
Produced by and for Hot Science - Cool Talks by the Environmental Science Institute.  We request that 
the use of these materials include an acknowledgement of the presenter and Hot Science - Cool Talks

by the Environmental Science Institute at UT Austin.  We hope you find these materials educational 
and enjoyable.

Dr. Travis LaDuc
November 18, 2005

The Striking Behavior
of Rattlesnakes

Hot Science - Cool Talk # 39



The Striking 
Behavior of 

Rattlesnakes

Dr. Travis J. LaDuc
Texas Memorial 

Museum

Presenter
Presentation Notes
Photo: Western Diamondback Rattlesnake, Crotalus atrox © Christopher R. Harrison.



Texas Indigo 
Snake
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Snakes fascinate us likely because they appear so very different from other vertebrates.  They have no arms or legs, are covered in scales, and have no fur or feathers.  They move and eat differently than us (or many other terrestrial vertebrates) so they can be difficult to relate to as humans.  Because of their "novelty," people often have great fear and apprehension.  What I would like to focus on this evening are venomous snakes and specifically on the most conspicuous of venomous snakes, at least here in the US: the rattlesnakes.  I'd like to introduce you to this unfortunately maligned group of animals by talking about the natural history of rattlesnakes as well as some of the current research I and many of my colleagues are involved in with this group of snakes.  It is my goal by the end of this talk that everyone in the audience will have a better appreciation for this group of animals and perhaps understand why I am so respectful and passionate about this set of misunderstood and often misrepresented snakes. Photo of Texas Indigo Snake (Drymarchon corais) and students © David W. Hall.



Venomous 
snakes
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I should first back up slightly and talk about venomous snakes in general.  Worldwide, there are about 3000 species of snakes.  Of these, about 640 are venomous and considered dangerous to humans.  These venomous snakes include Old World vipers, such as the Horn-nosed Viper from Europe; the Green Mamba, found in Africa, coral snakes, such as this Double Collar Coral Snake, are found in many places around the world; pit vipers, such as this Temple Viper, can be found in southeast Asia as well as throughout the New World.  There are 170 venomous species in the New World, with 20 species being found in the United States.  There are 11 species of venomous snakes in Texas.  Photos (clockwise from upper left): Nose-horned Viper (Vipera ammodytes) © Christopher R. Harrison; Green Mamba (Dendroaspis angusticeps) © Christopher R. Harrison; Double Collar Coral Snake (Micrurus laticollaris) ©Terry Hibbitts; Wagler’s Temple Viper (Tropidolaemus wagleri) © Christopher R. Harrison.



Four types of 
venomous 

snakes

Coral Snake Copperhead

CottonmouthRattlesnake
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There are over 70 species of snakes found here in Texas, 11 of these species are venomous.  We can further divide the venomous snakes in Texas into four types: coral snake, copperhead, cottonmouth, and rattlesnakes.  Examples of all four can be found here in central Texas.  The coral snake is primarily fossorial (living underground) where it feeds on small snakes.  The copperhead and cottonmouth are found in moist areas along creeks, rivers, and swamps.  They are much more common east of the Austin area.  Out of the eight species of rattlesnakes found in Texas, only the western diamondback rattlesnake is found in Travis County. [The timber rattlesnake can be found east of Austin; the blacktail rattlesnake can be found west and south of Austin; the massasauga is found west and north of Austin.] Photos (clockwise from upper left): Texas Coral Snake (Micrurus tener) © Christopher R. Harrison; Copperhead (Agkistrodon contortrix) © Christopher R. Harrison; Cottonmouth (Agkistrodon piscivorus) © Christopher R. Harrison; Western Diamondback Rattlesnake (Crotalus atrox) © Travis J. LaDuc.



• Roughly 8000 people are bitten by venomous snakes in the 
United States each year

• 8-12 people die from snakebites/year

What are your chances of 
dying from a snakebite?
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Living with venomous snakes here in our state may make us a bit uneasy and rightfully so.  These snakes do have the capacity to injure and at times kill people.  But before we start worrying too much about lots of venomous snakes slithering around the state, I'd like to introduce a few stats regarding snakebites.  In the US, ~8000 people are bitten each year by venomous snakes.  Of these 8000, only 8-12 people die each year due to snakebite.  In fact, in 2002 (the most recent year of complete statistics), only 3 people died in the United States from venomous snakebites.  Your chances of survival are incredibly high because of modern medical advances.  As you can see from this list of odds, we have a much bigger risk of dying in a vehicle accident than we do having a fatal encounter with a venomous snake.  In fact, lightning (~73/yr), bee stings (~100/yr), and dog bites (~12/yr) typically account for more deaths in the US each year than venomous snakes ever do.Odds taken from National Safety Council (http://www.nsc.org/lrs/statinfo/odds.htm)



• 75% of people aged 19-30 yrs 
• 1-2% are women
• 40% are people playing with snake
• 40% are people with blood alcohol of 0.1
• 65% bites are to hands or fingers
• 24% bites are to feet or ankles

Anatomy of a Human 
Snakebite

 Average person bit by rattlesnake: drunk, 
unemployed male in 20’s free-handling pet snake 
at night!  
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Now in breaking down those 8,000 snakebites each year, roughly 75% are to people aged 19-30 yrs, but only 1-2% of all snakebites are to women.  40% of snakebites are to people playing with venomous snakes (illegitimate bites).  Illegitimate bites are those bites received while the victim was molesting or harassing the venomous snake – the person knew the snake was there and continued to antagonize the snake.  40% of all snakebites are to people legally drunk.  65% of bites are to hands or fingers and 24% of bites are to feet or ankles.  Several years ago, several hospitals were asked to provide a sketch of the "typical" snakebite patient.  As you might be able to piece together from some of this info, their stereotypical rattlesnake victim was a drunk, unemployed male in his 20's free-handling his pet rattlesnake at night!  Hopefully this doesn't include many people in our audience - or if it does, please don't become another statistic!Data from Annals of Emergency Medicine (1989) 18:658-663.



Western 
Diamondba

ck 
Rattlesnake
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So armed with these statistics and the low incidence of snakebites/deaths, why are we so fascinated with venomous snakes, particularly rattlesnakes?  I divide this fascination into three categories.  1)  Rattlesnakes represent a great potential to cause harm in humans.  We like challenges and things that we have little control over.  This is why auto racing is a popular sport - we watch because of the speed, the drivers’ tenuous control of that speed, and the potential conflicts due to the loss of that control of speed.  We're interested in snakes for the same reasons we watch programs on sharks: we are fascinated by animals that can easily control an encounter with a human should the human become careless or not understand the consequences of such an encounter.Photo: Western Diamondback Rattlesnake (Crotalus atrox) © Travis J. LaDuc.



Rattlesnakes have become 
part of our culture
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2) Rattlesnakes have become part of our culture.Because of their power to harm, we have incorporated rattlesnakes and their power into our everyday lives.  Native Americans have used many rattlesnake motifs in their textiles and pottery.  During the Revolutionary War, a group of 100 minuteman took the timber rattlesnake as their mascot, using it as their logo to represent their pride and willingness to defend their land with their lives.  Today, we see rattlesnakes used as mascots for sports teams, both professional, collegiate, and locally.  By incorporating regional animals, these teams have created mascots that fans easily recognize and identify as being a powerful mascot. 

http://www.azrattlers.com/


Rattlesnakes are 
part of our 

surroundings
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3) Rattlesnakes are part of our surroundings.As human populations continue to expand, the need for human expansion/movement into formerly wild territories continues unabated.  Whether it be humans living in formerly wild areas, or simply humans using resources in wild areas, the number of human/snake interactions are increasing.  Many people like to live in "wild" but urban settings, choosing to live in moderately disturbed habitats with all of the creature comforts of big city life.  Unfortunately, many of these developments incur interactions between the local or former residents (the snakes) and the new residents (the humans) - more often than not with negative consequences for the snakes. All photos © John Hardison.



How did I get involved with 
reptiles/rattlesnakes?

Travis at 3 yrs 
old with Desert 

Tortoises

Travis at 7 yrs old 
with non-venomous 

Gopher Snake
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My personal fascination with reptiles began as a child, mainly because of allergies to animals with fur.  I couldn't have normal pets (dogs/cats).  I was encouraged by my parents to get a non-venomous garter snake - and off I went!  I had only one snake as a kid at home, but once I moved out on my own, things took off.  [Coincidentally, the childhood allergies are gone and I now have two dogs!]  From that first pet snake, I knew that herpetology was for me.  I went on to get degrees in biology and zoology, with emphasis in herpetology and upon receiving my Ph.D, I was lucky enough to get a job in a profession that I love - working as a natural history museum curator.  I didn’t start working with rattlesnakes until I had graduated from high school, and only then under strict supervision of professional snake handlers.Photos © Sandra Y. LaDuc. 



Recommended field 
guides
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Another huge influence on my career in herpetology (the study of amphibians and reptiles) were books.  Now with the internet, we get less and less of our information from these strange things called books, with paper and text - but they were invaluable to me.  I read as much as I could as a kid - the librarians knew me by name. Each book, especially field guides such as these recent publications, provided me a glimpse into the lives of many different species - each packed with enough info to help identify species I might be lucky enough to encounter. Two recommended field guides:  Texas Snakes by James Dixon and John Werler (new from University of Texas Press) and Reptiles and Amphibians of Eastern/Central North America by Roger Conant and Joseph Collins (Peterson Field Guide series). 



Photo courtesy San Diego Natural History Museum.

Laurence M. Klauber
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One particular set of books, aptly titled "Rattlesnakes," was particularly important to me.  An amateur herpetologist, Lawrence Klauber, published these two fascinating volumes in 1956.  Reading these books, I was amazed by the passion, respect, and depth of knowledge that this one man had for this group of snakes.  Klauber strongly influenced my understanding and passion for the group and this illustrates the point that someone doesn't have to have an academic degree to be passionate and knowledgeable about a group of animals.  I feel it's important to recognize that anyone can make a valuable contribution to our knowledge of the world around us, whether they are formally educated or not. Photo courtesy San Diego Natural History Museum. 



Western 
Diamondback 
Rattlesnake
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Now, with a little background on venomous snakes and my interest in rattlesnakes, let's get into some background on rattlesnakes themselves. There are roughly 33 species of rattlesnakes found exclusively in the New World, from Canada to Argentina.  Over their range, they can be found in a variety of habitats, distributed in forests, swamps, and deserts.  Perhaps a scene we might be familiar with here in west Texas, a western diamondback rattlesnake found crossing dry mesquite brush land near San Angelo.  Rattlesnakes can be also found in moist damp regions of our state, such as the hardwood bottomland forests in east Texas.Photo: Western Diamondback Rattlesnake (Crotalus atrox) © Christopher R. Harrison.



Sidewinder
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Some species of rattlesnakes, such as this sidewinder, can be found at elevations below sea level in the Mojave Desert, areas that receive less than 5 cm (2 in) of rain per year.Photo: Sidewinder (Crotalus cerastes) © Christopher R. Harrison.



Rattlesnakes
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Rattlesnakes can also be found in high elevation habitats, such as the mountains of north-central Mexico where this ridge-nosed rattlesnake and blacktail rattlesnake were found.    Photos (all © Joseph E. Forks): highlands of northern Mexico; Ridge-nosed Rattlesnake (Crotalus willardi) above, Blacktail Rattlesnake (Crotalus molossus nigrescens) below.



Western Diamondback 
Rattlesnake (Crotalus

atrox) rattles
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Let's talk about what makes rattlesnakes so unique - and perhaps so identifiable: the rattle.  Rattles are composed of the same material as our fingernails, keratin.  Rattles are made up of individual rattle segments, each loosely connected to each other.  There are no beans or other material inside the rattles - the noise we hear is a combination of all the rattle segments contacting each other at a high rate.  How fast are rattles rattled?  On a warm day, an agitated snake can shake its rattle back and forth over 100 times a sec (100 Hz).  There are three pairs of muscles in the tail responsible for this motion; these shaker muscles are among the fastest vertebrate muscles known.  Some of the rattle segments above are broken or cracked - much like our own fingernails, when rattle segments are exposed to changing environmental conditions (rain, dry, cold and heat), the oldest rattle segments may break and fall off, leaving the newest segments still attached at the base of the tail.  You can not tell how old a rattlesnake is by the number of rattles for this reason, as well as rattlesnakes may shed their skin as many as 4 or 5 times during their first year.Photo of Western Diamondback Rattlesnake (Crotalus atrox) rattles © Troy Hibbitts.



Rock 
Rattlesnake
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So why are rattlesnakes the only group with noise makers?  Many snakes vibrate their tails when they are nervous or agitated, but rattlesnakes are the only snakes with such elaborate modifications.  There are three main hypotheses for the origin of the rattles.  Rattles originated as a caudal lure, something the snake could move slowly in order to encourage prey to move within striking range of the rattlesnake.  Several sets of researchers have shown this hypothesis is likely not the basis for the origin of rattles. Rattles originated as a way to warn large herds of animals, particularly bison and large mammals, where the rattlesnake was located.  Ostensibly, the warned animals would then not trample the snake.  Unfortunately, most researchers trace the origin of rattlesnakes to the highlands of central Mexico, a mountainous region where herds of large mammals were never present. Rattles originated as a way to warn off potential predators.  Predators such as ringtail cats and coatimundis (two species of mammals related to raccoons) would have been prevalent in the rocky hillsides of Mexico where rattlesnakes are thought to have originated.  This might be the most likely hypothesis we have at this time.Photo of Rock Rattlesnake (Crotalus lepidus) © Joseph E. Forks.



High-speed video 
footage of a Western 

Diamondback 
Rattlesnake
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High-speed video footage from above (dorsal view) of a 1 meter long western diamondback rattlesnake rattling at a frequency of ~75-80 Hz.  Video footage of shaking rattles, filmed at 1000 frames per second, reveals two different movement patterns in the rattle.  The first is an S-wave that begins at the base of the tail and moves towards the end of the rattle string.  The second motion is an asymmetrical rotation about the dorsal axis.  The combination of movement patterns likely allows the rattlesnake to create even more contacts between individual rattle segments than if only a single rattle motion was involved.  Study of this muscle system gives us insights into the general mechanical limits of vertebrate muscle and muscle physiology.  Further studies of the rattle may also provide us with further hypotheses to test regarding the evolution of the rattle. Video footage of rattle of Western Diamondback Rattlesnake (Crotalus atrox) © Travis J. LaDuc.



Western 
diamondba

ck 
rattlesnake

heat pits

nostrils

Presenter
Presentation Notes
Rattlesnakes are also equipped with a pair of heat pits.  These heat pits appear as holes on either side of the snake’s head, located between the nostril and eyes.  Vipers with heat pits are called pit vipers.  Pit vipers are found in North, Central, and South America as well as some portions of southeast Asia.  All vipers in the New World are pit vipers.  These pits allow pit vipers to “see” thermal images.Photo: Western diamondback rattlesnake (Crotalus atrox) © Christopher R. Harrison.



Pit vipers

Pit viper

“True” viper
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Pit vipers differ from “true” vipers that lack such organs.  Some boas and pythons also have heat sensing pits, but these snakes often have more than one pair of heat pits and are found along their labial (lip) scales.Photos (both © Christopher R. Harrison): above, Turainan Viper (Vipera lebetina turanica); below, Western Diamondback Rattlesnake (Crotalus atrox).



Newman and Hartline (1982)

Diagram of a Heat Pit
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Inside the heat pit is a thin membrane filled with nerve endings.  These nerve endings transfer impinging thermal energy from the environment to the brain via the trigeminal nerve.  In the brain, these thermal signals are actually mapped into the same place in the optic tectum where visual images are received and interpreted.  Research has revealed that rattlesnakes are able to detect differences in temperature as little as 0.003°C; subsequent research has indicated that this actually might be an underestimate!From Newman, E. A., and P. H. Hartline. 1982.  The infrared "vision" of snakes.  Scientific American 246: 116-127. 
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Thermal Perception of Prey
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Why would heat pits be important?  Detection of prey items may be an obvious reason.  These pictures are how we might visualize how a rattlesnake would see its prey item in the dark using its heat pits.  These series of pictures were taken with a thermal imaging camera, with the different colors representing the different temperatures of the objects in the camera’s view: a kangaroo rat (Dipodomys sp.) in a wire cage.  Reds, purples, and oranges are warmer than blues and blacks.  In the center of each photograph is a kangaroo rat, a common prey item for western diamondback rattlesnakes in the desert southwest.  Notice how much the kangaroo rat stands out from its cage and the background at low temperatures 15°C (59°F) - also notice how little the kangaroo rat stands out from its surroundings at 30°C (86°F).  How difficult would it be to “see” the kangaroo rat if the temperatures approached 35°C (95°F)?Images © Aaron R. Krochmal and George S. Bakken.



Rattlesnakes and high 
temperatures
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Some of my colleagues and I were interested in whether rattlesnakes were able to make up for this lack of contrast at higher temperatures.  We wondered whether rattlesnakes were able to make their heat pits more effective at these higher temperatures.  We then turned the thermal imaging camera towards the snakes themselves and found that rattlesnakes maintained their heads at cooler temperatures than the rest of their body, thereby increasing the contrast between their heat pits and the world around them.    Image of Western Diamondback Rattlesnake (Crotalus atrox) © Brendan J. Borrell.



Temperature 
Differences
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Further investigations revealed that rattlesnakes maintained temperature differences between their heads and body when at rest (images on right), but that when the snakes were threatened, the head-body temperature difference increased dramatically (images on left).  This suggests that rattlesnakes are able to control this physiological process to cool their heads, something we have termed “respiratory cooling.”Photos and images of Western Diamondback Rattlesnake (Crotalus atrox) © Brendan J. Borrell.



Rattlesnakes Pit 
Use

Presenter
Presentation Notes
Rattlesnakes have conclusively been shown to use their heat pits while searching for prey, but is this the only use for the heat pits?  No other use had ever been supported.  Two collaborators of mine from Indiana State University proposed that there might be something else going on, that rattlesnakes might use their heat pits in some other way other than in feeding.  Armed with a thermal imaging camera, they filmed a patch of rattlesnake habitat in the desert over the course of an entire day.  Like before, red, yellow and orange are warm, where blues and black are cool.  What they saw over the course of a day was that all of the rodent burrows stayed relatively cool throughout the day, where the rest of the habitat was blazing hot.  This caused them to hypothesize that rattlesnakes might also be able to “see” differences in their habitat, an important tool to have when most of your habitat reaches temperatures over 40°C (104°F) during the day, lethal temperatures to a snake!Movie © Aaron R. Krochmal and George S. Bakken.



Thermal Perception Experiment
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Through a series of experiments performed in Indiana and here in Austin, we were able to show that rattlesnakes could make distinctions between temperature differences in microhabitat based on their heat pits.  We used a Y-maze (right) to test decisions of individual snakes; one end of the tube was kept at 40°C (104°F) - a potentially lethal temperature for a long period of time; the other end kept at 30°C (86°F) , a non-lethal temperature.  Snakes whose heat pits were blocked using Styrofoam and aluminum foil (snakes were anesthetized during blocking procedures) were unable to distinguish the two ends of the maze, but snakes whose heat pits were not blocked were able to choose the cooler side of the maze almost 100% of the time.  Photos © Aaron R. Krochmal and George S. Bakken.



Physiology
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Rattlesnakes also have an amazing sense of smell to go along with their amazing heat pits.  Most species of snakes rely on their tongues to provide their sense of smell.  Snakes do have nostrils, but the tongue provides a way for snakes to “taste” the air.  Rattlesnakes are able to both navigate their surroundings and locate prey via chemical signals picked up with their tongues.  With their tongue, they are able to identify places where their food is or will be, places such as rodent trails.  Rattlesnakes are primarily sit-and-wait predators, preferring to ambush their prey rather than chasing it down.  With their thermal pits to help target their strikes, their tongues are used to identify and later track down prey that has been bitten and run away (called SICS or Strike-Induced Chemosensory Searching).  One UT professor has called the rattlesnake “Nature’s best mousetrap.”Photo: Western Diamondback Rattlesnake (Crotalus atrox) © Travis J. LaDuc.



Rattlesnakes eat a variety of prey
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Rattlesnakes eat a variety of prey, with many species focusing primarily on mammals and birds as adults, but eating lizards, insects and even centipedes as juveniles.  Some smaller species change their eating habits seasonally, switching between available lizards, mice, and centipedes.  Here are two rattlesnakes consuming large meals: above, a Western Diamondback Rattlesnake from Maverick Co., Texas consuming a cottontail rabbit, and below, a Red Diamond Rattlesnake from California eating a large rodent.   Rattlesnakes are important predators in nature.  Their position as predators helps maintain the balance of living things in nature.  For example, without rattlesnakes, rodent populations would not be kept in check.  Rodents are beneficial to natural ecosystems, but only at certain levels - levels maintained by predators such as rattlesnakes.  Rattlesnake populations are kept in check by another set of predators.  Birds (roadrunners, hawks and other raptors), mammals (coyotes, foxes), and even other snakes (kingsnakes, indigo snakes) all help maintain the delicate balance in ecosystems.How much do rattlesnakes have to eat?  Researchers estimate that snakes need to eat between 50% and 300% of their own body weight each year to survive, more if they plan to reproduce that year.  How big of a meal can they eat?  If we could eat a meal proportional to the size that a rattlesnake is capable of eating, we would need to be able to swallow a watermelon - without breaking or chewing it into pieces!!Rattlesnakes, and snakes in general, are able to eat large prey items because of two key innovations in their skull.  First, they do not possess a bony mandibular symphysis between the ends of their lower jaws (we have a solid symphysis in our jaw).  The ends of their two lower jaws are connected only with a flexible ligament.  Second, the lower jaw of snakes is attached to the skull by an additional bone, the quadrate bone.  This additional bony connection allows the jaws to swing farther apart to accommodate large prey.  Snakes do not “unhinge” their jaws, instead, this quadrate bone provides greater movement in the jaws.Photos: left, Western Diamondback Rattlesnake (Crotalus atrox) © Jay Kelso; right, Red Diamond Rattlesnake (Crotalus ruber) © Jason Jones.



How big do 
rattlesnakes 
really get?
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So, how big do rattlesnakes really get?  Several of you probably received multiple email copies of the picture on the left along with text that talked of an 8 ft (2.4 m) western diamondback weighing over 50 lbs (22.6 kg)? Is this really a Texas-sized snake???  Even though everything is bigger in Texas, so are tall-tales and camera tricks.  My guess is that the snake on the left is probably as large as the snake on the right, which is roughly 5.5 ft (1.6 m) long, with 4 ft (1.2 m) of its body hanging from the snake hook, next to the 5’11” (1.8 m) herpetologist.  Now the snake on the left is in fact a western diamondback rattlesnake (Crotalus atrox) which can reach lengths of 6’ (1.8 m) in the southern parts of Texas.  Around here, a little over 4’ (1.2 m) is probably an average adult length, though there are a few 5 ft (1.5 m) still around.  The snake on the right is an adult eastern diamondback rattlesnake (Crotalus adamanteus), though it’s a smallish adult.  Eastern diamondbacks (which don’t occur in Texas) can reach lengths of 8 ft (2.4 m) or more.  Unfortunately, as we’ll see a bit later, snakes of this length are becoming harder to find.  There are species of rattlesnakes that only reach adult lengths of 2 ft (0.6 m) - a wide variety of adult sizes are found in rattlesnakes.Photos: left, from Internet mailings; right, © Troy Hibbitts.



Transmitter & 
PIT Tag

PIT Tag

Radio Transmitter
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We have learned a lot abut the natural history of rattlesnakes because of these two items: PIT tags (right) and radio transmitters (left).  PIT tags are passive markers, no bigger than a grain of rice, that are inserted just under the skin of a rattlesnake.  They provide a permanent identification marker for individual snakes.  Radio transmitters are inserted into the body cavity of the rattlesnake (much larger because of batteries) and allow a researcher to go into the field and find snakes on a daily basis.  PIT tags only mark individual snakes, you must catch a snake to find out if you’ve marked it before.  Photo © Travis J. LaDuc.



Trans-Pecos desert in far 
west Texas
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Imagine trying to find a rattlesnake in this setting: the side of a rocky hillside in the middle of the Trans-Pecos desert in far west Texas.  It’s a beautiful setting, with lots of fantastic views; we’re actually looking into Mexico (mountains in background) and overlooking a research station run by the University of Texas at El Paso.  A marvelous place to do field work on rattlesnakes.  And, by the way, there is a rattlesnake in this picture! Photo © Travis J. LaDuc.



Blacktail rattlesnake
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This blacktail rattlesnake (Crotalus molossus) has a radio transmitter inside of it and was found on the side of this hill enjoying the view (well, actually it was probably thermoregulating - March 2004).Photo © Travis J. LaDuc.



Tracking Rattlesnakes
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Here is Ph.D student Justin Hobert from the University of Texas at El Paso recording location and environmental data associated with this blacktail rattlesnake.  Justin has radio transmitters in blacktail and western diamondback rattlesnakes at this research station, allowing him to track animals across the landscape on a daily basis, following the animals going about their normal routines.  He has learned about both daily and seasonal movement patterns by radio tracking these snakes.  One male western diamondback rattlesnake moved from his feeding/mating territory over 1.2 km (0.75 miles) to a winter rest/hibernation location.  Occasionally, tracking individual snakes may bring you to more snakes.Photo © Travis J. LaDuc.



Snakes with radio transmitters
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Snakes with radio transmitters occasionally can be used to find snakes without such transmitters.  In some cases, these snakes without transmitters are actually mating with the radioed snakes.  Here are two western diamondback rattlesnakes that were found mating.  Breeding in some species takes place in the spring with young being born in the fall; other species/populations breed in the fall with young being born a year later, the following fall.  Breeding likely takes place every other year in the wild, giving females an extra year to make up for their maternal investment in young.  In some populations, females may breed every year (particularly those in areas with extended growing seasons), whereas in populations in northern climates, females may only breed once every three years.Photo of copulating western diamondback rattlesnakes (Crotalus atrox) © Troy Hibbitts.



Male-Male Combat
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Occasionally, one is lucky enough to observe male-male combat.  This most commonly occurs during the breeding season when two males encounter each other while searching for suitable female partners.  Snakes do not bite each other during these battles, rather they attempt to overpower the other snake, forcing each other down with the first two-thirds of their body.  This wrestling match may go on for an hour, with one snake emerging as the winner and the other snake either tiring or being dominated by the winning snake (usually the larger of the two).  The winning snake’s reward: the opportunity to mate with females in the surrounding area as the loser will frequently refuse to mate with female for a week after losing in combat. Photo of Western Diamondback Rattlesnakes (Crotalus atrox) © Bob L. Tipton.



Tracking blacktail 
rattlesnakes
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Another set of researchers tracking blacktail rattlesnakes in Arizona have found evidence for some degree of maternal care in neonate snakes.  Tracking a pregnant female who then gave birth, the researchers noted that these snakes less than 1 week old remained in the same den site with their mother until their first shed - then all departed the maternal den site.  Other researchers have noted similar behaviors both in the wild as well as in captivity, with some researchers suggesting males may be involved with such parental care as well.Photo of Blacktail Rattlesnakes (Crotalus molossus) © David L. Hardy, Sr.



Rattlesnakes give 
birth to live young
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Rattlesnakes give birth to live young.  Some of the smaller montane (mountain) species may have as few as three or four offspring every two to three years, whereas larger species, like the western diamondback rattlesnake, may have as many as 20 offspring every other year.  Baby rattlesnakes are venomous at birth and are capable of inflicting a bite within hours.  Photo of juvenile rock rattlesnakes (Crotalus lepidus) © Troy Hibbitts.



Variation in Snake Size

Presenter
Presentation Notes
To me, one of the most interesting things about this group of snakes is their tremendous variation in size, not only between different species, but within a single species.  Here are some preserved museum specimens to illustrate this point.  The largest snake here is an adult western diamondback rattlesnake, on the lower right is a neonate (week-old) western diamondback.  A huge degree of difference in both length and mass.  Above the neonate diamondback are two pigmy rattlesnakes (Sistrurus miliarius), one of the smallest species in the U.S.  On top is an adult pigmy, and in the middle is a neonate pigmy rattlesnake.  I was particularly interested in how such dramatic variation in size might affect feeding in these snakes - especially in how this size variation might affect the feeding strike.  Would smaller or larger snakes be able to strike more quickly and what were the implications that might have on what certain species or certain sized individuals might eat?  So I performed a series of experiments, using the same high-speed camera (1000 frames/second) as before to film the strike of many different sized rattlesnakes as well as several different species.  The two variables I was most interested in comparing were strike velocity or speed and acceleration.  Let me quickly introduce these two terms with a simple example.Photo © Travis J. LaDuc.



Acceleration vs. Velocity

Velocity: the rate at which an 
object changes its position. 

Would smaller or larger 
snakes strike with faster 
accelerations?

Acceleration: the rate at which 
an object changes its 
velocity.

Presenter
Presentation Notes
Let's imagine we have two vehicles on Interstate 35.  One is a new sports car, the other is an 18-wheel tractor trailer.  We know that both of these vehicles can travel at the posted speed limit through downtown, 55 miles per hour.  That speed, 55 miles/hr, can also be called the velocity of each vehicle - velocity describes the linear distance the vehicle travels over a given amount of time.  At that velocity, a vehicle can travel 55 miles in one hour.  Now if drivers in both vehicles were to slam on the gas and go from a dead stop to 55 miles per hour, which vehicle would reach 55 miles/hr first?  We would correctly guess the sports car as it sped towards its intended speed of 55 mph much more quickly than the slower semi.  We would describe the sports car as having a faster acceleration than the semi, with acceleration defined as the change in velocity over time.  The sports car reaches the intended velocity faster because of its higher acceleration.  If you've ever heard, " Zero to 60 in 5.3 seconds" in a television commercial, you've heard  car companies bragging about their car's acceleration.  We might think of velocity as the speed of the vehicle, but acceleration would describe how quickly the vehicle reached that intended speed.  So now with this vehicle analogy in mind, let's look at a snake strike with the following question in mind - would smaller snakes strike more quickly/faster accelerations because they had less weight/mass to move, or might larger snakes strike more quickly because they had more muscle mass to put behind a predatory strike?  Or did size matter at all?  Votes?Definitions from and for more information on acceleration and velocity, including graphs and animations, see The Physics Classroom at http://www.physicsclassroom.com/mmedia/kinema/acceln.html.Photos © Travis J. LaDuc.



Strike of a rattlesnake

Presenter
Presentation Notes
The entire strike of the rattlesnake takes place in less than 1/2 second.  From a resting position, the snake lunges forward and plunges its enlarged fangs into its prey in about 1/10 of a second.  The snake remains in contact with its prey for 2/10 of a second and then releases the prey.  The rattlesnake doesn't return to the exact same position after each strike, however, as it's primarily concerned with avoiding any retaliation from the prey.  The strikes I'll show tonight are filmed at 1000 frames per second, with each of the squares in the background measuring one square cm (0.39 in) from the left, you will see a dead mouse at the end of long forceps being moved slowly by me.  I used freshly euthanized mice because of the problems I encountered with filming snakes striking live mice.  Often times both animals moved so quickly and so erratically, it was difficult to get any usable strikes filmed by the camera.  By using the freshly dead mouse (fresh being important because of the snake's thermally sensitive heat pits), I could consistently control the movements of at least one of the participants.  I filmed hundreds of these strikes using scores of different sized-animals and different species to compare acceleration and velocity values. Video of Western Diamondback Rattlesnake (Crotalus atrox) © Travis J. LaDuc.



Ridgenose Rattlesnake

Presenter
Presentation Notes
Everyone who voted that snake size didn't matter for acceleration rates was correct.  It turns out that between adults of different species, as well as between different sized snakes within the same species, acceleration rates were not significantly different.  Velocities did increase as snakes increased in size, but that is because larger snakes could reach those higher velocities over a longer strike distance with the same maximum acceleration.  There appears to be some maximum physiological threshold in acceleration rate in rattlesnakes.  For the record, velocities ranged between 3.6 and 5.4 m/sec (8 - 12 mph), whereas accelerations were consistently over 100 m/sec2 (223 miles/hour second).  Also, for the record, no snake struck more than 35% of its body length during these predatory strikes, with most strike distances covering 4-8 cm (1.5-3 in).As I was filming these snakes, I became concerned that some of the strikes I was recording were not predatory in nature, but defensive.  Rattling tails are a good indication that a snake isn't particularly happy - you wouldn't ordinarily warn your food that you are going to strike!  I then designed a separate set of experiments to test predatory vs. defensive strikes and whether there were velocity and acceleration differences between these two types of strikes.  I needed something scary to frighten the snakes and I figured that the scariest thing to me might also be especially scary to snakes. Photo of Ridgenose Rattlesnake (Crotalus willardi) © Joseph E. Forks.



Pikachu

Presenter
Presentation Notes
A stuffed doll was used to elicit the defensive strike of western diamondback rattlesnakes.Photo © Travis J. LaDuc.



Pikachu as a scary 
predator

Presenter
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So in this set of experiments, I used the stuffed doll as the scary predator - thrusting it violently back in forth to elicit a defensive strike.  What I found was that maximum acceleration rates didn't vary between the two strike types.  Velocities increased, but that was a consequence of defensive strikes covering twice the distance of the average predatory strike.  Video of Western Diamondback Rattlesnake (Crotalus atrox) © Travis J. LaDuc.



• Types of venom: neurotoxic & proteolytic/hemotoxic

• Venom is for: 
– immobilizing and killing                                                   

prey
– in vipers: pre-ingestion                                            

digestion

• Medical advances with                                             
venom

Venom
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I'd next like to talk about another important component of these feeding strikes: the venom.  Snake venom is used for immobilizing and killing their prey.  There are two main types of venom found in venomous snakes.  The first type is neurotoxic venom, venom that affects the nervous system, preventing the nerves, brain and organs from communicating with each other.  This is the venom type most common in cobras, coral snakes, and sea snakes.  The second type is proteolytic or hemotoxic venom, venom that breaks down or digests tissue.  This is the venom type most commonly found in vipers, including rattlesnakes.  This type of venom is particularly important to rattlesnakes as it not only helps subdue and kill prey, but it also helps to partially digest the prey before it is even swallowed!  Proteolytic/hemotoxic venom enables vipers to eat large meals (at times over 100% of their body weight) and digest those large meals very quickly.  Over the past 20 years, researchers are finding that these two venom types aren't as clear cut as we might have previously thought and that there is a great deal of variation between different rattlesnake species and even between populations within the same rattlesnake species.  The different proteins and enzymes found in snake venoms are of particular interest to medical research with new advancements being discovered each year in the treatment of human disease.  New treatments include the prevention of cardiovascular disease (prevention of clot formation) as well as promising findings that venom may slow the growth of some cancerous tumors.Venoms themselves are used in the manufacture of antivenom, which is used to help victims of snakebite.  A single polyvalent antivenom is used in the treatment of pit viper bites in the United States; the same antivenom is used for rattlesnake, copperhead, and cottonmouth bites.  This then brings up something on the front of many peoples' minds.  How do you avoid getting bitten?  Photo: Western Diamondback Rattlesnake (Crotalus atrox) © Jay Kelso.



Steps to prevent being bitten by 
a snake!

– Always watch where you put your 
hands/feet

– Snakes around homes for two reasons: 
food and shelter

• Keep snake food away from house
– Mice: clear brushand mouse food
– Birds: remove bird feeders?

• Reduce openings to garage/attic
– Remove excess brush
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Presentation Notes
Ways to avoid becoming a statistic.  The biggest thing I can tell people is to watch where you put your hands and feet.  Don't reach under rocks or logs unless you can see where you are placing your hands.  Same goes for jogging or hiking in the park or in the woods.  Don't hike through tall grass where you can't see your feet.  Watch where you place your feet.  That said, if you do see a rattlesnake - leave it alone.  I can guarantee that snake won't bite you if you don't stick around and harass it - remember that 40% of snakebites are illegitimate bites.  Wear long pants and boots, don't pick up dead snakes (reflex bites do occur).For those people concerned about snakes in and around their homes - there are two reasons why snakes might find your home attractive: food and shelter.  Encouraging snake food from setting up residence around your home will leave fewer reasons for snakes to stick around.  Clear brush and trash piles that might attract rodents.  Even bird feeders may potentially attract snakes.  By reducing the amount of low brush and cover in your yard, you may discourage snakes that prefer to be inconspicuous in their movements.  By sealing up cracks/holes in your home/foundation, you can help prevent snakes from over wintering or hibernating in your house.



Rattlesnake Conservation

Presenter
Presentation Notes
The last major topic I'd like to address this evening is rattlesnake conservation.  Unfortunately, these pictures are too often the case when rattlesnakes meet humans.  Loss of habitat and increased human contact are two factors heavily influencing the decline of certain populations and species of rattlesnakes in the U.S.  The timber rattlesnake (Crotalus horridus) (on the left) is the only protected species of venomous snake in Texas, with its decline tied to the loss of hardwood bottomland forests, negative human interactions (purposeful or not), and a long age to reach sexual maturity (7 years).  The eastern diamondback rattlesnake (Crotalus adamanteus) (on the right) also is facing declines in population across its distribution in the southern U.S., declines again attributed to habitat loss and negative human interactions. Photos: left, Timber Rattlesnake (Crotalus horridus) © Tom Sinclair; right, Eastern Diamondback Rattlesnake (Crotalus adamanteus) © Christopher R. Harrison.



Rattlesnake Roundup

Presenter
Presentation Notes
Depressingly, rattlesnakes are still persecuted across parts of their range in the form of organized rattlesnake roundups.  Many of these events were initiated as a way to rid an area of a perceived overabundance of snakes, yet these events have been transformed into commercial events promoting the exploitation and misinformation about rattlesnakes.  Unfortunately, many roundup organizers attempt to legitimize their activities by donating money to local or national charities and claim that  a service is being done for the community at large by  1) removing nuisance rattlesnakes and 2) collecting venom to be used in venom research and antivenom manufacture.  Many of these "nuisance" rattlesnakes are actually being collected further from the roundup site each year.  Research on the effect of roundups on rattlesnake populations is sparse, mainly because collectors purposely keep vague records on when and where they have collected snakes.  Additionally disheartening are many of the methods employed to collect rattlesnakes.  Gasoline is frequently poured down burrows to flush rattlesnakes out.  Unfortunately, many other animals beside rattlesnakes reside in burrows, leading to the death of countless numbers of animals.  Venoms collected at such roundups are not collected under U.S. Food and Drug Administration guidelines, and are never purchased by (nor donated to) antivenom manufacturers or researchers. Photos © Christopher R. Harrison.



Rattlesnakes are 
used as 

entertainment
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Rattlesnakes are used as entertainment and are the focus of misinformation given to the public, overestimating the number or snakebites and the threats to human welfare.  Rattlesnakes are often kept in large tanks, antagonized by "educators" to strike at anything close by (i.e. - a balloon and/or each other).  There are often events such as bagging contests and handling demonstrations.  The rattlesnakes are eventually killed and processed into meat to be sold, with the hides, heads and organs being collected for curios sold in both domestic and international markets.   Roundups will continue to exist in this state and across the South until citizens like you and me decide this is not an appropriate way to treat wildlife and demand from our legislators that these types of activities must either be stopped or stringently regulated.  Just imagine for a moment that someone decided that the deer populations in Lakeway or Westlake Hills (well-documented population explosions) were to be rounded up and displayed.  If the animals at this roundup had fur and were treated in the same manner as rattlesnake, I don’t believe the public would allow roundups to exist.   Photos © Christopher R. Harrison.



Myths to bust!

• Do other snakes make rattling sounds?
• Can venomous snakes breed with non-

venomous ones?
• Do snakes travel in groups or in pairs?
• Can snakes bite underwater?
• Is the venom of young snakes more 

dangerous than that of adult snakes?
• Do snakes chase people?
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Do other snakes make rattling sounds?No snakes other than rattlesnakes have actual rattles but many snakes, like rat snakes, will vibrate their tails when they are nervous or agitated.  If these tails are vibrated in dry leaves or grass, the sound can be similar to that produced by rattlesnakes.Do non-venomous snakes breed with venomous ones?No, it is impossible for venomous and non-venomous snakes to breed and produce offspring.Do snakes travel in groups or in pairs?Snakes are fairly solitary animals, preferring to live and hunt alone on their own territories.  During certain times of the year, snakes may be found in groups: during the spring or fall mating seasons, snakes may be found in pairs; during the winter months, snakes can be found together in dens.Can snakes bite underwater?There are many species of snakes, including water snakes and cottonmouths, that catch their prey (including fish and tadpoles) underwater.Is the venom of young snakes more dangerous than that of adult snakes?The venom of young snakes contains different protein components than that of adult snakes.  The differences in venom reflect the different types of prey snakes will feed on over their lifetime; juvenile snakes may eat very different types of prey items than their parents.  Young snakes don’t necessarily have more stronger venom than adult snakes.  Additionally, young snakes can’t deliver as much venom as adult snakes. Do snakes chase people?Snakes don’t chase people.  Snakes are very aware of their surroundings and will retreat to safety whenever possible.  Sometimes a person may find themselves between a snake and a safe burrow or hole; the snake may move towards the person, but only because the person is in the way of the snake trying to get to the burrow!



Texas Herpetological 
Society 2005 Fall 

Symposium
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Also in closing, I would like to invite everyone to the Texas Herpetological Society 2005 Fall Symposium taking place tomorrow (19 November 2005) here on the University of Texas campus.



Texas Herpetological 
Society 2005 Fall 

Symposium
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Here is a modified version of the poster that features a picture of a snake - my “preferred” version! Photo of Western Diamondback Rattlesnake (Crotalus atrox) © Aaron R. Krochmal.



Dr. Travis J. 
LaDuc

Presenter
Presentation Notes
I hope that I've given you all a little more background towards understanding rattlesnakes as a marvelous, albeit venomous, component of our environment.  You still may not like rattlesnakes, but I hope that everyone will at least respect them.Photo © David W. Hall.
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Dr. Travis J. LaDuc is a herpetologist at the University of Texas at Austin.  His job at the University includes curation of the natural history collections as well as conducting outreach programs to a wide variety of educational and civic organizations throughout Texas.  His research interests focus on the biodiversity and natural history of Texas reptiles and amphibians.  Travis is also interested in all aspects of pit viper biology, including variation in venoms, population ecology, and systematics.Photo © Walter Joyce.
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