
AQUATIC RESOURCE ANALYSIS (AQUA) 
NATIONAL FORESTS IN NORTH CAROLINA 

NANTAHALA NATIONAL FOREST 
 
Ranger District: Cheoah 
Project:  AD-9 DOT Project 
   Graham County, North Carolina  
 
 
Proposed Activities:  This report documents the findings of an aquatic resource analysis (AQUA) of a proposed road construction 
project.  The NC Department of Transportation (NCDOT) proposes to construct a partially controlled four-lane highway.  Typically 
this highway will provide a 9 meter (30 foot) grass median.  However, a 4.2 meter (14 foot) paved median with a concrete barrier will 
be considered in some sections to reduce construction limits and minimize potential impacts.  The proposed new construction will 
begin at the intersection of NC 143 and SR 1277 and connects to NC 28 east of Stecoah near Edwards Gap.  The project crosses 
approximately 37.2 acres of Forest Service land with Alternative X and 57.4 with Alternative Y.    
 
 
 
Prepared by:   Revised by:   Reviewed by: 
Lorie A. Lewis    Jason Farmer   Sheryl Bryan    
USFS Fisheries Biologist  USFS Fisheries Biologist  USFS Fisheries Biologist 
Nantahala National Forest  Nantahala National Forest  Pisgah National Forest 
October 24, 2000   July 22, 2003 
 
 
 
Attachments: 

1. Aquatic Analysis Area Map 
2. North Carolina Division of Environmental Management Water Classifications 
3. Aquatic Species Considered 
4. Rare Species List - Aquatics for Nantahala National Forest. 
5. Rare Species Analysis  
6. References 

 



NCDOT A-9 Project 

 2

PROJECT ENVIRONMENT 
 
Table 1.  LRMP Watershed 10 (Fontana Reservoir System) & 12 (Santeetlah Reservoir System)  
 

Name Project Area* Analysis Area* Classification**
Stecoah Creek 2.35 3.79 C Tr
Unnamed Tributary Stecoah Creek 4 0.34 0.34 C Tr
Unnamed Tributary Stecoah Creek 5 0.57 0.57 C Tr
Unnamed Tributary Stecoah Creek 6 0.72 0.72 C Tr
Unnamed Tributary Stecoah Creek 7 0.38 0.38 C Tr
Unnamed Tributary Stecoah Creek 8 0.76 0.76 C Tr
Unnamed Tributary Stecoah Creek 9 0.38 0.38 C Tr
Unnamed Tributary Stecoah Creek 10 0.76 0.76 C Tr
Cody Branch 1.1 2.9 C
Unnamed Tributary Cody Branch 0.38 0.38 C
Sweetwater Creek 0 0.57
Unnamed Tributary Sweetwater Creek 0.57 0.57

 
 
*This analysis addresses project area waters and analysis area waters.  Project area waters are defined as those in the area of potential 
site-specific impacts on aquatic habitat and populations.  The analysis area encompasses waters downstream that potentially could be 
impacted by project activities, in addition to project area waters.  The aquatic analysis area is highlighted in Attachment 1 .   

 
**See Attachment 2. 
 
Stecoah Creek has 10 Unnamed Tributaries (UT) all located within the project area.  Downstream approximately 0.15 miles of the 
confluence of UT Stecoah Creek 10 with Stecoah Creek is the confluence of Cody Branch with Stecoah Creek.   Stecoah Creek flows 
into Fontana Reservoir approximately 2.5 to 3 miles downstream of the project area.  Sweetwater Creek flows into the Cheoah River 
approximately 5.9 miles downstream of UT Sweetwater Creek. 
 
METHODS 
 
Project information was obtained from Ray Johns, US Forest Service (USFS) Reality, Special Uses and Federal Relicencing 
Commission Specialist.  Jeanne Riley, USFS Fisheries Biologist, Randy Shook and Terry Eller, USFS Forestry Technicians visited the 
project area in May 1999.  Other site-specific information was obtained from the NCDOT Natural Resources Technical Report, TIP 
No. A-9D; and the Draft Evaluation of Final Environmental Impact Statement, TIP no. A-9DD, A -9DC and A-9DB submitted by the 
US Department of Transportation Federal Highway Administration and NCDOT.  Aquatic habitat and rare species observations were 
conducted were also conducted in analysis area waters.   

 
Table 2.  Survey Data 
 
Stream Name:  Stecoah Creek 

Type: Qualitative Fish Surveys 
Date:  1999 

Agency:  USFS 

 
Stream Name:  Stecoah Creek  

Type: Physical habitat inventory, Rare species habitat assessment  

Date:  5/18/99 
Agency:  USFS 

 
Stream Name:  Stecoah Creek 

Type:  Benthic Macroinvertebrate Sampling 

Date:  5/18/99 
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Agency:  USFS 

 
Stream Name:  Stecoah Creek  

Type:  Brook Trout Survey  

Date:  1995 

Agency:  USFS, NCW RC 

 
Stream Name:  Cody Branch  
Type: Physical habitat observation, Rare species habitat assessment  

Date:  5/18/99 

Agency:  USFS 

 
Stream Name:  Cody Branch  

Type:  Brook Trout Surveys 
Date: 1995 

Agency:  USFS, NCWRC 

 
Stream Name:  Unnamed Tributary Sweetwater Creek 

Type:  Physical habitat observation, Rare species habitat assessment  

Date:  5/18/99 
Agency:  USFS 

 
Stream Name:  Unnamed Tributary Sweetwater Creek 

Type:  Benthic Macroinvertebrate Survey  
Date:  5/18/99 

Agency:  USFS 

 
Stream Na me:  Sweetwater Creek 

Type:  Brook Trout Survey  

Date:  1995 

Agency:  USFS, NCWRC 

 
 
Survey data was reviewed to provide information on what species are present in the stream at the time of the survey.  The techniques 
do not sample the entire population, but rather what is present at the sample site.  It is possible to miss species due to habitat 
distribution and natural patchiness of aquatic populations.  If there is a reason to believe that a species occurs that was not observed 
during the surveys, it is included in the analysis.  This may occur with the presence of historic records or suitable habitat and vicinity 
records.   
 
Data from surveys not listed above may be used in this analysis to determine the likelihood of occurrence of rare species.  These data 
sources are listed below. 
 
     X North Carolina National Heritage Program (NCNHP)   
     X  United States Fish and Wildlife Service (USFWS)   
       North Carolina Wildlife Resources Commission (NCWRC) 
     X  Tennessee Valley Authority (TVA) 
 North Carolina Division of Environmental Management (NCDEM) 
 
 
EXISTING CONDITION 
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Aquatic Habitat 
 
There is limited habitat for fish species within the project section of Cody Branch and UT Sweetwater Creek due to small stream size 
and restricted flow regimes.  These streams are less than two meters in width with a lack of pool habitat.  Cody Branch contains fish 
habitat below the project area, which is included in the analysis area.  UT Sweetwater contains fish habitat downstream at the 
confluence of Sweetwater Creek also included in the analysis area.  Stecoah Creek has fish habitat present in all sections within the 
project area and downstream into in the analysis area. All of the Unnamed Tributaries to Stecoah Creek, within the project, contain 
fish habitat at the extreme lower reaches where they empty into Stecoah Creek.  UT Cody Branch does not contain habitat desirable 
for fish.  Stecoah Creek and the five tributaries to Stecoah Creek, UT Sweetwater, Cody Branch and UT Cody Branch are all perennial 
streams . 
 
Physical habitat surveys were made in Stecoah Creek.  The following chart characterizes the substrate found in the survey section 
within the project area of Stecoah Creek. 
 
Chart 1:  Habitat Survey Results of Substrate in Stecoah Creek 
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Physical habitat observations were made in Cody Branch and the Unnamed Tributary Sweetwater Creek.  Cody Branch contained 
primarily depositional habitat in a shallow riffle streambed.  UT Sweetwater Creek contained primarily gravel with sand and small 
boulders in a flat, shallow channel.   
 
Stream gradients measured in Stecoah Creek ranged from 6% at the beginning of the survey site to 15% at the upper corridor line.  
The stream gradient in both Cody Branch and UT Sweetwater Creek was 18%. 
 
Riparian vegetation was observed at the sample sites of the three creeks.  Stecoah Creek’s riparian composed of heavy rhododendron, 
mixed hardwoods and hemlock.  The riparian at Cody Branch was primarily hardwoods with some rhododendron.  UT Sweetwater 
Creek contained mixed hardwoods within the riparian with an herbaceous ground cover along the stream bank.      
 
Aquatic Species 
 
Aquatic Macroinvertebrates were collected in Stecoah Creek.  Ephemeroptera, Plecoptera and Tricoptera (EPT) species were found in 
the sample along with dragonfly larvae, snails, and dipteras.  EPT species, commonly known as Caddis, stone and mayfly larvae, are 
used to reflect the quality of the water.  The presence of all three EPT species indicates good water quality.   
 
The aquatic macroinvertebrate community in Cody Branch consisted of snails and caddis and mayfly larvae.  Salamanders were also 
observed while surveying the different habitat types within Cody Branch.  UT Sweetwater Creek was surveyed for aquatic 
macroinvertebrates.  Caddisfly larvae and cases were found along with snails.        
 
In a 1995 NCWRC and USFS Brook trout survey, no Brook trout were collected in Stecoah Creek, Cody Branch, or Sweetwater 
Creek.  Rainbow trout were collected in Stecoah Creek both in 1995 and in May of 1999.  In May of 1999, nine yearlings were 
observed along with 10 specimens that were 5-7 inches.  Ten sculpin were also found in the sample section of Stecoah Creek.  
Sweetwater Creek, which is located downstream of the project area in the analysis area, contains hatchery supported trout species.      
 
The project and analysis areas were observed for Appalachian Elktoe habitat, an endangered freshwater mussel.  The Appalachian 
Elktoe is restricted to the tributaries of the Tennessee River in Eastern Tennessee and Western North Carolina.  No mussel habitat was 
observed within the project or analysis area waters.  Informal consultation with John Fridell, US Fish and Wildlife Biologist, was 
made on November 1, 2000.   
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AQUATIC SPECIES ANALYZED FOR THIS PROJECT 
 
Attachment 3 defines rare aquatic species categories and addresses management indicator species monitoring efforts.  Thirty-five rare 
aquatic species have been listed by the NCWRC, USFWS, or NCNHP as occurring or potentially occurring in Graham County.  These 
species are included in Attachment 4 (Rare Species List-Aquatics), which contains habitat descriptions and occurrence information 
for rare aquatic species for the Nantahala National Forest.  Of the 35 aquatic species included on the list for analysis, 20 were dropped 
as a likelihood of occurrence based on preferred habitat elements. Attachment 5 (Rare Species Analysis) summarizes this process. 
 
Table 3.  Aquatic species included in the AQUA for the DOT AD-9 Highway Project 
 

Species Scientific Name Status 
Cherokee Clubtail  Gomphus consanguis S 
Edmunds Snaketail   Ophiogomphus edmundo S 
Spiculose Seratellan Mayfly Seratella spiculosa S 
Wounded Darter Etheostoma vulneratum S 
Appalachian Elktoe Alasmidonta raveneliana E 
Aquatic Insect Community (11 species) FC 
Rainbow Trout Oncorhynchus mykiss MIS 
 
Project Description 
 
Soil disturbance will occur throughout all areas of this project.  Road banks will be cut for widening and 10 perennial streams will be 
crossed on Forest Service land.  Disturbance at stream crossings and possibly within the riparian area will result in turbidity and 
sedimentation into project area waters.  Vegetation will be destroyed within the riparian areas with road and right-of-way project 
activities.    
 
Alternative X will impact 18.6 acres around Stecoah Creek, 16.1 acres between Stecoah Creek and Cody Branch, 2.3 acres in the 
upper section of Cody Branch, and 0.2 acres on the west side of Stecoah Gap near Sweetwater Creek.  The total impacted area is 
approximately 37 acres.  Elevations range from about 2280 to 2920 feet (see attached map of the area impacted). 
 
Alternative Y will impact 25.0 acres around Stecoah Creek, 19.7 acres between Stecoah Creek and Cody Branch, 8.3 acres in the 
upper section of Cody Branch, and 4.4 acres on the west side of Stecoah Gap near Sweetwater Creek.  The total impacted area is 
approximately 57 acres.  Elevations range from about 2280 to 3080 feet (see attached map of the area impacted). 
 
Effects of Road Construction on Aquatic Resources 
 
Road construction is proposed adjacent to Stecoah Creek, Cody Branch and UT Sweetwater Creek and across several of their 
tributaries on FS land.  These streams may experience changes in water quality, including sedimentation and pH changes, from road 
construction.  Mobility and recolonization of aquatic species will be hindered with extended culvert placement in these streams.  All 
project area streams will suffer a loss of riparian benefits from vegetation removal.  Additionally, there are three streams  proposed for 
relocation.  These streams include Stecoah Creek and two of its unnamed tributaries.  These relocations would result in the loss of 
approximately 5500 linear feet of stream habitat.  There will be a temporary increase in stream turbidity within the new stream 
channels resulting from these relocation activities.  Mortality of macroinvertebrates within the streams will occur as the original 
stream channels are dewatered.  Fish may become stranded within pools of the original stream channels and will eventually die as the 
pools dry.   Aquatic insects and fish should re-colonize the new stream channels from undisturbed stream reaches as the habitat 
improves. 
 
Sediment loading will occur with construction around stream crossings and with drainage culvert placement.  These effects will be 
evident at and immediately below the crossings, but should diminish with downstream flow and cease with site rehabilitation.  
Turbidity and sedimentation may also occur from construction within riparian areas, if proper erosion control methods are not used 
and maintained.  These activities will contribute sedimentation into project waters and reduce available habitat.   
 
If concrete box culverts are installed in any of the project area waters, water quality will be altered if wet concrete is allowed to come 
into contact with stream water.  However, mobility of aquatic species will be preserved with the use of concrete box culverts or arched 
culverts as opposed to pipe culverts.  Pipe culverts should be sunk at least one foot into the streambed to allow formation of a natural 
streambed in the culvert.  This is stipulated in the NCWRC Guidelines for Mountain Stream Relocations in North Carolina. 
 



NCDOT A-9 Project 

 6

Rock formations high in iron pyrite are in the vicinity of the project.  NCDOT has conducted geotechnical investigations and a water-
sampling program in the previous areas of the AD-9 project.  The results indicate that the potential for acidic runoff is minimal.  The 
rock and water sampling has continued throughout and after the construction.  NCDOT has developed a plan to handle and dispose of 
sulfide bearing rock, if it is encountered.  It is possible that this problem will be encountered with this phase of the project and future 
construction phases.   
 
Effects on Aquatic Community 
 
Sediment loading and turbidity can cause mortality by injuring and stressing aquatic individuals or smothering eggs and larvae.  These 
effects are more likely to impact less mobile organisms, such as aquatic insects and fish eggs and larvae.  Larger, more mobile 
organisms such as fish and hellbenders are able to temporarily escape the effects of sedimentation by leaving the disturbed area.  
These species, over time, will re -colonize affected areas as habitat conditions improve.   
 
Sensitive species that may occur within analysis area waters require the following habitat parameters.  Seratella spiculosa  requires 
swift-flowing streams and lives either in rock crevices or in dense mats of vegetation.  Gomphus spp. are found in depositional 
habitats where they burrow into fine gravel and coarse sand substrate.  Ophiogomphus spp. nymphs inhabit sand and gravel riffles of 
streams.  Etheostoma vulneratum, a member of the Sensitive Species, requires boulder and coarse cobble substrates.  They are found 
generally in overhanging ledges or rocks piled on top of one another which are necessary for optimum nesting and resting areas. 
 
Loss of interstitial space within the substrate to sedimentation can also affect fish spawning habitats.  The loss of this habitat would 
affect fish community stability by reducing trout spawning success.  Over time this could depress the local, reproducing rainbow trout 
populations within the analysis area.  Populations of species, such as fish and hellbenders, which live through more than one 
reproductive cycle, can suffer the loss of a single year-class without jeopardizing population viability at the local level.  With species 
that live through only one reproductive cycle (most aquatic invertebrates), the loss of one year of reproductive effort can have marked 
effects on local populations.  In extreme cases, this can result in local extirpation of rare species.  Landscape-level population viability 
may or may not be affected, depending on the known distribution of the particular species.  The majority of the members of the forest 
concern aquatic insect community type analyzed for this project has been under sampled and therefore is listed with limited 
distributions. However, the habitat descriptions of these species and the sensitive aquatic insects indicate they may be widespread in 
Mountain Province waters and some of these also occur in the Piedmont Province. 
 
The degree of impact on the aquatic community depends on the extent and duration of riparian disturbance and the time period it takes 
for site rehabilitation.  Proper erosion control methods will decrease the potential for impact.  
 
The construction of this new paved section will increase the amount of impervious surface draining to both LRMP watershed 10 & 13.  
Road drainage will have to be directed away from stream crossings to eliminate concentrated input of toxins with storm water.    
 
Streams should be diverted so that no flow will occur within construction limits and water will not come into contact with wet 
concrete.  This measure will decrease potential water pH changes, which would result in direct mortality of aquatic species. On the D 
section of the A-9 project, David Yow, NCWRC Habitat Biologist, recommended in the 404 Federal Permit that the construction of 
concrete box culverts occur in dry beds where the stream water has been diverted. 
 
The exposure of rock formations, which are high in iron pyrite, can lower the pH of area waters.  Low pH can have toxic effects on 
individual fish including direct mortality, reduced growth rate, reproductive failure, skeletal deformities, and increased uptake of 
heavy metals.  The aquatic community may suffer reductions in diversity, population density, and biomass.  Acidification of the 
aquatic habitat can also reduce or eliminate invertebrate populations.  Fish kills have occurred in the arm of Fontana Lake that is fed 
by Siles Branch, a section in the first phase of construction of this four-lane highway.  NCWRC attributed this to incoming streams 
with low pH values associated with sulfide bearing rock exposed during construction of NC 19. 
 
Riparian areas are managed to provide habitat for plant and animal communities that are dependent on aquatic and riparian systems, 
including fish and other aquatic communities.  Health of aquatic communities can be directly attributable to the adjacent riparian area.  
Riparian areas function as filter areas for water quality by trapping sediments and toxic materials.  They also help regulate water 
temperature by providing shade.  Riparian areas contribute organic material such as leaf litter and detritus to water bodies, which serve 
as food and substrate in the aquatic community.  These areas also provide a source of large woody debris to stream channels, which 
provides cover for fish, serves as a substrate for aquatic invertebrates, retains smaller organic matter, and creates pools and deeper 
habitat areas for aquatic organisms.  Riparian areas are defined by the LRMP as 100 feet on either side of perennial streams. 
 
NCDOT uses herbicides to control roadside vegetation.  Herbicides can have toxic effects on aquatic life, resulting in direst mortality.  
Indirectly, herbicides affect available food, survival rates, growth, reproductive success, and behavior of aquatic species.   
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PROJECT COMMENTS  (NCDOT indicated in the Final Reevaluation of the Final Environmental Impact Statement that area 
waters will be protected by the following summarized commitments) 
 
1. Strict adherence to Best Management Practices will be utilized to minimize impacts to water resources.  Substantial effects to the 

aquatic environment is likely unless strict erosion and sediment control measures are implemented. 
 
2. Rechannelization or modification of study area streams will be coordinated with the NCWRC and the US Fish and Wildlife 

Service. 
 
3. NCDOT will continue monitoring programs for sulfide bearing rock and water quality throughout and after construction.  They 

have developed a plan for handling and disposing any materials, which may be encountered during construction.    
 
4. Stecoah Creek will be bridged rather than using a culvert. 
 
MANAGEMENT RECOMMENDATIONS 
 

1. Bridges should be used to cross project area waters including UT Stecoah Creek 1,7,6,8,9 and 10, UT Cody Branch and 
UT Sweetwater Creek.  The use of bridges instead of culverts will maintain streambed habitat and still allow access for 
fishing.  Where bridges are not feasible it is recommended that arched culverts be used instead. 

 
2. Culvert use and length should be minimized to reduce loss of aquatic habitat.  Culvert placement, gradient, and substrate 

should be so that aquatic species will not have a barrier to mobility and recolonization will not be hampered into 
disturbed areas of the streams. 

 
 
MITIGATION MEASURES AND RATIONALE 
 
 

1. Erosion control must be placed between the reconstruction and all waters prior to soil disturbance to prevent sediment 
loading. Install erosion control measures such as silt ditches, diversions, and temporary rock sediment dams to trap sediment 
in areas where runoff water is leaving the project site.  These should be maintained in working order throughout project 
activities and until plant growth is established and stable enough to control runoff and erosion. Road ditch lines should not be 
routed toward streams, but into buffer areas or retention basins.  Install permanent large stone outfalls below all road drainage 
(not stream) outlets to deter erosion and capture sediments. 

 
2. Riparian areas and stream crossings will be seeded and mulched as soon as possible to implement immediate site 

rehabilitation in order to improve water quality conditions for aquatic life.  Riparian areas are defined as the land that is 100 
feet on both sides of a stream.  Culverts must be installed in streams so that they are fish passable.  Stream habitat loss 
occurring as a result of stream rerouting and channelization for this project will be mitigated on an equal basis on National 
Forest property.  This mitigation will take the form of stream rehabilitation and/or watershed imp rovements involving 
sediment abatement. 

 
3. Right-of-way herbicide spraying will not occur within 30 horizontal feet of the waters that occur on this project site.  This is 

in accordance with the Vegetation Management Final Environmental Impact Statement (VM-FEIS). 
 

4. Right-of-way vegetation clearing will be restricted to the edge of road construction within riparian areas to insure present and 
future benefits to the aquatic community.   

 
5. If rock blasting occurs with road reconstruction, measures will be implemented to keep blasting debris out of project area 

waters. 
 
 
CUMULATIVE EFFECTS 
 
Past road construction has degraded and eliminated habitat through sedimentation input, channelization, riparian destruction, and 
possible acid bearing rock exposure.  This construction phase project has the same potential.  Substantial impacts will occur to project 
area waters, particularly through water quality and hydrological factors and channelization.  The A-9DA construction phase impacted 
waters within the Fontana Lake watershed.  This construction phase includes waters draining into Fontana Lake.  Stringent measures 
must be put in practice to minimize impacts to the aquatic resources. 
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DETERMINATION OF EFFECT 
 
This project may affect individuals, should they occur, of the four sensitive species and the MIS listed analyzed for Graham County 
through relocation, channelization and fill of streams, placement of culverts, sedimentation, riparian destruction, and possible 
exposure of acid bearing rocks. The application of LRMP standards; compliance with NC Sediment Pollution Control Act and the 
NCWRC Guidelines for Mountain Stream Relocations in North Carolina; and implementation of the mitigation measures, NCDOT 
project commitments, and NCWRC recommendations will minimize these effects through water quality protection.  These include 
stringent erosion control measures, sulfide bearing rock measures, and dry stream concrete culvert construction.  Potentially, habitat 
will be adversely affected.  Channelization and fill of streams will decrease available habitat.  Vegetation clearing for highway 
construction and right of way will decrease riparian benefits to the system.  Upstream populations in streams where concrete box 
culverts are constructed should not be affected by species mobility.  Negative cumulative effects to these species may occur due to the 
scope of this project.  No risk to aquatic viability across the Forest will occur as a result of the proposed project.  The implementation 
of this project is not likely to cause a trend to the federal listing of the four sensitive species.  
 
There are no federally listed or proposed aquatic species within the analysis area.  Alasmidonta raveneliana and Etheostoma 
vulneratum may occur downstream outside of the analysis area.  Habitat for these two species is located in the Stecoah Creek cove of 
Fontana Reservoir and is far enough downstream of the activity that it should be unaffected by this section of AD-9.   Consultation 
with the USDI Fish and Wildlife Service is not required.  This project may impact individuals of the following species:  Gomphus 
consanguis, Ophiogompus edmundo, Seratella spiculosa, Etheostoma vulneratum, and eleven Forest Concern species.  No risk to 
aquatic population viability across the Forest will occur as a result of this project provided that the above mitigation measures are 
implemented. This project may impact individuals of sensitive and forest concern aquatic species within the project area streams.  
These include Gomphus sp., Ophiogomphus sp., Seratella spiculosa and the Forest Concern aquatic insect community. Habitats for 
these species are common across their range. The proposed project will have no effect on any federally proposed or listed species.  
There should be no cumulative effects with the implementation of the five mitigation measures and compliance with the NC Sediment 
Pollution Control Act.  
 
 
 
 
 
 
 
 
 
 
 

 



ATTACHMENT 1. 
Aquatic analysis area map. 

 
  



 
 
 
 
 

ATTACHMENT 2 
The North Carolina Division of Environmental Management Water Classifications 

 
Class WS-I:  waters protected as water supplies, which are in natural and undeveloped watersheds; point source discharges of treated 
wastewater are permitted pursuant to rules listed in the subchapter of the NCDEM publications on “Classifications and Water Quality 
Standards Assigned to River Basins;” local programs to control nonpoint source and stormwater discharge of pollution is required; 
suitable for all Class C uses. 
 
Class WS-II:  waters protected as water supplies, which are generally in predominantly undeveloped Watersheds; point source 
discharges treated wastewater are permitted pursuant to rules of the subchapter; local programs to control nonpoint source and 
stormwater discharge of pollution are required; suitable for all Class C uses. 
 
Class WS-III:  waters protected as water supplies which are generally in low to moderately developed Watersheds; point source 
discharges of treated wastewater are permitted pursuant to rules of the subchapter; local programs to control nonpoint sources and 
stormwater discharge of pollution are required; suitable for all Class C uses. 

 
Class WS-IV:  waters protected as water supplies which are generally in moderately to highly developed watersheds; point source 
discharges of treated waste water permitted pursuant to rules of the subchapter; local programs to control nonpoint source and 
stormwater discharge of pollution are required; suitable for all Class C uses. 
 
Class WS-V:  waters protected as water supplies which are generally upstream and draining to Class WS-IV waters; no categorical 
restrictions on watershed development or treated wastewater discharges are required, however, the Commission or its designee may 
apply appropriate management requirements as deemed necessary for the protection of downstream receiving waters; suitable for all 
Class C uses. 

 
Class B:  primary recreation and any other usage specified by the “C” classification. 
 
Class C:  aquatic life propagation and survival, fishing, wildlife, secondary recreation, and agriculture. 
 
Supplemental Classifications 
Trout Waters:  Suitable for natural propagation and maintenance of stocked trout. 
 
Swamp Waters:  Waters that have low velocities and other natural characteristics, which are different from adjacent streams. 
 
NSW:  Nutrient Sensitive Waters which require limitations on nutrient inputs. 
 
HQW: High Quality Waters which are waters that are rated as excellent based on biological and physical / chemical characteristics 
through division monitoring or special studies, native and special native trout waters (and their tributaries) designated by the Wildlife 
Resources Commission, primary nursery areas (PNA) designated by the Marine Fisheries Commission and other functional nursery 
areas designated by the Wildlife Resources Commission, critical habitat areas designated by the Wildlife Resources Commission or 
the Department of Agriculture, all water supply watersheds which are either classified as WS-I or WS-II has been received from the 
appropriate local government and accepted by the Division of Environmental Management and all Class SA waters. 

ORW: Outstanding Resource Waters which are unique and special waters of exceptional state or national recreational or ecological 
significance which require special protection to maintain existing uses. 
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ATTACHMENT 3 

Aquatic Species Considered 
 
Rare Species: 
 
A proposed, endangered, or threatened species (P, E, T) is a species that has been Federally listed or is proposed for listing by the 
USFWS.  These species are included in every AQUA written for projects within a watershed where the species is known to occur, 
likely to occur, or may occur.  These species are also included in AQUAs for watersheds where the species occurred historically, but 
hasn’t been found during recent surveys. 
 
A sensitive species (S) is a species included on the USFS Southern Region Sensitive Species List (7/96).  These species may or may 
not have a Federal or State status, but generally have a global rank of G1, G2, or G3 and a State rank of S1 or S2.  These species are 
included in every AQUA written for projects within a watershed where the species is known to occur, likely to occur, or may occur. 
 
A forest concern species (FC) is a species that National Forests in North Carolina considers to be generally rare and an important part 
of the biodiversity across the Forests and does not fall into one of the above categories.  Many of these species are peripheral in North 
Carolina to their overall range.  These species may or may not have a Federal or State status, but generally have a global rank of G3 or 
lower and a State rank of S1 or S2.  These species are included in every AQUA written for projects within a watershed where the 
species is known to occur, likely to occur, or may occur.  The large aquatic insect groups of Forest Concern Species, which may occur 
within the aquatic analysis area, but are not known to or likely to occur within this area, are addressed collectively as the aquatic insect 
community. 
 
Management Indicator Species: 
 
A management indicator species (MIS) is a species identified in the Forest Plan that represents a community, assemblage, or special 
habitat on the Forests.  MIS are intended to aid in description of biodiversity and to serve as a mechanism for monitoring population 
viability across the Forests. 
 
Aquatic MIS Population Monitoring Results: 
 
Since 1988, fish populations have been monitored quantitatively on 63 streams (150+ sites) across the Forests cooperatively by the 
Forest Service and NCWRC.  An additional 10-15 large streams and rivers are monitored semi-quantitatively across the Forests by the 
NCDEM and TVA.  Of the 63 streams monitored since 1988, 48 (76%) support one or more of the aquatic MIS for mountain streams 
(brook trout, brown trout, rainbow trout, and blacknose dace).  Population trends from the monitoring data are summarized in 
Attachment 8. 
 
Since 1988, brook trout populations in 28 streams across the Nantahala and Pisgah National Forests have been monitored by the USFS 
and NCWRC.  Brook trout mean standing crop has ranged from 5.98 kg/ha to 18.15 kg/ha since 1988, with the mean standing crop 
over this time period of 10.89 kg/ha.  Sixty percent of the annual estimates are within one standard deviation of this estimate (e.g. 
between 6.40 kg/ha and 15.38 kg/ha).  This indicates that there is not much annual variability in brook trout standing crops over time.  
Brook trout population age-class structure does exhibit considerable variability over time and will be discussed below.   
 
Since 1989, rainbow trout populations in 39 streams across the Nantahala and Pisgah National Forests have been monitored by the 
USFS and NCWRC.  Rainbow trout mean standing crop has ranged from 12.48 kg/ha to 30.94 kg/ha since 1989, with the mean 
standing crop over this time period of 20.69 kg/ha.  Sixty-seven percent of the annual estimates are within one standard deviation of 
this estimate (e.g. between 14.80 kg/ha and 26.58 kg/ha).  This indicates that there is not much annual variability in rainbow trout 
standing crops over time.  Rainbow trout population age-class structure does exhibit considerable variability over time and will be 
discussed below. 
 
Since 1989, brown trout populations in 33 streams across the Nantahala and Pisgah National Forests have been monitored by the 
USFS and NCWRC.  Brown trout mean standing crop has ranged from 12.95 kg/ha to 33.80 kg/ha since 1989, with the mean standing 
crop over this time period of 21.57 kg/ha.  Sixty-seven percent of the annual estimates are within one standard deviation of this 
estimate (e.g. between 14.98 kg/ha and 28.16 kg/ha).  This indicates that there is not much annual variability in rainbow trout standing 
crops over time.  Brown trout population age-class structure does exhibit considerable variability over time and will be discussed 
below. 
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Since 1988, blacknose dace populations in 25 streams across the Nantahala and Pisgah National Forests have been monitored by the 
USFS and NCWRC.  Blacknose dace mean standing crop has ranged from 1.30 kg/ha to 6.46 kg/ha since 1988, with the mean 
standing crop over this time period of 2.82 kg/ha.  Eighty percent of the annual estimates are within one standard deviation of this 
estimate (i.e. between 1.05 kg/ha and 4.59 kg/ha).  This indicates that there is not much annual variability in blacknose dace standing 
crops over time.  
 
Monitoring data shows that fish populations are not static over time, but rather that a range of population levels oscillate around some 
mean value, with some species supporting higher standing crops when environmental conditions are suitable or lower standing crops 
when conditions are adverse.  Aquatic community structure is opportunistic in that as standing crops of one species or age class 
decline, standing crops of other species or age classes increase relative to their habitat requirements and the new habitat available from 
the declining stock.  This give and take has proven to be cyclic, and that in the absence of catastrophic events (e.g. prolonged drought, 
successive floods, long-term sedimentation), fish communities will exhibit this cyclic pattern.       
 
Based on a preliminary analysis of monitoring data, there appears to be no difference in population dynamics across the Forests.  
Different streams have the inherent capability to support varying population levels, and ultimately habitat quality and quantity and 
environmental variables control the fate of fish populations.  Forest management activities, as well as droughts and floods, have the 
potential to affect part of a fish population.  These effects may be long-term or short-term, depending on the duration and magnitude 
of the event. It is possible to lose a year-class of rainbow trout or blacknose dace, if spawning habitat is temporarily reduced during a 
poorly timed culvert installation, as well as during a spring flood.  Very rarely does the loss of one year-class affect long-term 
population stability.  The successive loss of year classes, however, can result in long-term declines in fish standing crops.  It is 
important to note that environmental variables, management induced land uses, or both can cause successive year-class failures.  
 
Based on Forest-wide monitoring efforts since 1988, it does not appear than any stream or its populations have suffered long-term 
effects of land management or of natural forces.  A closer look at the data reveals single year-class failures for all aquatic MIS in one 
stream or another at some point, but successive year-class failures were not found on any stream for any of these species during the 
monitoring period.             
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 ATTACHMENT 5    
 RARE SPECIES LIST - AQUATICS    
 NANTAHALA NATIONAL FOREST    
 UPDATED 1/23/02    
      
THREATENED AND ENDANGERED SPECIES    
     NC 
 TYPE SCIENTIFIC NAME COMMON NAME HABITAT/DISTRIBUTION STATUS 
  BIVALVE Alasmidonta raveneliana Appalachian Elktoe Little Tennessee River drainage and  E 
    Tuckaseegee River; Nolichucky River  
 BIVALVE Pegias fabula Littlewing Pearlymussel Lower Little Tennessee River; historic record E 
    from Valley River, Cherokee Co.  
  FISH Cyprinella monacha Spotfin Chub Little TN River; French Broad River system  T 
      
SENSITIVE SPECIES (BASED ON 2001 REGION 8 LIST)   
     NC 
 TYPE SCIENTIFIC NAME COMMON NAME HABITAT/DISTRIBUTION STATUS 
  BIVALVE Fusconaia barnesiana Tennessee Pigtoe Lower Little TN River and Hiwassee River E 
  BIVALVE Lasmigona holstonia Tennessee Heelsplitter Small to large streams in Cherokee Co., E 
    historic record; Mills River  
 BIVALVE Villosa iris Rainbow Little TN and Hiwassee Rivers, Martin  SC 
    and Brasstown Creeks; French Broad River  
 CRUSTACEAN Cambarus georgiae Little Tennessee Crayfish Streams in Little TN River, Macon Co. SR 
 CRUSTACEAN Cambarus parrishi Hiwassee Headwaters Crayfish Streams in Hiwassee River drainage SR 
 CRUSTACEAN Cambarus reburrus French Broad Crayfish Tributary to Horsepasture River, Transylvannia W2 
    Co.; upper French Broad River  
 CRUSTACEAN Cambarus chaugaensis Oconee Stream Crayfish Streams in Savannah River drainage, Jackson,SR 
    Macon, and Transylvannia Co.; SC and GA  
  DRAGONFLY Gomphus consanguis Cherokee Clubtail Small spring-fed streams SR 
 DRAGONFLY Gomphus viridifrons Green-faced Clubtail Rivers SR 
 DRAGONFLY Macromia margarita Mountain River Cruiser Rivers, Macon, Swain, Transylvannia Co.; SR 
    Caldwell Co.  
  DRAGONFLY Ophiogomphus edmundo Edmunds Snaketail Blue Ridge escarpment streams SR 
  DRAGONFLY Ophiogomphus howei Pygmy Snaketail Rivers SR 
  FISH Etheostoma vulneratum  Wounded Darter Large streams and rivers, Little TN River  SC 
    system,Jackson, Macon, Swain Co.  
  FISH Percina squamata Olive Darter Higher gradient upland rivers, Tennessee SC 
    River system, Cherokee, Jackson, Macon,  
    Swain Co.  
 MAYFLY Seratella spiculosa Spicilose Seratellan Mayfly Mountain streams SR 
      
FOREST CONCERN SPECIES    
     NC 
 TYPE SCIENTIFIC NAME COMMON NAME HABITAT/DISTRIBUTION STATUS 
 AMPHIBIAN Cryptobranchus alleganiensis Hellbender Rivers and large streams, Tennessee and SC 
    Savannah River systems  
 BIVALVE Alasmidonta viridis Slippershell Mussel Little Tennessee River, Swain Co. E 
 BIVALVE Elliptio dilatata Spike Little TN and Hiwassee Rivers, Cherokee Co.; SC 
    New River  
 BIVALVE Lampsilis fasciola Wavy-rayed Lampmussel Little TN River; French Broad and Pigeon SC 
    Rivers historic records   
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 BIVALVE Pleurobema oviforme Tennessee Clubshell Little TN and Hiwassee drainages, Cherokee SR 
    Co.  
 BIVALVE Villosa vanuxemensis Mountain Creekshell Hiwassee River system, Cherokee Co.; T 
    French Broad River system   
 CADDISFLY Agapetus jocassee A Caddisfly Lake Jocassee catchment, Transylvannia Co.; SR 
    Davidson River drainage  
 CADDISFLY Ceraclea sp. 1 Lenat's Caddisfly Specifics unknown SR 
 CADDISFLY Helicopsyche paralimnella A Caddisfly Fires Cr, ?Co. and Bearwallow Cr,  SR 
    Transylvannia Co.; SW mountains of NC  
 CADDISFLY Hydropsyche carolina A Caddisfly Whitewater River, Macon Co. SR 
 CADDISFLY Hydroptila englishi A Caddisfly Lake Jocassee catchment, Transylvannia Co. SR 
 CADDISFLY Rhyacophila amicus A Caddisfly Cullasaja River, Macon Co.; Whiterock Cr, SR 
    Spainhour Cr, North Toe River, Deep Cr,  
    Oconoluftee River  
 CADDISFLY Rhyacophila melita A Caddisfly Tusquitee Cr, Clay Co.; Oconoluftee River, SR 
    South Toe River, Palmer Cr  
 CADDISFLY Rhyacophila vibox A Caddisfly Whiteoak Cr, Macon Co SR 
 CADDISFLY Wormaldia thyria A Caddisfly Specifics unknown SR 
 CRUSTACEAN Cambarus hiwasseensis Hiwassee Crayfish Streams in Hiwassee River drainage W2 
 CRUSTACEAN Cymocythere clavata Oconee Crayfish Ostracod Symbiotic on crayfish in mountain streams and SR 
    rivers in Savannah River system, Transylvannia 
    Co.; French Broad River system   
 CRUSTACEAN Dactylocythere prinsi Whitewater Crayfish Ostracod Symbiotic on crayfish, streams in Savannah  SR 
    River drainage, Jackson Co.; possibly in SC  
    and GA  
 CRUSTACEAN Skistodiaptomus carolinensis Carolina Skistodiaptomus  Lake Ravenel, Macon Co. SR 
 CRUSTACEAN Waltoncythere acuta Transylvannia Crayfish Smybiotic on crayfish in high gradient rivers SR 
   Ostracod and streams, Transylvannia Co.; likely occurs  
    in SC  
 DRAGONFLY Aeshna tuberculifera Black-tipped Darner Boggy or marshy ponds SR 
 DRAGONFLY Cordulegaster erronea Tiger Spiketail Small forested streams SR 
 DRAGONFLY Gomphus abbreviatus Spine-crowned Clubtail Rivers; also found in Piedmont Province SR 
 DRAGONFLY Gomphus descriptus Harpoon Clubtail Large streams and rivers SR 
 DRAGONFLY Gomphus lineatifrons Splendid Clubtail Rivers; also found in Piedmont Province SR 
 DRAGONFLY Gomphus parvidens parvidensPiedmont Clubtail Small spring-fed streams SR 
 DRAGONFLY Gomphus ventricosus Skillet Clubtail Rivers SR 
 DRAGONFLY Lanthus parvulus Northern Pygmy Clubtail Small spring-fed streams SR 
 DRAGONFLY Ophiogomphus aspersus Brook Snaketail Rapids of rivers and streams SR 
 DRAGONFLY Ophiogomphus mainensis Maine Snaketail Rapids of rivers and streams SR 
 DRAGONFLY Stylurus amnicola Riverine Clubtail Rivers; also found in Piedmont and Coastal SR 
    Provinces  
 DRAGONFLY Stylurus scudderi Zebra Clubtail Streams & rivers SR 
 DRAGONFLY Sympetrum obtrusum  White-faced Meadowfly Boggy or marshy ponds and lakes  SR 
 FISH Clinostomus, sp 1 Smoky Dace Little TN River drainage, Jackson and Macon  SC 
    Co.  
 FISH Cottus carolinae Banded Sculpin Hiwassee River system; French Broad  T 
    River system   
 FISH Etheostoma inscriptum  Turquoise Darter Large streams in Savannah River system SC 
 FISH Hybopsis rubrifrons Rosyface Chub Savannah River system; Transylvannia Co. T 
 FISH Lampetra appendix American Brook Lamprey Hiwasse River system; French Broad T 
    River system   
 FISH Luxilis chrysocephalus Striped Shiner Reported in Little TN River system, Macon Co.; T 
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    Cane River system   
 FISH Micropterus coosae Redeye Bass Savannah River system; Transylvannia and SR 
    Jackson Co.  
 FISH Moxostoma sp 1 Sicklefin Redhorse Little TN and Hiwassee River drainages  SR 
 FISH Notropis lutipinnis Yellowfin Shiner Savannah and Little TN River systems,  SC 
    Jackson and Transylvannia Co.; Broad River   
    system   
 FISH Noturus flavus Stonecat Warmwater streams and rivers, Little TN River E 
    drainage, Swain Co.; Nolichucky and French   
    Broad River systems  
 FISH Percina aurantica Tangerine Darter Large streams and rivers; TN River system  W2 
 FISH Percina caprodes Logperch Streams, rivers, reservoirs in TN River system; T 
    New River drainage  
 FISH Stizostedion canadense Sauger Large streams, rivers, reservoirs in Hiwassee SR* 
    River system, Cherokee Co.; French Broad   
    River system   
 GASTROPOD Goniobasis interrupta Knotty Elimia Hiwassee River and tributaries, Cherokee Co. E 
 GASTROPOD Leptoxis virgata Smooth Mudalia Hiwassee River, report possibly in error SR 
 MAYFLY Barbaetis benfieldi Benfield's Bearded Small Caney Fork, Jackson Co.; Jacob Fork (Burke SR 
   Minnow Mayfly Co.), French Broad River (Transylvannia Co.);  
    may be undersampled  
 STONEFLY Megaleuctra williamsae William's Rare Winter Stonefly UT Cullasaja River, Macon Co.and Mull Cr,   SR 
    Jackson Co.; Cove Cr (Haywood Co.); possibly 
    undersampled; semi-aquatic  
 STONEFLY Shipsa rotunda A Stonefly Mountain, Piedmont, and Coastal Province SR 
    streams  
 STONEFLY Zapada chila A stonefly Small streams; Beech Flat Prong (Swain Co.), SR 
    Ashe Co.; may be undersampled  
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ATTACHMENT 5    
Rare Species Analysis For: AD-9 DOT Project  
Analysis Date:  11/01/2000 Revised 5/12/2003  
     
Known and Potentially Occurring* Rare Aquatic Species   
Graham County, North Carolina    
   LIKELIHOOD OF OCCURRENCE  
TYPE SCIENTIFIC NAME STATUS WITHIN AQUATIC ANALYSIS AREA  
AMPHIBIAN Cryptobranchus alleganiensis  FC NOT LIKELY TO OCCUR (5)  
BIVALVE Alasmidonta raveneliana E NOT LIKELY TO OCCUR (5)  
CADDISFLY Ceraclea sp. 1 FC MAY OCCUR (4)  
CADDISFLY Helicopsyche paralimnella FC MAY OCCUR (4)  
CADDISFLY Wormaldia thyria FC MAY OCCUR (4)  
DRAGONFLY Aeshna tuberculifera FC NOT LIKELY TO OCCUR (5)  
DRAGONFLY Cordulegaster erronea FC MAY OCCUR (4)  
DRAGONFLY Gomphus abbreviatus FC NOT LIKELY TO OCCUR (5)  
DRAGONFLY Gomphus consanguis S MAY OCCUR (4)  
DRAGONFLY Gomphus descriptus FC MAY OCCUR (4)  
DRAGONFLY Gomphus lineatifrons FC NOT LIKELY TO OCCUR (5)  
DRAGONFLY Gomphus parvidens parvidens FC MAY OCCUR (4)  
DRAGONFLY Gomphus ventricosus FC NOT LIKELY TO OCCUR (5)  
DRAGONFLY Gomphus viridifrons S NOT LIKELY TO OCCUR (5)  
DRAGONFLY Lanthus parvulus FC MAY OCCUR (4)  
DRAGONFLY Macromia margarita S NOT LIKELY TO OCCUR (5)  
DRAGONFLY Ophiogomphus aspersus FC MAY OCCUR (4)  
DRAGONFLY Ophiogomphus edmundo S MAY OCCUR (4)  
DRAGONFLY Ophiogomphus howei S NOT LIKELY TO OCCUR (5)  
DRAGONFLY Ophiogomphus mainensis FC MAY OCCUR (4)  
DRAGONFLY Stylurus amnicola FC NOT LIKELY TO OCCUR (5)  
DRAGONFLY Stylurus scudderi FC MAY OCCUR (4)  
DRAGONFLY Sympetrum obtrusum FC NOT LIKELY TO OCCUR (5)  
FISH Clinostomus sp. 1 FC DOES NOT OCCUR (5)  
FISH Etheostoma vulneratum S DOES NOT OCCUR (5)  
FISH Luxilis chrysocephalus FC DOES NOT OCCUR (5)  
FISH Moxostoma sp. 1 FC DOES NOT OCCUR (5)  
FISH Notropis lutipinnis FC DOES NOT OCCUR (5)  
FISH Noturus flavus FC DOES NOT OCCUR (5)  
FISH Percina aurantica FC DOES NOT OCCUR (5)  
FISH Percina caprodes FC DOES NOT OCCUR (5)  
FISH Percina squamata S DOES NOT OCCUR (5)  
MAYFLY Seratella spiculosa S MAY OCCUR (4)  
STONEFLY Shipsa rotunda FC MAY OCCUR (4)  
STONEFLY Zapada chila FC MAY OCCUR (4)  
     
* Based on known distributions and presence of suitable habitat.  
EVALUATION CRITERIA:    
 1 = Recent survey data within or downstream the aquatic analysis area (<5 yrs old)  
 2 = Historical survey data within or downstream the aquatic analysis area (>5 yrs old)  
 3 = Vicinity records (within or downstream the analysis area, not necessarily within project area) 
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 4 = Suitable habitat present, but no vicinity records  
 5 = No suitable habitat present or vicinity records within analysis area, but  
       species may be present in county   
 6 = Extirpated species listed for river system   
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