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The blind cravlish did not exhib-

o osighted o
11 hebaviors usually associated with visual displays and posturing. Additional
mvestigations were conducted w determine how cave-adupted blind craviish
responded to novel territories of various sizes. We also used the cave craviish
and t examine their responsiveness o stimuli while monnorine their heart
rate as a measure of an internal state. Heart rate is o reasonable measure of the

responsiveness of blind cave cravlish w given sumuli even in the absence of
observahle behavioral changes. This enables the observer to determine if an
mdvidual is responsive to and making an assessment ol particular cues.
Alterations 1 the erayfish internal physical state, such as when the animal
autotomizes 1ts chelipeds. will cause the Jarger sized amimals to il flip when
viish In an epigean species (o i
cave species revealed that the cave crayfish ure more likely o tail flip o a
given sumulua. Newral modihcations in the cave crayiish visual and
chemosensory structures were also examined. Troglobitic crayfish have o dis-
organized neuronal ganglion within the eve staik, In addition. neurons associ-
ated with offaction that arise in the central brain are more numerous in cave
crayfish. suggesting that they have more neural processing devoted to olfac-
tion. as an adaptation to cave life.
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CAVE DIFLURA OF KENTUCKY
Lynn M. Ferguson, Depariment of Natwral Sciences, Longwood College,
Farmville, VA 23909 USA, caveman@® longwood we.edi

The world’s first named cave campodeid dipluran. Campodea cookei [now
placed in the genus Litocampa] was described from @ specimen from
Mammoth Cave in 1871 by ALS. Packard. This species is widespread in the
caves of southern Kenwucky, Tennessee. and southwestern Virginia.
Plusivcampe jonesi [now also placed in the genus Litecampal. originally
described by B. Condé in 1949 {rom o specimen collected in Dunbar Cave in
northern Tennessee. hus also been found in neighboring Christian County.
Kentucky. In eastern Kentucky there is an undescribed species that is closely
related o Lo cooked, This new species 15 known from caves in Pulaski and
Rockeastle counties. Another new species o Lisocampa has been found n the
wstern Letcher County, Kentucky. These specimens appewr (o be the
species st discovered m Rye Cove in Scott County, Virginiz, This
ult to explain. In all. 64
collections of campodeid diplurans from 44 Kenucky caves were examined.
As Tor the japygid diplurans, Japwy subrerranens [now placed in the genus
Merajapyx! was described by A, 5. Packard from Litde White Cave [White's
Cave. Jr|. near Mammoth Cave. in 1874, The only other record of a japyeid
from a cave in Kentucky is an unidentified specizs from Barnes Smith Cave in
Hart County.
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Lynn M. Fergusen, Department of Natural Sciences, Longwood College,
Farmville, VA 23909 USA. caveman @longwood. iwe.edu

A new genus and species ol campodeid dipluran has been identified from
Tuckaleechee Caverns and four neighboring caves in Blount County in eastern
Tennessee. The new species displays troglomorphic characters indicating a
highly adapted cavernicole. with possible affinities to the henraii species group
of the cave-inhabiting Litocampe of Tennessee, Georgia, and Alabama.
Merphologically the new genus is somewhat intermediate to the Plusiocampa
of the Mediterranean region and the Litocampa of North America and else-
where. However. its affinity appears to be closer to the Litocampa, from which
it is possibly derived. Since the Plusiocampa may have evolved irom ancestral
Litocampa as well, the similarity of the new genus o Plusiocampa is believed
o be an example of parallel evolution.

ANALYSIS OF RRNA GENE SEQUENCES TO STUDY DIVERSITY OF MICROORGANISMS
1N Mamnorn Cave
Rick Fowler, Chris Groves, Shivendra Sahi, Biotechnology Center, Western
Kentucky University, Bowling Green, KY 42104 USA, Rick. Fowler@wiacedy
Geochemical factors in streambeds inside Mammoth Cave cannot account
[ully for the observed rates of limesione dissolution. Microbial effects such as
production of acids and acid-forming gases are implicated. but attempts to cul-
ture cave bacteria Tor their identif on have had limited success. In this study
we use 168 rRNA gene sequences as o means for identifving bacteria in cave
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sediment without the need 1o culture environmental bacterial strains. DNA was
extracted directly from cave sediments and bacterial 165 TRNA genes were
selecuvely amplified by PCR. PCT products were hgated into the pGEM
clonmng and sequencing vector and circular molecules, thus produced were
used to transtorm L. eafi cells to create a cave clone library. Plasmid DNA.
carrving 165 rRNA gene sequences from cave hacteria were isolated and vsed
an templates for automated DNA sequencing. Sequences were compared o
online databases and closest genetic matches o the cave bacteria were tabu-
lated. Genetic matches to the cave bacteria include most notably soil inhabi-
tants associated with the atmospheric and agueous nitrogen cvele, plus some
exotic strains and ecological red flags, Clues 1o the mechamsms by which buc-
teria promole cave formation are emerging, and applications of biotechnology
a5 a tool for cave research are becoming apparent,

REEVALUATION OF THE TAXONOMIC STATUS OF AN “ALBING™ SCULPIN
(ACTINOPTERYGIE COTTIDAL) FROM SUBTERRANEAN WATERS OF THE GREENERIER
RIVER DRAINAGE OF WEST VIRGINIA.
David A. Neely, R L. Mavden, Biodiversity and Svstematics. Box 870343,
University of Alabama, Tiuscaloosa AL 35487-0345 USA

We reexamined the single known specimen of a depigmented sculpin from
Buckeye Creek Cave in the Greenbrier River drainage of West Virginia. This
specimen has previously been considered o represent an aberrent albino indi-
vidual of the banded sculpin, Corrus carolinac. The specimen differs from all
known species of Cortus in the possession of a frenum. In addition, the speci-
men differs from epigean mottled sculpin (Cottus bairdil, as well as both
epigean and troglophilic populations of Kanawha scuipin (Cortes sp. of. car-
ofinae) in meristic counis, body shape, prickling. development of the cephalic
lateralis system, and other characters. This suite of character differentiation is
meonsistent with the bypothesis that the specimen is an alhino displaying
pleiotropically induced anomalies associated with albinism. We uree cavers in
the New River drainage, and especially the Greenbrier Valley, to be alert for
additional specimens of this unique member of the Appalachian ichthvolauna.

EXPERIMENTAL ANALYSIS OF METABOLIC ADAPTATION OF COTTUS CAROLINAE TN
RESPONSE TO PHOTOPERION AND FOOD AVAILABILITY
Linda L. Roman. Ginny L. Adams, Deparnmens af Zoology, Southerin Hineis
University, Carbondale, 11 62901 USA. linnie 1998 @ vahoo.com

Variation commonly exists between organisms inhabiting epigean (sur-
fuce and hypogean {cavel environments due w0 the differences berween the
twi habitats. As organisms move from surface o cave environments, they
adapt 1o cave conditions: constant darkness, relatively constant temperatures
vear-round, low food availability, and high humidity. Fish adapied to cave life
olten experience reductions in pigmentation. eye size, pelvic [in rav count, and
metabolic rate. The focus of this study was to understand metabolic changes in
cave-adapted Cortus carolinae (banded sculpiny in response o photoperiod
and food availability. Metabolic rates of sculpin were measured after brief
acclimation 1o laboratory aquaria. Soon after initial metabolic measurement,
scuipin were placed into one of four treatments for a period of eight weeks
before final metabolic tests were run. Treatments included: 1) 24 hours dark.
low food availability, 23 24 hours dark, high food availability, 33 12 hours light;
12 hours dark; low food availability; and 4) 12 hours light: 12 hours dark. high
food availability. Results indicated no statistically significant differences exist-
ed in fish as a result of photoperiod. food availability, or the interaction of the
two. Also, no significant differences existed between laboratory measurements
and field measurements from cave and surface environments. However, many
viriables were identified that may have influenced fish metabolism in the lab-
aratory. Further study is necessary o determine the influences of photoperiod
and food availability on metabolism of banded scuipin.

UNPARALLELED EVOLUTION: BLINDNESS, DEPIGMENTATION, AND SCALELESSNESS
L NOT RUN HAND TN MAND AMONG TROGLOMORPHIC FISHES
Aldemaro Romere, Keliv M. Paulson, Environmental Studies Program and
Deparmment of Biology, Macalester College, 1600 Grand Ave.. St. Pawl, MN
551035 USA. romero@macalesteredu

Anecdotal evidence have suggested in the past that blindness, depigmen-
tation, and simplification or loss of scales may be an cxample of parallel evo-
lution among troglomerphic hypogean fishes. We investigaled the level of
biindness. depigmentation. and scaielessness among 423 families of fishes.
Among those with troglomorphic features. blindness was categorized as cyes



present, eyes sunken, microphthaimic, and eves not visible; pigmentation level
was categorized as fully pigmented, mostly pigmented, mostly depigmented,
and totally depigmented/albino. For all families of fishes, scalelessness was
categorized as “have scales,” “do not have scales,” or “mixed” (some species
have scales, some do not). We could not find reliable information on the scales
for 22 of them, usually small, little known families, none of them with
hypogean representatives. Of the rest, 237 (64.0%) have scales, [17 (29.2%)
do not have scales, and 27 (6.7%) were mixed. There are 18 families of fish
with troglomorphic representatives. Of those, seven (38.8%) families have
scales, seven (38.8%) do not, and four (22.2%) contain both scaled and scale-
less species. Our results suggest that levels of blindness, depigmentation, and
scalelessness is different even among species of the same family and that sim-
plification and/or loss of scales are common features among troglomorphic
fishes, but that the lack of scales in the family as a whole cannot be considered
a preadaptive feature. Different phylogenetic histories, selective pressures, and
genetic independence governing these features account for the explanation of
these results.

ONE EYE BUT NO VISION: TROGLOMORPHIC ASTYANAX #ASCiaTUS (PISCES:
CHARACIDAE) WITH REGENERATED EYES DO NOT RESPOND TO LIGHT
Aldemaro Romero, Andrea Romero, Meghan N. Lelonel, Katy C. Stropnicky
Environmental Studies Program and Department of Biology, Macalester
College, 1600 Grand Ave., 5t. Paul, MN 55105-1899 USA
Steven M. Green, Department of Biology, University of Miami, Coral Gables,
FL 33124 USA
William R. Jeffery, Yoshiyuri Yammoto, Department of Biology, University of
Maryland, College Park, MD 20742 USA

One of the most intriguing questions in evolutionary biology is the degree
to which behavior can be viewed as a consequence of morphology. We explore
this issue by examining behavior associated with the loss of phenotypic struc-
ture and its presence, using responses to light by characid blind cave fish.
Astyanax fasciatus, that are eyed and eyeless. Our experiments examine sub;
Jects that are epigean (eyed surface) and troglomorphic (blind cave) forms. We
compare their photoresponsiveness with blind cave tfish with restored eyes.
These are produced transplanting the lens from an epigean fish into the optic
cup of a blind cave form. The lens from the surface {ish stimulates growth and
development of the eye, restoring optic tissues lost during cave fish evolution,
Fish were placed an aquarium with one half illuminated with dim or bright
white light or infrared light, the other haif dark. Their photoresponsiveness
was examined by scoring their presence in the illuminated or dark half. Our
results strongly suggest that both the blind subjects and those with restored
eyes are indifferent to the illumination whereas the surface forms are not.
Deactivation of the genes responsible for scotophilic behavior and/or lack of
appropriate neurological connection may account for these results.

DIFFERENCES IN FEEDING BEHAVIOR, PREY SIZE, AND DIETARY COMPOSITION
AMONG BANDED SCULPIN POPULATIONS IN PERRY COUNTY, MISSOURT
Kelly L. Smith, Ginny L. Adams, Department of Zoology and Center for
Systematic Bivlogy, Southern llinois University, Carbondale, IL 62901 USA
In the early 1990s, unique populations of banded sculpin (Cottus caroli-
nae) were discovered in Missouri, showing troglomorphic adaptations typical
of many cave species. Banded sculpin are traditionaily crepuscular feeders. We
were interested in investigating the differences in feeding behavior of these
unique cave sculpin populations from typical surface populations. Stomachs
were removed from samples collected for a previons study and analyzed for
content. At the siudy sites, contents were flushed, using a non-lethal method,
from the stomachs of fish found and taken to the laboratory for analysis.
Initially, results indicated surface sculpin had an average stomach content
weight ~6x that of the cave populations, while there was not a significant dif-
ference (ANOVA, p< .05) in total body weights. Surface sculpin total body
weight was only 1.1 fimes the weight of the cave sculpin. Surface sculpin
stomachs contained an average of 21% Diptera and 72% digested material.
Organic debris (5%) was also found in the surface sculpin stomachs. In the
cave sculpin, the stomachs contained 55% partially digested invertebrate mate-
rial, 10% Amphipoda, and a higher percent (1 19) of organic debris compared
to surface sculpin. The cave sculpin stomachs also contained 70% acantho-
cephalon parasites occurrence. which were not found in the surface popula-
lions.

2001 NSS CONVENTION ABSTRACTS

FRESHWATER OLIGOCHAETES (ANNELIDA) IN FINE SEDIMENTS OF CAVE STREAMS
AND SEDIMENT CHEMICAL COMPOSITION
Steven [ Taylor, Mark J. Wetzel, Donald W. Webb, Center for Biodiversity,
Ilinois Natural History Survey, 607 E. Peabody Dr., Champaign, IL 61820-
6917 USA, sjtaylor@ inhs.uiuc.edu

We report on quantitative collections of aquatic oligochaetes from fine
sediments of 8 cave streams in Illinois and Missouri, USA. Four of these
streams were sampied monthly for one year. Eight annelid genera ( Haplotaxis,
Dero,  Pristina, Pristinella, Limnodrifus, Rhyacodrilus, Tubifex,
Varichaetadrilus) were collected. Some of the species identified are associat-
ed with more pristine conditions and others with organic enrichment.
Measuring slide mounted specimens, we cstimate the minimum volume of
worrns per unit volume of fine sediment in the cave streams. Examination of
monthly samples did not reveal any statistically significant seasonal patterns in
wormn density or diversity. Sediment samples were analyzed for a variety of
chemical constituents. We expected these would be positively correlated with
the same constituents in water samples, but no such trend was detected for cal-
cium, magnesium, sodium, and potassium. Metals in sediment samples
showed some tendency to co-vary. For example, elevated iron levels in sedi-
ment samples were typically associated with increased lead and nickel levels
in the sediments. Mercury was detected twice as often (6 of 12 monthly sam-
ples) in sediment samples from one wild cave that experiences heavy visitation
as it was in three less frequented caves (3 of 12 monthly samples each). Lead
was present in most sediment samples but only a few water samples, while
Atrazine was detected in few sediment samples, but was more common in
water samples.

STUDY OF A CONVERGENT CAVE BEETLE/CAVE CRICKET PREDATOR PREY SYSTEM
Molly Jean White, Department of Biological Sciences, University of
Cincinnati, P.0. Box 210006, Cincinnari, OH 45221 USA

Dariingtonea kentuckensis is a cave dwelling trechine beetle found in
caves of the Cumberland Plateau (MP-II) (Barr 1985) that has evolved spe-
cialized foraging behavior that allpws it to prey upon the eggs of the cave
cricket, Hadenoecus cumberlandicus. Neaphaenops rellkampfi, a trechine bee-
te found in caves of the Pennyroyal Plateau (MP-1) in west-central Kentucky
(Kane & Poulson 1976; Kane & Ryan [983; Griffith & Poulson 1993), has
also evolved similar specialized foraging behavior that allows it to prey upon
the eggs of Hadenoecus subterranews. The predator-prey interaction between
N. tellkampfi and H. subterraneus has been previously studied (Kane and
Poulson 1976; Griffith and Poulson 1993). Unlike the V. rellkampfi/ H. sub-
ferraneus system, the dynamics of the D. kentuckensis/H. cumberilandicus sys-
tem are unknown. Due to the fact that caves are similar in selective pressures
but discontinuous in space, the comparison of D. kentuckensis/H. cumber-
landicus to N. tellkampfi/H. subterraneus may give evidence for convergent
evolution.

COMMUNICATIONS AND ELECTRONICS

CAVING LIGHT USING 24 SERIES/PARALLEL WHITE LEDS

Ray Cole, 3410 Austin Ct, Alexandria, VA 22310 USA, kdgaa@arrl.net

A caving light design using four parallel strings of six Nichia White LEDs in
series does not need as many LEDs to match the strings as when they are ail
wired in parallel. The circuitry is based on the MAXIM 1698 integrated cir-
cuit, which has provisions for efficient dimming and swiich mode operation
using an external MOSFET. By carefully selecting the inductor and other com-
ponents for low loss, it is possible to achieve efficiencies greater than 90%
using surface mount components. The electronics and 24 LEDs are mounted
ona 1.25 x 1.75 inch printed circuit board.

SimpLE WHITE LED LAMPS FOR PRIMARY AND EMERGENCY LIGHTING
Brian Pease, 567 Fire S, Oakdale, CT 06370} USA, bpease@99main.com

An array of 24 (or more) LEDs can be mounted in a red “Easter Seals”
headpiece along with a simple adjustable linear current source that can be
powered from any 4-6 volt battery pack. The result is a waterproof lamp, using
4 AA alkaline batteries, which can be adjusted from very dim (25mA current,
100 hours life) to very bright (440mA, 3-4 hours life). The light pattern. with
207 half-beam width LEDs, is similar to a carbide cap lamp (with a large pol-
ished reflector), with a Jarge bright area and plenty of side-light. The “rings"”
and sharp cutotf of halogen lamps are absent. In a 2-week test, the white, even
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