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7 Balance Statement:

Lechuguilla Cave, whose splendors were revealed when cavers dug into its pas-
sages in 1985, is home to diverse communities of microorganisms (bacteria and
fungi). This cave contains some of the more unusual cave formations in the
world, some of which may have resulted from the action of microorganisms. As
such, Lechuguilla is a mecca for explorers and cave scientists, including microbi-
ologists screening for natural products from microorganisms. The visitation by
explorers and scientists puts the microbial communities at risk. Through this pro-
posal, I seek to assess this impact and to propose steps to minimize the impact
while allowing the exploration and research to continue. Thus, I seek to balance
the need to conserve the microbial communities with the needs of explorers and
scientists who seek to advance various scientific disciplines.

8 Endorsers:

Dr. Cliff Dahm, Associate Professor Dr. Kathy Lavoie, Chair
Department of Biology Department of Biology
University of New Mexico University of Michigan-Flint
Albuquerque, NM 87131 Flint, Michigan 48502-2186
(505) 277-2850 (313) 762-3360

9 Signatures

Signature of Principal Investigator
Date:

Signature of Official of Affiliated Institution

Date:

10 Source of Information

I learned about the Lindbergh Grants program from a colleague and then from
our Research Office.
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11 Project Summary

11.1 Problem Statement and Suggested Solution

Caves, and the living organisms that inhabit them, are extremely fragile.
They are, however, very attractive to explorers wishing to be the first human
ever to set foot in a particular cave or section of cave. Scientists wish to use
caves as model systems in which to investigate geological processes, evolution,
and physiological adaptations of animals. Researchers also visit caves to
search for microorganisms that may produce natural products with medicinal
values.

Pristine environments such as those found in Lechuguilla Cave in Carlsbad
Caverns National Park, New Mexico, are rare and are easily impacted and/or
damaged by human exploration, visitation, and exploitation. Lechuguilla is
explored by dozens of cavers from all over the world each year. Scientists visit
Lechuguilla, seeking microorganisms that produce compounds beneficial to
humans and new knowledge of the geological processes that formed the caves.
NASA is investigating the possibility of using Lechuguilla Cave as a model
subsurface environment in which to study means of searching for microbial
life in subsurface environments on Mars. The author of this proposal has
been investigating the microbial community of Lechuguilla Cave in order to
elucidate details of cave microbial communities.

These research endeavors may advance science and produce new drugs or
organisms which can help in bioremediation of wastes, but they may inadver-
tently damage the habitat in which the microorganisms live. The presence
of humans pursuing these activities in the cave leads to organic enrichment
(humans shed skin and hair, drop food, etc.). Human visitation may change
the very low nutrient environment encountered in Lechuguilla Cave, making
conditions unfavorable for indigenous microorganisms. Humans may also
introduce exotic microorganisms which could flourish in the changing con-
ditions. We are working to understand and protect diverse communities
of native (indigenous) microorganisms, while allowing exploration of these
world class resources.

Lechuguilla Cave, located in Carlsbad Caverns National Park and fea-
tured in the March 1991 National Geographic, contains some of the world’s
most unusual and rare speleothems (cave formations). Lechuguilla Cave was
sealed to the outside world until a dig in 1985 broke into the extensive net-
work of passages which now total approximately 116 explored kilometers.
Exploration by cavers from all over the world has proven Lechuguilla Cave
to be the deepest cave in the continental United States. Researchers be-
gan to examine the microbial community because of the unusually extensive
deposits of sulfur, the unusual corrosion residues left after etching of the
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bedrock, and cave formations, such as “U-loops,” which suggest that ancient
strands of bacteria have been calcified,

Studies by Northup and others indicate that fungi and bacteria are found
extensively in Lechuguilla Cave. Microbes occur a a variety of habitats:
sediment, pools, speleothems, and corrosion residues. Evidence from thin
sections shows that in the distant past bacteria and fungi may have been
associated with the formation of cave formations called pool fingers and rus-
ticles. The possibilities for significant research into cave microbial ecology
and geomicrobiology are extensive. Unique communities of microorganisms,
adapted to live in low nutrient environments and on mineral surfaces con-
taining sulfur, iron, and manganese may exist in this relatively pristine en-
vironment. Efforts to protect these communities while allowing scientists to
utilize the cave for study and discovery of new natural products are critical.

To achieve a balance between the conservation of the microbial commu-
nity and the exploration and research, I propose to study the impact of human
visitation on the microbial communities by comparing microbial communi-
ties in low human impact areas to high human impact areas. The results of
this comparison will be used to define recommendations for minimizing the
impact of exploration and visitation, and will identify microbial habitat in
need of protection by restricted access.

11.2 Summary of Methods, Results, and Practical Ap-
plications

Proposed study methods include: (1) sampling of sites that represent low
human impact and high human impact at the beginning of the year and
again at the end; (2) culturing of resident microorganisms; (3) identifying the
composition of microbial communities in the different sites; and (4) studying
the numbers of organisms and their respiratory activity to determine whether
bacteria play an active role in the ecosystem.

Results of this work will be used to determine the effect of humans on cave
microbial communities, and to identify areas in particular need of protection.
This information will be passed to the National Park Service for their consid-
eration in establishing guidelines that will help protect the cave. In addition,
I will prepare materials to inform scientists and explorers of things they can
do to preserve the microbial communities indigenous to Lechuguilla Cave.
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11.3 Balance between Technological Growth and Pre-
servation of the Natural Environment

The use of caves to explore for microorganisms that may produce beneficial
compounds for human health, to model subsurface environments in the search
for life on other planets, and to look for answers to the many geological
mysteries, is a worthwhile endeavor. To ensure the continued availability of
these unusual resources and the life they harbor, we must know the impact
that we have on the life and the methods we can use to protect that life.
I propose to study this impact in an unusually pristine environment and
to identify methods to conserve the microbial communities within in this
habitat. Thus, conservation of the microbial communities can be balanced
with the needs of explorers and scientists seeking to extend the boundaries
of our knowledge and to improve our daily existence.

12 Review of the Literature

Unlike the literature dealing with microorganisms that live in surface envi-
ronments, the literature dealing with cave microorganisms is limited. The
end of the nineteenth century saw the first reports of microorganisms in
caves, reviewed in Caumartin (1963). Since that time many researchers have
reported on different microorganisms and their occurrences in a variety of
caves around the world. Many of the studies were carried out by Europeans
who studied the organisms occurring in both terrestrial sediments in caves
and aquatic cave environments. A few studies deal with microbes, termed
psychrophiles, which are specialized to live in very cold environments. In gen-
eral, literature which discusses the roles that microorganisms play in caves
is sparse with one notable exception, that of biokarst. The biokarst litera-
ture deals with the part that microorganisms, specifically bacteria and algae,
play in the creation of cave speleothems (stalactites, stalagmites, and other
cave formations) (Danielli and Edington 1983, Jones and Motyka 1987, Viles
1984, and Went 1969). Much research still remains to be done.

While the field of cave microbiology was somewhat inactive during the
1970’s and 1980’s, an upsurge of activity is occurring in the 1990’s as ev-
idenced by the papers presented at the Breakthroughs in Karst Geomicro-
biology Conference, held in Colorado Springs in February 1994. Exciting
research is beginning to permeate the field and scientists are looking to the
cave environment for important new avenues of research.

New work on microbial communities is being done by Dr. Larry Mallory
at Mammoth Cave (Rusterholtz and Mallory, submitted for publication).
Mallory is also pursuing the possibility of locating, in Lechuguilla Cave, bac-
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teria that produce compounds with cytotoxic (cell killing) potential (Mallory,
unpublished data). Such finds could be applied to human diseases such as
cancer.

I have been studying the distribution of microorganisms, fungi in particu-
lar, in Lechuguilla Cave. Preliminary evidence shows that the number of bac-
teria is pools in increasing, and the number and variety of fungal spores and
growths near areas frequented by cave explorers, is also increasing (Northup,
et al. 1994, in press).

Few researchers have examined threats to indigenous populations of mi-
croorganisms in caves. Lavoie (1980) investigated the toxicity of carbide
waste (the material used to fuel lights of cavers) to heterotrophic microor-
ganisms. Lavoie (In press) has also examined the impact of human urine on
fungi and bacteria.

Thus, while there is considerable attention paid to conservation of caves
in general (Gamble 1981, and the entire issue of Environmental Geology,
June 1993), and to the conservation of cave invertebrates (see Northup and
Welbourn, in press) and bats (McCracken 1989), little effort has been con-
centrated on cave microorganisms. A study such as I propose will identify
the impact that human explorers and scientists have, in a relatively pristine
environment. By monitoring the amount of time spent by humans in the
area of the research sites, we will be able to quantify the amount of human
presence that begins to change the composition of the microbial commu-
nity. Such information can be used by the National Park Service and other
groups to regulate the visitation to areas with particularly unique indigenous
populations.
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13 Budget

Supplies
Microscope slides, petri dishes,
syringes, vaccutainers, inoculating loops,
chemicals, caving equipment, etc. $2000.00

Services
DOC/TOC Sample Analysis
$20/sample x 40 samples $800.00
Soil Organic Carbon Analysis
$4/sample x 20 samples $80.00
Literature Searches $200.00
Postage $100.00
Phone $200.00

Personnel
Student Assistant Salary
$4.50/hour x 10 hrs/week x 50 weeks

$2250.00

Equipment
Olympus binocular microscope with
phase contrast and epifluorescence $10,000.00

Total Cost: $15630.00

Total Funds Requested: $10580.00

I will also be investigating other sources of funding for supplies, travel,
and personnel. If I am successful in locating additional funding, I will spend
the entire proposed buget on the acquisition of the microscope. Otherwise, I
will purchase a less expensive microscope.

14 Methodology

The following methods will establish sampling sites in high and low human
impact areas, will culture fungi and bacteria from the chosen sites, will iden-
tify fungal genera and will compare bacterial strain composition between high
and low human impact areas, and will assess whether bacteria present are
actively respiring (i.e. are active components of the ecosystem). The project
is expected to take a year to complete and would begin, upon successful
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funding, in June of 1995.

14.1 Fungal and Bacterial Sampling of Sites

Sampling sites in all three main branches of Lechuguilla Cave will be chosen
that represent areas of high human impact (e.g. areas where explorers and
scientists camp) and areas of low human impact (such as those in areas newly
discovered or rarely visited). Sites will also be chosen to represent water-
air, water-sediment, air-rock interfaces, all of which are sites of increased
microbial density.

14.2 Sampling and Enrichment Cultures

Sampling will be conducted at the beginning of the year-long project and at
the end in the high and low impact areas in order to allow for a comparison
of any changes in composition of the communities that occurs during the
year. Sites will be sampled with sterile rayon-tipped swabs and inoculated
on site. Studies by Dr. Larry Mallory at the University of Massachusetts at
Amherst show that recovery of indigenous organisms is higher if plates are
inoculated in the cave and left on site for at least 24 hours before transport
to the laboratory. Fungi will be cultured on potato flake agar prepared at
regular, 10−1, and 10−2 strength as a of carbon source, and with the agar
boosted to 18 grams of agar per liter. Bacteria will be cultured on a variety
of low nutrient agar (suitable for organisms growing in an extremely nutrient
limited environment), offering different energy sources (iron, sulfur, man-
ganese, and carbon). Resultant cultures will be subcultured to achieve pure
cultures and will be incubated in the laboratory at 20◦C following transport
to Albuquerque. In addition, to further sample bacteria present, slides will
be placed in pools and buried in soil/corrosion residues for a period of at
least six months. Retrieved slides will be examined/cultured for microbes
which have colonized them.

14.3 Identification and Comparison of Sites

Identification of fungi to genus will be accomplished using standard keys
and examining spore structures on wet mounts with a binocular microscope.
Wet mounts of bacterial cultures will be examined microscopically with phase
contrast to determine motility and cellular morphology. The characters listed
in Rusterholtz and Mallory (see Literature Review) will be used to categorize
bacterial strains. Energy sources in the media used in the enrichment cultures
will assist in determining what bacterial strains use as energy sources. Biolog
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and GC Fame, two commericial services used to identify bacteria, will be used
to further categorize bacterial strains.

Cultures will be made available to taxonomic specialists for further iden-
tification work and for inclusion in culture collections. This will ensure that
any new or unusual microbes become available to the wider scientific com-
munity.

14.4 Bacterial Respiratory Activity Assessment

Using slides buried in sediments/corrosion residues and placed in pools, I
will determine bacterial respiratory activity using an Acridine Orange (AO)
/ p-iodonitrotetrazolium violet (INT) dye combination. AO/INT allows one
to estimate total cell and total respiratory cell densities. The INT staining
will be done on site in the cave with a four hour incubation time and the AO
staining will be done in the lab just before microscopic examination.

15 Results/Application

My previous studies have shown some evidence that cave visitors may be
impacting the microbial communities in Lechuguilla Cave by our visitation
and work in the cave. This study will allow a rigorous testing of this hypoth-
esis. By comparing the microbial community composition in high and low
human impact areas, I will have a clearer picture of what the impact is. This
can be accomplished by examining the nature of the microbes found in the
different sites. For example, if I find that fungal species typically associated
with humans or plants are found in high human impact areas, and not in low
human impact areas, I can conclude that these species are not indigenous
to the cave and are probably being transported into the cave by visitors. I
will also examine whether bacteria that utilize mineral sources such as sul-
fur, iron, or manganese exist in high human impact areas. Such bacteria are
probably the basis for the microbial food chain that exists in Lechuguilla.
The conservation of these bacteria is particularly important in order to keep
the community intact. If we are having minimal impact on the microbial
communities, the composition of communities located in sites with similar
air flow patterns and mineralogies should be similar.

This study will also identify unusual communities that should be targeted
for special conservation efforts. A list of areas with unusual communities will
be given to the National Park Service so that they have solid information to
consider when deciding whether to restrict access to particular areas.

Another outcome of the study will be the identification of how active the
bacteria are in Lechuguilla Cave. It may simply be that the bacteria cultured
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previously exist in a dormant state and are not active, important components
of the ecosystem.

Finally, a pamphlet describing the microbial community and methods
in which it may be preserved, will be created and disseminated to explor-
ers in the Lechuguilla Exploration and Research Network (LEARN) and to
scientists actively working in the cave. LEARN contains 90% of the active
explorers of Lechuguilla Cave. An article will also be placed in the NSS
News, the primary communication vehicle of the National Speleological So-
ciety, to which approximately 10,000 cavers belong (primarily United States
residents).

16 Personnel

The Principal Investigator, Diana E. Northup, will be the primary person
carrying out the work. I estimate that I will work approximately 10% time
on the project and will be assisted by a ten-hour/week student assistant.

17 Supporting Materials:

Please see the attached manuscript which summarizes my previous studies
in Lechuguilla Cave.
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