Chapter 34

Vertebrates

Teaching Objectives

Invertebrate Chordates and the Origin of Vertebrates

 1.
Distinguish between the phyla of deuterostomes.

 2.
Describe the four derived traits that define the phylum Chordata.

 3.
Distinguish among the three subphyla of the phylum Chordata and give examples of each.

 4.
Discuss the evidence for and against Garstang’s hypothesis that vertebrates had a tunicate-like ancestor.

 5.
Explain what lancelets suggest about the evolution of the chordate brain.

Craniates Are Chordates with a Head

 6.
Discuss the importance of genetic duplication in chordate evolution.

 7.
Explain the fate of the neural crest cells in craniate development.

 8.
Explain what Haikouella and Haikouichthys tell us about craniate evolution.

Vertebrates Are Craniates with a Backbone

 9.
Describe the way of life and unique characters of the lamprey.

10.
Describe conodonts, and explain why they are considered vertebrates.

11.
Describe the trends in mineralized structures in early vertebrates.

Gnathostomes Are Vertebrates with Jaws

12.
Explain one hypothesis for the evolution of the jaws of gnathostomes.

13.
List the shared, derived characters that characterize gnathostomes.

14.
Describe the evidence that suggests that the loss of bone in Chondrichthyes is a derived feature.

15.
Describe the features of sharks that are adaptive for their active, predatory lifestyle.

16.
Describe and distinguish between Chondrichthyes and Osteichthyes, noting the main traits of each group.

17.
Identify and describe the main subgroups of Osteichthyes.

18.
Name the three living lineages of lobe-fins.

Tetrapods Are Gnathostomes with Limbs and Feet

19.
Define and distinguish between gnathostomes, tetrapods, and amniotes.
20.
Explain what Acanthostega suggests about the origin of tetrapods.

21.
Describe the common traits of amphibians and distinguish among the three orders of living amphibians.

Amniotes Have Amniotic Eggs

22.
Describe an amniotic egg and explain its significance in the evolution of reptiles and mammals.

23.
Explain why the reptile clade includes birds.

24.
Describe a number of reptile features that are adaptive for life on land.

25.
Explain why non-bird reptiles should be called “ectothermic” rather than “cold-blooded.”

26.
Define and describe the parareptiles.
27.
Distinguish between the lepidosaurs and the archosaurs.

28.
Compare the interpretations of dinosaurs as ectotherms or endotherms.

29.
Describe the specialized adaptations of snakes that make them successful predators.

30.
List the modifications of birds that are adaptive for flight.

31.
Summarize the evidence supporting the hypothesis that birds evolved from theropod dinosaur ancestors.

32.
Explain the significance of Archaeopteryx.
33.
Describe the characteristic derived characters of mammals.

34.
Describe the evolutionary origin of mammals.

35.
Distinguish among monotreme, marsupial, and eutherian mammals.

36.
Describe the adaptive radiation of mammals during the Cretaceous and early Tertiary periods.

37.
Compare and contrast the four main evolutionary clades of eutherian mammals.

Primates and the Evolution of Homo sapiens
38.
Describe the general characteristics of primates. Note in particular the features associated with an arboreal existence.

39.
Distinguish between the two subgroups of primates and describe their early evolutionary relationship.

40.
Distinguish between hominoid and hominid.
41.
Explain what Sahelanthropus tells us about hominid evolution.

42.
Describe the evolution of Homo sapiens from australopith ancestors. Clarify the order in which distinctive human traits arose.

Student Misconceptions

 1.
For a surprisingly large number of students, the term animal means vertebrate. Define the terms organism, animal, and vertebrate for students, and remind them to use these terms correctly.

 2.
Students may not appreciate the importance of genetic duplication in chordate and vertebrate evolution. Students find vertebrate evolution and diversity inherently interesting. This topic can provide an opportunity to discuss the significance of the Hox gene clusters and the link between genetic and morphological complexity.

 3.
The evolution of tetrapods and the move of vertebrates to land provides an excellent opportunity to clarify for students that complex structures evolve by natural selection, and that such evolution must take place step-by-step, by modification of pre-existing variation, with each subsequent modification increasing the fitness of the organism displaying it.

 4.
Many students will likely be surprised to find birds included in the reptile clade. Discuss with them the shared, defined traits that characterize reptiles, and explain why birds cannot be excluded from this clade.

 5.
The study of human evolution has a number of possible points of confusion for students.

a.
Many students confuse the terms hominid and hominoid. Clarify that hominoids include apes and humans, while hominids include Homo sapiens and members of our lineage after the chimp and human lineages split.

b.
Some students will persist in thinking that humans evolved from chimpanzees. Clarify for students that, although chimps and humans share a recent common ancestor, that ancestor was neither chimp nor human.

c.
Discourage students from thinking of hominid evolution as an inevitable climb up the ladder of progress to Homo sapiens. Many hominid species arose over the last 6 million years, with all but one now extinct. Different hominid species had different combinations of ancestral and derived traits. The hominid lineage is more like a copiously branching bush than a ladder of progress.
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Word Roots

aktin- 5 a ray; -pterygi 5 a fin (Actinopterygii: the class of ray-finned fishes)

arch- 5 ancient (archosaurs: the reptilian group which includes crocodiles, alligators, dinosaurs, and birds)

cephalo- 5 head (cephalochordates: a chordate without a backbone, represented by lancelets, tiny marine animals)

crani- 5 the skull (craniata: the chordate clade that possesses a cranium)

crocodil- 5 a crocodile (Crocodilia: the reptile group that includes crocodiles and alligators)

di- 5 two (diapsids: a group of amniotes distinguished by a pair of holes on each side of the skull)

dino- 5 terrible; -saur 5 lizard (dinosaurs: an extremely diverse group of ancient reptiles varying in body shape, size, and habitat)

endo- 5 inner; -therm 5 heat (endotherm: an animal that uses metabolic energy to maintain a constant body temperature, such as a bird or mammal)

eu- 5 good (eutherians: placental mammals; those whose young complete their embryonic development within the uterus, joined to the mother by the placenta)

extra- 5 outside, more (extaembryonic membranes: four membranes that support the developing embryo in reptiles and mammals)

gnatho- 5 the jaw; -stoma 5 the mouth (gnathostomes: the vertebrate clade that possesses jaws)

homin- 5 man (hominid: a term that refers to mammals that are more closely related to humans than to any other living species)

lepido- 5 a scale (lepidosaurs: the reptilian group which includes lizards, snakes, and tuatara)

marsupi- 5 a bag, pouch (marsupial: a mammal, such as a koala, kangaroo, or opossum, whose young complete their embryonic development inside a maternal pouch called the marsupium)

mono- 5 one (monotremes: an egg-laying mammal, represented by the platypus and the echidna)

neuro- 5 nerve (neural crest: a band of cells along the border where the neural tube pinches off from the ectoderm)

noto- 5 the back; -chord 5 a string (notochord: a longitudinal, flexible rod formed from dorsal mesoderm and located between the gut and the nerve cord in all chordate embryos)

opercul- 5 a covering, lid (operculum: a protective flap that covers the gills of fishes)

osteo- 5 bone; -ichthy 5 fish (Osteichthyans: the vertebrate clade that includes the ray-finned fishes and lobe-fins)

ostraco- 5 a shell; -derm 5 skin (ostracoderm: an extinct paraphyletic group of armored, fishlike vertebrates)

ovi- 5 an egg; -parous 5 bearing (oviparous: referring to a type of development in which young hatch from eggs laid outside the mother’s body)

paedo- 5 a child; -genic 5 producing (paedogenesis: the precocious development of sexual maturity in a larva)

paleo- 5 ancient; anthrop- 5 man; -ology 5 the science of (paleoanthropology: the study of human origins and evolution)

placo- 5 a plate (placoderm: a member of an extinct group of gnathostomes that had jaws and were enclosed in a tough outer armor)

pro- 5 before; -simi 5 an ape (prosimians: a suborder of primates that probably resemble early arboreal primates)
ptero- 5 a wing (pterosaurs: winged reptiles that lived during the time of dinosaurs)

ratit- 5 flat-bottomed (ratites: the group of flightless birds)

soma- 5 body (somites: blocks of mesoderm that give rise to muscle segments in chordates)

syn- 5 together (synapsids: an amniote group distinguished by a single hole behind each eye socket)

tetra- 5 four; -podi 5 foot (tetrapod: a terrestrial lobe-fin possessing two pairs of limbs, such as amphibians, reptiles, and mammals)

tunic- 5 a covering (tunicates: members of the subphylum Urochordata)

uro- 5 the tail (urochordate: a chordate without a backbone, commonly called a tunicate, a sessile marine animal)

uro- 5 tail; -del 5 visible (Urodela: the order of salamanders that includes amphibians with tails)

vivi- 5 alive (ovoviviparous: referring to a type of development in which young hatch from eggs that are retained in the mother’s uterus)
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