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PREFACE 

 

This final report is submitted to the National Park Service, Great Smoky Mountains 

National Park and the Center for the Management, Utilization, and Protection of Water 

Resources for their support of this research project.  Detailed results obtained from this project 

are outlined in two Master of Science theses attached to this document.  An executive summary 

and a conclusions section have been added to concisely relate research findings.   

The authors would like to thank the many individuals involved with this project.  

Valuable information and experience has been gained over the course of this research effort, and 

it has provided a mechanism for students to further their education.  Hopefully, results will 

benefit the agencies that supported the project, as well as professionals in the fields of fisheries 

and conservation biology.   
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EXECUTIVE SUMMARY 

 

Streams within Great Smoky Mountains National Park (GSMNP) are home to nearly 60 

fish species, four of which are listed by the U.S. Fish and Wildlife Service (USFWS) as 

Federally Threatened or Endangered.  Abrams Creek, within GSMNP, contains duskytail darters 

Etheostoma percnurum (Biggins 1993), spotfin chubs Erimonax monachus (Jenkins and 

Burkhead 1994), smoky madtoms Noturus baileyi, and yellowfin madtom Noturus flavipinnis.  

In 1956, the National Park Service and cooperators treated Abrams Creek with rotenone to 

establish a trophy rainbow trout Onchorhynchus mykiss fishery and extirpated 32 fish species 

from lower Abrams Creek. Immediately following treatment, Chilhowee Reservoir was created 

by impounding the Little Tennessee River, which eliminated habitat in the lower portion of 

Abrams Creek for these species. Cattle were present in the Cades Cove region of the Abrams 

Creek watershed until 1999.  Livestock grazing has been found to increase sediment loading to 

streams; however, water quality sampling in Abrams Creek prior to cattle removal did not 

identify detrimental sediment loading into Abrams Creek. Given the lack of cattle and human 

settlement in Cades Cove, Abrams Creek represents the only fully Federally-protected watershed 

within the native range of each species.  

Abrams Creek, a pristine coolwater stream whose entire watershed is located within 

GSMNP, has a riparian area dominated by cove hardwoods and mixed pine forests. Average 

stream flows vary throughout the year and substrate is dominated by cobble, large boulder, and 

bedrock. The stream is 15-25m wide and only two access points exist along the lower stream 

corridor, therefore human access is limited to a small portion of the stream. 
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Spotfin chub are insectivores that generally attain lengths <110mm and live up to three 

years (USFWS 1983; Etnier and Starnes 1993). This species spawns between May and August 

and prefers pool and run habitats of large streams and rivers having moderate to swift currents. 

Ideal habitat has the following features:  moderate gradient; moderate to swift currents; 

substrates free of silt and sand that are primarily composed of large and small gravel, rubble, 

bedrock, and boulders; and a large number of riffle-run habitats (Etnier and Starnes 1993, 

Jenkins and Burkhead 1994). Outside GSMNP, spotfin chub distribution is limited to the Buffalo 

and Emory rivers in Tennessee, Holston River in Virginia,  and Little Tennessee River in North 

Carolina (USFWS 1983; Jenkins and Burkhead 1984). Duskytail darters are also insectivores 

(Layman 1991), attain lengths <64mm, and live up to three years. Duskytail darters spawn 

between April and June and prefer riffle habitats with small gravel for spawning (Etnier and 

Starnes 1993). Duskytail darter distribution, outside GSMNP, is restricted to seven river reaches 

of the Tennessee and Cumberland River systems (USFWS 1993).  Smoky madtoms inhabit 

habitats transitioning between pools and riffles in the summer and fall, but inhabit gentle runs 

and pools during the winter and spring.  The maximum total length of this species is 73mm 

(Etnier and Starnes 1993).  Yellowfin madtoms inhabit pool areas and associate with cover such 

as brush, leaves, and bedrock crevices.  Their maximum total length is 134mm (Etnier and 

Starnes 1993). 

Since 1986, the USFWS and the Tennessee Wildlife Resources Agency (TWRA) have 

contracted with Conservation Fisheries, Inc. (CFI) to propagate and reintroduce duskytail darters 

and spotfin chubs to Abrams Creek.  CFI has provided annual in-kind monitoring of transplanted 

species; however, distribution, abundance, reproductive potential, and recruitment have remained 

relatively unknown.  Surveys conducted during summers of 2002 and 2003 resulted in no spotfin 
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chub and three small duskytail darter populations that may be naturally reproducing (Rakes and 

Shute 2002, 2003). However, prior to the study described in this report, no data existed 

concerning total distribution or abundance estimates for all four listed species in Abrams Creek.  

The goal of this project was to evaluate the recovery status of all four listed species in 

Abrams Creek.   Specific objectives were to: 1) Map the current distribution of four federally 

listed species in Abrams Creek from Abrams Falls to Chilhowee Reservoir; 2) Identify the 

amount of preferred habitat for each species within Abrams Creek; 3) Based upon available 

habitat, determine current recovery status (%) within Abrams Creek; 4) Establish long-term 

monitoring sites and monitoring protocols of each species; 5) Identify areas where preferred fish 

habitat and heavy visitor use areas overlap and determine effects of visitor use on the listed 

species; and 6) Produce a visitor display for the lower Abrams Creek campground bulletin board 

to articulate life history needs of each species, current status, and the visitor’s role in protecting 

these species. 

Abrams Creek was divided into 2-km sections and subdivided into consecutive 200-m 

reaches, beginning at the embayment.  A 1-m cascade was identified as a potential barrier to fish 

passage approximately 17.2 river kilometers (rkm) from the embayment.  Three reaches were 

randomly selected in each of the lower eight 2-km sections, and two reaches were randomly 

selected from the 1.2-km section downstream of the cascade.  A 200-m reach with representative 

habitat was delineated above the cascade to confirm effectiveness of the barrier.  Distance from 

embayment was calculated and latitude/longitude coordinates were obtained with a Garmin 

GPSmap 76Cx for the start point of each randomly selected reach.  Habitat parameters were 

measured in the 27 reaches.  Habitat units were classified as riffle, run, pool, cascade, or 

complex (i.e., multiple habitat units) as described by Overton et al. (1997).  Lengths of each 
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habitat unit were measured within each 200-m reach to quantify the percentage of each unit.  

Average width and depth were calculated for every 200-m reach sampled.  Transects 

were delineated every 20 m and wetted widths were recorded to the nearest decimeter using a 

measuring tape for 11 transects to determine average width.  Depth was measured with a PVC 

depth staff to the nearest centimeter at three equidistant locations along each transect to calculate 

average reach depth (McMahon et al. 1996).  

Substrate was visually classified using a modified Wentworth scale (silt = < 1/16 mm, 

sand = 1/16-2 mm, gravel = 2-64 mm, cobble = 64-256 mm, small boulder = 256-384 mm, large 

boulder = 385-512 mm, bedrock = solid rock) (Wentworth 1922).  Percentage of substrate 

composition within a 0.25 m
2
 area was visually estimated at each location where depth was 

measured.   

After spawning seasons for all listed species ended in mid-July, snorkeling surveys were 

conducted in each randomly selected reach.  A minimum of four people snorkeled upstream in 

equidistant lanes, parallel to shore, to reduce startling fish and to optimize observations (Dolloff 

et al. 1996).  Movable rocks larger than gravel were gently lifted to determine fish presence.  If 

fishes were present, associated macrohabitat (i.e., habitat unit and cover substrate) was recorded 

for each individual.  Relative abundance, defined as catch per unit effort (CPUE), for a reach 

with listed fishes present, was calculated as number of individuals observed per person per hour 

snorkeled. 

Additional reaches were snorkeled to accurately assess distribution.  The downstream 

reach adjacent to the lowermost reach where a given species was present was surveyed until no 

individuals were observed to determine lower bounds of distribution.  Conversely, the upstream 

reach adjacent to the uppermost reach with a given species was surveyed until no individuals 
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were observed to establish the upper distribution limit.  Maps were generated in ArcView 9.2 

GIS (Environmental Systems Research Institute (ESRI) 2007) to compare CPUE and stocking 

densities within current species distributions. 

Due to unsuccessful spotfin chub observations in reintroduction zones (Rakes and Shute 

2007), targeting of preferred habitats along the entirety of lower Abrams Creek was necessary.  

Habitat utilized by spotfin chubs in the Emory River watershed (i.e., runs with boulder and 

bedrock substrates (Russ 2006)) was identified in Abrams Creek based on underwater video 

mapping by Ayers (2007).  Once habitat parameters were defined, a geographic information 

system (GIS) map of Abrams Creek, including potential spotfin chub habitat was generated in 

Arcview 9.2 GIS (ESRI 2007).  All locations with specified parameters were selected to acquire 

GPS coordinates.  Locations in close proximity to access points were snorkeled to determine 

spotfin chub presence.  Each potential reach was snorkeled using previously described methods 

while moving upstream unless velocity was too great, thereby requiring snorkelers to float 

downstream.  Surveys were conducted during peak spawning (late May and June) to more easily 

identify nuptial males.  If spotfin chubs were observed, associated macrohabitat variables (i.e., 

habitat unit and substrate) were recorded on a PVC sleeve for each individual.  If no spotfin 

chubs were observed near access points, then all potential habitat below Abrams Falls to the 

embayment was surveyed. 

Water quality parameters were measured within a run of each snorkeled reach to obtain 

representative readings.  If runs were not present within a reach, then measurements were 

obtained in a flowing pool.  Measurements were taken prior to snorkeling.  Temperature ( C), 

conductivity ( S), and dissolved oxygen (mg/L) were measured with a Yellow Springs 

Instrument (YSI) Model 85 meter.  An Analytical Measurement pH meter was used to measure 
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levels of pH.   

A modified velocity-area method was used to calculate discharge (m
3
/s) within one run of 

the most downstream reach encountered per sampling day (McMahon et al. 1996).  A measuring 

tape was set across the stream width, and depth and velocity at 60% of depth were measured at 

equidistant intervals using a top-setting wading rod and a Marsh-McBirney Flo-Mate model 

2000 portable flow meter.  A minimum of ten depths and velocity readings were measured per 

transect.  If a tributary converged with the main stem of Abrams Creek between reaches 

surveyed the same day, an additional discharge was obtained from a run in the reach upstream of 

the confluence with the tributary. 

Three HOBO U22 Water Temp Pro v2 data loggers were placed in Abrams Creek in mid-

April 2008 to record spatial and temporal water temperature fluctuations.  The data loggers were 

placed in the lower and uppermost randomly selected reaches (0.8 and 17.0 rkm from 

embayment, respectively), as well as in a mid-study area reach (9.9 rkm from embayment), to 

detect large-scale temperature variations during spawning and post-spawn observation periods.    

 Construction of a rock dam within a riffle below Abrams Creek campground was 

observed during the 2007 sampling season.  Substrate had been altered resulting in 

channelization of the riffle habitat to facilitate boat passage.  High flows during winter and early 

spring of 2008 redistributed substrate in the disturbed area.  A 200-m reach was established to 

include the previous year’s disturbance in May 2008 to quantify human induced stream 

alteration.  A transect was delineated at the center of the 2007 disturbance and five transects 

were marked at 20-m intervals above and below the center.  Velocity and depth were measured 

every meter and locations of these fixed points were recorded along each transect to quantify 

reach morphology.  The reach was snorkeled to determine species presence prior to visitor 
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alteration.  Due to National Park Service regulations, additional snorkel surveys were not 

conducted until after July 15
th

 to minimize impacts during spawning seasons.  Depth and velocity 

measurements were repeated at each fixed point bimonthly to quantify changes over time due to 

stream alteration.  The reach was snorkeled after breeding seasons ended in mid-July to 

document habitation.  Bimonthly habitat measurements and snorkel surveys continued through 

Labor Day (September 1, 2008) to encompass peak visitor season. 

 

Objective 1.  Map the current distribution of four federally listed species in Abrams Creek 

from Abrams Falls to Chilhowee Reservoir. Maps are included in attached theses. 

Duskytail Darter  

Duskytail darters (n=21) were observed in 4.0 km (~23%) of the 17.4 km section of 

lower Abrams Creek, although reintroductions occurred throughout the section.  Current 

distribution extended from 9.6 rkm to 13.6 rkm upstream of embayment.  Duskytail darters were 

not observed within 3.6 rkm downstream of the 1-m cascade barrier. Average relative abundance 

within the current duskytail darter distribution was 0.48 +/- 0.45 fish per person per hour.  CPUE 

ranged from 0.13-1.48 fish/person/hour in reaches where individuals were present.  Total 

numbers of duskytail darters stocked within 500 m upstream and downstream of sampled reaches 

were positively related (R
2
=0.9694, P=0.0004) to CPUE. 

No linear relationship was apparent between CPUE and distance to closest upstream 

stocking sites when analyzing all reaches within the current distribution.  This negative 

relationship was significant (R
2
 = 0.9282, P = 0.0366) when the upstream-most reach within the 

current distribution was omitted from analysis; distance to the uppermost stocking zone was ~2.3 

rkm upstream.  Linear trends were not apparent when CPUE and distance to closest downstream 
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stocking sites were compared.  The lower extent of the current distribution was ~1.1 rkm 

downstream of the lowest stocking site, while the uppermost stocking site was ~0.3 rkm 

downstream of the upper extent.     

Although duskytail darters occupied less than a quarter of the study area, their 

reproductive success and relative abundance, particularly in areas within close proximity to 

stocking sites, were comparable to the Citico Creek source population (Shute et al. 2005).  

Personal observations of nest guarding males, as well as juveniles, provided direct evidence that 

this is a sustaining population. Since duskytail darter longevity is between 2-3 years (Layman 

1991) and Abrams Creek stocking efforts ceased in 2001 (Shute et al. 2005), individuals 

observed during this study were, at minimum, the second naturalized generation. 

The relationship between relative abundance and stocking site densities within 1 rkm 

suggests limited dispersal ability of duskytail darters.  Upstream movement from stocking sites 

was evident albeit more limited than downstream movement.  Such apparent downstream 

movement can be attributed to larval drift over generations (Turner 2001) and reduced ability of 

upstream movement through high velocity areas (Gardner et al. 2006).         

 Although only 21 duskytail darters were observed in randomly selected reaches, 

individuals were consistently observed within the pool immediately upstream of Abrams Creek 

campground.  This area is located between two high-density reintroduction sites, further 

supporting evidence of limited dispersal ability.  Relative abundance had potential to increase 

substantially if randomly selected reaches had been in closer proximity to high-density 

reintroduction sites. 
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Spotfin Chub 

Spotfin chubs were not observed within lower Abrams Creek and have been determined 

to be extirpated.  Drainage areas upstream of spotfin chub occurrences in other watersheds 

ranged from 13 - 860 km
2
.  Since no spotfin chubs were located, and drainage area (km

2
) has 

been theorized as a significant variable influencing probability of spotfin chub presence (Russ 

2006), watershed analysis was conducted in ArcView 9.2 GIS (ESRI 2007) to compare Abrams 

Creek drainage area and connectivity to free-flowing water within watersheds currently 

sustaining natural spotfin chub populations.   

Jenkins and Burkhead (1984) theorized spotfin chub occurrences within small sub-

watersheds represented movement of individuals from populations within larger watersheds.    

Abrams Creek’s drainage area (225 km
2
) is within the size range of watersheds currently 

sustaining spotfin chub populations, and is larger than 50% of those watersheds.  Only 27% (3 of 

11) of analyzed watersheds had greater than 50% probability of spotfin chub presence based on 

the model developed by Russ (2006).  Lack of transferability of this model may be due to bias 

toward smaller drainage areas within watersheds.  Accordingly, drainage area above spotfin chub 

occurrences within sub-watersheds did not appear to be a definitive factor influencing 

sustainability of the species.     

The length of free-flowing water in sub-watersheds downstream of spotfin chub 

occurrences to confluences with larger systems ranged from 0.3 - 3.5 km.  Spotfin chubs 

historically occurred in the section of Abrams Creek currently embayed by Chilhowee Reservoir 

(Simbeck 1990) resulting in no free-flowing connectivity.  Therefore, Abrams Creek is outside  
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the range of connectivity calculated for extant spotfin chub occurrences.  Due to lack of 

connectivity, Abrams Creek can be viewed as an independent watershed comparable to other 

mainstem watersheds isolated by impoundments.     

Length of contiguous free-flowing water downstream of occurrences within main-stem 

systems ranged from 6.8 - 157.2 km.  Total drainage area of the five main-stem watersheds with 

extant spotfin chub populations ranged from ~626 - 1973 km
2
.  Abrams Creek’s drainage area 

(225 km
2
) fell well below the range of higher order watersheds supporting spotfin chub 

populations.  

Natural reproduction of spotfin chubs in Abrams Creek was evident by observations of 

young-of-year during snorkeling surveys in fall 2000 (Shute et al. 2005).  Although relative 

abundance had increased over several years prior to these observations, total observations were 

highly correlated to increased stocking densities during those same years.  No spotfin chubs were 

observed in Abrams Creek after 2000 and stocking efforts ceased after spring 2001 (Shute et al. 

2005).  Various abiotic, biotic, and spatial factors influence the distribution and composition of 

stream fish communities (Jackson et al. 2001), and are especially influential on sensitive species 

such as spotfin chubs.   

Large-scale watershed-level phenomena, not observed at the macrohabitat level, most 

likely contributed to the unsuccessful reintroduction of spotfin chubs into lower Abrams Creek.  

Although the drainage area model developed by Russ (2006) was significant in predicting 

probability of spotfin chub presence in the Emory River watershed, the model did not always 

hold true in other systems with extant spotfin chub populations.  Non-transferability of the model 

may be due to varying responses of isolated spotfin chub populations to environmental stressors 

as a result of fragmentation caused by impoundments.  The minimum mainstem watershed 
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drainage area currently supporting a spotfin chub population (i.e., Middle Fork Holston River) is 

three times larger than Abrams Creek.  This provides evidence that although spotfin chubs are 

found in sub-watersheds much smaller than Abrams Creek, sustainable populations are reliant on 

connectivity to larger systems.  This also provides validity to the presence of a theoretical spotfin 

chub population within the Little Tennessee River prior to creation of Chilhowee Reservoir as 

proposed by Jenkins and Burkhead (1984).  Calderwood Dam was completed in 1930 and is ~16 

rkm upstream of the confluence of Abrams Creek and Little Tennessee River (ALCOA 2009).  

Based on historical records, spotfin chubs persisted within the lower extent of Abrams Creek for 

27 years after completion of the upstream impoundment (Simbeck 1990), most likely due to 

accessibility to the free-flowing Little Tennessee River.  Therefore, spotfin chubs would have 

been extirpated from lower Abrams Creek over time as a direct result of creation of Chilhowee 

Reservoir, regardless of the 1956 rotenone application. 

Smoky Madtom 

Throughout summer months of 2007 and 2008, 78 smoky madtoms were observed during 

snorkel surveys in 17.4 km of lower Abrams Creek.  Smoky madtoms currently inhabit 8,800 m 

(50.57%) of lower Abrams Creek, ranging from rkm 1.0 (i.e., site 1.5) upstream to rkm 9.8 (i.e., 

site 5.9).  The highest density of individuals per reach (n = 15) occurred at rkm 5.0 (i.e., site 3.5); 

this reach also produced the highest CPUE (2.82).  Habitat within this reach contained large 

amounts of cobble (28%) and bedrock (29%), and riffle (76.5 m) and run (117.5 m) were the 

dominant habitat types.  

According to data from 1995 – 2005, 2,537 individuals were stocked at 19 sites 

throughout lower Abrams Creek (Pat Rakes CFI personal communication).  Only 4 of 19 

stocking sites were within the current distribution of smoky madtoms, accounting for 
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approximately 33% (n = 827) of total stocking effort.  Abrams Creek campground and 

immediately adjacent areas accounted for almost 63% (n = 1587) of total stocking effort.  

Therefore, the majority of reintroductions occurred upstream of the current smoky madtom 

distribution.  Downstream dispersal of introduced smoky madtoms was evident in lower Abrams 

Creek, with most (98.72%) smoky madtoms occurring downstream of the downstream-most 

stocking site.  Distance of closest upstream stocking site and smoky madtom CPUE were not 

correlated (P = 0.2366). 

All smoky madtom life stages were represented within the 8.8-km distribution.  Smoky 

madtoms utilize transition areas between pools and riffles (Dinkins and Shute 1996).  Most 

smoky madtoms within lower Abrams Creek were found in runs and were associated with cobble 

substrates.  All specimens observed were associated with cobble or small boulders, with 95% of 

individuals found under cobble.  Downstream drift of introduced stream fish is a common 

occurrence and propagated fish are often prone to stress, disorientation, and decreased survival 

(Mueller et al. 2003).    Stocked smoky madtoms in lower Abrams Creek either drifted or moved 

downstream to areas containing suitable habitat.   

The site at rkm 9.8 (i.e., site 5.9) was the uppermost reach in the current smoky madtom 

distibution.  This suggests that fish introduced in areas immediately adjacent to Abrams Creek 

campground (i.e., rkm 10.2) would have moved and settled downstream where suitable habitat 

existed. The majority of smoky madtoms (n = 70) were found between rkms 1.4 and 5.6.  Sites 

within this area had homogenous and connected suitable habitat.  Densities in this area may be a 

function of the amount of habitat available.  Also, this may reflect the quality of corridors  
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available for movement through areas of unsuitable habitat (Roberts and Angermeier 2007).  

Homogeneity and connectivity of suitable habitat is important to life history requirements for 

many endemic fishes (Groom 2006).   

Abrams Creek widens and slows as it moves toward its mouth at Chilhowee Reservoir, 

and thus, less habitat is available for smoky madtoms, which was reflected by decreased CPUE 

downstream. Most smoky madtoms were found in areas associated with riffles and runs, which 

increased as rkm decreased.  Habitat necessary to survival of smoky madtoms is similar to 

habitat found from rkm 2.0 upstream to rkm 5.6. 

Yellowfin Madtom 

Eighty-nine yellowfin madtoms were observed during snorkel surveys throughout 17.4 

km of lower Abrams Creek.  Yellowfin madtoms currently inhabit 13,400 m (77.01%) of lower 

Abrams Creek, ranging from rkm 0.0 (inundation of Abrams Creek by Chilhowee Reservoir) 

upstream to rkm 13.4.  The highest density of individuals per reach (n = 21) occurred at rkm 0.8 

(i.e., site 1.4); this reach also produced the highest CPUE (1.87) for yellowfin madtoms.  

Yellowfin madtoms were found in every habitat type, but were predominately associated (n = 

87) with run and pool habitat. Cover rocks ranged in size from cobble to large boulder, with most 

individuals (n = 79) associated with cobble and small boulder. 

Reintroduction efforts consisted of stocking 1,214 individuals at 17 sites throughout 

lower Abrams Creek (Pat Rakes CFI personal communication).  Only 11 stocking sites were 

located within the current distribution of yellowfin madtoms.  Areas below rkm 13.4 (i.e., current 

distribution) accounted for about 76% (n = 930) of total stocking effort.  Most (77.53%)  
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yellowfin madtoms observed were below the lowermost stocking site, indicating downstream 

dispersal.  There was a positive linear relationship between distance of closest upstream stocking 

site and yellowfin madtom CPUE (r
2
 = 0.2845; P = 0.0154). 

All yellowfin madtom life stages were observed within the 13.4-km distribution.  

Yellowfin madtoms apparently remained in reintroduction zones and dispersed downstream.  

Other studies have shown that introduced stream fish use the first available shelter and stay for 

different periods of time, even if it is not considered suitable habitat (Mueller et al. 2003).  This 

may account for individuals found directly downstream of site 7.7.  Over 50% of specimens 

observed occurred in the lowest 1.4 km of lower Abrams Creek.  Sites within this area were 

similar and habitat was homogenous and connected.  Therefore, yellowfin madtom densities may 

be a function of the amount of homogenous, connected habitat available.  Stocked fish may have 

moved downstream until they reached a habitat barrier that prevented further downstream 

movement (i.e., Chilhowee Reservoir).    

Abrams Creek widens and slows as it moves toward its mouth at Chilhowee Reservoir, 

and perhaps this is the reason CPUE  increased as rkm declined.  Most yellowfin madtoms were 

found in areas associated with run and pool habitat.  Depth of habitat was greater near the mouth 

due to presence of more run and pool habitats.  Dinkins and Shute (1996) found yellowfin 

madtoms in transition areas between pools and riffles, and adjacent backwater pools.  Amount of 

available cover rocks, percent run, and percent pool may have influenced yellowfin madtom 

presence.  Macrohabitat necessary to survival of yellowfin madtoms was located from rkm 13.4 

(i.e., site 7.7) downstream to Chilhowee Reservoir, and CPUE values suggested that more  
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individuals persist in the lower 1.4 km.  However, some areas took longer to sample due to 

complexity of habitat, thus lowering CPUE.  Complexity of habitat increased as rkm upstream 

from Chilhowee Reservoir increased. 

Objective 2.  Identify the amount of preferred habitat for each species within Abrams 

Creek. 

Duskytail Darter 

Maximum (F = 41.30, df = 2, 285, P = <0.0001) and minimum (F = 30.10, df = 2, 285, P 

= <0.0001) water temperatures differed among upper, middle, and lower sites in lower Abrams 

Creek.  Mean maximum temperature at the upper site was 22.0 + 0.44°C, 23.0 + 0.46°C at the 

middle site, and 25.1 + 0.53°C at the lower site.  Mean minimum temperature at the upper site 

was 18.7 + 0.42°C, 20.0 + 0.43°C at the middle site, and 20.9 + 0.45°C at the lower site.  

Maximum (F = 78.36, df = 1, 285, P = <0.0001) and minimum (F = 133.60, df = 1, 285, P = 

<0.0001) water temperatures also differed between duskytail darter spawning and post-spawn 

periods. 

Only percent cobble was identified by stepwise logistic regression as significant (χ
2
 = 

5.1908, df = 1, P=0.0227) in predicting duskytail darter presence.  Reaches with greater than 

approximately 34% cobble had 50% or greater probability of occurrence.  Percent cobble ranged 

from 13.6% - 55.6% in reaches with duskytail darters present.  Duskytail darters occupied all 

three measured reaches that had > 34% cobble (>50% probability of presence).   

Lower Abrams Creek has physical stream characteristics (i.e. width, depth, and gradient) 

typical of a 4
th

 order stream (Strahler 1964).  Dissolved oxygen was near saturation in measured 

reaches due to sufficient diffusion during stream turbulence, as well as minimized biochemical 

oxygen demands indicative of healthy lotic systems (Gordon et al. 2004).  Calcium carbonate 
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deposited into Abrams Creek from the surrounding limestone geology contributed to elevated yet 

stable pH values (Lindsey et al. 1998, Shaffer 2004).  Although increased calcium ion 

concentrations also contributed to high conductivity in lower Abrams Creek, the increased ions 

allow for greater buffering capacity resulting in more stable water chemistry.  Alkalinity and 

conductivity stability are characteristics beneficial in reducing impacts of environmental 

stressors to fishes (Brown 1982), particularly to sensitive stream species such as duskytail 

darters.               

Lower Abrams Creek has a transitory temperature regime, with cool-water upstream 

reaches to warm-water downstream reaches.  Cool-water streams are defined as having 

temperatures not exceeding 25°C during summer months, while warm-water streams have 

temperatures greater than 25°C during summer months (McLendon et al. 2003).  Although 

average temperature was below 25°C, reaches toward the lower extent of the drainage were 

above this threshold; temperature was not identified as significantly affecting duskytail darter 

presence. 

Substantial heterogeneity of habitat units and substrate types undoubtedly contributed to 

high species richness historically documented in lower Abrams Creek (Simbeck 1990).  Aquatic 

diversity within the rotenone-treated reaches has moderately recovered over the 50 years since 

application, mainly due to quality of the multifarious habitats within lower Abrams Creek.  High 

percentages of cover substrates (i.e. cobble, small boulder, and large boulder) intrinsically 

associated with benthic, cryptic species, within study reaches were representative of cover 

substrate compositions throughout the study area making lower Abrams Creek ideal for duskytail 

darter reintroduction (Shute et al. 2005).  
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Selectivity of duskytail darters to cobble substrates is not surprising when considering 

reproductive specialization (Etnier and Starnes 1993, Jenkins and Burkhead 1994) and limited 

dispersal ability.  Although duskytail darter populations are highly localized, habitat selection is 

universal, particularly in the Tennessee River drainage. Throughout the life history literature, 

duskytail darters have been associated with ‘slabrock’ or cobble substrates during breeding 

seasons, depositing eggs on the undersides of these rocks (Layman 1991, Etnier and Starnes 

1993, Jenkins and Burkhead 1994).  When dispersal is limited, juveniles will remain in close 

proximity to areas where hatched, particularly if ideal habitat is abundant.  Unless carrying 

capacity has been met, duskytail darters might have less need to disperse due to homogeneity of 

cobble substrate in pools.   

 Spotfin Chub 

 Since spotfin chubs were not observed during this study, objective 2 will not be 

addressed for this species. 

Smoky Madtom 

Water quality was suitable for supporting smoky madtom populations.  Temperatures 

during smoky madtom spawning and post-spawn periods did not differ (P = 0.2693).  Most 

maximum water temperatures within the spawning period for smoky madtoms were greater than 

preferred spawning temperatures, but most minimum water temperatures were within spawning 

range at the downstream and middle temperature logger sites.   However, percent small boulder 

was the only variable significantly influencing probability of smoky madtom presence; a 

significant negative logistic relationship existed (χ
2
 = 4.9286; df = 1; P = 0.0264).  The 

probability of smoky madtom presence was less than 50% if small boulder accounted for more 

than approximately 9% of substrate.  Smoky madtoms were only found within reaches with less 
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than or equal to 5.2% small boulder.  Site 3.5 contained only 3.3% small boulder and habitat was 

consistent with other sites having increased CPUE.  Twenty-two sites had suitable habitat (small 

boulder < 9%) and smoky madtoms occurred in 11 of these sites.  Percentage of small boulder 

within sampled reaches was positively correlated (r
2 

= 0.3359; P = 0.0015) with rkm upstream 

from the embayment by Chilhowee Reservoir.  

Water temperature data suggested that smoky madtoms in lower Abrams Creek spawn 

during the time period consistent with that of the source population in Citico Creek.  Therefore, 

the temperature regime for lower Abrams Creek can and does support a naturally reproducing 

smoky madtom population.  Although a significant relationship did not exist between smoky 

madtom presence and percent cobble, cobble may be the preferred cover rock for smoky 

madtoms in lower Abrams Creek.  Smoky madtom habitat has been described as consisting of 

palm-sized substrate (i.e., cobble) in riffles, runs, and adjacent areas (Dinkins 1984; Etnier and 

Starnes 1993; Dinkins and Shute 1996).   

Yellowfin Madtom 

Water temperatures during the yellowfin madtom spawning period differed from those 

during the post-spawn period (F = 30.17; df = 2, 309; P <0.0001).  Maximum water temperatures 

at all data logger sites were greater than preferred yellowfin madtom spawning temperatures 

during the spawning period.  Minimum water temperatures at the downstream data logger site 

were mostly within the preferred spawning temperature range during the spawning period.  

Percent small boulder was the only significant habitat variable (χ
2
 = 3.6582; df = 1; P = 0.0486) 

associated with yellowfin madtom presence, and was negatively related to probability of 

yellowfin madtom presence.  Probability of yellowfin madtom presence was less than 50% if 

percent small boulder was greater than 13%.   Based on this conservative estimate, 14.82 km (24 
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reaches) of lower Abrams Creek (85.19%) contained available habitat.  Yellowfin madtoms were 

found in 14 of these reaches.  Yellowfin madtoms were not found in reaches with greater than 

13% small boulder.  The highest number (n = 21) was found at the downstream-most site (i.e., 

rkm 0.8).  This site was dominated by run habitat and had 2.7% small boulder. 

Habitat for yellowfin madtom was present within lower Abrams Creek and reintroduced 

fishes should thrive, unless other variables affect their persistence.  In addition, physical habitat 

and water quality parameters present were similar to those in Citico Creek, which is the source 

population for the current naturalized populations (Dinkins and Shute 1996).  Yellowfin madtom 

presence was negatively related to presence of small boulder, and no yellowfin madtoms were 

found in areas where small boulder accounted for more than 13% of total observed substrate.  

This relationship has not been documented for any sympatric and/or related madtom species.  

Yellowfin madtoms utilize cover rocks of various sizes (i.e., cobble, small boulder, and large 

boulder) (Dinkins and Shute 1996).  Although percent small boulder was negatively correlated to 

yellowfin madtom presence, small boulders were used as cover rocks by almost 44% of observed 

specimens. 

Size of cover rock played a role in the ability of some reaches to be effectively sampled.  

Many large flat slab rocks (i.e., large boulder) could not be lifted or effectively sampled.  

Yellowfin madtoms may have used spaces beneath these rocks, given a suitable amount of 

interstitial space was present.  Specimens were observed using bedrock overhangs and cracks for 

shelter.  This has been documented for many madtom species (Etnier and Starnes 1993).  One 

specimen was observed near Chilhowee Reservoir at the mouth of Abrams Creek.  This reach, 

located at rkm 0.0, had increased depth and large boulder and bedrock were predominant 

substrates.  This may indicate that microhabitat variables affected presence of yellowfin madtom 
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in lower Abrams Creek.  

Water temperature data suggested that yellowfin madtoms in lower Abrams Creek may 

have an earlier spawning season or slightly warmer spawning temperatures than the source 

population in Citico Creek.  Most minimum temperatures and all maximum temperatures at the 

downstream temperature logger site were above spawning temperatures described for this 

species; however, this is the area of lower Abrams Creek where the majority of observed 

yellowfin madtoms were found.  Therefore, reproductive biology of yellowfin madotms in lower 

Abrams Creek may slightly vary from that of other populations.    

 

Objective 3.    Based upon available habitat, determine current recovery status (%) within 

Abrams Creek. 

Duskytail Darter 

Duskytail darters occupied all three measured reaches that had > 34% cobble (>50% 

probability of presence).  Based on this criterion, duskytail darters were considered fully 

recovered within sampled reaches.  Duskytail darters occupied 75% (3 of 4) of measured reaches 

with > 31% cobble modeled at 40% probability of presence.  

Studies pertaining to recovery of an endangered aquatic species relative to the percentage 

of available habitat utilized are rare.  Defining criteria based on logistic regression probabilities 

is a unique approach to determining percent recovery within a system.  Although duskytail 

darters occupied 100% of measured reaches with greater than 50% probability of presence as 

defined by the logistic regression model, caution should be taken when claiming recovery status.  

Recovery status may be overestimated for this species because factors not identified at the  

macrohabitat scale may influence duskytail darter presence.  Although macrohabitat 
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requirements may influence duskytail darter distribution, nonsystematic stocking efforts may 

also contribute to their limited range.  

 Spotfin Chub 

 Since spotfin chubs were not observed during this study, objective 3 will not be 

addressed for this species. 

Smoky Madtom 

Twenty-two sites had suitable habitat (small boulder < 9%) and smoky madtoms occurred 

in 11 of these sites.  Based on this conservative estimate, percent recovery was estimated at 

50.00%.  Given the imperiled status of this species, a higher probability (i.e., >50%) may offer a 

more accurate estimate of overall recovery. 

Yellowfin Madtom 

Yellowfin madtoms in lower Abrams Creek were considered 58.33% recovered based on 

occupancy of sites with sufficient macrohabitat (i.e., <13% small boulder); no yellowfin 

madtoms were observed in areas that contained more than 13% small boulder. Twenty-four 

reaches (14.82 km) of lower Abrams Creek (85.19%) contained available habitat.  Yellowfin 

madtoms were found in 14 of these reaches.  Yellowfin madtoms were not found in reaches with 

greater than 13% small boulder.   However, one site at rkm 13.4 (i.e., site 7.7) had 12.7% small 

boulder, and only one individual was observed at this site.  Upstream of this point, yellowfin 

madtoms were not observed. 

Specimens were observed using bedrock overhangs and cracks for shelter.  This has been 

documented for many madtom species (Etnier and Starnes 1993).  One specimen was observed 

near Chilhowee Reservoir at the mouth of Abrams Creek.  This reach, located at rkm 0.0, had 

increased depth and large boulder and bedrock were predominant substrates.  This may indicate 
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that microhabitat variables affected presence and thus percent recovery of yellowfin madtom in 

lower Abrams Creek.   

Objective 4.  Establish long-term monitoring sites and monitoring protocols of each species. 

 This objective was not completely addressed in either thesis.  Sampling protocols used in 

this project were developed to address project and thesis objectives; however, to address this 

objective, various sampling protocols would have to be tested to identify the best protocol to use 

when monitoring listed species.  Another National Park Service research project is currently 

underway to develop monitoring protocols for rare fishes (Johnathan Davis, Ph.D. Dissertation 

Research).  Specifically, duskytail darters and spotfin chubs have been selected as target species 

for protocol development.  Protocols have been developed and will be validated during 2009, 

using Abrams Creek as a test site.  The specific goal of Davis’ study is to develop and test 

specific sampling designs for constructing long-term monitoring protocols for the duskytail 

darter and spotfin chub, and determine which sampling designs will allow for detection of 

changes in a population at an appropriate statistical power to provide population estimates with 

an acceptable level of variance.  This study will use adaptive samplings strategies, such as 

adaptive cluster sampling (ACS), to attain its goals and will be the first study to use these 

techniques to target rare and endangered stream fishes. 

 Adaptive sampling is increasing in popularity with biologists because of the ability to 

adapt data collection techniques as data is collected (Smith et al. 2004).  Although this can tend 

to produce a biased sample because occupied habitat is sampled disproportionately, Thompson 

(1990) introduced how to achieve unbiased estimates of abundance of rare species by proposing 

ACS.  ACS is designed so that it increases in efficiency as a species increases in rareness, 

thereby, increasing reliability of the information.  In other words, estimates of density of rare and 
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patchy populations using ACS have decreased variation associated with it than when using 

simple random sampling (Thompson 1990).  There are many other advantages to ACS.  It is also 

powerful in identifying areas of high abundance, which can be particularly important when 

surveying endangered species (Turk and Borkowski 2005).   

In general, ACS should be used when it is more efficient than an alternative design such 

as simple random sampling and there is low uncertainty in the final sample size.  To 

appropriately address these issues, a simulation study is being conducted to evaluate the 

efficiency of ACS (Smith et al. 2004).  Accounting for a species behavior and biology can raise a 

number of issues.  In some instances, imperfect detectability can become an issue (Thompson 

and Seber 1994).  Issues of detectability are being addressed through a study on detection 

probabilities that will incorporate aspects of double sampling.  Smith et al. (2003) found that 

ACS did not improve precision when compared to simple random sampling, but suggest that 

ACS may increase the likelihood of sampling rare species and collecting larger numbers of those 

species.  Therefore, when using ACS, consideration must be given to the tradeoff between 

sampling more individuals for estimating population abundance or density and the potential loss 

of precision in the estimate.  

Results of Davis’ study will be incorporated into a recommended sampling protocol for 

use in Abrams Creek, and included in the final report for Phase II.  However, we recommend that 

for the present, techniques used during Phase I be used to monitor listed species in Abrams 

Creek.  Snorkel surveys should be completed by no less than four observers to ensure 

thoroughness and consistency.  Surveys should only be completed in areas with sufficient 

visibility and suitable flow.  Visibility in lower Abrams Creek is directly affected by localized 

rainfall within its watershed and on occasion, snorkeling is not feasible.  All snorkeling should 
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be done when visibility is > 1 m and when flow is not too powerful.   Microhabitat models built 

with additional parameters (e.g., depth, flow at substrate, flow at 60% depth, size of cover rock, 

substrate under cover rock, etc.) should be developed using similar sampling methodology at 

established sites containing suitable habitat as defined in this study.  Population estimates with 

statistical validity could not be calculated from data collected during Phase I due to sampling 

only one-third of the sampling area, but will be determined once statistically valid sampling 

protocols are developed through Davis’ study.  However, the USFWS has declared that 500 

individuals of each species persisting in lower Abrams Creek would be considered sustainable 

populations (Biggins 1985).  CPUE data and numbers observed suggested that yellowfin 

madtoms are more numerous in lower Abrams Creek than are smoky madtoms, and low numbers 

of duskytail darters were observed during Phase I.    Results suggest that less than 500 

individuals of each species exist in lower Abrams Creek.  

Sampling sites should be located within current distributions.  Also, reaches with both 

high and low CPUE should be annually snorkeled to determine other variables, if any, that may 

relate to species presence.  This will allow for observation of trends in abundance or occupancy 

that may occur among areas.  Sites containing macrohabitat, but where species were absent, 

should be revisited to confirm presence/absence and estimate detection rates for listed species.  
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Objective 5.   Identify areas where preferred fish habitat and heavy visitor use areas 

overlap and determine effects of visitor use on the listed species. 

Stream morphology was altered around the campground during June 2008.  The 

disturbance occurred during peak visitor usage based on monthly campsite occupancy data 

provided by park rangers.  A riffle immediately downstream of the campground was channelized 

by substrate redistribution.  Percentages of habitat units and substrate composition were not 

affected by the alteration.  Riffle and run habitats were dominant within and below the 

disturbance, while habitat upstream was entirely pool.  Although mean change in depth over time 

did not differ (F = 0.58, df = 2, 1176, P = 0.5615) when comparing above, within, or below the 

disturbance, change among weeks and interaction between sites and weeks were significant (F = 

37.25, df = 6, 1176, P=<0.0001 and F = 3.11, df = 12, 1176, P = 0.0002, respectively).  Natural 

fluctuations in stream flow due to precipitation patterns resulted in differences in mean change in 

depth between weeks.  The greatest deviation among sites occurred between weeks 2 and 3 when 

mean change in depth within the disturbance greatly decreased relative to the other two sites.  

Mean change in velocity over time differed (F = 7.36, df = 2, 1176, P = 0.0007) among sites.  

Velocity changed less over time above the disturbance compared to within and below the 

disturbance.  Change between weeks and interaction between weeks and sites also differed (F = 

41.52, df = 6, 1176, P = <0.0001 and F = 9.06, df = 12, 1176, P = <0.0001, respectively).   

 Duskytail darter presence was not affected by stream alteration due to human 

disturbance.  Several individuals were observed in the pool immediately upstream of the 

disturbance area prior to and after alteration.  No duskytail darters were observed in the altered 

riffle habitat at any point during the study. No smoky madtoms and one yellowfin madtom were 
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observed at the altered location during this study; however, such habitat alterations should be 

discouraged in lower Abrams Creek.   

 Impacts of substrate alteration on benthic fish species have not been well documented.  

Although presence was not affected by substrate alteration within Abrams Creek, unobserved 

impacts may have occurred.  Duskytail darter nests were observed immediately above the 

disturbance during initial surveys and had potential to be destroyed if rock dams had been 

constructed before hatching.  According to life history literature (Layman 1991, Eisenhour and 

Burr 2000) most hatching occurs prior to increased visitor usage within Abrams Creek 

campground.  Substrate alteration occurred within a shallow riffle, while all duskytail darters 

were in a pool upstream of the alteration.  If species’ life histories required riffle habitat use (as 

with smoky madtoms) during periods when visitor usage was high, potential for negative impacts 

would have greatly increased.  

Objective 6.   Produce a visitor display for the lower Abrams Creek campground bulletin 

board to articulate life history needs of each species, current status, and the visitor’s role in 

protecting these species. 

A primary goal of the GRSM is to promote and protect biodiversity (GRSM 2007).  

Unforeseen impacts to aquatic biodiversity within the disturbance area warrant public education 

regarding effects of stream alteration, as well as regulatory enforcement to protect areas 

susceptible to disturbance.  While enforcement can be difficult due to limited personnel, public 

education through literature and signage is feasible.  A public awareness sign was created as a 

result of this study and will be placed in an area of high visibility within Abrams Creek 

campground in hopes of reducing stream alteration and alleviating negative visitor impacts 

ultimately protecting aquatic diversity within lower Abrams Creek. 
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CONCLUSIONS AND RECOMMENDATIONS 

 

 Naturalized populations of duskytail darters, yellowfin madtoms, and smoky 

madtoms have become established in lower Abrams Creek, and this study defined 

current distributions for listed species. 

 Spotfin chubs are considered extirpated from lower Abrams Creek due to lack of 

connectivity to larger free-flowing waters. 

  Habitat and water quality characteristics in lower Abrams Creek are favorable for 

survival of duskytail darters, yellowfin madtoms, and smoky madtoms.  Duskytail 

darter presence is positively related to percent cobble substrate, while presence of 

yellowfin and smoky madtoms is negatively related to  percent small boulders. 

 Based on available habitat (i.e., presence of significant habitat variables), 

duskytail darters were considered 100% recovered, while smoky madtoms and 

yellowfin madtoms were considered 50% and 58% recovered, respectively.  

However, populations of all species were considered to consist of less than 500 

individuals. 

 Habitat disturbance at Abrams Creek campground was found to significantly alter 

habitat within the disturbed area; however, only one yellowfin madtom was 

observed within the disturbed area and therefore, the effects of the disturbance on 

the three species was not documented during Phase I.  Monitoring of this 

disturbance should continue during 2009 and microhabitat changes should be 

evaluated. 
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 Monitoring protocols, to include population estimates, for all three species will be 

developed during 2009 and will be included in the Phase II final report.  Until that 

time, snorkeling methods developed during this study should be implemented. 

 Microhabitat variables should be assessed to refine criteria necessary for long-

term viability. 

 Several sites within current distributions established during this study should be 

annually surveyed.  At minimum, one site with high relative abundance should be 

surveyed to monitor trends over time. 

 Extension of upper distributions should be attempted and stocking efforts should 

be concentrated within 1 rkm upstream of current distribution. 

 Marked cohorts should be used in additional stocking efforts outside of the 

current range and observed over time to illuminate dispersal trends and determine 

detection probabilities based on known numbers of reintroduced individuals. 

 Reintroductions of marked individuals should be conducted in fall and in spring to 

determine seasonal effects on survivability. 

 Reintroduction of spotfin chubs has ceased and resources available should be 

considered for reintroduction of other species lost during Abrams Creek 

reclamation.   
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