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Slide 1. Hotspot of Biodiversity: Unique and Endangered Animals of Central TexasIntroduction	Central Texas contains a highly diverse and unusual biota. Species from the north, south, east, and west meet in central Texas, and geological, hydrological, and climatic factors result in large numbers of endemic species (species found nowhere else in the world) as well. The beauty of central Texas also makes it a popular place for humans to live, and changes that result from a growing human population often endanger the native species. In this talk I will explore some case histories of some of the endangered species of central Texas and the factors that account for their decline or disappearance. I’ll also emphasize that we are still learning about the species that occur in this region, and that we are making new discoveries every day.	Biodiversity refers to the full variety of life (including animals, plants, fungi, and microscopic organisms) that inhabits a given region. Why should we be concerned about biodiversity? One important reason is that stability and health of ecosystems depends on a diverse flora and fauna. An ecosystem is like a building, and the species are like the bricks used to build the walls of the building. Losing a species is like losing a brick from the wall; as more bricks are lost, the likelihood that the building will collapse increases. Another more selfish reason for an interest in biodiversity is that we are just beginning to tap into the  genetic  information of plants and animals, and find important and novel uses for this information. As species are lost to extinction, most of this information is lost forever. In addition, biodiversity is what makes the outdoors interesting and enjoyable to most people. Contrast the experience of a walk in woods with a walk in a cotton field or even a parking lot. A walk in the woods is interesting to most people largely because there are so many species of plants and animals to see, and every step brings new sights, smells, and sounds of different plants and animals. So biodiversity is much of what makes our world function normally, what makes it useful, and what makes it interesting and beautiful.(Photos: Houston toad ©David M. Hillis; Leaf-cutter ants ©Lawrence Gilbert; Black-capped vireo with cowbird chicks ©Jos. A. Grzybowski; Jaguar ©Lawrence Gilbert; Heliconius butterflies ©Lawrence Gilbert; White-throated slimy salamander ©David M. Hillis)



Jaguar: “Lost Biodiversity”
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Slide 2. Lost Biodiversity	Most people probably don’t think of jaguars as native to central Texas: these big, beautiful cats generally evoke visions of tropical rainforests of Central or South America. However, jaguars were found over much of south, central and eastern Texas, north to the Red River and east to Louisiana, before being extirpated from the state by the early 1900s. One of the last jaguars known from central Texas was shot near Waco in the late 1800s. Ocelots were also found in central Texas (the last ocelot killed in central Texas is on display in the Strecker Museum at Baylor University). Today, there are only two wild species of cats in central Texas: the mountain lion, which is now uncommon in this part of the state, and the bobcat, which is still relatively common in rural areas. Unfortunately, much of the biodiversity of central Texas has gone or is going the way of the jaguar: lost forever. (Photo ©Lawrence Gilbert)Additional Resource:The Mammals of Texas (1994, William B. Davis and David J. Schmidly, Distributed by University of Texas Press, P.O. Box 7819, Austin, Texas 78713-7819)



Texas Blind Salamander: “Endangered Species”
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Slide 3. Endangered Species	Many species of animals and plants are found no where else in the world but central Texas, and scientists and amateur naturalists come from around the world to observe and study the unique species of this region. Unfortunately, many of these endemic species are endangered with extinction. The Texas blind salamander was first discovered in the 1890s when an artesian well was drilled to supply the federal fish hatchery in San Marcos with water, and Texas blind salamanders were discovered living in the Edwards Aquifer beneath the city, along with a number of unique species of invertebrates. These species are highly adapted to life underground, and have greatly reduced eyes (without image-forming lenses) since they live in darkness. (Photo ©David M. Hillis)Additional Resource:Texas Parks and Wildlife Fact Sheet for Texas Blind Salamander:http://www.tpwd.state.tx.us/nature/endang/animals/blindsal.htm
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Slide 4. New Discoveries	Imagine if we discovered a new planet that was teaming with unknown life forms. Think about how excited we would be, and how much effort we would expend trying to learn about all the new species! In fact, we already live on just such a planet. Many people are surprised to learn that biologists have only discovered about a tenth of the species that live on planet Earth: there are literally millions of species that share our planet that we have not yet discovered or described. Even more surprising to many is the fact that these species don’t all live in far reaches of the planet where few people have ever visited. Biologists are still discovering new species—even large vertebrates—right here in central Texas. This photograph shows a new species of mosquito fish (the genus Gambusia) that has just been discovered. It has not yet been described and named by biologists. It occurs in the spring-fed creek that flows right through a major town on the Edwards Plateau. This highlights how little we still know about the animals around us. Many important biological discoveries are made by amateurs, and there are still huge holes in our knowledge of the biodiversity of central Texas. Sadly, we may lose a lot of species before they are ever discovered. (Photo ©Garold W. Sneegas)Additional Resource:Texas Memorial Museum, Fishes of Texas:http://www.utexas.edu/depts/tmm/exhibits/fish/
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Slide 5. Why is central Texas so diverse?	The high biodiversity of central Texas is a result of many factors. First, many different biotic regions intersect in the center of the state. Plants and animals that are typical of the southeastern pine and hardwood forests (East Texas Pineywoods and Post Oak Savannah on the map), the Great Plains (including the High Plains, Rolling Plains, and Cross Timbers regions), the Blackland Tallgrass Prairies, the western oak/juniper woodlands of the Edwards Plateau, and the semi-desert species of the Tamaulipan thornscrub all come together in central Texas. The uplifting of the Edwards Plateau and the resulting creation of the Edwards Aquifer and its associated caves and springs created an isolated area where species have diversified. The mild winters allow many tropical and subtropical groups to range northward into the area, and the relatively abundant surface water and the moderating effects of cool, spring-fed canyons allow moisture-loving eastern species to thrive. Dry, exposed limestone escarpments and granite outcrops are suitable habitat for many western species, and the interdigitation of grasslands result in the inclusion of species from the Great Plains. Thus, central Texas is a mixing area of east and west, north and south, with its own unique elements (such as the caves and aquifers of the Edwards Plateau) thrown in for good measure.
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Slide 6. Central Texas zoom-in.
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Slide 7. Composite:Houston Toad: “Land Development/Habitat Destruction”Austin Blind Salamander: “Water Use: Loss of Aquifers and Springs”Unionid Clams: “Water Pollution: Degradation of Rivers”Fire ants: “Introduced Species”Black-capped Vireo with Cowbird Chicks: “Effects of Agriculture”	There are many reasons why the high biodiversity of central Texas is threatened. In this talk, I’ll focus on five reasons, with an example of each problem. First, I’ll talk about the direct effects of land development and habitat destruction and fragmentation, and particularly the effects of development on the endangered Houston Toad. I’ll then consider the problem of depletion of ground water, and the resultant loss of aquifers and springs and the communities of animals that depend on them. The rapid loss of freshwater mussels in the rivers of Texas will highlight the general problem of degradation of our surface waters. Everyone’s nemesis, the imported fire ant, will serve to introduce the problems of introduced species and their effects on our native fauna. Finally, I’ll illustrate some unwanted indirect effects of agriculture using the example of an endangered songbird, the black-capped vireo.(Photos 1-3 ©David M. Hillis; photo 4 ©Lawrence Gilbert; photo 5 ©Jos. A. Grzybowski)



Houston Toad: “Habitat destruction”
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Slide 8. Calling Houston toad: “Habitat Destruction”	We’ll start our discussion with the endangered Houston toad (Bufo houstonensis). One might well ask why a discussion of central Texas endangered animals includes a toad named after Houston. The answer is that this pretty little toad was first discovered in Houston, but development there has completely wiped out its habitat. The only sustainable populations left of this toad occur in the Lost Pines region in and around Bastrop County. This area represents a western remnant of loblolly pine forest, and the cool pine forests are a favorite retreat of central Texans of all kinds, including the Houston toad. (Photo ©David M. Hillis)Additional Resource:Reproductive ecology and hybridization of the endangered Houston toad (Bufo houstonensis) (1984, D. M. Hillis, A. M. Hillis, and R. F. Martin, Journal of Herpetology 18:56-72).
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Slide 9. Breeding pond	Houston toads breed mostly in small, often ephemeral ponds. The developing tadpoles survive best in ponds without fish. A female toad will lay several thousand eggs in long strings, and the tadpoles develop into small toadlets within about two months. Only a very few of the offspring from any one clutch are expected to survive to adulthood.(Photo ©David M. Hillis)



Habitat: Lost Pines
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Slide 10. Habitat: Lost Pines	There used to be a fire tower just northeast of Lake Bastrop. I took this photograph from the tower looking to the east over what was then (in 1981) relatively pristine habitat for Houston toads.(Photo ©David M. Hillis)



Habitat loss

11

Presenter
Presentation Notes
Slide 11. Habitat loss	From the same fire tower, but looking off to the west, we can see a large tract of land that has been cleared for development. This clear-cutting of pine forest produces several problems. Soil is compacted and eroded, which makes it very hard for Houston toads to live. Imported fire ants love the open and disturbed habitat, and fire ants kill and eat almost anything smaller than a breadbox. Also, another species of toad, Woodhouse’s toad (Bufo woodhousii) moves into these disturbed areas and hybridizes with Houston toads. As roads are added, toads are killed in large numbers by cars when they migrate to the breeding ponds in the spring. Small, temporary breeding ponds are often eliminated or replaced by large, permanent ponds and lakes, which are often stocked with predatory fish. Within a few years, any Houston toads that survive the initial development are gone as a result of these secondary factors.(Photo ©David M. Hillis)



New: development
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Slide 12. Development	The reason that there isn’t any habitat left for the Houston toad in Houston is because it has been converted into housing developments and shopping malls. All the former habitat of the Houston toad in the area is gone, and the city’s growth has eliminated the species from Houston and surrounding areas. 	Much of central Texas is being converted to housing developments, highways, and shopping malls. If we don’t set aside some undisturbed areas, many of our unique local species will go the way of the jaguar. My hope is that my grandchildren don’t have to show photographs of Houston toads and say “This species still existed when my grandfather was alive.”(Photo ©U.S. Fish and Wildlife/Wyman Meinzar)



B. houstonensis x B. woodhousii (amplexus)
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Slide 13. Bufo houstonensis X Bufo woodhousii (amplexus)	When development disturbs areas around the edges of Houston toad habitat, populations of Woodhouse’s toad often move in, and some hybridization occurs. These hybrids are not as fit as the parental species, and the hybrid populations are eventually replaced by pure Woodhouse toad populations. Thus, even where development leaves potential breeding habitat, the populations of Houston toads are eventually lost.	This photograph shows a male Houston toad in amplexus with a much larger female Woodhouse’s toad. The male will grasp the female until she lays eggs, at which point he will release sperm and fertilize the eggs. Males may stay in amplexus with females for days waiting for the female to release her eggs, but usually the wait is not longer than a few hours. (Photo ©David M. Hillis)



B. houstonensis x B. valliceps
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Slide 14. Bufo houstonensis X Bufo valliceps	Houston toads can also hybridize with another species, the Gulf Coast toad, Bufo valliceps. These two species may occupy the same habitat, but the Gulf Coast toad usually breeds later in the year than the Houston toad. Hybridization occurs when the breeding season of Houston toads is delayed, as in drought conditions. All hybrids between these two species are sterile males. The photograph shows three male toads: a Houston toad on the right, a hybrid in the middle, and a Gulf Coast toad on the left. The two parental species can be distinguished by the crests on the head (called cranial crests). Notice the intermediate condition of cranial crests of the sterile hybrid in the middle. These species also differ in their breeding calls, and the sterile hybrids have an intermediate call. Hybrid males attempt to breed with females of both species, but the eggs do not develop.(Photo ©David M. Hillis)



Houston Toad (Bufo houstonensis)
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Slide 15. Houston Toad (Bufo houstonensis)	One of the wonders of spring is a chorus of toads and frogs calling to the females around a breeding pond. Around the world, frogs and toads of many species are disappearing at an alarming rate. There are probably many factors that are responsible for these disappearances of frog populations. In general, frogs and toads are highly sensitive to environmental degradation, and serve much like canaries in a coal mine to warn of environmental collapse. In years past, coal miners would take canaries with them into coal mines to warn of poisonous gases like carbon monoxide. Since canaries are more sensitive than humans to a lack of oxygen, when the canaries stopped singing and passed out or died, the miners would realize that they needed to get out of the mine quickly. Frogs and toads serve as a similar early warning system: their world-wide decline is a signal of other problems. Frogs and toads have survived on Earth for over 250 million years, and even survived the mass extinction event that wiped out all the non-avian dinosaurs at the end of the Cretaceous. Now, in the past quarter century, many species are going extinct.	Anyone who has ever stood in the middle of a chorus of frogs on a wet spring night will remember the experience forever. Since frogs are disappearing, and fewer and fewer people get the chance to experience a frog chorus first hand, I thought I’d present the sounds of a chorus of frogs at a Houston toad breeding pond. This is a calling Houston toad, and by clicking on the photograph you can hear its high-pitched trill.  (In this and all subsequent frog and toad photos, you can hear the call by clicking on the photo.) (Photo ©David M. Hillis)Additional Resource:Texas Amphibian Watch:http://www.tpwd.state.tx.us/nature/education/tracker/amphibians/amphib.htm
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Slide 16. Gulf Coast Toad (Bufo valliceps)	Late in the breeding season of Houston toads, the chorus is joined by calls of the Gulf Coast toad, Bufo valliceps. It also has a trilled call, but at a much lower frequency and slower pulse rate.(Photo ©David M. Hillis)
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Slide 17. Woodhouse’s Toad (Bufo woodhousii)	This is a Woodhouse’s toad, the species that occurs around the edges of the Houston toad’s habitat. Its call is also trilled, but the pulse rate is so fast and at such low frequency that the call sounds more like a moan.(Photo ©David M. Hillis)
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Slide 18. Gray Treefrog (Hyla versicolor)	Male gray treefrogs call from trees around the breeding ponds. There are two similar species that differ in their calls and in the number of chromosomes (one species is diploid, and the other is tetraploid). This is the tetraploid species, Hyla versicolor.(Photo ©David M. Hillis)
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Slide 19. Spotted Chorus Frog (Pseudacris clarkii)	Spotted chorus frogs are among the earliest species of frogs to breed, as long as there is sufficient water available in the temporary spring pools. Here one male chorus frog is calling, and another male is floating silently nearby (in the upper left). This latter male is called a satellite male; he will attempt to intercept females that are attracted to the calling male. In this way, he saves energy (the cost of calling) and may have a lower risk of predation.(Photo ©David M. Hillis)
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Slide 20. Strecker’s Chorus Frog (Pseudacris streckeri)	This male Strecker’s chorus frog has already found a mate (this photo shows a pair in amplexus; the male is on top, grasping the female). This is another species that breeds very early, with calling often starting in December. The high pitched, single-noted whistle of this species brightens cool, wet winter days in central Texas.(Photo ©David M. Hillis)
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Slide 21. Great Plains Narrowmouth Toad (Gastrophryne olivacea)	The Great Plains narrowmouth toad specializes on an ant diet. They usually breed after heavy rains, when their distinctive, high-pitch whines may be heard throughout most of the spring and summer months.(Photo ©David M. Hillis)



Great Plains Narrowmouth Toad in tarantula burrow with tarantula
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Slide 22. Great Plains Narrowmouth Toad in tarantula burrow with tarantula	The Great Plains narrowmouth toad also has a fascinating and poorly understood relationship with tarantulas. Narrowmouth toads are often found in tarantula burrows (the toad is at about 10 o’clock relative to the tarantula in this photo), and the tarantulas do not harm the toads. One hypothesis is that this is a symbiotic relationship: the toads eat ants that would otherwise molest the tarantula, and the tarantula provides protection from the toad’s predators. (Photo ©David M. Hillis)
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Slide 23. Couch’s Spadefoot Toad (Scaphiopus couchi)	Couch’s spadefoot toads are another explosive breeder. These toads use keratinized spades on their hind feet to dig backwards into the soil, and they spend much of their lives underground. They come to the surface in wet weather to feed, and they form breeding choruses after heavy rains fill their temporary breeding pools. Breeding male spadefoot toads will try to grab and amplex anything that moves within reach: even the hands of collectors or sticks that float by!(Photo ©David M. Hillis)



Southern Leopard Frog (Rana sphenocephala)
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Slide 24. Southern Leopard Frog (Rana sphenocephala)	Southern leopard frogs rarely move far from water. They are fast, wary frogs that call while floating on the surface of ponds (and sometimes even call while completely submerged). Their call resembles a person with a loud, chuckling laugh. Unlike most other central Texas frogs, leopard frogs have two vocal sacs, one on each side of the head (rather than a single vocal sac under the chin).(Photo ©David M. Hillis)



Bronze Frog (Rana clamitans)
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Slide 25. Bronze Frog (Rana clamitans)	Bronze frogs reach the western limit of their range in central Texas. Their loud, banjo-like calls can be heard through much of the late spring and early summer. Like the leopard frog, they rarely venture far from water.(Photo ©David M. Hillis)
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Slide 26. Composite of 10 frogs	Under very lucky conditions, you might hear all ten of these species calling together in a single chorus. However, usually, the early breeders (like the chorus frogs) will be finished breeding by the time the late species (such as the Gulf Coast toad) start calling. With a little imagination, you can imagine what a frog chorus sounds like. With a flashlight and willingness to get wet, you can hear and see a chorus for yourself on a wet spring night!(Photos ©David M. Hillis)Additional Resource:Texas Memorial Museum: The Herps of Texas:http://www.zo.utexas.edu/research/txherps/



Texas Blind Salamander: “Caves and Springs”
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Slide 27. Texas Blind Salamander: “Caves and Springs”	Many species that are found only in central Texas occur in the caves and springs of the Edwards Plateau. This bizarre salamander was discovered in the 1890s when an artesian well was drilled to support the federal fish hatchery in San Marcos. Several unique cave invertebrates and this Texas Blind salamander flowed to the surface with the artesian water. New discoveries of new species of life from underground central Texas continue to be made every year.(Photo ©David M. Hillis)



Cave
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Slide 28. Caves	On the left, a caver descends into the depths of Devil’s Sinkhole. On the right, a caver explores Honey Creek Cave. Honey Creek actually runs through the length of Honey Creek Cave, and cavers sometimes take float trips through the cave. Many species of troglobites (cave dwellers) call Honey Creek Cave home.(Photos ©Jean Krejca)Additional Resource:Biospeleology: the Biology of Caves, Karst, and Groundwater:http://www.utexas.edu/depts/tnhc/.www/biospeleology



Salado Springs
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Slide 29. Salado Springs	The Edwards Aquifer (as well as other aquifers) supply the water for a large number of central Texas springs. However, humans have been drilling wells, pumping water, and reducing artesian pressure at a rapid rate since the 1800s. Approximately 50% of the springs that used to flow in Texas have gone completely dry. Others are dim reflections of their former glory. This is a photograph of one of the Salado Springs in Salado, about halfway between Austin and Waco. In the days of the Chisholm Cattle Trail, water at this spring (Big Boiling Spring) reportedly sprayed like a fountain six feet into the air! The spring served as the primary water source for the town of Salado, and a rock wall had to be built to keep the cattle out. The spring still flows, but water is often polluted from sewage lines and the spring has been highly modified.(Photo ©David M. Hillis)Additional Resource:The Springs of Texas (1981, Gunnar Brune, 2014 Royal Club Court, Arlington, Texas 76017)



Salado Springs salamanders
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Slide 30. Salado Springs salamanders	These may be two of the last individuals of a species of salamander that was just described (in 2000) from Salado Springs. My colleagues and I named this species Eurycea chisholmensis in honor of the trail that used to depend on Salado Springs. This species was once easily found at Big Boiling Spring, but only one individual has been seen there in the last six years. This species occurs at a few additional springs along Salado Creek, so hopefully the remaining habitat of the Salado Springs salamander can be protected before the species becomes extinct.(Photo ©David M. Hillis)Additional Resource:Scientific description of the Salado salamander is in:Phylogenetic relationships and systematic revision of central Texas hemidactyliine plethodontid salamanders (2000, P. T. Chippindale, A. H. Price, J. J. Wiens, and D. M. Hillis, Herpetological Monographs 14:1-80).



Barton Springs
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Slide 31. Barton Springs	In Austin, our most famous springs are of course Barton Springs, and many central Texans survive the summer by taking advantage of the cool waters of Barton Springs Pool. They share the waters with at least three endemic species (one snail and two salamanders) that are found nowhere else in the world.(Photo ©David M. Hillis)Additional Resources:Barton Springs web sites:http://www.ci.austin.tx.us/parks/bartonsprings.htmhttp://www.austin360.com/news/features/environment/bartonsprings.htmlSOS Alliance:http://www.sosldf.org/old/index.html



Barton Springs salamander
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Slide 32. Barton Springs salamander	This is the most famous of the Barton Springs endemic species: the Barton Springs salamander. Its scientific name is Eurycea sosorum, which is derived from the SOS (Save Our Springs) initiative written and passed into law by the citizens of Austin. It has been suggested that this beautiful species is a perfect candidate for the state amphibian of Texas: it is a native Texan, it only lives in the capital of Texas, it is happy to share its home with others, it only asks that we keep its water clean and flowing. It is a federally listed endangered species, and fortunately for Austinites, what is good for the salamander is also good for our drinking water and our favorite summer retreat in Zilker Park.	After the salamander and its habitat were protected, the species initially showed signs of recovery. However, in the last few years, the population of Barton Springs salamanders have declined as habitat in the springs is lost due to siltation from development. The City of Austin conducts weekly salamander surveys (using SCUBA divers) to monitor the population, and is working on establishing a captive breeding program so that the species will be protected from extinction in the event of a catastrophic toxic spill into the recharge zone of the aquifer. (Photo ©David M. Hillis)Additional Resources:Web sites on the Barton Springs Salamander: http://www.ci.austin.tx.us/salamander/http://www.hyperweb.com/bsz/Salamander.htmlhttp://www.sosldf.org/old/sallybg.htmlThe Endangered Species Act: http://endangered.fws.gov/esa.htmlSOS Alliance: http://www.sosldf.org/old/index.htmlScientific description of the Barton Springs salamander is in:A new species of perennibranchiate salamander (Eurycea: Plethodontodae) from Austin, Texas (1993, P. T. Chippindale, A. H. Price, and D. M. Hillis, Herpetologica 49:248-259).
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Slide 33. Austin Blind Salamander	The weekly SCUBA surveys of Barton Springs have turned up another surprise. About one out of every hundred salamanders seen is another, as yet undescribed, species! This species is a relative of the Texas blind salamander, and probably spends most of its life deep in the aquifer, rather than around the spring openings as does the Barton Springs salamander. The proposed common name of this species is the Austin blind salamander, and the publication that formally describes this species to the scientific world is in press. So far, the only individuals of this species that have been seen at Barton Springs are juveniles, which probably flow out of the aquifer accidentally. A few of these have been raised to adulthood in captivity, and they are very different from any other known species of salamanders. However, because they are so rare and so rarely seen in their natural habitat, very little is known about the biology of this species.(Photo ©David M. Hillis)
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Slide 34. Widemouth Blindcat	The endemic fauna of the Edwards Aquifer is not limited to invertebrates and salamanders. There are two endemic catfishes that live in the waters deep below the city of San Antonio. These species have been found only in the outflow of deep artesian wells that penetrate the San Antonio Pool of the Edwards Aquifer. This is Satan eurystomus, the widemouth blindcat. Very little is known about these deep aquifer species, and no one has ever seen these fishes in their natural habitat, because they live about 1,000-2,000 feet (300-600 meters) below the surface!(Photo ©Dean Hendrickson/Texas Memorial Museum)Additional Resources:Texas Memorial Museum, Fishes of Texas:http://www.utexas.edu/depts/tmm/exhibits/fish/
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Slide 35. Cerolanides texensis	There are also many species of cave invertebrates that are found only in central Texas caves. Some groups, as represented by this endemic isopod (Cerolanides texensis), became isolated in central Texas caves when the Cretaceous seas retreated from central Texas. The relatives of this genus are found in marine environments, but these isopods have been isolated from their marine relatives for about 65 million years in the underground waters of central Texas. This species also demonstrates that everything doesn’t grow bigger in Texas. This species is smaller than a fingernail, whereas outside of Texas....(Photo © Jean Krejca)Additional Resource:Biospeleology: the Biology of Caves, Karst, and Groundwater:http://www.utexas.edu/depts/tnhc/.www/biospeleology



Non-Texan isopod
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Slide 36. Non-Texan cerolanid isopod (in hands)...its marine relatives are considerably larger. This species of cerolanid isopod is found off the coast of Puerto Rico, and is thousands of times more massive than the largest Texan isopod. This is one scary-looking rolly-polly!(Photo ©David M. Hillis)
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Slide 37. Many-mouthed Flatworm	This is another cave invertebrate endemic to central Texas. This white flatworm, Sphalloplana mohri, has multiple mouths on the end of feeding tubes. These mouths can be seen extending above the flatworm in the photograph.Additional Resource:Biospeleology: the Biology of Caves, Karst, and Groundwater:http://www.utexas.edu/depts/tnhc/.www/biospeleology(Photo © Jean Krejca)
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Slide 38. Drawing of mantle flap: “Degradation of Rivers”	The rivers of central Texas today are a poor reflection of what they were like when Texas first became a Republic. As an example, early this century, central Texas rivers were famous for their large and diverse populations of native freshwater mussels (especially clams of the family Unionidae). These clams were widely collected for food, for pearls, and for the button industry. (Before the invention of plastics, most buttons were made from freshwater clam shells). Unionids were the dominant freshwater macro-invertebrates of rivers in our state, and every drop of water was probably filtered many times through a freshwater mussel before it was released into the Gulf of Mexico. Today, populations of freshwater mussels have completely disappeared from many central Texas rivers, and they are uncommon or rare in the rest.	This drawing looks like a fish, but it is actually a freshwater clam imitating a fish. Why would a clam do that? Unionids release larvae (called glochidia) that are parasitic on fish. The glochidia initially attach to fish by clamping onto the gills, fins, or scales, but the larvae must come into contact with the appropriate host species of fish. The female clams of some species have mechanisms to attract the fish that their larvae will then infect. For instance, female clams of the genus Lampsilis have modified mantle flaps that look and move like small fish. When a predatory fish moves in to investigate a possible meal and disturbs the mantle flap, the clam releases her larvae which then infect the fish. Any trick helps the clams, because the chances of larvae surviving to adulthood are very low. In one study involving another species of freshwater mussel (Young and Williams, Archiv fuer Hydrobiologie, 99:405-422, 1984), only 4 out of every 1,000,000 released glochidia managed to successfully encyst in fish hosts. Of these, 95% were rejected by the hosts before they fully developed. Of the few that managed to metamorphose into clams, only 5% successfully settled as clams. Thus, the chance for an individual larval unionid to survive to adulthood is only about 1 in 100,000,000! Unionids may produce up to 17,000,000 larvae a year, but they obviously have to reproduce for many years to even maintain a steady population (individuals of some species are thought to live up to 100 years).   (Drawing ©Kristina Schlegel)Additional Resource:Freshwater Mussels of Texas (1996, Robert G. Howells, Raymond W. Neck, and Harold D. Murray, Texas Parks and Wildlife Department; distributed by University of Texas Press, P.O. Box 7819, Austin, Texas 78713-7819)
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Slide 39. Native clamsThese are the shells of several species of unionid clams from a site on the Leon River near Belton, Texas. I visited this site in 1978, and all of these species were living at this site at that time. In 2000, there were plenty of empty shells, but not a single live native clam. An entire community had disappeared. This same observation has been repeated all over central Texas, and now native clams are completely gone from many central Texas rivers.(Photo ©David M. Hillis)



Native Clams with small Austin clams
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Slide 40. Native clam with Asian clams	There are probably many factors that account for the disappearance or reduction of unionids from Texas rivers. Among the factors that are thought to be partly responsible are changes to the flow regimes. The use of water for irrigation and municipal water supplies reduces flow, and some rivers that had never before been known to stop flowing have dried up during recent droughts. On the other hand, overgrazing and the creation of impervious cover have resulted in more severe, scouring floods this century than have been recorded in previous years. Clams cannot survive without water, and floods wash away the substrates in which they live. Pollution of the rivers and creation of reservoirs has also hurt many species, and overcollecting (in former years for the button industry, and in more recent years for the cultured pearl industry) has hurt many of the larger species. Finally, in the 1970s, two species of Asian clams (genus Corbicula) were introduced into Texas and rapidly proliferated (the small clams in this photograph are Asian clams). Today, densities of Asian clams can be as high as 5,000 per square meter in some central Texas rivers! Since the Asian clams have few natural controls, populations go through boom and bust cycles. Populations build to very high densities (greatly reducing the available food supply), and then crash, releasing huge amounts of nutrients all at once. The clams cause massive problems for power plants (because they jam water intake systems), result in periodic bad water for water treatment plants, and compete with native species. It is likely that the introduction of Asian clams provided the final blow to many already weakened and stressed unionid clam populations, although some biologists consider the other factors listed above as more important to the disappearance of unionids. What is known is that unionids have gone from being the dominant macro-invertebrates of Texas rivers to rare or absent in most Texas rivers today. (Photo ©David M. Hillis)Additional Resource:Web site on Asian clams: http://lionfish.ims.usm.edu/~musweb/nis/Corbicula_fluminea.html
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Slide 41. Fire ants: “Introduced Species”	Introduced species are a major contributing cause to the decline of biodiversity. When species are introduced into a new area, their natural control mechanisms (e.g., predators, parasites, diseases, etc.) are often absent. Thus, populations of the introduced species may increase unchecked, and quickly overwhelm populations of native species. Texas has many problems with introduced species, and the Asian clams mentioned earlier are one example. Another example that is very familiar to most people in central, eastern, and south Texas is the imported fire ant (Solenopsis invicta). These ants have been the cause of untold numbers of extinctions and population reductions of many native species. We actually have a number of native species of fire ants in the same genus (Solenopsis), but they are not the serious pests that Solenopsis invicta has become. Individuals of the native and introduced species are fairly similar, and the stings of any of these species are painful. The difference is that populations of the introduced fire ant proliferate virtually unchecked, and then attack and consume almost any animal that they can overcome. Populations of the native species are much smaller, and have co-existed with the native fauna of Texas for millennia.This photograph shows two native fire ants (Solenopsis geminata; right) and two introduced fire ants (Solenopsis invicta; left). Note the larger heads of the native fire ants. (Photo ©Lawrence Gilbert)



Fireant stings
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Slide 42. Fire ant stingsAlmost everyone who has ventured outdoors in Texas in recent years is familiar with the painful sting of fire ants. In this photograph, fire ant researcher Dr. Larry Gilbert shows the cost of photographing fire ants up close. He earned these stings in his efforts to photograph a phorid fly attacking fire ants (see photo #49).(Photo ©Lawrence Gilbert)



Leaf-cutters (Atta texana)
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Slide 43. Leaf-cutters (Atta texana)	Texas has many very interesting species of ants, most of which do not harm people. Shown here is a fascinating local species, the Texas leaf-cutter ant (Atta texana), carrying pieces of leaves back to their mound. Leaf-cutters are farmers...they do not eat the leaves, but rather use them to culture specific species of fungi in their mound. They then eat the fungus. Although leaf-cutters can be a pest of crops grown in their territory, native colonies of ant species are generally a positive feature of the ecosystem. Sadly, many species of native ants have experienced severe declines at the expense of imported fire ants. One reason is that the fire ants directly kill or compete with other species of ants. However, a second reason is that humans use large quantities of non-specific pesticides in an effort to kill fire ants, and end up killing all the native species of ants as well. Ironically, this usually aggravates the problem, as the fire ants quickly re-invade the area, whereas the native species do not (because of the smaller population sizes). Without any competitors, the fire ant problem becomes worse. In the neighborhoods of Austin, residents who do not use pesticides in their yards tend to have many fewer problems with fire ants than those who do use pesticides. (Photo ©Lawrence Gilbert)
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Slide 44. Horned lizard	This is a Texas Horned lizard, or “Horny Toad” as they are often called (Phrynosoma cornutum). Until the 1970s, every Texan was very familiar with this strange and harmless lizard. They were everywhere...everyone had horned lizards in their yards, and children grew up in Texas catching and playing with “horny toads.” Sadly, native Texans can be aged by whether or not they are familiar with this species, since they have all but disappeared from the Texas landscape. They still exist in some areas, but they are gone from most Texas cities and towns. Like many species, their disappearance is probably related to several contributing factors, but the introduction of fire ants is a major part of the problem. Horned lizards largely eat other species of native ants, especially harvester ants, and harvester ants have undergone rapid declines as fire ants have moved in. In addition, the fire ants prey on the eggs of many species of lizards, and almost all lizards have undergone severe declines with the introduction of fire ants. (Photo ©David M. Hillis)Additional Resources:Horned Lizard Conservation Society, P.O. Box 122, Austin, TX 78767http://homepage.psy.utexas.edu/homepage/staff/brooks/hlcs/index.htmTexas Parks and Wildlife Horned Lizard Fact Sheet:http://www.tpwd.state.tx.us/nature/wild/reptiles/thlizard.htmPhrynosoma page from the Tree of Life:http://uts.cc.utexas.edu/~iffp475//phrynos_html/
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Slide 45. Ants under attack by phorid flies	How are the native fire ant species kept in check? This photograph shows a phorid fly (Pseudacteon browni) attacking a group of native fire ants (Solenopsis geminata). Phorid flies inject their eggs into the thoraxes of fire ants. After killing the host fire ant, the larvae move into the head where they finish feeding and pupate. In addition, when phorid flies are actively flying around, the fire ants go into a defensive posture (see in this photograph) and are thus inhibited from taking food back to their nest. By restricting native fire ant activity and foraging times, the flies indirectly keep the fire ant populations contained. This gives the introduced fire ants an advantage, since the phorid flies that attack the native fire ants do not attack the introduced fire ants. However, in South America where Solenopsis invicta is native, the species is not the serious pest that it is here in the United States. There are a number of species of phorid flies that attack Solenopsis invicta in South America, but they were not introduced when the ants were introduced. Dr. Larry Gilbert at the University of Texas is leading a project to study the feasibility of introducing the phorid flies that attack Solenopsis invicta into Texas. This will not eliminate introduced fire ants, but it may make them less of a pest species in the same way that phorids control the native fire ants. Of course, any additional introductions of species could potentially cause other problems, and so the study is proceeding slowly and carefully to ensure that the cure doesn’t create other unintended negative effects. One Brazilian species of phorid fly is now established at several experimental release sites in central and south Texas, where they are being closely monitored.  (Photo ©Lawrence Gilbert)Additional Resources:For more information on the phorid fly biocontrol project, see:http://uts.cc.utexas.edu/~gilbert/research/fireants/fireant.html There is also an entertaining episode of the TV show King of the Hill on fire ants, including the use of phorid flies to control them.
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Slide 46: Black-capped vireo with cowbird chicks: “Effects of Agriculture”	Finally, there are indirect effects on biodiversity from almost all human activities. People have to eat, and the production of food requires agriculture. Although good farming and ranching practices may benefit many native species, intensive agriculture often has unintended negative effects on biodiversity. For instance, heavy use of fertilizers results in eutrophication of rivers and lakes—the rapid cycling of nutrients produces massive algal blooms and sudden die-offs, which in turn can rob waters of the oxygen needed to sustain life. Herbicides are often toxic to many species, and have been implicated in the disappearance of frogs around the world (they disrupt amphibian development during the larval stages). Indiscriminant use of pesticides result in accumulation of these toxins in species further up the food chain (especially predatory birds and mammals). 	On the Edwards Plateau, most agriculture is in ranching. Some levels of grazing are probably beneficial, since the plant communities are adapted to natural grazers like bison, and some species of plants probably depend on large ungulates to disturb the land to promote germination. However, much of Texas is severely overgrazed, which results in loss of ground cover, loss of plant and animal diversity, invasion of weedy species, and soil erosion. In addition, large herds of cattle result in an increase of certain pest species, such as cowbirds. Brown-headed cowbirds (Molothrus ater) are thought to have followed bison herds in earlier times; they feed on the insects disturbed by and attracted to large ungulate herds. Cowbirds quickly adapted to herds of cattle, however, and cattle are much more abundant and widespread than bison ever were in Texas. As a result, cowbird populations have exploded, and this, in turn, has been a major factor in the decline of the endangered black-capped vireo (Vireo atricapillus). The reason is that cowbirds don’t raise their own young; instead they lay their eggs in the nests of other species, such as black-capped vireos. The young cowbirds typically push their smaller nest-mates out of the nest, so the vireos end up raising cowbirds rather than more vireos. This photo shows a female black-capped vireo feeding two nestling cowbirds, which are already larger than the female vireo.  (Photo ©Jos. A. Grzybowski)Additional Resources:Black-capped Vireo Fact Sheet:  http://www.tpwd.state.tx.us/nature/endang/birds/bcv.htm
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Slide 47: Golden-cheeked warbler	Cowbird brood parasitism isn’t limited to black-capped vireos; many species are affected. This is another endangered songbird of central Texas, the golden-cheeked warbler (Dendroica chrysoparia). This is the only species of bird that nests exclusively in Texas. Cowbirds sometimes lay their eggs in the nest of this species, but the reasons for its decline are more directly associated with habitat fragmentation. Ironically, bird feeders may be a big part of the decline of golden-cheeked warblers. Human development and bird feeders attract and benefit blue jays, which in turn harass golden-cheeked warblers and kill their nestlings. Blue jays are not native to the Edwards Plateau, but they are moving in and replacing scrub jays as people modify the environment in their favor. As a result, golden-cheeked warblers are pushed out. (Photo ©U.S. Fish and Wildlife/Wyman Meinzar)Additional Resources:Golden-cheeked Warbler Fact Sheet:http://www.tpwd.state.tx.us/nature/endang/birds/gcw.htm
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Slide 48. Black-capped vireo nest with cowbird eggsThis photograph shows a black-capped vireo nest with two vireo eggs (smaller and lighter) and two brown-headed cowbird eggs (larger and speckled).(Photo ©Jim O’Donnell)
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Slide 49. Black-capped vireo nest, fire ants attacking vireo eggWhen cowbirds lay their eggs in vireo nests, they often peck at and break the vireo eggs. Not only does this kill the developing vireo, but the broken egg often attracts fire ants. The fire ants may then attack the adult birds as well when they try to incubate the eggs. In some areas, as many as 20% of vireo nests are destroyed by fire ants.(Photo ©Jim O’Donnell)
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Slide 50. Brown-headed cowbird chick in black-capped vireo nestThis photograph illustrates why vireos can’t raise both cowbirds as well as their own young. This nestling cowbird literally fills a vireo nest.(Photo ©Jim O’Donnell)
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Slide 51. Cowbird trapFortunately, something can be done about cowbirds. This photograph shows a cowbird trap on the Fort Hood military reservation near Belton. Cowbirds are easily trapped and destroyed, and in some areas where intensive trapping has been conducted, brood parasitism of vireo nests by cowbirds has been reduced from 90% to 10%. This gives hope that endangered species like the black-capped vireo can be saved through management efforts.(Photo ©David M. Hillis)Additional Resource:Find information on cowbird trapping at:http://www.tpwd.state.tx.us/conserve/index.htm
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Habitat Destruction
• Support low-impact development

• Help direct development away from 
environmentally  sensitive areas

• Support nature preserves

• Support family planning

What can you do to help?What can you do to help?
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Slide 52. What can you do to help?Habitat Destruction	Support low-impact development	Help direct development away from environmentally 			sensitive areas	Support nature preserves	Support family planningAdditional Resources:Endangered Species Success Stories:http://texas-extension.tamu.edu/agcom/multimed/wildlife/wildintro.htmlTexas Parks and Wildlife Conservation Page (includes information on creating conservation easements):http://www.tpwd.state.tx.us/conserve/index.htm
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Habitat Protection
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Slide 53. What can you do to help?Habitat Protection	Join and support The Nature Conservancy of Texas! The Nature Conservancy was formed in 1951 by professional ecologists, and promotes conservation and preservation through private action. The Nature Conservancy has created the largest private nature preserve system in the world, protecting more than 11 million acres. The Texas chapter of The Nature Conservancy was formed in the 1960s, and has protected nearly half a million acres in Texas through acquisition and cooperative work with private landowners. The Nature Conservancy was named as one of the ten most efficient non-profit organizations in the country by Money magazine, and in Texas 100% of donated funds go directly to land protection and stewardship programs (operations are funded by endowments). Although it is a non-profit organization, The Nature Conservancy of Texas voluntarily makes payments in lieu of taxes on land it owns and manages, so that the surrounding community doesn’t suffer any loss in revenues on land set aside in reserves. Additional Resource:You can find out more about the Nature Conservancy of Texas, including information about membership and donations, by calling (210)-224-8774, or on the web at:http://www.texasnature.org/
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Water Use: Loss of Aquifers & Springs

• Conserve water

• Use rainwater irrigation

• Re-use gray water for irrigation

• Support and practice xeriscaping

What can you do to help?What can you do to help?

Presenter
Presentation Notes
Slide 54.  What can you do to help?Water Use: Loss of Aquifers and Springs	Conserve water	Use rainwater irrigation	Re-use gray water for irrigation	Support and practice xeriscaping
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Water Degradation/Water Pollution

• Proper disposal of toxic materials:  storm 
drains are only for water

• Reduce use of pesticides, herbicides and 
fertilizers

• Careful planning, location and  management 
of reservoirs

What can you do to help?What can you do to help?
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Slide 55.  What can you do to help?River Degradation/Water Pollution	Proper disposal of toxic materials:	Storm drains are only for water	Reduce use of pesticides, herbicides, and fertilizers	Careful planning, location, and management of reservoirs
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Introduced Species

• Do not import or release exotic plants 
or animals

• Do not release ex-pets (especially 
aquarium plants and animals)
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Slide 56.  What can you do to help?Introduced Species	Do not import or release exotic plants or animals	Do not release ex-pets (especially aquarium plants and animals)
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Agriculture

• Support smart agriculture:  crop rotation, 
polyculture, biocontrol, etc.

• Support alternative tax exemptions for wildlife 
management

• Support low-impact, sustainable use alternatives 
for sensitive areas:  habitat preserved for game 
species  protects non-game as well

What can you do to help?What can you do to help?
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Slide 57.  What can you do to help?Agriculture	Support smart agriculture: 	Crop rotation, polyculture, bio-control, etc.	Support alternative tax exemptions for wildlife management	Support low-impact, sustainable-use alternatives for sensitive areas: (habitat preserved for game species protects non-game as well)
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