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29.1 The Chordates


1.
Chordates (phylum Chordata) are euterostomes, and have an internal skeleton, with muscles attached to the outer surface.
A.
Characteristics of Chordates

1.
At some time during their life, all chordates have four basic characteristics.



a.
Notochord 

1)
This supporting rod is located dorsally just below the nerve cord.
2)
It provides support and is replaced by the vertebral column in vertebrates.

b.
Dorsal Tubular Nerve Cord 

1)
This cord contains a fluid-filled canal. 

2)
In vertebrates, this is the spinal cord and it is protected by vertebrae.

c.
Pharyngeal Pouches 

1)
These openings function in feeding, gas exchange, or both.

2)
They are seen only during embryonic development in most vertebrates.

3)
In invertebrate chordates, fish, and amphibian larvae, they become functioning gills.
4)
In terrestrial vertebrates, the pouches are modified for various purposes.

5)
In humans, the first pair of pouches becomes the auditory tubes, the second become tonsils, and the third and fourth pairs become the thymus and parathyroid glands.

d.
A postanal tail extends beyond the anus; in some this only appears in embryos.

B.
Nonvertebrate Chordates

1.
Lancelets

a.
Lancelets are marine chordates, cephalochordates.
b.
Lancelets are named for their resemblance to a lancet—a two-edged surgical knife.

c.
They inhabit shallow coastal waters; they filter feed partly buried in sandy substrates.

d.
They feed on microscopic particles filtered from a constant stream of water that enters the mouth and exits through gill slits into an atrium that opens at the atriopore.

e.
Lancelets retain the four chordate characteristics as adults.

f.
The notochord extends from head to tail, accounting for their group name cephalochordates.

g.
They possess segmented muscles and the dorsal hollow nerve cord has periodic branches.

2.
Sea Squirts

a.
Sea squirts belong in the group urochordates. 

b.
Adults have a body composed of an outer tunic; an excurrent siphon squirts out water when it is disturbed.

c.
The larvae are bilaterally symmetrical and have the four chordate characteristics.

d.
The larvae undergo metamorphosis to develop into sessile adults.

e.
Water passes into a pharynx and out numerous gill slits, the only chordate characteristic that remains in adults.

f.
It is hypothesized that sea squirts are directly related to vertebrates. A larva with the four chordate characteristic may have become sexually mature without developing the other sea squirt characteristic, and then evolved into a fishlike vertebrate.  

29.2 Vertebrates

A.
Characteristics of Vertebrates
1.
As embryos, vertebrates have the four chordate characteristics.

2.
Vertebrates also have these features:


a.
Vertebral column

1) 
The embryonic notochord is replaced by a vertebral column.
2)
Remnants of the notochord are seen in the intervertebral disks.

3)
The vertebral column is part of a flexible, strong endoskeleton that is also evidence of segmentation.

b.
Skull

1)
A skull is an anterior component of the main axis of vertebrate endoskeleton; it encases the brain.

2)
The high degree of cephalization in vertebrates is accompanied by complex sense organs.

3)
The eyes developed as outgrowths of the brain.

4)
The ears—equilibrium devices in water—function as sound-wave receivers in land vertebrates.

c.
Endoskeleton

1) 
The endoskeleton and muscles together permit rapid and efficient movement.

2)
The pectoral and pelvic fins of fish evolved into jointed appendages allowing vertebrates to move onto land.

d.
Internal organs

1)
Vertebrates possess a complete digestive system and a large coelom.

2)
The circulatory system is closed and the blood is contained within blood vessels.

3)
Gills or lungs provide efficient gas exchange.

4)
The kidneys efficiently excrete nitrogenous waste and regulate water.

5)
Reproduction is usually sexual with separate sexes.

B.
Vertebrate Evolution

1.
Chordates (including vertebrates) appeared at the start of the Cambrian period.

2.
The earliest vertebrates were fishes; most of which have jaws.

3.
Jawed fish and other vertebrates are gnathostomes—animals with jaws.

4.
Fish also had a bony skeleton, lungs, and fleshy fins, which were preadaptive for a land existence.

5.
Amphibians are the first vertebrates to live on land and to have four limbs (tetrapods). 

6. 
Amphibians are not fully adapted to living on land because they still have to reproduce in an aquatic environment.

7. 
Reptiles are fully adapted to living on land because they produce an amniotic egg.

8.
Amniotes develop within an aquatic environment but of their own making.

9.
In placental mammals, the fertilized egg develops inside the female, where it is surrounded by an amniotic membrane.

10.  Another feature for living on land includes watertight skin, and can be seen in reptiles and mammals.

29.3 The Fishes

A.
Jawless Fishes

1.
Small, jawless, and finless ostracoderms are the earliest vertebrate fossils.

2.
Today’s jawless fishes, or agnathans have a cartilaginous skeleton and persistent notochord.

3.
They have smooth nonscaly skin. 

4.
They have cylindrical bodies and are up to a meter long.

5.
Many lampreys are filter feeders similar to their ancestors. 

6.
Parasitic lampreys have a round muscular mouth equipped with teeth; they attach themselves to fish and suck nutrients from the host’s circulatory system.

7.
Marine parasitic lampreys entered the Great Lakes and devastated the trout population in the 1950s.

B.
Fishes with Jaws 

1.
Fishes with jaws have:

a.
Ectothermy—they depend on the environment to regulate their body temperature.

b.
Gills are used for gas exchange. 

1)
Jawed fish have a single-looped, closed circulatory pathway with a heart that pumps the blood first to the gills (for oxygen exchange) and then to the rest of the body.

c.
Cartilaginous or bony skeleton—the endoskeleton of jawed fishes includes vertebral column, skull with jaws, and paired pectoral or pelvic fins.


1)
Jaws evolved from the first pair of gill arches of agnathans; the second pair of arches became support structures for the jaws.

d.
Scales cover and protect the fish skin.

2.
Placoderms are extinct jawed fishes of the Devonian Period.

a.
They were armored with heavy plates and had strong jaws.

b.
Like extant fishes, they had paired pectoral and pelvic fins.

c.
Paired fins allow a fish to balance and maneuver well in water; this helps predation.

C.
Cartilaginous Fishes

1.
Sharks, rays, skates, and chimaeras are marine cartilaginous fishs (chondrichthyes).
2.
They have a cartilaginous skeleton rather than bone.

3.
Five to seven gill slits are on both sides of the pharynx; they lack the gill covers found on bony fish.

4.
They have many openings to the gill chamber located behind the eyes called spiracles.

5.
Their body is covered with dermal denticles. 

6.
The teeth of sharks are enlarged scales; there are many rows of replacement teeth growing behind the front teeth.

7.
They have three well developed senses to detect electric currents in water, pressure (a lateral line system), and smell.

8.
The largest sharks are filter feeders, not predators; the basking and whale sharks eat tons of crustacea.

9.
Most sharks are fast, open-sea predators; a great white shark eats dolphins, sea lions and seals.

10.
Rays and skates live on the ocean floor; their pectoral fins are enlarged into winglike fins and they swim slowly.

11.
Stingrays have a venomous spine.

12.
Electric rays feed on fish that have been stunned with an electric shock that may reach over 300 volts.

13.
Sawfish rays have a large anterior “saw” that they use to slash through schools of fish.

14.
Chimaeras (ratfishes) live in cold marine waters and are known for their unusual shape and iridescent colors.

D.
Bony Fishes

1.
There are about 25,000 species of bony fishes (osteichthyes).

2.
Bony fishes have a skeleton of bone; most are ray-finned with thin, bony rays supporting the fins.

3.
The gills of bony fishes do not open separately but instead are covered by an operculum.
4.
The swim bladder is a gas-filled sac whose pressure can be altered to regulate buoyancy and depth.

5.
Bony fish have a single-loop, closed cardiovascular system.

6.
They have a well-developed nervous system.

7.
Fish sperm and eggs are usually shed into water.

8.
For most fish, the fertilization and embryonic development occur outside the female’s body.


9.
The lobe-finned fishes include six species of lungfishes and two species of coelacanth.

a.
Their fleshy fins are supported by central bones.

b.
Lungfishes have lungs and gills for gas exchange.

c.
Lungfishes and lobe-finned fishes are grouped together as the Sarcopterygii.
d.
Lungfishes live in stagnant fresh water or in ponds that dry up annually; they are found in Africa, South America, and Australia.

e.
Coelacanths live in deep oceans; once considered extinct, more than 200 have been captured since 1938.

29.4 The Amphibians

1.
Amphibians have the following characteristics:


a.
 They are tetrapods; they have four limbs. 


1)
The skeleton is well-developed for locomotion.


b.
Amphibians have smooth and nonscaly skin.

1)
The moist skin plays an active role in water balance, respiration, and temperature regulation.


c.
Amphibians usually have small lungs supplemented by gas exchange across porous skin. 




d. 
The single-loop circulatory path of fish is replaced by a closed double-loop circulatory system; however oxygen-rich blood mixes with some oxygen-poor blood.


1)
A three-chambered heart with a single ventricle pumps mixed blood before and after it has gone to the lungs.



e.
Amphibians have sense organs that are adapted to life on land.


1)
The brain is larger than that of fishes; their cerebral cortex is more developed.


2) 
A specialized tongue is used for catching prey.


3)
The eyelids keep their eyes moist.


4)
Amphibian ears are adapted for detecting sound waves; in turn, the larynx produces sounds.


f.
Amphibians are ectothermic, depending upon the environment to regulate body temperature. 


1)
If winter temperature drops too low, temperate ectotherms become inactive and enter torpor.

g.
Amphibians return to the water to reproduce.


1)
They shed eggs into the water for external fertilization.


2)
Generally, amphibian eggs are protected by a coat of jelly but not by a shell.


3)
The young hatch into aquatic larvae with gills (tadpoles).


4)
The aquatic larvae usually undergo metamorphosis to develop into a terrestrial adult.


5)
Some amphibians evolved mechanisms that allow them to bypass the aquatic larval stage and produce on land. The lobe-finned fishes of Devonian are ancestral to amphibians.

A.
Evolution of Amphibians


1.
Amphibians evolved from the lobe-finned fishes with lungs by way of transitional forms.

2.
Two hypotheses describe evolution of amphibians from lobe-finned fishes.

a.
Lobe-finned fishes that could move from pond-to-pond had an advantage over those that could not.

b.
The supply of food on land and the absence of predators promoted adaptation to land.

3.
Paleontologists found a fossil, Tiktallik roseae, from the late Devonian period in Arctic Canada that represents an intermediate between lobe-finned fishes and tetrapods with limbs.

B.
Diversity of Living Amphibians


1.
Modern amphibians include three groups: salamanders and newts, frogs and toads, and caecilians.


2.
Salamanders and newts have a long body and tail, and two pairs of legs


3.
Their S-shaped locomotion is similar to fish movements.


4.
Salamanders and newts are carnivorous, feeding on insects, snails, etc.

5.
Salamanders practice internal fertilization; the males produce a spermatophore that females pick up with the cloaca (the common receptacle for the urinary, genital, and digestive canals).

6.
Frogs and toads are tailless as adults; the hind limbs are specialized for jumping. 

7.
Some skin glands secrete poisons; those tropical species often have brilliant warning coloration.



8.
Frogs and toads have the head and trunk fused; frogs live near or in fresh water while toads live in damp places away from water.  

9.
Caecilians are legless; most burrow in soil and feed on worms, etc.

29.5 The Reptiles

1.
Reptiles (class Reptilia) are a successful group of terrestrial animals. 

2.
Reptiles have many characteristics showing that they are fully adapted to living on land.

a.
Reptiles have paired limbs and are adapted for climbing, running, paddling, or flying.


b.
 Reptiles have a thick, scaly skin that is impermeable to water.


1)
Reptile’s protective skin prevents water loss but it also requires several molts a year.

c. Reptile have efficient breathing - their lungs are more developed than in amphibians; air rhythmically moves in and out of the lungs due to an expandable rib cage.

d. Reptiles have efficient circulation. The heart prevents mixing of blood. Oxygen-rich blood is more fully separated from oxygen-poor blood.

e. Reptiles are ectothermic. 

1)
They require a fraction of the food per body weight of birds and mammals.

2)
They are behaviorally adapted to warm their body temperature by sunbathing.

f. Reptiles have well-adapted reproduction. 

1)
The sexes are separate and fertilization is internal.

2)
The amniotic egg contains extraembryonic membranes.



3)
Extraembryonic membranes are not a part of the embryo and are disposed of after development.

4)
They protect the embryo, remove nitrogenous wastes, and provide oxygen, food, and water.

5)
The amnion is one extraembryonic membrane; it fills with fluid to provide a “pond” for embryo to develop.

A.
Evolution of Amniotes

1.
The amniotes consist of three lineages:

a.
The turtles, in which the skull has no openings behind the orbit—eye socket (anapsid).

b.
All the other reptiles, in which the skull has two openings behind the orbit (diapsid).

c.
The mammals, in which the skull has one opening behind the orbit (synapsid).

2.
The reptiles have no common ancestor; they are a paraphyletic group and not a monophyletic group.

3.
Thecodonts are diapsids that gave rise to the ichthyosaurs, which returned to the aquatic environment, and the pterosaurs, which were terrestrial.


a.
The pterosaurs of the Jurassic period had a keel for attachment of flight muscles and air spaces in bones to reduce weight.


b.
The thecodonts gave rise to the crocodiles and dinosaurs. 

4.
Dinosaurs varied in size and behavior; some had a bipedal stance and gave rise to birds.

5.
Dinosaurs dominated earth for about 170 million years; then most died out at the end of the Cretaceous period.

6.
One theory of mass extinction:



a.
A large meteorite or comet at the end of the Cretaceous Period could have set off earthquakes and fires, raising enough dust and smoke to block out the sun.



b.
An iridium layer, a mineral common in meteorites, occurs in rocks at the end of this period.

B.
Diversity of Living Reptiles

1.
Most reptiles today live in the tropics or subtropics; lizards and snakes live on soil; turtles, crocodiles, and alligators live in water.
2.
Turtles have a heavy shell fused to the ribs and to the thoracic vertebrae.

a.
Turtles lack teeth but use a sharp beak.

b.
Sea turtles must return to lay eggs onshore.

3.
Lizards have four clawed legs and are carnivorous.

a.
Marine iguanas on the Galápagos Islands are adapted to spend long times in the sea.

b.
Chameleons live in trees, have a long sticky tongue to catch insects, and change color.

c.
Geckos are nocturnal and have adhesive pads on their toes.

d.
Skinks have reduced limbs and shiny scales.

4.
Snakes evolved from lizards and lost legs as an adaptation to burrowing.

a.
Their jaws can readily dislocate to engulf large food.

b.
A tongue collects airborne molecules to transfer them to Jacobson’s organ for tasting. 

c.
Some snakes are poisonous and have special fangs to inject venom.

d.
Snakes have internal ears that can detect low-frequency sounds and vibrations.

5.
Tuataras are lizardlike animals found in New Zealand.

a.
They possess a well-developed “third eye,” which is light sensitive and buried beneath the skin in the upper part of the head.

b.
They are the only member of an ancient group of reptiles that incuded the common ancestor of modern lizards and snakes.

6.
Crocodiles and alligators are largely aquatic, feeding on fishes and other animals. 

a.
Their powerful jaws have numerous teeth; a muscular tail is both a paddle to swim and a weapon.

b.
Male crocodiles bellow to attract mates; males of some species protect the eggs and young. 

C. Birds

1. Birds share a common ancestor with crocodilians and have scales (feathers are modified scales), a tail with vertebrae, and clawed feed.

2. Feathers keep birds warm, and help birds fly and steer.

a. Feathers are modified scales.

b. Birds molt and replace their feathers annually.

3. Birds have a modified skeleton.
a. The collarbone fused and sternum has a keel.

b. Other bones are fused to make the skeleton more rigid than the reptilian skeleton.

c. The breast muscles are attached to the keel.

4. Birds have modified respiration.
a. Bird respiratory air sacs are extensive, even extending into some larger bones.

1) Using a one-way flow of air, air sacs maximize gas exchange and oxygenation of blood.

2) Efficient supply of oxygen to muscles is vital for the level of muscle activity needed for flight.

5. Birds are endothermic; they have the ability to maintain a constant, relatively high body temperature.

6. Birds have well-developed sense organs and nervous system.
a. Birds have very acute vision.

b. Birds muscle reflexes are excellent.

c. Bird migration allows use of widespread food sources; an enlarged portion of the brain is responsible for instinctive behaviors.

D.
Diversity of Living Birds

1. Most birds can fly; some, however, are flightless.

2. Bird classification is based on beak and foot types, and some on habitats and behaviors.

a. Birds of prey have notched beaks and sharp talons.

b. Shorebirds have long slender bills and long legs.

c. Waterfowl have webbed toes and broad bills.

E.
Vertebrates and Human Medicine (Nature of Science reading)
1.
There are many pharmaceutical products that come from vertebrates.

a.
The venom of the Thailand cobra is the source of Immunokine, which has been used for ten years in multiple sclerosis patients.

b.
ABT-594 from the poison dart frog is about 50 times more powerful than morphine without the addictive properties.

2.
Animal pharming uses genetically altered vertebrates (mice, sheep, goats, cows, chickens, pigs) to produce medically useful pharmaceutical products.

a.
The human gene for some useful product is inserted into the embryo of the vertebrate.

b.
That embryo is implanted into a foster mother, which gives birth to the transgenic animal.

3.
Xenotransplantation is the transplantation of nonhuman vertebrate tissues and organs into humans.




a.
The use of transgenic vertebrates for medical purposes raises many health and ethical concerns.

29.6 The Mammals


1.
The following characteristics distinguish mammals:

a.
Hair
1)
Hair provides insulation against heat loss.

2)
Hair color can provide camouflage to blend into its surroundings.

3)
Hair can serve sensory functions.

b.
Mammary glands
1)
Mammary glands enable females to feed young without deserting them to obtain food.

2)
Nursing creates a bond between mother and offspring to ensure parental care while the young are helpless.

c.
Skeleton

1)
The mammal skull is bigger than reptiles’, their teeth are differentiated into molars and premolars, and the vertebral column provides more movement.


d.
Internal organs


1)
Gas exchange is efficiently accomplished by lungs.

2) Mammals possess a four-chambered heart and a double-loop circulatory system.

3) Kidneys are adapted to conserving water.

4) The nervous system and sensory organs are highly developed.



e.
Internal development
1)
In most mammals, the young are born alive after a period of development in uterus.

A.
Evolution of Mammals


1.
Mammals evolved during the Mesozoic Era from mammal-like synapsids.


2.
True mammals appeared during the Triassic period, about the same time as the first dinosaurs.



a.
The first mammals were small, about the size of mice.



b.
Some of the earliest mammalian groups were monotremes and marsupials.



c.
Placental mammals evolved later to occupy habitats vacated by dinosaurs.

3.
Monotremes

a.
Monotremes are mammals that have a cloaca and lay hard-shelled amniote eggs.

b.
They are represented by the duckbill platypus and two species of the spiny anteaters.

c.
A female duckbill platypus lays her eggs in a burrow in the ground where she incubates them.

d.
After hatching, the young lick milk seeping from modified sweat glands on the abdomen.

e.
The spiny anteater has a pouch formed by swollen mammary glands and muscle; the egg moves from cloaca to pouch and hatches; the young remain for 53 days and live in the burrow where the mother feeds them.

4.
Marsupials



a.
Marsupials begin development inside the mother’s body but are then born in a very immature state.

b.
The newborns crawl up into a pouch on their mother’s abdomen.



c.
Inside a pouch they attach to the nipples of the mother’s mammary glands and continue to develop.

d.
Today, most marsupials are found in Australia where they underwent adaptive radiation for several million years without competition from the placental mammals, only introduced recently.

5.
Placental Mammals

a. Developing placental mammals are dependent on a placenta, an organ of exchange between maternal and fetal blood.

b. The placenta supplies nutrients to and removes wastes from the blood of developing offspring.

c. A placenta also allows a mother to move about while the offspring develop.

d. The placenta enables young to be born in a relatively advanced stage of development.

e. Placental mammals are very active animals; they possess acute senses and a relatively large brain.

f. The brains of placental animals have cerebral hemispheres proportionately larger than other animals.

g. The young go through a long period of dependency on their parents after birth.

h. Most are terrestrial, but some are aquatic, and bats can fly.

