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Abstract
The Black Mountain salamander, Desmognathus we/teri, is a relatively large
brownish-green salamander that possesses morphological characters associated
with a semi-aquatic lifestyle. The history of this species in the state of West
Virginia is an interesting one. Due to taxonomic confusion and the lack of a
thorough investigation of the species in the state, little was known about the
species until recently. Surveys for Desmognathus welteri in southern West
Virginia revealed five new populations. This makes 17 localities for the species
in the state. It appears 0. welteri is restricted to relatively high elevation, high
gradient, forested streams in the Cumberland Plateau in the southern counties in
West Virginia. This species reaches an adult body size of up to 95 mm snoutvent length, and males are longer and more massive than females. The larval
period is approximately two years and transformation takes place during the
summer at SVLs around 26-28 mm. Mating occurs in spring, but males appear
capable of producing spermatophores year round. Data from ovary volume was
inconclusive, but egg deposition likely takes place in early summer and hatching
occurs in September. Females are biennial breeders. The communities within
which the species occurs fit the classic description of a Desmognathus
assemblage. Desmognathus we/teri, the largest species in these systems, is the
most aquatic followed by D. montico/a, and D. fuscus. Adults and juveniles of D.
welteri and D. monticola partition microhabitats. The partitioning is in terms of
distance to water for D. welteri and size of cover objects for D. mantico/a.
Desmognathus fuscus is the most terrestrial species and utilizes the smallest
cover objects. Seasonal time also appears to be partitioned among the three
species. Scarring on individuals of D. welteri indicates that adults are often
involved in aggressive interactions, presumably with conspecifics. Individual
salamanders are relatively sedentary and usually moved less than two meters
between captures. The diet of D. we/teri is comprised mainly of dipterans (adults
and larvae), coleopterans, winged hymenopterans, and plecopterans. The diet of
this species is very similar to that of sympatric 0. monticola. Dietary differences
between the two species can be attributed mostly to differences in habitat use
and body size.

xi

Chapter 1. Introduction and Study Area

Introduction- This study was undertaken to fill the large gaps in the knowledge·
pertaining to the natural history of Desmognathus welteri, the Black Mountain
salamander. Published information on the natural history of this species is
almost non-existent. Stebbins and Cohen stressed the importance of natural
history studies in their 1995 A Natural History of Amphibians when they wrote "A
natural history approach involves looking at not only the details of nature, but
also seeing those details, perhaps often subconsciously, against a total backdrop
of nature. It is this comprehensive worldview that now risks being blurred or lost
in an age of scientific specialization and preoccupation with the needs and
desires of humanity. Yet paradoxically, it is just such a broad view that is crucial
to the present and future well-being of society." My goal was to describe some
basic aspects of the natural history of Desmognathus we/teri in West Virginia.

The study took place in the southernmost counties of West Virginia, mainly in
McDowell, Mercer, and Wyoming counties. Streams were also searched for new
populations of D. welteri in Mingo and Logan counties (Chapter 3). These
counties comprise an area encompassed by the Cumberland Plateau ecoregion.
The topography of this ecoregion is characterized by ridges of moderate height,
averaging approximately 2000 feet (610 meters) but reaching upwards of 2600
feet (790 meters), with numerous steep-sided ravines. Streams that drain these
ridges are generally of fairly high gradients. Geology of the region is mainly
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sandstone and some shale and the area has a long history of mining activities
associated with its rich coal deposits. Three major river systems are found within
the Cumberland Plateau: the Guyandotte, the Big Sandy, and the Bluestone.
The Guyandotte originates in Raleigh and Wyoming Counties in West Virginia,
and enters the Ohio River in Cabell County, West Virginia. The Tug Fork of the
Big Sandy River originates in McDowell County, West Virginia, and meets with
the Levisa Fork of the Big Sandy River in Wayne County, West Virginia, on the
Kentucky border. The Bluestone River originates in southwestern Virginia and
enters West Virginia in Mercer County eventually entering the New River in
Summers County, West Virginia. Observations made during surveys throughout
the area were used to describe body size and life history (Chapter 4 ), and
morphological characteristics (Chapter 2) of D. welteri in West Virginia.
Specimens collected throughout the region were used to describe the diet
(Chapter 8), and reproductive biology (Chapter 5) of the species in the state.

Three focal streams were used as study sites to describe the community
structure along streams containing D. welteri (Chapter 6) and their movements
and habitat use (Chapter 7). Specimens collected from these streams were also
included in reproductive and dietary analyses. Two streams, Bear Creek and
Farley Branch, were located in Camp Creek State Forest and Camp Creek State
Park, respectively, in Mercer County. The third stream was the Middle Fork of
Slaunch Fork located in Panther State Forest, McDowell County. In general,
these were second-order streams of moderate size, and fairly high gradients
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(Figures 1 and 2). All three flowed through mature deciduous forests and human
disturbance along the streams was minimal. Each stream is described in more
detail below.

Middle Fork of S/aunch Fork- This stream is located 37 ° 23' 22" latitude and 81
0

53' 33" longitude within Panther State Forest in McDowell County. The stream

eventually drains into the Guyandotte River. The stream is between 2 and 3.5
meters wide at most points and fairly shallow (Figure 1). The headwaters of the
stream are at an elevation of approximately 1600 feet (480 meters), and the
gradient of the stream is approximately 26.1 m/km. There is an abandoned strip
mine at the headwaters of this stream. It is unknown how long ago, or for how
long, the area was mined. Substrate within the stream consists of mainly shale
with some sandstone. Large, flat rocks are abundant within and along the
stream. Dominant trees along the stream included oaks (Quercus spp.),
beeches (Fagus grandifolia), and tulip poplar (Liriodedron tulipifera). Hemlocks

(Tsuga canadensis) and maples are also present (Acer spp.). Great laurel
(Rhododendron maximum) is also common along the stream. Two 60-meter
plots were positioned along this stream. One was approximately 200 meters
upstream of its confluence with Slaunch Fork, and the other was started 60
meters below the first side stream entering the stream from the east. The plots
were similar except that the gradient of the downstream plot was less·.
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Figure 1. Middle Fork of Slaunch Fork, Panther State Forest, West Virginia

Figure 2. Farley Branch, Camp Creek State Park, West Virginia

Farley Branch - This second-order stream was located within Camp Creek State
Park in Mercer County, West Virginia, within the Bluestone River drainage
(Figure 2). It is located at 37

° 51' 46" latitude, and 81 ° 51' 23" longitude.

The

headwaters of this stream are on Massie Ridge at approximately 2600 feet
(792.5 meters) and the gradient is approximately 72 m/km. The stream is a bit
smaller than the other two streams, averaging 2 meters width in most places. It
is also unique among study streams because it normally dries by the middle of
the summer according to park personnel. During the summer of 2000, with its
high amount of rainfall, the stream contained water the entire summer. The
watershed of this stream is undisturbed and covered with mature forest. The
substrate is mainly shale, consisting of abundant large rocks. Dominant tree
species include oaks, sugar maple, tulip poplar, and some beech. The first plot
on this stream was located approximately 300 meters upstream of where the
state park road crosses the stream. This plot was relatively flat compared to
other plots on the stream. The second plot was located approximately 200
meters upstream from the upstream end of the first plot, and the third plot was
250 meters upstream from the upstream end of the second plot.

Bear Creek- This stream is located at 37 ° 31' 30" latitude and 81

° 08' 01"

longitude within Camp Creek State Forest in Mercer County. The headwaters of
this stream are at approximately 2600 feet (792.5 meters), the gradient is 37.2
m/km and it lies within the Bluestone River drainage. Besides possible runoff
from an adjacent jeep trail, this stream and its watershed are effectively
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undisturbed. The substrate is mainly shale with some sandstone, and large flat
rocks are very numerous along and within the stream channel. This stream was
2.5 - 3.5 meters wide at most points. Dominant tree species along Bear Creek
included oaks, tulip poplar, and sugar maple. Great laurel was abundant along
the stream, covering a large portion of the streambed in some places. Three 50meter plots were placed approximately 200 meters apart along the stream. The
first plot was approximately 50 meters upstream of Bear Creek's confluence with
Camp Creek.

7

Chapter 2. Species Descriptions

For each species included in analysis of microhabitat use (Chapter 6), a bri~f
summary of distribution and habitat, and physical appearance is given below. A
more thorough treatment is given to the main study species D. welteri including a
brief history of the species, and notes made on coloration during the present
study. For a more detailed analysis of color patterns of the D. welteri, D.
monticola, and D. fuscus including a table describing the most useful

characteristics for separating the three species, see Juterbock (1984 ).

Desmognathus welteri
HistoryT Distribution and Habitat- The Black Mountain salamander,
Desmognathus welteri, is a large semi-aquatic salamander found along high-

gradient streams in the western Appalachians. Its current known range is in the
Cumberland Mountains and Plateau in Kentucky and in neighboring portions of
western Virginia and northern Tennessee (Juterbock, 1984; Redmond, 1980;
Redmond and Scott, 1996; Mitchell and Reay, 1999). This species has also
been reported from southwestern West Virginia (McCleary and Orr, 1987; Pauley
and Canterbury, 1991 ). See Chapter 5 for a revision of this range. Its habitat
includes small- to medium-size, usually permanent, streams in forested areas
ranging in elevation between 1000 to 2640 feet (305-805 meters) (Redmond,
1980). Barbour (1950a) first described this species as D. fuscus wefteri from
specimens he collected in 1948 from the vicinity of Big Black Mountain in ~arlan
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County, Kentucky (Barbour, 1953). The subspecies was named for Dr. Wilfred •
A. Welter of Morehead State College in Kentucky. The first time it was
recognized as a full species was by Barbour (1971 ). Until this point, the literature
on the genus Desmognathus throughout the range of D. welteri was very
confusing. A complete review of literature pertaining to D. welteri can be found if!
Juterbock (1975). Desmognathus welteri was traditionally confused with either

D. fuscus or D. montico/a by most investigators, likely because of the somewhat .
subtle nature of the morphqlogical differences between the three species.
Studies on the morphological differences between these species have shed
much light on accurately identifying each species (Juterbock, 1975, 1978, 1984;
Caldwell, 1980; Caldwell and Trauth, 1979).

Physical Description- This species is often described as large, even chubby,
with a large, highly keeled tail. This keel is normally separated from the
musculature of the tail. Like other members of the genus Desmognathus, most
individuals show a small light line from the eye to the angle of the jaw. Costal
grooves normally number 14, and SVL of adults is between 50 and 90 mm. Toe
tips of most individuals are keratinized giving them a black color. The
background color of the dorsum is often described as light to dark brownish and
is overlain with variable amounts of random dark brown to black vermiculations,
small spots, and streaks. Some individuals lack almost all such markings and
are a uniform sandy color. The color of this species from Camp Creek in Mercer
County, West Virginia, has been described as uniform dark gray-green, with
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some speckling on the posterior trunk (McCleary, 1989). It has been suggested
that some geographical variation exists in color pattern in this species (Juterbock,
1984 ), and individuals from West Virginia have been said to be more uniformly
patterned, and more gray-green colored than Kentucky specimens (McCleary
and Orr, 1987). Some individuals have a line of pale dots running between their .
front and back legs along their sides (Conant and Collins, 1991 ). Male D. welteri
are larger than females, have a small mental gland at the apex of the jaws, and

.

papillose cloacal lips (Figure 3). This species is best separated from the similar
D. fuscus by its dark toe tips, large-keeled tail, and the lack of separation of

dorsal and ventral coloration. Desmognathus montico/a can be differentiated
from D: welteri by its darker colored dorsum with a roughly spotted pattern, and
its venter, which is lightly pigmented with no mottling (Juterbock, 1984; Petranka,
1998; Conant and Collins, 1991 ). Larvae of D. we/teri are light brown colored,
with keratinized toe tips, and 10- 14 light spots on their dorsum. Dorsal color
pattern of larvae in West Virginia is uniform dark grey-green similar to adults with
some speckling (McCleary, 1989). Gill fimbriae usually number between 19 and
22 per side and larvae reach SVLs of over 20 mm (Juterbock, 1984; McCleary,
1989).
The background color of D. welteri observed in this study ranged from
brownish-olive to lighter brown (Figures 4 and 5). Shades of brown range from
dark mahogany to light sandy colored. Overlain on this background were
variable amounts of random dark brown to charcoal colored vermiculations and
mottlings. Only one individual observed during this study had a regular pattern of

-
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Figure 3. Cloaca of male (right) and female (left) D. welteri showing papillose

condition in male, and non-papillose condition in female.

Figure 4. Adult male Desmognathus welteri captured in Bear Creek, Camp

Creek State Forest. Note the highly keeled tail, and rows of spots
along side.

-,-

Figure 5. Adult Desmognathus welteri captured in Middle Fork of Slaunch
Fork, Panther State Forest.

dark mottling on its dorsum (WVBS # 13419). This individual showed a light
brown dorsum with large dark flecks or spotting that were evenly spaced mostly
in the area behind the head to the anterior part of the tail. This specimen _
appeared similar to many of the specimens of Kentucky 0. welteri pictured ·in
McCleary (1989). Also present in many individuals was whitish flecking,
especially on the sides of the trunk and side and tops of head. This character
seems to be most prevalent in smaller individuals(< 60 mm SVL), especially
small juveniles. Often present was a cream-colored strip down the middle of the
ventral side of the tail. Keratinized dark toe tips were present in 97°/o of
individuals. Only four individuals lacked these; one juvenile and three females
between 60 and 70 SVL. Caldwell and Trauth (1979) found the most common
size class to lack dark toe tips was between SVL 30-50 mm. Large males were
commonly distinctly light-colored between their eyes. It is possible this is due to
scarring from aggressive interactions with conspecifics. Larval spots on the
dorsal trunk surface seem to be lost at the time of metamorphosis, but those on
dorsum of the tail are still evident until animals reach about 50 SVL. One
interesting note was the presence of four rows of light spots along the side of
some metamorphosed individuals: two rows on each side, one at eye level that
often extended onto the tail and one between front and back legs (Figure 4 ).
These rows of spots are similar to those found in the black-bellied salamander,
Desmognathus quadramacu/atus, and a close relative of D. welteri, the Ouachita

dusky salamander, D. brimleyorum. The spots numbered between 5 and 12
(normally 8-11) per row usually with only one spot per costal groove, but not
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every groove with a spot. The bottom row is more commonly evident than the

top, and spots are especially evident on the tail. Rows of spots on tails do not
extend onto regenerated portions of tails. There was no noticeable sexual or
ontogenetic differences observed; however, a more systematic study of this trait
would be valuable. Recently transformed individuals and juveniles are simiiar in
appearance to adults.

Metamorphs observed on study plots were olive-brown colored with a uniform
drab dorsum with little or no spotting. White flecking as described above was
abundant on most metamorphs, and the mottling on their belly was often not
complete. Two larvae of D. welteri were observed during the study. These were
a similar brownish color to adults and juveniles, but their dorsum showed two
rows of light spots characteristic of other members of their genus (Figure 6).
They were rather stout with a large tail fin, and darkened toe tips (see Chapter 3
for information on size).

It was observed that the eyes of D. welteri fluoresce under UV light. I am
assuming that the region that fluoresced was either the iris or the lens. The
phenomenon of fluorescence has been described in snakes (Hulse, 1971 ).

Desmognathus monticola
Distribution and Habitat- The seal salamander, Desmognathus montico/a,

ranges from southwestern Pennsylvania to southern Alabama, largely in the
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Figure 6. One year old larvae (20. 7 mm SVL) captured on Middle Fork of
Slaunch Fork, Panther State Forest April1, 2000.

Appalachian Mountains. They occur most frequently in well-shaded, cool, smallto medium-sized streams and seeps. Populations occur as high as 4900 feet.
(1493 meters), but are most common below 3900 feet (1189 meters) (Petran~a,
1998). They can be found under rocks and logs along these streams.

Physical Appearance- This is a relatively large species of Desmognathus-, adults
ranging from 40-65 mm SVL (Juterbock, 1984). The dorsum is light brown or
grayish overlain with reticulate or wormy dark brown or black markings, giving the
rough appearance of spots. Most individuals are light below and darkly blotched
above. The belly is white to light gray and lacks distinct mottling. Costal grooves
number 14. There is sometimes a single line of light spots on sides between
legs. Males bear a small mental gland, are slightly larger, and their cloacal lips
are papillose. Toe tips are sometimes darkened by keratin. The tail is usually
keeled on the posterior two-thirds.

Desmognathus f. fuscus
Distribution and Habitat- The northern dusky salamander, Desmognathus f
fuscus, ranges from Maine and neighboring Canada south to Kentucky,
Tennessee, North and South Carolina (Petranka, 1998). This salamander
occupies a wide variety of aquatic habitats ranging from cool, high-gradient
mountain streams to muddy streams in the Coastal Plains flowing through
wooded areas (Bishop, 1943; Petranka, 1998). They are often very numerous in
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and along well-shaded seeps and springs. Populations are generally rare· above
3900 feet (1189 meters) elevation (Petranka, 1998).

Physical Description -Adults of this species normally range between 40 and 65

mm SVL. Dorsal ground color is variable, but usually light yellowish-brown to
dark brown in older individuals. Typically there is a relatively uniform light dorsal
band with irregular dark edges that extends to the anterior portion of the tail. The
tail ,is laterally compressed along the basal one-third and keeled. The venter is
cream-colored and weakly reticulated or peppered, and the underside of the tail
is often yellowish. As with other Desmognathus, there is a light line extending
from the eye to the angle of the jaw. Toe tips lack cornifications. Costal grooves
number 14. Males are larger, with bulkier heads, a mental gland and a vent lined
with papillae.
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-Chapter 3. History and Distribution of Desmognathus welteri in West Virginia

The history of Desmognathus welteri in West Virginia begins August 23 1938
when eminent herpetologist Neil D. Richmond unknowingly collected the first
specimen from the state at Blair Mountain, Logan County. At that time D. welted ·
was synonymous with D. fuscus and was identified as such. The next speCimen
was collected near Pineville in Wyoming County April 28, 1948 by W. R.
DeGarmo and also catalogued as D. fuscus. The next mention of the species in
the state was by a string of researchers from the lab of Dr. Lowell Orr at Kent
State in Ohio. Abnormally large specimens of D. fuscus found during a study at
Camp Creek State Forest, Mercer County (Maple, 1974) were later re-identified
as possibe D. welteri. A student from Kent State studied foraging and
microhabitat selection of a community of Desmognathus including we/teri at
Camp Creek (Hutton, 1980). However, this author considered animals to be D.
welteri if they were large and aquatic, which are rather subjective identification

traits. This species was thought to be the most likely candidate for the next
addition to the herpetofauna of West Virginia by Green and Pauley (1987). The
first published record of the occurrence of D. we/teri in West Virginia was by·
McCleary and Orr (1987), who reported the species from Camp Creek and
suggested the range within the state may extend north to Gilmer County and_
East to Pocahontas County. Later electrophoretic and morphological data
proved the species was indeed a part of the West Virginia herpetofauna
_(McCleary, 1989). Further distributional surveys within the state extended the
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range north into Summers County in several tributaries along the Bluestone
River, and into the Guyandotte River drainage in Wyoming County
(Seeman, 1996). Researchers at Marshall University from the lab of Dr. Thomas
K. Pauley began surveys for the species in 1998 for a reptile and amphibian atlas
project. These surveys turned up new populations in Wyoming County and in
McDowell County in the Tug Fork drainage system. Subsequent examination of
specimens in the West Virginia Biological Survey by Jeff Humphries, a former
Master's student of Pauley at Marshall University turned up the two specimens
mentioned earlier collected by Richmond and DeGarmo. One interesting point
about that first specimen collected by Richmond is that this population was likely
destroyed when Blair Mt. was surface mined before it was ever known to exist.
The purpose of this study was to investigate the range of D. welteri in West
Virginia and describe the types of streams where the species is found. This
information would be valuable in conserving populations of this species within
West Virginia.

Methods and Materials
Streams to be surveyed were located on topographical maps within the area
likely to contain D. welteri. First- through third-order streams with permanent
water flow and minimal habitat disturbance were favored. Disturbances included
coal mining activities, adjacent roadways, and other potentially harmfullanduse
practices. In some areas there was no choice but to survey degraded streams.
Streams were surveyed between April and November of 2000, and searched for
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approximately one person-hour. Searching was concentrated in areas of
streams described in previous studies as optimal habitats (Juterbock, 1975;
Redmond, 1980; Seeman, 1996). Environmental parameters measured at most
streams included water temperature and pH. Notes on the canopy cover,
substrate type, and stream size were taken at each stream. Identification of
salamander species found along streams was noted, and a number of vouchers
of D. welteri were collected from each new population depending on the size of
observed population. Individuals were preserved and stored in the West Virginia
Biological Survey (WVBS) at Marshall University. Further inspections of D.
fuscus specimens in the WVBS were conducted to detect the presence of

additional welteri specimens.

Results
Sixteen streams in Mingo, Logan, Wyoming, Mercer, and McDowell counties
were surveyed for new populations of D. we/teri (Table 1, Figure 7). In five (31 °/o)
of these streams, populations of D. welteri were detected. These streams
included Marsh Fork in Mercer County, an unnamed tributary of Pinnacle Creek,
Lick Creek, and Turkeywallow Branch in Wyoming County, and Larken Branch in
McDowell County. Each of these streams is described in more detail below
including the number of specimens collected at each. See Table 1 for
coordinates and environmental parameters of all streams surveyed. General
characteristics of streams surveyed where D. welteri was not detected are also
described below.
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N

N

6/23/00

6/24/00

6/24/00

6/24/00

6/27/00

D. welteri
D. monticola
E. cirrigera
D. welteri
D. monticola
E. cirrigera

none
none
D. welteri
D. monticola
D. monticola

Unnamed trib. of
Pinnacle Creek

Larken Branch

Left Fork of Ben's
Creek

Spring Fork of Ben's
Creek

Lick Creek

Hurricane Branch

6/29/00

6/23/00

D. fuscus

Pinnacle Creek

Date(s)
6/22/00
7/27/00

Species
D. welteri
D. montico/a
D. fuscus

Name
Marsh Fork

Guyandotte

Big Sandy

37 ° 25' 05"
81 ° 52' 02"

McDowell

Big Sandy
37 ° 29' 33"
81 °29'45"

37 ° 37' 30"
81 ° 25' 00"

Big Sandy

37 ° 37' 30"
81 °25' 00"

Guyandotte

37 ° 28' 56"
81 ° 23' 16"

Big Sandy

Guyandotte

37 ° 26' 41"
81 ° 19' 52"

37 ° 22' 18"
81 ° 55' 24"

Watershed
Guyandotte

Coordinate
37 ° 30' 03"
81 ° 08' 51"

Wyoming

Mingo

Mingo

McDowell

Wyoming

Wyoming

County
Wyoming

18/18

17/17

22/22.5

21/21

18/20

17/17

18/20

18/18.5
18/18

WT (°C)

7.1/7.5

7.8/7.8

8.4/8.1

8.8/8.4

7.5/8.3

8.3/8.1

8.3/8.9

pH
7.8/8.3
7.4/7.8

Streams visited multiple times have more than one date with corresponding WT and pH. See "Results" for more detail on
numbers of D. welteri observed.

Table 1. Names and location of streams surveyed for D. we/teri in southern West Virginia, April - November 2000.

N

w

Guyandotte

37 ° 50' 26"
82 °54' 45"

Logan

11/4/00

none

Bandmill Hollow

Guyandotte

37 ° 48' 16"
81 °53' 03"

Logan

11/4/00

none

Slab Fork

Guyandotte

37 ° 43' 20"
82 °02' 23"

Logan

11/4/00

D. monticola
D. fuscus
P.r. ruber
G. porphyriticus

Middle Fork, Cow
Creek

Big Sandy

Guyandotte

D. monticola
D. fuscus

Right Fork,
Buffalo Creek

Wyoming

37 ° 18' 44"
81 ° 38' 13"

Big Sandy

Watershed

37 ° 54' 23"
82 °01' 15"

11/4/00

D. welteri
D. montico/a
D. fuscus

T urkeywallow
Branch

McDowell

Coordinate
37 ° 23' 50"
81 °53' 43"

Logan

9/29/00

D. montico/a
D. fuscus

Unnamed trib. of
Big Creek

County
McDowell

Guyandotte

7/20/00

D. montico/a

37 ° 31' 24"
81 ° 35' 54"

Date(s)
7/19/00

Species

Name

Whiteoak Branch

Table 1. Continued.

na

na

na

na

13/14

17.5/18

17/17

WT (°C)

pH

na

na

na

na

8.0/8.0

7.7/7.7

7.8/7.8

Figure 7. Locations of streams surveyed for D. welteri in southern West Virginia.
X's" indicate streams searched where D. welteri was not observed.
Closed circles are streams where D. welteri was observed.
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Marsh Fork -Marsh Fork is located Camp Creek State Forest and is a secondorder stream. Little or no development occurs along the stream in the lowe·r
reaches. This is the first major tributary of Mash Fork entering from the south.
Numerous cobbles and boulders cover the stream bed, which is approximately 24 meters wide at most places. The gradient of the stream is 35.6 m/km, its
average elevation is 2200 feet (670 meters) and it drains into the Bluestone
River. The stream was first visited on June 22 and two adults were collected.
The
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second visit was on July 27 and three adults were collected and an addition~!
adult and three juveniles were observed. On September 29 two adults were
collected.

Unnamed tributary of Pinnacle Creek- This site is on Barkers Ridge in Wyoming
County, approxjmately one kilometer downstream of where Beartown Fork enters
Pinnacle Creek. The creek is the third to enter Pinnacle Creek from the north
side downstream of Beartown Fork. This is a small stream, averaging
approximately one meter in width. It is a well shaded stream with a mature forest
dominated by hemlock (Tsuga canadensis), great laurel (Rhododendron
maximus), tulip poplar (Liriodendron tulipifera), and birches (Betula spp.).
Sandstone substrate includes plentiful cobbles and boulders. Gradient of this
stream is 82.3 m/km and it eventually flows into the Guyandotte River. Average
elevation of the stream is approximately 2000 feet (609 meters). The first visit to
this stream was on June 23, and three specimens of D. welteri were collected,
and an additional two individuals were observed. On July 29 three adults and
one juvenile were observed and no specimens were collected.

Larken Branch -This stream is located in a steep ravine on the eastern slope of
State Line Ridge, less than one mile from Buchanan County, Virginia. It is fairly
small, approximately 70 em wide. Trash is present in the stream, likely dumped
from a road on the hillside above the stream. Larken Branch is in McDowell
County and in the Big Sandy River drainage system. Gradient is 55.4 m/km and
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average elevation is 1500 feet (450 meters). The stream is shallow and is
probably temporary during dry years. The stream was visited on June 24 and
one adult was collected.

Lick Branch- This stream is a tributary of Indian Creek in Wyoming County ·near
the McDowell County line on the North slope of Indian Ridge. It should be noted
that there are two Lick Branches in this area. The other Lick Branch is also a
tributary of Indian Branch but is north of this site and closer to Wolf Pen. The
gradient of this stream is 53.35 m/km and it has a south aspect with an average
elevation of 1900 feet (580 meters). The streambed is approximately 2.3 m wide,
but at the time of surveying the actual stream channel was only half this size.
The stream flows through a mature deciduous forest with abundant

Rhododendron maximus. The stream was visited on June 27 and three
individuals were collected (two adults, one juvenile), and an additional juvenile
was observed.

Turkeywallow Branch- This second-order stream is also a tributary of Indian
Creek that enters from the south approximately eight-tenths of a mile south of
Wolf Pen in Wyoming County. The streambed is from 3-4.5 m wide with
abundant rocks, fairly shallow, and flows through a mature deciduous forest. The
stream is a reclamation site for the West Virginia Division of Environmental
Protection and its watershed was surface mined in the past. Gradient of the
stream is 29.1 m/km, and average elevation is 1400 feet (420 meters). On a
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September 29 visit, 10 specimens were collected, nine adults and a juvenile. An
additional 12 adults and six juveniles were observed in the stream.

Streams in which specimens of D. welteri were observed during the course of
this study were always found in association with mature deciduous forests and
ranged in elevation from 1400-2400 feet (400-730 meters). Gradient of these
streams ranged from 29.1 to 82.3 m/km and averaged 50.7 m/km. Cover was
present in all streams in the form of large, flat rocks. New populations were
discovered in the Bluestone, Guyandotte and Big Sandy river drainages in
Mercer, Wyoming and McDowell counties. Water temperatures of streams with

D. welteri ranged from 13 to 20 (averaged 17 degrees Celsius), and pH ranged
from 7.5 to 8.3.

Streams surveyed that did not result in the discovery of D. we/teri were variable
in amount of degradation. Some streams, such as Spring Fork, Slab Fork and
Cow Creek, contained heavy loads of sediments possibly associated with mining
activities at their headwaters. Others lacked canopy coverage over large
portions due to the close proximity of adjacent roads. Yet others were apparently
undisturbed in terms of physical structure. No streams surveyed appeared
negatively impacted in terms of pH. Ranges of pH were from 7.1-8.9. Average
water temperature in these streams was 19 degrees Celsius and ranged from 1722.5 (Table 7).
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Discussion
The distribution of D. welteri in West Virginia appears to cover an area in the
southern West Virginia counties of Logan, Wyoming, Mercer, Summers and
McDowell. There are 17 known sites where D. welteri occurs in West Virginia
(Table 2, Figure 8). Two of these, Blair Mountain and Pineville, are too vague to
be restricted to a specific stream. The species appears to be restricted to the Big
Sandy, Guyandotte, and Bluestone River drainages.
Various investigators have discussed the distribution of this species in the state.
The reason for the inclusion of D. welteri in northcentral West Virginia by Barbour
(1971) remains unclear. It is interesting that McCleary and Orr (1987) also
indicated the presence of the species in this area. It is possible that an isolated
population exists here, but more likely this discrepancy is a result of
misidentification. Juterbock (1 975, 1984) discussed the problematic nature of
identifying this species. The population described in Pocahontas County
(McCleary, 1989) was possibly the result of introduction of individuals by
fisherman (L. Orr, pers. comm. ). The species is used as fish bait, and it is
believed the release of unused salamanders has resulted in introduction of
salamander species outside their normal range (Martof, 1953; Redmond, 1980).
Density of salamanders was low in this stream at the time of discovery
(McCleary, 1989), and subsequent surveys of this stream have turned up no
additional specimens (Seeman, 1996). For these reasons I have not included
this site in my list of known sites. It has been suggested this species may occur
in the New, Gauley, and Greenbrier River drainages (McCleary, 1989; Seeman,
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Table 2. Location of all known localities for Oesmognathus welteri in West Virginia. An* next to
a location signifies a location with voucher specimen(s) in the WVBS.
Location
County
Watershed
Coordinates
Source
1. Blair Mountain*
Logan
Guyandotte
NA
N.D. Richmond, 1938

2. Pineville*

Wyoming

Guyandotte

NA

W. R. DeGarmo, 1948

3. Still Run

Wyoming

Guyandotte

37 ° 37' 30"
81 ° 25' 00"

Seeman, 1996

4. Trib. of Gooney
Otter Creek

Wyoming

Guyandotte

37 ° 30' 32"
81 ° 20' 46"

T. K. Pauley pers.
comm.

5. Marsh Fork

Wyoming

Guyandotte

37 ° 37' 24"
81 ° 27' 30"

T. K. Pauley pers.
comm.

6. Unnamed trib.
Pinnacle Creek*

Wyoming

Guyandotte

37 ° 28' 56"
81 ° 23' 16"

Present Study

7. Lick Creek*

Wyoming

Guyandotte

37 ° 29' 10"
81 ° 30 25"

Present Study

8. Turkeywallow
Branch*

Wyoming

Guyandotte

37 ° 31' 24"
81 ° 35' 54"

Present Study

9. Farley Branch

Mercer

Bluestone

37 ° 51' 46"
81 ° 51' 23"

McCleary, 1989
Seeman, 1996
Present Study

10. Bear Creek*

Mercer

Bluestone

37 ° 31' 30"
81 ° 08' 01"

McCleary, 1989
Seeman, 1996
Present Study

11. Marsh Fork*

Mercer

Bluestone

37 ° 30' 04"
81 ° 08' 55"

Present Study

12. Tony Hollow

Summers

Bluestone

37°31'00"
81 ° 55' 00"

Seeman, 1996

13. Double Cabin
Branch

Mercer

Bluestone

37 ° 28' 00"
81 ° 01' 00"

Seeman, 1996

14. Indian Branch

Mercer

Bluestone

37 ° 29' 30"
81 ° 01' 00"

Seeman, 1996

15. Laurel Branch

Mercer

Bluestone

37 ° 29' 00"
81 ° 01' 00"

Seeman, 1996

16. Middle Fk.
Slaunch Fork*

McDowell

Big Sandy

37
81

17. Larken Branch*

McDowell

Big Sandy

37 ° 22' 18"
81 ° 55' 24"

° 23' 22"
° 53' 33"

TKP pers. comm.
Present study
Present Study

30

Figure 8. Location of all known populations of D. welteri in West Virginia.

Numbers correspond to streams in Table 2.
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1996). I feel it is unlikely that this is the case. I have surveyed numerous
streams in the Greenbrier and Gauley drainages during work on several other
projects and have observed no specimens of D. we/teri. Examination of D.

fuscus specimens in the WVBS from this area has also turned up no additional
specimens. A systematic survey of the New River Gorge National River did not
detect the presence of this species (Pauley, 1993).

It appears this species has invaded the state from three separate river drainages,
the Big Sandy, Guyandotte, and Bluestone Rivers. The species apparently
entered the southeastern part of the state along the Bluestone River, which
enters the state in Mercer County from an area of western Virginia known to
contain populations of D. welteri (Mitchell and Reay, 1999). Invasion of the
southwestern portion of the state likely occurred via the Big Sandy River, which
flows into eastern Kentucky, an area that also contains the species (J.
MacGregor, pers. comm.; Juterbock, 1975). The presence of the species in the
Guyandotte River drainage is interesting. It is less likely the species spread
upstream along this river because it originates in southern West Virginia and
flows into the Ohio River in Cabell County, West Virginia, in an area that is
distant from any known populations of this species. It is possible that D. welteri
entered the headwaters of the Guyandotte from the Tug Fork of the Big Sandy
River and spread downstream from there.
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In West Virginia Desmognathus welteri appears to be limited to small- to
medium-sized streams with moderate- to high-gradients at relatively high
elevations (1400-2500 feet, 426-762 meters), flowing through mature deciduous
forests. Shade provided by these forests likely result in lower water
temperatures, which may be important to the maintenance of high oxygen levels
needed for cutaneous respiration. The presence of cool water has been
suggested to limit the distribution of the similarly large, aquatic species D.

quadramaculatus for the same reason (Whitford and Hutchinson, 1965). The
abundance of cover along streams is known to limit the presence and abundance
of salamander species (Southerland, 1986b; Davie and Orr, 1987). It is possible
the abundance of rock cover along streams is an important factor that determines
presence or abundance of D. we/teri. The apparent absence of this species from
some streams may be a result of many factors. A large percentage of streams
surveyed in southern West Virginia were degraded by a number of land use
practices such as coal mining activities, removal of trees along streams in
association with roads, and the dumping of large amounts of trash into streams.
It is unknown at this time what effects these practices have on D. welteri, -but
intuitively it can be reasoned that they would lower abundance of the species.
Mining activities are known to contribute to the absence of certain species from
watersheds through alteration of physical and chemical attributes (Mathews and
Morgan, 1982; Kucken et al., 1994 ). The area between the presumed extinct
Blair Mountain population revealed by Richmond's specimen and extant
populations is riddled with coal mining activities. In Tennessee this species was
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never observed in streams where strip mining had altered the streambank ·
vegetation or from streams with high silt or metal concentrations (Redmond,
1980).

Additional populations of this species will no doubt be discovered in the future.
predict the species' range will eventually extend throughout the Cumberland
Plateau area including Mingo, Logan, Wyoming, Raleigh, Summers, Mercer, and
McDowell counties. Topography in this area is characterized by steep ravines
and streams flowing through high-gradient hollows. Topography becomes flatter
to the north of this region, and the streams are likely not suitable for the species.
It has been suggested that this species cannot exist in the New River drainage
due to competitive exclusion by D. we/teri's congener D. quadramaculatus
(Seeman, 1996). If this is true, the New River would represent a barrier to the
range extension of D. welteri. I would suggest that future surveys be conducted
in unaltered streams in Mingo and Logan counties as this part of the state lacks
distributional records. Streams in the Guyandotte River drainage that enter the
southern portion of Raleigh County including tributaries of Winding Gulf,
Stonecoal and Tommy Creeks are likely candidates for this species. The area
around Indian and Micajah ridges in southern Wyoming County appears to be a
stronghold for the species in the state and surveys in the area will no doubt result
in the discovery of additional populations. Southern McDowell County also
remains largely unsurveyed for the species. Surveys between known
populations in Mercer and Summers County along the Bluestone River and the
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point at which the river enters the state would also be useful. Surveys for this
species are especially crucial because the entirety of their range coincides with
an area extensively mined for coal. The example of the Blair Mountain
population provides an ominous example of this situation. The presence of the
species in the state may have been unknown until after this site had likely be·en
destroyed by a mountaintop removal operation.
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Chapter 4. Body Size, Life History, and Population Structure

Body size and life history have been studied extensively in the salamander genus
Desmognathus. Within the ge.nus there is a wide spectrum of body size that

correlates very well with habitat use. Smaller species are more terrestrial and
larger ones tend to be more aquatic. These habitat affinities are accompanied by
morphological adaptations (Hairston, 1980). Communities containing multiple
Desmognathus species present ideal situations for studying the evolution of the

genus. Large differences in body size have been observed in different
populations of the same species (Tilley, 1974; Means, 1975). Inter- and
intraspecific differences have been explained by a number of reasons, such as a
delayed age at maturity (Tilley, 1973; Bruce, 1990). An alternative hypothesis is
that age at maturity remains constant, and juvenile growth rates vary (Huheey
and Brandon, 1973; Tilley, 1974; Means, 1975). Sexual size dimorphism is well
known in Desmognathus salamanders, with males generally reaching larger
sizes than females (Wooten, 2001 ). Bruce (1993) discussed various hypotheses
and supporting evidence to account for this difference. Bruce (1996) elucidated
the relationship between body size and life history in four species of
Desmognathus. He showed there exists a strong linkage in species with

different body sizes between age at first reproduction, body size, and fecundity
such that, with a uniform survival rate, reproductive rate is equivalent in each
species. Life history of Desmognathus welteri is not well known. Previous
researchers have provided some information on body size and life history of the
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species in West Virginia (McCleary, 1989; Seeman, 1996). The objective of this
study was to provide data on body size and life history for Desmognathus welteri
in West Virginia.

Methods and Materials
Desmognathus we/teri were captured on and off study transects on Bear Creek,
Farley Branch, and Middle Fork of Slaunch Fork (see Chapter 1), and on
numerous streams surveyed for new populations of the species (see Chapter 3).
Captured salamanders were placed in clear plastic baggies for measurement.
Mature salamanders were sexed based on the presence of mental glands, and
pappilose vents in males, and the absence of these in females. Enlarged teeth in
the upper jaws of mature males could be felt on the skin if dragged across the
hand. Searches for larval D. we/teri were conducted when time permitted.
Snout-vent length (SVL) of each individual was measured in millimeters with
vernier calipers from the tip of the snout to the posterior angle of the vent. Total
length (TL) was measured from the tip of the snout to end of the tail. Cranial
width was measured directly behind the eyes of each salamander from the dorsal
side of the animal. The mass of salamanders was measured using a 30 gram .
Pesola scale, and the mass of the baggie was subtracted. Specimens were
considered adults if secondary sexual characteristics such as mental glands
were present, or they were greater than SVL 50 mm (Juterbock, 1978,1984 ).
Most SVL measurements were taken in the field, but a few were taken from
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freshly preserved specimens. Mass was only taken on live specimens.
Measurements of snout-vent length, total length, cranial width, and mass from all
specimens encountered during the course of the study were considered in
analysis. Data on sex ratios (ratio of males: females) and distribution of size
classes in the population were only analyzed from the three study streams
named above. The number of testis lobes of males was counted for males
dissected for a study of the reproductive biology of this species (see Chapter 5).
The number of testis lobes compared to SVL has often been used in
salamanders as a measure of growth.

Results
Two larvae were discovered in Middle Fork of Slaunch Fork in Panther State
Forest on April 01, 2000. The larvae were 26.7 and 20.7 mm SVL and 49.3 and
37.2 mm TL, respectively. One hundred and forty-two metamorphosed
individuals were measured for SVL, and cranial width, and 109 individuals were
weighed. All measurements below are for metamorphosed individuals. The
average SVL of all specimens of D. welteri, regardless of life stage, observed
during the study was 69.8 mm (Table 3). All adults combined had an average
SVL of 73.5 mm. Males had an average SVL of 77.8 mm and females were
approximately 11 °/o smaller, with an average SVL of 69.6 mm. The smallest SVL
of a metamorphosed individual was 26.4 mm collected July 20th, and the largest,
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\0

w

10.3

9.9

14.1

77.8
69.6
73.5
69.8

65

55

120

142

Female

All Adults

All
individuals

6.9

Std. Dev

SVL (mm)
Mean

N

Stage
Male

142

120

55

65

N

9.4

9.8

8.9

10.6

CW (mm)
Mean

1.8

1.4

0.8

1.3

Std. Dev

108

75

39

36

N

8.1

9.3

7.6

11.1

Mass (grams)
Mean

3.8

3.3

2.3

3.2

Std. Dev.

Table 3. Snout-vent length (SVL), cranial width (CW), and mass for different life-stages and sexes of D. welteri in West
Virginia.

male from Camp Creek, was 95.5 mm SVL. Average cranial width was also
greater in males, average 10.6mm, than in females, average 8.9 mm. Cranial
width ranged from 4.5 to 12.2 mm. Mass averaged 11.1 grams in males, 7.6
grams in females, and 8.4 grams in all individuals measured regardless of life·
stage. Mass ranged between 0.7-16 grams in all individuals. Total length of
metamorphosed individuals ranged from 47.9 to 159.2 mm and was strongly
related to snout-vent length in a linear fashion (Figure 9). Mass was strongly
related to SVL as well (Figure 10). It appears that mass increases at a slightly
greater rate with increasing SVL in this species.

Of 27 males examined, 11 (40o/o) had one-lobed testes (Figure 11 ). All males
below SVL 67 mm had one-lobed testes, and the largest male with one-lobed
testes was 73.4 mm. The smallest of eight males with two-lobed testes was 68.9
mm SVL; the largest 77.8 mm. Five individuals between SVL 78.3 and 84.7 mm
had three-lobed testes. Two males had four-lobed testes, one 82.6 mm SVL,
and the other 86.1 mm. Only one male contained five-lobed testes and it was the
largest male, 91.0 mm SVL. The fifth lobes were small in comparison to other
lobes, but still distinct.

The size class with the greatest number of individuals was between SVL of 7079.9 mm, with 34 individuals (Figure 12). The two smallest size classes, SVL 2029.9 mm and 30-39.9 mm, had the least number of individuals. The number of
individuals in each successively larger size class contains more individuals until

40

Figure 9. Total length vs. snout vent-length for D. we/teri (n=52)
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Figure 11. Number of testis lobes as a function of Snout Vent-Length for D.
we/teri
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Figure 12. Number of individuals in different size-classes (SVL) found on
study plots.
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this number peaks at SVL 70-79.9 mm. The number in successive size classes
quickly drops to only 5 individuals in the 90-100 mm SVL size class. The ratio of
males to females observed on study plots was 1: 0.88.

Discussion
Life History- The larval D. welteri collected in April from Middle Fork of Slaunch

Fork indicate this species has a two-year larval stage in West Virginia. Although
no smaller larvae were collected from the stream, it is likely there exists a smaller
size class representing the group that hatched the previous fall. Samples of D.
welteri larvae from Kentucky reported by Juterbock (1984) show two distinct size

classes. The size of the two larvae from the present study are much larger than
the smaller size class collected by Juterbock (1984) in May, and are similar to
those in the larger size class. The bimodal nature of larval size has been
interpreted as strong evidence for a two-year larval stage (Juterbock, 1975,
1984 ). McCleary (1989) collected larval D. we/teri from Bear Creek in Camp
Creek State Forest in two distinct size classes. Six larvae averaged 14.4 mm
SVL, and one individual was 26.2 mm SVL. Maple (1974) collected larval D.
welteri (i.e., D. fuscus) from Camp Creek with SVL's between 19 and 29 mm.

Both authors concluded the species has a larval period of approximately 2 years.
The two larvae from Middle Fork of Slaunch Fork were collected in small gravelly
side channels similar to habitat described in Juterbock (1984). The two smallest
metamorphosed individuals observed during the study, a 28.1 mm SVL
salamander observed August 25th, and a 26.4 mm SVL observed on July 20th,
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were likely recently transformed. Juterbock (1975) found that in Kentucky
transformation takes place either in May at an SVL around 20 mm SVL or in
- September at around 28 mm. My data suggests at least some individuals in
West Virginia transform between July and August at an SVL of approximately 26-

28 mm SVL.

Body Size and Sexual Size Dimorphism -The average SVL of adult D. we!teri
observed in this study, 73.5 mm, is similar but slightly larger than the 70.3 mm
average reported from West Virginia by McCleary (1989). However, our method
of SVL measurement differed. I measured to the posterior angle of the vent, and
McCleary measured to the anterior portion, giving slightly smaller measures of
SVL. The largest individual I observed, 95.5 mm SVL, was considerably larger
than the largest D. welteri examined by McCleary in either West Virginia (82.3
mm) or Kentucky (76.1 mm). This individual was also larger than any specimen
reported by Juterbock (1978).

The sexual size dimorphism pattern in West Virginia D. we!teri is similar to that in
many members of its genus. Males of most species are smaller at the time of
first reproduction, and attain a larger body size than females (Organ, 1961;
Juterbock, 1978; Bruce, 1993). This is different from the situation in most
amphibians where females usually attain a larger body size than males (Shine,
1979). Bruce (1993) hypothesized that the differences in adult body size are
ultimately due to the different rates of increase in reproductive success with
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increase in body size, or in mortality and life expectancy. Another reason
suggested to explain the larger body size in males of Desmognathus is incre·ased
success in male-male competition for females in some species (Houck, 1988).
Juterbock (1975) has previously reported larger SVL and cranial width in males
of D. we/teri. The 11 °/o size difference (SVL) between males and females of D.
welteri is comparable or slightly larger than those reported by previous

investigators; 3°/o difference in D. quadramaculatus, 2°/o in D. monticola, 10°/o in

D. ochrophaeus (Bruce, 1993), and 6-13°/o in D. marmoratus (Martof, 1962).

The linear relationship between SVL and total length shown in Figure 9 suggests
that growth of tail and body occur at a similar rate. The relationship between
body length (SVL) and mass (Figure 10) may suggest an ontogenetic shift in
growth rate as it relates to length and mass. Animals with smaller SVL's may
allocate more energy to increases in length than mass, whereas in larger
individuals there is a decrease in lengthwise growth, but increases in mass
continue. Growth in most Desmognathus species plateau at a certain age when
increases in SVL are minimal (Castanet et al., 1996). It is likely this is the case
with D. we/teri, and that individuals increase in mass at a constant rate, resulting
in a curvilinear increase in mass as a function of SVL. A similar relationship
between length and mass was found with D. brimleyorum (Means, 1975). It is
interesting to note that the relatively large mass of D. welteri may make it a
possible candidate for a radio-telemetric study of movements and home range.
Madison (1997) implanted radio transmitters in spotted salamanders,
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Ambystoma maculatum, which were as small as 14.3 and 16.2 grams. Four
male welteri from this study fell within that size range.

The relationship between the number of testis lobes and SVL of male welteri in
West Virginia is interesting when compared to that of Juterbock (1978) for
southeastern Kentucky. The size at which males for each sample reach a·
corresponding stage with respect to number of testis lobes is consistently
different, even though our methods of measurement are similar. The size of
Kentucky males with a given number of testes lobes is approximately 4.3 to 6.9
mm smaller than males in West Virginia. For example, the smallest male in
Kentucky samples with two-lobed testes was 62 mm SVL, while the smallest with
two-lobed testes in West Virginia was 68.9 mm. The smallest male with threelobed testes in Kentucky was 74 mm SVL while in West Virginia the smallest was
78.3 mm. The largest males in Kentucky with one-lobed testes were 68 mm,
while one-lobed testes were found in West Virginia samples of up to 73.4 mm.
The same pattern applies to the size range of four-lobed males. No Kentucky
specimens in a sample of 186 in Kentucky showed five-lobed testes, while one
from West Virginia was found to have five lobes. The SVL of the male with fivelobed testes was greater than any male examined by Juterbock (1975). Previous
authors have assumed that new lobes are added to testes at regular intervals,
either one or two years, after an individual reaches sexual maturity (Organ, 1961;
Huheey and Brandon, 1973). If this assumption applies to D. welteri it can be
implied that West Virginia populations either mature at a later age than Kentucky
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populations, or populations have different post-metamorphic growth rates. Both
phenomena are believed to lead to a difference in body size. Bruce (1990)
showed that a later age at maturity accounted for much of the difference in size
between D. montico/a and D. ochrophaeus in North Carolina. Means (1975)
believed differences in body size in three semi-isolated populations of D.
brimleyorum were due to post-metamorphic growth rates.
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Chapter 5. Breeding Season and Reproductive Biology
of Oesmognathus welteri in West Virginia

Most salamanders in temperate areas have definite seasonal reproductive·
cycles. Courtship and mating are generally induced by increasing spring
temperatures and eggs are often laid in early summer and hatch in late summer
or early fall (Deullman and Trueb, 1986). Another period of mating may occur in
fall. In this case sperm is stored in the spermatheca until used for fertilization the
following spring. This pattern is seen in species of the genus Desmognathus,
including 0. ochrophaeus (Houck and Schwenk, 1984), D. montico/a (Organ,
1961 ), and D. fuscus (Bishop, 1941 ). Because observing pairs of salamanders
engaged in courtship is rare, mating season is often determined by the presenc.e
of spermatophores in female's vents (Organ, 1961 ), or by studying the
progression of spermatozoa through the male reproductive tract (Canterbury and
Pauley, 1994 ). The presence and condition of secondary sexual characteristics
such as hedonic mental glands throughout the year also provides an indicatio_n of
time of mating. The breeding season of D. we/teri is not known (Petranka, 1998).
Females of some species of salamanders oviposit in cryptic microhabitats and
timing of egg deposition, hatching, and duration of brooding are often difficult to
determine. The timing of these events can sometimes be inferred from other
data, such as the disappearance of females from the ground surface, or by
determining the point at which follicles inside gravid females reach their largest
volume. It is generally accepted that egg deposition occurs when ova reach their

50

largest volume (Canterbury and Pauley, 1994). Only four nesting records exist
for Desmognathus welteri, all from the summer of 1996 in Kentucky (Smith et al.,
1996). It was inferred from the developmental stages of these clutches that the
species likely oviposits in mid-June. Information on the reproductive biology of
D. welteri has been provided by Juterbock (1975, 1984 ). This species apparently

matures at a SVL between 50 and 55 mm. Little information is available on
fecundity, or timing of egg deposition in this species however. It is unknown at
this time whether the species breeds annually or biennially. The objective of this
study was to gather data on the mating season and reproductive biology of D.
welteri including fecundity, and reproductive cycle.

Methods and Materials
Field Observations - Field observations of evidence of breeding activity, and

notes on reproductive condition of individuals were taken on study transects on
Bear Creek and Farley Branch in Camp Creek State Forest and Park, and in
Middle Fork of Slaunch Fork in Panther State Forest. Salamanders on these
plots were marked using visible implant elastomers for a study of movement
patterns of D. we/teri (Chapter 7). Observations included presence of sperm
caps in the vent of females, the condition of mental hedonic glands in males, and
sex ratios (males:females) throughout the season. The presence of mature ova
in females observed in the field was also noted. Mature ova were visible through
the body cavity wall of individuals. Searches for nests were conducted in July
and August. Searching involved flipping rocks in the stream channel arid in side
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seeps, and digging into the bank up to 1 meter. Few nests of this species have
been observed and it is believed eggs are deposited below the surface of seeps
and moist areas in streambanks (J. W. Petranka, pers. comm.). Specimens for
sperm and egg analysis were collected mostly between May and October of·
2000 from seven streams in southern West Virginia. These included Bear Creek,
Middle Fork of Slaunch Fork, and five streams where new populations were
discovered (see Chapter 3 for location and number of specimens collected in
these five). An additional two specimens previously discovered in the West
Virginia Biological Survey (WVBS) at Marshall University were also used in
analysis. Salamanders were collected and killed in a weak ethanol solution, fixed
in a 10 o/o formalin solution for 24 hours, and then transferred to an 80°/o ethanol·
solution for storage. Specimens are housed in the WVBS at Marshall University.

Laboratory Studies- Laboratory studies included analyses of spermatogenic
wave and follicular volume in order to determine time of mating and egg
deposition. Although sperm wave analysis has not be employed with 0. welteri
in the past, it was shown by Sayler (1966) with Plethodon cinereus that
spermatozoa are first produced in the posterior testes, then in the anterior testes.
Spermatozoa produced in the testes then move to the anterior portion of the
adjacent vasa deferentia. From here they proceed to the posterior vasa
deferentia, and finally to the cloaca before deposition as a spermatophore.
Assuming this sequence is the same in 0. welteri, the spermatogenic wave was
analyzed to determine time of spermatophore deposition and therefore time of
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mating. This technique has been used for other members of the genus
Desmognathus (Casto and Pauley, 1991 ). Testes and vasa deferentia from 27

males were removed, separated into anterior and posterior portions, stained with
Wright's solution (Weesner, 1960), and examined under a compound microscope
(1 OOX and 400X) for presence of spermatozoa. Mature ova were removed,
counted, and the largest and smallest ova were measured. Volume of ova was
determined by immersing the ova in a 5-ml volumetric flask and noting amount of
water displaced. Average volume was determined by dividing the total volume of
ova by the number of ova present. The point at which ova reach their largest
size is usually considered the time at which females deposit eggs (Bruce, 1978;
Canterbury and Pauley, 1994).

Results
Field ObseNations- One female D. welteri was observed with a sperm capsule

in her vent on May 30th, 2000 along Middle Fork of Slaunch Fork. The female
was visibly gravid and was 73.1 mm SVL. The sperm cap was bright white
colored and approximately 3.2 mm across. Two marked mature females became
gravid during the course of the study. One female SVL 72.8 mm was captured
on June 26th and August 25th but was not visibly gravid. The same individual
when captured on September 30th and October 25th had become gravid. Another
female SVL 80 mm was captured on May 30th and July 19th and was not visibly
gravid, but was gravid when captured again on August 30th. It is highly unlikely
these females deposited eggs during the spring or summer of 2000, or they
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would likely be brooding eggs and not observed. Also it is unlikely a female
could deposit in spring and then produce large enough eggs to be observed·
through the stomach wall by September. Rather, it is more likely these females
deposited eggs in 1999 and are yolking eggs to be deposited during the summer
of 2001. Similar data has been presented as evidence for a biennial reproductive
cycle in Aneides aeneus (Canterbury and Pauley, 1994 ). Hedonic mental glands
appeared to be more prominent in April, May, and June. By July these glands
appeared to darken in color, and by August and September they appeared
darkish in color and not as obvious. It is unknown if this change in appearance is
accompanied by a physiological change. The ratio of males to females in study
populations varied considerably over the course of the study (Figure 13). The
ratio was near 0.5, with one male to every two females in April, but rose steadily
until there was nearly two males for every female in July and August. The ratio
drops in September and is back to near one male to every two females in
October. It appears that the number of active females remains fairly constant,
but the number of active males increases from April to August and then drops
again until October. Searches for nests were unsuccessful, and no eggs were
observed during the course of the study.

Laboratory Studies- Twenty-seven males were examined for presence of
sperm. The movement of sperm through specimens of mature male D. welteri is
shown in Table 4. The one specimen collected in May contained sperm in its
anterior testes, and in its anterior and posterior vasa deferentia. Of six
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Table 4. Spermatogenic wave of D. welteri in West Virginia.
Percentage of Males with sperm
Month
May

N

June

6

July

PostT

AntT

AntVD

Post VD

100

100

100

66.6

16.6

100

100

3

100

33.3

100

100

August

5

100

100

100

100

September

10

100

100

100

100

October

2

100

100

100

100

1

Without
sperm
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Figure 13. Ratio of male to female captures on study plots, May- October 2000
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specimens collected in June four (67o/o) had sperm in the posterior testes, one

(17o/o) had sperm in the anterior testes, and all had sperm in the anterior and
posterior testes. By July 100°/o of three specimens examined had sperm in the
posterior testes, one (33o/o) had sperm in the anterior testes, and all had sperm in
the anterior and posterior vasa deferentia. Every specimen collected after July,
including five in August, 10 in September, and two in October contained sperm in
both sections of the testes and vasa deferentia. It appears that sperm production
takes place in the summer and fall in this species, as this is the time when testes
are packed with sperm. In my study populations D. welteri contain sperm within
the vasa deferentia year-round and therefore are likely capable of producing
spermatophores throughout the active season . Because mostly adult
specimens were examined, the size at maturity could not be determined for these
populations. The smallest male examined that contained sperm was 50.1 mm
SVL.

The time of egg deposition is not so clear due to a lack of specimens from April
and May. Eighteen females were examined, but only eight of these contained
mature ova (Figure 14). One specimen was examined from June collections with
an average follicle volume of 0.0012 ml, the lowest of any month. Average
follicle volume increased in one August specimen, and was highest in five
September specimens at 0.008 mi. One specimen from November was
examined and had an average follicle volume of 0.0054 mi. It is difficult to say
when egg deposition takes place, but I predict that examination of specimens
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Figure 14. Average monthly ovarian follicle volume of female D. welteri (N=8).
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from April and May would show higher follicle volumes than September and
October. I believe egg deposition takes place in early June in these populations
and specimens examined from the summer of 2000 that contain yolked eggs
represent females that laid eggs the previous year (1999) and are producing
eggs that will be deposited the following spring (2001 ). One spent female
measuring SVL 62.6 mm was collected in late July. This specimen may have
deposited eggs in June or early July. Of 15 females collected between April and
September one appeared spent, four had tiny immature follicles, and ten had
yolked eggs ranging between 1 and 3.3 mm. Although a limited sample, this
data suggests a bimodal distribution in size of follicles in females. This type of
distribution is usually interpreted as evidence for a biennial breeding cycle
(Canterbury and Pauley, 1994 ). As with males, the size at maturity of females
could not be determined by this analyses. Two virgin females were collected
with SVLs of 39 and 41.8 mm. These individuals had small, straight oviducts.
The smallest female observed with mature ova was 58.2 mm SVL. The average
number of mature ova in females was 42, and ranged from 34-56. The largest
single egg observed from specimens was 3.3 mm.

Discussion
It can be hypothesized based on the information presented above that female D.
welteri deposit eggs in June, and hatching occurs in September. A large number

of females disappear from the surface between May and September. One
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hypothesis is that these females are brooding eggs in cryptic locations and are
thus not visible during searches. It has been hypothesized in other studies that
lowered numbers of active females is due to the absence of brooding females
(Orser and Shure, 1975). These data agree with previously reported data on the
timing of reproduction in D. welteri. It was estimated by Smith and colleagues
( 1996) that egg clutches found in July were deposited the first or second week of
June, about the time that the sex ratio in study populations changed in favor of
males. Hatchling we/teri have been found in September in Kentucky and West
Virginia (Juterbock, 1984; McCleary, 1989). This coincides with the time that the
sex ratio reverts to one or below, with more females than males in the population.
A hypothesis is that the increase in activity between April and August exhibited
by males is not mirrored in females because they are brooding and thus less
active. After hatching takes place in September females begin to reappear on
the surface. This pattern may be confounded by changes in seasonal activity
however.

Mating occurs in May in West Virginia D. welteri, as evidenced by a female
discovered with a sperm cap in her vent. Because males seem to be capable of
producing spermatophores year-round, a fall mating season like that observed
with D. quadramaculatus and monticola (Organ, 1961 ), cannot be ruled out. No
previous published records of mating season exist for D. welteri, but as
comparison D. montico/a in West Virginia have been found to have vas deferens
packed with sperm between July and October (Casto and Pauley, 1991 ).
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Limited data from this study suggests this species may have a biennial breeding
cycle, with females producing egg clutches every other year. Reproductive
cycles are variable within the genus Desmognathus. Most small species such as
D. orestes, D. ochrophaeus, and D. wrighti reproduce yearly (Petranka, 1998;

Keen and Orr, 1980; Organ, 1961 ), but large species such as D. brim/eyorum
also reproduce annually (Means, 1975). Many species have annual breeding
seasons in some populations and biennial in others depending on factors such
as elevation and latitude. It is possible this is the case with D. welteri, and data
on West Virginia populations are valuable because these populations represent
the northernmost known for the species.
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Chapter 6. Structure of Communities Containing D. we/teri.

Members of the genus Desmognathus are perhaps the best-studied group
of salamanders when it comes to community organization and structure. This is
likely because of certain traits that make them ideal study organisms; i.e. large,
stable populations, a consistent pattern of body size and habitat use, and
occupancy of a discrete and relatively simple habitat containing few resource
dimensions that are likely to be partitioned (Krzysik, 1979).
Early observational studies revealed a spectrum within the genus from
large aquatic species to small-bodied terrestrial species (Dunn, 1926; Hairston,
1949; Organ, 1961 ). Some of these early studies pointed to competition as a
likely candidate for being the most important factor in shaping and maintaining
these communities (Hairston, 1949; Organ, 1961 ). Later studies provided
evidence in support of the importance of competition in these communities.
(Krzysik, 1979; Keen, 1982). Other studies have argued that predation on the
smaller terrestrial species by the larger aquatic species is more likely the most
important interaction (Hairston et al., 1960; Tilley, 1968). Experimental studies
have shed much light on the interactions responsible for the ecological
distributions in these systems. Some cite predation as being the most important
factor, with some evidence of interspecific interference competition (Carr and
Taylor, 1985; Hairston, 1986), while others simply state that both predation and
competition are important (Southerland, 1986b; Roudebush and Taylor, 1987;
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Jaeger et al., 1998). It is likely that two or more factors act together in most
cases (Toft, 1985).
The behavioral mechanisms responsible for keeping ecological
distributions distinct in these communities have been shown to be both sizedependent, where the direction of the interaction is determined by the size of .the
individuals without regard to the species involved, and species dependent, vice
versa (Carr and Taylor, 1985; Roudebush and Taylor, 1987; Colley et al., 1989).
An interspecific mechanism often involved is active avoidance of other spe.cies
(Carr and Taylor, 1985; Roudebush and Taylor, 1987), likely through chemical
communication (Jacobs and Taylor, 1992). Intraspecific interactions include
exclusion by conspecifics from certain optimal microhabitats (Kieeberger, 1984;
Keen and Reed, 1985; Southerland, 1986b; Colley et al., 1989). Also involved
are preference for substrates of certain size or moisture content (Carr and Taylor,
1985; Southerland, 1986b; Colley et al., 1989; Seeman, 1996; Grover, 2000),
and cover object size preference (Krzysik, 1979; Carr and Taylor, 1985; Grover,
2000). Seasonal time, measured as a function of seasonal activity, has also
been suggested as a factor partitioned in amphibian communities (Fraser, 1976;
Toft, 1985).
Direct observations of aggressive interactions between individual
salamanders are often difficult to make.. Instead, indirect observations such as
scarring and missing body parts on captured individuals can be used to infer the
nature of such interactions (Camp, 1996; Wake and Dresner, 1967). Camp
(1996) analyzed patterns of scarring on D. quadramaculatus as an index of which
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sex and life-stages are the recipient of most aggressive actions. This techniqu.e
has also been found to accurately describe observed aggressive interactions in
Aneides (Staub, 1993).
The purpose of the present study is to describe the structure of the
communities in which D. we/teri were found. This included an investigation of the
microhabitat preferences of a Desmognathus community found in the
Cumberland Plateau of southern West Virginia. The preferences of D. welteri
were of particular interest as published records of its ecology are scant (Bruce,
1991; Petranka, 1998). It has been suggested that D. welteri is more aquatic
than congeners D. monticola and 0. fuscus (Juterbock, 1975), and it was
determined that 0. welteri is indeed more aquatic than 0. monticola in West
Virginia (Seeman, 1996). However, a detailed analysis of shifts in microhabitats
of the three species has not been completed. Microhabitat was measured as a
function of distance to stream, and size of cover object. I measured differences
in microhabitat preferences between seasons, life-stages and between daytime
resting and nocturnal foraging periods for each species. Seasonal activity of the
three species was described, and related to environmental parameters. Patterns
of scarring and tail autonomy were analyzed as a measure of aggressive
interactions between animals within the community. Notes were made on
potential predators or competitors occurring along study streams.

Materials and Methods
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The study was undertaken in three southern West Virginia streams. Two
sites in Mercer County, Bear Creek and Farley Branch fell within Camp Creek
State Forest and Camp Creek State Park respectively. The third study site was
Middle Fork of Slaunch Fork, within Panther State Forest in McDowell County.
All sites were second and third-order streams draining steep-sided ravines.
Streams were generally between two and three meters wide and contained shale
and sandstone rubble ranging in size from gravel to large boulders. All sites
were located in mature mixed deciduous forest and at elevations ranging
between 1400-2300 feet (427-701 meters). Three 60 m transects were
established along Bear Creek and Farley Branch and two along Middle Fork of
Slaunch Fork (see Chapter 2 for more detail).
Diurnal Searches- Each transect on the three streams was surveyed during the
daytime each month between May and October 2000. Air and water
temperatures were measured at the beginning of each survey using a Rheotemp
and armored thermometer, respectively. All cover objects within the bankful
zone were flipped and checked for salamanders. The bankful zone was defined
as the area of the stream that is free of vegetation and detritus due to the
scouring effects of high water (Mills, 1996). Animals were identified to species
using characteristics outlined in Juterbock (1984). Individuals of D. monticola
and D. fuscus were visually classed as adult or juvenile based on size and color
pattern. This method has been used successfully in previous studies
(Hairston, 1986; Kucken et al., 1994 ). Desmognathus welteri were captured and
measured with vernier calipers snout-to-vent (SVL) and classed as an adult or
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juvenile. Notes were made on the location and nature of scars on each
individual, and on the condition of tails. The horizontal and vertical position of
each individual was recorded following Inger (1994). If an individual was on the
stream bank the distance to the edge of the stream proper was measured in em.
If an individual was in the water the distance to the water-bank interface was
measured in centimeters. When measuring distance to water/bank, the interface
of stream and bank was considered zero. Individuals in the water received a
negative number that represented the distance to the bank, and individuals on
land received positive measures of distance to water. Isolated pools in the
streambed were not considered in distance to water measurements unless found
in a section of stream that was dry. The maximum dimensions of the cover
object the animal was under was recorded in em; length X width of rocks and
diameters of logs. In this study 99% of individuals were found under rocks.
Diurnal searches were limited to approximately one hour of searching.

Nocturnal Searches - One transect from each stream was searched each month
between May and October. Searches were conducted by one person walking
the length of the transect and searching within the bankful zone with a head lamp.
Nocturnal searches were conducted within one hour of sunset and lasted
approximately one hour. The distance to bank, or to water was recorded for
each active salamander observed, and each individual was assigned a life-stage
as described above.

Laboratory procedures- Preserved specimens collected for diet and
reproductive analysis (see chapters 5 and 8) were examined for presence of
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scarring with an 8X hand ocular using procedures outlined in Camp (1996). The
condition of each individual's tail was recorded as full, or missing and/or
regenerating portions.

Data Analysis- To determine seasonal shifts in microhabitat use, data from May
and June were considered spring, data from July and August were considered
summer, and September and October as fall. To test for differences in distance
to water/bank measurements between the three species for each individual
season, night or day, or life-stage, a Kruskai-Wallis non-parametric AN OVA test
was used. Larger sample sizes allowed a comparison of seasonal microhabitat
use for adults and juveniles of D. monticola using a Kruskai-Wallis test. This test
was also used to test for intraspecific seasonal shifts in distance to water/bank
for each species. When interspecific difference was detected pairwise
comparisons (Mann-Whitney test) were performed on each pair of species.
Differences between night/day, and juvenile/adult distance to water/bank for each
species were tested with a Mann-Whitney test. Difference i'n cover object size
between the three species was tested with a Kruskai-Wallis ANOVA. To
determine which species pairs were different from each other with respect to
cover object size a Mann-Whitney test was employed. Surveys of two transects
on different streams failed to observe any D. we/teri. Using a Mann-Whitney test,
the distance to water/bank of D. monticola on these plots was compared to those
where D. monticola and D. we/teri were found together to determine if there was
a difference that might suggest competitive interactions. Although it cannot be
determined for certain if D. welteri is completely absent, the fact that not a single
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specimen was captured in six months of surveys certainly suggests much lower
concentrations of the species. It would be predicted that, if D. monticola and D.

welteri were competitors, on plots with much reduced D. welteri populations D.
monticola would be in more optimum habitats, closer to the water. The number of
individual salamanders captured each month during diurnal surveys was plotted
along with air and yvater temperatures in order to assess seasonal abundance as
it relates to environmental conditions.

Results

Difference in communities between streams- The three study streams differed
significantly in the numbers of each species observed (Table 5). Surveys in both
Bear Creek and Farley Branch were dominated by D. monticola. The number of

D. welteri captures was highest in Middle Fork of Slaunch Fork (N=49), but Bear
Creek had nearly as many captures (N=45). The number of captures of the three
species is most even on Middle Fork of Slaunch Fork.

Distance to Water/Bank- In all seasons, the distance to water of the three
species were significantly different (Figure 15, Tables 6 and 7). D. welteri was
more aquatic than either D. monticola or D. fuscus in each season (Table 8).
Only during summer were D. fuscus and D. monticola distinct, with D. monticola
being found closer to water. The only species that showed a seasonal shift in
distance to water/bank was D. monticola. This species was found progressively
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Table 5. Number of captures of three Desmognathus species along each of
three study streams, May- October 2000.

Stream Name
Middle Fork of Slaunch
Fork

#D. welteri

52

# D. monticofa
58

Bear Creek

9

208

45:

Farley Branch

0

291

5

#D. fuscus

49
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Table 6. Distance to water/bank measurements for three species of
Desmognathus spring (May, June), summer (July, August), and fall (September,
October) 2000.
Species/
Life Stage
D. fuscus spring

N=
14

Mean
2.00

Median
22.50

Std. Dev.
74.58

Std. Error
19.93

D. fuscus summer

11

55.91

40.00

106.69

32.17

D. fuscus fall

36

20.75

35.00

57.91

9.65

D. monticola spring

204

2.34

0.00

54.93

3.85

D. montico/a summer

229

10.32

10.00

66.68

4.41

D. monticola fall

118

37.53

24.00

78.33

7.21

D. welteri spring

23

-68.87

-40.00

84.78

17.68

D. welteri summer

46

-65.61

-22.00

109.02

16.07

D. welteri fall

22

-58.86

-27.50

83.28

17.75
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Table 7. Results of Kruskaii-Wallis ANOVA tests. Distance to water I bank
of each group within a category was compared. P<0.005 was significant.
See tables 6, 7, and 8 for mean distance values.

Category

Group 1

Group 2

Group 3

P-value

Spring

D. fuscus

D. montico/a

D. welteri

< 0.001

Summer

D. fuscus

D. montico/a

D. welteri

< 0.001

Fall

D. fuscus

D. monticola

D. welteri

< 0.001

Juvenile

D. fuscus

D. montico/a

D. welteri

< 0.001

Adult

D. fuscus

D. monticola

D. welteri

< 0.001

Day

D. fuscus

D. montico/a

D. welteri

< 0.001

Night

D. fuscus

D. monticola

D. welteri

< 0.001

D. fuscus

Spring

Summer

Fall

0.206

D. montico/a

Spring

Summer

Fall

< 0.001

D. we/teri

Spring

Summer

Fall

0.961

D. monticola
juvenile

Spring

Summer

Fall

0.009

D. monticola
adult

Spring

Summer

Fall

0.057

Intraspecific
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Table 8. Results of pairwise comparisons of distance to water/
bank measurements for spring, summer, and fall. See table 6
for mean distance values (Mann-Whitney, P<0.05)

Category

Group 1

Group 2

P-value

Spring

D. fuscus

D. monticola

0.171

Spring

D. fuscus

D. we/teri

0.014

Spring

D. montico/a

D. welteri

< 0.001

Summer

D. fuscus

D. montico/a

Summer

D. fuscus

D. welteri

< 0.001

Summer

D. monticola

D. welteri

< 0.001

Fall

D. fuscus

D. monticola

Fall

D. fuscus

D. welteri

< 0.001

Fall

D. monticola

D. welteri

< 0.001

0.014

0.755
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Figure 15. Distance to water measurements for three Desmognathus species

during spring (May, June), summer (July, August), and fall
(September, October), 2000. Zero represents the water/bank
interface, negative numbers distances into water, positive numbers
are distances onto bank.
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further from the stream as time progressed. Juvenile D. montico/a showed a
significant seasonal shift away from water and adults did not (Figure 16, Table 7).
The adults and juveniles of D. we/teri were significantly more aquatic than
adults and juveniles of either D. montico/a or 0. fuscus (Figure 17, Tables 9 and
10). A difference between D. montico/a and D. fuscus in distance to water/bank
could only be detected in adult individuals. Adult D. montico/a were found
significantly closer to the stream than 0. fuscus. No difference was detected
between adults and juveniles of D. monticola for any season. Desmognathus
welteri was the only species that showed a difference in distance between

lifestages, with juveniles being found farther from the bank in the water than
adults (Table 7).
The three species were distinct in this measure both during diurnal and
nocturnal surveys, with D. we/teri being more aquatic than D. monticola or D.
fuscus (Figure 18, Tables 7, 11 and 12). There was no difference in any species

between night and day distance to water (Table 12). There was a slightly lower
percentage of D. montico/a found in the water, at the interface of water and bank
or some distance in water, during night surveys compared to daytime surveys
(Table 13). No D. we/teri were found during night surveys any distance on land.
Results of diurnal surveys showed D. monticola significantly closer to water than
D. fuscus (Table 12). Nocturnal surveys showed no such difference. However,

results of any of the pairwise comparisons between D. montico/a and D. fuscus
should be interpreted cautiously due to low numbers of D. fuscus found on
transects.

74

Table 9. Distance to water/bank measurements for juveniles and adults of three
Desmognathus species in southern West Virginia, 2000

Species/
Life Stage
D. fuscus juvenile

N=
10

Mean
2.14

Median
26.00

Std. Dev.
84.47

Std. Error
31.93

D. fuscus adult

51

17.16

27.50

72.17

10.88

D. monticola juvenile

232

18.88

10.00

64.15

4.21

D. monticola adult

268

7.53

7.50

61.19

3.74

D. welteri juvenile

16

- 138.00

-140.00

99.90

24.98

D. we/teri adult

72

- 51.24

-12.50

90.27

10.64
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Table 10. Results of pairwise comparisons of distance to water/
bank measurements for juveniles and adults. See table 7
for mean distance values.
Category

Group 1

Group 2

P-value

Juvenile

D. fuscus

D. monticola

0.842

Juvenile

D. fuscus

D. welteri

0.004

Juvenile

D. montico/a

D. welteri

< 0.001

Adult

D. fuscus

D. montico/a

Adult

D. fuscus

D. welteri

< 0.001

Adult

D. montico/a

D. we/teri

< 0.001

D. fuscus

Juvenile

Adult

0.978

D. monticola

Juvenile

Adult

0.126

D. welteri

Juvenile

Adult

0.002

0.048
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Table 11. Distance to water/bank measurements during night and daytime
surveys in southern West Virginia, 2000.
Species/
Life Stage
D. fuscus Day

N=
61

Mean
22.78

Median
30.00

Std. Dev.
73.23

Std. Error
9.38

3

30.00

40.00

26.45

15.27

551

13.19

10.00

66.60

2.83

D. montico/a Night

71

18.42

15.00

60.52

7.18

D. we/teri Day

91

-64.80

-30.00

96.59

10.13

D. we/teri Night

21

-78.28

-46.00

83.17

18.15

D. fuscus Night
D. montico/a Day
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Table 12. Results of pairwise comparisons of distance to water/
bank measurements for day and nighttime surveys. See table 8
for mean distance values.
Category

Group 1

Group 2

P-value

Day

D. fuscus

D. monticola

Day

D. fuscus

D. wefteri

< 0.001

Day

D. monticola

D. welteri

< 0.001

Night

D. fuscus

D. monticola

0.671

Night

D. fuscus

D. welteri

0.039

Night

D. monticola

D. welteri

< 0.001

D. fuscus

Day

Night

0.84

D. monticola

Day

Night

0.30

D. welteri

Day

Night

0.23

0.015

78

Table 13. Percentages of each species found in water (zero or less em), or on
bank (greater than zero em) during day and nighttime surveys, May- October

2000.
Day
in water

Day
on bank

29.5 °/o

70.5%

D. monticola

46.2 o/o

D. welteri

86.8 o/o

Species
D. fuscus

Night
in water

Night
on bank

53.7 °/o

40.8 °/o

59.1 °/o

13.2 °/o

100 °/o

0 °/o
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Figure 16. Distance to water measurements for adults and juveniles of D.
montico/a during spring (May, June), summer (July, August), and fall

(September, October),2000. Zero represents the water/bank
interface, negative numbers are distances into water, positive
numbers are distances onto bank.
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Figure 17. Distance to water measurements for adults and juveniles of three
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A comparison of distance to water/bank for D. montico/a between plots in
which no D. we/teri were observed and plots with both species observed showed
no significant difference (P = 0.523, Mann-Whitney).

Cover Object Size- Overall, the three species differed in the size of cover

objects used (Tables 14 and 15, Figure 19). Desmognathus fuscus were found
to use significantly smaller objects than D. montico/a or D. welteri, however no
such difference was detected between D. montico/a and D. we/teri. No
difference was detected in this aspect between juveniles and adults of D. (uscus
or D. welteri. Adults of D. monticola used larger cover objects than juveniles.

Seasonal Activity- The abundance of D. we/teri increases from low numbers in

May until a peak in August and then proceeds to decrease until October (Figure
20). Abundance is similarly low in spring and fall. Desmognathus montico/a
shows a similar trend, with low numbers in May, an increase until a peak in July,
then a decrease until its lowest abundance in fall (Figure 21 ). Desmognathus
fuscus shows a different pattern, with a peak in May and a decrease until July

(Figure 22). Abundance increases in August until the highest peak in
September. The species was more abundant in the fall than spring. Surface
activity for each species likely begins around the first of April or the last part of
March ·and ends in December or January. An inventory of Middle Fork in midFebruary when water temperature was 4 degrees Celsius turned up no adults.
Adults of each species were active in the same stream on April 01, 2000 when
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Table 14. Size of cover objects (cm 2 ) utilized by each species.
Species/
Life Stage
D. fuscus Juvenile

N=

Mean

Median

Std. Dev.

8

839

500

983

D. fuscus Adult

40

656

529

476

D. montico/a Juvenile

202

715

500

777

D. montico/a Adult

248

1291

999

1090

D. welteri Juvenile

11

993

700

800

D. we/teri Adult

68

1081

800

829
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Table 15. Results of cover object size comparisons. See Table 10 For mean
cover object sizes.
Category

Group 1

Group 2

Group 3

P-value

D. welteri

0.029

Kruskaii-Wallis ANOVA
D. fuscus

D. montico/a

All individuals

D. fuscus

D. monticola

0.03

· All individuals

D. fuscus

D. welteri

0.005

All individuals

D. montico/a

D. welteri

0.235

D. fuscus

Juvenile

Adult

0.737

D. montico/a

Juvenile

Adult

< 0.001

D. welteri

Juvenile

Adult

0.699

All individuals
Mann-Whitney
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Figure 19. Size of cover objects utilized by adults and juveniles of three

Desmognathus species.
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Figure 20. Seasonal activity of Desmognathus we/teri, May- October 2000.
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Figure 21. Seasonal activity of Desmognathus monticola, May- October 2000.
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Figure 22. Seasonal activity of Desmognathus fuscus, May- October 2000.
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water temperature had reached 12.5 degrees C, and were active in Bear Creek
on April 15th with water temperature was 10 degrees. The latest date each
species was observed was November 13. Environmental parameters varied
throughout seasons. Air and water temperatures were both low in May and rose
to a plateau between June and August and then dropped to lowest levels in
September (Figure 23). A spike in these measures was observed in October.
Measures of pH were relatively constant throughout the study averaging between
7.3 and 8.2.

Scarring and tail autonomy- Eight out of 98 (8.2o/o) of D. welteri captured in the
field showed evidence of scarring (Table 16). Out of 47 collected specimens,
only one (2.1 °/o) showed evidence of scarring. The smallest female with scarring
was 66.8 mm SVL and the smallest male with scars was 72.5 mm SVL. No
juveniles were observed with scarring. Only two females contained scars
compared to seven males. The most common scar observed on males were
those on the head. Both scars on females were located on the trunk region. Tail
condition of 67 D. welteri captured in the field was noted; 33 (49.3 o/o) had full,
unregenerated tails and 34 (50.7%) had either parts of their tails missing, or had
regenerated portions of tail. A tail was considered regenerated if it was distinctly
bicolored with the assumed regenerated portion lighter colored. Of 44
specimens collected and preserved, 24 (54.5°/o) had full, unregenerated tails, and
20 (45.5o/o) had a portion of the tail missing or regenerated.

Potential predators and competitors- Listed in Table 17 are the names, lifestage and numbers of other amphibian species observed on or near transects
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Table 16. Sex, SVL, and placement of scars observed on D. welteri
during field surveys, and in the laboratory in preserved specimens.
SVL

Placement of Scar

Male

84.5

Trunk

Male

72.5

Tail

Male

84.6

Head

Male

80.0

Head

Male

84.6

Head

Male

90.5

Head

Male

81.3

Hip

Female

66.8

Trunk

67.8

Trunk

Sex

In Field

In Lab
Female
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Table 17. Name and life stage of amphibian species observed along study
streams other than three study species that represent potential competitors.
MF =Middle Fk. of Slaunch Fk., FB = Farley Br.", BC =Bear Creek.
Life Stage

Stream

Pseudotriton r. ruber

Larvae

MF

Gyrinophilus porphyriticus

Larvae

MF

Eurycea cirrigera

Larvae

MF

Eurycea cirrigera

Juvenile

MF

Eurycea cirrigera

Adult

MF

Juvenile

MF

Adult

MF

Larvae

FB

Desmognathus ochrophaeus

Adult

FB

Rana clamitans

Adult

FB

Juvenile

BC

Larvae

BC

Desmognathus ochrophaeus

Adult

BC

Rana clamitans

Adult

BC

Rana pa/ustris

Adult

BC

Species

Notophthalmus v. viridescens
Plethodon kentucki
Gyrinophilus porphyriticus

Notophthalmus v. viridescens
Eurycea cirrigera
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Figure 23. Seasonal variation in environmental parameters along study streams,
May- October 2000.
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during the duration of the study. Larvae of Gyrinophilus porphyriticus and
Eurycea cirrigera were observed along two streams. An influx of adult E.
cirrigera was observed in October along Middle Fork of Slaunch Fork. It is also

notable that the small-bodied, terrestrial Desmognathus ochrophaeus was
observed along two streams. Several species of ranid frogs were observed
seeking shelter beneath rocks along streams. Potential predators observed
along streams included raccoon (Procyon lotor), Virginia opossum (Didelphis
virginiana), northern short-tailed shrew (Biarina brevicauda), and ring-necked

snake (Diadophis punctatus ).

Discussion
The seasonal shifts evident in D. monticola could be explained in a
number of ways. One is that individuals actually shifted their microhabitat use in
response to some environmental cue (Seebacher and Atford, 1999), or increased
competition from the larger D. we/teri. Another is that individuals remained in the
same areas and dropping water levels throughout the season led to an increase
in distance to water. Water levels did drop in study streams throughout the year,
however it is unknown whether this can explain the shift. It is interesting to note
that this shift was only significant in juveniles. A third hypothesis is that
recession of the stream edge accounts for some of the difference, but that this
recession by increasing the vertical and horizontal distance to water increased
competition between adults and juveniles thus forcing juveniles further from the
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water. Organ (1961) reported essentially no seasonal shifts in distance to wa_ter
measurements for a Desmognathus community in Virginia.
It appears that adults and juveniles of both D. welteri and D. monticola
partition microhabitat. The partitioning occurring in terms of absolute distance in
D. we/teri, with juveniles farther from the stream edge in the water than adults,
and in terms of the physical structure of the microhabitat in 0. monticola, with
adults utilizing larger cover objects than juveniles. It is implicit in existing models
of Desmognathus community structure that larger species, because they are
superior competitors, monopolize access to the most favorable microhabitats of a
streambed, the interface between the stream and the bank. This zone would
allow an individual maximum access to moisture necessary for respiration,
escape pathways into the stream, cover, and food items of both aquatic and
terrestrial origins. It could be hypothesized then that adult D. welteri exclude
juveniles from this favored habitat leading to a shift in microhabitat use. If this
shift were in the direction of the land, juveniles would encounter increased
competition or predation from adult 0. monticola, therefore the shift is in the
direction of farther into the stream. It is interesting to note that in a study of D.
quadramacu/atus, it was found that individuals < 70 mm SVL were found in the
stream significantly more often than individuals> 70 mm SVL (Camp and Lee,
1996). This suggests the same pattern of adult/juvenile partitioning is evident in
some populations of this species as well. It has been suggested that some
populations of Desmognathus are limited by amount of available cover (Davie
and Orr, 1987; Kleeberger, 1984 ). It is possible that juvenile D. monticola in this
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population are excluded from larger cover sites by conspecific adults. Other
studies have found exclusion of juveniles from preferred habitats by adults
(Kieeberger, 1984; Southerland, 1986a). Colley et al. (1989) found that juvenile
D. montico/a avoid contact with adult con specifics by using smaller cover sites.

Microhabitat partitioning between the two largest, most aquatic species, D.
welteri and D. monticola appears to take place in terms of distance from

water/bank and not cover object size. Research by Seeman (1996) in the same
area revealed the same pattern between the two species. No evidence of
competition between D. welteri and D. montico/a was detected. The distance at
which D. monticola occurred from the water was similar between plots in which
both species are found and those in which D. welteri were not observed. Grover
(2000) observed that in sympatry with D. quadramacu/atus, a large semi-aquatic
species, every species except D. monticola was found farther from water than in
allopatry. This comparison with the present study is interesting because D.
quadramaculatus and D. welteri are believed to be ecological equivalents

(Seeman, 1996), and neither seems to have an observable effect on the
distribution of D. montico/a with respect to this measurement. It is also
noteworthy that plots where D. welteri were not observed both represent the
farthest downstream on their respective streams, and the plots with the least
gradient. This suggests the possibility of vertical stratification along streams, with
D. welteri restricted to the upper, high-gradient sections. It has been previously

suggested before that D. welteri and D. fuscus were separated vertically based
on gradient in some streams (Redmond, 1980).
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The position of D. fuscus in these communities is less clear due to low
capture rates. It is the least aquatic of the species studied, and used significantly
smaller cover objects than either D. welteri or D. monticola. It has been
previously reported that larger species tend to utilize wider cover objects (Grover,
2000). The smaller and more terrestrial Desmognathus ochrophaeus was found
along Bear Creek and it likely occurs in the forest floor adjacent to most streams
in the area (Green and Pauley, 1987).
It appears that salamanders in this study are not shifting distance to
water/bank between daytime retreats and nighttime foraging areas. This finding
contradicts those of Grover (2000) and a personal communication with N. G.
Hairston listed by Kleeberger (1984 ), both of which cite D. monticola and D.

fi.Jscus as moving away from the stream edge at night to forage. However,
percentages of montico/a found in water were slightly lower at night, and
percentages of D. welteri found in water were higher at night. It is possible that
differences in environmental conditions or the structure of the stream bank could
account for the lack of differences in absolute distance between night and
daytime positions.
The communities found along study streams represent a new example of
the classic model of multi-species Desmognathus communities found throughout
the Appalachians described by Hairston (1949) and others. Previous studies of

Desmognathus community structure (Hairston, 1949, ·1986; Organ, 1961) have
concentrated on communities in which D. quadramacu/atus fills the niche of the
large-bodied, aquatic salamander.

In this part of West Virginia this role seems

97

to be filled by D. welteri, a species thought to be relatively distantly related to D.
quadramaculatus (Titus and Larson, 1996). The existence of two seemingly

independently arisen communities with very similar structures provides a unique
opportunity for further testing of hypothesis on interactions responsible for
structuring such communities.
Data suggest that the three species of Desmognathus may also reduce
competition in this habitat with different seasonal activity patterns. It appears the
two largest species, D. welteri and D. monticola are most active in mid-summer,

D. welteri peaking in August, and D. monticola peaking in July. The smallest
species, D. fuscus, on the other hand has two peaks in May and in September.
High numbers of D. fuscus decrease until July when both D. montico/a and 0.
welteri are at relatively high numbers and then as these two then begin to

decrease into the fall, D. fuscus abundance once again rises. High numbers of
D. fuscus and low numbers of D. we/teri and D. montico/a also correspond to low

water depth, which is an indication of low water volume in streams. A hypothesis
is that low water levels lead to reduced activity of the two larger species, and
results in a corresponding increase in the more terrestrial D. fuscus. Juterbock
(1975) observed the same trend in streams in Kentucky. Shealy (1975)
observed that increased activity of the small-bodied 0. ochrophaeus coincided
with decreases in activity of D. monticola and D. fuscus.
Seasonal abundance and activity levels may also be related to other
factors. Increases in the activity of salamanders during mid-summer have been
suggested to be in response to increased availability of prey, and favorable
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climatic conditions (Orser and Shure, 1975). It is also possible that higher
numbers in mid-summer are due to synchronous transformations of larvae
(Tilley, 1973; Orser and Shure, 1975). Spring and fall peaks in D. fuscus likeiy
are associated with favorable environmental conditions. Higher temperatures are
known to be associated with reduced activity in D. fuscus (Barbour et al., 1969),
and stable temperatures and relative humidity are conditions associated with
high activity levels in the species (Orser and Shure, 1975).
Rates of scarred individuals observed in the field were comparable to
those found in previous studies, while the smaller sample of preserved
specimens was lower (Camp, 1996). It appears that adults are more often
involved in aggressive interactions resulting in scarring than juveniles. No
juveniles were found with recognizable bite scars, and most individuals with
scars were large individuals. Adults of D. quadramaculatus have also been
found to show more evidence of scarring than juveniles (Camp, 1996). In staged
encounters, adult D. quadramacu/atus were more aggressive towards other
adults than juveniles (Camp and Lee, 1996). The dominance of males among
individuals with scarring is in contrast with other studies that found no differences
in aggressive encounters between sexes (Keen and Sharp, 1984; Camp, 1996).
The head seems to be a common target for attacks from other salamanders. It is
possible that attacks to the head may result in damage to the nasiolabial grooves
that are critical for chemoreception (£?awley and Bass, 1989). High percentages
of salamanders found to be missing, or regenerating parts of tails suggest that
aggression from either predators or competitors is common. Missing tails could
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be the result of conspecific attacks, which often result in tail loss in
Desmognathus (Keen and Sharp, 1984 ), or from attacks from other animals
along the streams such as crayfish, or mammalian predators. The roughly 50o/o
of individuals found with missing tails is comparable to percentages found in D.
quadramaculatus (Camp, 1996), and higher than those found in D. monticola
(Wake and Dresner, 1967).
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Chapter 7. A Mark-Recapture Study of Movements and Habitat Use
by Desmognathus welteri.

Movements of salamanders are generally centered around a familiar core area,
sometimes called the home range, where an animal can meet its day to day
requirements for food and cover (Stebbins and Cohen, 1995). In general,
salamanders have been found to be rather sedentary and s·ome species may
spend much of their life in an area no bigger than a tabletop. For example, in
northern Michigan it was found that red-backed salamanders, Plethodon
cinereus, had average home ranges of 3.85 m 2 (Kieeberger and Werner, 1982).
Home range and distances traveled are generally higher in males than in females
of most species (Stebbins and Cohen, 1995). Studies of movement patterns in
species of Desmognathus salamanders reveal the same trends. Individuals
often remain in one location for long periods of time (Hardin et al., 1969; Brandon
and Huheey, 1971 ). Movements are often in response to rainfall events, or
changes in the availability of resources (Barbour et al., 1969; Hardin et al., 1969).
The movement patterns of Desmognathus we!teri are not well understood. It was
the objective of this study to describe movements of this species, and to relate
these to features of the individuals' habitats.

Methods and Materials
This study was carried out in conjunction with a study of the structure of
Desmognathus communities in Farley Branch and Bear Creek in Camp Creek
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State Park and Forest, and Middle Fork of Slaunch Fork in Panther State Forest
(see Chapter 6 for search methods). When a D. welteri was encountered during
searches they were captured by hand and placed in a plastic baggie. Snout-Vent
Length (SVL) of each specimen was measured with vernier calipers. Individuals
were sexed based on the presence of secondary sexual characteristics such as
papillose cloaca, and hedonic mental glands in males and the absence of these
in females (Juterbock, 1978). Individuals under 50 mm SVL were considered
juveniles (Juterbock, 1984 ).

Each individual was given a unique tag using a hand-held Visible Implant
Elastomer tagging kit manufactured by Northwest Marine Technology (www.nmtinc.com). Tags are available in three colors; yellow, red and orange and are
injected beneath the skin of the salamander with a 0.3 cc syringe. Elastomers
are gel-like at time of injection, but because they are mixed with a fixing agent
they will harden within 24 hours at room temperature. Hardened elastomer is still
pliable and theoretically presents little restriction to movement of limbs.
Elastomers are barely visible on animals and therefore should not affect
predation, but glow under black light and allow for easy identification.
Elastomers are injected into the dorsal musculature above the point of limb
insertion. Limb insertions represent unique tag locations and are numbered as
follows; from a dorsal view with the salamander facing away from you the front
left leg is number 1, the front right leg number 2, hind left number 3, and the hind
right leg number 4. By using this numbering scheme and using two tags per
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salamander with combinations of three colors, up to 54 combinations were
possible per stream. This method allows permanent marks to be placed on small
individuals without the negative effects of toe-clipping (Clark, 1972). It has been
used to study small anurans (Schlaepfer, 1998), and climbing salamanders
(Longenecker, 2000; Waldron, 2000). In the case that elastomers hardened
within the syringe individuals were given a unique toe-clip following protocol
presented in Donnelly et al. (1994). Unique physical characteristics of individuals
were also noted. Examples include a female that had six toes on her right hind
foot, and a male with a unique combination of toes missing at time of capture.

Detailed notes on the location of each salamander captured were recorded, often
including a drawing of obvious landmarks. A flag was labeled and placed on the
stream bank perpendicular to the point of capture. Distance straight out and
distance up or downstream from flag to point of capture were measured, and
distance to permanent landmarks such as large rock or trees was also recorded.
This allowed relocation of capture points reliably and fairly accurately. When an
individual was recaptured, it new location was recorded and the distance to the
most recent capture was measured in em.

Results
Eighteen recaptures were. made during the study, seven male welteri, nine
females, and two juveniles (Table 18). All recaptures were from Middle Fork of
Slaunch Fork in Panther State Forest. Seven individuals were recaptured only
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Table 18. Movement data collected on marked D. welteri in Middle Fork of
Slaunch Fork, April- October 2000.
Tag

Sex

SVL

Date captured/
Recaptured*

Days since 1rst
capture

Dist. moved since
last capture (meters)

2Y4R

M

77.5

4/1/2000
5/30/2000*

59

1.1

5/30/2000
6/26/2000*

28

3.5

86

2

2Y4Y

M

74.2

2030

F

68.9

4/1/2000
6/28/2000*

1040

M

84.7

5/30/2000
6/26/2000*
7/18/2000*

28
50

< 0.3
< 0.3

6/26/2000
7/19/2000*

24

7.5

6/28/2000
8/25/2000*

59

0.9

8/25/2000
9/29/2000*

36

1.1

5/30/2000
8/25/2000*
9/30/2000*

88
124

1.9
< 0.3

61

1.2

97

1.7
1.95

1030

3R40

3Y40

1R2Y

3040

Juv

Juv

F

M

F

49.3

47.6

70.8

80.8

74.7
(gravid)
(gravid)

6/26/2000
8/25/2000*
9/30/2000*
10/25/2000*

122
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sympatric adult D. welteri and D. monticola was calculated using the similarity
index:
D

=1.0 -

0.5

L [ Pxi -

Pyi ]

where D is the percent overlap and Pxi and Pyi are the percentage proportions of
the number of items species x and y contained in prey category i (Schoener,

1970).

Results
Stomachs of all D. wefteri collected from West Virginia contained an average of
4.7 food items, and only three stomachs were empty or contained unidentifiable
remains. The most numerically important items were adult dipterans, and
coleopterans (accounting for 35 and 34 out of 223 items respectively). The five
most numerically important groups in terms of percent of total diet, and percent
occurrence in 0. welteri were winged hymenopterans, adult and larval dipterans,
coleopterans, and caterpillars (larvallepidopterans) (Table 14, Figure 26). Four
out of five of these groups are terrestrial. This suggests D. welteri forages mainly
out of water and captures both aerial and ground-dwelling insects. No remains of
salamanders were observed in stomachs of D. welteri. The species appears
capable of consuming prey of comparable size because one individual 78.5 mm
SVL consumed a chunky lepidopteran larvae 36 mm long, whose width spanned
60 °/o of the animals cranial width.
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Table 19. Results of stomach content analysis for adult and juvenile D. welteri
(N= 4 7) collected in southern West Virginia.
Percent of total items

Percent occurrence

Hymenoptera -ants

5.0

17.0

Hymenoptera -winged

13.6

40.4

Diptera - adult

15.8

55.3

Diptera - larvae

10.9

34.0

Coleoptera

15.4

44.7

Lepidoptera -larvae

6.8

27.7

Plecoptera - larvae

8.1

17.0

Plecoptera- adult

1.8

6.4

Trichoptera - larvae

3.2

12.8

Ephemeroptera - larvae

5.0

6.4

Ephemeroptera - adult

0.5

2.1

Hemiptera

2.3

10.6

Collembolla

1.8

8.5

Spider

1.4

6.4

Crayfish

0.9

4.3

Orthoptera

0.5

2.1

Mecoptera

0.5

2.1

Megaloptera - larv.ae

1.4

6.4

Homoptera

0.9

4.3

Prey Category
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The diet of D. we/teri specimens used in comparison with montico/a was similar
to the diet of all D. welteri combined, as described above (Figure 27). Stomachs
of D. montico/a contained an average of 3.7 items, and four stomachs were
either empty or contained items that were unidentifiable. These two species
differed greatly in the amount of aquatic food items consumed. Approximately

30°/o of food items consumed by D. welteri were of aquatic nature, compared with
13.5o/o of items found in D. monticola. A bulk of both species diet was comprised
of four or five orders of insect prey. The top five important groups for D.
montico/a were adult dipterans, coleopterans, winged hymenopterans, larval

dipterans, and hemipterans (Figure 28). These top five categories comprise
approximately 62.5o/o of D. welteri's diet, and 74o/o of the diet of D. montico/a's.
The two species share four of the top five prey items. The similarity index for the
diet of the two species is 86.6°/o. This suggests that a large overlap exists in the
diets of the two species. Adult dipterans appear to be utilized more by D.
montico/a whereas larval dipterans were utilized more by D. welteri. Larval forms

of trichopterans, ephemeropterans, and plecopterans seem to be slightly more
important in the diet of D. welteri. There was also a difference in the variety of
food items utilized by the two species, with 0. we/teri consuming 14 different
orders, and D. montico/a consuming only 11 orders. Many of these differences
are likely due to the more aquatic habits of D. welteri compared to D. monticola.
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