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Objectives

< Define
Tetrapod/ Amphibian

< Origin of Tetrapods
< Tetrapod Advantages
< Split of Amphibians

< First Modern
Amphibians

< Extant Families

% Simplification

Tetrapod Characteristics

Four Limbs

Tetra= Four; Pod=Foot

Some lost or vestigial

“One bone—>two bones—>little
blobs->fingers/toes”- Neil Shubin

“ Some lost or vestigial

Includes all non-fish vertebrates
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Amphibian Characteristics

“Tetrapod vertebrates that pass through a larval state

f and undergo metamorphosis into terrestrial adults.”
Anamniotes

Eggs need moist environment \
Larval; metamorphosis

Permeable Skin
Cutaneous respiration

Two Gland Types

Mucous o)

Poison
Transverse
Pedicellate Teeth A N
Pedicel
Amphibian papillac/ Opercular bone

Can Hear Vibrations Pedicellate teeth
(lingual view)

Fat Bodies
Green Rods- fxn unknown

Singular Sacrum
Lost in caecilians

Amphibian Characteristics

As a Fossil...

Articular surface of axis
convex

Exoccipital Bone articulates
with dermal roofing

Hand (Manus) 4 digits
Foot (Pes) 5 digits

Some Secondarily Lost
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Phylogenetic Trees
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Devonian: Age of Fishes

Lato Davdian lobe-ffnod fish arld amphibiols torapocs
i ! ik Ichthyostega
% Lobed-Finned Fishes e |
o ‘

swamps and | Acanthost
+ Lungfishes; Coelacanths swiow penteichiys <o

i Tetrapodomorpha _n_Eusthenopteron Goelcanth
£ i i son - 2 s

+ Panderichthyids o oy 00, | ' SL |

«+ Ichthyostega, Acanthostega

< Tetrapods
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Tetrapod Adaptations
Lungs Or Exaptations?

< Earliest Adaptation
Limbs* ”

% Movement and support

% Pectorals first J
Free movement of head* F’

< Functional neck kg

% Feeding and catching prey

[ cenowok |
[Devonian|  Curbonifesous | Peumian | Triassic | [ oetweons | ]
416 360 300 250 200 146 65

Tetrapod Advantages

(1) Unexploited resources

i (2) Low Oxygen in warm shallow
swamps

% (3) Periodic drought- move
between pools
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Fossil

Tuterpeton

Ichmyostega

Acanthostoga

Tiktaatk

Panderichitys

Eusthenopteron

Giyptotepis

FIGURE 1.4 Relationships, body for saructuse of the seven key fossil vertcbrates wsed 10 recover
e evolution of sapparive limb in tetrapos. Glptolepis is the outgroup. Adapted from Abloerg and Clack
2006: Clack 2006: Daeschler e al.. 2006; aecSclusbiy et al., 2006

CARBONIFEROUS
— Y
SILURIAN
diversity of major fish
ORDOVICIAN aroups overtime
CAMBRIAN
[Devonian|  Carboniferous | Permian | Triassic | | —
416 360 300 250 200 146 65

1
Devonian: Fish to Tetrapod

% Panderichthyids 380 mya

Predators in shallow water
Eyes on top of head

Lung and Gills
Dorsoventrally Flattened*

Pectoral Fins more developed
for support/crawling




Missing Link or “Fishpod”:
Tiktaalik 375 mya
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)
Devonian: Fish to Tetrapod

< Ichthyostega/Acanthostega 365 mya
+  First tetrapods
+ Still aquatic
i Ichthyostega maybe seal-like on

he seven key fossil vericbraes used 10 recove
i outgroup. Adapted from Ahlberg and Clack,
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“cleaned-up” Tetrapod Phylogeny

Porosauria <
Crocodylia AL T~
T R . AP, 4
Sy
Sphenodontia b i
(tuatata & kin) S
(lzards, snakes,
By amphisbacnians)
Ornithodira

ynapsida
hibla  (includes Mammalia) Archosauria

iss:
(frogs, salamanders,
caecilians)

Reptilia

‘Amphibian Split from all other tetrapods
Tetrapoda ~ 360 mya Thuapod 26cioy
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Lohe finned fish
irlchthyostegids
kTemnospndyls
Salamanders
LAnthracosauroids

I envosnonavii ~ S mva

Microsaurs
Nectrideans

Fig, 1.8, Reresentaive Cabonfeous o Feran pcspondys. e e Wity () a6 angies [€)Gonlortys (0) Ophiapeton, 3
® i Oklafoma andi Tesss.

st el

mvVva

Temnosnonavis Ssii-) i

Fig. 1.6, Representative temnospondyls. (A} Eryops, a terresirlal dissorophid
from the Permian. (B] Cacops, another terestral dissorophéd from the Fermian,
1) Cpetotosaurus, an aquatic cracadile-like capitosaur from the late Triassic
Scake lines inclicate 10 em. (D) Branchiosaurus, 3 paedomonphic of larval
temnaspandyl fram the early Permian, with external gills samilar to those of
madern larval or paedomesphic sslamanders. Scale line for (D) indieates 5 em
After Pough, Helser, and McFartand (1996)
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Triassic- Aquatic Shift 245mya

RS
B

Temnopsondyli: Stereospondyli*

+  Only remaining Temnospondyls

< All mostly aquatic

«+ Terrestrial Reptiles dominated

“+ Miniaturization through progenesis

“  Scales and Dermal Armor

«+  Still much Diversity

< One group marine
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Modern Amphibians*

. ' . -'
Lissamphibia:

<

» Class: Amphibia

“+ Monophyletic
(most likely)

# Caecilians

< Frogs

«+  Salamanders

<

» First Appearance

Tesamphibia

< Triadobatrachus
(Frog) 245mya

«+ Triassic

Amphibian Characteristics -again

“Tetrapod vertebrates that pass through a larval state
and undergo metamorphosis into terrestrial adults.”

+  Anamniotes
Eggs need moist environment

«  Larval; metamorphosis

+  Permeable Skin
Cutaneous respiration

+  Two Gland Types
Mucous
Poison

Transverse |,
suture N SRS

Pedicel
«  Amphibian papillae/ Op.crcular bone LTS
Can hear low frequencies (lingual view)

«  Pedicellate Teeth

«  FatBodies

+  Green Rods- fxn unknown

+  Singular Sacrum
Lost in caecilians
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Amphibia Evolutions Recap

ichthyostngs

Stegacephal
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Millions of years before present
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FIGURE 3.2 Geological oceumence of some carly tetrapods, and extinet and living amphibians. Abtreviatons.
for Ganozoic epocis: Paleo, Paleocene; Eo, Eocene: Ofigo, Oligocenes Mio, Miocene; Pli, Pliocene; Pleistozene
s the nartow, unlabeled epoch on the far right side of the chart. The Dicamprodoatidae is ow included in
Ambstamatidac.

| Permian | Triassic |
416 300 250 200 146

Tnadobatmchus‘Flrst Llssamph1b1an 245mya

Triadobatrachus

% Frog Characteristics
Frog-like pelvic limb
U shaped pelvis

e

% Ancestral Characteristics
Caudal Vertebrae (Tail)
No Urostyle

14 Presacral vertebrae

1/21/2014
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Karaurus: First Known Salamander 150 mya

NGURE 3.3 Kar i bt 15 TLY, e cntcst kown
e, 10 O Lave Jucesie of Rassi. Adused 46 pisal rcoe
swution fom Carrl, 1988
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1
Extant (Living) Amphibians

Anura (frogs and toads) Gymnophiona (caecilians) Gawslatfiésalamanders)

# families: 54
# genera: 437
# species: 6253

10 # genera: 35

# species:H gamilies: 10

# genera: 67
# species: 642

Phylogenetic relationships among recent and fossil amphibians.

®

®)

]

§§§2§§§E§§;
i1

ZardoyaR , and Meyer A PNAS 2001;98:7380-7383

£2001 by National Academy of Sciences

PNAS
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Anura

*Global Distribution
*Shortened Presacral Vertebrate (usually 8)
Saltatorial | *Ribs are reduced or absent (274 or 4t)
*Presacral Vertebrae Firmly Articulated -
+Large Hind Limbs, No tail (except 1 family)
*External Fertilization (usually)
+Flat heads and Large Mouths (usually)

+Vocal Sacs in Males (usually) *54 Families!!

Centrolene prosoblepon Oophaga sylvatica

Hypsiboas rosenbergi Scaphiopus holbrooki

Millions of years before present
350 300 250 200 150 100 50

PALEOZOIC MESOZOIC
[bEvonan]  careonreRous PEL TRASSIC | JURASSIO cRETACEOUS | Temamy ]
Neslssipian paico] Ea | 080 [wao o
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CENOZOIC
Termany

! Gobiatidon ——rt
batrachus

“Eusibancpte
HPancenidhinyitan
h

—ilchlnyosiogatia “Tnadobatrachus | "ViEraelia

idea Anadinostans

Butonidze

“Prosais Hylidae

| ocaecia Lir

Fiaridaa

RS— e
da | lcmhyidae

Hi
Cancllideo

| Hotuens |

Proteidac

Mamerarpeton” mpniumidas

Swenidan

Vatsourion

| Flothadon!idae et

FIGURE 3.2 Geological oceumence of some carly tetrapods, and extinet and living amphibians. Abtreviatons.
for Cennzoic epochs: Palea, Paleocens; Eo, Eocene; Oligo, Oligocene; Mio,

s the nartow, unlabeled eposh on the far right side of the chart

Ambstamatidac.

ded in

Anuran phylogeny

Primitive Derived

ARGHAEOSATRACHA _ NESOBATRAGHIA NEOBATRACHIA

Brachycapraliad

Haleophrynidae
Dencrabatidae.
‘Ahacophonase.

Mantalidan

Seogossidae
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Millions of years before present
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FIGURE 3.2 Geological oceumence of some carly tetrapods, and extinet and living amphibians. Abtreviatons.
for Cenozoic epociss, Palea, Paleacene; Eo, Eocenes Ofigo, Oligacene; Mio, Miocene; PIi, Pliocene;
s the sarrow, unlabeled epoch on the far right side of the chart, The Dicampiodoatiae is now
Ambstamatidac.

Caecus = Gyn’lnophiona
blind

*Tropical Distribution
(7cm—1.5m)

(pectoral & pelvic girdles absent)

<
~ s .
(most are fossorial)

(phallodeum)

« 10 Families

)
Ichthyophis kohtaoensis
Uracotyphlus yop!
Milions of years before present
350 300 250 180 100 b
PALEOZOIC MESOZOIC CENGZOIC
lbEvaman|__ carsourerous PeRMAN | TAIASSIC | JURASSIC GRETACEGUS Termany |
Imrm o] o | omgo o i
I Goblatidon F—
Elshanapte “Noobaachus
tPendenehiicin
ety a Tiadobatachus  "Viraeha
fdea Aradinostes
“Prosafis
“Eoeaocia
| aecuides
Haluarvs
J—i Tramatosauridae ——iProsioric:
. Protoidic
Ampriumicae
Svenidan
j— —
Vatioirton

| Prathadoniida

FIGURE 3.2 Geological occurence of some early tetrapods, and o
for Cennzoic epochs: Palco, Pakcocenc: Eo,
s the narrow, unlabeled epoch on the far right si
Ambysiomatidac.

tinct and living emphibians. Abbeeviations.
Oligo, Oligacene; Mio, Miocenes Pl, Pliocane:
de of the chart. The Dicamplodoaidac is now
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Caudata (Urodela)| gpesepienio |

*Mostly Temperate Distribution

*Tailed Amphibians ,\1”
“Lizard like !!’ N
*Well-developed limbs v
«Internal Fertilization

*Larval Development External

*Lack Tympanum & Middle Ear

+10 Families

Andrias japonicus

Ambystoma talpoid

i

Amphiuma tridactylum

Pseudotriton ruber

1/21/2014
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Salamander vs Lizard

Moist Skin

Toe tips

Rounder head
More dorsoventrally
compressed

Epidermal Scales

Ear holes

Claws

Usually body held up over
ground

Plethodontidae

Amphiumidae

Rhyacotritonidae
Ambystomatidae

Dicamptodontid
Salamandridae

Proteidae

Sirenidae

Hynobiidae

Cryptobranchidae

Milions of years before present

350 300 250

150 100 50

PALEOZ0IC

CENGZOIC
TeRTARY

[bEvanan]__carsonireRous =
Messsappian

TSSIC

MESOZOIC
JoRAsSIC CRETACEDUS

pascc] Eo [ omgo [beo
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Raridas
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s

Vidae bt

FIGURE 3.2 Geological occurence of some early tetrapods, and o
Eocenc Oligo, Oligocene; Mio, Miocens: Pl Pliocene

for Cennzoic epochs: Palco, Pakcocenc: Eo,
s the narrow, unlabeled epoch on the far right si
Ambysiomatidac.

it e lving ampRD-AbCzesiabors—

ide of the chart. The Dicamptodbatidas is now
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Pletho dontidae 440 species 27 genera

21 sp 4sp
P [anete |
Bolitoglossans Gyrinophilus etc

55sp

Plethodon

Hemidactylium

Urspelerpes brucei 2009
northern Georgia!

A new genus and speci
fro

of lungless salamander (family
of the

south-eastern Unit tes

ok, T, Lamart, ). C. Msorr! &0, 8, Waar®

3 g e ingn U 5K e
e et v, U e s

[Devonian|  Curbonifesous | Peumian | Triassic |

416 360 300 250 200 146 65

Evolved Simplifications

< Pronounced in Salamanders
< Paedomorphosis

% Reduction Body Size

< Large Genomes and Cells

< Low Metabolic Rates
Affect life history strategies:#s

< Simplified Organ Systems

1/21/2014
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