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Unearthing 
Salamander Secrets 

Biologists studying the quirks of Appalachian amphibians 
are learning more about threats to their existence 

LONG associated with the clammy
clutter in the pockets of small 
boys, salamanders are hard to 

glamorize. After all, they do live un
der rocks. They have names like 
"slimy" and "shovelnose" for reasons 
entirely deserved. Even scientific in
terest has been prejudiced. Writing 
about the class Amphibia to which 
salamanders belong, the great taxon
omist Carolus Linnaeus in his 1758 
Systema Naturae called them "foul 
and loathsome animals ... abhorrent 
because of their cold body . .. fierce 
aspect ... and squalid habitation." 

It's true that amphibians, having 
evolved from freshwater fish into the 
first land vertebrates some 350 mil
lion years ago, still associate inti
mately with wet or at least damp 
places. Still, typical salamander habi
tation in limpid mountain creeks or 
hidden springs, under draping moss 
curtains near streambanks and be
neath the punky mass of decayed 
trees on silent slopes hardly rates as 
"squalid." Admittedly, salamander 
diets are foul and loathsome if snails, 
slugs, spiders, ants, beetles, mites, 
millipedes and the like are not to 
your taste. And it's true that salaman
ders are surprisingly 
fierce for such small 
and slow-moving crea
tures, some of them 
being among the few 
known cannibalistic 
animals. 

But as for a cold 
body, salamanders like 
all other herpetofauna u 
(reptiles and amphibi- l! 

ans) are simply at the � 
mercy of the ambient 
soil or water tempera
ture. There·s nothing 
repulsive about that. 

by Chris Bolgiano 

Then there are the exquisitely delicate 
toes; the dazzling reds and subtle 
blues; the scaleless, shining skin; the 
elegant tail that serves as a treasure
chest for body fats; and the intriguing, 
secretive behavior. Because most 
people, scientists included, fail to ap
preciate these esthetic qualities, am
phibian aficionados tend to be few 
and far between. But they make up 
for scarcity with commitment. 

"I have a dream," said biologist 
Ben Sanders, whose drawl marks him 
as a born Southerner. He dreams of 
one day promoting equality for such 
nongame species as salamanders by 
featuring those native to northwest
ern, Georgia in a glossy full-color 
brochure. That would help educate 
visitors to the Chattahoochee Na
tional Forest, where he works and 
where almost two dozen kinds of 
salamanders live. 

A few salamander species live in 
Asia and Europe, but most of the 
world's approximately 350 live in the 
New World. Many of these are distrib-

uted throughout the northern part 
of Latin America. Several are native 
to the western United States. North 
America's greatest variety and num
bers, however, occur in the southern 
Appalachians. About 40 species me
ander through crevices in the rocks 
and soil of Appalachia's highest 
peaks, from the mountainous conjunc
tion of the Georgia-Tennessee-North 
Carolina borders northeastward into 
Virginia and West Virginia. 

No one knows why this is such a 
hot spot of salamander evolution. It 
may be the salamander preference for 
the cool moisture that creates a tem
perate rain forest in much of this 
mountain country. It may be the abun
dance of seeps, rotting logs and peb
bly stream bottoms where salamanders 
like to lay their gelatinous egg mass
es. The glaciers that in the northern 
Appalachians pushed animals ahead 
of them and caused populations to 
mix didn't reach this far south, allow
ing an isolation that could have fos
tered the differentiation of salamander 
species. For whatever reasons, more 
than ten percent of the world's sala
mander gene pool is found in the 
seven national forests and two na

tional parks that cover 
much of the southern 
Appalachians. 

As a boy, Ben Sand
ers used to help his 

Among the many kinds 
of salamanders in the 
southern Appalachians 
are the Cow Knob, top 
right, and the slimy. 
The former is named 
for the peak where it 
was discovered. The 
cave salamander some
times liFes in woods. 



father, a biology professor, un-
earth specimens of all kinds, but
something else focused his attention
on salamanders. "We collected them
for fish bait," he remembers. "That's
how I discovered the variety, all the
colors and sizes, that live here."
Providing bait for fish hooks is the
only commercial exploitation of most
Appalachian salamanders. In New
England, however, biological-speci-
men suppliers collect thousands of
spotted salamanders, their eggs and
larvae for school science classes and
fishermen across the country.

Claims by fishermen that salaman-
ders might actually be competing for
trout instead of merely helping hu-
mans to catch them prompted Sand-
ers and Larry Wilson of the Fernbank
Science Center in Decatur, Georgia,
to investigate the food habits of the
largest and, some people claim, the
ugliest salamander in the Appalachi-
ans. The hellbender, Cryptobmnchus
alleganiensis, is the only New World
representative of a family that in-
cludes a Japanese giant salamander
that sometimes grows to six feet. The
record hellbender in Georgia to date
was 29.5 inches. Mottled grayish
brown, as thick around as a human
thigh, with short legs, flat head and
what even Sanders describes as "little
bitty piggish eyes," the hellbender
lives entirely in water. Its larvae have
gills, which in adults become slits on
both sides of the throat. Wilson
believes hellbenders are distributed
sparsely from Georgia to New York
but with sizable local populations.

Hellbenders live in the same cold,
clear, fast-flowing mountain streams
that make prime native trout habitat,
but they do not eat trout. "They're
much too slow to catch trout," says
Wilson. Their dietary staple is the
crayfish. Although hellbenders are
vulnerable, like trout, to siltation and
water pollution, Wilson figures that
because good trout habitat is a major
management objective throughout the
extensive public lands of the south-
ern Appalachians, hellbenders should
do all right.

The hellbender can approach 30
inches in length and is America's
biggest salamander. This Virginia
specimen measures 20 inches. The
mountain dusky salamander, shown
brooding her eggs, stays with them
until they hatch to protect them
from snakes and other predators.
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Appalachian salamander genes are
concentrated in the family Pletho-
dontidae. These are the lungless
salamanders—the only four-footed an-
imals to evolve away their lungs—
that respire principally by passing
dissolved oxygen and carbon dioxide
through a moist membrane over a
thin skin. Many of the Plethodontidae
are completely terrestrial, with the
larval aquatic phase occurring within
the egg and the young hatching as
miniature adults. Because they de-
pend on humidity trapped by annual
forest leaf falls, they are vulnerable to
any soil disturbances. And because
their range is often restricted to the
limited areas at high elevations where
cool rainfall is plentiful, they are eas-
ily fragmented into isolated, geneti-
cally impoverished populations.

Not long after he became wildlife
biologist at the George Washington
National Forest in Virginia, Bob Glas-
gow began to worry that these fac-
tors, if combined with logging, could
exterminate one species named after
the mountain on which it is found—
Cow Knob. Since the only known
range of the Cow Knob salamander,
Plethodon punctatus, is in this forest,
Glasgow decided to make sure that
the U.S. Forest Service could assess
the impacts of any future logging be-
fore it begins. So he called on herpe-
tologists Joe Mitchell and Chris Pague
for help in designing a study.

Ask about herps in Virginia and
you wind up talking to Mitchell and
Pague. We met in Joe Mitchell's base-
ment lab at the University of Rich-
mond, where walls of gallon jars
stuffed with pickled snakes and toads
give the illusion of a well-stocked
root cellar. Mitchell and Pague, a

zoologist with Virginia's Natural Her-
itage program, have collaborated on
herp studies for a decade. They have
become increasingly concerned about
the impact of forestry practices on
woodland salamanders.

"Don't talk to me about what for-
esters call 'overmature' stands,"
Mitchell said, with obvious irritation
over the term.

"Overmature stands mean lots of
downed timber, decaying logs, a deep
litter layer on the forest floor—the
best possible habitat for woodland
salamanders, and foresters will tell
you it's uneconomical, it's degener-
ate," Pague elaborated.

A young field scientist named Kurt
Buhlmann was hired to carry out the
study. Buhlmann is the kind of person
who makes you wonder whether her-
petologists must be born rather than
made. Cruising down a highway, he
once slammed on the brakes when he
spotted a road kill. He went back and
pried up what turned out to be the
southernmost wood turtle ever found.
"It just didn't look like a box turtle,"
he said. For 12 years now, through
high school, college, graduate school
and the nomadic life of a consulting
biologist, he has never been parted
from his pet European tortoise. Ex-
cept during cold spells, it wanders
about the yard on a long leash at-
tached to a hole drilled in its shell.

If there's anything traditional about
searching for salamanders, it is that
it's done on wet spring nights. Wear-
ing a coal miner's headlamp, you very
carefully step toward a creek or pond,
expecting to feel wriggling bodies un-
der your feet. At least that's what the
books say. But Buhlmann wanted
some nontraditional information on



As Bob Glasgow takes notes, fellow
biologist Kurt Buhlmann examines
a shrew at a drift-fence hole which
traps salamanders and other small
George Washington Forest animals.

how the Cow Knob salamander pass-
es a summer day. So on a typically
warm and bright June morning, we
started hiking up northwestern Vir-
ginia's Shenandoah Mountain.

For a day of salamandering you
need stout walking boots, a quick eye
for snakes and a ready sprint for
yellowjackets. A metal walking stick
with a crook on the end for lifting
rocks is nice for the squeamish, but
bare hands serve just as well. Beneath
mountain boulders small enough to
lift, we found white rootlets, black
tunnels, pieces of snail shells, acorns,
insect parts, ant nests, spiders and
matted spider webs. Occasionally we
also turned up a salamander. Buhlmann
has an almost unerring sense of which
rock in a jumble a salamander will
pick to hide under. He had carried
equipment and a self-devised form for
recording such data as ground tem-
perature and moisture, dominant for-
est type, elevation, soil type, depth
and acidity. He identified individual
salamanders by clipping their toes in
unique combinations, a procedure
which he is quite certain causes no
permanent injury.

"People ask me, 'What good are
salamanders?' But I think just the fact
they exist is reason enough to study
them," he said. A further reason is
the recent discovery that in parts of
the Appalachians salamanders com-
prise a biomass equal to or greater
than that of birds or small mammals.
One of the few studies to focus on the

role of salamanders in the flow of
food energy through a forest found
that although salamanders use less of
an ecosystem's total energy produc-
tion than birds or mammals, their
tissues are much richer in protein.
Thus they are more than just a snack

for larger predators—wild turkeys,
snakes, shrews, crows, blue jays, rac-
coons, possums, skunks (and some
herpetologists with an atavistic urge
to get close to their subject). Because
they are the top predators in the leaf
litter community, salamanders could
reveal much about the workings of a
forest ecosystem.

One of Buhlmann's methods of
studying the Cow Knob salamander
was to set up drift fences. These
lengths of shin-high aluminum flash-
ing sunk into the ground guide sala-
manders, insects, shrews and other
small animals that cross the forest
floor to five-gallon pits from which
researchers collect or mark and re-
lease them. Mitchell says this method
has provided invaluable information
on salamanders and many other little-
known creatures. In their study of
hellbenders, Ben Sanders and Larry
Wilson use another common method
that flushes the stomach contents of
the animals without harming them.
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What the Cow Knob salamander
revealed about itself was that it
emerges from a deep burrow in April
to spend its days in the shallow black
humus beneath rocks and its nights—
when they are humid enough —for-
aging on the surface. By October it
disappears underground again. Lean,
lithe and blackish with tiny white
flecks, the Cow Knob seems to clam-
ber most readily up and down under
the surface and probably travels above
the surface less than a couple of yards
in a season. The study's conclusion
was that Cow Knob populations are
quite vulnerable to extinction from
clearcutting, although careful atten-
tion to the season of cutting, size of
the cut and retention of habitat corri-
dors could reduce the risk.

Since the Cow Knob salamander
was first identified as a distinct spe-
cies in 1972, more than a dozen new
eastern salamanders have been rec-
ognized. Scientific interest in Appala-
chian salamanders has been growing,
particularly as a focus of ecological
research. The subtle gradients of sizes,
habits and habitats exhibited by Ap-
palachian salamanders are unusually
well suited for investigating funda-
mental ecological questions of com-
petition, predation and community
structure. Some researchers have col-
lected enormous numbers—one re-
ported killing 12,000. In 1963 the
newly discovered Red Hills salaman-
der, Phaeognathus hubrichti, of Ala-
bama lost a significant part of its
population when rival university teams
engaged in a collecting frenzy.

There are many possibly more seri-
ous threats. Acid rain, most notice-
able at the high elevations where
salamanders tend to live, may affect
the forest food chain as well as trees.
Gypsy moths, just now beginning to
invade the southern Appalachians,
could cause widespread defoliation
that would allow the forest floor to
heat up and dry out. Some of the
insecticides sprayed to control the
moth kill many other organisms and
could deplete the food sources on
which salamanders depend. The wild
European hogs that root through
North Carolina and Tennessee not
only devour every salamander they
uncover but destroy aquatic salaman-
der habitat by working rocks out of
the soil and streambeds.

And, of course, there's logging.
Visions of whole species of salaman-
ders being trampled into oblivion dur-

Clockwise from top left: A species
on the federal threatened list, the
Red Hills salamander is a resident

- of Alabama. Blue Ridge two-lined,
green, long-tailed, yonahlosse and
Peaks-of-Otter are among some 40
species—the greatest diversity in
any North American region —living
in the southern Appalachians.

ing the great Appalachian logging
rush at the turn of the century are a
herpetologist's hell. It may be no
mere historical coincidence that in
the Smokies, where today so many
salamanders are found, surprisingly
large chunks of land escaped the saw.
In the 1930s, several hundred thou-
sand acres were permanently pro-
tected against logging by creation of
Great Smoky Mountains National
Park in North Carolina and Tennes-
see and Shenandoah National Park in
Virginia.

In the national forests, salaman-
ders receive uneven consideration.
Every national forest has guidelines
that protect streambanks from such
large-scale disturbances as clearcut-
ting. Aquatic and, to some extent,
semiaquatic salamanders benefit
from this. Woodland salamanders,
however, live under a Catch 22. Un-
less timber-cutting or recreational de-
velopment is proposed in the known
range or in a distinct habitat type
associated with a rare salamander, no
one bothers to survey for salaman-
ders. But without surveys, known
ranges and habitat types can't be
documented. Existing knowledge
about salamander sites is minimal.
Research files at the Nantahala and
Pisgah National Forests in western
North Carolina have virtually no sur-
vey and inventory data, even though
these forests straddle some of the
richest of all salamander terrain. Man-
agers at other forests rely on some-
times conflicting information gathered
in piecemeal surveys to decide whether
to search for salamanders before a
project is approved.

"We have to have some reason to
suspect a population is present," said
Joe Dabney, wildlife biologist at the
Cherokee National Forest, which ex-
tends along the Tennessee border to
the north and south of Great Smoky
Mountains National Park. To collect
the biological information they need,
Dabney and other national forest bio-
logists depend on cooperative arrange-
ments with state wildlife agencies.

The Nature Conservancy and aca-
demic researchers. Because of their
limited range, some Appalachian sal-
amanders are now being proposed for
several state threatened and endan-
gered lists. This bit of glamor may
help attract graduate students as well
as grant money for basic research.
Recent addition of two Appalachian
species to the federal lists will also
intensify the Forest Service's responsi-
bility to incorporate salamander pro-
tection in its activities.

Dabney has had experience else-
where in considering how logging and
recreational development could harm
salamanders. Almost a decade ago,
when he worked at Mt. Rogers Na-
tional Recreation Area in southwest-
ern Virginia, he helped set up a
salamander featured-species area—
the most progressive example of sala-
mander management in the southern
Appalachians.

Most national forests are divided
into featured-species areas, each
managed to protect the habitat of one
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species. Usually that species is pre-
dictably one of the traditional game
animals—deer, bear, turkey, grouse,
squirrel. At Mt. Rogers, part of the
Jefferson National Forest, 2,000 acres
have been designated for salaman-
ders. Sixteen salamander species live
on the north-facing heights of White-
top Mountain. Notable among them
is Plethodon yonahlossee. With its
brick-red back and gray and white
spotted sides, it is admired by sala-
mander buffs as one of the handsomest
of all salamanders.

A detailed plan for protection of
the area has never been written, ex-
plained the current Mt. Rogers ranger,
Larry Grimes, because no timber
harvesting has yet been proposed.
Conflicts have occurred, though. Re-
cently, local chapters of the Appala-
chian Trail Conference wanted to
build a shelter above 4,000 feet, where
salamanders are most numerous be-
cause of the moist, cool conditions.
The Forest Service decided that
fuelwood gathering around a cabin

would remove the downed wood essen-
tial for salamander habitat and that
any shelter therefore would have to
be built at a lower elevation.

The next best management strate-
gy—a poor second to naming sala-
manders as featured species—is to
list salamanders as a management
indicator species. Indicator species
are chosen in each national forest to
represent habitat diversity and the
wider community of wildlife. Their
selection often ventures somewhat
beyond the short spectrum of game
animals. Monitoring the indicator spe-
cies is supposed to enable the Forest
Service to maintain at least the mini-
mum viable populations of all native
wildlife. But so far these monitoring
activities are only vaguely defined or
nonexistent. And out of seven na-
tional forests along the high Appala-
chians, only the Chattahoochee in
Georgia lists a salamander. That sala-
mander, the variously colored north-
ern dusky, Desmognathus fuscus, is
one of the most abundant. It is con-
sidered semiaquatic because its eggs,
laid along streambanks or in seep-
ages, hatch into aquatic larvae.

The best long-term bet for wood-
land salamanders is the incipient For-
est Service movement toward group
selection and away from clearcutting
as a method of harvest. Group selec-
tion is actually a clearcut, but one
under two acres. Such small openings
mimic tree blowdowns and lightning
strikes. The resulting variation in the
ages of trees mimics the virgin east-
ern hardwood forests profiled by re-
cent research. Unlike a standard
clearcut, which can consume up to

40 acres, group selection would be
unlikely to eliminate an entire sala-
mander population. Nor does it elicit
cries of visual agony from recreation-
ists or charges of ecological ruin from
conservationists. Taking the hint, the
Forest Service is beginning to incor-
porate group selection into the plans
for national forests in the southern
Appalachians. The ratio of acres clear-
cut to acres harvested by group selec-
tion still weighs heavily toward the
former, but change may be in the air.

Few people exhibit the devotion of
a Joe Mitchell or a Ben Sanders, but
recognition of Appalachian salaman-
ders as a rare biotic resource is
growing. Last year Kurt Buhlmann
presented a paper on the Cow Knob
salamander at the first national
symposium on management of her-
petofauna and small mammals. The
symposium, sponsored by the Forest
Service and other federal agencies,
covered such basic ecological topics
as species distribution and habitat
use as well as basic management con-
cerns such as surveying amphibian
populations. Mitchell feels that the
published proceedings will stimulate
the interest of wildlife managers in
herpetofauna. But probably there will
continue to be only a select few who,
for reasons unfathomable to most of
us, are drawn heart and soul to the
study of these strangely beautiful
creatures. D

Chris Bolgiano has written about
southern Appalachian bears for
DEFENDERS. She lives near Cow Knob,
salamander habitat in the Allegheny
Mountains of Virginia.

Imperiled Salamanders

In August the U.S. Fish and Wild-
life Service added an Appalachian
salamander species to the federal
endangered list. The animal, the
Shenandoah salamander, is found in
only three small populations isolated
on separate mountains in Shenan-
doah National Park in Virginia. Al-
ready listed were the Texas blind
salamander and California's Santa
Cruz long-toed salamander.

The Cheat Mountain salamander,
inhabitant of a 20-by-50-mile area in
eastern West Virginia's high-elevation
red spruce forest, has just joined the

federal threatened list. Already
classed as threatened were Alabama's
Red Hills salamander, the San Marcos
salamander in Texas and the desert
slender salamander in California.

FWS considers California's Inyo
Mountains slender salamander,
Tennessee's berry cave salamander
and New Mexico's Jemez Mountain
salamander candidates for listing.
Of the 106 other known salamander
species in various regions across
the country, FWS is investigating the
status of 31 currently thought to be
in decline.
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