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NISOADIUUA (Classification)
] (3
Class Amphihia k1j998n1@
Subclass 1 Labyrinthodontia (fold teeth)

Order 1 Ichthyostegdia (fish vertebrag) Devonian Carboniferous

Ichthyostega sp., Elpistostege sp.
Order 2 Temnospondyli (divided vertebrag) Carboniferous Triassic

Suborder 1 Rhachitomi (semiaquatic and terrestrid  forms) Carboniferous Triassic

Loxoma sp., Eryops sp., Cacops sp.

Suborder 2 Stereospondyli (ring vertebrae, specia aquatic forms) Permian-Triassic

Capitosaurus sp., Buettneria sp.

Order 3 Anthracosauria (coa lizard) Carboniferous Permian

Suborder 1 Embolomeria Carboniferous
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Fogyrinus sp.

Suborder 2 Gephyrostegida
Gephyrostegus sp.
Suborder 3 Seymouriamorpha

Seymouria sp.

Subclass 2 Lepospondyli (scale vertebrae) Carboniferous-Permian

Order 1 Aistopoda (legless aquatic or semiaquatic forms)

Ophiderpeton sp., Phlegethontia sp.

Order 2 Nectridia (aquatic forms)

Diploceraspis sp., Urocordylus sp.

Order 3 Microsauria (small aquatic and terrestrial forms)

Tuditanus sp., Pantylus sp.
Subclass 3 Lissamphibia (smooth amphibia)
Order ‘I Uroderla (Caudata) tailed amphibians jurassic-Recent newts, salamanders,
mud puppies
Order 2 Anura {no tail) Carboniferous-Recent frog, toad

Order 3 Apoda (no limbs) C = Gymnophiona = Caecilia) Recent

Ichthyophis sp., Typhlonectes sp.

Subclass 1| Labyrinthodontia mwﬁ@]mﬁ‘ﬂagluﬁ’] mmﬁ@mﬁuagjuunn Ha
udanas, sameudouss, Aamdasts, tnerfialwgiade alligaors, Wauvulng, Tase
€/ A4 L) . A a [} | Py L
FTWUTUTDUN enamel WS dentine WwRaUUSIMTa I e, Wulds, nes-
9 e L] S Qe A ]
TaNARBARIAY crossopterygians WUEM T3 FaumslUwaosy mwmvlﬁg reptile,
U ot [} a- [} ¥ A = H = P ' .
mumnmaglugﬂmauag’lum, ATauneIain Aaufiaguuun labyrinthodonts WIN

A o |3 - a A >
w3 nidasw s man ‘]J’l\‘lﬂuﬂﬁl,ﬂﬂﬂ, UNITURHIRUILAY
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Order 1 Echthyostegalia (fish vertebrae) vertebrae ARNE crossopterygian ﬂi:ﬂﬂuﬁ?ﬂ

3 &% dorsal neural arch, anterior centrum WA posterior centrum A0EN

Elpistostege sp. ﬁﬂiziﬂan%sw:ag‘s:m'"mﬂmai:wi’mmz'[mﬂmmﬂm H

tetrapod WIRALLTN

Ichthyostega sp. LI tetrapod WINWING® n‘s:Twammmﬁaﬁnvmxgﬂﬁwm
amphibian LL@]'ETamaijﬁuLLuumamaw:gu, snout n%ma:mqﬁ‘:\mgmaé’m posterior
brain case WUIBENLUW 2 &% wnﬁv’oag?waumaﬁuﬂmnw laifiimdan, operculum
W8 second gill arch (spiracle) Gizoagj‘;:wmn‘;:gﬂ tabular W8S squamosal, #281NAY

100 .4, W19 fin ray, 24T WULUUREINAa Green land

——
el

g‘l]ﬁ 7-1  Skeleton and restoration of the external appearance of Ichthyo-
stega. A number of fishlike characters are evident in Ichthyostega, most notably
epidermal scales and a'tal fin supported by fin rays. Other features are fully
amphibian, especially the well-developed ribs, girdles, and limbs. (Modified from
E. Jarvik [1955]. The Scientific Monthly 80:141-154.)

Order 2 Temnospondyli nIzgn intercentra WY pleurocentra U84 vertebrae VL&J'
VUMEL DALY 1ASDY Anthrocosaurs intercentra ﬂJQU‘L%QJ' s plurocentra Lﬁ%ﬂutﬁﬁ&]%
ﬁ'autﬁna;ﬂm:%iw intercentrum IHLL@"@: vertebrae neural arch E}ﬂ?ﬂ\‘]{‘uiﬂﬂ intercentrum

Wee pleurocentrum
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Suborder 1 Rhachitomi A788719L7% Eryops sp.Cacops sp.

Eryops sp. A8 6 WanSaannind drdvwaluguuunis, nizlnansou

Trauuy wenuthnidaldewanuuuusesnszlvan  usziaSwiRar aveasmiy

t o ﬁ‘l’ 1 = [ -fi F‘i}l = | W

a9 TWIa IR auazNaIHa vertebral column BEungudas siweIasiustiondu

USududelfiauudn  nszgndlessuo  nizgniasiuluamindis scapula uaz
& L7 o

coracoid ﬂi:ﬂﬂ pelvis WM PIFULTILTS humerus VUIBNINIUES femur WDILTINA

¥ A : -9 )
PIRUIN 4 U2 NuUsuTuaws

. Y « - -
Cacops sp. JUTWBAENES nazlwanuds, 1lug vwemadngs, iz
wisinagdunds, eardrum Ing, Jovhlunanaishu &y 40 ma. e 1/3

U3 total length ﬂi:gmaﬁumuimw, PR H AN
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31]ﬁ 7-2  Temnospondyl labyrinthodonts. (a] Pholidogaster, a primitive
temnospondyl from the carly Carbonifersus. (b) Eryops. a Perinian rhachitome
with sturdy legs and o rounded body. () The Permian rhachitome Cacops was
amaong the most terrestrial of the temnospondyls. The skeleton was sturdy and
well ossified. Dermal armor protected the back, and the head wwas large in
proportion to the body. (d) Cyclotosaurus, a stereospond vl from the upper
Triassic, was an aquatic form. [t had small legs and a dorsoventrally flattened
bady. It was probably incapable of lifting irs body from the substrate without
the support of water. {Modified from the following sources: {a} from Romer,
Ch. 5[7] (b) from Gregory in Romer, and from E. A. Colbert [1969] Evolution
of the Vertebrates. Wiley and Sons, New York. (¢} from Williston in Romer, and
from Raymond in Stahl, Ch. 2[9]; (d) from C. L. Fenton and M. A, Fenton
(1958} The Fossil Book. Doubleday, New York.)
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. ; pd () ¥ 1 1
Suborder 2 Stereospondyli mnm:mﬁﬂagluﬁﬁmulmy, vertebral centra Q@
YWINKY, pleurocentra 1uf

Buettneria sp. NIZIMANLLY §IuUUAWILES 19uuSiom clavicles, interclavicle,

NITGNIIUUUVBY pectoral girdle 180 luudauss, 1udn, JUI AR Eryop sp.

Cyclotosaurus sp. fa"mmmg_uumnuumﬁw (dorsoventrally flatten) LIRILNTZAR
v ooal W R o P
ﬂﬂduu'}&n'ﬁﬂﬂﬂuaGﬂ'ﬂﬁuuﬁquqsl]FJanLa\‘l, YIaN

Artrculaticn
of skull an
vertebral
column

EAYOPS
Articyiation of L. Perm
jaw on skui!

tal

CAPITOSAURUS

L. Trias
i)
m
e CYCLOTOSAURUS
U. Trias
i)
Articulation Articulation of
of jaw on skull jaw an skull
Muscle

Retroarticular
Eryops process Capitosauruc

Retroarticuiar
id} (el process (fi

]‘J# 7-8  Progressive changes in the skulls of temnospondyl labyrinthodonts
{a-c). Rear views of skulls on left and palatal views on right. As temnospondyls
became increasingly specialized for aquatic life their skulls became flatter and
the palatal vacuities proportionally larger. The flattening of the skull brought the
articulation of the lower jaw with the skull into the same horizontal plane as the
articulation of the skull with the vertebral column. The coplanarity of these ar-
ticulations simplified the jaw opening mechanism. (d) In Eryops the articulation
with the skull was at the posterior tip of the lower jaw. (e} In Capitosaurus and
other specialized forms a retroarticular process had developed, extending paste-
rior to the jaw articulation. (f) This process provided an attachment site for
muscles that could exert a vertical force to lift the skull. (Modified from D.M.S.
Watson [1951] Puleontology and Modern Biclogy, Yale University Press,
New Haven.)
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Order 3 Anthracosauria mniﬁlzﬁm?}lammaiﬂlﬂu reptiles, ﬂ‘it@ﬂ pleurocentrum
“IJM’]@L“/\AA&J%%

Suborder 1 Embolormeri mn*ﬁ: Vertebra WaARzdU 1T2NaUAIY intercentrum WA
pleurocentrum intercentrum "U!;I’]El.l%qj,rneural arch LRI spine é]xda%iuu centra ﬁv'maa 31]5"1\1
Taglendlun wudin, wisen vieifudsuiluonms daths

Eogyrinus sp. NItIwananudazdnedl otic noteh Inajdmiuiufideinizuas
tympanic membrane pectoral girdle Aandanszlvan vinlguilauitnaidn anlaiudus
gnﬁoﬂ@m pectoral, pelvic girdles fhu'lmyja'wﬁﬂagj'luﬁﬁ

Suborder 2 Gyphyrostegida W’Jﬂﬁ intercentrum ﬂ@]"ﬂ%’]ﬂﬁdLLﬂ:Lﬂ%LL%’M’NLﬁU?fEG

U reptile, NYLIRANAR, &1FIL, TWAN G889

Gyphyrostegus 2 WTU3 W IBITUA@ILLY TuilTudnnaliTieatuuun

<
31}7‘ 7-4 Gephyrostegus, a late Carboniferous anthracosaur, had sturdy legs
supporting a deep body. It appears to have been terrestrial, and may be close to
the lineage from which repiiles arose. (Modified from R. L. Carroll {1972}

Encyclopedia of Paleoherpetology. Part 3B, pp 1-19.)
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Suborder 3 Seymouriamorpha W3INU intercentrum &AYUIARI Q8L

Seymouria sp. 1310143282 Permian dudiufuaguuun ddeuagluin nizlwan
aﬂ, ﬂuﬂu, neural arch mmunﬁ'ﬂa, shoulder girdle @ATITIMING clavicle 813, ilium wyAn

B [ (% A L : n'
99, vertebra 8UA 2 329714 sacrum RBAFNINFWY reptile 1TULTN

ﬁné’mﬁﬂmmwhuﬁ’ﬂ'lﬂaglu Class Reptile Unavudaaglu Amphibian 1W31z

iiuag72319 Amphian W8S Reptile
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aﬂﬁ 7-5 In the late Carboniferous arnd early Permian a number of specialized
anthracosaur amphibians shared the terrestrial habitat with the early reptiles.
None of these lincages persisted past the mid-Permian. Although the body forms
of these anthracosaurs resemble those of some reptiles the similarities appear to
be the results of parallel and convergent evolution. These anthracosaurs do not
appear to be closely related to reptiles, and they are probably not very closely
related to each other. For convenience these anthracosaurs can be called
“batrachosaurs”’, but that term does not imply phylogenetic similarity. {a]
Solendensaurus, a late Carboniferous form. (b) Limmnoscelis, from the late
Carboniferous and early Permian. {c) Seymiouria, a mid-Permian representative
of the anthracosaur suborder Seymouriamorpha. Although Seymouria was
terrestrial, other seymouriamorphs appear to have been aguatic. (d) Diadectes
was an herbivorous diadectid. This Permo-Carboniferous group is considered
reptilian by some paleontologists and amphibian by others. Diadectes is included
here to illustrate the differences in body form amung terrestrial tetrapods that
had appeared by the late Carbonifcrous. The pattern of relatively active
carnivores and ponderous, sedentary herbivores will be repeated in reptiles and
in mammals. {Modified from various sources in R. L. Carroll [1669] pp 1-44 in
Biclogy of the Repiilia, vol. 1, cdited by C. Gans, A, d’A. Bellairs, and T. S.
Parsons. Academic Press, New York.)
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Subclass 2 Lepospondyli mﬂﬁﬂgjﬂ's"waL%'mu"mﬁnﬂ'numq 30 .4, -1 LUAT
vsiednTs lnanmianuas  girdle ARNHUTIWYTHUBILURY  vertebral 1 Tuaunan

A ) . ) I
LA8II8Y notochord URZTINNDNUY neural, haemal arch, UNANRY ‘ﬁ?i]‘ﬂﬁllvlﬂ

. &) o A L e = iﬂl
Order 1 Aistopoda (1% order Lﬂﬂﬂ%ﬂ @l’)U'}’]ﬂﬂ’]Ug, TIRANTITLITIURY, LTURIN

= . ] A d 3 Qo 1 v o ¥ e 1 1
3 external gill ﬂamtﬂauuuﬂm‘lﬂmnaﬂﬁnﬂgu orfuagaINnauin, 180, dathadu

Ophiderpeton sp. §UANENIARILTIAN LUH1 eueILTeum 75 .

b

A 3 2 =y ) U A
Phlegethontia sp. ns:Twamﬂaymﬂum:gmmwumnmﬂm, N33 hnIUsTy

:3' o A g A A
’uuﬂﬂ@lmaﬂ:mnlum‘inaunumwri 7

Order 2 Nectridia  §aiwniiligdana, wiw, nazlwanuuune dadatu

R 3 1 b = 1
Diplocaulus sp. ﬂ‘SZIWﬂﬂﬁL’U’], WILUU mmagmaﬁﬂu%ﬁmum, TURNSOULD,

o a4 A v Qe b
AL TILL, vertebrae LURBuYrlvvadldm=aan
Urocordylus sp. 8167877, TUEN, WIIMUUGIWINY, snout LILILRANLID

Diploceraspis sp. R7@17, WIULUIINLUSIRTI, TUEN, Tﬂmm:gnuﬁoa:a@m,-

u o L= A .3 Qe
LUURAINRINA T a9 Ue )

Diplocoulus

o
n 7-8 o N ‘ ‘
3 v The nectridian, Diplocaulus, inhabited early Permian streams and ponds in North
Americe. Adult individuals were three fect or more in length. Prepared by Lois M. Darling,

76 7 ZO 41K(S)



20O 411(S)

ESSee)

s
NN e S
el

[cd}

Iﬂﬁ -7 Lepospondyls showed a number of body forms. The aistopods
were legless. Only three genera are known; all were small. Ophiderpeton (a) was
about 75 c¢m long. The skulls of some aistopods such as Phlegethontia (b) were
well ossified in the facial region, perhaps as an adaptation to probing in the
ground litter. The jaw suspension may have had considerable flexibility, allow-
ing aistopods to swallow large prey. The nectridians were more varied than the
aistopods. One type, illustrated by Urocordylus (c) had elongated bodies and
small legs, laterally flattened tails and sharply pointed snouts. The “horned”
nectridians were apparently more sedentary (d) Diploceraspis . They show a
combination of morphological features similar to those seen in the specialized
aquatic stereospondyls. The body and head were dorsoventrally compressed,
the legs smail, and ossification of the skeleton was reduced. During the growth
of an individual the tabular bones extended backward to form greatly elongated
“horns”. These may have counterbalanced the weight of the skull when the
mouth was opened. (Part (a) modified from Fritsch, part (b) modified from
Gregory and Tuenbull, part (c) modified from Steen, all in Pivateau [4]. Part
(d) modified from J. R. Beerbower [ 1963] Bull. Mus. Comp. Zool. 130:31-108.)
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Order 3 Microsauria (= small reptile) ﬁ'ﬁﬂu order wnasUzduiunuwan reptile
A1672817 AN ATz lvanudanTe gﬂfﬂatﬁn AUBIRITWUL predator unsriiaandtey
Tuin wiededn dathe  Tuditanus sp.

1cm

o
21'“ 7-8  Microsaurs were a diverse group of amphibians of unknown
phylogenetic affinity. Many were terrestrial whereas others were aquatic or
burrowing. (a) Tuditanus, (b) Pantylus, (c) Goniorhynchus, {d) Cardiccephalus,
le} Pelodosotis. (Modified from R.L. Carroll and P. Gaskill [1978] Memoirs of
the American Philosophical Society, 126:1-211.)
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Subclass 3 Lissamphibia 8 iwaniilianwgnaennin so @, Awdalongud
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Order 1 Urodela (= Caudata) 1OWT RAINAMWI SRFUIHLEZIEa% LANAIN

A e =

ti L Qe A [l :’ O Q' 1 @ 1
VAndtay Tonuwasid Lm:mumﬁuaglummammmu éotine leun
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Salamander 8797877, VINIVIINUAUATILA tetrapod  WINUIN T WMAIIN
azlwaininanwih, FooulRuLAs external gill TWIANIWLYI 30-1500 .4, WInluImuas
] - .; 1 E‘ - A’ Fe] a .3

aluazidulalwin  dawwanfaigiuasdnsnauiuguounioly  salamander
Aa ral "— A A

(Megalobatrachus sp.) Aduwalngfiganuludu, Qi 1wieenapnn 1 was wisinn
1 1 G 1 G [ o A = [

i siivinzaen, ‘lais) gl Iudidiudt Salamander (Cryptogranchus. sp.) iwuluaws miviiaanu

¥ R .
BB 60 4.4, i spiracie Usaginaanismnla M 2 WlN§ external gill 9% mudpuppy
(Necturus sp.) & external gill Up@aaam3aTgysswulunziasy, f1513luain I mazTuesn

Va9 ¥He Amphiuma (sp.) 33J‘s"10m’3, g nRnudanys, 1aiiwilaen, branchial arches 4 84
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3 N 7-9 Various urodele amphibians, not all to same scale (mosty from life.)
: 20 41 1(S}



W

~ 1 = \E 1 3/
Newts §3U771013898712, w1872, 11 2 ) 1aun

Triturus vulgaris (Smooth newt) 81FalNAUREINT IUBWITWIN AIvUdH, Rag,

LR Lﬁaa;]ﬂuﬂwﬁuwm crustacea YWIALEN, molluse FUWIRDE lopuaIuAzaN RHINIY
Qe fy
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1 SMOOTHNEWT Male (Triturur vulgaris)
2 PALMATE NEWT Male -~
3 WARTY NEWT Male = A WARTY NEWT Female
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1 A SMOOTH NEWT Female
2 A PALMATE NEWT Female
3 C recently hatched larva
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JUN 7-12

1 COMMON TOAD (Bufo bufo)
2 NAITLERIACK TOAD (Bufo calimata)
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I A COMMON TOAD spawn and tadpoles
2 A NATTERJACK TOAD spawn and tadpoles
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gﬂﬁ 7-13 Apodans are limbless amphibians with the eyes nearly cencealed
under the skin (a). Females of some species brood the cggs (b) whereas others
give birth to living young The ¢mbryos of rerrestrial species have long fila-
mentous gills {c). [n aguatic species the cmbryos have saclike gills (d). (Fart a
modified from J. Villa [1972} Amfibios de Nicaraguu. Instituto Geografico
MNacional v Baneo Central de Nicaragua, Managua; b modified from H. Gadow,
[1909) Amphibia and Repriles, Macrmillan and Co.. Utd, Loandon; ¢ and d
modified from E. H. Tavlor. [1968] The Cuecilians of the Waorld, Uriversity of

‘Kansas Press. Lawrence.)
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