Chapter 34

I.  Invertebrate Chordates and Origin of Vertebrates

A.  Deuterostomes



1.  echinoderms



2.  chordates


B.  4 anatomical features char phylum Chordata



1.  notochord-provides skeletal support; intervertebral discs

2.  dorsal hollow nerve cord-ectoderm rolls into tube; dev CNS 



3.  pharangeal slits




a.  allow for suspension feeding in invertebrate chordates




b.  gas exchange, hearing, jaw support, etc in vertebrates



4.  muscular post anal tail-propulsion


C.  Intertebrate Chordates 



1.  subphylum Urochordata 

a.  tunicates (sea squirts); shoot water thru excurrent siphon when disturbed




b.  most sessile; some planktonic




c.  filtration- incurrent siphon, pharangeal slits (antrum), excurrent siphon




d.  mucus traps food, passed by cilia to intestine




e.  anus empties into excurrent siphon




f.  tunic made of cellulose like carb

g.  chordate features found in larval form; swims until attaches head to surface-metamorphosis



2.  subphylum Cehphalachordata




a.  lancets; few cm in size




b.  resemble idealized chordate; persist into adult stage




c.  live at bottom of sea; wriggle backward exposing anterior end




d. filter feeder; gas exchange across body surface




e.  swim using muscles; undulating motion




f.  muscle dev from blocks of mesoderm-somites



3.  relationship btwn invertebrate chordates and vertebrates




a.  hypothesize-2 stages in evolution of vertebrates from invertebrates

1)  1st stage, ancestral cephalochordate evolved from a form resembling a modern urochordate larva

a)  may have been preceeded by paedogenesis; genes changes may have contributed






b)  no fossil evidence to support or contradict





2)  2nd stage- a vertebrate evolved from a cephalochordate






a)  Haukouella may link







i.  has brain, but may lack skull

ii.  has eyes and hardened structures (denticles) in pharynx which may have functioned as teeth

iii.  otherwise, resemble lancet; suspension feeder, tentacles around mouth

b)  Haikouichthys- may have cranium and be the earliest fossil w/full vert char

a. pushes vertebrate origin to Cambrian explosion

II.  Intro to Subphylum Vertebrata


A.  Neural Crest, Cephalization, Vertebral Column, Closed Cir Sys char Vertebrata



1.  ectodermal plate rolls to form neural tube



2.  neural crest cells form some boned and cartilage of cranium



3.  cranium, brain, ears, nose- cephalization



4.  axial skeleton helps make large body size and strong fast movement possible



5.  axial skeleton- bones of trunk and head



6.  appendicular skeleton- legs, fins, arms



7.  endoskeleton make of bone, cartilage, or both



8.  endoskeleton can grow, exoskeleton cannot



9.  gen ATP thru cellular respiration-respir and cir adapted for this



10.  closed cir sys w/ventral chambered heart-blood to cap (gas exchange)



11.  organic fuel-adaped for feeding, digestion, and nutrient absorption


B.  Overview



1.  gnathostomes-jaws




a.  2 sets of paired of appendages





1)  ”fish”-fins for swimming

2)  tetrapods-legs for walking; inc amphibians and amniotes (amniotic egg)




b  .notochord larval; replaced by seg vertebrae




c.  skeletons ossified

d.  brain and skull evolved 1st, the vertebral column, then jaws, ossified skeleton, and paired appendages last

III.  Jawless Vertebrates (agnathans)


A.  Class Myxini; Hagfish



1.  marine, bottom dwelling scavengers



2.  rows of slime glands prod gooey substance when feeding or attacked




a.  may repulse other scavengers or suffocate by coating gills of predators



3.  cartilaginous skeleton, cranium, notochord-like structure




a.  support and skeleton against which muscles can exert force to swim



4.  since no vertebra, inc to form monophyletic clade (Craniata)



5.  hypothesis




a.  lost vertebrae 2ndarily from ancestor w/true vertebrae

b.  most think skeleton is primitive; considered the most primitive living vertebrate (craniate) 


B.  Class Cephalospidomorphi; Lampreys



1.  marine and freshwater



2.  larvae-suspension feeder



3.  live as larvae in freshwater then migrate to sea; mature 



4.  hooks to clamp to fish; tongue penetrates skin; ingest blood



5.  some feed only as larvae, sexually mature, reprod, die in a few days

6.  cartilaginous pipe surrounds notochord; pairs of  projections extend upward partially enclosing the nerve cord




a.  may be vestige of an early stage in evol of vertebral column


C.  Some Extinct Jawless Vert Had Ossified Teeth and Bony Armor



1.  ostracoderms-Ordovician to late Devonian period

1. small; lacked paired fins

3.  bottom dwellers, wiggled on seafloor; some w/ paired fins more active

4. mouths circular or slitlke openings; lacked jaws 

5.  most prob suspension feeders, though gills in agnathans prob evolved into  sites of gas exchange



7.  these and most agnathans declined and disappeared during Devonian period



8.  fossils show mineralization evolved early



9.  bony plates may rep early evol of ossification

10.  conodonts show earlier evidence of ossification; cone shaped toothlike structures ossified



11.  mouth of hagfish have toothlike structures made from keratin

12.  now thought that hagfish and lampreys more primitive than conodonts and ostraoderms; jawed ver prob evolved from an ostsracoderm lineage

III.  Fishes and Amphibians


A.  History




1.  late Silurian early Devonian period, gnathostomes largely replaced agnathans




2.  2 groups of fishes appeared




3.  fossil record of placoderms-armored, jawed fish; extinct




4.  Hox genes may determine # of appendages




5.  jaws and paired fins-major evol breakthroughs


B.  Jaws Dev from Skeletal Supports of Pharyngeal Slits




1.  after jaw formed, gills used in gas exchange

2.  Devonian period “age of fishes”- placoderms and acanthodians radiated; disappeared by Carboniferous period; common ancestor may have lead to sharks and bony fish


C.  Class Chondrichthyes; Sharks and Rays




1.  cartilaginous fish




2.  skeleton may be strengthened by mineralized granules; bony teeth

3.  cartilage derived, not primitive char; ancestors had bony skeletons; cartilage evolved 2ndarily




4.  streamlined bodies




5.  fast swimmers, don’t maneuver well




6.  caudal fins propel; dorsal- stabilizer; pectoral and pelvic- buoyancy




7.  oil stored in liver provides buoyancy, but will sink if it stops swimming




8.  swimming allows water to flow into mouth and out gills




9.  if stationary on seafloor, muscles of jaws and pharynx pump water over gills




10.  some suspension feeders; other carnivores




11.  teeth prob evolved from jagged scales that cover skin

12.  digestive tract shorter; spiral valve-inc surface area and prolongs passage of food




13.  sharp vision, can’t distinguish colors




14.  nostrils open into dead-end cups; smelling




15.  can detect elec fields gen by muscle contractions of other org

16.  lateral line sys-organs sensitive to changes in water pressure; transmit sounds to hearing organs of inner ear




17.  fertilized internally; males have claspers on pelvic fins that transfer sperm





a.  oviparous-eggs hatch outside body

b.  ovoviviparous-eggs in oviduct; nourished by egg yolk and dev after hatching in uterus





c.  viviparous-young develop in utero, nourished by placenta




18.  cloaca-reprod, excretory, and digestive common opening


D.  Class Osteichthyes: Bony Fish




1  .once combined into 1 class; now 3 classes recognized




2.  most have ossified endoskeleton




3.  skin covered w/scales




4.  glands secrete mucus which reduces drag while swimming




5.  lateral line sys present




6.  breath by drawing water over gills; operculum-protective flap




7.  can breathe while stationary; operculum and muscle contraction move water

8.  swim bladder-air sac that helps control buoyancy; evolved from balloon-like lungs




9.  good maneuverability b/c flexible fins




10.  most oviparous; others ovoviviparous

11.  diversified in Devonian and Carboniferous periods; shark arose in sea, bony fish in freshwater




12.  class Actinopterygii-ray finned fish; tuna, trout




13.  class Actinistia-lobe finned

a.  large bottom dwellers; may have used fins to “walk”; only 1 genus living




14.  class Dipnoi-lungfish





a.  stagnant ponds and swamps





b.  surface to gulp air into lungs; also have gills





c.  prob ancestor of amphibians and tetrapods 


E.  Tetrapods Evolved from Fish the Inhabited Shallow Water

1.  amphibians-1st tetrapods to spend time on land, but to remain monophyletic, must inc ancestral fish which had legs, not fins




2.  During Devonian period, already some diversification of fish

3.  buccal pumping- lungfish and frogs-drop floor of mouth, intake air, close mouth, raise floor, forcing air into lungs




4.  leglike appendages better for moving through shallow water

5.  fossils of Acanthostega transition finned fishes to tetrapod fishes to amphibians





a.  have bony supports of gills and 4 walking appendages

6.  amphibians benefited from abundance of food and little competition being an early terrestrial tetrapod

7.  Carboniferous period-“age of amphibians”; began to decline in # and diversity during late Carboniferous


F.  Class Amphibia-salamanders, frogs




1.  order Urodela-salamanders





a.  some entirely aquatic, some on land




2.  order Anura-frogs





a.   use hind legs to hop





b.  uses sticky tongue to catch insects





c.  camouflage





d.  skin glands secrete poisonous or distasteful mucus




3.  order Apoda-caecilians





a.  legless; reduction evolved 2ndarily





b.  inhabit tropical areas; most burrow in soil




4.  metamorphosis-tadpole





a.  aquatic herbivore w/gills





b.  lateral line sys 





c.  tail; no legs





d.  gills, lateral line disappear, legs dev





e.  frog-lungs, external eardrums, carnivorous




5.  not all go through tadpole stage




6.  some amphibians strictly terrestrial or aquatic, not dualistic




7.  paedomorphosis common in some salamanders




8.  most remain close to water or damp habitats




9.  gas exchange through skin also occurs; some lack lungs




10.  eggs lack shell; deposited in moist environ


11.  external fertilization; male spills sperm over eggs




12.  decline in pop

IV.  Amniotes


A.  Intro




1.  reptiles, birds, mammals




2.  eggs have shells; amphibian eggs-no shells




3.  most mammals-implantation in uterus




4.  extraembryonic mem





a.  amnion-prevents dehydration; shock absorber





b.  allantois-waste disposal sac





c.  chorion-gas exchange





d.  yolk sac-nutrients


B.  Reevaluating Classification




1.  radiation during early Mesozoic gave rise to





a.  synapsids- therapsids (mammal-like reptiles)-mammals evolved from





b.  anapsids- prob extinct; not sure where to place turtles





c.  diapsids- reptiles






1)  lepidosaurs- lizards, snakes






2)  archosaurs- crocs, dinosaurs, birds (closer to dinosaurs)




2.  classification

a.  classical- 3 classes, Reptilia, Aves, Mammalia; not monophyletic if birds not inc w/reptiles





b.  lumpers alternative- minimize taxa; Mammalia and Reptilia





c.  splitters alternative- more taxa

d.  another alternative-Mammalia, diapsids (Lepidosauria and Archosauria)


C.  Class Reptilia




1.  general characteristics





a.  scales of keratin-water proof





b.  lungs; turtles may use cloaca





c.  amniotic shells-leathery, flexible





d.  internal fertilization; some snakes and lizards, vivparous

e.  ectotherms-reg  body temp using behavioral adaptation; req less calories




2.  origin and radiation

a.  more diverse during  Mesozoic than today





b.  2 waves of adaptive radiation






1)  Permian; 3 major branches






2)  late Triassic; origin and diversification of 2 groups







a)  pterosaurs-flying reptiles







b)  dinosaurs-land








i.  ornithischians-herbivores

ii.  saurischians-herbivores and carnivores, inc ancestors of birds






3)  agile, fast moving, some social

4)  debate if endothermic (metab to keep warm) or ectothermic; prob both; those that gave rise to birds, endothermic

i.  climate warm and consistent so could be ectothermic

ii.  low surface to vol ratio to dec effects of flucs in temp on internal temp





c.  extinct by end of Cretaeous; may have been on decline before asteroid




3.  class Reptilia-modern reptiles





a.  order Tertudines-turtles






1)  evolved during Mesozoic, changed little since; hard shell





b.  order Sphenodontia-tuataras





c.  order Squamata-lizards, snakes

1)  lizards small; survived Cretaceous extinction by nesting in crevices and dec activity during cold periods






2)  snakes-descendants of lizards that adapted to burrowing






3)  vestigial pelvic and limbs bones






4)  carnivorous; no eardrums, sense ground vibrations






5)  may have poisonous fangs






6)  tongue-fans odors toward olfactory organs on roof of mouth





7)  loosely articulated jaws to swallow large prey





d.  Order Crocodilia-alligators, crocs


D.  Class Aves




1.  characteristics





a.  evolved during Mesozoic era





b.  amniotic eggs and scales on legs-reptilian features





c.  light, honeycombed bones; strong but light





d.  absence of some organs; food chewed in gizzard





e.  beak made of keratin; diff shaped for diff diets





f.  endothermic; some have fat layers





g.  feathers-aerodynamic; made of keratin






1)  exaptation-insulation-flight





h.  acute vision; coordination; larger brains





i.  courtship; eggs kept warm

j.  wings; flying-contraction of pectorals anchored to sternum; flap occasionally or constantly dep on sp






1)  enhances hunting and scavenging






2)  escape from predators






3)  migrate for mates




2.  origin





a.  theropods-small, bipedal carnivorous dinosaurs; prob feathered

b. some scientists think origin earlier; ancestor common to birds and dinosaurs

c.  Archaeopteryx-clawed forelimbs, teeth, tail w/vertebrae; weak flyer; gliding and jumping, precursor to flying

d.  not considered ancestor of modern birds; prob extinct dead end 

e. Chinese fossils- fill gap btwn dinosaurs and early birds; fossils feathered but flightless dinosaur, so feathers exaptation



1) these fossils younger than Archaeopteryx

2) are they descendants of feathered flightless dinosaurs that survived even as Archaopteryx and other birds also evolved from them

3)  flightless feathered org evolve 2ndarily from early flying birds (skeletal features support this one)

f.  Confuciusornis-younger; closer to birds; no teeth, stubby tail; all weight trimming adaptations




3.  modern birds

a.  ratites-flightless birds; ostrich, emu; breastone lacks a keel and large pectorals





b.  same gen body form; variety in colors, behavior, etc





c.  60% passeriformes (perching birds)


E.  Class Mammalia




1.  characteristics





a.  mammary glands-prod milk





b.  hair-keratin; fat to retain heat





c.  endothermic





d.  most born, not hatched; internal fertilization

1)  eutherian (placental) and marsupial-embryo dev in uterus and placenta





e.  larger brains; many capable of learning





f.  long duration of parental care





g.  diff of teeth





h.  jaw remodeled




2.  evolution





a.  evolved from reptiles earlier than birds





b.  therapsids-ancestors (synapsids); disappeared w/dinosaurs





c.  most Mesozoic mammals small, ate insects, nocturnal





d.  groups






1)  monotremes-platypus







a)  only mammals that lay eggs







b)  have hair and prod milk; no nipples







c)  found in Australia and New Guinea

d)  b/c reptilian and mammalian char, may have descended from early branch






2)  marsupials-kangaroos







a)  born before embryonic dev complete







b)  young held in pouch-marsupium







c)  convergent evol-similar to eutherians

d)  after breakup of Pangaea, SA and Australia drifted and marsupials diversified from placentals






3)  eutherians

a)  complete embryonic dev in uterus; joined to mother by placenta

b)  eutherians placed into 4 clades

V.  Primates and Evol of Homo sapiens

A.  Primate Evol-Homo sapiens



1.  gen char 





a.  hands and feet for grasping





b.  large brains and short jaws





c.  forward looking eyes, close tog at front of face





d.  flat nails on digits, not claws





e.  complex social behavior





f.  earliest prob tree dwellers





g.  all except Homo have a big toe widely sep to grasp branches





h.  opposable thumb-humans; precise manipulation; primates “power grip”




2.  modern primates





a.  prosimians-arboreal





b.  anthropoids-monkeys, humans

1)  40 mil yrs ago, monkeys in New World (Africa) and New World (SA); continents had drifted apart






2) adaptive radiation

a)  New World-arboreal; prehensile tails, nostrils open to sides

 b)  Old Word-nostrils open downward; may have seat pad






3)  most diurnal (active during day); live in groups


B.  Humanity-Young Twig




1.  paleoanthropology-study of human origins and evol




2.  homonoid-apes and humans




3.  hominid-more closely related to humans





a.  australopithecines-1st; extinct





b.  Homo-all extinct expect Homo sapiens



4.  misconceptions

a.  ancestors not chimps, apes, etc; 2 branches from common ancestor





b.  not series of steps; groups coexisted





c.  char did not evolve in unison






1)  mosaic evol-diff features dev at diff rates; bipedalism 1st



5.  early anthropoids





a.  30-35 million yrs ago, still tree dwellers

b.  20 million yrs ago- Himalayans formed; climate drier, less forest; inc grassland; less adaptation for tree living; walking more necessary

c.  humans and apes diverged from common hominoid ancestor 5-7 mil yrs ago




6.  major features of human evol





a.  brain size-larger in modern homonids





b.  jaw shape-shortening of jaw; not prognathic; changes in teeth





c.  bipedal posture-upright, 2 legged posture





d.  dec size diff btwn sexes- bigger diff in other homonoids





e.  family structure-monogamy in humans; long term care of offspring




7.  australopithecines

a.  all hominid fossils older than about 1.5 mil yrs from E and S Africa






1)  Australopithecus afarensis-older than africanus







a)  small brain, skull prognathic







b)  sexual dimorphism more like apes than human







c)  bipedal







d)  long arms, so may have moved in trees and ground

e)  changed little, but about 3 million yrs ago, adaptive radiation prod new hominid sp inc A. africanus





2)  Australopithecus africanus






a)  bipedal, humanlike hands and teeth

b)  brain small

c)  A. africanus or other closely related sp prob ancestral to 2 hominid branches

i.  ”robust” w/sturdy skulls, powerful jaws, and large teeth-prob dead end

ii.  ”gracile” slender, adapted for softer foods-prob Homo ancestors






3)  hominids bipedal at least 4 million yrs ago




8.  Homo




a.  Homo habilis-earliest Homo (2.5-1.6 million yrs ago)






1)  less prognathic jaws and larger brains than australopithicines






2)  found stone tools

b.  ”Turkana Boy”- may link H. habilis to H. erectus (larger brains by 1.6 mil yrs ago)





c  .Homo erectus-1st hominid to migrate from Africa






1)  colonized Asia; pop by 1.5 million yrs ago






2)  taller and larger brain than H. habilis
3)  sexual dimorphism similar to humans-monogamy






4)  spread into Europe-gave rise to Neanderthals

a)  Neanderthals- Europe 200,000-300,000 yrs ago







b)  large brains, more heavily built bodies





d.  controversy on classification

1)  ”archaic Homo sapiens”-regional forms same sp by subsp based on region-Homo sapiens neanderthalensis





2)  Homo neanderthalensis-sep names for each region




9.  origin of anatomically modern humans-fully modern humans

a.  multiregional hypothesis- H. sapiens evolved in each region from 






1)  H. sapiens neanderthalensis
2)  similarity of modern peoples is the prod of interbreeding btwn neighboring pop






3)  puts last common ancestor in Africa over 1.5 million yrs ago

b.  replacement hypothesis (out of Africa)-H. sapiens evolved from 2nd migration out of Africa 100,000 yrs ago which replaced regional pop






1)  give sep sp. name- H. neanderthalensis





2)  diverse human pop more closely related






3)  Neanderthals-dead ends

c.  another alternative-H. sapiens from Africa 100,000 yrs ago interbred w/regional H. erectus
1)  predicts genomes of people around globe should reflect mix of ancestries





d.  data support replacement

1)  mtDNA compared in pop from diff parts of world; using molec clock, placed time of divergence about 100,000 yrs ago

2)  mtDNA seq from Neanderthal bones. Multiregional predicts mtDNA of modern Europeans should be more similar to this Neanderthal than modern humans indigenous to other geographic regions.  They’re not.  Suggests that Neanderthals contributed nothing to ancestry of anatomically modern humans in Europe

3) Y chromosomes-similar through gen b/c little crossing over; diversity limited to mutation which are markers for tracing. Comparing Y chrom of males from diff regions infer divergence from common African ancestor less than 100,000 yrs ago

4)  fossil evidence in W Europe consistent w/replacement of Neanderthals about 40,000 yrs ago by anatomically modern humans-Cro-Magnons

5)  no evidence for transition to suggest interbreeding btwn Neanderthals and later arrivals

6)  more ambiguous in other areas-Asia; intermed fossils btwn H. erectus in Asia and skeletal features of modern Asians-multiregional

