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Presenter�
Presentation Notes�
To me, one of the most fascinating aspects of caves are the animal species that make their home in these dark ecosystems.  Tonight, we are going to explore the web of life that exists in caves – everything from bats to bacteria.   
One thing that I want to mention is that bats are a very important group of animals that live in caves and depend on caves.  And we will certainly spend some time talking about bats.  However, we are going to spend more time talking about obligate cave species - those that complete their entire life cycles within caves and are never found outside of subterranean habitats. 
I want to warn you up front that  you  have probably never heard of many of these species and they don’t tend to be very cute or cuddly.  Yet,  these are species that have adaptations that allow them to live in  absolute darkness.  They exist in an extreme environment and are some of the most remarkable creatures found on earth.
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Cave Life Topics
1. Major Food Sources in Caves

2. Ecological Classification of Cave Life

3. Super Cool, Cave Adapted Species

4. Threats to Cave Species
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Cave Environment

Constant temp & 
humidity

Low energy input –
scarcity of food

Mainly  decomposer 
community 

Cyclical pulses of food 

Major Food Sources

Microorganisms

Cave cricket guano

Bat guano

Plant detritus –
 

including 
plant roots

Feces or remains of other  
species using the cave

1. Energy Sources in Caves

Presenter�
Presentation Notes�
Cave ecosystems are different from almost every ecosystems in the world because they are not directly dependent on sunlight as a source of energy. Because caves lack sunlight, plants are not acting as primary producers.  So, to support cave life, cave systems require the introduction of organic nutrients from the surface.  

Food enters a cave in one of 4 main ways.  1.  organic material such as wood or leaves is carried directly by streams, wind, or by gravity into the cave; or 2. food comes from the feces of animals that regularly enter and leave the cave or the animals themselves –eggs – carcasses, etc.  3.  input of food by plant growth such as penetrating tree rootlets is particularly common in lava caves because they usually have a relatively thin rock cover. or4.  input of food from bacterial and fungal mats. 

Because caves are dependent on nutrients from the surface, there are a lot less resources available in underground habitats than we find aboveground.  For that reason, animal communities in caves have lower diversities of species and lower abundance of individuals than surface habitats.  And, as you go deeper into the cave, that diversity decreases even further.
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2. Ecological Classification of Cave Life

Accidentals

Trogloxenes

Troglophiles

Troglobites
© 2009 Bright

Presenter�
Presentation Notes�
We don’t have a lot of time tonight, so we are going to categories cave life into 4 main groups.  Now if you want to get more detailed, you can also break these down into aquatic species versus terrestrial species. But, we don’t have a whole lot of time tonight and will keep our classification relatively simple.�



Generally surface 
dwelling species 
which fall or wander 
into a cave

Examples include 
mice, snakes, frogs, 
and turtles (and 
turkeys???)

Ecological Classification of Cave Animals - 
Accidentals

© 2009 Bright

Presenter�
Presentation Notes�
The first group are accidentals.  These are organisms that accidentally wander, fall, or wash into a cave. Unless they are able to find their way back out to the surface they usually perish. 
Common examples of accidentals are turtles, snakes, groundhogs, opossums or any other “surface dwelling” species. 

Yes, this is a young turkey swimming in a cave pool.   This turkey was with a flock that was split up by a red fox near the cave entrance. This young turkey flew into 
the cave to escape and wound up lost in the dark.  If this turkey hadn’t been rescued by a cave biologist, it would have certainly become a part of the food web 
�



Ecological Classification of Cave Animals - 
Trogloxene

Cave “visitors”

May live in caves or 
similar surface 
habitats

Must leave the cave 
to meet certain life 
requirements such as 
feeding or 
reproduction

Presenter�
Presentation Notes�
Trogloxenes are the second category of species and you can think of them as visitors to caves.  These are species that sometimes occur in caves, but that really belong to surface communities.  
They use  caves for specific parts of their life cycles such as hibernation, nesting, or giving birth, but these species can not complete their life in a cave. They must leave the cave in order to survive, usually to find food. Some common examples of these are bats, bears, skunks, and raccoons.

This animals can play an important role in the cave ecosystem, especially bats.  They contribute significant inputs of organic material in the form of guano and their bodies if they die in the cave.  And, they also act as predators and/or prey for other organisms.  

Trogloxenes have no special adaptations to the cave environment.
�



Caves are Important to Bats!
There are 47 species 
of bats that live in the 
U.S.

More than ½
 

of these 
bats hibernate in caves 
and mines. 

Some bat species 
spend the winter and 
summer in caves.

Photo by Craig Stihler

Presenter�
Presentation Notes�
There are 47 species of bats that live in the U.S.

More than ½ of these bats hibernate in caves and mines to survive the winter. 

Some bat species spend the winter and summer in caves such as the federally endangered Virginia big-eared bat.  This bat hibernates in large concentrations in just a few caves in the winter.  And they have maternity and bachelor colonies in caves in the summer.�



And, Bats Are Important to Caves!

Cave-roosting bats 
are keystone species!

Bat guano can 
provide the primary 
nutrient source for 
entire ecosystems of 
cave life.

Photo by Steve Samoray

Guano –
 

Are You 
Loving It?

Presenter�
Presentation Notes�
If you have been able to participate in any of the past BatsLIVE broadcasts, you know how important bats are.  Aboveground, they are primary predators of a vast number of insect pests, including beetles, moths, leafhoppers, and other insects which, if not for our bats, would cost farmers and foresters billions of dollars annually in lost crops. Bats also pollinate flowers and disperse seeds in rainforests and deserts especially in the SW United States. In any of their habitats, bats are critical elements of the ecosystem.  This is certainly the case in caves as well.�
Cave-roosting bats are keystone species, because their guano provides vital nutrients for cave ecosystems and are often the basis of a cave’s food web. Picture a cave with a large population of bats depositing their guano.  For instance, this is a picture of gray bat guano from a cave in Missouri. Colonies of gray bats typically contain tens of thousands of individuals. This picture gives you an idea of how much guano these bats can produce.
Unlike the droppings of many animals, bat guano is still rich in calories and nutrients. Bats have extremely short digestive tracts and as a result, they are only able to digest about 70 -80% of the nutrients they ingest.  This means their guano has a lot of  unabsorbed nutrients. 
To put the nutritional value of guano into perspective, bat guano has nearly twice the crude protein content and almost 2/3 of the calories of a McDonald’s Big Mac.  
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Ecological Classification of Cave Animals - 
Troglophile

Cave “lover”

May live in caves or 
similar surface habitats

May feed and 
reproduce without 
ever leaving the cave

Cave Salamander

Some Cave Crickets such as Hadenoecus sp. 

Presenter�
Presentation Notes�
Third

Troglophiles are species that are able to live, exploit resources, and successful reproduce and maintain populations within caves, but they can also survive on the surface. A troglophile can live its entire life either inside or outside of the cave.
These are species that tend to be a very important part of the cave food web.  Let’s look at one example – the cave cricket.  It is important to note that most cave cricket species in North America are actually trogloxenes.  They spend a lot of time aboveground.  However, the Hadenoecus species which is found in KY and IN are more troglophilic. 
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Cricket Egg Predation

Cave Beetle - Neaphaenops

Beetle diggings

Cave Cricket - 
Hadenoecus subterraneus

Presenter�
Presentation Notes�
The cave cricket ranges far into caves and buries its eggs in sandy passages.  This blind beetle is especially skilled at finding those eggs.  �



Cricket Predators

Presenter�
Presentation Notes�
In  addition,  to eggs, crickets themselves are an important source of food in caves.  These are all species that feed on cave crickets.  �



Litocampa

Scoterpes

CarychiumAntriadesmus

HelicodiscusLepidocyrtus

Presenter�
Presentation Notes�
Like bats, cricket guano, is used by microorganisms and invertebrates, which become food for fish, salamanders, frogs, and other larger animals. 

These are species of invertebrates that are dependent on cricket guano. 

In many eastern caves, the import of food into the cave is mostly accomplished by cave crickets and to a lesser degree by bats.
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Ecological Classification of Cave Animals - 
Troglobite

Obligate cave species

Must live in caves

Must feed and 
reproduce without 
ever leaving the cave

Many are extremely 
rare and restricted to 
only a few caves.

Planarian

Blind Cave Crab - Belize

Photo by Dave Bunnell

Presenter�
Presentation Notes�
Final

Over time, some cave-dwelling species have become completely adapted to life in the cave environment.    Troglobites are species that permanently and exclusively live in caves or other subterranean cavities.  

Because of the extreme isolation, uniqueness, and harsh conditions of the cave environment, many of the species which occur here are rare. Several merit threatened or endangered species status at the state or federal level, and are restricted to a small geographic area.
�
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Ecological Classification of Cave Animals - 
Troglobite

Obligate cave species

Must live in caves

Must feed and 
reproduce without 
ever leaving the cave

Many are extremely 
rare and restricted to 
only a few caves.

Planera

Cave Crayfish

Scorpion – Mexico
(only 3 specimens known)

Presenter�
Presentation Notes�
To give you an idea of rarity, the Nature Heritage Program ranks species based on the number of known populations.  Obligate cave species represent more than one-half of the rare species listed in the Nature Heritage Program which are those species with a ranking of G1 – G2.  Yet only 4 percent of these species have Federal protection status.  To complicate matters, the Natural Heritage Program rankings are based on the number of known populations with no consideration of threats to the species. 
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Ecological Classification of Cave Animals - 
Troglobite

Obligate cave species

Must live in caves

Must feed and 
reproduce without 
ever leaving the cave

Many are extremely 
rare and restricted to 
only a few caves.

Photo by Joe N. Fries, U.S. Fish and Wildlife Service

Texas Cave Salamander

Presenter�
Presentation Notes�
Many troglobites have extremely small ranges.  Nearly 70% of troglobitic species are limited to a single county in a state.  And, many species are known from only a single cave.

This is a picture of the Texas Cave Salamander which biologists only know of one population of this species which occurs in the Edwards Aquifer in Texas.  
�



How Many Cave Obligate Species Are 
Found in North America?

A. Less than 500

B.  About 1,000

C.  About 1,500

D.  About 3,000

E.  About 6,000

Presenter�
Presentation Notes�
I want you to take a few seconds and come up with a guess as to how many cave-obligate species there are in North America.  Do you have your guess?

North America contains a diverse and widely distributed cave fauna.    There are somewhere between  1300 -1500 described species of cave –obligates. If we include species that have yet to be described, recent estimates are as high as 6000 cave-obligate species.  And these estimates do not include microbes, protozoa, and fungi that live only in caves.

So, if you guessed C, D, or E, you can make a case for being right.  If you guessed A or B, well, you were just wrong.
�



3. Species Adaptation
Small or absent eyes

Metabolism better adjusted to nutrient poor 
environment

Life history changes from surface dwelling cousins. 

Sensory structures often are more developed, Ex:  
antennae, olfactory organs, vibration receptors

Longevity

Presenter�
Presentation Notes�
Troglobites have evolved a lot of similar characteristics that allow them to survive in the underground environment.  
Common charateristics include:
small to absent eyes, 
absence of pigment, 
elongation of appendages, especially antennae allowing them to move and locate food more efficiently in the dark, 
the development of highly sensitive chemical and mechanical receptors to provide detailed information about the surrounding environment.
Slow metabolisms that allow them to go a long time without food which is important in the starved environment of a cave, and
Growth and reproductive rates are much lower than in surface species.  And, longevity in these species is usually much greater.
�



Presenter�
Presentation Notes�
This is the Grotto Salamander which is found in caves throughout the Ozarks.    What adaptations can you see on this salamander?

Note the skin growing over eyes and the absence of gills in the adult.

The grotto salamander is most abundant in caves that harbor high numbers of bats. Bats deposit guano within the cave, leading to an increase in invertebrates associated with the guano. Grotto salamander larvae eat isopods, fly larvae, and snails, but in a highly unusual move for animals that are normally thought of as strictly carnivorous, grotto salamander larvae also consume bat guano. Bat guano is a source of high nutrition in a resource-poor environment since bats have short digestive tracts and fast digestion times and do not extract the full nutritive value of food items. 
The larvae of this salamander are bold in coloration: brownish or purplish gray, sometimes with yellow flecks on the sides. They have a distinctive high tail fin and external gills.   And, the larvae have functional eyes and may live in springs and streams near cave entrances.  
After two or three years, the larvae metamorphose, at which point they lose their gills, their eyelids fuse shut or at least partially shut, and the now blind adult form migrates deep into the cave and lives out the rest of its life underground. The Grotto Salamander is the only cave salamander which undergoes metamorphosis.
�



Decomposers in caves
Examples include fungus, bacteria, and 

microorganisms

Presenter�
Presentation Notes�
Microbial communities are very important in cave ecosystems.
 At the beginning of my presentation I mentioned that we don’t have primary producers or plants in caves.  Instead of a grazing-based food web, we have a detritus food web. 

The organic matter that is brought into the cave from the surface is decomposed or broken down by fungi, bacteria, and molds. The nutrients then become available to microscopic animals and insects which in turn are eaten by larger animals. 

�



Cave Biota Video – 
www.cavebiota.com



4. Threats to Cave Fauna

• Changes in the cave environment;
• Disturbance by humans;
• Reductions in recharge;
• Increased sedimentation of subterranean streams
• Groundwater pollution;
• Non-native invasive species
• White-nose Syndrome

Presenter�
Presentation Notes�
Caves are intimately linked to the surface. Because caves are connected to the surface, we can not protect them without protecting the lands that contribute water and nutrients to them.
Any increase or decrease in nutrient availability, temperature, airflow, or humidity will have consequences on delicate cave ecosystems.  It is this sensitivity to environmental conditions and change that make caves one of the most threatened habitats in the U.S. 

Human activities constitute the most serious threat to the natural functioning of cave ecosystems and the species that live in caves.  Agricultural activities may lead to a significant increase in the volume of nutrients entering a cave and change the structure of the food web. 

Timber harvesting and increased development can increase erosion and result in the introduction of sediment and organic matter into sinking streams or directly into caves. As carol mentioned, groundwater moves very quickly through underground channels in karst areas with little filtration, making it extremely vulnerable to contamination

And of course, we now have to worry about the impacts of white-nose syndrome to bats and caves.  This newly discovered disease is killing entire populations of bats in the US. And Canada as they hibernate in caves and mines.  Affected bats are frequently waking up and flying during hibernation.  They up the fat reserves they rely on for winter survival.  To date, scientists have estimated that over 5.5 million bats have already died as a result of WNS.   It is almost impossible to try to estimate what the loss of these bats will mean to the cave ecosystems that rely on these species.
 Speaking of altering the ecosystem, researchers are finding that climate change also affects cave biology. The dark zones of a cave have constant cool temperatures. Cave organisms have evolved over millions of years to adapt to this stability. If the planet's temperatures continue to ascend, scientists fear that many troglobites won't be able to adapt quickly enough to keep up.�



Please, Learn More!

Presenter�
Presentation Notes�
We have to remember that we have the ability to protect these ecosystems.  And, you don’t have to become an experienced caver to do just that.

By learning more and developing  an appreciation for cave and karst resources, you can share your knowledge with others.  And, together, we can become long-term cave stewardship partners.

These are some wonderful resources that are easily available on line including brochures, videos, and educational curriculum.

I personally want to thank you for spending your evening with us to learn more about these important resources.  Caves are fascinating places that provide value to people around the world including water supplies,  interesting wildlife species, archaeological sites, and as Rick will be talking about, they provide information about past life on our planet.  �

http://www.amazon.com/gp/reader/1879961156/ref=sib_dp_pt
http://www.karstportal.org/


Questions?
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