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Abstract:  Diurnal skin-diving surveys of streams in the Great Smoky Mountains  
National Park revealed low density populations of hellbenders (Cryptobranchus 
alleganiensis) in Little River, Deep Creek, and Oconoluftee River. The Little River 
population included well-developed eggs, gilled larvae, larvae and adults, with               
an almost 50% larval composition. Little River was the only stream where mud-    
puppies (Necturus maculosus), consisting of two or three age classes, were found.    
Water quality profiles revealed acidic conditions for Little River and Noland           
Creek, indicating that monitoring efforts should be continued. The use of electro-
shocking during late summer and early fall and any chemical treatments for rough       
fish elimination is strongly discouraged in those streams with C. alleganiensis 
populations. Appropriately sized C. alleganiensis and N. maculosus were PIT          
tagged for future monitoring which should use the same diurnal skin diving meth-        
od. 
 
Key Words; Cryptobranchus alleganiensis, Necturus maculosus, Great Smoky  
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⎯⎯⎯⎯⎯⎯⎯⎯ 

INTRODUCTION 
The biological significance of the Great Smoky Mountains National Park     

(GSMNP) is reflected by its designation as an International Biosphere Reserve        
(Dodd et al., 1998), and many herpetologists consider it to be the most important 
amphibian reserve in eastern North America. This is especially true of scientists          
who study salamanders. Worldwide amphibian declines and limited knowledge of        
the current population status of many species has led to the prioritization of in-    
ventories coupled with population monitoring. Most of the studies within the        
GSMNP have centered on plethodontid salamanders (Smith and Petranka, 2000;      
Welsh and Droege, 2001). We initiated this study to assess the distribution and  
ecological status of two large paedomorphic salamanders: the hellbender, Cryp-
tobranchus alleganiensis (Daudin) (Cryptobranchidae) and mudpuppy, Necturus 
maculosus (Rafinesque) (Proteidae), within the GSMNP. Secondary goals in-          
volved tagging salamanders with Passive Integrated Transponder (PIT) tags for          
long term monitoring, as well as addressing potential threats to these populations,             
⎯⎯⎯⎯ 
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and making recommendations for future research. This study is a component of             
the GSMNP, Tennessee and North Carolina, U.S. Geological Survey (USGS) Her-
petology Project under the auspices of the USGS, Florida Caribbean Science           
Center (Dodd et al., 1998; Dodd et al., 1999; Irwin, 1999).   

MATERIALS AND METHODS 
We conducted diurnal skin-diving surveys of the GSMNP streams considered 

potential habitat for C. alleganiensis and N. maculosus between 21 August and              
15 October 2000. These surveys included low elevation sections (269-652 m) of           
the Little River, Little Pigeon River, Cosby Creek, Big Creek, Middle Prong of         
Little River, Abrams Creek, Fighting Creek, West Prong of Little Pigeon River, 
Oconaluftee River, Noland Creek, Deep Creek, and Cataloochee Creek. Portions            
of these streams were also surveyed with heavy-duty dip nets (55 x 45 cm, 0.6              
cm mesh), raking through leaf beds, as well as by setting these nets within riffle   
channels and by raking the rocky areas upstream from these sets. Surveys were  
conducted between 1015 and 1805 hrs and typically involved four individuals,           
three of whom were in the water surveying and one providing support by re-          
cording data, carrying equipment, and tagging. Underwater surveys were accom-   
plished by direct observation coupled with turning rocks and other objects. Sal-  
amanders were weighed with an Ohaus CS-2000 compact scale, measured using              
a standard meter stick for total (TL) and snout-vent lengths (SVL), and PIT tagged     
with a 10 ml syringe coupled with a 12 gauge needle. PIT tags were inserted            
within connective tissue adjacent to the vertebral column just caudad and lateral             
to the posterior limb attachment. Needles were sterilized in 95% ethanol before           
use. After tagging and data collection, salamanders were released at their capture        
site. Dissolved oxygen (DO) was measured with a Hanna Hi 9142 oxygen meter. 
Conductivity and pH were obtained with a Hanna Watercheck pH and TDS reader,      
and measurements were standardized between site readings using Orion perpHect 
buffers. Elevations, latitudes, and longitudes were taken with a Garmin GPS 12.   

RESULTS 
All C. alleganiensis and N. maculosus were captured via skin-diving. Five adult C. 

alleganiensis were found in Deep Creek, NC (35°27.564’N, 83°26.261’W to                
35°27.586’N, 83°26.232’W), and one adult was found in Oconaluftee River 
(35°31.400’N, 83°18.335’W). Thirty-three adults and larvae, plus a nest with            
about 200 eggs (containing larvae near hatching), were found in Little River, TN        
(35°39.965’N, W 83°42.488’W to N 35°39.971’N, W 83°41.206’W; Fig. 1). We         
also found four N. maculosus in Little River (35°40.081’N, 83°41.856’W; Fig. 1).   

Given the low population densities of C. alleganiensis and N. maculosus in          
many GSMNP streams, only limited comments can be made of the population of           
C. alleganiensis in Little River. Cryptobranchus alleganiensis were found at all        
Little River survey sites from near the western GSMNP border (near Townsend,         
TN) to about 7 km upstream (Fig. 1). The Little River survey found at least three      
larval age classes (including larvae in egg membranes within a nest), and several          
age classes of subadult and adult C. alleganiensis (Figs. 2, 3). The collection             
effort for C. alleganiensis captured in GSMNP was 0.25-0.65 individuals/hr or           
2.98 individuals/hr including the 200 well-developed larvae in egg membranes.        
Water quality data within GSMNP surveyed habitats were: pH from 6.7 to 7.8,             
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FIG. 1. Locations of hellbender (Cryptobranchus alleganiensis) and mudpuppy (Necturus macu-          
losus) salamanders at Little River study sites, GSMNP. Black flag = PIT tagged animal, white flag =            
non-PIT tagged animal, star = Cryptobranchus nest, number = individual salamanders and the nest.   
 
DO from 6.5 to 10.4 ppm, and water temperatures from 8.5° to 20.8°C. GSMNP    
streams had substantial relief within the many surveyed stream sections, some-          
times more than 60 m in short sections (Table 1). GSMNP streams typically had 
metamorphic rock streambeds with scattered piles of dense metamorphic rock and     
some accumulation of sand, gravel, and igneous rock. We were unable to survey      
Hazel and Eagle creeks because of transportation problems caused by low water       
levels in Fontana Lake.   

DISCUSSION 
Distribution.⎯Cryptobranchus alleganiensis were first recorded in 1936 from        

the GSMNP of Tennessee in Little River near Elkmont, West Prong of Little           
Pigeon River near Gatlinburg, and Abrams Creek (King, 1939). Additionally, C. 
alleganiensis were also observed in Hazel Creek and Deep Creek in North Car-         
olina (King, 1939). A gravid C. alleganiensis was collected in 1945 in Oconal-          
uftee River at Smokemont (Huheey and Stupka, 1967), and in 1958, an individual       
was found in Forney Creek (Irwin, 1999). A brief rock turning/nocturnal spot-       
lighting survey discovered seven C. alleganiensis in 1999 in Little River near the  
western GSMNP boundry and Townsend, TN, but none in Abrams Creek, Cata-    
loochee Creek, nor Oconaluftee River (Irwin, 1999).   

Larval and adult N. maculosus were collected in 1937 in Abrams Creek, just       
above the junction with Little Tennessee River (King, 1939) Additional N. ma-      
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FIG. 2. Size distributions of Cryptobranchus alleganiensis at Little River study sites in GSMNP.           

Note that the larvae in egg membranes (n = 200) are not included in the graphs.   
 
culosus specimens were found in 1940 and 1957 in Abrams Creek (Huheey and     
Stupka, 1967). The first N. maculosus recorded from Little River was found just       
inside the park boundary near Townsend, TN (Merkle and Kovack, 1974). Al-        
though N. maculosus sightings were reported in the same section of Little River              
in 1998, none were found in 1999 (Irwin, 1999).   

Little River was the only lengthy GSMNP stream surveyed where C. allegan-     
iensis were found throughout the areas sampled and where a substantial population 
existed (Fig.1). Our GSMNP capture data per hour (0.25-0.65 or 2.98 individ-       
uals/hr) for C. alleganiensis was low as compared to the North Fork of White            
River (NFWR), Missouri, where 8.0-12.0 individuals/hr were captured (Nicker-           
son and Mays, 1973a, b; Nickerson, unpubl. data). However, Little River popu-        
lation structure has numerous larval and adult age classes, which indicate suc-        
cessive years of reproductive success (Figs. 2, 3). A unique feature of the Little         
River C. alleganiensis population is the high ratio of larvae to adults captured               
(16 larvae and 17 adults), as C. alleganiensis larvae are rarely found in NFWR             
and other Ozark populations (Nickerson and Mays, 1973a). Thus, the Little River    
seems to possess a low density C. alleganiensis population, which appears stable     
within the constraints of the habitat.   

The distribution and ecological status of N. maculosus in GSMNP continues to         
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FIG. 3. Size distributions of larval Cryptobranchus alleganiensis at Little River study sites in          

GSMNP. Note that the larvae in egg membranes (n = 200) are not included in the graphs.   
 
Table 1. Abiotic data from Great Smoky Mountains National Park research sites. 
 

Site 
Ambient Air 
Temp. (°C) 

Water 
Temp. (°C) pH DO (ppm) 

Con-
duc-
tivity 

Elevation 
(m) 

Little River (sites) 12.3-22 8.5-20 6.9-7.4 7.1-10.4 10.0 330-394 
Little Pigeon River 23 18.3 N/A N/A N/A 373 
Cosby Creek 21.1 17.7 N/A N/A N/A 506-567 
Big Creek 24.7 17.8 N/A N/A N/A 472-494 
Middle Prong of Little River 21.2 18.8 N/A N/A N/A 269 
Abrams Creek 26.7 20.8 N/A N/A N/A 341 
Fighting Creek 13.4 12.5 7.3 7.3 N/A 424-431 
West Prong of Little Pigeon 
River 

20.2 13.4 7.8 8.9 10.0 424-461 

Oconoluftee River 
(Smokemont) 

22.5 13.5 7.8 6.6 10.0 626 

Noland Creek 25 14 6.7 6.7 10.0 518 
Deep Creek 18-24 8.8-15.1 7.3 6.5-10.3 10.0 547-557 
Cataloochee Creek 11 12.4 7.4 7.8 10.0 606 
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be an enigma. However, our sample of four Little River N. maculosus (9.0 - 20.3          
cm TL) extends their known geographic distribution several km, and indicates             
that two or perhaps three age classes are present. During this study, other inves-     
tigators found N. maculosus larvae in Abram’s Creek (K.G. Smith and W.J. Bar- 
ichivich, pers. comm.). However, seasonal movement of these salamanders may             
be partially responsible for our dearth of data (R. Sajdak, pers. comm.).   

Threats.⎯Factors implicated in threatening or destroying populations of C. 
alleganiensis include damming, increased siltation from clearing riparian habitats, 
building bridges, roads and culverts, over-collecting, pollution from acid mine    
activities, agricultural, industrial practices and eutrophication (Nickerson and           
Mays, 1973a; Trauth et al., 1993). Salamander populations have been eliminated     
within GSMNP streams downstream from road building and areas where road fill        
was utilized in projects near streams (Huckabee et al., 1975). These salamander          
kills were associated with lowered pH (4.5-5.9) and increased sulfate and metal 
concentrations, which occur naturally via leaching of pyritiferous phyllite from 
geological formations within GSMNP (Huckabee et al., 1975). Disturbances that    
expose the Anakeesta rock formations eliminate nearly all of a stream’s macroin-
vertebrates as well as aquatic salamander populations (Kucken et al., 1994). The    
slightly acidic readings within Little River and Noland Creek (Table1), suggest            
that water quality should be routinely monitored at those and other GSMNP sites. 
Cryptobranchus alleganiensis have unique respiratory components, including a        
single hemoglobin that does not show a Bohr effect (Taketa and Nickerson, 1973a,        
b), therefore, a shift toward a more acidic habitat might negatively affect popu-      
lations.   

Crayfish are the major diet of C. alleganiensis throughout their range (Nick-        
erson and Mays, 1973a; Nickerson and Ashton, 1983). The GSMNP streams sur-     
veyed had low populations of crayfishes when compared to Ozark streams with          
high populations of Cryptobranchus (Nickerson, unpubl. data). Several otters (Lu-        
tra canadensis) were observed within Little River, and large populations of otters     
could significantly reduce crayfish populations.   

Some aspects of fish population management may also be hazardous to Cryp-
tobranchus and Necturus survival. Use of chemicals to reduce “competitive and       
rough fish” populations are implicated in Cryptobranchus and Necturus declines 
(Matson, 1990; C  J. McCoy, pers. comm). In the past, Pro-noxfish (liquid rote-        
none) has been used to eliminate fishes from Abrams and Indian Creeks and their 
tributaries (Lennon and Parker, 1957, 1959). Rotenone undoubtedly affected sal- 
amander and macroinvertebrate populations, the latter of which may have been            
part of the salamander food base. We do not know the effects of electro-shocking          
on gravid Cryptobranchus, their eggs or larvae. However, if electro-shocking sur-      
veys must take place, we suggest that this technique should not be conducted           
during the late summer or fall reproductive season where C. alleganiensis pop-     
ulations exist.  

Future monitoring and research.⎯Little River populations of C. alleganiensis, 
perhaps coupled with N. maculosus, should be monitored. We strongly recom-          
mend diurnal skin-diving surveys of this habitat because it is currently the only       
proven method for sampling all age classes of Cryptobranchus (Nickerson et al., 
submitted). PIT tagging, coupled with branding of larvae, could be utilized to            
study both species simultaneously. Some sections of Little River and smaller         
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streams could be surveyed nocturnally. Nocturnal surveys may allow access to     
typically nocturnal salamanders that have chosen very secure lodging in crevices            
or under rocks too large to turn. However, the effectiveness of nocturnal surveys      
varies with gender and season (Humphries and Pauley, 2000), and also requires         
more equipment and may be more hazardous to the surveyors.   
 
Acknowledgments:  We thank Dr. C. Kenneth Dodd, Jr. (U.S. Geological Survey, 
Gainesville, FL) for his support and insights during this study; Keith Langdon 
(Supervisory Biologist, GSMNP), Jeff Corser (Biologist, GSMNP), A. F. Hartigan 
(Librarian GSMNP), and Jeanie Hilten (Discover Life in America) for assisting            
our efforts in numerous ways; Robin Boughton, Bianca Bradford, Valerie C.            
Clark, Audrey K. Owens, Kristina Sorensen, Josiah H. Townsend, and Angela             
Yau for their service as enthusiastic surveyors and assistants. This study was     
conducted under the auspices of USDI National Park Service, GSMNP (permit #   
GRSM-00-131); North Carolina Wildlife Resources Commission (permit # NC-        
2000 ES 83); Tennessee Wildlife Resources Agency (permit # 1201); University            
of Florida, IACUC (project # A560). Funding was provided by the U.S. Dept. of           
the Interior, U.S. Geological Survey, the Robert L. and Janet Miller Fund, and               
the Reptile and Amphibian Conservation Corps. We thank two unknown review-          
ers for their constructive suggestions.   

LITERATURE CITED 
DODD, C. K., JR., E. DOMINGUE, AND M. GRIFFEY. 1998. Inventorying and monitoring the am-      

phibians of Great Smoky Mountains National Park. 1998 Prog. Rept. Florida Caribbean Sci.        
Center, USGS, Gainesville.   

⎯⎯⎯, J. CORSER, AND M. GRIFFEY. 1999. Inventorying and monitoring the amphibians of Great               
Smoky Mountains National Park. 1999 Progress Rept. Florida Caribbean Sci. Center, USGS, 
Gainesville, 14 p.   

HUCKABEE, J. H., C. P. GOODYEAR, AND R. D. JONES. 1975. Acid rock in the Great Smokies: 
Unanticipated impact on aquatic biota of road construction in regions of sulfide mineralization.    
Trans. Am. Fish. Soc. 104(4):677-684.   

HUHEEY, J. E., AND A. STUPKA. 1967. Amphibians and reptiles of Great Smoky Mountains National      
Park. Univ. Tenn. Press, Knoxville, TN. 98 p.   

HUMPHRIES, W. J., AND T. K. PAULEY. 2000. Seasonal changes in nocturnal activity of the hell-        
bender, Cryptobranchus alleganiensis, in West Virginia. J. Herpetol. 34(4):604-607.   

IRWIN, K. J. 1999. Notes on Cryptobranchus alleganiensis, Necturus maculosus, and Sternotherus       
odoratus in Great Smoky Mountains National Park. Unpubl. Rept., Florida Caribbean Sci.           
Center, USGS, Gainesville.   

KING, W. 1939. A survey of the herpetology of the Great Smoky Mountains National Park. Am.                
Midl. Nat. 21(3):531-582.   

KUCKEN, D. J., J. S. DAVIS, J. W. PETRANKA, AND C. K. SMITH. 1994. Anakeesta stream       
acidification and metal contamination; effects on a salamander community. J. Environmental      
Quality 23(6):1311-1317.   

LENNON, R. E,. AND P. S. PARKER. 1957. The reclamation of Indian Creek, Great Smoky Mountains 
National Park. Eastern Federal Waters Invest. U.S. Fish and Wildlife Service Report. Kearneys-     
ville, West Virginia. 16 p.   

⎯⎯⎯, AND ⎯⎯⎯. 1959. The Reclamation of Indian and Abrams creeks Great Smoky Mountains      
National Park. U.S. Dept. of the Interior, Fish Wildlife Serv. Spec. Sci. Rept.-Fisheries No. 306,          
iii + 22 p.   

MATSON, O. T. 1990. Estimation of numbers for a riverine Necturus population before and After               
TMF lampricide exposure. Kirtlandia 45: 33-38.   

MERKLE, D. A., AND D. A. KOVACK. 1974. A new record for Necturus maculosus in the Great            
Smoky Mountains. J. Tenn. Acad. Sci. 49(4):142.   



 

 

34           JOURNAL OF THE NORTH CAROLINA ACADEMY OF SCIENCE 118(1) 
 
NICKERSON, M. A., AND C. E. MAYS. 1973a. The hellbenders; North American “giant salaman-            

ders.” Milwaukee Public Museum Publ. Biol. Geol. No. 1 viii + 1-106 p.   
⎯⎯⎯, AND ⎯⎯⎯. 1973b. A study of the Ozark hellbender, Cryptobranchus alleganiensis bishopi.    

Ecology 54(5):1163-1165.   
⎯⎯⎯, AND R. ASHTON. 1983. Lampreys in the diet of the Hellbender, Cryptobranchus alleganiensis 

(Daudin) and the Nuese River waterdog, Necturus lewisi (Brimley) Herpetol. Rev. 13(3):94.   
⎯⎯⎯, K. L. KRYSKO, AND R. D. OWEN. 2001. Habitat differences affecting age class distributions            

of the hellbender salamander, Cryptobranchus alleganiensis. 15 p., Submitted S.E. Nat.   
SMITH, C. K., AND J. W. PETRANKA. 2000. Monitoring terrestrial salamanders: repeatabilty and         

validity of area-constrained cover object searches. J. Herpetol. 34(4): 547-557.   
TAKETA, F., AND M. A. NICKERSON. 1973a. Comparative studies of the hemoglobins of represen-        

tative salamanders of the families Cryptobranchidae, Proteidae and Hynobiidae. J. Biochem.      
Physiol. 45(3B):549-556.   

⎯⎯⎯, AND ⎯⎯⎯ 1973b. Hemoglobin of the aquatic salamander, Cryptobranchus alleganiensis.                  
J. Biochem. Physiol. 46(3A):583-591.   

TRAUTH, S. E., J. D. WILHIDE, AND P. DANIEL. 1993. The Ozark hellbender, Cryptobranchus          
bishopi, in Arkansas: distributional. survey for 1992. Bull. Chicago Herp. Soc. 28(4):81-85.   

WELSH, H. H., AND S. DROEGE. 2001. A case for using Plethodontid salamanders for monitoring  
biodiversity and ecosystem integrity of North American forests. Conserv. Biol. 15(3): 558-569.   

 
Received 21 October 2001 

 


	MATERIALS AND METHODS
	RESULTS
	DISCUSSION

