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mats or Fimbristylis (Rabb, 1966; Bruce,
1971; Foard and Auth, 1990).

ii. Larval polymorphisms. Unknown and
unlikely.

iv. Features of metamorphosis. [n North
Carclina populations, metamorphosis
occurred after 1 or 2 yr of development
when larvae were 27-42 mm SVL. (Bruce,
1971). In Georgia, metamorphic indi-
viduals measured between 30 and 35 mm
SVL (Foard and Auth, 1990), presumably
also 1 or 2 y1 post-hatching. While Bruce
indicated that metamorphosis is most
common in spring and summer, there are
no corresponding data on timing of meta-
morphosis for the Georgia population.

v. Post-meatamorphic migrations. Most pond-
breeding salamanders (e.g., those of the
genera Ambystorna and Nolophthaliius) mi-
grate from the nuptial/natal site following
metamorphoesis; many-lined salamanders
are a clear exception to this trend. Juve-
niles and adults are primarily aquatic and
appear to stay within or at least near the
pond of origin.

vi. Neoteny. Perennibranchism, the re-
tention of external gills throughout lile, is
not known, but these aquatic salamanders
demonstrate some degree of reproductive
acceleration whern compared to their clos-
est relatives in the genera Gyrinophilus and
Pseudotritorr (Ryan and Bruce, 2000).

D. Juvenile Habitat. Because T10st-
metamorphic individuals are still pre-
dominantly aquatic, the larval, juvenile,
and adult habitat characteristics are essen-
tially the same (see Petranka, 1998).

E. Adult Habitat. Many-lined salaman-
ders are usnally aquatic, especially in per-
manent water, but occasionally found
on land under logs in damp situations
(Brimley, 1909, 1939; Bishop, 1943; Rabb,
1966; Bruce, 1971; Foard and Auth, 1990).
Means (2000) refers to these animals as
“technically a wetland species” living their
entire larval and metamorphosed lite in
shallow, acid waters of Lower Coastal Plain
swampy streams, coming onto land only
occasionally. Most abundant in pools
and slow streams such as gum and cypress
swamps, woodland ponds, borrow pits,
canals, and drainage ditches. Ryan and Bruce
(2000), foliowing Rabb (1966}, note they
are usually restricted to swamps, ditches,
and sluggish streams of the Atlantic Coastal
Plain. Animals can be collected by raking
out dead leaves and detritus or by searching
in and under Sphagrum sp. mats (Bishop,
1943; Rabb, 1966). However, adults occa-
sionally are captured terrestrially.

F. Home Range Size. No studies to date
have investigated home range size for
even the presence thereof) in many-lined
salamanders,

G. Territories. Unknown. However, it
may be safe to speculate that many-lined
salamanders do not maintain distinct
territories as opposed to many other
plethodontid salamandess that are highly
territorial. Because these are aquatic sala-

manders, marking terrifories via conven-
tional methods isee laeger, 1988; Jaeger
and Forrester, 1993} is problematic.

H. Aestivation/Avoiding Desiccation. Foard
and Auth (1990} reported digging up
many-lined salamander adults from ex-
posed riverbeds during drought condi-
tions. Individuals were found singly in
small cavities measuring “about two-thirds
their body length and twice their body
width.” It is unknown how long Lhe indi-
viduals were in these cavities ar how long
they would be capable if remaining there.

|. Seasonal Migrations. Because of the
almost exclusively aquatic life style, sea-
sonal migrations are unlihely.

1. Torpor (Hibernation)., Unlikely, given
that many-lined salamanders live in a re-
gion that does not regularly experience
extended sub-freezing temperatures.

K. Interspecific Associations/Exclusions.
According to Petranka (1998), many-lined
salamanders are found in association with
other amphibians, but competitive and/or
predatory interactions are poorly under-
stood. Means (2000) notes that many-lined
salamanders are found in association with
mud salamanders (Pseudotriton miontaius),
dwarf salamianders (Eurycea quedridigitany,
and southuvm dusky salamanders (Dcsmog-
nathus aurictiatus). Other species found
by Bruce (1971) to be in association with
many-lined salamanders include lusser
sirens (Siren intermedia), two-tocd amphiuo-
mas (Amphiuma means), and several anu-
rans such as southern cricket frogs (Acris
grvilus i, southiern leopard tfrogs (i sphero-
cephutla), and carpenter frogs (R. virgatipes).

L. Age/Size at Reproductive Maturity.
In males, maturation follows metamor-
phosis. In females, maturation is delaved
until 1 yr following metamorphosis.
Therefore, males reproduce in the antumn
following metamorphosis, when about
21-33 mo old and 33-40 mm SV (Bruce,
1971 Ryan and Bruce, 2000). lInlike
males, fernales remain juveniles for =1 yr
after metamorphosing and do not repro-
duce for the first time until 3 or 4 yr old
and between 37-45 mm SVL (Bruce, 1971;
Ryan and Bruce, 2000). Adults range from
63-112 mm 1L, with slightly <1/2 length
being tull (Rabb, 1966,. Despite the asyn-
chrony in the attainment of maturation,
there appears to be no sexual size dimor-
phism (Bruce, 1971; sce aiso Petranka,
1998).

M. Longevity. Unknown.

N. Feeding Behavior. Witile they share
the same habitat, the prey of post-meta-
morphic many-lined salamanders differs
from larvae in terms of the diversity of
prey taken and the relative abundances.
Only seven taxa were represented in the
guts of larvae, whereas twice as many taxa
were present in the gut of adults (Foaril
and Auth, 1980). The most common prey
items were still isopnls 1529 of all stom-
achs investigated; only 37% in larvae),
with amphipods a distant second (217,

No other faxa were represented in >5% of
the 161 transformed individuals exam-
ined. Most of the time, transformed indi-
viduals feed off the bottom, consuming
larger prey items than larvae. However,
they are capable of feeding off the surface,
as long as their limbs are in contact with
the substrate, and may in fact feed on ter-
restrial invertebrates (e.g., lepidopterans,
coleapterans, chilipodans, and lormicidi-
ans) during periods of heavy rainfall.
Foard and Auth 71990) speculated that the
terrestrial invertebrates were swept into
the aquatic habitats during the rainfall,
but because adults are known to occasion-
ally leave wetlands (swhich would be most
likely during periods of significant rain-
fallj it should not be ruled out that some
terrestrial feeding occurs.

0. Predators. Unknown, but Petranka
(1998) states that natural predators proba-
bly include aquatic snakes, fishes, wading
birds, and inveriebrates such as dragorfly
naiads and dytiscid beetle larvae. Bruce
(1971) documented several species of
snakes in many-lined salamander habi-
tats, including at least two species, south-
ern water snakes (Nerodia fasciala) and
black swamp snakes (Seminatrix pygaea),
lixcly to feed on aquatic salamanders.

P. Anti-Predator Mechanisms. Many sala-
manders are well known for their defensive
displays and postures (e.g., Brodie, 1977},
but virtually all species for which such be-
haviors are known are at least partially, if
not altogether, terrestrial. Defensive dis-
plays are likely ineffective in murky waters
such as those inhabited by many-lined
salamanders. Accordingly, there is not
record of defensive posturing in this species,
and it is unlikely that such behaviors exist.

Q. Diseases. Unknown.

R. Parasites. Gut parasifes were com-
men in Foard and Auth’s (1990) samples;
nearly half of all the guts examined con-
tained at least one endoparasite, most
commonly the acanthocephalan, Pilum
pilum. They speculate that parasitism was
a result of gastropod ingestion; however,
they did not record gastropods in the gut
contents of any animals investigated.

4. Conservation.

Many-lined salamanders are one of the
more poorly known plethodentids. Loss of
populations has undoubtedly occurred with
wetland drainage, but this has not been
documented. Mitchell | [991) describes their
conservation status as Undetermined. Wet-
land destruction is likely a primary threat
to their long-term persistence.

Typhlotriton (Eurycea) speiacus Stejnegar
1863

GROTTO SALAMANDER

Dante B. Fenolio, Stanley E. Trauth

1. Historical versus Current Distribution.
The modern distributionr of grotto sala-
manders | Tivphiotriton [Euryceal spelaeus;
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sometimes called “ghost lizards” by local
citizens; DiSilvesfro, 1983) spans the
Salem and Springfield regions of the
Ozark uplift in Missouri, Oklahoma, ex-
treme southeastern Kansas, and Arkansas.
Grotto saiamanders currently have no fos-
sil record (Brandon, 1970).

Okiahoma primarily during a 2-yr period
(1975-76).

Detailed records of sightings. and in
some cases even numerical records of
encounters, can be found in speleologi-
cal society newsletters and peer-reviewed
journals dating as far hack as the 1930s
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Grotto salamanders and other probable
close relatives, including Texas blind sala-
manders (Eurycea rathbuni) and Georgia
blind salamanders (Haideotriton wallacei),
may have evolved from proto-Euwrycea stock
(Wake, 1966; Brandon, 1971b; see also
Bowett and Chippindale, 2004). Origins of
this species remain speculative, but at least
one hypethesis suggests grotto salaman-
ders evolved in the Ozark Plateau—the ”
Interior Highlands” (Dowling, 1956). The
Interior Highlands were not covered by
shallow seas of the Cretaceous and pro-
vided a refuge from the glaciers of the Pleis-
tocene epoch because the southward push
of the ice stopped at the base of the plateau.
Toward the end of the Pliocene, an arid
stage may have drastically affected Kansas
and the Ozarks. According to the hypothe-
sis, these climactic changes drove the an-
cestors of Typhlotriton below ground, along
with the ancestors of this region’s cave fish
and cave cravfish fauna.

2. Historical versus Current Abundance,

Historical versus current abundance is
generally unknown. Rudolph {1980) found
larval grotto salamanders in densities of
over 10/m2 in an epigeac spring, com-
pared to fewer than 2/m? in 2 cave ha-
bitat. Smith (1959) examined several
hundred larvae predominantly from a
single spring in Independence County,
Arkansas. Over a 7.5-yt period {1960-68),
220 adults were collected from a single
cave in Shannon County, Missouri (Bran-
don, 1971a; Besharse and Brandon, 1974).
Rudolph (1978) examined 111 larvae
from a single spring run in northeast
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(Blair, 1939). Some of these notes, com-
bined with recent surveys of the same sys-
tems, demonstrate stable populations of
grotto salamanders for >25 yr (Rimbach,
1968; Looney and Pucketi, 1970; Looney,
1973; Graening and Brown, 2000; Graen-
ing etal, 2001).

3. Life History Features.

A. Breeding. Reproduction is likely
aquatic.

1. Breeding migrabions. Observations in
some caves suggest that individuals
move seasonally to and from small fis-
sures, cracks, and crevices. Animals may
aggregate in larger cave systems during
and shortly after the wettest times of the
vear, I'hesc movements serve a dual put-
pose: repreoduction and foraging. Prey
densities in larger caverns are highest at
this time (Hendricks and Kezer, 1938;
Brandon, 1971al, Pyle (1964 indicated
that breeding octurred year-round, al-
though sexing ot individuals in this
study was questionable. Other authers
have mentioned the ease of clearly ob-
serving light-colored eggs through the
flanks and ventral surface of adult fe-
males (Barden and Kezer, 1944; Kezer,
1952b; Brandoen, 1962; personal cbserva-
tions), Brandon (1971a) indicated that
food may be limiting in these troglobitic
systems and may provide sufficient nu-
trients for females to breed onlyv every
second or third year.

Breeding I'kely involves the transfer of
a spermatophore from a male to a female,
put neither this nor the courting behav-
iors have been observed.

li. Breeding habitat. Reproduction and
egg deposition occur within caves. Adults
mate during the summer (May-August;
Brandon, 1971a), and females oviposit
from 1-4 mo after mating (Smith, 1960},

B. Eggs.

i. Egg deposiiiar sites. Females oviposit
In cryptic sites within caves, possibly in
the water and within the rock rubble or
immediately above a water source on a
damp surface, where high humidity pre-
vents the desiccation of the egg muss. In
rhe laboratory, a female given pituiiary
gland implants deposited four eggs in flw
water ziid nine more attached to the
moist surface of a rock above the water
line (Barden and Kezer, 1944). Eggs, larvac
in gelatinous egg membranes, and newly
hatched larvae were attached singly to the
edges of rocks in a cave waterway (Smith,
1960; but see Brandon, 1962).

Clutch size. Thirteen eggs were pro-
duced by a female given pituitary implants;
the eggs were 2.7-3.0 min in diameter (Bat-
den and FKerer, 1944; Brandon, 1966d;
Trauth et al., 1990). Hatchlings average 13
mm SVL (range 10-16 mm; Brandon,
1965¢, 1970) and were found from mid-
December to January {Smith, 1959, 1960).

C. Larvae/Metamorphosis.

i. Length of larval slage. Larvae have been
callected throughout the year (Pyle, 1964;
Hrandon, 1971ab; Collins, 1993). Cold
wirter ternperatures and, in some cases, low
food availability may hinder accurate as-
sessment of larval age due to slower growth
rates relulive fo above-ground Eurycea. The
larval period apparently lasts 2-3 yr
(Hendricks and Kezer, 1958; Brandon,
1966d, 1971a,b; Rudolph, 1980; Trauth
et al., 1990), although data are limited.

Recently hatched larvae range from
10-16 mum SVL, and a second size class,
representing approximately 1 yr of age,
ranged from 22-30 mm SVL (Rudolph,
1978); maximum larval size is 60 mm SVL.
Larvae are known to drift from cave water-
ways, out through the cave entrance, and
into above-ground portions of the same
stream. Larvae generally remain within
12 m of the mouth of natal caves (Rudolph,
1978). Whether they migrate back into
natal caves or are swept downstream, per-
haps to colonize other cave systems, is
unknown (Brandon, 1971b; see also Pe-
tranka, 1998). Larvae collected from caves
tend to be lighter than larvae from sur-
face streams and cin be selid pink or a
silvery-blue color. Post-metamorphic in-
dividuals range from 38-57 mm SVL (Be-
sharse and Brandon, 1974).

Larve' rezurements. Epigean larvae are
more pigmunted than larvae from deep
inside caves. Above-ground larvae occur
in springs with clear water and sand or
gravel substrates with little silt (Smith,
1960), as well as in streams associated
with a nearby subterranean system; larvae
can also be observed in waterways of
the deepcst accessible reaches of caves



(Hendricks and Kezer, 1958; Bfandon,
1971b). Below-ground aquatic habitats
where larvae have been observed include
flowing waterways as well as rimstone
pools {Bretz et al., 1983; personal observa-
tions). Preliminary evidence indicates lar-
vae may move through phreatic passages
{flooded caves, solution channels, and
fault lines), possibly between cave systems
and throughout the expanse of aquifers
(V. Brahanna, personal communication).
[n a comparison of five spring-inhabiting
species, grotio salamander larvae preferred
cooler waters {Rudolph, 1980}, Water char-
acteristics of larval habitats have been col-
lected at a number of locations: water
temperature typically ranges from 5.5-
16.5°C in springs (Smith, 1960; Rudolph,
1980) and from 11-16°C in caves {Pyle,
1964; Rudelph, 1980). The pH wvalues
cellected for springs and caves range from
6.0-7.5 (Smith, 1960; Pyle, 1964; G.O.
Graening, personal commumication).

Small and intermediate-sized larvae
have functional eyes {hat degenerate in
older larvae and adults; evelids of adults
may grow over vestigial eyes in some
adults (Smith, 1960; Stone, 1964a; Bran-
don, 1970; Besharse and Brandon, 1974,
1976} Data suggest that larvae regularly
exposed to light may retain vision for
longer periods than larvae maintained in
darkness (Noble and Pope. 1928; Besharse
and Brandon, 1976). Labwuratory manipu-
lation has shown that functional eyes of
larvae that are surgically removed and
then grafted back in place can regenerate
the optic nerve and at least some degree of
vision (Stone, 1964b).

a. Food. Larvae feed on small inverte-
brates and may employ a mix of sit-and-
wait (Dodd, 1980; see also Petranka, 1998)
and active foraging (persomnal observa-
fions) behaviors. Isopods (Lirceus happinae)
form the bulk of the diet in some popula-
tions (Smith, 1%48a,b). In other popula-
tions, diets are more diverse and include
snails, dipteran larvae, annelids, arach-
nids, ostracods, copepods, amphipods,
decapods (specifically small crayfish),
diplopods, ephemeropteran nymphs,
plecopteran nymphs, homopterans, hy-
menopterans, coleopterans, trichopter-
ans, lepidopterans, centipedes, and other
salamander (Burycea sp.) larvae (Brandon,
19714; Rudolph, 1980).

b, Cover. Surface larvae are secretive,
being tcund during the day in gravel or
under flat rocks (Smith, 1960). In some in-
stances, larvae have been found at depths
=0.75 m in rock rubkle (Smith, 1960).

i Larval polymorphisms. Unknown.

iv. Features of metamorphosis. Larvae
metamorphose from 85-96 mm TL.

v. Post-metamorphic migraticns. Larvae
approaching metamorphosis that live
outside a cave are believed to return to
subterranean retreats fo compleie meta-
morphosis; no adults have been found
outside caves (Brandon, 1971b). The fact

that larvae arc readily found (o springs
and waterways, even a good distance fromn
the mouth of a cave, may indicate that lar-
val dispersion ¢nables genetic exchange
etwieen populations (fBrandon, 1971b).

vi, Neoteny. Some authors have indi-
cated that gilled adults may cocur in na-
lure (Bishop, 1944; Mohr, 1950; Smith,
1960); although Brandon (1266d) found
no evidence to suppert this idea. Repiro-
ductive maturity occurs near the time of
metamorphosis.,

D. Juvenile Habitat. Likely to be no dif-
ferent than adult habitats. The juvenile
stage is short; sexual maturity appears to
occur at, er shortly atter, metanorphcsis
(Brandon, 1666d).

E. Adult Habitat. Adulis are limited to
limesticne caves and undergronnd pas-
sages in the Karst formations of the Ozark
Plateau and are most frequently found
beyond the twilight zone on moist rock
walls (Hendricks and Kezer, 1958; Hrandon
1971a),

F. Home Range Size. Unknown.

G. Territories. Linknown.

H. Aestivation/Avoiding Desiccation,

Unlikely.
I. Seasonal Migrations, See “Breeding
nugrations” above,

J. Torpor (Hibernation). Unlikely.

K. Interspecific Associations/Exclusions.
In a study investigating competition among
five species of larval salamanders in the
Qzarks, Rudolph (1980) found that gro-
tto salamander larvae commonly inhaluit
spring headwaters and areas of subse-
quent drainages in conjunction with
ather salamander larvae. lliese spring
habitats have the highest prey abun-
dances, reduced temperaturn: fluctuations
{and cooler femperatures), a decreased
likelihood of desiccation from receding
waters, the least ¢xposure i floods, an
ease of reentering subterranean bhabitats,
and the least exposure to predatory fish
species. The study suggested that grotto
salummander larvae occurting in low to
moderate densities wiil displace larvae of
at least two other szlamander specics,
cave salamanders (Eurvcca Tucifing) and
long-tailed salamanders (£, longicuuda),
through aggressive behavior and preda-
tion. [n some springs examined, larval
groifo salamanders in moderate to high
densities entirely climinated larvae of other
species. According to Rudolph (1980}, only
Oklahoma salamanders (T.. fynerensis) can
consistently coexist with larval grotio
salamantlers, but only at reduced densi-
ties and when well-developed gravel sub-
strates provide caver. [f grottn salamander
larvae are absent or asv temoved from spr-
ing habitat, larvae from the other species
will successfully colonize unitil grofto sala-
mander populations becorme reestablished.

The aggressive behavior of the larvae is not
directed exclusively to other species; phys-
ical damage to cunspeciiics has been

noted as well.

L. Age/Size at Reproductive Maturity.
Adults reach sexual maturity between
36-60 mm SVL (Smith, 1960). Both males
and females have cirri, but males in
brecding condition have longer, enlarged
cirrl. The mental gland in reproductively
active males is located bencath the Jower
jaw (Brandon, 18714}, Reproductive fe-
nuiles of lighter color have crearn i
whille eggs that can be observed through

tte walls of the flanks and the ventral
surface (Barden and Kezer, 1944; Kezer,
1252; Hrandon, 1962; D. B E, personal
obsurvations).

M. Longevity. A captive specimen lived
nearly 12 yr (Snider and Bowlir, 19921,

N. Feeding Behavior. While acull groito
salamanders may be top predators in some
caves (Schwartz, 1976), potential predators
of the salamanders have been identificd in
others isee “Predators” below). Aduits fior-
age on land as well as in the water (Mohr,
1950; Brandon, 1971a; D.B. I.. personal ob-
servations). [n the terrestrial environument,
they commonly forage directly on guano
piles (Black, 1971¢; D.B.E, personal obsci-
vations). Adult prey includes gnats, 1mios-
quito larvae, beetles (Brandon, 1971a), and
isopods {Smith, 1948a). Adults climb into
the webs ol mycetophilid gnat (Mecrocera
nobilis) larvae to eat them (. B. F, personal
abservations). Grotto salamanders are op-
portunistic predators, taking advantage
of seasonal and regional prey availability.
Ninety-six percent of the stomach con-
tents of larvae from one cave were com-
posed of a single species of isopod (Lirceus
happinae); 80% of the prey of sympatric
adults were the same isopod species (Smith,
1948b).

Q. Predators. Larvae may be eaten by
crayfish; adults appear to have few natu-
ral predators (Petranka, 1998); although
green frogs (Rana clamitans) and pickerel
trogs (R. palustris) are known to inhabit
cave habitat ar Jeast seasopally, with
many large enough to consume larvae
and siall, newly metamorphosed grotto
salamanders. Raccoon (Procyorn fofor) tracks
in Ozark caves are common, even deep
within caves, and it is pessible that rac-
coons eat adult and larval grotto salaman-
ders (D.B.E and . O. Graening, personal
observations). Fellowing flooding of their
epigean streams, grotto salamander larvae
can be consumed by predatory fishes
(Rudolph, 1980}).

P. Anti-Predator Mechanisms. Indi-
viduals on walls or ledges above pools
or streams drop into the water helow
when approached (D. B. F, personal
observations).

Q. Diseases. Unknown.

R. Parasites. [sopods (Lirceus happinae)
serve as prey for both larval and adult
grotto salamanders and harbor a cestode
parasite, Ophiotaenia cestodes, that infects
larvae (Smith, 1948a). The nematode Fal-
caustra catesbeianae is found in Missouri
populations (Dyer, 1975).
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4. Conservation.

Among natural threats, larval grotto
salamanders are sensitive to flooding of
¢pigean streams. Only 20% of a popula-
tion of larval grotto salamanders remained
in a surface stream after heavy flooding
(Rudolph, 1980). Moreover, grotto sala-
mander larvae are consumed by predatory
tishes (Rudolph, 1980; see also “Predators,”
above).

There are several human threats tc
grotto salamanders. Both aquatic larvae
and adults share subterranean living space
with several critically endangered aquatic
organisms including troglobitic isopods
and amphipods, troglobitic crayfish of the
genus Cambarus, and amblyopsid cave-
tish. Studies of these syntopic species have
produced a considerable amount of infor-
mation about human threats to the subler-
ranean aquatic environments of the Czark
Flateau. The threats that face these endan-
gered organisms equally endanger syn-
topic grotto salamanders. Among the
threats are deforestation and development
of critical above-ground recharge zones
{Means and Jehnson, 1995; Culver et al.,
1999; Graening, 2000), human dumping
of materials above ground that drastically
affect groundwater quality (Means, 1990;
Culver et al,, 1999; Graening, 2000), ma-
nipulation of nutrients in groundwater al-
lowing above-ground species to mave into
below-ground habitat and compete with
or consume troglobites (A, V. Brown et al.,
1994), and inexperienced cave explorers
damaging critical aquatic habitat, tram-
pling animals, and over-collecting regard-
less of protective laws (Willis and Brown,
1985). Grotto salamanders in particular
seem sensitive to disturbance or impurities
introduced into subterranean waterways
and caves. During commercialization of
caves in Camden County, Missouri, groito
salamanders disappeared ftom areas of the
cave that were elecirically lighted. When
the lighting was removed, the salamanders
returned (Weaver, 1987). Surveys after a
1981 spill of approximately 80,000 1 of
liquid ammonia nitrate in Missouri found
that grotto salamanders 21 km from the
spill were killed as the contaminant moved
through a connected, subierrancan ag-
vifer (Crunkilton, 1984). Grotto salaman-
ders also suffer from the introduction of
sport-fishes into their habitat (Rudolph,
1980). Because bat guano suppliv: many
terrestrial cave invertebrates with food, de-
cline ot colonial bats in the Ozarks may af-
fect prev abundance.

‘Three of four states where grotto sala-
manders are found protect the species.
The fourth state, Arkansas, is taking steps
fo protect the species as well (K. frwin,
Arkansas Gaimme and Fish Commission,
personal communicaticn). Even with the
state protection, habitat alteration poscs
the greatest threat to the species’ survival.
For example, a 1976 study of Cathedral
Cave, Missouri, warned that the proposal
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of an artificial lake in the region would
climinate all available habitat for the
species in that cave system (Schwartz,
1976). The recovery of reduced colonies of
colonial bats in the Ozarks is ¢ssential to
sustain large deposits of guano in subter-
ranean habitats, which in lurn serve as
food for many of the invertebrates that
grotto salamanders rely on as ey, Cur-
rently, gray myotis (Myotis griscirens), only
one of the three colonial bat species in
the Ozarks, is showing signs of rebound-
ing pojlation numbers (5. Hensley, U.S.
Fish and Wildlife Service, personal com-
munication).

Family Proteidae

Necturus alabamensis Viosca, 1937
BLACK WARRIOR WATERDOG

Mark A. Builey

1. Historical versus Current Distribution.

The type Jocality of black warrior water-
dogs (Neviurus alabamensis) is the Black
Warrior liver, tfributarv of the Alabama
River, near Tusculonss, Tuscaloosa County,
Alabama (Viosca, 1937; Bailey and Moler,
2003). Black warrior waterdogs range
through a restricted segment of north-cen-
tral Alabama. Thev apparently are con-
fined to medium-lirge streams of the
upper Black Warrior River system above
the Tall Line (Bart et al., 1997). Riack war-
rior waterdogs are known frum nine
stream segmeiits in four countics: Sipsey
tork and Brushy Creek in Winston County,
Locust Fork and Biuckbum Fork a1 licunt
County, Mulberry Fork, Blackwater Creek,
and Lost Creck in Walker County, anid Yl
low Creek and North River in Tuscaloosa
County (Ashton and Peavy, 1986; Bart et
al., 1997). Although their gecgruphic dis-
tribution has not been clearly delineated,
their range is thought to essentially mimic

that of tattened musk turtles (Stermotherus
depressus; Ashton and Peavy, 1986; Guyer,
1997, 1998). Additional comments on
the identity and distribution of black
warrior waterdogs can be found in Gunter
and Brode (1964), Brode (1969), Mount
(1975), and Gutlman et al. [ 1290). Neill
(1963} commented on the distribution of
"N. alabamensis,” but considered distant
Coastal Plain Necturus populations to be
conspecific.

2. Historical versus Current Abundance.

The historical almindance of black warrior
waterdogs is poorly kriown, but a remark-
ably Inrge series of 145 specimens was col-
lected in late winter and spring of 1938 in
pre-impoundment Mulberry Fork at Cor-
dova, Walker County (Bart et al.,, 1997).
Collection methods, effort, and collector
are unknown. Black warrior waterdogs
were recently documented {by single spec-
imens) at two localities upstream from
this site \Bailey, 1995; Guyer, 1997} and
1ear the upper reaches of Bankhead Lake.
However, there is no indication that wa-
terdogs [uinain present wiywhere in the
censities tha! must have existed in 1938
1o enable the crllection of such a large
number of animals. Mount (L9571 esti-
mated that sympatric flattened musk
turtles no longer inhabited 27% ol the
stream miles of their historical occupa-
tion. The flattened musk turtle recovery
plan (USFWS., 1990) suggests that only
142 out of 947 stream miles (15%) in the
upper Black Warrior drainage may support
flattened musk turtle populations, and
there is no reason to assume conditions
are different for black warrior waterdogs.
The status of black warrior waterdogs in
impoundments remains poorly known
(Guyer, 1997). Bailey (1992, 1995) sam-
pled for black warrior waterdogs at 77
sites scattered across the presumed range.
Guyer {1997) re-sampled most of these sites




