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Chapter Three: Phylum Chordata, Subphylum Vertebrata, 

Class Amphibia
Amphibians were the first four-footed, land-dwelling vertebrates. In their primitive beginnings, they were little more than a lobe-finned fish whose paired front and back fins had developed into rudimentary feet for crawling from a drying pond to another pool of water.  The transformation from a fish-like ancestor to the modern species seen today did not occur over weeks, but took millions of years and a lengthy series of almost imperceptible alterations to transition the aquatic body to a terrestrial lifestyle.  After 350 million years, this class of vertebrates is still not completely land adapted.
Amphibians are represented today by three orders:  Anura, the frogs and toads; Gymnophiona, the little known, limbless, burrowing caecilians; and Caudata, the salamanders and newts. Although most are capable of leaving the water as adults, and of moving about on four legs on the land, they cannot tolerate absolutely dry conditions, since their skin is thin, causing them to dry up, or desiccate.

Amphibian reproduction is complex.  While most amphibians are further chained to water by their need to lay their unshelled eggs, many caecilians give birth to live young.  Fertilization for frogs occurs in the water externally while most salamanders actually achieve fertilization internally.

Amphibians, if limbed, have no claws to aid them in climbing. Mucous glands secrete a sticky fluid over the body for protection from desiccation and predation. This secretion makes them slimy and hard to hold on to. It also makes them taste terrible to predators.  Some secrete a very toxic mucous that may be lethal as well as distasteful.

Amphibians represent the first vertebrate group to venture into a terrestrial existence, but not the first animal to invade terrestrial habitats.  Insects were the first followed by amphibians millions of years later.  Many more adaptations to life on the land would have to evolve before a truly land-dwelling vertebrate could explore a terrestrial existence to its full potential.
All amphibians share the following characteristics:

1. Skeleton mostly of bone with varying numbers of vertebrae; ribs present in some, absent in others; notochord does not persist; exoskeleton absent.
2. Body forms vary greatly from elongated trunk with a distinct head, neck and tail to a compact, depressed body with fused head and trunk an no intervening neck;
3. Limbs, usually four (tetrapod), although some are legless; forelimbs of some much smaller than hindlimbs, in others all limbs small and inadequate; webbed feet often present; no true nails or claws;

4. Skin smooth and moist with many glands, some of which may be poison glands; pigment cells (chromatophores) common, of considerable variety, and in a few capable of undergoing color and pattern change in accordance with backgrounds; no scales, except concealed dermal ones in some;

5. Mouth usually large with small teeth in upper or both jaws; two nostrils open into anterior part of the mouth;

6. Respiration by gills, lungs, skin and pharyngeal region either separately or in combination; external gills in the larval form and may persist throughout in the adult stage;

7. Circulation with a three-chambered heart, two atria and one ventricle, and a double circulation through the heart; skin abundantly supplied with blood vessels;

8. Ectothermal;

9. Excretory system of paired mesonephric kidneys; urea main nitrogenous waste;

10.  Ten pairs of cranial nerves;

11.  Separate sexes; fertilization mostly internal in salamanders and caecilians, mostly external in frogs and toads; predominantly oviparous, rarely ovoviviparous; metamorphosis usually present; mesolecithal eggs with jelly-like membrane coverings.
Three Orders of Amphibians
Order Gymnophiona--Caecilians

The little known order Gymnophiona (Greek gymnos, meaning “naked”, and ophineos, meaning “of a snake”) contains 160 species of limbless, burrowing animals with worm-like bodies that move like snakes and have small eyes but are mostly blind.  Other characteristics include: small scales in the skin, long ribs, and a terminal anus.  Their diet is chiefly made up of termites and worms.  Fertilization of the eggs is internal and the male is equipped with a protrusible cloaca by which he copulates with the female.  Eggs are deposited in moist ground near water.  Larvae may be aquatic, or the complete larval stage may be completed inside the egg.  Vivaparity is also common among caecilians with embryos obtaining nourishment probably by eating the wall of the oviduct.  Species inhabit tropical and subtropical forests of Africa, Asia and South America.

Order Caudata--Newts and Salamanders

Also known as the order Urodela (from the Greek oura, meaning “tail”, and dēlos, meaning “visible”), the members of this group have long tapered bodies with weak legs.  Adult and larval forms differ little from each other; some species prefer aquatic lifestyle while others prefer caves, marshes, underground water systems, trees and rotting stumps; and, species inhabit tropical and temperate climates around the world.
Salamanders and newts are carnivorous, preying on worms, small arthropods, and small mollusks.  Most species eat only things that are moving.

The eggs of most salamanders are fertilized internally, usually after a female picks up a packet of sperm (spermatophore) that previously has been deposited by the male on a leaf or stick.  Terrestrial species deposit eggs in grape –like clusters under logs or in excavations in soft earth.  Many species remain to guard the eggs.  Urodelan hatchlings resemble their parents in form and undergo metamorphosis in the course of development, but it is not as revolutionary a change as is seen in the tadpoles of frogs and toads.  Urodelan hatchlings do have gills and lose them if a complete metamorphosis occurs.  Salamander species found in the large family Plethodontidae, which include most of the familiar North American salamanders, are completely lungless in the adult phase.  The skin contains an extensive network of vascular nets that serve in varying degrees for respiration exchange of oxygen and carbon dioxide.  In these lungless species, the efficiency of cutaneous respiration is increased by the penetration of a capillary network into the epidermis or by the thinning of the epidermis over superficial dermal capillaries.
Most Urodelans complete their development into a definitive adult body form by metamorphosis.  However, there are some species that retain their gills and other larval characteristics even after achieving sexual maturity.  This condition is called paedomorphosis (Greek pais, meaning “child”, and morphē, meaning “form”).  Some species are permanent larvae, a genetically fixed condition in which the developing tissues fail to respond to the thyroid hormone that stimulates metamorphosis.  This condition is called obligatory paedomorphosis.  There are other species of salamanders that become sexually mature and breed in the larval state, but unlike the permanent larva, they may metamorphose to adults if environmental conditions change.  This condition is called neoteny (Greek neos, meaning “young”, and teinen, meaning “to extend”).

Order Anura--Frogs and Toads

From the Greek an, meaning “without”, and oura, meaning “tail”, the anurans are those families of amphibians that lack tails in the adult stage even though all go through a tailed larval stage.  Another distinguishing characteristic that defines this group is the dramatic metamorphosis that occurs in their development.  Embryos hatch as tadpoles (polliwogs) with a long finned tail, both internal and external gills, no legs, specialized mouthparts for herbivorous feeding, and a highly specialized internal anatomy.  After metamorphosis, gills are replaced with lungs, two sets of paired limbs emerge, the tail is absorbed, and the digestive system and mouthparts are modified for a transition to a carnivorous diet.  Anurans are well adapted to terrestrial living and inhabit swamps and marshes to mountain streams and deserts; several outer layers of skin continually molt as they grow; and, species inhabit tropical and temperate climates worldwide.
A pulmonary circulation serves the lungs, and the heart is partially divided to keep pulmonary and systemic blood circuits mostly separated.  All regions of the brain except the cerebellum are better developed in frogs and toads than fishes.  Most frogs have well-developed vocal cords that are used primarily by males to attract females.
Fertilization is external in Anurans.  The male frog or toad clasps the female behind her front legs or above her hind legs with his thumbs, stimulating her until she lays eggs. He then releases sperm.  This nuptial embrace is called amplexus; the method of fertilization is called simultaneous extrusion.

Toads are more terrestrial than frogs and move in hops rather than in leaps.  
The warts on toads are poison glands used primarily to protect them from predation.  Although the poison is not necessarily poisonous to humans, it serves to protect toads from being eaten.  However, after handling any amphibian, one should always wash hands. Toads do not cause warts in humans - warts are caused by viruses.  

Toads lay their eggs singly or in strings or clumps, depending on the species, with some laying as many as 30,000. Tadpoles can be eaten by turtles, fish, and birds.  (In our experience, everything in our collection eats tadpoles!)  In France, toads are sold as a natural form of a pesticide.
There are about 150 species in the genus Bufo.  One European toad, Bufo bufo, lived in captivity for 36 years. In medieval times, toads were believed to have a precious jewel in their heads. This magical toadstone was supposed to be an antidote to poison (poisoning being a popular medieval hobby!).

Please note the difference between the words “amphibian” and “amphibious”. Salamanders, frogs and toads are members of the class Amphibia and are amphibians. Hippos and seaplanes are amphibious, as are other animals and objects that can exist both in the water and on the land.
Human Health Concerns

Salmonella are bacteria that cause an infection of the gastrointestinal system in humans. This disease is usually limited to the stomach and intestines, but the Salmonella organisms can spread to other parts of the body, including, the bloodstream and bones.  When Salmonella invades the blood stream this causes bacteremia (bacteria in the blood stream), from there it can spread to deeper internal tissues in the body causing more severe symptoms, sometimes even death. 
Salmonella infections appear within 6 - 48 hours after swallowing the bacteria, but are usually obvious within 24 hours.  Symptoms include: nausea, vomiting, abdominal cramps, diarrhea, fever, and headache.  Children, the elderly and people who have immune deficiency are the most susceptible to this infection.  The most common types of Salmonella are typhimurium and enteriditis and have been causing illness for 100 years.

It can also cause typhoid fever.  Symptoms include: fever, abdominal pain, headache, malaise, lethargy, skin rash, constipation, and change in mental state.

Usually Salmonella may last 1 or 2 days, but usually will be resolved in 5 - 7 days with treatment.  It often resolves itself in healthy adults within the same time frame.
Salmonella is found in water, the soil, raw meats, poultry, eggs, animal feces, unpasteurized milk and juices, even kitchen surfaces!  Salmonella is transmitted to humans by foods contaminated with animal feces.  It may also become contaminated by an infected food handler who neglected to wash hands after going to the washroom or after touching raw meat.  It may be transmitted by using the same knife on vegetables, or the cutting board, after slicing raw meat.
According to the Centers for Disease Control (CDC), increasing evidence suggests that amphibians are also a source for salmonellosis.  Frogs and toads are frequent carriers of Salmonella and have been linked by epidemiologic evidence to outbreaks.  Overall, reptile and amphibian contacts are estimated to account for 74,000 (6%) of the approximately 1.2 million sporadic Salmonella infections that occur each year in the United States.

Poison-dart Frogs – Dangers & Benefits
Dendrobatids are the most brightly colored of any Anuran group. Although the large genus Colostethus is drab-colored and non-toxic, the members of the genera Dendrobates, Phyllobates, and their kin have skin toxins comprised of lipophilic alkaloids, some of which can easily kill a human if ingested. The only other Anuran group exhibiting both bright colors and lipophilic alkaloids are the unrelated Mantellas (Rhacophoridae).

Golden Poison Dart Frog

The negative consequence of Phyllobates terribilis is the toxicity of the batrachotoxin that it produces. Their poison contains toxins that dull the nerves and produce heart and respiratory failure. The skin of an adult P. terribilis has enough batrachotoxin to kill 20,000 mice, or 100 adult humans. Two-tenths of a microgram of batrachotoxin is lethal in the human blood stream, and each adult P. terribilis contains nearly 200 micrograms.
Phyllobates terribilis is beneficial to humans in several ways. Embre and Choco Indians from Colombia use the poison secreted from the skin of P. terribilis, as well as other poison dart frogs, to poison their blowgun darts. The darts are wiped over the backs of poison dart frogs after heating them over a fire. The heat causes the poison to moisten the back and becomes easily accessible. Once a dart is poisoned, the dart remains lethal for up to two years. These darts can be used by the Indians as an easy way to catch small prey.
Blue Poison Dart Frog
Dendrobates azureus is poisonous, and its toxins could cause harm, and possibly prove fatal to a human. In fact, this frog contains on average about 200 micrograms of poison, only 2 of which is necessary to prove fatal to a human.
Dendrobates azureus plays an important role in the rainforest ecosystem as a predator of small arthropods. Without this contribution, no matter how miniscule it may be, drastic changes in the food web could result. More recently, D. azureus has become quite a commodity worldwide in the pet trade. Their popularity is so great that many people are willing to pay upwards of $75 US for one. In addition, the toxins of D. azureus are being studied by scientists for possible pharmaceutical uses (like the painkiller epibatidine, found in dart frogs of the genus Phyllobates).

Green and Black Poison Dart Frog

Dendrobates auratus have long been used by local peoples to provide poison for their weapons, but this poison does not seem to pose a significant risk for humans. Currently the possibility of various medicines being derived from the species is being explored. Pharmaceutical companies are investigating the possibilities of a painkiller, ABT-594, being developed from a compound called epibatidine, which is found in D. auratus. The drug has the potential to be approximately 200 times more potent than morphine in blocking pain in animals, yet shows no sign of addiction side effects. Since there have been over 80 alkaloids discovered from the 20 species of Dendrobatids, there is much more research being conducted, especially on the effects of the alkaloids on neurological and muscular disorders. These frogs are also bred in captivity and sold extensively in the exotic pet trade. (Merickel 1998)
Phyllobates bicolor
Scientists believe that the skin toxins of Phyllobates bicolor are so toxic that .0000004 ounces may be enough to kill a human being. Toxins from these frogs work quickly, attacking the nerves and muscles. Nerve cells can no longer transmit impulses and muscle cells remain in an activated, contracted state. The result is death by respiratory or muscular paralysis (Badger et al, 1995).
Native peoples in Colombia collect brightly colored frogs and use their poisonous skin secretions to coat the ends of hunting arrows. This method, first reported by British naval captain, Charles Stuart Cochrane, is highly effective in hunting jaguars, monkeys, birds, and small game animals. These skin toxins are of great interest to medical researchers because of their remarkable potency. The batrachotoxins secreted by Phyllobates bicolor are especially valuable for medical science and the study of anesthetics, muscle relaxants, cardiac stimulants, and the control of rapid or irregular heartbeats (Badger et al, 1995).
Strawberry Poison Dart Frog

The secretions produced by Dendrobates pumilio were once used by native Central Americans to treat the tips of arrows and darts. The poison was used to produce effective weapons for these peoples. Currently, this practice is not common (National Aquarium in Baltimore 1997). The strawberry poison dart frogs are the best known of the dart frogs and have made their appearances on T-shirts, magazine covers, and notecards. (Badger 1995)

Summary
The Amphibia are a transitional group of vertebrates that are neither fully aquatic nor fully terrestrial.  Most species must return to water to deposit their eggs, and larvae are visibly fish-like. However, direct development that omits the aquatic larval stage is not uncommon.  This group's contributions to vertebrate evolution include: a shift from gills to lungs, separation of pulmonary and systemic circulation, development of tetrapod limbs, restructuring of the skeleton to support the body in air, and the redesigning of senses of vision, smell, and hearing for use on land.
The modern amphibians are grouped in three distinct evolutionary lines: the caecilians (Gymnophiona), the salamanders and newts (Urodela), and frogs and toads (Anura).  By far the most successful group is the latter, Anura.
