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The ecosystem of Shelta Cave in northern Alabama was observed after the
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to be very stable, while the number of organisms within the cave, most notably bats, were
seen to increase in the years after gate removal. This study provides a glimpse into an
unusual ecosystem and can form the base for more focused studies on cave ecology.
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CHAPTER I

INTRODUCTION

Caves provide a unique ecosystem, one that is quite different from the terrestrial
ecosystems located just above them. This is due to one major factor: a conspicuous
absence of light within the cave. This lack of light provides for an energy flow very
unlike that in other ecosystems, which results in a delicate and complex ecological
community structure.

Purpose
There are many instances in ecology where an opportunity to gain insight into a
system appears for a limited time. Because of their very nature, these events are nearly
impossible to plan for and most happen without any notice. This study aims to take
advantage of one such situation. The study site, Shelta Cave, has recently gone through a
period of disturbance, through the gating of its entrances to prevent unauthorized human
entry and degradation of the ecosystem within. Despite the best intentions, the gating
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has resulted in the exclusion of bats and detrital plant material from the cave as well.
Bats are believed to be a key species in many cave communities, bringing in fresh
nutrient-rich guano to an ordinarily nutrient deprived system. Once it was realized that
the gating had all but destroyed a rich ecosystem, the gating was removed with hopes of a
return to pre-gated conditions. This study picks up there, in an attempt to discern the
early stages of recovery in this ecosystem. Abiotic factors such as temperature, relative
humidity, water depth, total dissolved solids, pH and alkalinity were measured in order to
characterize the environment of the cave. Biotic factors, including number of aquatic
organisms, soil surveys, Escherichia coli level, and number and species of bats
hibernating over winter and exiting during warm weather were measured to gauge
whether or not the cave ecosystem is recovering after the removal of the gating. Due to
practicalities that limit all scientific studies, this paper will provide just a snapshot in time
of the many, varied interactions within this ecosystem and an attempt to extrapolate how
these species react to a return to prior conditions.

Overview of Cave Ecology
Caves, and the ecosystems they contain, exist all over the world. There are
different definitions of what constitutes a cave, but they all share many similarities.
Caves are formed by a variety of methods, most involving chemical or mechanical
dissolution of rock, forming small, and then possibly larger passages over time
(Klimchouk et al. 2000). As water levels decline, rock may fall from the ceiling due to
loss of hydraulic pressure, creating new openings or larger passages.
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The caves of the southeastern United States contain unique ecosystems all their
own. These dark, wet, cold, seemingly lifeless places contain many unique organisms.
These organisms can be categorized into three main groups: troglobites, organisms that
permanently live in caves; troglophiles, organisms that live both in and outside of caves;
and trogloxenes, organisms that visit caves but live mostly above ground. Troglobites are
believed to all be cave ‘versions’ of above ground species that have evolved into their
current state (generally unpigmented and blind) over thousands of generations.
Troglophiles, when found in caves, are usually seen in the mouths of caves. They take
advantage of the shelter and the moisture common to most caves, but are as fully
pigmented and eyed as their full-time above ground relatives. Trogloxenes will use caves
as a shelter for sleeping—organisms such as pack rats and bats by day, and birds by
night—to stay protected from the elements and from predators (Romero 2009). Many
mammals also take advantage of the constant temperature and use caves for hibernation
over winter.
The most common organisms associated with caves are bats. Many bats are
trogloxenic, sleeping in caves up to 20 hours a day, due to the high energy use of
powered flight. Many species also use caves for hibernation during cold periods. These
bats are ‘true hibernators,’ entering torpor when conditions are right (Ransome 1990).
Shelta Cave has been home to many bat species, once, including a colony of Gray Bats
(Myotis grisescens), a federally endangered species found in only a few caves in the
United States. Other bat species have been observed in Shelta Cave, including the
Tricolor Bat (Perimyotis subflavus, formerly known as the Eastern Pipistrelle, Figure 1.1)
and Big Brown Bat (Eptesicus fuscus). These bats form the foundation of the complex
3

Figure 1.1: Tricolor Bat (Perimyotis
subflavus) in Shelta Cave.

energy flow in Shelta Cave. They hunt insects by night, and roost in the cave during the
day. Guano and dead bats accumulate in the cave, becoming food for decomposers,
which in turn become food for many other organisms. For this reason, bats can be
considered a cornerstone species of cave ecosystems, and have many protections under
state and federal laws.
Most aquatic species found living in caves are troglobitic. Many are albinistic—
an unpigmented white or clear, and have reduced eyes or no eyes whatsoever (Cooper
and Cooper 1997). These organisms rely on either detritus washed in from the surface or
4

the feces of trogloxenic bats, birds, raccoons, pack rats, beavers, etc.; because there is
little or no sun, primary producers play an indirect role within this ecosystem. The most
common aquatic organisms found in caves are cave crayfish (Figure 1.2).

Figure 1.2: Crayfish in Shelta Cave.

Crayfish are important to many aquatic ecosystems and particularly to caves.
Crayfish will eat almost anything and are both predator and prey, so they are very
important to energy flow within their ecosystem (Cooper 2000). Because energy input is
low into this ecosystem, individual crayfish are very spread out and are slow to respond
to changes. These organisms also tend to develop slowly and live relatively long lives;
the Shelta Cave Crayfish (Orconectes sheltae), for example, are estimated to reach
maturity at 40 years old and live to 100 years old, presumably due to the low input of

5

energy it receives and the high amount of energy it takes to produce gametes (Cooper and
Cooper 1997). These organisms can be disturbed easily and killed before maturity due to
their slow growth, so already small populations can decline rapidly through seemingly
minor disturbances.
Various cavefish are also found in some aquatic cave ecosystems. The cavefish
found in Shelta Cave belong to Amblyopsidae, which contains six species in five genera.
At least two species of cavefish are found in Alabama: the Southern Cavefish
(Typhlichthys subterraneus), can be found in most of the southeastern United States,
while Alabama Cavefish (Speoplatyrhinus poulsoni) is endemic to just Key Cave in
northwestern Alabama. It is a critically endangered species, and is often considered the
“rarest fish in the world” (Boschung and Mayden 2004) (Cooper 2009). The Southern
Cavefish was found in some abundance in Shelta Cave before it was gated.
Alabama Cave Shrimp (Palaemonias alabamae) have also been discovered in a
few caves including Shelta Cave. These tiny organisms are believed to be the most
sensitive to disturbance and are often the first to disappear from a community (Cooper
and Cooper 2009). Their presence within a cave is generally a good indicator of high
water quality. Little else is known about them, and they are generally difficult to find due
to their size and lack of pigmentation.
Other, even less known, aquatic species found in Shelta Cave include a parasitic
worm (Cambarincola sheltensis) found living only on the backs of crayfish in Shelta
Cave and a small eyeless amphipod (Crangonyx cooperi) also endemic to Shelta Cave
(Cooper and Cooper 2009). Very little is known of the life histories of the organisms,
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and it is likely that undiscovered analogous organisms live within Shelta Cave and many
other caves.
Many other organisms call Shelta Cave home. Cave Salamanders (Eurycea
lucifuga) and Slimy Salamanders (Plethodon glutinosus) have been observed in the
entrance and deep within the cave. They are most commonly found near the entrance of
the cave where they feed on insects and other small organisms. Larger organisms such as
Common Raccoons (Procyon lotor) and Common Garter Snakes (Thamnophis sirtalis)
have also been observed in the cave. They are generally trogloxenic, using the cave for
sleep or a quick meal (a raccoon has been spotted catching a bat on the wing in the
entrance of Shelta Cave). Countless smaller organisms also live in Shelta Cave. There
are many insects, spiders, fungi and plants growing in the entrance.

Cave Conservation
Due to their fragility, the careful conservation of cave ecosystems is necessary to
avoid their complete dissolution. There are many known (and probably many more
unknown) disturbances that can affect the organisms in this ecosystem; most known
disturbances are man-made. According to Hildreth-Werker and Werker (2006): “In the
rich archival darkness of cave and karst systems, human presence creates the malady of
negative impact.” Human impact upon caves takes many forms. The simplest impact is
from human exploration of a cave. Careless cavers can introduce new microorganisms
into a cave that might be able to outperform the slower natives for a short amount of time,
before they in turn die due to the lack of nutrients (Hildreth-Werker and Werker 2006).
This could leave a section of cave lifeless after just one visit. The commercialization of a
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cave can also bring about destruction of established ecology. Trails can disrupt natural
flow of water or disrupt hibernating bats. Widening passages for safe human travel may
lead to wet portions of the cave drying out, while electric lights producing light and heat
encourage algal growth followed by population explosions of surface invertebrates at the
expense of native populations (Elliot 2006). Large numbers of people generally mean
large amounts of litter, as well.
Disease is also a disturbance that can easily wipe out tightly-packed bat colonies,
followed by the organisms that rely upon them for food. Recently a fungal infection
known as White Nose Syndrome has been wiping out bat populations in the caves of the
eastern United States. It has a mortality rate of 100% in some species and has killed over
one million bats since 2001 (Locke 2009). Currently, it is believed that the fungal spores
are dormant in the cave mud, and contamination is partly blamed on cavers going from
cave to cave without thoroughly cleaning gear. Diseases among aquatic cave species are
poorly understood, but are less likely to spread due to low population density.
Contamination of the water and sediments within a cave by pesticides, herbicides,
toxic metals, organophosphates and other chemical runoff is also one of the major
disturbances encountered by organisms living in an underground aquatic ecosystem,
especially in urban and suburban areas. According to Veni (2006): “Karst aquifers are
the most sensitive to ground water contamination in the world.” This is because karst
aquifers act as conduits, and contaminants can be transmitted without “being filtered”
(Veni 2006). Most rain that falls on North Alabama ends up in the ground water before
making its way to the Tennessee River. This means that the chemicals found on the
surface have a good chance of being leached in to the ground water. Many chemicals
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have been implicated in the disturbance of subterranean aquatic ecosystems in North
Alabama. These chemicals include: chlordane, dieldrin, heptachlor epoxide, DDT, DDD,
and DDE (Wilson and Robison 1992). Most of these chemicals are harmful to organisms
at higher concentrations. In 1990 heptachlor epoxide was above acceptable levels in
Shelta Cave (Wilson and Robison 1992) and is believed to be one of the factors
contributing to the cave’s loss of aquatic populations. These chemicals enter ground
water as runoff and their exact origins are usually difficult to identify without extensive
testing. In many rural areas, it is common for people to use sinkholes as dumps.
Anything imaginable can find its way there. If the sinkhole has water running underneath
as many do, then whatever is dumped in the sinkhole ends up in ground water. A full
spectrum of chemicals can enter the ground water and threaten the organisms living there.
There are also natural disturbances that can affect these ecosystems. As part of
their natural formation, cave passages may collapse, isolating organisms from their food
sources. Floods can threaten roosting bats and chase away organisms dwelling in cave
entrances. Droughts can threaten an aquatic ecosystem by lowering water levels,
lowering oxygen levels and trapping aquatic organisms in isolated pools where they are
likely to starve if the water level does not return to normal.

Site Description
The Tennessee-Alabama-Georgia area (T.A.G.) has among the highest known
density of caves in the world. This is a result of limestone topography, a remnant of the
ancient sea that once covered the southern United States (Lacefield 2000). Shelta Cave
is located in northwest Huntsville, Alabama, under a residential area and a portion of
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Pulaski Pike. It is a dissolution cave formed from Tuscumbia Limestone and Fort Payne
Chert. It has nearly 800m of mapped passages (Figure 1.3) and a 32,000m2 lake that
varies between 0 and 12m deep seasonally. At its deepest point the cave is approximately
50m underground. Water flowing from the underground lake was dye-traced in 1992,
and found to emerge from Brahan Spring, in Huntsville (Torrode 2011). It is owned by
the National Speleological Society (N.S.S.), and has been operated as a research cave
since the N.S.S. purchased it in 1968.

Figure 1.3: Survey map of Shelta Cave. Courtesy of the Alabama Cave Survey

Shelta Cave has a unique recent history, and one that is relatively welldocumented. There is no evidence that it was ever used by Native Americans, and the
first known description of the cave comes from the 1880’s. Mr. Henry Fuller purchased a
10

portion of the Bolin farm from James Bolin in 1888. The land he purchased included a
cave, so he decided to explore it. Upon seeing the large rooms and underground lake, he
decided to commercialize the cave so that he could show it off to the public, and maybe
even turn it into a tourist attraction (Torrode 2011). He named the cave after his daughter,
Shelta Fuller. The cave was opened to the public in 1889 (Figure 1.4), and included a
wooden staircase and walkways, a dance floor, a bar, boat rides, and the first commercial
electric lights in Madison County (in fact, wood, nails and wiring used in the
commercialization process can still be seen within the cave). Mr. Fuller also gave tours
of the lake, which was lit with carbon-arc lights to give it the effect of a moonlit night
(Varnedoe and Lundquist 2005). The Fuller family left northern Alabama in the 1890’s
due to financial trouble, and the cave and surrounding property were abandoned.

Figure 1.4: Commercial entrance to Shelta Cave c.1889. Coutesy of the
NSS Library.
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In the years following the cave’s abandonment, it was explored only sparingly by
those brave enough to venture in. The cave was examined by geologists William
Johnson, Jr. and Dr. Walter Jones in the 1920’s-1930’s. They provided some of the first
scientific accounting of the cave (Varnedoe and Lundquist 2005). Sometime during the
1950’s wells were drilled through the cave. Though no longer in use, the pipes can still
be seen within the cave today. By the early 1960’s, the cave was well-known in the
caving community for its diverse ecology and large lake. Members of the National
Speleological Society took an interest in the cave due to its biological importance. The
National Speleological Society, with financial help from The Nature Conservancy,
purchased Shelta Cave and the surrounding land in order to protect the cave’s
biodiversity. To protect the organisms in the cave from unwanted intruders,the cave was
gated using bars from the recently demolished Madison County Jail and I-beams from a
Huntsville fire station destroyed by the 1969 tornado (Torrode 2011). Later on, it was
determined that the gating prohibited not only people, but bats from entering the cave.
This reduced the bat population from an estimated tens of thousands to less than ten in
just a couple of decades (French 2003). Believed to correspond to the loss of bats, the
numbers of cavefish, cave crayfish and cave shrimp within Shelta Cave also dropped to
nearly zero (French 2003). A newer gate, with horizontal slats, was put over the original
gate, in hope that this gate would be ‘bat friendly’ (Figure 1.5). The bats did not return.
At the time, this loss was poorly understood; it was believed that groundwater
contamination due to urbanization might be to blame, but water quality testing done by
the U.S. Fish and Wildlife Service refuted that (Wilson and Robison 1992), and now the
loss of organisms within the cave is blamed entirely on poor gating (Hildreth-Werker and
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Werker 2006). The gating was removed in 2003 in hope that bats and other organisms
would return to the cave. For security reasons, a perimeter fence was erected well away
from the cave’s entrances. Now, Shelta Cave is often used as an example of how not to
gate a cave. Lessons learned from this experience have been important with other cave
gating projects, such as the re-gating of Sauta Cave on Sauta Cave National Wildlife
Refuge by the U.S. Fish and Wildlife Service in 2006.

Figure 1.5: Jail bars covering the main entrance. The newer, ‘bat friendly’ gate
is opened outward.
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CHAPTER II

METHODS

Many tests were completed in order to characterize the conditions of Shelta Cave
and to better understand the state of its ecosystem. These can be broken down into two
groups: abiotic measurements and biotic measurements.

Abiotic Measurements
To understand the ecosystem within the cave, it is necessary to look at basic
conditions to which the organisms are exposed. These conditions were measured
regularly over a year to note any extremes or patterns. Where conditions permitted,
samples were taken in the same approximate location (See Appendix A for sample
locations within cave).

Temperature and Relative Humidity
Temperature and relative humidity were measured between September 2011 and
June 2012 by using a Lascar EL-USB-2 data logger. The sensor was placed far enough
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away from the entrance (~100m) so as to not be easily influenced by surface temperature
changes (Geiger 1950). Readings were taken every day at 0500 and 1700 local time,
usually the times of minimum and maximum temperature on the surface. The sensor was
retrieved, and the data exported to a Microsoft Excel spreadsheet.

Total Dissolved Solids
Total dissolved solids (T.D.S.) were measured once a month using an EXTEC
Industries ExStik II at room temperature. Water samples were collected in 1L sample
bottles from similar locations within the cave each month—when water was available,
refrigerated at 4°C until needed, and then brought to room temperature before measuring.
Each sample was measured five times and an average was recorded.

Figure 2.1: Collection of a water sample.
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Water Depth
Water depth was measured by using depth markers installed in the cave by the
NSS. There are a series of markers along the shore of North Lake, each one measuring 4’
of depth in sequence. Depth was recorded and then converted into meters.

pH and Alkalinity
pH and alkalinity were measured using a Fisher Accumet pH Meter Model 140.
After calibration, pH was taken for each sample at room temperature, followed by
alkalinity. Alkalinity was found by first titrating 10µl aliquots of a 0.2M HCl solution
into the sample water to lower the pH to 4.0, then titrating 50µl aliquots of 0.01M NaOH
until it matched the original pH of the sample. Equivalents of NaOH were converted to
CaCO3 to determine alkalinity in terms of mg CaCO3/L as described in Stallsmith (1995).
The water samples gathered for the T.D.S. test were the same used to measure pH and
alkalinity.

Biotic Measurements
Surveying organisms within the cave proved quite a challenge, as it does under
most other circumstances. Different organisms require different methods, and some
organisms are much easier to survey than others. Abundance is very difficult to estimate,
especially in this environment, so many of these measurements provide only basic
information of the cave ecosystem.
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Bat Exit and Hibernacula Counts
Throughout the warm months of the year (typically May through September), bat
exit surveys were done to find the number of bats using the cave for daytime shelter.
Both entrances were simultaneously watched using infrared scopes, and bats were
counted for one hour after the first bat appeared.
In January or February, all of the bats hibernating within the cave were counted
and identified. This was accomplished by carefully exploring the cave and noting any
bats found. Inevitably some bats were likely missed, but by using a similar approach
each time, the numbers counted should be comparable.

Soil Analysis
Soil samples were taken from four areas within the cave. The top 5cm of an area
8cmx12cm was taken from each sample location. Each soil sample was submerged in a
10% formaldehyde solution and stored at 4°C until needed. For analysis, each sample
was examined using probes and a laboratory spatula under a dissecting microscope.
Anything of interest was isolated, examined, and photographed using an Olympus SZX7
and Olympus DP72.
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Figure 2.2: A crayfish as seen through approximately 6m of
water, illustrating the clarity of the water and challenge of an
aquatic organism survey within the cave.

Aquatic Organism Surveys
Aquatic organism surveys were accomplished through two methods, depending
on conditions. During most of the year, the water level is low (less than 1m) or high
(greater than 4m). Both of these conditions provide unique circumstances. When the
water level is low, all areas of the cave are accessible. The circumference of each lake
can be walked, allowing most of each lake to be surveyed. Pale fish and crayfish also
stand out well against the brown lakebed, also making surveys much easier (Figure 2.2).
Most aquatic surveys in this study were accomplished in this manner.
When the water level is high, the ceiling of the main lake forces the water up
around the hill of breakdown (pile of rubble formed by chunks of ceiling falling) within
Jones Hall. This effectively shuts off most of the cave to human transit. There are still
many areas where aquatic organisms can be observed due to the lack of turbidity in the
18

water. For very brief periods of time, mostly the end of winter and the end of spring, the
water level fluctuates in between the two extremes, allowing the opportunity for aquatic
surveys both by shore walking and by boat. This is possible because the water is deep
enough to avoid disrupting organisms bellow and for safe transit above sharp rocks, but
shallow enough to leave enough space (~1m) below the ceiling of the lake for space to
work (See Appendix B for a graphical representation of water levels within Shelta Cave).
Generally, water within the cave is deep enough to allow transit during winter and early
spring, but in early 2012, the water was often too deep due to frequent precipitation
events. The boat used was an Intex Seahawk 2, a small, oar-powered, one-person rubber
boat (Figure 2.3). Because of the unpredictability of water depth within the cave, it
proved quite difficult to plan boating trips, so only one such survey was accomplished
during this study.

Figure 2.3: Aquatic survey conducted by boat.
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Drift Netting
A drift net was used to determine if any insect larvae could be found in the lake
throughout the year. This was accomplished two ways, depending on the depth of the
lake. If the water level was low (less than 1m deep) the water naturally flowed through
channels between large rocks, allowing for conventional drift netting. This took the form
of staking the net in a channel and allowing water to flow through it for one hour. The
net was then flushed with distilled water into a clean container, for later examination. If
the water level was high, little surface flow existed, and netting had to be improvised.
Approximately 100L of water were skimmed from the surface of the lake and poured
through the net, which was stretched over a five gallon bucket (Figure 2.4). The water
was then poured back into the lake. Again, the net was flushed with distilled water into a
clean container for later examination. The samples were stored at 4°C until needed, and
then examined under a dissecting microscope.

Figure 2.4: Pouring water through a drift net during a
time of low flow within the lake.
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E. coli testing
To check for possible contamination from the urban environment above, E. coli
density was measured. Four water samples were collected from two locations within the
cave (Bat Lake and North Lake). Then, five water samples each of 10mL, 1mL, and
0.1mL from the four sites were placed in fermentation tubes. Coliform density was
calculated using the most probable number (MPN) table (Table 9221.IV) in Greenberg et
al. (1992).
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CHAPTER III

RESULTS

The Results Chapter is broken down in the same fashion as the Methods Chapter.
The abiotic measurements are presented in graphs showing conditions throughout the
years 2011-2012.

Abiotic Measurements

Temperature and Relative Humidity
Other than a slight dip in winter, the cave remained around 16°C year-round with
100% relative humidity (Figure 3.1).

Water Depth
Water depth varied greatly throughout the year (Figure 3.2). This was generally a
response to rain events, so during dry spells in the late summer and fall, water levels were
accordingly low, and after heavy rains in late winter, water levels rose greatly.
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Total Dissolved Solids
Total dissolved solids fluctuated slightly over the year (Figure 3.3). There is a
slight increase in T.D.S. during times of high water and a slight decrease during times of
low water.

pH and Alkalinity
pH remained constant year-round, generally staying just above 7.0 (Figure 3.4).
Alkalinity fluctuated somewhat throughout the year (Figure 3.5), but stayed well above
safe levels, as described later.
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Figure 3.1: The temperature remains between 16°C and 16.5°C for most of the year, with a short
decrease to 13.5°C in February and March.
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Figure 3.2: Depth is generally greater during the winter and spring and lower during summer and fall.
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Figure 3.3: Total dissolved solids fluctuated slightly during the year, but without any clear pattern.
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Figure 3.4: pH stayed relatively constant, staying just above 7.0 for most of the year.

27

Figure 3.5: Alkalinity varied somewhat during the year.

28

Biotic Measurements

Bat Hibernacula and Exit Counts
The bat counts have the most data contained within this study. The hibernacula
counts show an increase in hibernating resident bats (Figure 3.7), while the exit counts
show a sharper increase in bats using the cave as daytime shelter (Figure 3.8). All bats
counted in the hibernacula surveys were Tricolor Bats (Perimyotis subflavus, Figure 3.6),
which are common throughout the eastern United States. Furthermore, no symptoms of
White Nose Syndrome were observed in any roosting bats, during any of the winter
surveys accomplished.

Figure 3.6. Two healthy Tricolor Bats (Perimyotis
subflavus) counted during the 2013 hibernacula survey.
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Figure 3.7: The number of bats hibernating within the cave has increased since 2010, almost
doubling in just two years.
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Figure 3.8: The number of bats exiting the cave has increased considerably since 2003.
2003-2006 data courtesy of Paul Meyer.
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22-Nov

Soil Analysis
The soil within the cave was generally a very compact silt or clay likely deposited
during times of high water. Higher locations within the cave had loose soil above silt or
clay. Organic matter, mostly plant debris was quite common in all samples. The soil
samples obtained yielded very little in the form of macro organisms (Table 3.1). One
sample location near the dance floor in the center of Jones Hall, contained 4 collembola
(Figure 3.9).

Table 3.1: Soil Analysis Results.

Location

Site ID

Soil Description

Organisms Found

West Lake Shore

I

Silt/Clay

None

Bat Lake Floor

II

Clay

None

Bat Lake Shore

III

Loose Soil over
Silt/Clay

None

Dance Floor

IV

Loose Soil Containing
Decomposing Wood

Collembola
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Figure 3.9: Collembola found near the dance floor in Shelta Cave.

Aquatic Organism Surveys
The survey of aquatic organisms turned up some useful results. The shore survey
results are more quantifiable because there were many more surveys completed using that
method (Figure 3.10). All fish counted were Southern Cavefish (Typhlichthys
subterraneus, Figure 3.11), while crayfish species were left unidentified (See
Discussion). The boat results were also of interest, but with only one accomplished, it is
difficult to graph them. During just one excursion, 14 crayfish and 8 fish were observed.
Unreliable water depth (too deep or too shallow, see Appendix B) prevented more
surveys of this fashion.
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Figure 3.10: Numbers of cavefish and crayfish counted throughout the year are generally low (0-2
individuals) with a spike around winter, during times of high water. Cavefish are shown in red and
Crayfish in blue.

Figure 3.11: Southern Cavefish (Typhlichthys subterraneus)
observed in Shelta Cave.
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Drift Netting
Drift netting turned up very few organisms. Ciliated protists, plant debris, and a
few insect egg clusters were consistently observed, but no insect larvae, amphipods or
copepods were ever observed. This is a sharp contrast to local surface waters, where
these organisms are prevalent.

E. coli Testing
The E. coli test performed yielded no trace of human E. coli present at the two
sites tested within the cave. Less than 2 coliform organisms per 100mL were detected,
which is at the low end of the detection range of the test performed. There were other
bacteria present within the fermentation tubes, so it can be reasonably assumed that there
was no error in the preparation of the water or the tubes.

Table 3.2: E. coli Test Results.

Site

Coliform Organism/100mL (MPN)

North Lake (A,B)

<2

Bat Lake (C,D)

<2

35

CHAPTER IV

DISCUSSION

The results obtained describe a stable, healthy environment, which appears to be
conducive to rebuilding the cave community. Temperature, relative humidity, total
dissolved solids, pH, and alkalinity remained quite stable throughout the year, leaving
only water depth to apparently fluctuate greatly. This fluctuation is not as great as it
seems, though. What an observer within the cave sees is not the entirety of water within
the cave, but rather the top of the water column. When there is no water observed, it is
actually still present, just beneath the man-navigable parts of the cave. These fluctuations
in depth, then, are very minor when taken on the true scale of the total water depth. The
temperature only fluctuated in February and March, likely due to very cold surface
temperatures. This decline was minor, about 3°C, and lasted less than a month. Relative
humidity stayed near 100% for the entire year illustrating how moist the cave
environment is regardless of water depth or surface relative humidity. Total dissolved
solids remained relatively constant throughout the year, and generally higher than local
surface water. Alkalinity varied slightly, but remained well within the “Not Sensitive”
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category (URIWW 2004). This means that the water within the cave has a high buffering
capacity. High alkalinity levels help explain the consistency of pH.
The biotic results are less clear than the abiotic results, but still provide useful and
interesting information. The lack of E. coli illustrates that despite being an urban cave,
the environment within the cave is somewhat insulated from the people above. The
number of bats exiting the cave during warm months has increased steadily over the past
ten years. Although far from the original thousands, this shows great promise of recovery
to original levels in the future. The peaks in the data start as the bats are coming out of
hibernation in spring, but the nights are still cool. When the nights become warmer, most
bats choose to sleep in the surrounding woods, shown as a sharp drop in the summer. As
nights become cooler again in autumn, the bats return to roost in the cave overnight.
Eventually, it becomes cold enough that the bats return to hibernation, and exit numbers
drop again until spring. The number of bats hibernating within the cave over winter has
also steadily increased. Although no Gray Bats have been observed, having any bats is
important to the ecosystem. The presence of Tricolor Bats is not surprising, as they do
not generally colonize caves (i.e. roost in large groups). Instead, they are usually seen
individually or in small groups scattered throughout a cave. Colonizing bats will likely
take much longer to establish a new colony there, if they do at all. It will be interesting to
note the time it takes for a Gray Bat colony to establish compared to the time it takes
other bat species. It should also be noted that White Nose Syndrome has not been
encountered in any of the bats within Shelta Cave. If there is an outbreak, it could
completely reverse the progress of the past ten years. If the disease does not establish
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there, it would prove interesting to compare it to infected caves to determine why it has
not infected Shelta Cave.
In general, it seems that the aquatic organism populations within the cave are
stable if not growing. Data obtained on aquatic organisms is less clear than that of the
bats for a few reasons. The environment in which they live is very dynamic, with water
depth in almost constant change. There are also near infinite places that are just too small
for human observation. Also, working in complete darkness brings forth other
difficulties in spotting these small organisms. Manipulative studies were not done, so
that neither the organisms nor their habitat were disturbed. It is possible that overzealous sampling in the recent past may have contributed to the decline in numbers of
shrimp, fish, and crayfish within the cave. Without knowing the size of the present
populations it is irresponsible to manipulate or collect any of these organisms. For this
reason, crayfish were left unidentified because species identification is rather invasive.
Although the data are noisy, it is promising to see many of these organisms have either
remained, hidden within the cave, or that they have recently returned.
Frequently, when disturbed, the cave ecosystem may all but disappear. In many
disturbed caves, aquatic biota can be extirpated in brief time. But it also seems that these
organisms can reappear unexpectedly (Cooper and Cooper 1997). This phenomenon can
be explained a few ways; most involve human error in perception. Records of these
organisms frequently do go back as far as the 1880’s (Varnedoe and Lundquist 2005), but
real data generally does not go any further back than the 1970’s, so it is possible only a
few generations have passed since the disturbance and more time is needed for recovery
to take place. Many of these organisms are small, widely dispersed, and hard to find in
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large underground lakes. Their behavior is largely unknown and very unpredictable.
Often catching these organisms involves setting baited traps or swimming in hypothermic
conditions with a hand held net and a flashlight (Cooper 2009); which can prove to be
detrimental to the organisms and their habitat. Knowing this, the likelihood of getting
accurate data on individuals or populations in a handful of trips is very small. Optimal
conditions for these organisms are also left mostly to conjecture. Cavefish and shrimp
are noted to disappear from records for years only to reappear later for unknown reasons.
One possible explanation is that because the ground water is interconnected through
passages well below where humans can explore, the organisms simply move further
down. Therefore, it is possible that when a population is believed to be gone, it might
instead just be very small and hard to detect, or it has just relocated to somewhere that is
inaccessible to humans.
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APPENDICES
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APPENDIX A

SAMPLE LOCATIONS WITHIN SHELTA CAVE

Figure A.1: Measurement locations within Shelta Cave. Temperature (Red) was measured on
the NE side of Jones Hall near the shore of North Lake. Water samples (Blue) were collected
along the southern shore of North Lake. Water samples for E. coli analysis (Green) were taken
from West Lake and North Lake. Soil samples (Brown) were taken from the shore of West Lake,
the bed of North Lake, the southern shore of North Lake and near the Dance Floor in Jones Hall.
Map courtesy of the Alabama Cave Survey.
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APPENDIX B

LAKE DEPTH ILLUSTRATION

Figure B.1: Varying lake depth affects how aquatic surveys are accomplished. The shape of the cave
provides unique difficulties to conducting an aquatic organism survey. (A) When the depth of the lake is
low, generally less than 2m, surveys by boat are not possible, but surveys done along the shore are easy
and thorough. (B) When depth is between 2m and 4m, boat surveys are possible, and can cover much of
the lake; shore surveys are possible, but less thorough. (C) When depth is greater than 3m, boat surveys
are possible, but cover very little area. Likewise, shore-based surveys also cover little area.
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