nantahala Area (DPNA) filed a notice of intent to

relicense the Dillsboro 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 
 



Internet Website (NPLOTH3) 

Prepared by Duke Power 3 
November 2002 

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.  

 
 
 
 



Dillsboro Hydroelectric Project (FERC # 2602) 
 
Report on High Water Availability for Recreation and Recreation Opportunity Studies 
 
The Dillsboro Project is located on the Tuckasegee River in the town of Dillsboro in a 
mountain valley setting surrounded by commercial and home development, woodlands, 
and open fields.  Five Duke Power Developments (the East Fork and West Fork Projects) 
located 20 miles upstream affect water flows at Dillsboro.  The Tuckasegee Plant and the 
Thorpe Plant (FERC 2686), located on the West Fork of the Tuckasegee River, are run in 
tandem.  The usual release from the Tuckasegee Plant (the lower plant) is about 190 cfs 
plus a continuous release of 20 cfs for a total of 210 cfs in the riverbed at the confluence 
of the East and West forks.  The Cedar Cliff development on the East Fork provides 
another 10 cfs when it is not generating for a total of about 220 cfs in the riverbed from 
power generation and from continuous releases.  Average annual runoff in the West Fork 
(at Tuckasegee Reservoir) is about 158 cfs with significant seasonal variations.  The 
Tennessee Creek, Bear Creek, and Cedar Cliff developments (FERC 2698) on the East 
Fork are operationally linked to each other and are operated as such.  The usual release 
from the Cedar Cliff Plant (the lower plant) is about 480 cfs plus a continuous release of 
20 cfs from the West Fork for a total of about 500 cfs from power generation and 
continuous releases.  Average annual runoff in the East Fork (at Cedar Cliff Reservoir) is 
about 239 cfs with significant seasonal variations.  The average annual runoff at 
Dillsboro is about 779 cfs with significant seasonal variations.  Information about 
generation releases is available through a Duke Power telephone message system for the 
public interested in downstream recreation.  The number is 828 369 4556. 
 
The Dillsboro Project does not significantly affect flow levels in the Tuckasegee River at 
Dillsboro since it is a hydroelectric project with limited storage.  Water either flows 
through the generator(s) and back into the riverbed below the 12-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 Dillsboro Plant Operation Plan currently 
being developed as part of Federal Energy Regulatory Commission relicensing of the 
Dillsboro Project. 
 
Rev Date:  02/22/02 



Sediment Issues for the Dillsboro 

 

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 Dillsboro 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 Dillsboro Project only generates electricity when there is sufficient flow in the river 

and flows in excess of 284 cfs 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 for 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 because of overhanging trees. Here the GPS points were 

located on the map (e.g. transect 11in Figure5.3.7-1) and depths recorded along regular 

intervals to the shore. At other locations the GPS point was recorded at an area where the 

water depth was less than 2 ft and not accessible by boat.  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 June 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 feet 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 Tuckaseegee 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 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 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 unit 

intakes.  The elevation of the bottom of the intake 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 intake opening 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 intake.  

 

There is no delta formation (i.e., indicating excessive sediment availability) downstream 

of Dillsboro 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 Dillsboro, 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 cannot 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 lodge 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 Dillsboro. 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.  

 

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 take place 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 

occurred 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 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 are shut off and the water is allowed to spill over the dam 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 is removed using large 

equipment (clam shell or track hoes) and disposed of properly. In the area affected by 

debris removal (approximately 50 feet upstream of the trash rack), once debris removal 

ceases, the sediments that became suspended will either settle out or will be carried away 

over the dam and dispersed by the downstream currents.  Once the debris removal is 

completed and the heavy equipment removed, the generating unit is ready for operation.  

The reservoir is kept at full pond during the entire operation so there is never a time when 

the pond is drained or lowered.  The entire operation may take two to three days. 

 

Required Drawdowns for Planned or Emergency Work 

The Licensee shall notify the NCDENR,the NCWRC, and the US fish and Wildlife 

Service 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. 



 

Drawdown Procedure 

The turbines are the only means of drawing down the reservoir at Dillsboro. Using the 

turbines would cause a major debris build-up in front of the intake racks which would 

need to be removed before the units could be operated. If a need arises to drain the 

reservoir then the appropriate resource agencies will be notified and a plan of action 

developed.      

Timing of Drawdown  

If a need arises to drain the reservoir then the appropriate resource agencies will be 

notified and a plan of action developed. 

 

Rate of Drawdown 

If a need arises to drain the reservoir then the appropriate resource agencies will be 

notified and a plan of action developed. 

 

Rate of Refilling 

If a need arises to drain the reservoir then the appropriate resource agencies will be 

notified and a plan of action developed. 

 

Agency Notification 

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) if a need arises to drain the 

reservoir and develop a plan of action. 

 

Downstream Bank Erosion  

Based on information in the FSCR, the TLT identified excessive bank erosion as a 

potential problem below Dillsboro 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 Dillsboro 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 

Dillsboro Project. 
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RIGHT LEFT RIGHT LEFT
Sieve size (mm) 1P1 1P2 1P3 1P4 Sieve size (mm) 3P1 3P2 3P3 3P4

4,75 100 100 99,86 96,9 4,75 100 100 100 100
Location A 2 99,9 99,96 96,44 85,16 Location C 2 99,98 99,96 99,9 99,4

0,85 91,33 94,59 66,28 54,22 0,85 99,73 97,16 97,4 87,24
0,425 48,02 54,71 32,73 35,41 0,425 99,23 77,95 84,79 71,49
0,25 20,55 28,18 18,84 26,38 0,25 97,18 44,9 65,47 53,15
0,18 12,24 21,49 13,75 21,66 0,18 83,71 23,51 43,36 29,95
0,15 9,41 18,64 11,31 18,84 0,15 70,33 18,28 33,22 22,54

0,125 6,62 13,79 8,12 14,42 0,125 50,38 12,22 24,07 13,41
0,075 5,1 10,73 6,02 10,81 0,075 33,89 8,52 19,27 9,12
0,053 4,27 9,24 4,6 8,31 0,053 25,49 6,68 17,18 7,56

Sieve size (mm) 2P1 2P2 2P3 2P4 Sieve size (mm) 4P1 4P2 4P3 4P4
4,75 100 100 100 100 4,75 100 100 100 99,83

Location B 2 99,4 99,93 99,65 99,82 Location D 2 99,7 99,86 99,1 96,38
0,85 83,7 93,13 96,72 95,41 0,85 91,81 95,14 87,81 62,2

0,425 42,5 56,73 86,19 84,86 0,425 52,94 85,4 77,01 40,89
0,25 19,07 24,93 66,58 67,92 0,25 32,54 72,49 58,74 27
0,18 11,51 12,91 43,53 51,66 0,18 25,9 52,25 34,97 19,25
0,15 9,44 10,03 32,52 42,06 0,15 21,84 37,08 23,84 15,88

0,125 6,82 7,43 21,03 30,58 0,125 15,02 21,11 14,1 11,85
0,075 5,22 5,89 15,17 25,17 0,075 11 14,23 9,62 9,13
0,053 4,3 4,91 12,49 23,45 0,053 8,94 11,78 7,78 7,27

Table 5.3.7-1.  Dillsboro 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 
 

TUCKASEGEE RIVER 
 

WEST FORK, EAST FORK AND DILLSBORO PROJECTS 
 
 
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 Tuckasegee 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) is required for the project. 
 
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: first, the designated water uses for each reach of stream (Tables 
1-3),  and second, water quality limits required to protect those uses.  The applicable water quality 
limits are summarized as follows (NCDENR-DWQ, 2002a): 
 
 

(a) Dissolved oxygen: not less than 6.0 mg/l daily average with an instantaneous minimum 
value of 5.0 mg/l for trout waters; for non-trout waters, not less than a daily average of 5.0 
mg/l with an 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; 
 
(b) 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 regimes in the Tuckasegee River 
system 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 West and East Fork impoundments and the subsequent use of that water for power generation on 
the downstream temperatures and dissolved oxygen concentrations in the Tuckasegee River.  



Table 1. Temperature and Dissolved Oxygen Sampling Locations Associated with the West Fork   
   Tuckasegee Hydroelectric Projects - 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 

West Fork 
Tuckasegee River  

- Lake Glenville       
Forebay 

N/A N/A N/A 

Lake Profiles    
1988 - 1990     
1993 - 1995   

1999          
(B;WS-III; 

HQW) 

Lake Profiles    
1999 - 2000 

Lake Profiles    
1983 

West Fork 
Tuckasegee River  
- Thorpe By-Pass     

upstream of Thorpe 
Powerhouse 

3.8 

11 May,  2001    
to              

14 May, 2002     
(100%) 

N/A N/A           
(B;WS-III; Tr) N/A N/A 

West Fork 
Tuckasegee River  

- downstream of 
Tuckasegee 
Powerhouse 

1.1 

11 May,  2001    
to              

14 May, 2002     
(100%) 

6 Aug - 10 Aug    
(100 %)        

&              
16 Sep - 20 

Sep            
(100 %) 

N/A           
(B;WS-III; Tr) N/A N/A 

Stream Classification Water Quality Standards 

Symbol Designated Use Temperature Dissolved Oxygen 

B Primary 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 

HQW High Quality Water N/A N/A 

WS-III Water Supply  -  Low to 
Moderately Developed N/A N/A 

 
 



Table 2. Temperature and Dissolved Oxygen Sampling Locations Associated with the East Fork   
   Tuckasegee Hydroelectric Projects - 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 

Wolf Creek          
- Wolf Creek 

Reservoir          
Forebay 

N/A N/A N/A 

1988, 1996, 
1999           

(B; WS-III; Tr; 
HQW) 

Lake Profiles    
1999 - 2000 N/A 

Wolf Creek          
- Wolf Creek 

 By-Pass      
upstream of 

Tennessee Creek 
Powerhouse 

N/A 

11 May,  2001    
to              

14 May, 2002     
(93%) 

N/A 
N/A           

(WS-III; Tr; 
HQW) 

N/A N/A 

East Fork 
Tuckasegee River  
- Tanasee Creek 

Reservoir  
N/A N/A N/A 

N/A           
(B; WS-III; Tr; 

ORW) 

Lake Profiles    
2000 N/A 

East Fork 
Tuckasegee River  

- Bonas Defeat       
upstream of 

Tennessee Creek 
Powerhouse 

N/A 

11 May,  2001    
to              

14 May, 2002     
(100%) 

N/A 
N/A           

(B: WS-III; Tr; 
ORW) 

N/A N/A 

East Fork 
Tuckasegee River  

- Bear Creek 
Reservoir            
Forebay 

N/A N/A N/A N/A           
(B;WS-III; Tr) 

Lake Profiles    
1999 - 2000 N/A 

 
 
 
 



Table 2..  con’t 
 

East Fork 
Tuckasegee River  

- Cedar Cliff 
Reservoir            
Forebay 

N/A N/A N/A 1985 - 2000    
(B;WS-III; Tr) 

Lake Profiles    
1999 - 2000 N/A 

East Fork 
Tuckasegee River  

- downstream of 
Cedar Cliff 

Powerhouse1 

51.6 

11 May,  2001    
to              

15 May, 2002     
(100%) 

N/A 1985 - 2000    
(B;WS-III; Tr) N/A N/A 

East Fork 
Tuckasegee River  

- downstream of 
Cedar Cliff 

Powerhouse 

50.2 

11 May,  2001    
to              

15 May, 2002     
(100%) 

6 Aug - 10 Aug    
(100 %)        

&              
16 Sep - 20 

Sep            
(100 %) 

1985 - 2000    
(B;WS-III; Tr) N/A N/A 

       

Stream Classification Water Quality Standards 

Symbol Designated Use Temperature Dissolved Oxygen 

B Primary 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 

ORW Outstanding Resource 
Waters N/A N/A 

HQW High Quality Water N/A N/A 

WS-III Water Supply  -  Low to 
Moderately Developed N/A N/A 

                                                           
1 Even though this site was not designated in the original study design (NP&L, 2001b), the two temperature 
loggers originally deployed in the East Fork (for replication of data, see Methods Section) exhibited noticeably 
different temperatures that each temperature logger was considered as a separate site. 



Table 3. Temperature and Dissolved Oxygen Sampling Locations on the Tuckasegee River and   
   Associated with the Dillsboro 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 

Tuckasegee River  
- upstream of Caney 

Fork 
47.1 

11 May,  2001    
to              

14 May, 2002     
(100%) 

6 Aug - 10 Aug    
(100 %)        

&              
16 Sep - 20 

Sep            
(100 %) 

1985 - 2000    
(B;WS-III; Tr) N/A N/A 

Tuckasegee River  
- upstream of         

Webster Bridge   
36.2 

11 May,  2001    
to              

14 May, 2002     
(100%) 

6 Aug - 10 Aug    
(100 %)        

&              
16 Sep - 20 

Sep            
(0 %) 

1985 - 2000    
(B; Tr) N/A N/A 

Tuckasegee River  
- Dillsboro 

Powerhouse Flow 
31.7 

11 May,  2001    
to              

14 May, 2002     
(80.7%) 

6 Aug - 10 Aug    
(100 %)        

&              
16 Sep - 20 

Sep            
(100 %) 

1985 - 2000    
(C) N/A N/A 

Tuckasegee River - 
upstream of 

confluence with 
Oconoluftee River 

19.2 

10 May,  2001    
to              

15 May, 2002     
(100%) 

6 Aug - 10 Aug    
(100 %)        

&              
16 Sep - 20 

Sep            
(100 %) 

N/A           
( C ) N/A N/A 

Stream Classification Water Quality Standards 

Symbol Designated Use Temperature Dissolved Oxygen 

B Primary Recreation less than 29oC 5 mg/l daily mean,              
4 mg/l minimum 

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 

WS-III Water Supply  -  Low to 
Moderately Developed N/A N/A 



METHODS 
 
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 Tuckasegee River system at ten locations (Figure 1 and Tables 1-3).  
The thermistors were deployed beginning on 11 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 Tables 1-3) 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).  Unlike all other pairs of loggers, which were 
within 25 meters of each other, the individual loggers in the East Fork were separated by 1.4 miles 
(Table 2) and consequently were considered separate sites since the temperatures were noticeably 
different.  
 
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 a temperature data recovery of  100 % 
from all but two of the Tuckasegee River sites (Tables 1-3).  The temperature loggers at the Dillsboro 
Dam were damaged and the data from 3 February through 14 April were lost.  Data lost from the 
Wolf Creek By-Pass site from 8 September - 1 October were the result one of the loggers found on 
the bank of the river and the other could not be downloaded.  The 15-minute temperature data 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, and depth) were collected 
with programmable Hydrolab DataSondes.  The DataSondes were suspended off the bottom by an 
anchored float (Knight, 1998) at six locations in the Tuckasegee River (Tables 1-3).  The Hydrolabs 
were programmed to record data at 5-minute intervals during a 4-day period in August and September 
2001.  The Hydrolab deployed at RM 36.2 (Webster Bridge site) during September did not record the 
data during the deployment.  100% of the data was obtained from the other Hydrolabs deployed in 
August and September.  These deployments were 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 ~5C° increments while the instruments 
recorded the temperature at minute intervals.  These data were within the manufacturer’s 
specifications.  



 
The Hydrolab DataSondes were calibrated for dissolved oxygen, conductivity, and depth 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 DataSondes recorded the changes at one-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.  
 
Reservoir temperature and dissolved oxygen profiles were obtained from TVA (storet files), Fish and 
Wildlife Associates, Inc., and the NCDENR-DWQ (Tables 1-2).  Reservoir morphometry (elevations, 
storage, structures, etc.) were obtained from the original drawings associated with the various projects 
(Nantahala Power and Light, 2002a) and the various metrics were calculated according to Hakanson 
(1981).  Hourly generation data was provided by Duke Power Company, Hydro Operations (Holland, 
2002).  Bryson City meteorological data was obtained from the NCDENR - Division of Air Quality 
(Mullur, 2002). 
 
Historical records of water quality (temperature and dissolved oxygen, monthly grab samples) 
collected at Dillsboro (1981- 1994) and Tuckasegee (1974 -1980) were obtained from NCDENR-
DWQ (Sauber, 2002).  
 
Historical records of stream flow (Bryson City mean daily discharge) were obtained from the USGS 
(http://waterdata.usgs.gov/nwis/sw).  Historical records of the East and West Fork flows were 
obtained from Nantahala Power and Light operational data.  Mean (or median) daily summer flows 
(June - September) were calculated for each year for the period of record (1955 - 2001).  Summer 
flows within ±25% of the ‘grand’ mean summer flow for the period of record was 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.  
 
Mean daily incremental flows at various sections throughout the Tuckasegee River system were 
calculated by the method described by Giese and Mason (1993). 
 
 
 
 
 
 
 
 
 
 
 



 

 
Figure 1. Map of Temperature and Dissolved Oxygen Sampling Locations in the Tuckasegee River - River Miles and Historical Data      
    Collection Sites 



SITE DESCRIPTION 
 
West Fork - Tuckasegee River 
 
Five major tributaries that drain the northern slope of the eastern continental divide flow directly into 
Lake Glenville, which dams the West Fork of the Tuckasegee River.  From Lake Glenville (Table 4), 
a penstock supplies water to the Thorpe hydroelectric facility.  The 5.8 mile long river channel from 
the Lake Glenville dam to the Thorpe powerhouse is referred to as the Thorpe By-Pass.  The by-pass 
channel receives leakage and/or spill from the Lake Glenville reservoir as well as flow from the 
immediate drainage area.  Water from the Thorpe powerhouse and the Thorpe by-pass flows directly 
into the Little Lake Glenville impoundment (Table 4).  A penstock from Little Lake Glenville 
supplies water to the Tuckasegee hydroelectric plant.  Approximately 1 mile of river channel below 
Little Lake Glenville is by-passed by the Tuckasegee penstock, however a 20 cfs supplemental flow 
is passed from the Little Lake Glenville dam to the West Fork channel.  Due to the very limited 
storage of Little Lake Glenville, both Thorpe and Tuckasegee hydroelectric facilities are usually 
operated in tandem.  Water from the Tuckasegee hydro and from the Tuckasegee by-pass flows 
approximately 1.54 miles to the confluence with the East Fork Tuckasegee River. 
 
The NCDENR-DWQ (2002b) has classified the Lake Glenville High Quality Waters.  The NCWRC 
(Yow, 2002) manages Lake Glenville as a warm water fishery with its tributaries managed as ‘Wild 
Trout Waters’.  The Thorpe By-Pass is managed as a Hatchery Supported trout fishery from Shoal 
Creek to the head of Tuckasegee Reservoir.  From that point downstream to the confluence with the 
East Fork of the Tuckasegee River, the NCWRC has not designated this portion of the river as trout 
waters (providing public access), but this section of the river supports wild trout populations and is 
considered public trust resources managed by the state. 
 
 
East Fork - Tuckasegee River 
 
The East Fork of the Tuckasegee River is formed by the confluence of Panthertown and Greenland 
Creeks, which drain from the northern slopes of the eastern continental divide.  Tanasee Creek joins 
the East Fork of the Tuckasegee River at the Tanasee Creek impoundment (Table 4).  Wolf Creek 
Reservoir and Tanasee Creek Reservoir are joined by a common penstock, which supply water to the 
Tennessee Creek powerhouse (with rare exceptions, the common penstock maintains equal lake levels 
between both impoundments).  Similar to the Thorpe By-pass, the river channels from the bottom of 
the Wolf Creek Dam and the Tanasee Dam to the Tennessee Creek powerhouse are referred to as the 
Wolf Creek By-Pass and Bonas Defeat By-Pass since those channels receive leakage and/or spill 
from the respective reservoirs and flow from the tributaries.  Water from the Tennessee Creek 
powerhouse and the two bypasses flow directly into Bear Creek Reservoir (Table 4).  Water used to 
generate electricity at the Bear Creek hydroelectric project or water that overflows Bear Creek Dam 
(spill) is released directly into Cedar Cliff Reservoir (Table 4); which in turn, releases water (either by 
generation or spill) into the East Fork - Tuckasegee River channel.  In addition, a 10 cfs supplemental 
flow to the channel downstream of Cedar Cliff powerhouse is supplied during the non-generation 
periods.  The water released from Cedar Cliff reservoir flows approximately 1.9 miles to the 
confluence with the West Fork. 
 
The NCDENR-DWQ (2002b) has classified the East Fork of the Tuckasegee River and its tributaries 
upstream of Tennessee Creek as either Outstanding Resource Waters with an ‘Excellent’ 
Bioclassification rating or as High Quality Waters.  The NCWRC (Yow, 2002) manages the river 
upstream of Tennessee Creek as ‘Wild Trout Waters’, with Wolf Creek Reservoir and Tanasee Creek 
Reservoirs as Hatchery Supported.  Bear Creek Reservoir is also managed as a Hatchery Supported  



trout fishery.  Even though Cedar Cliff Reservoir has trout, it is managed as a warm water fishery.  
The 1.9 miles downstream of Cedar Cliff to the confluence of the West Fork supports wild trout 
populations and is managed by the state as a public trust resource.  
 
Tuckasegee River 
 
The flows in the Tuckasegee River were a function of the relative contributions from the East or West 
Fork systems (including generation flow, spill flow, supplemental flow, and/or tributary flow).  In 
addition, various tributaries contribute water to the Tuckasegee River downstream of the confluence 
of the East and West Forks at a non-linear rate (Figure 2).  The impact of generation flows from the 
East and West Fork Projects extended downstream to Bryson City (Nantahala Power and Light, 
2001).  The average speed of travel down the Tuckasegee River of the leading edge of the flow at 
maximum generation capacity from the West Fork hydroelectric projects was 2.2 mph, the East Fork 
maximum generation averaged 2.56 mph, and the combined Cedar Cliff and Tuckasegee/Thorpe 
generation averaged 2.64 mph.  Since the low head dams at Cullowhee (water intake for Cullowhee, 
NC) and at the Dillsboro hydroelectric project (Table 4) had minimum storage capacity, the rate of 
water movement through these impoundments was unimpeded.  The amount of water moving over 
the Dillsboro turbine is governed by a float system in the forebay.  If the river discharge exceeded the 
turbine capacity, water spilled over the concrete dam.      
 
The NCDENR-DWQ (2002b) has classified the Tuckasegee River upstream of Dillsboro Dam as 
trout waters with primary recreation protection.  Downstream of Dillsboro Dam, the NCDENR-DWQ 
(2002b) has classified the Tuckasegee River as non-trout waters protected for secondary recreation 
and protection of aquatic life.  However, the NCWRC (Yow, 2002) manages the Tuckasegee River 
upstream of Wilmot as a Hatchery Supported trout fishery.  Downstream of Wilmot, the NCWRC 
manages the Tuckasegee River as a warm water fishery. 
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Figure 2.  Tuckasegee River Mean Daily Discharge - Without Generation Flow -Downstream of the 
     Confluence of the East and West Forks, (calculated by method of Giese and Mason, 1981)



Table 4.  Morphometric Characteristics of the Tuckasegee River Reservoirs 

West Fork  East Fork Tuckasegee 
River 

Reservoir Parameter 
Lake Glenville Little Glenville 

Reservoir 
Tanasee 

Creek 
Reservoir 

Wolf Creek 
Reservoir 

Bear Creek 
Reservoir 

Cedar Cliff 
Reservoir Dillsboro 

(m-msl) 1064.3 694.6 939.1 939.1 780.3 710.5 601.1 Full Pond        
Elevation  (ft-msl) 3491.7 2278.8 3080.9 3080.9 2559.9 2331.0 1972.0 

(m-msl) 1061.1 693.6 933.0 933.0 772.7 702.7 N/A Tainter Gate 
Bottom Elevation (ft-msl) 3481.3 2275.8 3061.0 3061.0 2535.0 2305.5 N/A 

(m-msl) 1040.6 692.4 910.4 902.2 728.3 671.2 N/A Penstock Center 
Elevation (ft-msl) 3414.1 2271.5 2986.8 2960.0 2389.3 2202.0 N/A 

(m-msl) 1036.9 690.4 908.2 900.7 724.8 668.6 N/A Penstock Invert 
Elevation (ft-msl) 3401.8 2265.1 2979.5 2955.0 2378.0 2193.5 N/A 

(m3) 8.91E+07 4.32E+04 1.70E+06 1.26E+07 4.28E+07 7.94E+06 1.91E+04 
Volume 

(acre-ft) 72193.0 35.0 1377.6 10230.7 34713.7 6437.4 15.5 

(m2) 5.84E+06 3.20E+04 1.62E+05 7.41E+05 1.90E+06 4.78E+05 5.63E+04 
Area 

(acre) 1444.0 7.9 40.0 183.0 469.0 118.0 13.9 

(m) 39.6 10 33.8 46.0 58.6 45.7 2.1 
Maximum Depth 

(ft) 130.0 32.8 110.9 150.9 192.3 150.0 7.0 

(m) 15.2 1.4 10.5 17.0 22.6 16.6 0.3 
Mean Depth 

(ft) 49.9 4.4 34.4 55.9 74.0 54.6 1.1 

Relative Depth (%) 1.5 0.5 7.4 4.7 3.8 5.9 0.1 

(cms) 2.8 5.0 2.7 1.5 7.6 8.1 18.1 Mean Daily  
 Inflow+ (cfs) 100.0 175.9 95.5 52.7 268.3 284.3 640.0 

Mean Retention 
Time  (days) 363.7 0.1 7.3             

(39.5)* 
97.8           

(39.5)* 65.2 11.4 0.01 

+ calculated by the method described by Giese and Mason (1993) 
* note:  since both reservoirs are connected by a common penstock, water from either drainage may flow into either reservoir   



RESULTS 
 
Temperature 
 
The daily average temperatures calculated from the West Fork (WF RM 1.1) and East Fork (RM 
51.6) sites revealed significant colder temperatures from April through September compared to sites 
on the lower Tuckasegee River (Nantahala Power and Light, 2002b), Hiwassee River (Nantahala 
Power and Light, 2002c), and the Cullasaja River (Nantahala Power and Light, 2002d).  Water 
temperatures at those latter three sites were clearly in response to the prevailing meteorological 
conditions (evidenced by the changes in water temperature to changes of the daily mean air 
temperature2).  Also, the water temperatures measured at those latter sites represent the probable 
water temperatures of the upper Tuckasegee River without the hypolimnetic withdrawal from the 
West Fork and East Fork hydroelectric projects (Table 4).  This hypolimnetic use by the hydroelectric 
projects, and subsequent release of the cool water downstream, has permitted the NCWRC (and the 
NCDENR-DWQ) to manage a trout fishery, albeit hatchery supported, in the Tuckasegee River 
during the summer months.  This report addresses the availability of the hypolimnetic cold-water 
resource and its rate of heating as the water travels downstream in the Tuckasegee River.  
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Figure 3. Comparison of the East Fork and West Fork Tuckasegee Powerhouse Flow Temperatures 
     to the Temperatures Measured in the Tuckasegee River at Whittier (RM 19.2), Hiwassee 
     River (RM 99.1), and Cullasaja River (RM 1.2) 

                                                           
2 Air Temperature is used in this report as a surrogate for equilibrium temperature (the theoretical temperature 
that the water would achieve under the prevailing meteorological conditions) 



West Fork - Lake Glenville 
 
As with most reservoirs in the Southeastern United States, Lake Glenville exhibited characteristics of 
a warm, monomictic lake (Figure 4).  The reservoir exhibited one mixing period during the winter 
and a prolonged, thermally stratified period during the spring-summer-fall months.  The minimum 
water temperature (and the time of occurrence of the minimum temperature) was a function of the 
severity of the winter weather conditions.  The temperatures at the bottom of the lake did not change 
during the stratified period (Figure 6) indicating that the bottom temperatures recorded from the 
various years (Figure 5) were indicative of the severity of the winter meteorological conditions.  Lake 
Glenville’s large relative depth (measure of the resistance to deep water mixing), long retention time 
(Table 4), and summer/fall heat storage greatly impacted the extent of mixing and the minimum water 
column temperatures.  As the weather warmed and solar radiation increased during the spring, the 
surface heating of the reservoir initiated thermal stratification.  The timing of the vernal stratification 
was dependent upon the late winter/early spring meteorology.  As Lake Glenville’s surface water 
continued to warm, water density gradients were formed, isolating the lower depths from atmospheric 
heat exchange (Figures 4 and 6).  Thus, the amount of heat dissipated from the lake to the atmosphere 
during the winter dictated the amount of cold water stored in Lake Glenville for the proceeding 
stratified period. 
 
Maximum summer surface temperature usually occurred in August (Figure 6).  Although the patterns 
of heating and cooling were unique for each summer, the summer surface water temperatures were 
similar between the various years (Figure 5) since the summer meteorological conditions between the 
years was also similar.  Since the surface water temperatures were a function of the atmospheric heat 
exchange across the air/water interface, diel heating and cooling during the summer (as well as the 
limited wind fetch) contributed to the depth of the epilimnion (upper mixed layer). 
 
Similar to the initiation of thermal stratification in the spring, the meteorological conditions in the fall 
and winter determined the timing and the extent of reservoir cooling and subsequent mixing.  For 
example, by the middle of September 1999 (Figure 6), the loss of heat to the atmosphere had mixed 
the water column to a depth of 15 meters.  In 1983 (Figure 4) mixing began in late September and 
continued through December.  Complete water column mixing had not occurred by the end of that 
year.  Evidence of Lake Glenville mixing was also apparent from the temperatures recorded from the 
location in the West Fork-Tuckasegee River downstream of the Tuckasegee powerhouse (Figure 3).  
As air temperatures rapidly decreased from mid-December to mid-January, a similar decrease was 
observed in the stream temperatures (Figure 3).  These data indicate that Lake Glenville was mixed to 
at least the depth of the penstock opening by mid-December when the stream temperatures began to 
decrease significantly.  This trend of decreasing temperatures continued until mid-January, indicating 
the lake was still cooling and mixing until weather conditions warmed to prevent further cooling 
 
The most notable differences of water column temperatures during all of the stratified periods were 
observed in the metalimnetic region (region of increased thermal gradients) (Figures 4, 5 and 6).  
Unlike natural lakes where the formation of the metalimnion is solely a function of wind fetch and 
diel convection, thermal stratification patterns in reservoirs are also strongly influenced by advection.  
In the case of Lake Glenville, cold water was removed from the lake via the deep-water penstock 
thereby deepening the metalimnion and warming the successive layers.  As long as water was 
removed during the stratified period, this warming would continue to the depths of the penstock 
(Figure 4).  The rate of heating of the metalimnion was a function of the rate of deep-water removal 
from Lake Glenville (Figure 7).  The average daily penstock flow to Thorpe powerhouse (calculated 
from June through August for each year) removed the cooler water from the lake at the penstock 
depth, this cooler water was ‘replaced’ by warmer water from above.  Of all of the summers where 
data was available (Figure 5), the rate of the hypolimnetic loss was most pronounced in 1988, where 



 

 
Figure 4.  1983 Temperature Isopleths in Lake Glenville 
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Figure 5.  August Temperature Profiles in Lake Glenville -          Figure 6.  1999 Summer Temperature Profiles in Lake Glenville 
      1988, 1990, 1995, 1999, 2000, and 2001. 



the average flow through the penstock was 262 cfs.  In contrast, 2001 exhibited minimal hypolimnetic 
loss since only an average of 43 cfs was used by Thorpe hydro.  Coincidentally, the y-intercept of the 
depths of the isotherms (Figure 7 at zero flow) corresponded to the theoretical thermocline depth3 
calculated for natural lakes (Lerman 1978). 
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Figure 7.  Regression Analysis of the August Depth of the 12º, 16º, and 20º Isotherms in Lake   
     Glenville as a Function of the Mean Daily Summer Outflow 
 
Since the amount of cold water stored in Lake Glenville was determined at the beginning of the 
stratified period and since this cold water is supplied to the Tuckasegee River via Thorpe hydro, the 
management of the rate of warming in the deeper depths of Lake Glenville becomes very significant 
to the water quality objectives in the Tuckasegee River.  Unlike the empirical relationship (Figure 7), 
which used the arbitrary time frame of June - August, the availability of cold water4 throughout the 
stratified period was calculated based upon the amount of water stored in Lake Glenville (Figure 8).   
Using the 20ºC temperature standard for trout as an example5, the number of days that water equal to 
or less than 20ºC that may be released from Lake Glenville was calculated for various flow rates 
(Figure 9).  The flow rates used for the calculations were derived from the historical inflows6 to Lake 
Glenville.  The results of the calculations revealed that the total amount of water used from the 
penstock must be considered for both lake level and downstream temperature management. 
  
                                                           
3 Since natural lakes do not have a deep-water withdrawal, the thermocline depth is a function of the wind fetch 
of a lake, Lake Glenville’s average fetch was estimated at 2.4 km. 
4 The actual temperature of the water was a function of the winter meteorological severity. 
5 The same calculation may be made for any desired temperature. 
6 The use of the statistically derived inflows (1955-1999) for the calculation was based upon keeping the lake 
level constant during the stratified period, if the outflows exceed the inflows (as in Figure 7), the lake level 
would drop, but the prediction in Figure 9 would remain the same. 
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Figure 8.  Lake Glenville Storage Curve                Figure 9.  Potential Days of 20ºC (or less) Water Released from Thorpe  
                 Hydroelectric Station at Various Summer Tributary Inflows



West Fork - Thorpe By-Pass 
 
The daily average, minimum, and maximum temperatures calculated from the 15-minute temperature 
recordings from the Thorpe By-Pass, upstream of the Thorpe powerhouse flow, (Figure 10) paralleled 
the mean daily air temperatures.  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.  Temperatures in the by-pass exhibited warmest temperatures 
during July and August with coolest temperatures in late January and early February.  Even though 
the by-pass temperatures were a function of the meteorological trends, the by-pass temperatures were 
cooler than those measured from other river sites (Figure 3).  This was not surprising since the Thorpe 
By-pass was at a greater altitude (cooler meteorological conditions) and was shaded from solar 
radiation by the extensive tree canopy much more than the other river sites.  Although the by-pass 
was cooler, maximum daily temperatures routinely exceeded the state water quality standard of 20°C 
for trout waters from June through August.  
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Figure 10.  Mean, Minimum, and Maximum Daily Water Temperatures, Thorpe By-Pass - West   
       Fork, Tuckasegee River 
 
 
West Fork - Tuckasegee River (Downstream of Tuckasegee Hydro) 
 
The daily average, minimum, and maximum temperatures calculated from the 15-minute temperature 
data recorded from the West Fork - Tuckasegee River (Figure 11), 50 meters downstream of the 
confluence with the Tuckasegee powerhouse flow and Tuckasegee Hydro By-pass flow, were a 
function of the operation of Thorpe Hydroelectric Station7.  The minimum water temperatures 
recorded during the spring, summer, and fall were indicative of the temperatures of the hypolimnion 
of Lake Glenville.  Whereas the maximum temperatures recorded in spring, summer, and fall were a 
result of the relative contribution of water originating from the Thorpe By-Pass as it passed through 
                                                           
7 Since the storage in the Little Glenville reservoir was minimal, Tuckasegee Hydro was operated in tandem 
with Thorpe Hydro 
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Figure 11. Mean, Minimum, and Maximum Daily Water Temperatures, West Fork, Tuckasegee   
      River RM 1.1, 100 meters downstream of Tuckasegee Powerhouse 
 
 
Little Glenville Reservoir.  The situation was reversed in the winter when the water originating from 
Lake Glenville was warmer than the water from the Thorpe By-Pass.   
 
The temperatures recorded downstream of Tuckasegee powerhouse flow were a function of the 
relative contribution to the total West Fork flow from either the Thorpe By-Pass or Thorpe hydro 
generation (with very small incremental flow directly into Little Glenville Reservoir).  The Thorpe 
By-pass flows continuously into the headwaters of Little Glenville.  When Thorpe Hydro generated 
power, the water from Thorpe Hydro flowed into Little Glenville reservoir about 50 meters 
downstream of the Thorpe By-Pass inflow8.  During generation, the large amount of cold water from 
Thorpe Hydro replaced the water in Little Glenville Reservoir as the Tuckasegee Hydro released 
water downstream into the West Fork.  Cooler temperatures measured downstream of Tuckasegee 
Hydro during generation (Figures 12 and 13) were the result of the Thorpe release of the deep water 
from Lake Glenville.  Each successive generation period continually replaced the Little Glenville 
water with the water released by Thorpe Hydro.  The resultant temperatures downstream of 
Tuckasegee Hydro remained consistently cool (Figure 13).  However, during longer periods of non-
generation (Figure 12 and 13), the warmer water from the Thorpe By-pass overflowed the colder 
water stored in Little Glenville.  If the period of non-generation was long enough (about 3 days, 
Figure 12), the downstream temperatures began to increase as the surface water from Little Glenville 
was released from the surface gate (Table 4) into the Tuckasegee By-pass.  
                                                           
8 Based upon historical records from Nantahala Power and Light, the mean daily flow of the Thorpe By-pass 
was 44 cfs. However, since the normal summer flow for 2001 was 83% of mean flow (based upon the Bryson 
USGS gage), the Thorpe By-pass flow averaged 36 cfs during the summer of 2001.  Using this figure, during 
generation, the Thorpe Hydro contributed 5.6 times as much water to Little Glenville Reservoir as did the 
Thorpe By-pass. 
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Figure 12.  Comparison of the June 15 minute Water Temperatures, West Fork Tuckasegee River 
       (RM 1.1), Thorpe By-Pass, and Air Temperatures to Tuckasegee Hydro Generation Flow  
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Figure 13.  Comparison of the July 15 minute Water Temperatures, West Fork Tuckasegee River 
       (RM 1.1), Thorpe By-Pass, and Air Temperatures to Tuckasegee Hydro Generation Flow  



 
The periodic thermal stratification reported in Little Glenville Reservoir (Nantahala Power and Light, 
2001) was probably the result of this overflow of the warmer water from Thorpe By-pass.  As the 
period of non-generation from the West Fork projects increased, the temperatures downstream of 
Tuckasegee Hydro also increased as they approached the temperatures of the Thorpe By-pass 
(Figures 12 and 13).  However, as with any inflow to a reservoir, as the warmer water flowed over the 
underlying cooler water, turbulent mixing occurred in the boundary layers which slowed the process 
of intensifying thermal stratification which delayed the warming downstream.  When the West Fork 
projects commenced generation, the high flow from Tuckasegee Hydro rapidly released the warmer 
water that had accumulated in Little Glenville Reservoir, resulting in a short lived temperature spike’ 
downstream of the Tuckasegee Hydro.    
 
The diel, metro logically induced temperature changes were most notable in the Thorpe By-pass, with 
daily temperature changes routinely exceeding 3.5ºC.  In contrast, the water temperatures downstream 
of Tuckasegee Hydro exhibited one very small incremental temperature increase and subsequent 
decrease around noon each day; irrespective of generation flow (Figures 12 and 13).   
 
 
East Fork - Wolf Creek, Tanasee Creek, Bear Creek, and Cedar Cliff Reservoirs 
 
The general summer thermal stratification patterns in the East Fork Reservoirs (Figures 14-18) were 
similar to Lake Glenville by exhibiting characteristics of warm, monomictic reservoirs.  However, the 
very high relative depths (Table 4) would suggest that these reservoirs would experience complete 
mixing only during the most extreme winters.  However, the hypolimnion of all the reservoirs 
exhibited isothermal conditions and, in addition, the entire hypolimnion, including the extreme 
bottom depths, continued to warm throughout the summer.  These apparently contradictory 
characteristics were due to the deep-water withdrawal and, as indicated by the relatively short 
retention times (Table 4), high advective flow through the reservoirs.  The surface water temperatures 
in all of the reservoirs were subjected to heating throughout the summer by the meteorological 
exchange of heat.  Flows received into each reservoir (either from direct runoff from the watershed or 
from the reservoir upstream) would flow into the reservoir to a depth commensurate with the relative 
temperatures of the inflow and reservoir temperatures.  
 
The increase of temperature throughout both Tanasee Creek and Wolf Creek Reservoirs was due, in 
part, to the removal of the deeper, cold water by the operation of Tennessee Creek Hydroelectric 
Station (analogous to the warming of the hypolimnion of Lake Glenville).  However, the warming of 
Wolf Creek Reservoir was also due to the contribution of warmer water from Tanasee Creek 
Reservoir.  Tanasee Creek reservoir received surface water inflow from Tanasee Creek and East Fork 
Tuckasegee River.  The temperature of these inflows was reflected in the uniform temperatures of 
Tanasee Creek Reservoir throughout the summer since the average residence time of the water in the 
reservoir was only 7 days (Table 4).  However, since the inflow into Tanasee Creek Reservoir was, on 
the average, about twice the average flow into Wolf Creek Reservoir, warmer water9 from Tanasee 
Creek Reservoir would flow into Wolf Creek via the common penstock.   
 
Tennessee Creek powerhouse released water from both Wolf Creek and Tanasee Creek Reservoirs 
into Bear Creek Reservoir.  The temperature of the water released into Bear Creek was a function of 
the relative contribution of water at each penstock level.  That water would flow into Bear Creek to a 
depth of similar temperatures.  Since the surface temperatures in Bear Creek Reservoir were warmer 

                                                           
9 The water at the penstock opening in Tanasee Creek was warmer than the water at the depth of the penstock in 
Wolf Creek (Figures 14 and 15).   
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Figure 14.  2000 Summer Temperature Profiles in Wolf Creek Reservoir  Figure 15. 2000 Summer Temperature Profiles in Tanasee Creek  
                Reservoir 
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Figure 16.  2000 Summer Temperature Profiles in Bear Creek Reservoir Figure 17.  2000 Summer Temperature Profiles in Cedar Cliff Reservoir 
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Figure 18.  Comparison of August Temperature Profiles From Wolf Creek, Bear Creek, and Cedar Cliff Reservoirs 



than the deeper water in Tanasee or Wolf Creek, the water released from Tennessee Creek 
powerhouse would flow ‘under’ the surface water creating an upper, relatively isolated strata in Bear 
Creek Reservoir until the meteorological conditions would cool the surface water in Bear Creek.  As 
with Tanasee and Wolf Creek Reservoirs, the warm, upper water in Bear Creek resulted from either 
meteorological heat exchange and/or tributary inflow. 
 
The water released from the Bear Creek powerhouse to Cedar Cliff Reservoir behaved very similar to 
the water released from the Tennessee Creek powerhouse into Bear Creek.  Namely, that the cold 
water from the deeper depths in Bear Creek Reservoir ‘plunged’ under the warm surface layer in 
Cedar Cliff.  Analogous to the surface water in Bear Creek, the surface layer (epilimnion) in Cedar 
Cliff Reservoir was even more isolated during the summer months than the surface water in Bear 
Creek.  Since Cedar Cliff Reservoir had an average water retention time of 11 days (Table 4), the cold 
water in Cedar Cliff originated from Bear Creek Reservoir.  In addition, the strong vertical thermal 
gradients forming the epilimnion in Cedar Cliff were probably the result of the relatively large storage 
of cold water in Bear Creek (Figure 19) supplying that cold water to Cedar Cliff. 
 
 Unlike the West Fork temperatures (Figure 3) which remained fairly constant throughout the summer 
(until Lake Glenville mixed in December, 2001), the East Fork temperatures (Figure 3) gradually 
increased until early October 2001.  Based upon the 45-day average retention time of the East Fork 
reservoirs, the temperature increase during the summer months in the East Fork may be attributed to 
the depletion of winter stored cold water with a gradual replacement of warmer water from the upper 
reservoirs.  Unlike Lake Glenville where the rate of depletion of colder water was based upon the 
amount of winter stored cold water (Figure 9), the number of days where the Cedar Cliff powerhouse 
release would be less than or equal to 20ºC was dependent upon the rate of replacement of water less 
than or equal to 20ºC.  Since Bear Creek Reservoir had substantially more storage than the other East 
Fork reservoirs (Table 4, Figure 19), the rate of depletion of  ‘trout’ water at the average flow rate 
released from Bear Creek10 would have depleted all of the cold water stored in Bear Creek (Figure 
20) by early summer.  However, by using the median inflows11 to the Tennessee Creek Reservoirs, 
the rate of depletion of cooler water from Bear Creek Reservoir approximates that observed from the 
Cedar Cliff powerhouse flow (Figure 3).   
 
Unlike the gradual depletion of cold water from Thorpe Reservoir and subsequent expansion of the 
epilimnion, during the summer the East Fork Reservoirs formed an isolated, upper warm water layer 
which maintained a uniform thickness.  Flow through the reservoirs occurred through the deeper 
layers.  Gradual hypolimnetic replacement occurred as the bottom, cooler water was used for 
electrical generation and replaced by slightly warmer water from the upper reservoirs.  Based upon 
the amount of water used for electrical generation by Cedar Cliff Hydro in the summer of 2001 
(Figure 21), equivalent volumes of Tanasee Creek, Cedar Cliff, and Wolf Creek Reservoirs (red dots, 
Figure 21) were rapidly utilized.  The equivalent amount of water stored in Bear Creek Reservoir was 
not used until October.  The equivalent volume of Lake Glenville storage was not used for generation 
during the entire 12-month period again emphasizing the use of winter stored cold water from Lake 
Glenville to supply cold water to the Tuckasegee River during the summer months. 
 
The East Fork temperatures downstream of the Cedar Cliff powerhouse began to cool in October 
2001 (Figure 3).  This gradual cooling was also indicative of the rate at which the reservoirs lost heat 
from the surface as well as the cooler tributary inflows at that time of year.  Similar to Lake Glenville, 
all of the East Fork reservoirs experienced significant cooling and subsequent mixing beginning in 
mid-December and continuing into January.   

                                                           
10 Calculated by the method of Giese and Mason (1981) 
11 Derived from historical Nantahala Power and Light records 
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Figure 19.  East Fork Reservoir’s Storage Curves                    Figure 20.  Potential Days of 20ºC (or less) Water Released from Bear  
                         Creek Hydroelectric Station at Various Summer Flows 
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Figure 21.  Volume of Water Released to the Tuckasegee River for the Electrical Generation from 
        the West and East Fork Projects (Cumulative and Daily Volumes) 
 
 
 
East Fork - Wolf Creek and Bonas Defeat By-Passes 
 
The daily average, minimum, and maximum temperatures calculated from the 15-minute temperature 
recordings from the Wolf Creek and Bonas Defeat By-Passes (Figures 21 and 22, respectively) 
paralleled the mean daily air temperatures.  Within the general seasonal trends of temperature 
patterns, shorter intervals of heating and cooling periods were observed, indicating a rapid response 
of river temperatures to the prevailing meteorological conditions.  Temperatures in the bypasses 
exhibited warmest temperatures during July and August with coolest temperatures in late January and 
early February.  Even though the by-pass temperatures were a function of the meteorological trends, 
the by-pass temperatures were cooler than those measured from other river sites (Figure 3).  This was 
not surprising since the bypasses were at a greater altitude (cooler meteorological conditions) and was 
shaded from solar radiation more than the larger rivers.  The effect of shading was most noticeable by 
the slightly warmer temperatures measured in Bonas Defeat compared to the Wolf Creek By-pass.  
These slightly warmer maximum daily temperatures in Bonas Defeat periodically exceeded the state 
water quality standard of 20°C for trout waters, whereas the Wolf Creek By-pass temperatures did not 
exceed the 20ºC standard.  
 
Detailed comparison of all three Tuckasegee By-passes (Wolf Creek, Bonas Defeat, and Thorpe) 
revealed very similar temperatures (Figure 23) and responses to the meteorological changes.  Wolf 
Creek By-pass had slightly cooler temperatures than the other two bypasses, again indicative of the 
thick undergrowth shading the water.  Bonas Defeat and Thorpe By-pass exhibited very similar 
temperatures.  Even though Bonas Defeat had cold-water tributaries, as the water flowed through the 



unshaded, rock filled gorge, the water temperatures responded very rapidly to the meteorological 
events.  Even though the Thorpe By-pass was more extensively shaded, the longer travel time allowed 
the water temperatures to equilibrate to the meteorological conditions. 
.
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Figure 22. Mean, Minimum, and Maximum Daily Water Temperatures, Wolf Creek By-pass. 
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Figure 23. Mean, Minimum, and Maximum Daily Water Temperatures, East Fork - Tuckasegee   
      River, Bonas Defeat By-pass 
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Figure 24.  Comparison of the July 15 minute Water Temperatures of the East Fork By-passes (Wolf 
       Creek and Bonas Defeat) to the Thorpe By-pass and Air Temperatures 
 
 
 
East Fork - Tuckasegee River (Downstream of Cedar Cliff Hydro) 
 
The mean daily temperatures calculated from the 15-minute temperature recordings from East Fork - 
Tuckasegee River at RM 51.2 (Cedar Cliff powerhouse flow) and at RM 50.2 (1-mile downstream 
from Cedar Cliff powerhouse) responded very rapidly to the prevailing meteorological conditions (as 
indicated by the air temperatures recorded at Bryson City) (Figure 25).  During the summer, even 
though the water temperatures gradually increased in the powerhouse flow (see previous sections), 
the water released from Cedar Cliff Hydro was significantly colder than the temperatures in 
equilibrium with the meteorology12.  This difference tended to heat the water as it moved downstream 
during the summer.  This downstream warming continued until the middle of September when the air 
temperatures fell below the water temperatures which resulted in very little heating or cooling as the 
water moved downstream.  From mid-November 2001 until March 2002, the water temperatures from 
both sites exhibited very little difference.  In March 2002, the air temperatures significantly increased 
which warmed the water moved downstream.   
 
Beginning in early June 2001, the temperature of the water in the pool immediately downstream of 
Cedar Cliff Hydro became much more variable.  Analysis of the temperatures recorded at 15-minute 
intervals in June 2001 (Figure 26) revealed the differential heating and cooling of the water released  

                                                           
12 Air temperatures in this report are used as a surrogate for the temperature of the water in equilibrium with the 
prevailing meteorological conditions, i.e. the temperature of the water where the net heat exchange between the 
water and atmosphere is equal to zero. 
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 Figure 25. Mean Daily Water Temperature Downstream of Cedar Cliff Powerhouse, East Fork -   
       Tuckasegee River 
 
from Cedar Cliff Hydro.  Prior to June 8, 2001 (Figure 26), the water in the pool immediately 
downstream of Cedar Cliff powerhouse was essentially the same temperature each day since the 
water used for generation and minimum flow originated from the bottom of Cedar Cliff Reservoir.  
When the minimum flow valve was operating, the water in the downstream pool exhibited very 
minimal heating during mid-day with very slight cooling when the station began generating power.  
However, on June 8th, the minimum flow valve13 failed.  In order to maintain the minimum flow 
requirements, approximately 10 cfs was released continually from the Cedar Cliff Reservoir tainter 
gates (Lineberger, 2002).  The use of this water to maintain minimum flow downstream of Cedar 
Cliff resulted in increased temperatures immediately after generation as the tainter gate water 
replaced the cold water in the pool downstream of Cedar Cliff.  Even though the tainter gate supplied 
an additional 10 cfs of warmer water during generation, the water temperatures during generation 
were less than ½ºC to those prior to valve failure.  Unlike the water supplied by the minimum flow 
valve, the water supplied by the tainter gate exhibited 2-3ºC diel temperature change as a function of 
the meteorological conditions.  This pattern of temperature changes in the pool immediately 
downstream of Cedar Cliff Hydro continued throughout the summer of 2001 (Figure 27).   
 
As the water released from Cedar Cliff moved downstream, significant diel heating and cooling was 
observed (Figures 26 and 27).  Typically, the rate of heating or cooling of water is a function of the 
magnitude of the difference between the water temperatures and the air temperatures.  However, the  
rate of heating or cooling as the water traveled downstream was also a function of the flow in the  

                                                           
13 The valve was designed to release 10 cfs during the time when Cedar Cliff Hydro was not generating, the 
valve was tapped into the penstock (same water used for generation) 
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Figure 26.  Comparison of the June 15 minute Water Temperatures, East Fork Tuckasegee River        
       Downstream of Cedar Cliff Powerhouse, to Air Temperatures and Cedar Cliff Generation 
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Figure 27.  Comparison of the July 15 minute Water Temperatures, East Fork Tuckasegee River        
       Downstream of Cedar Cliff Powerhouse, to Air Temperatures and Cedar Cliff Generation 



river.  At higher flow rates (increased cfs), the water not only became deeper, but also traveled at a 
higher velocity.  Increased depth and velocity would tend to reduce the rate of heating or cooling per 
distance traveled.  This was the case in the East Fork downstream of Cedar Cliff.   
 
At minimum flow (10 cfs), the water temperatures warmed or cooled very rapidly as meteorological 
conditions changed.  Using Bonas Defeat temperatures as a benchmark of meteorologically controlled 
temperatures, the afternoon temperatures 1-mile downstream of Cedar Cliff, during the 10 cfs 
minimum flow, were very similar to the maximum diel temperatures recorded from Bonas Defeat.  
This similarity of maximum diel temperatures in the East Fork occurred whether the minimum flow 
originated from the penstock or the tainter gate.  Also, during the minimum flow periods, 
temperatures recorded at night 1-mile downstream of Cedar Cliff approached the temperatures of the 
water used for minimum flow, again irrespective of the source of the minimum flow.   
 
During the periods of high flow rates (electrical generation), the water temperatures 1-mile 
downstream of Cedar Cliff Hydro were less than ½ºC warmer than the temperatures in the pool 
immediately downstream of Cedar Cliff.  This slight increase in temperature was probably due to the 
mixing of the generation water with the minimum flow supplied by the tainter gate rather than 
warming in the river channel since the temperatures 1-mile downstream prior to valve failure were 
identical to the temperatures of the penstock water.   
 
 
Tuckasegee River - Downstream of the East and West Fork Confluence 
 
As mentioned in the previous sections, the primary source of water supplying the Tuckasegee River 
originated from the hypolimnions of the storage reservoirs on either the East or West Fork of the 
Tuckasegee.  During the summer months, the temperatures of the water supplied to the Tuckasegee 
River from the upstream projects were lower than the temperatures that would have existed due to the 
prevailing meteorological conditions (Figure 3).  However, as this water moved downstream, 
tributary flows contributed additional water (Figure 2).  Since cold water was supplied to the river 
from the hydro projects, the management of the aquatic system centers around the following 
temperature concerns: 
 
 1. at what distance downstream were temperatures maintained for the trout fishery (Table 3) 
  and various endogenous species 
 2. how were downstream temperatures effected by hydro operations 
 2. how was the rate of change of river temperatures effected by hydro operations 
 
The daily average, minimum, and maximum temperatures calculated from the 15-minute temperature 
recordings from the Tuckasegee River as RM 47.1 (Moody Bridge), RM 36.3 (Webster Bridge), and 
RM 31.7 (Dillsboro) (Figures 28, 32, and 36, respectively) generally paralleled the mean daily air 
temperatures with notable exceptions during the summer months.  During the summer, coolest 
temperatures were observed at Moody Bridge but progressively increased downstream.  The 
frequency of exceedence of the 20ºC state temperature standard for trout also increased at the 
downstream sites.  During the coldest period during the year, December through February, the 
temperatures generally cooled as the water moved downstream.   
 
Since the warmest summer temperatures were observed in June while the coolest average 
temperatures were in August, the 15-minute temperature data from the three sites during three 
different periods (Figures 29-31, 33-35, and 37-39) revealed the role of project operations on the 
downstream temperatures.  In June, the warmest temperatures were observed from all of the sites 
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Figure 28. Mean, Minimum, and Maximum Daily Water Temperatures, Tuckasegee River RM 47.1, 
      200 meters downstream of Moody Bridge 
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Figure 29.  Comparison of June 15 minute Water Temperatures, Tuckasegee River RM 47.1, 200 m 
       Downstream of Moody Bridge to East and West Fork Temperatures and Generation Flow 
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Figure 30  Comparison of July 15 minute Water Temperatures, Tuckasegee River RM 47.1, 200 m 
      Downstream of Moody Bridge, to East and West Fork Temperatures and Generation Flow 

0
2
4
6
8

10
12
14
16
18
20
22
24
26
28

6-Aug 7-Aug 8-Aug 9-Aug 10-Aug 11-Aug 12-Aug 13-Aug 14-Aug 15-Aug 16-Aug

2001

Te
m

pe
ra

tu
re

 (C
)

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

G
en

er
at

io
n 

Fl
ow

 (c
fs

)

Tuck- Moody Bridge Temp West Fork Temp East Fork Temp
Air Temps Tuckasegee Generation Cedar Cliff Generation

 
Figure 31 Comparison of August 15 minute Water Temperatures, Tuckasegee River RM 47.1, 200 m 
      Downstream of Moody Bridge, to East and West Fork Temperatures and Generation Flow 
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Figure 32. Mean, Minimum, and Maximum Daily Water Temperatures, Tuckasegee River RM 36.2, 
      300 meters upstream of Webster Bridge (Delayed Harvest Section) 
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Figure 33  Comparison of June 15 minute Water Temperatures, Tuckasegee River RM 36.2, 300 m 
       Upstream of Webster Bridge, to RM 47.1 Temperatures and Generation Flow 
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Figure 34  Comparison of July 15 minute Water Temperatures, Tuckasegee River RM 36.2, 300 m 
       Upstream of Webster Bridge, to RM 47.1 Temperatures and Generation Flow 
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Figure 35 Comparison of August 15 minute Water Temperatures, Tuckasegee River RM 36.2, 300 m 
      Upstream of Webster Bridge, to RM 47.1 Temperatures and Generation Flow 
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Figure 36. Mean, Minimum, and Maximum Daily Water Temperatures, Tuckasegee River RM 31.7, 
      Dillsboro Powerhouse Flow 
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Figure 37 Comparison of June 15 minute Water Temperatures, Tuckasegee River RM 31.7, Dillsboro 
      Powerhouse Flow, to RM 36.2 and RM 19.2 Temperatures and Generation Flow 
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Figure 38 Comparison of July 15 minute Water Temperatures, Tuckasegee River RM 31.7, Dillsboro 
      Powerhouse Flow, to RM 36.2 and RM 19.2 Temperatures and Generation Flow 
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Figure 39 Comparison of August 15 minute Water Temperatures, Tuckasegee River RM 31.7,   
      Dillsboro Powerhouse Flow, to RM 36.2 and RM 19.2 Temperatures and Generation Flow 



when the projects were not generating (June 19th - 21st) and the flow in the Tuckasegee consisted of 
the minimum flow released at the projects and tributary inflow (Figures 29, 33, and 37).  The water 
temperatures during this minimum flow period increased as the water moved downstream, but the rate 
of heating progressively decreased to where the Webster and Dillsboro water temperatures were 
approximately equal and were in response to the meteorological variables. 
 
The effect of Cedar Cliff generation had a direct influence on the temperatures recorded at Moody 
Bridge (June 13th -17th, Figure 29).  During times of generation, the Tuckasegee River temperatures 
rapidly decreased as the water from Cedar Cliff Hydro reached Moody Bridge.  The water 
temperatures recorded at Moody Bridge during Cedar Cliff generation were slightly greater than the 
water released from Cedar Cliff probably as a result of mixing with water in the river channel, mixing 
with the minimum flow released from Tuckasegee Dam and other smaller tributaries, and 
meteorologically induced warming.  After Cedar Cliff stopped generation, the Tuckasegee River at 
Moody Bridge rapidly warmed in response to the tributary flows and the meteorology.  Also of 
significance was that the amount of warming immediately after generation was of the same 
magnitude as the prolonged baseflow, however, the river temperatures after generation were cooler 
than the minimum river temperatures during the prolonged baseflow.  Thus, even though the river 
flow was at baseflow after generation, the cool water supplied by the project kept the maximum daily 
temperatures cooler than without the input from Cedar Cliff.  
 
The temperatures recorded at Webster during prolonged baseflow (Figure 33) showed slightly 
elevated temperatures and similar trends as the temperatures at Moody Bridge.  This slight increase in 
temperatures at Webster was again indicative of meteorological warming and tributary inflow.  Most 
noticeable, however, was the amount of warming of the water used for generation by the time it 
traveled to the Webster site.  The temperatures at Webster during and after the generation at Cedar 
Cliff appeared to be solely meteorologically controlled.  However, similar to the temperature response 
at the Moody Bridge site, the minimum temperatures during the period of Cedar Cliff generation were 
cooler than the minimum temperatures during the prolonged baseflow.  These lower minimum 
temperatures resulted from the periodic release of cold water from Cedar Cliff. 
 
The temperatures in the Dillsboro powerhouse flow during these periods (Figure 37) exhibited very 
similar responses, as did the Webster site.  The minimum temperatures were not as low as the 
minimum temperatures recorded upstream at Webster during generation.  Under prolonged baseflow, 
the minimum temperatures from both sites were similar.  This trend was either the result of slight 
meteorological warming as the water moved downstream or the result of the slight depth increase in 
the Dillsboro pond.   
 
The effect of only the Tuckasegee (and Thorpe) Hydro generation on the downstream river 
temperatures was very similar to the temperatures recorded when Cedar Cliff generated, except not as 
pronounced (Figures 30, 34, and 38).  Since the flow from the West Fork was about half of that from 
the East Fork, the West Fork water temperatures responded at a faster rate to the influence of 
meteorology and tributary mixing.  These two factors controlled the temperatures of the water 
released from the West Fork projects as it reached the Webster and Dillsboro sites. 
 
August temperatures were noticeably cooler than the earlier in the summer (Figures 28,32, and 36).  
During August, daily generation from both the East Fork and West Fork projects dominated the flows 
in the Tuckasegee River (Figures 31, 35, and 39).  The combined generation released significant 
amounts of cool water, which resulted in a deeper river channel, increased water velocity, and 
proportionally less influence by tributary inflow.  These physical characteristics minimized the rate at 
which the water warmed as it traveled downstream thereby keeping the entire river cooler through the 
Dillsboro project to Whittier (Nantahala Power and Light, 2002b).   



The seasonal heating and cooling of the Tuckasegee River (as  ± Cº/mile, Table 5) revealed the same 
pattern of warming as the West and East Fork project releases during the spring and summer, while 
the water from the upstream project cools as it travels downstream during the winter.  However, 
unlike the Mission Project (Nantahala Power and Light, 2002c), the warming and cooling through the 
Dillsboro Pond were similar to the rest of the river.  Most of the heating of the water released from 
the East and West Fork Projects during the summer occurred in the upper reaches of the Tuckasegee 
River with minimal heat exchange from Webster downstream.  Similarly, most of the cooling of 
project water during the winter also occurred in the upper reaches.  On the average, by the time the 
water released from the upstream projects reached Webster, and particularly Dillsboro, the water 
temperatures were controlled by the meteorological variables. 
 
 
Table 5. Mean Monthly Temperatures Change (Cº/mile), Tuckasegee River, Upstream and   
   Downstream of Dillsboro Project, 2001 - 2002. 

River Section Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

RM 48.5 to 47.1         
(West Fork and East 

Fork Confluence        
to                    

200 downstream 
Moody Bridge) 

-0.08 -0.02 0.22 0.45 0.86 1.00 0.92 0.11 0.42 -0.01 -0.19 -0.15 

RM 47.1 to 36.2         
(200 downstream 

Moody Bridge          
to                    

Webster Bridge) 

-0.03 0.02 0.09 0.24 0.28 0.30 0.40 0.36 0.18 -0.02 -0.05 -0.07 

RM 36.2 to 31.7         
(Webster Bridge        

to                    
Dillsboro Powerhouse) 

-0.07 0.04 - 0.18 0.16 0.21 0.26 0.22 0.11 0.03 -0.06 -0.08 

RM 31.7 to 19.2         
(Dillsboro Powerhouse   

to                    
Whittier Site) 

-0.01 0.05 - 0.12 0.09 0.09 0.13 0.16 0.09 -0.01 -0.03 -0.03 

 
Even though the monthly average heating rates throughout the various reaches of the Tuckasegee 
River (Table 5) were calculated using all of the temperatures recorded during the month, the average 
summer values indicate that the majority of the heating takes place in the upper reaches with an 
exponential decay of the rate of heat gain (Figure 40) as the water moved downstream.  However, as 
was discussed qualitatively in the previous section, the observed changes in downstream temperatures 
were a function of the amount of water used for generation and the tributary inflows.  In an attempt to 
investigate the role of tributary flow to the overall heating of the Tuckasegee River during the 
summer of 2001, flow weighted temperatures14 were calculated for each river site by adding the 
tributary contribution of heat into a river reach to the river heat entering that segment (traveled past 

                                                           
14 Tflow weighted=[(T * Vol)upper site+ (T * Vol)trib] / (Volupper+ Voltrib) 



the upper sampling site).  The tributary flow15 for each river segment was multiplied by the daily16 
tributary temperature17 to determine the average daily heat input to that segment of river.  This daily 
tributary heat was added to the upstream site daily heat flow18.  The mean daily flow-weighted 
temperature was subtracted from the observed daily mean temperature to yield the meteorological 
derived heat gain throughout that river reach.  The values from the various reaches were divided by 
the total length of river segment to normalize the values per mile of river.  This calculation was made 
for each day from May through September.  Using the above assumptions, the tributary heat input 
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Figure 40.  Average 2001 Summer (May - September) Heating Rate Downstream of the Confluence 
       of the East and West Forks, Tuckasegee River 
 
accounted for ≈ ½ of the total heat gain to the Tuckasegee River.  The meteorologically induced 
heating was again most pronounced in the upper reaches of the river and exhibited an exponential 
decline.  
 
In order to investigate the mean daily rates of heat gain (both observed and ‘corrected’ for tributary 
inflow) as a function of river flow, the total project releases (generation and minimum flow 
requirements for the East and West Fork projects) were sorted, categorized, averaged, and plotted 
(Figures 41 and 42).  Flow categories were established as minimum flow (30 cfs), low-flow (80 cfs), 
mid-flow (140 cfs), and high flow (250 cfs)19.  At minimum and low flows the heating rates were  

                                                           
15 the average tributary flow was calculated using the ‘drought’ equation in Figure 2 
16 daily mean values were used since the travel time ranged from hours to days depending upon flow  
17 since tributary temperatures were not measured, daily mean temperatures from Bonas Defeat were used 
18 the daily heat flow at a given site was calculated by multiplying the average daily temperature by the daily     
amount of water released from the project(s) plus the tributary flow to that site 
19 these mean flows, and subsequent mean heating rates, were calculated by averaging all of the days where, the 
flows between 30 and 100 cfs averaged 80 cfs; 100 - 200 cfs = 140 cfs, and greater than 200 cfs = 250 cfs. 
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Figure 41.  Minimum and Low Flow, 2001 Summer (May - September) Heating Rate Downstream 
       of the Confluence of the East and West Forks, Tuckasegee River  
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Figure 42.  Mid and High Flow, 2001 Summer (May - September) Heating Rate Downstream of the 
       Confluence of the East and West Forks, Tuckasegee River  



highest immediately downstream of the East and West Fork Confluence (Figure 41).  The heating 
rates exhibited an exponential decline as the water moved downstream.  By the time the water 
traveled to the Webster site, additional heating of the water was minimal since the water temperatures 
were approximating equilibrium with the meteorological conditions where the daily average heat 
exchange approached zero.  At minimum flows (30 cfs combined flow from the forks), tributary 
inflows did not add much additional heat since the Bonas Defeat temperatures (used for the tributary 
temperatures) were equal to or greater than the temperatures at minimum flow in the East Fork 
(Figures 26 and 27).  As the tributary water was added to the minimum flow in the Tuckasegee River, 
the total combined flow heated as the water slowly moved downstream.  However, at an average of 
80 cfs (all observed flows between 30 and 100 cfs), the small amount of generation flow enabled the 
cool water to move down the system faster whereby the warmer tributary input mixed with the cooler 
generation flow contributing to significant heating of the river (since the water was warmed by the 
tributaries, the contribution of heating due the meteorological conditions was reduced since the water 
temperatures were closer to the equilibrium imposed by the weather). 
 
At mid to high flows (Figure 42), the heating per mile drastically decreased in the upper reaches due 
to deeper depths and faster water velocity.  During generation, the East and West Fork temperatures 
remained cold and were warmed significantly by the relatively warm tributaries.  Since the faster, 
deeper water remained colder further downstream, the heating rate in the Webster / Dillsboro 
segments were greater than during the low flow periods.  By the time the higher flows reached 
Whittier, the heating rates approximated those of the low flows indicating that meteorological 
equilibrium was approached. 
 
The major influence of the East and West Fork Projects on the Tuckasegee River was the use of cold, 
hypolimnetic water to maintain cool water in the during the summer months.  As a consequence, that 
water was heated or cooled as it traveled downstream by both tributary inflow and meteorological 
heat exchange.  However, aquatic life may also be sensitive to rapid temperature changes.  Typically, 
the greatest temperature changes occurred during the release of cold water from the East Fork or in 
combination with the West Fork generation (Figures 29 - 39).  As the water exchanged heat with the 
atmosphere, particularly water that has approached meteorological equilibrium, e.g. all of the river 
sites on June 19th-20th  (Figure 29 and 37), diel patterns of heating and cooling occurred.  Examples of 
maximum heat loss (temperature decreases) due to East Fork generation were observed on the 14th - 
16th June (Figure 43) when the meteorological conditions warmed the river and the East Fork 
generation water was cold.  The maximum sustained temperature decrease was observed from the 20th 
- 22nd of June (Figure 44).  During this time of minimum flow (no generation), all of the river sites 
exhibited the maximum temperature recorded throughout the sampling period.  After the maximum 
temperature was attained, the West Fork Projects, followed by a combined generation from both 
forks, released cold water into the Tuckasegee River.  This cycle of generation resulted in the 
maximum sustained temperature decrease observed throughout the 2001 summer.  
 
The upper Tuckasegee sites in the East Fork downstream of Cedar Cliff and the Moody Bridge site 
exhibited rates of temperature decline exceeding the meteorologically induced cooling (Table 6).  The 
maximum rates of temperature decline were of short duration compared to the total duration of the 
individual cooling periods.  Downstream sites typically had longer periods of cooling since the 
generation flow not only was dispersed with water in the river channel, but also with tributary flow.  
Beitinger, et.al, addressed the significance of the rates of temperature change on the fish species. 
(2000).  However, their review of 80 publications primarily addressed rates of temperature increases 
rather than temperature declines.  However, various rates of temperature increase (over a prolonged 
period of time) ranging from 0.02 - 0.3ºC per minute created loss of equilibrium in rainbow trout.  
With the exception of the East Fork and Moody Bridge sites in mid-June, all of the sustained 
temperature decreases were less than 0.02ºC per minute. 
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Figure 43  Temperature Decreases in the Upper Tuckasegee River with Daily Generation  
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Figure 44.  Maximum Sustained Temperature Decrease in the Tuckasegee River, Summer 2001 



Table 6.  Maximum Temperature Decreases in the Tuckasegee River, Summer 2001 
 

Meteorologically Induced  - Diel Changes                                                 
( 18 - 20 June 2001 ) 

Tuckasegee River Site 
Initial Temp   

(deg-C) 
Ending 
Temp         

(deg-C) 

Elapsed 
Time         
(min) 

Mean         
Delta-T       

(oC / min) 

Maximum     
Delta-T       

(oC / min) 

Duration of          
Maximum Delta-T    

(min) 

East Fork 21.9 14.1 825 -0.010 -0.022 15 

Moody Bridge 23.9 19.4 750 -0.006 -0.012 15 

Webster 25.3 20.6 765 -0.006 -0.012 15 

Dillsboro 24.8 21.8 810 -0.004 -0.011 45 

Whittier 25.9 22.2 765 -0.005 -0.012 15 

East Fork Generation Flow                                                              
( 14 - 16 June 2001 ) 

Tuckasegee River Site 
Initial Temp   

(deg-C) 
Ending 
Temp         

(deg-C) 

Elapsed 
Time         
(min) 

Mean         
Delta-T       

(oC / min) 

Maximum     
Delta-T       

(oC / min) 

Duration of          
Maximum Delta-T    

(min) 

East Fork 16.3 9.8 150 -0.043 -0.196 15 

Moody Bridge 19.4 11.0 210 -0.040 -0.116 15 

Webster 18.1 16.6 270 -0.005 -0.011 15 

Dillsboro 20.9 18.6 435 -0.005 -0.011 30 

Whittier 21.8 19.6 435 -0.005 -0.011 30 

Combined Generation Temperature Change                                               
( 9 August 2001 ) 

Tuckasegee River Site 
Initial Temp   

(deg-C) 
Ending 
Temp         

(deg-C) 

Elapsed 
Time         
(min) 

Mean         
Delta-T       

(oC / min) 

Maximum     
Delta-T       

(oC / min) 

Duration of          
Maximum Delta-T    

(min) 

East Fork 18.0 12.4 225 -0.025 -0.169 15 

Moody Bridge 17.3 12.8 270 -0.017 -0.043 15 

Webster 19.6 15.8 645 -0.006 -0.016 60 

Dillsboro 20.4 17.4 600 -0.005 -0.011 15 

Whittier 20.8 20.1 180 -0.004 -0.011 15 

Maximum Sustained Temperature Change                                                 
( 20 - 22 June 2001 ) 

Tuckasegee River Site 
Initial Temp   

(deg-C) 

Ending 
Temp         

(deg-C) 

Elapsed 
Time         
(min) 

Mean         
Delta-T       

(oC / min) 

Maximum     
Delta-T       

(oC / min) 

Duration of          
Maximum Delta-T    

(min) 

East Fork 20.1 9.8 630 -0.016 -0.149 15 

Moody Bridge 24.2 10.7 2235 -0.006 -0.052 15 

Webster 24.7 16.3 3870 -0.002 -0.032 30 

Dillsboro 26.5 14.5 2010 -0.006 -0.033 15 

Whittier 26.4 17.0 2265 -0.004 -0.029 15 

 



Historical Water Temperature 
 
The fourteen years of monthly ‘grab’ temperature data collected by the NCDENR-DWQ at Dillsboro 
(Figure 45) revealed temperatures that were periodically greater than the state water quality standard 
of 20ºC for Class C trout waters, but were consistently less than the 29ºC standard for non-trout 
waters.  The monthly ‘grab’ samples illustrated a high degree of variability between the various years 
in the Tuckasegee River.  This variability is not unexpected since, as mentioned in the previous 
sections, the river temperatures responded very rapidly to changing meteorological conditions, 
generation times, generation flows, and tributary inflow.  Hence, the water temperatures collected as 
‘grab’ samples only reflect the river conditions immediately prior to sampling.  In addition, the very 
high variability of water temperatures during the summer also reflects the stratification patterns and 
subsequent water release from West and East Fork Reservoirs.  
 
The historical ‘grab’ samples of temperature do hint at a relationship between temperatures and 
overall summer flows and usually exhibited warmer summertime temperatures during the low flow 
years.   But, the high variability of summertime temperatures also reveals the significant influence 
that the water temperatures and flows from the upper Tuckasegee projects also have on downstream 
water temperatures.    
 
  

J F M A M J J A S O N D
0
2
4
6
8

10
12
14
16
18
20
22
24
26
28

Month

W
at

er
 T

em
pe

ra
tu

re
 (C

)

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

 
Figure 45.   Monthly ‘grab’ Temperatures Collected by NCDENR-DWQ at RM 31.5, Tuckasegee 
        River at Dillsboro  (flows at USGS gage in Bryson City: blue = summer flow > 1485, 
        green = 891 < summer flow < 1485, and red = summer flow < 891) 
 
 



Dissolved Oxygen 
 
The dissolved oxygen concentrations in an aquatic system are a function of the interrelationships and 
relative rates of physical, chemical, and biological processes.  The construction of deep reservoirs on 
the West and East Forks of the Tuckasegee River has slowed and deepened the ‘old’ river.  This 
combination resulted in increased retention times and incomplete vertical mixing (stratification) of 
the reservoir.   
 
As a general rule, the shorter time the water is in the reservoir, the greater the similarity of water 
quality coming into the reservoir and the water going out of the reservoir.  Conversely, with increased 
retention times, the amount and type of dissolved or particulate material is progressively altered 
within the reservoir, by chemical or biological activity.  The oxygen concentrations within a reservoir 
are a function of allochthanous (externally derived, from either point or non-point sources) organic 
loading and the autochthonous (internal) organic production.  As the reservoir receives organic 
compounds from the watershed (external), these materials oxidize (consume oxygen) by bacterial 
decomposition.  Additionally, inorganic nutrients (primarily phosphorus and nitrogen) are also 
transported from the watershed.  These nutrients stimulate algal growth within the reservoir (internal); 
which, while growing, produce oxygen, but as they sink and decompose, consume oxygen.  The 
relative rates of the ‘BOD’ from either source are a function of how much material was added to the 
reservoir and over what period of time the organic material decomposes. 
 
In reservoirs, different layers of water form as a result of reduced vertical mixing (thermal 
stratification).  Complete vertical mixing (water in contact with the atmosphere) is reduced or 
eliminated with the onset of vernal warming of the surface water.  This warmer water, exhibiting less 
specific gravity due to increased temperatures, floats over the cooler, denser water (hypolimnion).  As 
radiant energy and air temperatures increase, the top layer (epilimnion) is further warmed, thereby 
creating a stronger vertical temperature gradient.  As the thermal gradient intensifies, the cool, lower 
layers become increasingly isolated from the atmosphere.  Dissolved oxygen progressively decreases 
in the lower layers due to the bacterial decomposition of organic material derived from the watershed 
or from the ‘algal rain’ from the upper layer where the algae were produced.  The downstream release 
of this deep, cool, low oxygenated water via the powerhouse penstocks typically results in the 
concern for depressed oxygen concentrations in the tailwaters of the hydroelectric facilities.   
 
 
West Fork - Lake Glenville 
 
The dissolved oxygen concentrations in Lake Glenville (Figures 46 and 47) were typical for warm, 
monomictic southeastern reservoirs.  Dissolved oxygen concentrations were highest in the spring due 
to the mixing of the water column and subsequent atmospheric reaeration throughout the winter.  The 
maximum water column concentration achieved in the spring was a function of the extent and 
duration of the mixing period.  As reservoir stratification became more pronounced (Figure 6), the 
dissolved oxygen concentrations in the deeper depths (Figure 47) decreased due to microbial 
respiration.  The decomposition of organic material (either supplied by the inflow and/or algal 
production within the reservoir) was centered in the metalimnetic region (layer of maximum thermal 
gradients).  The changes of the dissolved oxygen distribution in the water column from August to 
September (Figure 47) indicate that as deep water was withdrawn from the penstocks, the 
metalimnetic water, with lower dissolved oxygen concentrations, was ‘pulled’ deeper in the reservoir.   
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Figure 46 August Dissolved Oxygen Profiles in Lake Glenville - Figure 47 1999 Summer Dissolved Oxygen Profiles in Lake Glenville 
      1988, 1990, 1995, 1999, 2000, and 2001.



However, in some years, the reservoir also experienced metalimnetic oxygen maximum with 
enhanced rates of oxygen loss in the deeper layers (Figure 46).  Metalimnetic oxygen increases are 
usually attributed to high oxygen concentrations in the tributary inflow as that cooler, high-
oxygenated water would flow under the warm epilimnion, or, if metalimnetic light intensity was 
sufficient to sustain algal contribution of oxygen by photosynthesis.  In either case, the extent of the 
deep-water dissolved oxygen deficits was lower in 2000 and 2001 (low flow years) than in the 
previous years.  This difference in the yearly deep water oxygen concentrations, analogous to 
increased heating in the hypolimnion, would indicate that the deep water oxygen concentrations at the 
level of the penstocks were a function of the total amount of water withdrawn from the penstocks.     
 
Even though the deep-water layers in Lake Glenville experienced oxygen deficits, the amount of 
oxygen lost by microbial decomposition was not sufficient to create anoxic water.  This observation, 
coupled with the high retention time of Lake Glenville (Table 4) and the very low conductivity values 
and primary nutrient concentrations reported by NCDENR-DWQ (2002b) suggest that Lake Glenville 
exhibited very low algal productivity.  The lowest dissolved oxygen concentrations were observed at 
depths greater than the penstock opening.  These deep-water minimum oxygen concentrations were a 
result of either incomplete winter mixing due to the high relative depth (Table 4) or significant 
sediment oxygen demand.   
 
 
West Fork - Tuckasegee River (Downstream of Tuckasegee Hydro) 
 
Even though Lake Glenville experienced oxygen concentrations of approximately 6 mg/l in the 
vicinity of the penstock opening in 2001, the oxygen concentrations measured downstream of 
Tuckasegee Hydro were not less than 9 mg/l (Figures 48 and 49).  These values represented 
concentrations when the hydros (Thorpe and Tuckasegee) were not generating.  As soon as generation 
began, the oxygen concentrations increased to 9.5 to over 10 mg/L downstream of Tuckasegee Hydro.  
The double Pelton type turbine used by Thorpe Hydro sufficiently aerated the water as the water 
struck the runner buckets on the turbine.  This turbine design effectively maintained high oxygen 
concentrations in the water released to the West Fork - Tuckasegee River. 
 
In August 2001 (Figure 48) the difference between generation and non-generation times of the 
concentration of water at atmospheric concentrations was the result of the temperature difference of 
the Tuckasegee By-pass water and water from Thorpe Hydro.  This difference was not realized in 
September (Figure 49) since generation was sufficiently longer, particularly in the morning, to 
minimize heating of the by-pass water (see temperature section).   
 
Little Lake Glenville (Tuckasegee Reservoir) may have exerted an oxygen demand on the water 
during non-generation times (longer retention time) as evidenced by the very slight decrease in 
oxygen during those times.  Oxygen concentrations did not correspond to solar radiation, which 
indicated very little aquatic plant metabolism in Little Lake Glenville. 
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Figure 48.  Comparison of the observed 5 minute Dissolved Oxygen Concentrations, Calculated        
       Oxygen Saturation Concentrations, and Generation Flow, August, 2001, West Fork,   
       Tuckasegee  River  (downstream of Tuckasegee Hydro)   
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Figure 49.  Comparison of the observed 5 minute Dissolved Oxygen Concentrations, Calculated        
       Oxygen Saturation Concentrations, and Generation Flow, September, 2001, West Fork, 
        Tuckasegee River  (downstream of Tuckasegee Hydro)  
 



East Fork - Wolf Creek, Tanasee Creek, Bear Creek, and Cedar Cliff Reservoirs 
 
The dissolved oxygen concentration patterns measured in the East Fork reservoirs exhibited the same 
general characteristics as Lake Glenville (Figures 50 - 54).  However, due to the shorter retention 
times, the oxygen distribution throughout the water columns during the stratification period were 
much more uniform.  The upper surface layers (epilimnion) of the East Fork reservoirs were isolated 
since the inflows were generally colder than the surface water (see temperature section) and flowed 
under the warmer surface water.   
 
During the 2001 summer, all of the reservoirs experienced a metalimnetic deficit consistent with 
interflows of lower oxygen from the upper reservoir and/or tributary flows carrying suspended 
organic material.  As with the progressive loss of water column oxygen and analogous to the heating 
of the hypolimnions, the water column oxygen concentrations in the East Fork Reservoirs decreased 
throughout the summer months as deep water was removed from the reservoir via the penstock. 
 
As was observed in Lake Glenville, hypolimnetic oxygen concentrations were highest in the 
reservoirs during the low flow years (Figure 54), again reflecting the contribution of interflow water 
to the oxygen dynamics.  In addition, the lower oxygen concentrations in the hypolimnion during the 
higher flow years probably resulted from increased material added to the lake from the watershed 
contributing to increased oxygen demand in the deeper depths.  The isolated surface waters had high 
oxygen concentrations throughout the summer months reflecting the photosynthetic activity and 
atmospheric exchange of oxygen.   
 
 
East Fork - Tuckasegee River (Downstream of Cedar Cliff Hydro) 
 
The dissolved oxygen changes observed in the East Fork, downstream of Cedar Cliff Hydro (Figures 
55 and 56) reflected the diel patterns of photosynthetic activity and atmospheric heat exchange.  In 
September (Figure 56) when Cedar Cliff did not generate and the flow downstream of Cedar Cliff 
Hydro originated from the surface of Cedar Cliff Reservoir from the tainter gate release, the increase 
in oxygen paralleled the diel incident solar radiation, indicating photosynthetic activity in the stream.  
In addition, since the concentration of oxygen at atmospheric saturation is a function of the water 
temperature, the diel changes of the concentration of oxygen at atmospheric saturation was the result 
of diel heating and cooling during the non-generation periods (see temperature section).    
 
Since Cedar Cliff Hydro has non-aerating Francis turbines, the dissolved oxygen concentrations 
downstream of Cedar Cliff during generation (Figure 55) were a function of the dissolved oxygen 
concentrations at the penstock depth in Cedar Cliff Reservoir (2001 data in Figure 54).  As the water 
from Cedar Cliff Hydro was released downstream, the higher generation flows ‘interrupted’ the diel 
pattern of oxygen concentration due to the heating and cooling and photosynthesis described above.  
The oxygen concentrations observed during the times of generation would be expected to be less than 
if the continuous flow valve at Cedar Cliff had been functioning since lower flows would aerate faster 
towards atmospheric saturation. 
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Figure 50.  2000 Summer Dissolved Oxygen Profiles in Wolf Creek   Figure 51. 2000 Summer Dissolved Oxygen Profiles in Tanasee Creek  
       Reservoir                    Reservoir 
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Figure 52.  2000 Summer Dissolved Oxygen Profiles in Bear Creek  Figure 53.  2000 Summer Dissolved Oxygen Profiles in Cedar Cliff    
       Reservoir              Reservoir 
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Figure 54.  Comparison of August Dissolved Oxygen From Wolf Creek, Bear Creek, and Cedar Cliff Reservoirs
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Figure 55.  Comparison of the observed 5 minute Dissolved Oxygen Concentrations, Calculated        
       Oxygen Saturation Concentrations, and Generation Flow, August, 2001, East Fork,   
        Tuckasegee River (1 mile downstream from Cedar Cliff Hydro)  

0

1

2

3

4

5

6

7

8

9

10

11

12

09/16/01 09/17/01 09/18/01 09/19/01 09/20/01 09/21/01

Date

D
is

so
lv

ed
 O

xy
ge

n 
(m

g/
l)

0

250

500

750

1000

1250

1500

1750

2000

2250

2500

2750

3000

 S
ol

ar
 R

ad
ia

tio
n 

(W
/m

2 )  
   

 G
en

er
at

io
n 

(c
fs

)

mg observed East Fork mg Saturation - East Fork East Fork Generation Solar Radiation

 
Figure 56.  Comparison of the observed 5 minute Dissolved Oxygen Concentrations, Calculated        
       Oxygen Saturation Concentrations, and Generation Flow, August, 2001, East Fork,   
        Tuckasegee River (1 mile downstream from Cedar Cliff Hydro)  
 



Tuckasegee River - Downstream of the East and West Fork Confluence 
 
Minimum dissolved oxygen concentrations in rivers typically are 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. 
 
The dissolved oxygen concentrations measured at 5-minute intervals in the Tuckasegee River at all 
locations (Figures 57 and 58) were at least 3 mg/l greater than the 5 mg/l instantaneous minimum 
standard for trout waters.  In August (Figure 57), when both the East and West Fork projects were 
generating, dissolved oxygen concentrations decreased slightly as the water moved downstream 
(probably a function of warming).  The oxygen concentrations measured at Dillsboro and Whittier 
exhibited diel patterns consistent with aquatic plant metabolism.  During the September Hydrolab 
deployments (Figure 58), the East Fork, with flow provided by the tainter gate release, exhibited the 
lowest concentrations.  As was observed in August, as the water moved downstream, the oxygen 
concentrations measured at Dillsboro and Whittier decreased slightly compared to the West Fork 
concentrations.  Again, the diel changes of dissolved oxygen at Dillsboro and Whittier followed the 
trend of aquatic plant photosynthesis and respiration. 
 
The dissolved oxygen concentrations measured in the Tuckasegee River, RM 47.1, 300 m 
downstream of Moody Bridge (Figures 59 and 60) rapidly increased as the water released during 
generation reached that site.  In addition, the oxygen concentrations increased as the water moved 
downstream from the confluence.  During the times of combined generation flow, the concentrations 
were or near atmospheric saturation levels.  Little indication of significant aquatic plant metabolism 
was noted at this site suggesting that physical processes in the river primarily controlled the oxygen 
concentrations. 
 
Dissolved oxygen concentrations measured at the Webster site (Figure 61)20 during the first 2½ days 
showed concentrations at or above saturation with the atmosphere during the afternoon, consistent 
with high aquatic plant metabolism.  The concentrations were, on the average, slightly less than the 
concentrations measured upstream at Moody Bridge.  As mentioned above, oxygen concentrations 
typically decreased as the water was warmed as it traveled downstream.  The erratic concentrations 
measured the last day and a half of the deployment were a result of the monitor being swept into 
shore by the high flow on the night of 8 August  (the monitor was retrieved laying on an exposed mud 
bank).   
 
Dissolved oxygen concentrations recorded in the Dillsboro powerhouse flow (Figures 62 and 63) and 
at the Whittier site (Figures 64 and 65) responded very similarly.  Like the dissolved oxygen 
concentrations from the Webster site, the oxygen concentrations decreased slightly as the water 
warmed as it moved downstream.  But, the oxygen concentrations from Dillsboro and Whittier 
showed an increase response to aquatic plant activity with concentrations periodically exceeding the 
atmospheric saturation level.   
 
 

                                                           
20 The Hydrolab failed to record data during the September deployment 
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Figure 57.  Comparison of the Observed 5 minute Dissolved Oxygen Concentrations, August, 2001, 
       Tuckasegee River, West Fork, East Fork, Dillsboro, and Whittier 
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Figure 58.  Comparison of the Observed 5 minute Dissolved Oxygen Concentrations, September, 
       2001, Tuckasegee River, West Fork, East Fork, Dillsboro, and Whittier 
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Figure 59. Comparison of the observed 5 minute Dissolved Oxygen Concentrations, Calculated        
      Oxygen Saturation Concentrations, and Total Generation Flow, August, 2001, Tuckasegee 
       River, RM 47.1 (200 m downstream of Moody Bridge)  
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Figure 60. Comparison of the observed 5 minute Dissolved Oxygen Concentrations, Calculated   
      Oxygen Saturation Concentrations, and Total Generation Flow, September, 2001,   
      Tuckasegee River, RM 47.1 (200 m downstream of Moody Bridge) 
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Figure 61. Comparison of the observed 5 minute Dissolved Oxygen Concentrations, Calculated        
      Oxygen Saturation Concentrations, and Total Generation Flow, August, 2001, Tuckasegee 
       River, RM 36.2 (upstream of Webster Bridge)  
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Figure 62. Comparison of the observed 5 minute Dissolved Oxygen Concentrations, Calculated        
      Oxygen Saturation Concentrations, and Total Generation Flow, August, 2001, Tuckasegee 
       River, RM 31.7 (Dillsboro Powerhouse flow)  
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Figure 63. Comparison of the observed 5 minute Dissolved Oxygen Concentrations, Calculated   
      Oxygen Saturation Concentrations, and Total Generation Flow, September, 2001,   
      Tuckasegee River, RM 31.7 (Dillsboro Powerhouse flow) 
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Figure 64. Comparison of the observed 5 minute Dissolved Oxygen Concentrations, Calculated        
      Oxygen Saturation Concentrations, and Total Generation Flow, August, 2001, Tuckasegee 
       River, RM 19.2 (Upstream of Oconoluftee River at Whittier)  
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Figure 65. Comparison of the observed 5 minute Dissolved Oxygen Concentrations, Calculated   
      Oxygen Saturation Concentrations, and Total Generation Flow, September, 2001,   
      Tuckasegee River, RM19.2 (Upstream of Oconoluftee River at Whittier) 



Historical Dissolved Oxygen Concentrations 
 
The fourteen years of monthly ‘grab’ dissolved oxygen data collected by the NCDENR-DWQ at 
Dillsboro (Figure 66) revealed dissolved oxygen concentrations that were consistently greater than 
the state water quality standard of 6 mg/l for trout waters.  Given the variability of the dissolved 
oxygen concentrations in the source water (hypolimnions of the upper Tuckasegee Reservoirs), the 
monthly ‘grab’ samples illustrated a remarkable similarity between the various years in the 
Tuckasegee River.  The dissolved oxygen concentrations were at or near saturation with the 
atmosphere throughout the seasons. 
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Figure 66.  Monthly ‘grab’ Dissolved Oxygen Concentrations Collected by NCDENR-DWQ at RM 
       31.5, Tuckasegee River at Dillsboro  (flows at USGS gage in Bryson City: blue = summer 
       flow > 1485, green = 891 < summer flow > 1485,  and red = summer flow < 891) 
 
 
 



SUMMARY OF RESULTS  
 
Reservoir Summary 
 

Source Water - Reservoirs Factors Controlling Temperatures Use 
 
Epilimnion 
       Historical Summer Temperatures  
  Lake Glenville 
                         Mean = 23.4ºC 
                        Range = 20º –  25.9ºC 
              Wolf / Tanasee Creek  
                         Mean = 22.4ºC 
                        Range = 17.5º - 25.5ºC 
               Bear Creek  
                         Mean =  21.9ºC                           
                        Range = 17º - 26.5ºC            
               Cedar Cliff 
                         Mean = 19.3ºC 
                        Range = 13.2º - 26.7º 
 

 
 
 
Epilimnetic Temperatures are a function of the 
meteorological conditions exchanging heat 
with surface water. Temperatures will warm or 
cool towards the meteorological equilibrium 
temperatures.  The epilimnetic temperature 
change is delayed due to large volume of water 
(cooler during the spring warming and warmer 
during the fall cooling periods, small response 
to diel heating and cooling) 

 
 
 
Primary Use:  
     Warm water Fishery in Reservoir 
 
Secondary Use: 
     Potential for supplemental flow in by-pass 
      

 
Hypolimnion 
          Historical Summer Temperatures  
    Lake Glenville (7.8º - 11.5ºC) 
    Wolf / Tanasee Creek (9º - 21.2ºC) 
    Bear Creek (8.8º - 21ºC) 
    Cedar Cliff  (9.1º - 17.3ºC) 
 

 
Minimum temperatures are determined by 
winter meteorology – both intensity and 
duration of severity.   
Maximum temperatures are determined once 
stratification starts, finite amount of winter 
stored cold water, the higher the flows from 
penstocks the more rapidly winter stored cold 
water is depleted ….cooler water may be 
added during stratified period by interflows 
from tributaries 
 

 
Primary Use: 
     Power Generation 
      Coldwater species in Tailwater                       
 
Secondary Use: 
     Cold water fishery in Reservoir 
     Potential for supplemental flow in by-pass  
 

 



Summary of Factors Controlling Temperatures in Rivers 
 

1. All heating and cooling is driven by the meteorological conditions, water temperature will warm or cool, driven by the water temperature 
relative to the equilibrium temperature set by the meteorological variables.  The cooler the water temperature (relative to the equilibrium 
temperature), the faster the water will warm. 

2. The volume of water (per surface area) determines the amount of heat needed for the water to gain or loose to reach meteorological 
equilibrium, assuming water is well mixed vertically (as in shallow rivers), the volume of water per surface area may be expressed as depth.  
Therefore, shallow water will heat or cool faster than deeper water. 

3. The faster the water moves downstream, the less time per distance traveled the water has to gain or loose heat.  Increasing flow in a river 
increases depth and velocity, which allow for less heat exchange per volume of water per distance traveled.  

4. Water from tributaries will mix with main flow at some distance downstream from confluence.  Resulting temperature is a function of the 
temperature and volume of both streams.  



Bonas Defeat and Wolf Creek By-pass Summary 
 

 
By-pass Current Conditions 

 
By-Pass water temperatures are currently at or near equilibrium with 
meteorology…temperatures respond very rapidly to changing 
meteorology.  Dissolved oxygen is at or near saturation; this condition 
would be maintained at any supplemental flow. 
 

Source Water Probable Outcome 
 

By-pass Supplemental Flow – Epilimnion (Tainter Gate) 
 

Low Flow: Up to 10 cfs supplemental flow 
 
 
 

 
Mid Flow:  10 – 60 cfs supplemental flow 

 
 
 
 
 
 

High Flows: Greater than 60 cfs 
                                

 
 
On a daily average basis, the water in the reservoir epilimnions were 
within a few degrees of the current by-pass temperatures, at low flows, 
this water would quickly equilibrate with the prevailing meteorological 
conditions, weather induced diel changes would be slightly less due to 
deeper water in the by-pass channel. 
 
At these flows, the travel time in the channels is much reduced, and the 
average water depth increases significantly, therefore, the epilimnetic 
water temperatures would prevail much further downstream of the 
supplemental flow, diel changes would be drastically reduced, the most 
rapid heat exchange towards meteorological equilibrium would occur as 
major weather changes occurred. 
 
As with the mid flows, the travel time in the channels is further reduced 
and the water depth continues to increase drastically reducing the heat 
exchange with the atmosphere.  The temperature of the source water 
would probably be maintained throughout the entire by-pass.  
Supplemental flows of this magnitude should be timed when the 
epilimnions are within the temperature range for the aquatic organisms 
of interest in the bypasses. 
 

   
  
 



 
By-Pass Supplemental Flow – Hypolimnion 

 
 
 
 
 
 
 

Low Flow: Up to 10 cfs supplemental flow 
 

 
 
 
 
 

Mid Flow:  10 – 60 cfs supplemental flow 
and/or 

High Flows: Greater than 60 cfs 
                                

 
The major consequence of using hypolimnetic water for supplemental 
flow in the by-passes is that the more hypolimnetic water is used for the 
by-passes, the amount of cold water available for Tuckasegee River 
temperature management is decreased– This is particularly significant 
in the East Fork Reservoirs since the hypolimnions of these reservoirs 
are warming (even during drought years) by the end of the summer 
season due to the higher flow rates through the East Fork system. 
 
On a daily average basis, the water in the reservoir hypolimnions were 
much colder than the current by-pass temperatures, at low flows, as 
with epilimnetic water, the hypolimnetic water would quickly 
equilibrate (warm) with the prevailing meteorological conditions.  
Dissolved oxygen concentrations, if low, would quickly reaerate at 
these low flows. 
 
Very impractical due to access of the hypolimnion water at these high 
flow rates, even if hypolimnion water could be supplied at these rates, 
the by-pass channels would tend to heat and follow the same patterns as 
described for the epilimnetic source water.  If hypolimnetic water were 
used at these high rates, severe depletion of hypolimnetic water would 
occur from the upper reservoirs (unavailable for Tuckasegee River 
management).  Dissolved oxygen concentrations, if low, would 
progressively increase as the water traveled downstream.  
 

 
 



Tuckasegee River Summary 
 

 
Tuckasegee River Current Conditions (Drought years) 

 
 

 
The water temperatures in the Tuckasegee River are controlled by the 
generation flow from the East and/or West Fork projects.  As this water 
moves downstream, tributary flow and meteorological conditions warm 
the hypolimnetic releases during the spring – summer months.  Under 
single project releases, by the time the water reaches Dillsboro, the 
water temperatures have reached meteorological equilibrium.  Under 
combined project flow, the cooler water temperatures extend further 
downstream as meteorological equilibrium is approached. 
 
The East Fork system supplies more water to the Tuckasegee River than 
the West Fork since more water is available through the East Fork 
system. Since the East Fork reservoirs have a smaller combined 
hypolimnetic volume than the West Fork, and since the flow is greater 
from the East Fork, hypolimnetic temperatures increase throughout the 
summer stratified period.  The temperatures in the Tuckasegee River 
reflect this hypolimnetic use. 
 
Tuckasegee River water temperatures in late summer (August and 
September) were, on the average, cooler than in June and July since the 
stored water in the East and West Fork projects was used for generation, 
i.e. the reservoirs were drawn down, this water maintained lower 
temperatures in the Tuckasegee River. 
 
The water from the existing continuous minimum flow from the 
projects quickly reaches equilibrium with the prevailing meteorological 
conditions. At these low flows, the water temperatures are essentially at 
meteorological equilibrium within a few miles downstream of the East 
and West Fork confluence. 
 

 



 
 

Source Water Probable Outcome 
 

Tuckasegee River 
 

 Increased Hypolimnetic Generation 
during 

Normal to High Flow Years 

 
 
As more water flows into the East and West Fork projects, more water 
is used for generation in order to maintain lake levels.  As more water 
flows through the projects, the winter stored cold water (hypolimnion) 
is depleted at a faster rate.  As higher flows enter the Tuckasegee River, 
these colder temperatures would extend further downstream.  But, at 
these higher flow rates, water temperatures in the Tuckasegee River 
would increase more rapidly as the summer progressed since the 
hypolimnions are replaced by warmer inflowing water.  Colder water 
would exist further downstream early in the spring – summer, but could 
be depleted by mid-late summer and the river temperatures would 
approach meteorological equilibrium.  One aspect of the different 
meteorological years is that the meteorological equilibrium 
temperatures are progressively cooler as flow (rainfall) increases. 
 

 
Tuckasegee Supplemental Flow –  

 
 
 

Epilimnion Cedar Cliff Tainter Gate 
 

 

 
Since the existing configuration of supplementing water during non-
generation periods to the Tuckasegee River from the West Fork Projects 
cannot be modified (except for volume), the discussion will center on 
Cedar Cliff. 
 
On a daily average basis, the water in the Cedar Cliff epilimnion was 
within a few degrees of the current by-pass temperatures, (indicating 
close to meteorological equilibrium). At low flows, this water would 
quickly equilibrate with the prevailing meteorological conditions, 
weather induced diel changes would be similar to current levels.  
Additional flow would be provided in the Cedar Cliff by-pass. 
 

 
 
 



 
 

 
Tuckasegee Supplemental Flow –  

 
Hypolimnion Cedar Cliff Penstock Valve 

 
 

 
 
 
On a daily average basis, the water in Cedar Cliff’s hypolimnion was 
much colder than the current by-pass temperatures  (indicating much 
colder than meteorological equilibrium).  At low flows, as with 
epilimnetic water, the hypolimnetic water quickly equilibrates (warm) 
with the prevailing meteorological conditions.  Even though a short 
reach (mile to two) of cold-cool water could be established, the 
downstream reaches would approach meteorological equilibrium 
temperatures. The major consequence of using hypolimnetic water for 
supplemental flow to the Tuckasegee River is that the East Fork 
hypolimnetic water is depleted quicker.  Since the Tuckasegee River 
cool temperatures are maintained by generation flow, the amount of 
cold water available for Tuckasegee River temperature management is 
decreased.  This is particularly significant in the East Fork Reservoirs 
since the hypolimmions of these reservoirs are warming (even during 
drought years) by the end of the summer season due to the higher flow 
rates through the East Fork system. 
 
Dissolved oxygen concentrations, if low, would quickly reaerate at 
these low flows. 
 
 
 

 
 





Summary of Tuckasegee River Temperature Predictions 
 
Since the Tuckasegee River temperatures were highest during the non-generation periods, the 
prediction of downstream water temperatures during low flow periods was evaluated using the 
average heating rates observed during the periods of low flow (Figure 41).  The following 
assumptions and/or calculations were made to evaluate downstream temperatures to Dillsboro: 
 

1. The equations incorporating tributary flow that were determined for the average daily heating 
rate per river mile (Figure 41) were used as the basis to calculate mean daily temperatures at 
Moody Bridge (RM 47.1), Webster Bridge (RM 36.2), and Dillsboro (RM 31.7), 

2. Since the relationship was calculated for the combined East Fork and West Fork minimum 
flow releases, the prediction relied on an assumption of instantaneous mixed flow at the 
confluence, 

3. The 30 cfs flow assumed 20 cfs from the West Fork and 10 cfs from the East Fork, 80 cfs was 
calculated assuming 40 cfs from each fork, 

4. West Fork temperatures were assumed to be 10º C for all calculations, with a 1ºC increase to 
the confluence, 

5. East Fork temperatures released from Cedar Cliff were held to within the range observed 
from Figure 3, (8, 12, and 16ºC) with a variable temperature rise in the East Fork channel 
based upon average differences calculated from the difference of the two thermistors in the 
East Fork.  Generally, as the assumed initial temperature increased, the heating rate in the 
East Fork was assumed to decrease.  In addition, at the same assumed initial temperatures 
used for the calculation at 80 cfs, the heating rates in the East Fork channel were halved at the 
higher flow, 

6. Maximum daily temperatures were calculated by adding the average daily difference between 
the observed maximums and daily averages at the respective flows. 

 
The results of the calculations (Figures 67 and 68) illustrate the majority of the warming of the low 
flow of cold water released at the projects warms significantly in the upper reaches of the Tuckasegee 
River.  In addition, as expected, the heating is more pronounced at lower flows.  The mean daily 
average temperatures were maintained below 20ºC down to Dillsboro, but, since diel temperature 
changes were greatest at low flows, the daily average maximum temperatures were significantly 
warmer.  These calculations were based upon seasonal averages of flow and temperature differences 
observed under varying meteorological conditions and should be applied in a very general 
application.  However, the calculations do provide an insight into the problem of maintaining cool 
temperatures at low flow conditions and again serve to illustrate the importance of generation flow in 
maintaining cooler temperatures in the Tuckasegee River. 



Figure 67.  Predicted Mean Daily Temperatures at Low Flows in the Tuckasegee River 

Figure 68.  Predicted Mean Daily Maximum Temperatures at Low Flows in the Tuckasegee River 
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CONCLUSIONS 
 
 
The Tuckasegee River originates on the northern slopes of the eastern continental divide in 
Southwestern North Carolina.  Both the East and West Forks of the Tuckasegee River have relatively 
large storage impoundments that provide water to the Nantahala Power and Light Hydroelectric 
Projects via penstocks.  The diversion of the majority of the water through the long penstocks that 
supply water to the Thorpe and Tennessee Creek powerhouses has minimized the flow in the river 
channels by-passing the penstocks.  The East and West Forks combine to form the Tuckasegee River, 
which travels approximately 35 miles northwesterly to Lake Fontana (a large TVA storage reservoir).  
Approximately 20 miles downstream of the East and West Fork confluence, Dillsboro Dam provides 
a low head, non-storage water supply to Dillsboro Hydroelectric Station.  
 
Since the upper reaches of the East and West Fork have water temperatures suitable for trout, the 
NCWRC manages those sections for wild trout.  Since the storage reservoirs on both forks have deep-
water penstocks, cold water was released to the downstream reaches of the Tuckasegee River.  
Although the storage projects provided colder-than-normal water from April – September which 
enabled a year round hatchery supported trout fishery in the Tuckasegee River, the cooler 
summertime temperatures may have impacted other aquatic species in the upper reaches of the 
Tuckasegee River.  
 
Wildlife resource agencies (most notably the NCWRC and USFWS) have requested the 
characterization of the water temperature and dissolved oxygen regimes in the Tuckasegee River 
system (including the by-pass reaches) 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 West and East Fork impoundments and the subsequent use of that water for 
power generation on the downstream temperatures and dissolved oxygen concentrations in the 
Tuckasegee River.  
 
The storage reservoirs on the Tuckasegee system exhibited characteristics of warm, monomictic 
reservoirs.  The reservoirs experience a prolonged mixing period during the fall and winter months 
whereby temperatures decrease and dissolved oxygen increased throughout the reservoir depths.  As 
springtime conditions warmed the surface layers, the reservoirs thermally stratified preventing 
additional atmospheric cooling or atmospheric oxygen exchange with the deeper water.  As the deep, 
cold water was progressively released downstream via the deep-water penstocks, the deeper water 
was subsequently replaced by warmer, less oxygenated water.  Since the reservoirs have limited 
storage, this process is delayed with minimum volumes used for electrical generation and accelerated 
with larger volumes released downstream.  This process continued until the meteorological conditions 
cooled enough to initiate the fall mixing period.  Unlike rivers in the region without large storage 
reservoirs, the use of cold water stored in the East and West Fork reservoirs for electrical generation 
enabled water temperatures suitable for trout to be maintained in the Tuckasegee River throughout the 
warm summer months.  The seasonal management, i.e. use of the deep, cold water resource, is the key 
issue in maintaining desired temperatures downstream. 
 
As the water released from the impoundments traveled downstream, water temperatures in the 
Tuckasegee River responded rapidly to changing meteorological conditions.  Dillsboro pond had no 
discernable effect on downstream temperatures.  As the water was released from the upstream 
projects, the hypolimnetic water warmed as it traveled downstream during the spring and summer, 
and cooled during the fall and winter.  The local meteorology forced the heating and cooling of the 
Tuckasegee River as the river temperatures responded to the meteorological equilibrium conditions. 
 



At low flows, the water warms at a greater rate over a shorter distance as it travels downstream and 
approaches meteorological equilibrium.  At higher flow rates, the warming rate was decreased which 
resulted in cooler water at further distances downstream.  At flows less than 80 cfs, the majority of 
the heating took place prior to the water reaching the Webster area.  However, periodic generation 
releases from the upstream projects maintained a cooler minimum temperature, which, with the same 
amount of heating, would keep the maximum daily temperatures cooler. 
 
The temperatures of the Wolf Creek By-Pass, Bonas Defeat By-Pass, and the Thorpe By-Pass were a 
function of the meteorological heat exchange at all times during the year.  All three bypasses 
exhibited remarkably similar temperatures, with Bonas Defeat slightly warmer due to the open 
canopy and exposed rocks in the river channel. 
 
Even though dissolved oxygen concentrations in the deeper depths of the storage reservoirs decreased 
throughout the stratified period, the deep water released from the reservoirs were at least 3 mg/l 
greater than the minimum standard for North Carolina trout waters.  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 the 
Tuckasegee River.  
 
As the water traveled downstream in the Tuckasegee River, the dissolved oxygen concentrations 
decreased commensurate with the warming that occurred.  The oxygen concentrations were at or near 
atmospheric saturation throughout the entire river, with aquatic plant metabolism more pronounced in 
the downstream reaches.  As with temperature, no discernable effect on dissolved oxygen was 
detected from the Dillsboro project.  
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Point Source Inventory - Dillsboro 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 Tuckasegee River basin
(excluding the Oconaluftee River - see Bryson Project NPDES inventory) continuing until
the confluence with the Tuckasegee River.

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.    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 - 5.  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 - Tuckasegee River Basin  (Dillsboro Project downstream to Fontana Lake)

Data
Source PERMIT # FACILITY RECEIVING

STREAM TYPE DATE
ISSUED

DATE
EXPIRES

PERMITTED
FLOW

(gal/day)
COUNTY Longitude Latitude

2001 NC0032808 Ensley Adult Care
Home Incorporated Blanton Branch

Discharging 100%
Domestic
< 1MGD

- 11/30/02 8500 Jackson 83° 9'
54.00" W

35° 23'
32.00" N

2001 NC0074250 Gateway Chevron
Incorporated Camp Creek

Discharging 100%
Domestic
< 1MGD

2/13/98 11/30/02 5000 Jackson 83° 19'
59.00" W

35° 25'
15.00" N

2001 NC0084441 Smoky Mountain
Country Club Conley Creek

Discharging 100%
Domestic
< 1MGD

3/30/98 10/31/02 120000 Swain 83° 22'
8.00" W

35° 25'
4.00" N

2001 NC0020214 Sylva WWTP Scott Creek

Municipal
Wastewater
Discharge <

1MGD

3/30/98 10/31/02 500000 Jackson 83° 14'
30.00" W

35° 22'
26.00" N

2001 NC0066940 Scotts Creek
School Scott Creek

Discharging 100%
Domestic
< 1MGD

3/30/98 10/31/02 6300 Jackson 83° 9'
56.00" W

35° 24'
7.00" N

2001 NC0000264 Jackson County
Industrial Park

Tuckaseegee
River

Discharging 100%
Domestic
< 1MGD

4/12/99 10/31/02 5000 Jackson 83° 21'
24.00" W

35° 25'
41.00" N

2001 NC0026557 Bryson City Town-
WWTP

Tuckasegee
River

Municipal
Wastewater
Discharge
< 1MGD

3/30/98 10/31/02 600000 Swain 83° 27'
49.00" W

35° 25'
21.00" N

2001 NC0061620
Hide Away

Campground
Incorporated

Tuckasegee
River

Discharging 100%
Domestic
< 1MGD

2/13/98 11/30/02 10000 Swain 83° 23'
55.00" W

35° 27'
9.00" N

1994 NC0079154
Mr. Warner

Bradley / Pioneer
MHP

Barkers Creek - 12/17/92 - - Jackson 83° 17'
50.03" W

35° 22'
58.01" N



Table 2.   Con't

1994 NC0074357 Woody's Trout Farm Cooper Creek - 12/17/92 - - Swain 83° 22'
14.99" W

35° 29'
33.00" N

1994 NC0073563 Church of God
Assembly Grounds Crooked Creek - 12/17/92 - - Jackson 83° 20'

15.00" W
35° 25'

22.01" N

1994 NC0065315 Louis Racy
Residence Dicks Creek - 12/17/92 - - Jackson 83° 15'

45.00" W
35° 23'

53.02" N

1994 NCG550351 Lewis Ellsworth
Residence Dicks Creek - 11/01/93 - - Jackson 83° 15'

45.00" W
35° 23'

40.99" N

1994 NCG080056 Lewis Oil Company;
Inc. Scott Creek - 12/17/92 - - Jackson 83° 12'

34.99" W
35° 23'

11.00" N

1994 NC0065293
Jackson Paper
Manufacturing

Company
Scotts Creek - 12/17/92 - - Jackson 83° 12'

55.98" W
35° 22'

32.99" N

1994 NC0025747 Dillsboro WWTP Tuckasegee River - 03/22/93 - - Jackson 83° 15'
16.02" W

35° 22'
0.98" N

1994 NCG500261 Swain County Jail &
Sheriff's Department Tuckasegee River - 11/01/93 - - Swain 83° 26'

44.99" W
35° 25'

43.00" N

1994 NCG550575 Milton J. Barber
Residence Tucksegee River - 11/01/93 - - Jackson 83° 16'

48.00" W
35° 22'

44.00" N

1994 NCG550375 William Arnold Price
Residence

West Fork Dicks
Creek - 11/01/93 - - Jackson 83° 15'

14.00" W
35° 25'

36.98" N



Table 3.   NPDES Permits - Tuckasegee River Basin  (Tuckasegee Project downstream to the Dillsboro Project)

Data
Source PERMIT # FACILITY RECEIVING

STREAM TYPE DATE
ISSUED

DATE
EXPIRES

PERMITTED
FLOW

(gal/day)
COUNTY Longitude Latitude

1994 NC0032379 Jay Vee
Apartments

Tuckasegee
River  - 12/17/92  - - Jackson 83° 10'

30.00" W
35° 19'

35.00" N

1994 NC0032638 Sylva WTP UT Fisher Creek  - 03/22/93  - - Jackson 83° 11'
53.99" W

35° 24'
24.98" N

1994 NCG530086 Rough Butt Trout
Farm

Rough Butt
Creek - 11/01/93 -  - Jackson 83° 2'

21.01" W
35° 19'

31.01" N

1994 NCG550374 Cullowhee Valley
Baptist Church Tilley Creek  - 11/01/93  -  - Jackson 83° 11'

20.00" W
35° 16'

55.99" N

2001 NC0039578 Jackson County
WWTP

Tuckasegee
River

Municipal
Wastewater

Discharge - Large
3/30/98 10/31/02 1500000 Jackson 83° 14'

22.00" W
35° 20'

59.00" N

2001 NC0074624 Western Carolina
Univ- WTP

Tuckasegee
River

Water Plants and
Water

Conditioning
Discharge

2/16/98 11/30/02 500 Jackson 83° 10'
38.00" W

35° 18'
55.00" N



Table 4.   NPDES Permits - Tuckasegee River Basin  (West Fork By-Pass, upstream of the Thorpe Project discharge)

Data
Source PERMIT # FACILITY RECEIVING

STREAM TYPE DATE
ISSUED

DATE
EXPIRES

PERMITTED
FLOW

(gal/day)
COUNTY Longitude Latitude

2001 NC0038687 Singing Waters
Camping Resort Trout Creek

Discharging 100%
Domestic
< 1MGD

5/29/98 11/30/02 7500 Jackson 83° 7'
30.00" W

35° 13'
7.00" N

Table 5.   NPDES Permits - Tuckasegee River Basin  (West Fork, upstream of Lake Glenville dam)

Data
Source PERMIT # FACILITY RECEIVING

STREAM TYPE DATE
ISSUED

DATE
EXPIRES

PERMITTED
FLOW

(gal/day)
COUNTY Longitude Latitude

1994 NC0071510
Glen Lake

Development
Corporation

Glenville Lake - 12/17/92  - - Jackson 83° 8'
26.99" W

35° 9'
47.02" N

1994 NC0075981
Old Glenville
School Bed &
Breakfast; Inc.

Glenville Lake  - 12/17/92  - - Jackson 83° 8'
10.00" W

35° 10'
5.02" N

2001 NC0059200 Trillium Links &
Village LLC Glenville Lake

Discharging 100%
Domestic
< 1MGD

3/9/98 11/30/02 20000 Jackson 83° 7'
59.00" W

35° 8'
47.00" N

2001 NC0066958 Blue Ridge School Hurricane Creek
(Hurricane Lake)

Discharging 100%
Domestic
< 1MGD

3/30/98 10/31/02 10000 Jackson 83° 7'
20.00" W

35° 7'
40.00" N

2001 NC0075736 Whiteside Estates
Incorporated

Grassy Camp
Creek

Discharging 100%
Domestic
< 1MGD

3/31/98 10/31/02 100000 Jackson 83° 9'
13.00" W

35° 6'
47.00" N
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