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ANnphih8ans

f-eading a Life of Slime

Amphibians have generalh' nor becn regarded with much
T^'  ̂ '  \ -  - r '  ' -  ^ ' '  '  ' -ar-anhmsrno nl  I  innrerrq < S'cr i r : r , rr4\ul .  n l l  u l iq l t -L l tuu l i_._r . ._.^- . . .b .  _, . . ._. ._

NntLt iac s l logesls rhat t l reuro ;1r .n In;atnqnme sl imr ,  rea-
- .bb-" . - . , . . . . . . - . /

tures that the Creator sau'fit not ro make manr. of them. ln
fact, the number of lilrng amphibrans, abour 5300, exceeds
rhat of our o\vn incluswe lineage, Niammalia (G1aw and
Kohler l99B). The rate of discovery of neu,species exceeds
iha; of  ant  n ihr-r  vprtehrale ornrrn Srncr rhe nrrbl icai ion ol^' . . . . " , " . ' . /
Anphibiatr Specics ol thc World (Frosr 1985), the number of
recognized amphibians has increascd by 369o More than 100
r rnde.cr ihed f loo.nccre* havr hcen rennr iod in Sr ' i  Lanka
(Nleeor<L,rrnrhlrr  ar  q l  2002) Yet,  the deCl ine and ext lnc-

tron of amphibian populations are I'rsible srgnals of enr.iron-
tricutal deqradarion rHanken .l 9oor.

Amnhrhians rre namerl  fn l  rhei l  r rvn-nhased i i {c h jston :
lan'a and aduit T1picall1.. the lan'a is aquaric and meramor-
phose'  inLn r  terrestnal  adulr .  In a loosc.  descrrpt i lc  scnse.
amphibians brldge the gap betr,veen fishes. whlch are fr*rliv

^". l  -** :  "  r r  h ieh hrte cnrnnletc l ,  eserned rdludLiL.  JLlq dl l l lL lUtf ,5. .  ! \ r r r \ r t  rLd\L Lvr l lp lLLLl \  ,_*-r ,_ 
-

waten' enl-rronment and have abancloned metamorphosis.
Horverer.  amphibians ar(  nor rn anr sense rrapped rn an
ct oiut iot tan'  ct t l - r le-sac hecarrsc rher erhihir  t  fnr  areqter

dtversttl, ol life hrston. modes than do amniores.
Each tlpe ol lrung amphrbran-frog, saiamander, anci

caecil ian-is highh- disrinciive. Frogs are squal. four-leggecL
cr 'ar l r r rpc nnth oenolr lh laroe morr ihs and aves nnd e lnn. : rc
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olAnura), because the caudal r'ertebrae har,e coalesced into
a bonr- srrui. AbouL otr9" oI ihe l irrng amphrbran spe. ics arc
fi-ogs; the,v reiv most11' on visual and auditorv cues. Sala-
manders are more rr,tcical-lookrng tetrapods, all u,rth a rail
(hence, Caudata) and mosr mth four legs. Some are elon-
gate and have reduced the iimbs and girdles, these are usu-
aliv completeir aquatic or fossorial species. In gencral. rhel'
relt-more on olfactory cues. Lrwng caecilians arc all limbless
ancl clongatc Groor-ed nngs encrrcle rhe bodr'. eroking the
image of an earthworm: most caeciiians are fossorial. but
some are aquatic. Al1 havc reduced eves, akhough the root
caecrr,s-Latin for "blind"-is a misnomer. Near the eve or
the nostril is a unique prorrusibie tentacle used for olfaciion.
The tail is essenrialil' absenr.

fifodern Amphihians

Bv mociem amphibians, we mean the lineage minlmali,v cir-
cumscribed bv lir.ing taxa; this is knor.r'n as the croum clade
Amphibra ln rhc language ol pnvlogeneric ra.\onomr. rdis-
cussecl below), Amphibia are a node-based name defined as
thc most recent common ancestor of frogs, salamanders,
caecilians, and a1j the descendants of thar ancesror (Can-
natella and Hil l is 1993) Frosi (1985) and Duellman (1993)
summarized thc species of amphibrans. Up,to-dare Internet
resources include Frosr (2002) and D. B. Wake (2003). The



distributron of modem amphibians is treated in Dr-rellman
( 1999) Aspects of modern amphibian brologv can be found
in two recent textbooks (Pough et al. 2001, Zug et al. 2001)
and in a treatise (Laurent 1985). The most comprehcnsive
treatment is that of Duellman and Tmeb (1986).

Modem amphibians are at times called lissamphibians to
distingursh them from the Paieozoic forms referred to as "am-

phibians." Modem amphibrans inciude frogs salamanders,
and caecilians, and their Mesozoic i745-65 mllilon years ago
(Mya)] and Cenozoic (65 N'lva to present ) extincl relatives (in-

cluding albanerpetontids), all of which are readiiy identifiable
as belonging to thrs group. In contrast. their Paleozorc rela-
tives include the traditional groups termed the Labwinth-
odontia and Lepospondvli. Labl'rinthodonts, rncludlng the
eer l iec '  {nrrr- lcooed rrertehrrrp< rqnser l  f rnm the I  lnner Devn-

- i^ '^  /?-{  \ r . . - \ ,L-^, ,^ l -  the Perrnian ,a90 Vva) \Uth num-l r r4rr  \J,  J l \ Iva '  Lrrr(ruEIr  r r r !  r  Lrrrrrdf .

bers declining into the Tnassic and one sma1l lineage persisting
into the Cretaceous Lepospondvls range from the Lower Car-

boniferous (240 Mya) to the basc of the Upper Permian (250

Mya). Labprnthodonts are a paraphyletrc group and also gave
nse io amniotes. Lepospondyls are a heterogeneous group but
have a characteristic vertebral morpholog' (Canoll ei a}. 1999);
therr monoph;rly is unclear.

Several features set modem ampiribians apart from other
vertebrates. Some of these characters support monoph-viy of
the group compared \ ilth both fossil and lmng taxa. The srg-
nificance of other characters. such as soft iissue features (Trueb

and Cloutrer l99Ia), is less certain because ther, cannot be
assessed in extrnct forms. But these characters do suppori
amphibian monophyly reiatwe to amniotes and fishes.

Most adult amphibians have teeth thai are pedicellate and

bicuspld. or modified from this condition. Pedjceliate teeth
have a zone of reduced mineralization between ihe cronryL and

the base (pedicel). In fossiis the crou.ns are ofien broken off,
lear,rng a cylindncal base wlth an open top Pedrcellale teeth
are also found in a ferv temnospondyl lab1'rinthodonts beheved
to be closeh'related to modem amphibians (BolL ]9o9)

Living amphibrans also share the absence or reduction
ofsevcral  skul ,  bones On thc dorsai  skul l .  the iugr ls.  post-
orbrtals, postparietals. supratemporals, intertemporals. and

tabulars are absent. On the palatc. thc ptewgord, ecioptery-
goid, and paiatines are reduced or absent so as io produce a
large spacc. the in ierptc iygotd tacui t r .  bciou the eyc sock-
ets (Reiss 1996). The reduction/ioss of manv skull bones in

modern amphibrans is a resuit of pedomorphosis (Alberch

et al. 1979) Pedomorphosis is a pattern dertved from a
ehqnoe the r iminc nf  develonmenl sncci l ical l- - - -  . . . . . . . . -  - .  *- ' - . - r . . , -^^- .  - r - - .  . - - . . . I  3 Species
becomes sexualil' mature (aduit) a[ an eariier stage of devel-

opment than its immedtate ancestor. As a resuit. the adr-rlt of

amphibians resembies the luvenile (or lan'al t stage of Paleo-
zorc relatives. A secondary resuit of pedomorphosis is minia-
tunzation (Hanken 1 985) ; because hr,rng amphibians rlature
r r  rn p:r l icr  ror  rhr ,  r re rrmrcal l r  r r r rch .n al lc ' than Lht Pa-

leozoic forms (Bolt 1977, Schoch 1995)
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Amnhihianq emnlor ' , r  hrrccal  lnrc,  -ntrmn mcchanism {or, ' . . . r , . ' " . . . ' ' ' . . ' t , - - ' , " . . . r* . ' , r ' ' . . .
breathrng (Brainerd et al. 1993, Gans er al. 1969). Air rs
forced back inro the lungs br- posiiivc pressure from the
mouth cavit\,. in contrast. amnlores use asprration ro fill the
lungs. rn which tire rib cage and./or draphragm creaies nega-
tive pressurc in the rhorax. Amphiblans have distrnctlve shori
ribs that do nor lorm a complete rib cage as nr amniotes. so
aspiration is not possibie.

in addrtion to lhe stcpes-basilar. papilla sensoqr s)rstem
of tetrapods, 1n'ing ampl-ribrans have a second acoustic path-
r r :nr-  fhc nnernrr ler-rmnhihiqn neni l l r  s\-(rpm Thi< c\  crpm""",1. . , ' . t , " t . . , .*

is more sensitive to lower frequency vibrations than is the
stapes-basilar papilla pathu,'a\-. In fi"ogs and salamanders. the
operculum (a bone of the postelior aspect of the braincase,
not in an)- wal' simiiar ro the homonyrnous bone of flshes) is
also connecied to tire shouider girdle b1'u'a1r 6f a modlfied
levaior s,  anrr lac mrrscle thc onercular is.  Tlr is muscle t rans-
mits r'rbrations from the ground through the forehmb and
shoulder girdle to the inner ear.

The skin rs a srgni f icanr respiraton- orsan. r i  i ;  supol ied
by cutaneous branches of the ductus artenosus lthe presence
of these ls not ciear in caecil ians). The skin has a straium
corxeum toutel' Iaycr' i ikc thar ol othcl tttrapods. alrhough
it is thinner than that o{ amniotes. Horvever. hi'rng amphib-
rans i 'etain thc primirive lear ure of mucous glands and granu-
ial giands. Granular glands secrete poisons of tarrnng toxicitv.
some lethal. \{ucous glands keep rhc skin motst, which al-
lou's the dissipation of heat, as well as the ioss of u'ater
througi-r the skin. Manv caecilians have dermal scaies. srmr-
iar to those of teleost fishes. embeddeC in the skrn

The Name "Amphibia"

in the S,ysterna llaturae of Carolus Linnaeus, the Amphibia
\^ /prp nnp n{ qir  rneinl  s lnrnq nf  :n imals t l re othcrc helno

b'  ' '  * r -  *"-  . - ' * - - ' -  " ' '^  b

mammals. birds, fish, insects, and moliusks. The group rn-
cluded not onl,v fi-ogs. salamanders, and caecilians but also
reptiles and some fish that lackecl dermal scales. Laier. as early
lbssil tetrapods were uncovered, these r,vere also r-e legated to
"Amnhihi :"  heequsc nl  thcir  nrpqrmcd :neectrr l. . . . .T. , , " - - -  r . . , . . . . . . -*  posl l ion Io
nrhet ter l rnndc ln lR66 thc ore: t  Germ;rtr  n in looict  Frnst

b.. . . - . . !7. , ! - . - . . . " .

Haeckel drr'rded Amphibia into Lissamphibia (saiamanders

" . .1 
f r^^" ' . - ,1 Dh'-" . ' "mnhihia reroni l i rnr  end {^<<i l  l2h\-Jrrrr  1ru5) '  arr \ t  i  t l ldLidt t tPtLLUta rrdlLrr ldrrr

rinthodonts: Haeckel 1866). "Liss-" refers to the naked skrn
oL trogs arrd salamanders.  and phract-  nteans helmeL. tn
reference to the affnor of dermai skull bones ancl scales found
rn earlv tetrapods and. in a reduced fotm tn caeciltans. Gador,i,
(1901) transfened the caecll ians fiom Phractamphibia Lc'
Lissamphibra.

For mosi of the 20th centun:. the name Amphibia was used
fot retranodc rhar n ele n6 ',^r1' l lsc hird. ol m;mmals. Thus.
the earliest tetrapods (iabvrinthodonts from the Derronian)
r r rcre i r re l r r r icd i r r  lmnhi l r iu r  \ \ 'cr ,  the I  enncnntrd ' l r  Thi ., ' , , ' I , . . . " , . . . . . . . . i " - l ' . . . . ' '



=_

432 The Reiat ionships of Animais: Deuterostomes

renciltion of Amphibra appeared in mosl comparati\re anatomv
rnd paleoniolog)' tests. largelv becausc of the infl'.rence ci the
paleontoiogist Alfred Romer. Nloclern .rmphrbrins r,vere be-
lieven to he rollphr le Ltc rtnci denr ed frorn djiferent .rmphrb-

ian" lineaees. fross trom Labr,rinthor]ontia, and salamanders-" ' - ' - - -"_ 
-"  

- '
;rnd eaecrlims li'om Lepospondyli. Parsons and \,Villlams ad-

duced er,'rcience for the tnonophyil'of mociem amphrbians and
resurrected Gaciow's Lissamphibia for iit'rng amphrbrans (Par-

sons and Wiliiams 1962, 1963). However, lhe term Lissain-

phibra is used mainli' among specralists to distingursh ihe
nndem drnnnq frnm crtinct Peieo:orc forms. \[osi hioiogisrs

b'"  -  r"
and most textbooks refer to frogs. salamanders, and caecilians

simply as amphlblans.
Lrse of  Amphrbia in Lhe Romenrn sense ol , t  paraphr Let ic

taxon has been largeiy abandoned and ihe name has been

redefineci as a monoph,vLetic group in two conirasting $'ays
(fig. 25 . l). First. the name Amphibra is appiied to the node

that is the last (most recent) anceslor of l iving frogs. salr-

manders, and caecil ians (de Querroz and Gauthrer 1992).

Amphibra inciudes thrs ancestor and all iis ciescendants,
whrch are the modern forms, including aibanerpetonirds.

Second. Amphibia is deiined as lhe stem or branch that con-

tains living frogs, caecilians, saiamanders, and ai1 other taxa

more closely related to these than t . r  rmniotes (e.g. .

Gauthrer er al. 1989, Laurln 1998a). in orher words, lhe

stem-based name Arnphibia rncludes ail taxa along the stem
loar l ino r , r  mr), ' lprn rmnhihirns rhis jncludes ei thel  Lhe

temnospondyls.  the leoospondr Ls.  or  both.  depending on

whrch ph1'logenv one sccepts. Under a stem-based definr-

r ion.  lhc conrent of  Amphrbir .  in terms oi  fos ' i l  LJxa. m;]v
.h 

' - - .  
, -1 ."-"r i . " l l "  I  r r r r in I  OQRri  

- , ' .nn<ed 
ct tch rhrnoeq

LlrdrrS( urrrrrdLrLrrr)  '  l / tv l rvrLq 
Jqr l r  ! r 's"o! !

h..- , - l  . . -  h ' .  ,n- l i r^r in.  
^f  

nrrn, ' in lcc of  nr inr i "  - -  I  - -*Dlseo on n15 Jppl tc: l l l (J. .  - ,  r . . . . , . r . - -  .  i . . .  - -Ly rrru >vrr-

nnrm\ ' ,n nh| l , ruener i ( ' i rynnomv He aIg ' ted f  hr t  Lhe dei i -'  ' ' -  - 'b- '*  "

nltion oi Amphibia as a stem-based name b,v Gauthier et aL.
(i989) musi be accorded prionty over the node-based defi-

mtion of Amphrbra of de Queiroz and Gaurhrer (1992) One

resuLt ol accepting the stem-based delinitron is that the
-f  \ . -^Li l - ;^ , , rder L-rur in 's ohvlosenr-  tLaur in : rndLUItL( l IL UL - l I l lPl l rUrd Ut--- ,  . - , . - - , - -  -  f  

. - /  - .  

- - .  

. .

Amphibia (node-name)

Amphibia (if used as a stem-name)

Figure 25.i. Node-based (bolciface,l and stem-r,rased definitlons

of Araphibia.

Reis: i997) is veq. different compared ,vith the conient
under other definitrclns of Amphrbra.

Node- and stem-based names have their respecrit-e ad-
!'antages in communicating tf,\onon-l-. Horvever. a stem-

'rrscd dei inr i ron oi  . { rnph jb l r .  r  nrme In { tncrf i  par l rncc.
has an undesirable effect. because generali:ations aboui ti-re
biology- of modern amphrbians crn be rvr-ongl1' e:itended to
extinct temnospondl-ls and/or lepospondl'ls rde Queiroz and
Gauthier 1992). These groups bcrr l i tt ic resembiance lo lhe
lirnng forms, rnd therr bloiogl'w'as presumabii'i's6' 4i6Lt-
ent. Under a stem-based definrtion of Amphibta. lhe com-
mon staiement "all amphrbians have mucous glands" ',izould
he inrernrpred "n mprn rhar lenosnondvls had mucous' , " , / . - . ' .
glancis, an inference for rvhrch there rs no evidence. In con-
rrast, under the node-based definition of Amphibra, one ean
reasonabl,v infer that extinct frogs, salamanders. and caecil-
rans have mucous glands, but the interence does not extend
rnappropriately to extincr temnospond,vls and lepospondvls.
Al though some neontologists and most paleontologLsts : rp-

prectace the semant ic disLinet ion beLrveer . \mphibie "rnd
Lissamphibia. most brologisrs nsc .\mpLril lra io mern frogs.

salamanders, and caecilians.

Amphibians and t*re Origin of Tetrapods

The evrcr relar ionshin.  , rF m,rdern rmnhihirnS lO e\ l inc:

Paleozolc forms is not clear. Heatw-ole and Carroll (200tr)

provided a summar)/ of the phyLogenl, of r. 'arious fossil
groups. The falored lamrh of hrpotheses {fig. 25 2-\.Bl pos-
rrs r l ra i  rhe ororrn of  i r ,  - -  - - r - - ' " .  r -*-  ' - r  :aeci l ians is. " . -  J ' -  - r  - .  

. .JB:.  >dtdLl td iL lLtr l ) .  . t lLU (

monophyletrc and that this clade is nested wrthin dis-
sorophoid temnospondyis (Bolt 1977, I991, Nli lner 1988.

1993, Trueb and Cioutrer l99la).  (Temnospondvls are
labyrinthodonts that rnclude Edopordea, Trtmerorha-
choidea, Eq'opordea, Stereospondvli, and Dissorophoidea.)
The mosr thororroh:rnd n. i r r - r ich i r r l r lv<ic in ferms oIch,rr-
acters and raxa (Ruta et al. 2003; f ie. 25.28), also reached

this conclusion.
A recent variant cf the monoph,vlv hlpothesis (fig 25 2C)

is that modem amphibians are nested u4thin the lepospondvis
(e.g., Anderson 2001), particulerly 

"vtthin 
the lViicrosauna

(Launn 1998a, 1998b, Launnet al. 2000a, 2000b, Lrurin,rnd
Reisz 1997; but see Coates et al. 2000, Ruta et ai. 2003).
Because temnospondyls are distantiy reLated io amphtbians
under ihis second hlporhesls, ihe denved srmtlarities be-
iween lhem and dissoroDhoid temnospondvLs are inter-
preted as convergen[.

A vew diiferent hrpothesis ciarms pol1ph1,1y of the mod-
em groups ttig 15 2D ), with caecilians derived tiom gonior-
h,vnchid microsaurs (Carroil 2000b, Carroll and Curne
I o7i), .rnd salamanders and frogs from Lemnospondyls. The
pol1phyly hwothesis garned some strength wrth the discor-
ery of the lossll Eocaecrlia (see below), which possessed char-
acters seemingl l -  intermediate between goLr iorhynchid
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l '.. Trueb ancj Cloutier (199f )

Figure 25.2. (A-D) Ahernarive relationshrps among
salamaudels,  an d Paleo:orc g, .nrpr ' , .nrnorpond,r ls l

,--_-1 t.---)

Lepospondylsls,{

" Mb'".*;

D. Carroll (20C0)

modem amphibians (caecilians. frogs. ar-rd
microsaurs, and lepospondyls).

)

I

)
S

a
d
).
tS

: -
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rnicrosaurs and lmng caecilians (Carroll 2000a)_this inter_
pretailon remains controversial.

lnterrelatiorlships of, Modern Amphibians

Trvc general aiLernative hlpotheses have been considered
for relationships an-Long the groups of modern amphibrans.
One tree, based primariiy, bur not exclusivel;.. or., ,-ron_
molecular data, allies frogs and salamander.s. with caecil_
ians as the odd group our (fig. 25.2A,B). The name Batrachra.
lormerlv s)'rronvmous wiih Amphrbia, has been apphed to
thrs clade. In the second hynothesis. the earliesr anall.ses
of DNA s€quence dara shghtil- favored saiamancjers ancl
caecihans, a group named Procera. as closest reiatrves (Fel1er
and Hedges 1998, Hedges and N{axson 1993. Heclges er ai.
f 990), as in figure 25.2D Holvever, Zarciova anci lr, iever
, l00l  '  analr :cd compler.  mirochonclr iaJ srctucrrcc.-  o,  one
species each of a frog, salamanclcr. ancl cacciiran ancl founrl
t ire frog and salamander to be srstei.eroups Aithoush rircri
level of raxon sanpilng was shalloro.'. the resuirs sugeesr sig-

nilicar-it uses for ciraracter-nch data seis such as mirochon-
drial genomes.

A fourth group of amphibians is Albanerperoniidae . iclonn
onl-v fiom fossils irom the Jurassic to the \4iocene (Mliner
2000); the name Allocaudara has been used rnfrequenrirr ior
these, because rr is redundani u,1th Albanerpetontrdae. Thrs
group closely resembles salamanders in skr.rll shape and in the
primrtive terrapod fearures of a generalued bodi, shape. four
llmbs and a mil Albanerleronrids iack most of rhe same dor_
sal skull bones as do lnrr-rg amphibians bur do not har,e pedi_
cellate teeth. They have been consrciered to be nested withrn
salamanders, or ihe sister group ol Batrachia (lr,{cGowan and
Evans 1995): the most recent and extensive analr,sis (Gardnei
2001) piaced them in rhc iarier posirion. Rura er al (20031
fig 2).2B) piacecl rhen-r in a basal poivtomr, $,.1rh rhe modem
lcrms.

^ 
Botl-r nucleotrcle sequence data and ,'soft,' anatoml. alii-

frogs. salamanders, ancl caecilians as a ciadc teiative to lir,-
tng amlriotes and fishes. Because fossils do nor so easil_v r-relc1
intormarion about nucleotides or soft tissue characrers. ihesc
clata sets prorade no direcl evrdence for the monophl-lv o|

L-
I -

!a

1e

i1--

rd

C. Laurin and Reisz (1997)
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. \mnhihia '"v i th tecnpcl  tn Pr le ' , -o i ,  - , , ' . r r ) , rds Tr-UcO " inJ
Clout ier  I99la,  I99lb).

€aecil lans

The node-bascd name for modern ceecilians is G;nlnophronr.
merninq nal<ed snake. Creci l ians rnclude L 65 extant specres.
resrrlcred to tropical Amenca, Afrlca, and Asia. They are
prorrner l  inro f i r -e or.rx fami l ies r f is .  ls  I  , rh ie 15.11.

Because of thelr habrts. caecilians are rarely seen in the
wrld.  A dedicned herperologisr  mighr f ind ihem bv digging.
and occaslonaily indlvrdr,rais are found on the surface of the
gi'ound after l heerv ti-opical rains Most caecilians are 0.3-
0.5 m 1ong, aiihough one species is as Large rs 1. j m and one
as small as 0,1 m. A11 caeciiians are elongate, but some are
more elongate lhan others; the nr-rmber of vertebrae ranges
from 86 to 285. Caecilians are almost unique among rmphib-
lans (two species of frogs are ihe e\ception) rn having a maie
inrromittent organ, the phailodeum, and intemai fertrlizatlon
occurs during copulation.

Livrng caeci I ians have reduced eves \\ 'rt h smal I orbrLs. and
scolecomorphids and some caeciLiids have eyes cor.ered by
the skuli bones. Compared wrth other amphibians, the skulls
of caecrlians are highly ossified and many bones are fused.
The resulting lvedge-shaped cranium is used for diggrng and
compactlng the soil. Vlost caecllians are o\'lparous with free-
lir,rng larvae. Vir,rparous species occlrr rn a lew families; rn
some ,r l -  t  hese the emhnros der ive nutr i tLon l rom rhe l inrn"
oi the oviduct, so far as is known. They have a spe cies-specific
' ' fcrnl  dent i t ion'  thnr rnnercnr l r r  ic  r rced rn hein inscct  t l re'  " ' - ' - r r - ' " ""- /  ' -  *""* ' "  " - ' r  "^b"-"^"
nutritirre secretions, lvlost caecilians are fossonal. but the

Gyrnnophiona

Eocaeci!iaf

Rhinatrematidae

Uraeotyphlidae

lchthyophiidae

Scolecomorphidae

Typhlonectidae
Figure 25.3. A generally acccpted phvlogenetic hlpothesis o{
relationshrps among caecrliar-rs. "Ceeciliidae" rndicates a grollp
that is paraphyletic wth respecr to Scolecomorphidae and
Tlphlonectldae, The dagger indicates extinction.

Ty,phionecridae are aquatlc anC most have laterai lv com-
r r re;sed hnr i ieq esne, ' i r l l i  nosr, ' r ror lv rnd r  c l iohr , lnr<11 f in '
t - ' - ""--

presllma Dh' iol s\\1mmlng.
Fossii caecil lan vertebrae are knorvn from the Upper

l : 'cr , tc"orrs Tert  i rn '  r r rd o,r : rernan nf  f  fn,^r  north oI  lhg
Sahara anci N4exico to Bolivia and Brazii (summanzed in
Wake et al. I999). Altirough ltnng crecilians are limbless, and
nerr l r  nrcomnlc 'c lv r : i l lecs -he err l jeqr nrrrar ive, . leCt l ian had

legs and a talll Eocaecilia micropodia from rhe Jurasslc has a
somervhai elonsate bodv and smail bur well-de\relrrped
Limbs (Carroll 2000a, Jenkins and Walsh 1993. Wake
L99B). Eocaeciliahas pedicelleic teeth and a groove rn rhe
et lse nl ' the *r  p ioe ker is inrernrered tn he fnr necqeoe nf  rh.

fentacie; rhus Eoceecilia is interred to have a feature other-
rnse unique to l inng e:recihans. The cridence suggesLs it is
the sister group of a1l other caecilians. The stem-based name
for ihe clade containing Eocqecilicl + Gl.mnophiona is Apoda
(Cannatella and Hil l is 1993).

Glmnophiona are the least understood of ali vertebrate
linease. grven rrs si-e faecil ians Jre restricted io tronlcxl re-" ' ' *5 ' - '

gtons oiAmenca. -{lr ica rexciuding \ladagrscar). rhe Seycheiles
Isiands, and much of Sor,rtheasr -\sra. In general, phvlogenetrc
relruonships rmong caecil ian families have not generated rs
much controversy as have those among salamanders or frogs,
but little work has been done and sampling of species is poor.
Taylor ' 1968) presenLed r monogrlphic rer.nsion of ihe sys-
tematics of caecilians that stimulated work for the next 30
years, including consrderabLe molecular and morphologrcel
research. Lescure et aL. (1986) presented a radicrLl;- differ-
ent classification of caecil ians based on sparse ner,r ' data.
Nussbanm and Wllkinson (1989) rer,'ier,ved rhis unorthodox
cl . l . ,s i  f icrr ion in r  l r rocr conteyl  rhev 

' r rorred 
for marnraLn-

ing rhe current generic and famrlial relationships pending
[urther research.

Hedges et ai. (1993) anail'zed sequence data for the 12S
and 165 ribosomal RNA (rRNA) genes for 13 species in l0
genera; and M. Wilkinson et al. (2002) examlned relatronshrps
among Indian species. Although moiecular data have added
substantially to caecilian phvLogenetrcs, new morphological
characters have contnbuted as weil. Wake (1993, 1994) found
ihat neuroanatomical characters rn isoiation are not a robust
character base, but are usefui within a larger morphological
set; Wilkinson (1997) confirmed rhe "eccentricity" of the neu-
roanatomical set. The descnption of a bizare ner,v qphlonectid
used 141 morphoiogrcai characters and lesulted in a nelv
anal,vsis of Tlphionectidae (Wilkrnson and Nussbaum i999).
Similarly. phy.logenetrc rnal,vsrs of Uraeot-r,phlidae has made
use of ner'v anatomical features (Wilklnson and Nussbaum
l9obl Only recentlv has rhe osLeoiog of rhe encire group been
sun'eyed tM. H. Wake 2003).

Rhinatrematidae are almost universalll' considered to be
the srster taxon of other lilrng g;'rnnophiones tfrg. 25.3) based
on both morphologrcal and moiecular data (Hedges et al. 1993,
Nussbaum 1977). These caecilians retain a very short iail be-
hind the cloaca, as do the lchthyophiidae, in contrast to other

] 

'c"".irlic"."
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Table 25.1

Ceographical Distr ibution of the Major Extant Croups of Amphibia

Ta'con Distrtbtttion

Gvmnophion:r
Rhinarrematidae
lchthyophlidae
Uraeotyphiidae
Scolecomorpl-ndae
''Caecilildae"
T1,-phionectidae

Caudata
Hi'nobiidae

--Sirenidae
C11'pLobranchrdae
Arnbl'5161121i,iu.
Ri-rl.acotniontdae
Dicamptodonridae
Salamandridae

Proteidae
Amphiumidae
Plethodontrclae

Anura
Ascaphus
Leiopelnta
Bombrnatoridae
Discoglossidae
Pipidae
Rf innnhnmi. l ""

Pelobatidae
Pelod,vtidae
Megophryrdae
Heleophrvne
lv{vobatrachrnae
Limnodvnastinae
"Leptodacn,lidae"
Bufonidae
Cenrrolenidae
Dendrobatidae
Sooglossidae
Hyhdae

Pseudldae
Rhit'toclenna
Allophnne
Brachi'cephali dae
Microhylidae

"Ranldae " (lnciudrr.rg l,,laniellinae)
Arthrolepridae
Hlperoliidae
Henisus
Rhacophor idae

1'.r- orthern Soutir Amenca
Indla. Sri Lanka, Souti-reasl Asta
South india
Afnca
Nrlexico, Central and sor-rtl-r America. A.frica, sevchelles. India, southeast Asia
South America

Continental Asia ro Japan
Eastetn Umted Srates and adjacent Mexrco
China, Japan, eastern Unired States
North America
Northwest Unired Stares
Westem United States and adjacenr Canada
Eastern and western North Arnerica. Furope ar-rd adjacent rvestern Asia, northwesi Afnca,
eastern Asla
Easrern United Stares and Canada, Adriatic coasL of Europe
Southeast United States
irr--orth and Centlal Amertca, northern South America. hal1- and adlacenr Fi-ance. Sardrnra

Northrvest Unrted StaLes and adjacent Canada
Nerv Zeaiand
Europe and easiern Asta, Borneo and nearbr. philippine islands
Frrrnrrc nnrthem Afr i^a

South Amelica and adjacent Panama. sub-Saharan Ailica
Central America. Mexico. and south Texas
North Anerica, Europe, western Asia
Western Europe. westem Asra
Southerrr Asia ro Southeast Asia
Soutl-rern Africa
Austraiia. Neu' Guinea
Australia, New Guinea
South America, Central America, lviexico, southetn Unired States
All co.rrncnrs (i'cludrng southeast Asra) except Austraira and Anrarctica
Mexico, Central and South America
Northern South America. Southeasr Brazil. Central America
Seychelles
The Americas. Europe and adjacent Asia. northern Afnca. easterL Asia. Japan. Ner. Gurnea,
Australia
South Arnerica
Sor,rthern South America
Northen'r South America
Atlantic forests of southeastern Brazii
Southern unrted stares, N'lexico. Ceniral America, south America, sub-saharan Africa.
Niadagascar, southern Asia, southeast Asia, Ner,r' Guir-rea. northeasrern Austraiia
Al1 continenrs (northem South Arnerica onlv northeasrern Austraha oniy,)
Sr-rb-Saharan Africa
Suh-Sahalan Afr ic;r.  \ ieciagrscar. Setchel ics
Sub-Sal.raran Africa
Sulr-Sah:rran Africa. Madagascar. southem Asra. Southeast Asia. Japan

family' groups. ichtl-rvophriclae are a grollp of semi-fossorial
forms from southern and Sourheasi Asia. Uraeoi;phlidae .
generalh, considered the slster terion of ichth,vophirdae . are aiso
from southem Asia: these are tailless.

Jr Iost  rexonomi!  unccnsinr-  rcsides in rhc gcorraphieai l r
and brologtcailr' drverse taxon "Caecihtclae,' r,vhrch rs prob-

ab1r. paraphvlettc wtth respecr to Scolecomorphidae and
Typhlonectidae. Caecilirds occur pantroprcalll-. and inciude
a gfcal  drvcrsj l i  6f  1s12- lncluding rh.  smal les ' -  anC ia lgesr
spccies-anci manv rcproductive modes. such as egg-iayers
r,vith free-hvrng larvae, drrect deveiopers. and vir-rparous
foims. and seyeral krnds of firatemal care .
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Scoiecornorphidae are rn .A.fric.li group -,vlii1 sone bi-
:arre leatures; in some iaxa the eve rs compieteiv cor,erecl bv
a ia1'er of ltone , rnd in .rt ieest one species rhe e,ve can be
protrLrded bevond the skuil because of Lts artachrnenr ro rhe
base olthe ier-LtacLe (O'Reil ly el al. 1996). The 1asr.;ror-ro o1
caecilians, Typhlonecticiae. is semt-aqLiatic io aqu.rril -.r-rrh
attendant modifications. such as siight lateraL cornprcssior-r
of t l-re postenor parr of rhe bodv. Hedges er ai. I i99i) [ound
ihe one species of T,vphionecridae analr.:eci ro be nesred
among neoiropical caectliids.'\ccordingiy, the.,' slnonlmized
ihe Typhionecridae wtrhin Caecihidae. Wilkinson and Nuss-
baurn (1996, 1999) r'elecred rhat conciusion because of pocr
iaxon sampl ine.  p le ien' ing ro wair  unr i l  r l - re relar ionships of
the CaecrLiiclae, sen.slr laro. r,vere fullv explored.

Salarnanders

The node-basecl name for hnng s.rlamanders rs Caudaia. The
502 species of lir.ing salarnanders are arranged into 10 thmr-
lies (fig. 25..1, tabie 25.1). Hisroncallr ' , salnmanders are a
prirnanlv Hoiarcrrc group trl the ntrrLh temperflre rcgons: one
ciade, tire Bolitoglossini, has diversified Ln rhe Neorropics.
The larqesr salrmrndcrc rre rhe (^r ' r 'nrnhrrnehi , i re rr l r r l r

Andrtas can reach l, im in total lengrh. The smallest are
Thor ius rPlerhodont idae .  rvhrch mrv have rn rdLr l t  lengih
as smail as 30 mm.

Sirenidae

Laccotriton
C ryptobranchiciae
Hynobi idae
Amphiumidae
Sirenidae
Proteidae
Dicamptodontidae
Rhyacotritonidae
Ambystomatidae
Salamandridae
Plethodontidae

Ampfl iumidae

Plethodontidae

Flhyacotritonidae

Sirenidae

Proteidae

- Ambystomatidae
Larson (1 991 )
rBNA

Sirenidae
!

I l-- Cryptobranchidae

i ,- Plethodontrdae
tt
-i t--- Amphiumidae

i l

a f-- Ambystomatidae
i l

i f- Rhyacotritonidae
t1
-l 

f- 
Salamandridae

I 5 Dicamptodontidae
f- Prot"id""

Hay et at. (1995) Gao and shubin (2001)
mtDNA Fossjls and morphology

Figure 25.4. Alternative relationships among the ihmilies of
salamanders.

1- Cryptobranchidae
r--.1
I * Hynobiidae

F hyacotritonidae

L-:r:reidae
I Lf-:"'"tano1oae.
! i l- urcamplooonitoae

J 
-L 

ntovstomatidae
j  l  Amphiumidae
-_l- 

Plethodontidae
Larson and Dimmick (1993)
rRNA and morphology

Ser,eral sal.amanciers ar.e elongate and have reduced limbs
Some are iarger. aquatic, ne(trentc 1orms, such as Sirenidae.
Proteiclae, and Ampl'riumtdae. Fr,i i lv :rquattc salamanders
tvprcailv r:etain grll slits, :rnd sorne l-iave e.-;ternal srlls iesem-
bllng cnmson iufts of feati-rers. Eiongate terrestnai sala-
manders ttpicaill'l-iave iedr-rced limbs and digits, and occupli
;r semitossonal nrche in leaf l irtet or burrorvs. At another
extreme are arboreal fonrrs r,r,rth palmate hands and feet anci
reduced digrts resuiting trom hererochronv.

\.4ost of ihe ma.;or groups of salamanders itave iniernal
lertrlizatron accomplished 1ty r,va1, of a sperenatophore, rypi-
cailv a mushroom-shaped mass of spermato:oa and rnucous
secretions. The maie deposrts a spenlatophore erther in r,va-
ter or on 1and. depending on rhe group. The female rerrieves
it li'rth her cloaca during courtshrp. The spelm mav be rerained
live rn a cloacal pocket, the spermatl-reca, for months or e\ren
)rears. Fertilized eggs are deposrred rnd develop either directlr,,
in rvhrch case a smail salamancler l'ratches, or indirecrlr'. in
w-hrch a ian'al saiamandgr emeroes .rnd lerpr meremorphoses.

Relationships among Saiarnanders

Kctrawus sharoyi. the oidest salamander. is a lullv arriculared
MlddleJurassic lbssrl irom Kazakhsran. The siem-based name
for the clade ol Karaurus + Caudata is Urodela i''mtir a iail") ,
so Kcrraurus is a urodeie hur nor part of C.rudair, -\khough
the fossil Keraunrs firmly established saiarnanelers in rhe Ju-
rassic. the fossil record of salamanders has not contrlbureC
to resolution of relationships among exiani taxa until re,
centlv. However, crown-group salamanders belongtng to the
Cnptobranchidae are now known from the \4iddle Jurassic
(Gao and Shubrn 1003).  Also.  Gao and Shubin 's (2001)
anaivsls ofJurassic urodeles (flg. 2i.+) placed these at rhe
base of the extant saiamander tree r,vith Hvnobiidae and
Cr1'ptobranchrdae (Cryprobranchordea). The Slrenidae
formed a ciade \e'rth two other neorenic raxa (Proreiclae and
Amphrr,rmidae). In conrrast, Duellman and Trueb (lgB6)
piaced Sirenidae :rs rhe sisrer of al1 other salamanders. fol-
lowed by Cwptobranchoidea as sisrer ro remaining sala-
manders. A possible expianarion fot rhis discordance is rhar
saiamanders are notorious for the amount of homoplasv in
pedomorphrc tetures (\Arake 1991). Of course, rhrs aione
does not expiarn incongruence in nuciear and mitochondnal
rRNA daia (mt-rRNA; see beiow).

Larson and Wilson (1989) and Larson (199i) presenred a
tree (fig. 25.4) based on nuclerr-encoded rRNA, lr'hich differed
dramatrcallv in piacing Plerhodonrrciae and Amphl-rmidae at
the base of the rree. Larson and Dimmick (1993) combrned
these moLecular dara r,r,rth morphologrcal data from Duellman
and Trueb (1986). The resuirins tree effecrrvely rerooted the
Larson ( 1991) tree to piace Sir-enrdae and Cryptobranchoidea
at lts base. Analyses of 125 and 165 mirochondrial DNA
(mtDNA; Hav et ai. i995, Hedges and Maxson 1993) also
placed Sirenrdae at the base (fig. 25.-f), bur witl-r different
relationships among other raxa.



Compared with caecilians and frogs, the placcment of
fami11-lsys1 groups of salamanders remains in an exrreme
state of flux, with veD, different topologres resuhing fi.om
different dara sets (sequences. morphologl-, and fossils) and
combinations of those data sets. In contrast, there is almosr
no disagreemenr abour the content of the Lrnnaean families.
Ten famihes of lir,-ing salamanders are generalli, lecognizei,
all clearlr' ale ntonophvleiic. Four are species-nch and ex-
rensivel,v sampled using molecular rechniques. Subsranrial
progress has been made in generaring phviogeneric hlporli_
eses at the specres level, in contrast to frogs and caeciiians
ln several families nearh'all species have been examined.

Sirentdae tnclude rwo genera of non,memmorphosing,
eloneate neotenic forms that retain exrernal gills as aduhs
In contrast to most elongate salamanders. the front iimbs are
present and r-obustlv deveioped, whereas the hind hmbs and
pelr.ic girdle is absent Cryptobranchoidea are a clade gen-
erally acknorvledged io be among the most plesromorphrc
of l iving salamandels. The rnciuded famihes are Cnnto-
blanchldae and Hwobiidae. Cryptobranchrdae rnclude rhc
largest salamanders; aduhAndnas ma,v reach I.5 m rn lengrh.
Recentl,v descrlbed Jurassic cn'probranchid fossils (Gao and
Shubin 2003) repr-esenr ihe oldest cro\\Ti-gror-lp saiamanciers,
i.e , merabels of Caudata. AlI Hynobridae bur 2 of the 42
species have been studied using mrDNA (A. Larsor-i and R.
Macer', unpubl. obs.).

The Dicarnptodontrdae and Rhyacotritonidae eacl-r in_
clude one lir,rng genus. Dicamptodon and RhyacotiLon have
been considered closeii '  relaied and werc unitecl in the
Dicamptodontrdae, but recent analr-ses (Good and Wake
1992, Larson and Dimmick 1993) place rhem as separare bur
adjacent lineages.

Amphiumidae include only Antphittma. This elongarc
neoienic form lacks exrernal gi1ls and has hmbs reduced to
spindlv projections i.r,-irh remnanrs of the digits. proteidae
rnclude species both in North Anenca and Europe. Neciurus,
the beloved mudpupp;. of comparative anarom). labs, is a
large pedomorphic salamander ll.th iarge fluff,v extemal grlls.
Proteus, a ver1. s]6no4te and aquatic cave-dwe11er in SE Eu_
rope, also retains external gills.

Ambvstomatidae include 30 extant spec jes o{ Ambystotlla.
Nearll ali have using mrDNA sequences and allozymes
(Shaffer 1984a, f984b, Shaffer et al. t99i). Some specres are
facukatively neorenic and rerain the abilitv ro metamorphosc.
others are obligarelv rrapped rn thc 1arva1 morphology,. ipenci-
ing therr entire li\res in lakes. \4ost have a larval penori that
is ahval's follolved bv meramorpi-rosis to the aduir condition.

N{anr. spectes oi Salamanciridae are aposemaric (harnng
a bright warning coloration) and have l-righiv effecrirre cura-
neous poison giands to deter predators. At least rrvo species
are vl\ 'rparous, a r:are occurrcncc enrong salamanclers.
Salamandridae are also diverse in rnorphoiogr- ancl life his-
toq', although noL as speciosc as pierhocionrrjar isee belou,)
Relatlonships among saiamandlicls iravc been examinecl us-
ing morphologicai dara (Ozerr and Wakc 1969. Wake ar.rd
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Ozeri 1969), although nor u'ith currenr phylogenetic algo_
rithms. All 62 species of this wdei,v drstributeci family hive
been srudted using molecular marl<ers (Tirus and Larson
1995. D. Weisrock and A Larson, unpubl obs.).

Piethoclontidae are b1'far rhe largest famil;- taxon, u,-ith
27 genera and 3,18 species (from a rotal of 502 species of
saiamanders). Piethodonrrds are lunqless ancl use pnmarilv
cutaneous respiration The release o{ the hvord musculo_
skeleton fror-n the constraint,; oi bucca] Iorce-pump breath-
ing has apparenrh' permitieci rhe diletslficarion oimechanisn-rs
pre), caprure by tongue prormsion. in addrrion ro being the
most diverse in morphoiogr and life hrsion,-ther.e are hghlr.
arboreal. aquaiic, terresrdal. saxrcoions, ancl fossonal forms_
this ls ti-re onlv 6]n616 wrth a neotroprcal radiarion. Four rnalor
groups of Plethodontidae are recognized: Desrnognaihrnae,
Plethodontini, Boliioglossini. and Hemidacn.liini; u,ork has
concenrrated on lelarionships wirhrn each clade. and r:elation-
ships among tl-re four are not clear.

Al1 specles ol Desmognathinae have been srudied u,tth
mtDNA (Titus and Larson l9g5 f S96) DeLarlecl srudies of
manv species of Plerhodonrini have becn pubhshed bi-
\ iahorrcr ' '200. l  r .  arrc l  srudies oi  a l1 species are jn pr.ogres:
(\4. N4ahonel', D. Weisrock. ancl D. Wake et al. unpubl. obs.).
Tirc Bohtoglossini have been sampled broadli,. Abour 409o
of all salaitandeL*. are in rhe maurll. Middle Amencan clade
BoLitoglossa. and all genera and about gOoio of tts species harre
some sequence dara (Garcia-paris er al 2000a, 2000b Garcia_
Paris and \\ake 2000, parra-Olea er a1. 1999 2001. parra_
Olea and Wake 2Otll) Dara from three mrDNA gencs ha\-r.
been coliecred lbr almost al1 rropical species rn ihe lab e.i
D. \\;aj<e (pers. comm.). Jackman er aj. (i997'r examined re,
iatronships of boiitoglossines based on a combination of mor-
phological and molecular data seis. Work rs also unclerw,av
on the mosrly. aquaric plethodonrrds, the Hemidacryli ini.
using ribosomal mtDNA and r-ecombination actn.aring pr.o_
tein I (RAG-1) (P. Chipprndale andJ. Wiens. unpubl. obs.).

Fnogs

Livrng irogs rnclude abour 4837 species arransed in l5_30
families (frg 25.4. tabie l j. i r Thge arhcst foris consrderecl
as proper frogs areNotobatrachus andVieraellafrom the lvircidle
Jurassrc of Argenrina. Prosalirus viris fiom Lor,r,erJurassic of
Arizona ljenkins and Shubrn 1998, Shubin ar-Ld Jenkins
1995) rs fragmenrary,. but clearlv a frog. A1l of these have
skeietal fearures that indrcate rhat the dlstinctive saitalon,
locomotion of frogs had er.oived bv rhts trme.

The sisrer gror-rp of frogs proper is Trtadobatrachu-s rnc-s,
sinoli. knor,rrr from a single fossil from thc Lower" Triassrc t f
\,ladagascar. It has be en called a proanuran and rerains manv
plesromorphic features. such as l,i presacral vertebrae (1,ri_
ing frogs have mne or fewer) ancl lack o{,fusion of the radius
ancl ulna and also oi rhe ribia and fibula (liting frogs have
fr-rsed elemenrs. the radiouina and iibiofibula: Rase ancl Rocek
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1989. Rocel< and Rage 2000). The clade containrng friddo-
locttracltus anci ai1 fi'ogs is named Salienrra.

Frorts hrr  e . r  ,1a:- l inp xrra\ '  { ) f  ev() ln l ionrn'  ' tor , i l t ies r : -' ' - . -  ' .^
co( 'ared wirh lenrn, i r r r r ion.  Theirdiverse ' 'ocr ls isneLs Jf  Lhc' ' ' . . . ' .y 'J l : ' t4 ' .v ' l t ' !

males are used for maie advertisement and temronai displays.
Parentr l  L rre is hrqhlv develonpr i  in mrnrr  l inersec in,  l r rd-

ing broodrng of developing laryae on a bare back, in pouches
on the back of iemales, ln ihe vocal sacs of maies, and in ihe
stomach oi females. Some femaies in some unrelated hneages
of Hyirdae and Dendrobatidae raise thelr radpoies in the
watenr confines of a bromeliad axil and supply rhelr ow-n
unferr  i l ized eooc rs food WhereaS amniOLeS 35r.rned l rnnr
ihe rvaten' environment once with their evoiution of the
rmnlote ess l roos have done so man\-  r imec di t :ect  devcl--5D" '"b '

opment. wllh rerresrnei eggs in n'hrch rhe radpoie sLage is
blpassed in favor of developmenr to a frogler, has evolved at
least 20 times.

Although some lrogs have escaped an xqueric e-\istence.
many have embraced it, iaking rhe biphasic life ro an exrreme.
In contrast to caecilian and saiamander lawae, frog tadpoles
are highlv norphoLogicai specraiized ro explolr their transi-
ton and,r f ren rrnnredictabie laryaL nrche. The radnole is
mosiiy a feedirg apparatus in the head and locomotor mecha-
nism in the tail. The feeding apparatus is a highly efficient
pump that fiiters miniscule organic partrcles from the water.
Tadpoles do not reproduce; there are no neotenic forms.
Thev l ive therr l ives earing unril ir is Lime Lo make r qulck
and rwkward meramorphosrs ro e froglet.

Anura and Salientla

The names of hrgher frog taxa are used here ioLlowing Ford
and Cannaiella (1993). Their general rationale was (1) to
:ecogni:e only-monophyletic groups excepr when ir rvas nol
feasible to reduce the nonmonophvletic group to smaller
clades (as in the case of "'Leprodactylidae" and 'Ranrdae''.),
( l \  ro ident i i l  nonmonophyleLic groups as such, and 13) ro
avoid the use of family, names that are redundant with fte
srngle included genus.

Ford and Cannatella (i993) defined Anura as the ances-
lor  , ) f  l ivrns f roos rnd al l  i ts  descendanrs.  The u.e of  l i r int ,
taxa as reference points or anchors for the delinirion follor.l's
the rationale of de Queiroz and Gaurhrer (1990 1992), who
convincingllr argued that this stabifzes a definition. ln con-
lrast, the incompleteness of fossil taxa and the discoverl' of
nerv fossils renders definitions based on extinct reference taxa
iess stable.

The ravonomv of  f rops r l lusrmres rhis 1qql t .  o i  taxonomic
practice. TheJurassic fossil Notobatrachus was consrdered b1'
Estes and Reig (1973) to be cioseiy reiated to, and in rhe same
familv as, the iir.rng taxa Ascaphus andLetopelma. Thus, Noto-
batrachtts would be inciuded in Anura according to Ford and
Cannatella's defi.nitron. In contrast, the analyses b,v Cannatella
(1985) and Bdez and Basso (1996) placed Notobatrachus as

the sister group io the clade conraining As capltus. Leiopelma.
rnd othet ' I ivrrrg t1695. lhe latLer nlacemcnt rneans rhrr  - \oro-
batraclus is not parr of Anura. becar-ise Anura is defineci as
the lzrst common ancestor of lir,rng tt-ogs and aLl its descen-
cLanis. Some herpetologlsrs trr paieontologisrs rnav be rankled
bv the proposlrlon rhat rhe very floglike Notobatrachtts is not
pert ri A.nure. BLrr this eonceln is based on .r rr-p,tiogrcel
notlon that the definitron of a taxon name is tied ro a comDl-
nation of characters. rather than to a branch of the Tree of
Life.

We can ask, Are there characters that make a frog a frog?
The aidos of a frog rcquires a blg head. Iong legs. no rarl. and
a short vertebrai column. But how shorr? Most linng frogs
have eight presacral vertebrae. Notobcttracluts and two of the
most 'pnmitive' frogs, Ascaphus and Leiopelmc, have nine.
Another Jr-rrassic fosstl, Vieraellcr l"Lerbsti, has lLl ."'enebrae
(BAez and Basso 1996). Ali of rhe aforemenrioned look like
DroDer ''fross." The Triassic lossll Triudobatrachus has l-ir j - r '^- ' "5 ' '

vertebrae (Rage and Rocek 1989). ir has severai unambigu-
ous sv'napomorphLes rhar place Lr as Lhe sisrer group oi frogs.
It is considered froglike, bur nor quire r frog ln summaq'. ir
seems the consensus of pubhshed work is that 10 or fewer
presacral vertebrae make a frog a frog.

When lossil X wrrh 1l presaciai verrebrae is discor-ered.
ivil1 the boundary of "frogness" move one node lora'er in the
tree. so:rs to include iossr l  X? Thrs quesr ion hrghl ighrs rhe
problem: when a iaxon name is deiined by a diagnosric char-
acter, each new fossrl with an intermediare condirion wili
stretch the definitron of the name iRowe and Gauthier 1 992).
However.  i t  is  less l ikeh' thar rhe discoven of  : r  nerr . r r ing
frog species wil l srreLch our concepr o[ f lrogness. Therefole.
attaching the taxon name Anura ro a node circumscnbed by
lir,rng taxa wiil yietd a more stable detinition. Because Anura
is defined as the ancesror of lirnng frogs and ail its descen-
dants, the discovery ol:r new fossil jusr beiow rhis node, no
matter how lroglike, will not require a change in the mean-
ing of Anura. And, r.ve can strll argue about which characters
makeatrogatrog.

"Saiientra" is the stem-based name ior rhe taxon includlng
Anura and taxa (a11 fosstls) more cLoseiy related to Anura than
to other 1ir,.rng amphrbians. Salientia include Tnadobetrschus,
Vieraeltq, Notobatrachtrs (Bdez and Basso 1996), Czathoba-
tracl"ttts (Er.ans and Borsuk-Biallnicka 1998), and Prosalirus
tShubir-L andJenkins i995). Because the name is ried to a srem.
the discovery of new fossils on this stem r,i,rli not destabilize
ti-re name. The use of Saiienrla {or Tnadobatrqchus pius all other
frogs is wrdespread and not controversiai.

Our undersranding of frog phylogeny rests primaril; 'on
morphological data (Gnffiths 1963, Inger 1967, Kluge and
Farris 1969, L-r'nch 1973, l\oble 1922, Trueb 1973), sum-
mat i=oA hv n, , -11-.-  and Trueb (1986) and Ford andu /  '  

qrrrrrrqla

Cannatella i I993: f ig. 25. )). In general. morphological char'-
acters resolved the plesromorphrc basal branches known as
archaeobairachians (Cannatella 1985, Duellman and Tmeb
1986, Haas 1997). The family-level relarionships wirhin Neo-
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Pipanura

Leiopelma
Bombinatoridae

Brachycephalidae
Sooglossidae
Myobatrachinae l,,Mvobatrachidae,,Limnodynast inae J
Heleophryne

- 
ilLeptodactylidae,,

- Bufonidae

Bufonoidea
(Hyloidea)

Neobatrachia

Ranoidea

Ford and Cannatella, '1993

Figure 25.5. Altemarive phylogenies of frogs.
(see texr).

batrachra, a large clade with more than 95oro of frog specres
are mostl), unresolved (Ford and Cannatella 1993 ) br- mor-
phological data, although Ranoidea is srrongiy supported.
Most remaining neobatrachlans are known as hl,loids or
bufonoids, but no morphoiogical er,'rdence for rhelr mono-
nhrr l l  hqc heen nrnn^<c,J 

' r r r i t  
L t  he nnccihla a ' rnnt inn 

^ lr - ' . ' )  "^"  "" ' . ,  r '
sperm morphologr'; Lee and Jamieson 1993). Ranoidea is
primariil' Old World; hyloids are mostly New World.

The distinctive and diverse morpholog;' of tadpoles has
been a source ofcharaciers ro elucidare frog phylogcnr AL
one time it was thought rhar the larval morphoiogl'of rhe
pipoid frogs argued fol their posirion as the mosr primirive
(earh'-branching rn th is conLext) .  bui  hrghlr  special ized
group (Starrett I 968. 1973). Ho,.vever. orhet' inrerprerairons
(Cannatei la 1999, Haas 1997, Sokol  \975,1977') indicare
that aithough pipoids are hrgh\ speciairzed. rhe dLscogios-
soids are the earhest-branching frog hneages rsee belou').
Horn'ever, the most comprehensive anallrsis of 1awa1 mor-
phology (Haas 2003) found Ascnphus ro be rhe mosL basal
f rog and pipords to bc thc nexr adjacenr c lade ( f rg 1) 6r
rather than other discoglossords. Maglia er al. (2001) re-
nort  ed Pinoiden rc,  he rhe sis ler  taxon oJ al l  o ihr ' f rors ar ' " ' *
hrpothcsr.r  leminiscent oI  SrarrerL 1068. 1o;3

The fossil record of frogs was thoroughly reviewed bv
Sanchrz (1998) BAez and Basso (1996) incir-idedJurassic fo*c-
sr l . ,  rn . t  nhvlooenpt ie nnql 's iq nf  , 'qr l r -  { roo< Can anr l  \Arrno

(2001) analyzed data for a combined rreatmenr of fossil and
lir''rng archaeobatrachians and pre-archaeobatrachians, bur

r
Hvlidae -l

I\-

"Ranidae"

Hay et al . ,  1995
The tree on the left is labeled unth raxon names

they reached ven, different conclusions than did Ford ar-rd
Cannatcl la ( lo9i  t .  a fu l l  anah's is of  Lhrs is bcr ond the scopc
of this chapter.

A ranse of  mornhnlocical  nhl lo"ener ic strrdies I reats- '  *" f "

reiationships wiihln parricular famiir'-level groups Peloba-
toidea (Maglia 1998), Hvperoli idae (Drewes l9B4); Rha-
cophoridae and Hlperohidae (Liern i970); Myobarrachidae
sensu lato, rncludlng M1'obatrachinae and Limnodynastinae
(Heyer and Lrem 1976), Leptodactvhdae (Heyer 1975);
Hylinae (da Silva 1998): Microhyirdae (Wu 1994): Hernr-
phractinae (Mendelson et a1 2000); and Pipidae (Cannatella
and Tlueb 1988a).

Sequences from borh nuclear and mt-rRNA genes pro-
vided neu' data (Emerson et al. 2000, Gra,vbeal 1997, Hav
et ai. 1995, Hedges and lr{axson I993, Hedges et al. 1990,
Hlliis et ai. 1993, Rur,rnskl' anci Maxson 1996, \zences et a1.
2000). Several altelTrative hypotheses emerged from rhese
works, inciuding (t) monoph,vly of "Archaeobatrachla," (2)
weak monophl'lv of the bufonoids (= Hyloidea). (3) dendro-
batrds exciuded from Ranoidea. and (4) exrensive paraph,vl;
of the iarge lamilies Hiirdae and Leprodacwhdae.

The "Basa!" Frogs-Discoglossoids

A groun of niesiornorpiric i ineages includcs Ascaphu.. Leia.
pelme,Bombinatoridae, rnd Discoglossrdae (Ford and Can-
natella 1993); this group has been called discoglossoicis and
is paraph,vletic with respeci to other frogs, tl-Le Prpanura..

Rhinoderma
Pseudidae
Centrolenidae

Hvlinae -\
Hbmiphractinae I
Phvllomedusinae i-
Pelodryadinae J

Dendrobatidae
Microhylidae
! .1vnornl i i r {ao

Hemisus
A rthnlonl i r laa+

"Ranidae"
Rhacophoridae
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!eratophryinae:
Sepiodaclylidae

I Petodryadinuu,

J 
Hylidae

Phyllomedusinae:

I 
Hyridae

I

I 
Hylinae: Hyiidae

J
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Dendrobatidae

Bufonidae

Figure 25.6. A phvlogenv of frogs based mosth.' ,rn lan'al
moryhoiogy, srmplilied from Haas (2003: fig 3).

,4scnphrrs tnd Lt iopelmcr Jre pLesiomoryhIC. no\\  -nerro\v i t

distnbuted reLicts oi e once more widel,v distnbuted \'leso-

zolc fuog fauna (Green and Cannatella 1993). The f;rmrly
n.rme Ascanhrdae is 1 's6l lndrnt  ' r r i rh 4cr ' rnhrrs The iatnt l t '

name LciopelnraLidae rs redutrdant wi th the s inule genus
Leiop eIm o. Formerlv, The name Leiopelmatid ae (.s ensv lato)

has also been used to inclucle Asc aphus andLetopeLma, a group
-L . ,  : -  ^--L^Lr."  -^---LvleLic.LrrdL r)  Pruu4urv Pdrd[ , r |

''Bombinanura" 1s the node-based name for the last com-

mon ancestor of Bombrnatoridae + Discoglossanllra; Bombtna-

roridae is the node name for the ancestor of Bombinq and

Bctrbowula and all of its descendanrc (Ford and C;lnnatella
Iu93);  th is node is uel l  )upported tCannatel la l98t :but see

Haas 2003).
The names Discoglossoidei (Sokol i977) and Discogios-

sordea 1e.g , Duellman 1975, L1'nch 1971) were usecl for the

group containing Ascaphus, Letopelmct, Bombina, Barbow'ttla,
Alvtes, and Discogiossrrs. The Discoglossoldel of Sokol {.1977)

and Duellman and Tr-r,reb (1986) were a clade; hor,vever, other
morphoiogical ar-Lal1,ses strongly relect ihls conclusion. As an
rnformal tem, ihe name dr.scoglossotds rs r useful catchall
fbr plesiomorphic anurans that rre not part of Prpanura. One

-onpr. l  
r r r imrr i r -e fonr, , ra nf  rhrs protrn is rhe |aLher roundc. l ,

diskLrke tonglre; hencc rhe name. Alvtes :rnd Discoglossus are
rn,  i r rd:r l  in rhe Diq, , rs incsidrr  . r l rhorr , ' r r  the tw' ,  t re l : r i t ' l r '. . ' . - . , . , }
. l i r . rgent rnd:r iden..  , l  rn.rnopht l ) ' rs i loL rrvt j la\he1 ming.
Some er,rcience indicates thrt DtsccgLossiclac rre more closelv
, . latccl  io oihcr '  l rogs Li i , rn io BomDtni l to i ' tdrc.  As, , tp l t t t - .  or
LctoptLmct (Forcl and Cannatella i993).

6)ipanura

Pipanum consists of Pipoidea, Pelobatordea, and Neoba-
r r r ,  h ie rhrr  ic  l i r r ino l rooc minrrs dic,  nol , rscoidc inecr{ ic:r l lv

it rs the node name tor the Last ancestor of Mesobatrachia +
Neobatrachia, and all of lts ciescendants (Ford and Cannateila
lot l  l )  Pirroider . rn, l  Palohrroider rre rcqrrded ; \s lnterme-
diare l ineages berwcen drscog,lossoids and Neobarrachia.
lvlesobatrachia is the node name applied to the last ancestor
,r l  Pelohrroider 

-  
Pinoider t r rnnrrrr  fnr  r  h i .  c iacie rs not

jLfong Crnnatci la ' l985).  lc lobaLoids rrnd oipojds rre rep-
reicnte d bv a Large numbe r  of  Ctetrceous .rnd Terr i r ry fos-

slls (Rocek 2000, Sanchlz 1998).
The node name Peiobatoidea rvas defined b1'Ford and

Cannatella (.1993) as the (last) common ancestor ol lir'rng
Nlegophryrdae. Pelobatidae, and Pelodl,Ies, and all i ts de-
scendants. The content of Pelobatoidee is noI conlro\rer-
sial. Historicallv. Pelobatrdae has rncludecl Nlegophnndae
rs a;ublami ly \e g.Duel l  rnan rnd T:ueb l98o' .  " rJ ihough
recent summaries recogni:e Megophri 'rdae (e.g.. Zug et ai
2001). Thrs foLiorvs Ford and Cannateila (i993), rvho de-
fined Pelobatidae as the node name for ihe last common
encestor of Pelobates. Scaphiopt"ts, anci Spea, and all i ts de-
scendants. This delinit ion was based on a sister-group
relation between the European (.Pelobqtes) and American
;nrdefontc t \ ,  nnhinnlc -  \ r1 l4 '  ' r ,h inh 

r t rer-e q1p j166] ]1y\J\  uf  , , tv i , . 'J  -  Jyrq

s1'napomorphies related to their habitus as fossonal species
(Cannatella 1985, MagLia 1998).

In contrast, Garcia-Paris et al. (2003) reexamined rela-

tronships rmong all pelobatoids using mtDNA and found
Staphiopus + Spea rc bc Lhe ;ister group oI other pelohatoids
,  Pclol tnrcs Pelodvt id le rnd Veonnhn' id l le)  RgcxLlse 51f l -

r rh inrrrrs -  
(nrn rvhie h rher-  re med i , ' :nhinn,rdid:p wevp rrr

yrtruyrt)  -  JyrrL\  vv i  r r r r r  LrLL_\

lonrer relared ro Pt lobmr< thev inferrer ' l  ih* fossonal  habi-

i l1s r) f  rhe rwo sroi lns lo he ,-nnte.rent The taxonomte im-

plication of rhis finding is that Peiobatidae as defined by Ford

and Cannatella (1993) applies to lhe same node as
Pelobatordea. One solution wor-rld be to redefine Pelobatidae
as a stem name so as lo include the fossii taxa that are ihought
ro be ciosell' relared, such as N[acropelobcttes, But the issue

femalns unresoLvect.
The node name \[egophr-vidae was used lt; Ford .rnd

Cannatella (1993) fbr the group of taxa referred to as mego-
phqrnes, prenously been corrcidered to be ;r subfamrly (lviego-

phrynae) of Pelobatldae. Althor-rgh preliminary work exists
tLrthlop 1997), r'elarronships among the \'liegophn'idae have
not been assessed in detail: horvever. the contenl is uncon-

ASCapnus
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Alvtes
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Heleophryne

Leptooracntum
Pelabates
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Nycttmwtes
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Ranrdae
Ranidae
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Rhacoohoridae
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Bufonidae
Buionidae
Buionidae
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(sensu raro)

Leptodactylrdae

Neobairachra



troversial. In contrast to most of the fainil;r_ievel names,
Pelody'ridae u'as defined as a sreur name b1. Ford and Can_
natelia (1993) because its use as a node name for rhe clade
of living raxa lvouid make it redundanr with pelodl,te.s. Aiso.
use of a stem name retains the several taxa of fossil
pelodytids wirhrn pelodytrdae, a placemeni rhar rs well sup_
portcd rHenr ic i  'J994,.

Pipoidea was in'Lphcrtli, defined as rhe node name for the
most recent comnron ancestor of piprdae and Rhinophnmrdae.
and all its descendants. 81, Lhis definrrron. rhe fosstl famih,
Palaeobarachidae are inclucled luthrn ptpoidea. as has gen_
eraliy been the case (bur see Spinar 1972 ). Relationships u-o."
pipoids have been examined by Cannarella and Trueb (Baef
1981, Bae: and Trueb 1997, Cannatella and de SA 1993. Can_
natella and Trueb 1988a, 1gggb, de Sa and Hrliis I!190)

As pointed our b1'Ford and Cannarella (1993). rhe nhr,-
logenetic definrtion of ihe name pipidae exciuded ,.u.rrt
fossils prer,rouslv and currenti)r inciuded in pipidae (BAe:
1990). The srem name pipimorpha was proposecl to accom_
modate ihese. Because the name apphes ro rhose taxa that
are more closeir, relared ro (livrng) piprdae than to Rhino_
phnnidae, ir is a useful descripror for rhe increasingil, spe_
cialized taxa on the srem leading ro the pipidae. Bde: and
Trueb (1997) deflned Piprdac sLghril drfferenrh.; rheir rree
is unresolved aL the cruciai pornr. The singLe species of hrgl-r11-
fossorial frogRlwtopl.nynus d.orsalis is regarded to be the sjs_
ter group of Pipidae, among linng forms Like peiodyticlae,
the name Rhrnophrymrdae u,as deiined as a srem name bv
Ford and Cannarella (lgg3).

Neobatrachia

Neobatrachia consrst of the ,,adr,anced,, 
fr-ogs and includes

95ok of living species. Excepr for rhe Latc Terrian, rhel are
not well represenred in the fossil record. Neobairaihia is well
supported b1. both morphological and molecular data (Ford
and Cannarella 1993, Runnsky and Maxson 1996, but see
Haas 2003). Two groups of Neobarrachia harre been sener-
aily. rsqr*rir.d: Br-rfonoidea (Hlrlorciea has prloilt)-; sec b"elou.)
for arciferal neobatrachians, and Ranoidea-for the firmisternai
neobatrachians. These correspond roughlr.to the classic
Procoela and Drplasiocoela of Nicholls i lqf Ol and Noble
(1922), respecrively. Hvloiciea are prin-rarill- a Ne\^. World
cladc end Ranoidea an Olcl  W orLd gl .oup. ai though rhc
h-vloids have srgnificant radiarions in the Australopanuan
region as do Ramdae ancl \.{icrohvlidae in the Nes W-fria.

Hylordea ({ormerjr, Bufonoidea) rnclude Bufonrciae.
Hyliciae, "Leptodactylidae." Centroleniclae, pseucirdae. Bra_
ch;'cephalidae, Rlrinoderntct. and All"opl.tr^tne Ford and Car.r_
nateila (1993) noled thaL Hyloidca ancl Bufonoidea applr,io
a nonmonophyietrc gloup. that is, neobatrachian, thm *1...
not ranoids. Ranoidea (see belornr) consisi olranids (inclucl_
ing arthroleprids and t-r-rante1lines.,, hlperoliids, rhacopho_
rids, Hernislis. and micr-ohr{icis. Some aulhors have olaced
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microhvlids in the superfamill, N4icrohyloidea ro reflecr the
distrncliveness of rhe microhyiid lurr., ie.g., Starreu 1973).
But agreement is universai that microhylidi are more closely
relared ro ranoids rhan to hyloids.

Llnch (l 973) considered peiobaroidea an explicrtlv para_
phvletic group rrar-isitional between ,,archaic lrogs. and rhe
"advanced frogs." He included here pelobatidae. pelodvtidae,
Heleophrynidae. the myobatrachids, and Sooglossidae. His
dendrogram (L1'nch 1973: fig. 3-6) shor,veci Bufonoiciea and
Ranoidea as independenrll, f,g.ir.6 from the paraphyletrc
Peiobatoidea Duellman (1975) used Rergs (195g) Neo_
batrachia to urclude L1,nch's Bufonordea anJ Ranoidea. Sub_
sequent morpiroiogrcal and molecular. analr.ses har,,e qrrnnnrrei
monophr'11 of Neol.aLr.rch,u , cu',nu,.un inii. riry .,lit rr"
Rutrns\'and \4axson 1996). However, supposed basal neo_
bairachians such as myobatrachrds. sooglos.sids . and Heleo_
phrlrit are oI uncer-rarr. position.

Until recentl):. Lrmnod)nastinae ancl Myobarrachinae
were incl'ded as subfamihes of "rvtrrobarrachidae" (e.g.. Her,ei-
and Liem 1976). Ford and Cannareiia (i993) couici frnci no
sr,.napomorphies for "M,vobatrachidae. " Hou,er,er. Lee an d
Jamieson (1992) pror.ided some characrers fion sDenrato_
zoan uitrasrructl ire that suppori mvobatrachid monophlir_
Some,textbooks (Zug et al. 2O0l) have recognr:ecl each group
as a disrinct famtll, lwhich \,.as not Forcl anci Cannareila,s
(f 993) intentionl . Ruvrnsk;,and Maxson (1gSd) placed Myo_
batrachrnae, Lrmnodnasrinae. and Heleopbyne (Heleo_
phrymidae) in a clade of at the base of H1.loidea. Some recenl
ph,vlogenies have placed Sooglossidae as rhe sisier group of
all other Hyiordea (Ruvinskv and \4axson 199b,\. srsler sroun
to Rar-roidea (Emerson et al. 2O0O), basal to both rHarler ai.
i995), or as the sisrer of N4vobatrachidae (Duellman ancl
Trueb 1 985) or \4vobarrachrnae (Ford and Cannarella I 993 )

N-lyloidea

Hyoidea has been used to refer to neobatrachians u,ith an
arcjferal pecroral grrdle, rn conrrast ro rhose r,,,ith a firmisremal
grrdle, the ranoids. The name l,ras Linnaean pnoriry over Bulo_
noidea (Dubois 1986), aithough n has ,roi b..n useci ofien
Ford and Cannatella founcl no published data ro support 1ts
monoph;ri1' Hav e[ a1. (lgg5) were rhe first to use .'l-,r.u.r.,
ciam to suDporr the monophvir- ol Hyioidea (as Bufonoiclea)
Thrs hneage included \,iyobarracl-fdae, Heleophrl.niclae. and
Dendrobaridae. Cenrrolenidae, H,vhdae. Bufonidae. Rhino_
dermatidae. Pseudrclae and Leptodactviidae The,r. also
identif ied the Sooglossidae as a ,,distincL 

maior hneage.. of
:Neobatrachra aparr [r-om Hi loider and Ranoidci;. R.urrnslf.and
Ma.rson (1996). using n'rostiv rhe same dara as Hav er ai. (1995),
conciuded rhar Soogiossidac r.vas inclucled r,r,rthrn Hvloiclea

Darsr and Cannareila (in pr:ess) iclenrrfied a well_sur,_
Dorted clade (frg 15.7) for u,hich rher- deiined rhe name
Hr,ioidea in a phr-logene ric context Thev exclucled from rhe
cielinitron taxa such as Dendrobatidae ,nvhose pl-rl,iogeneric

L--
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posiiron might make rhe conreni oithis taxon unstabie . Also,
ihe.r excLuded certain neobatrachian gioups whose pLace-
rnenr rs moLe leianrreil- basal and also less rvell resolved, such
irs i\'l)'o batrachinae. Lrmnoci],'nasrinae, and S ooglossrdae.

"Leptodaciylidae" are r hodgepodge ofhr'lords rhat lack
distinctive apomorphies. Hrstoncallv, rhe denved features of
the ' r i l rer  hr  lord lami i ies separaLed rhem irom Lcpto-
ciactyiidae. suggestlng ii r,vas paraphyleric. Hr'lidae have car-
tilaginous intercalary elements berween the ultrmate and
penultrmate phalanges oi the hands and feer; Centrolenidae
iras ihe two elongate ankle bones (tibiale and fibulare) fuseci
inro a c inole elemenr .  Pseudidae have bonv intercr jan ale-' ' ' ' "  *  - 'b -

menls, in contrast to the generally cartiiaglnous ones found
jn hr' l ids: has a Bidder's organ present rn males; rhrs is a
portion of embryonrc gonad that retains an ovarian charac,
ter. Rhinoder-rnatidae har.e rearing of larvae in rhe vocal sac
of the male; Brachycephaiidae lack a well-developed stemum.

Phr logeneuc relr t ionships among Lhe genera oi  'Lepro-

dacrv] idae were rnr l r r -cd rrs ino mnrnhnlnorr  hrr  Hcrrcr
! l . ' " , / . .**"

(1975). Basso and Cannatella t2001) analy:ed relarionshrps
among leptodactvloid frogs from 1lS and 165 mtDNA and
iound "Leptodact,vlldae" ro be polyphl4etrc. Darst and Can-
natella (2003) also found the same, based on a smaller sample
of leptodactylid taxa (fig. 25.7).

Pseudidae. Centrolenrdae, Brachvcephalidae, and Den-
drobatidae are node names whose conrent is not conrrover-
sial. Recent work has clanfied rhe reiarionshlps of some of
lhese prnrrn.  Darsr rnd Crnnarel l r  '  

in nres.)  found Den-" '  " ' "  b ' " - r -
drobatidae to be nested clearly wrrhin Hyloidea and were able
to reject the altemate hypothesis that dendrobatrds are wlthln
Ranoidea (Ford 1989, Ford and Cannatella 1993). Dueilman
(2001) reduced Pseudidae Lo a subiamrly.  However.  rhrs
action stopped short of what would be demanded bv rhe
Linnaean svstem. if Pseudidae is not acceptable as a family
wrthin Hviidae, then Pseudinae cannot be accepted as a sub-
familv wrthrn the subfamiiy Hylinae. Darst and Cannareila
(in press) also found Pseudidae to be nestecl r.vlthin hyLines,
specificailv the sister group to Scarthyla ostinodac\rla. Assum-
ing an rdher-ence ro Linnaean taxonomy coupled wrth a de-
sire io recogni:e only monophyletic groups. then there is no
basls for recognition of ihe group at a subfamily or even ttibe
tevel.

Darst and Cannatella also found Brachl,cephalidae to be
withrn eleutherodactyiines ('Leptodactyiidae"); the taxo-
nnmic ch:nopq npr 'cssi f r rp i  hrr  rhe<e nerv f ind* * . /  - . .___.._, .  . , . -* Ings are ln
progress. ,\llophryne ruthyeni is an enigmatic hviold (Fabrezi
and Langone 2000) ihat has been placed in a monorwrc (and
redundant) famiiy Allophnmidae. it is probably ihe sisrer
group of Centrolenidae (Austin et al. 2002). The rw-o spe-
cies of Rhinoderma have been placed rn Rhinodermaridae.
Were it not for the apomorphrc life history of rhe trvo spe-
cies, in whrch the males brood the developing lan'ae in rheir
vocal sacs. Rhinodenna r,vould be included in the 'Lepro-
dacrvlidae." Fold and C.rnnarella r 199Ji pror,rded phl"loge-
netic names for ihese taxa.

l{,vlidae is the node name ior tire most iecenr common
ancestor of Hemiphractine, Phr4lomedusinae. Peiodrvadinae,
and l{r'iinae, and all of its descendanrs. These latter four
names have not been fom-raLlv defined in a phyiogenetic man-
ner. but the composition oi each rs weil established. Some
lvorkers elevated Pelociryadinae to tamil)' levei (Dubors 198.1,
Savage 197i). Morphoiogl'-11.t.4 phf iogemes of Hylinae and
Hemiphractrnae enst (da Sii.ra 1998, Mendelson et al. 2000).
-{ccording to Darsr and C-rnnaLella tin press r. Hyiiciee is poly-
phylenc; however, theu sampie of hemiphracrines, rvhich are
rhe troublesome species, was small.

Bufonidae rs also a node name. Recentwork (Gluesenkamp
2001, Gra.vbeal L997 , Gra)'beal and Cannarella 1995) tbund
no basis for the subfamriies or rnbes recognued by Dubois
(198't). Relationships among the hrgher groups of Bufonidae
are unresolved.

Ranoidea

Ford and Cannatelia (1993) defined Ranoidea as rhe node-
based name for the ciade anchored by the last common ances-
tor of hlperoiiids, rhacophonds, ramds. dendrobadds, Hemisus,
arthroleptids, and microhylids. Wlrh rhe possible exc.prion of
the controversial dendrobatids, the content of this group in-
cludes the classrc "firmistemal" frogs. Ftrrnistemia. Wu (199-t)
treated the Ranoidea and Microhyloidea as the two components
of Firmistemia. The resurrection of ihis affangemenr has merir
in recognizing ihe two major clades of firmnistemal frogs. rs
ln the past where the groups were Microhr4oidea and Ranoidea.
Duellman (1975), lor example. ,:ecogruzed distrnct superfami-
lies lvilcrohyloidea and Ranoidea.

Crowrng er,rdence suggesrs that ivlicrohylidae (or at leasr
a iarge clade of those) is rhe sisrer group ro Hyperoliidae or
Hlperolildae + arrhroleprines wlrhin the Ranordea (Darst and
Cannatella in press, Emerson et al. 2000, Hay et ai. 1995)
rather than the sister group of ali orher ranoids. Thus, lnclu-
sion of lvilcrohr4idae \,vlrhln Ranoidea is appropnare tn one
sense. Howe,rer, one could argue equally that Nlicrohvlordea
could inclucie Mrcrohylidae (mimmaily the rlpe-genus) and
rvhatever else rs more closel,v related to these than to Ranidae.
\4icrohyloidea and Ranoidea .,vould be sisrer taxa in Fir-
misternia. For :xample. DarsL rnd C:rnnareila i in pressr and
Emerson et al. (2000) each recovered two ma.lor clades of
ranoids, one inciuding hrperoli ids, arthroleptids, micro-
hylids (includingbrevicipitrnes), and Hemisus, and the orher
coniaining rhacophorids, mantellines, and the remaining
"ranids." However, Blommers-schlosser (i993) lecognized
Microhyioidea as consisting of lvlicrohylidae, Soogiossidae,
Dendrobaddae. and Hemisorldae. We have nor foLlowed rhis
unusual rearangement pending a broader slnthesis of mor-
phological and molecular data of ranoids. For ihe momenr,
we continue the use of Ranoidea for all these finnistemai frogs
because of ils recent common use.

Perhaps the most controversial group within Neobatra-
chia has been Dendrobalidae Hnr er ,l ( I Qq5) 

"nd Rurnnslry
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The Relat ionshios of Animals: Deuterosiomes

anci N{axson (1996) found dendrobatids Lo be nested.,nthrn
hvloids tbufonords). enci ihis ,vas colroborated r'vrth a
i ; r , ' r t ie l  t : ix . rn srmpic bi  D.rrst  rnd C.Lnn.r te l la r  i t t  l , rcss anr l

',r.'ith mostiv lan'al clata bv Haas 12003). In letlospect, Ford
inci Cannatelia's (1993) rncLusron of r potentiallv unstable
iaxon (Dendrobatidael as a specifiel taxon lor Ranotdea rvas
not , r tsc.  lLcel) t inu Lhc nerr  cytc l r ' f lur ' ro l  Lhe nosi t ion nl' "  " '  r ""  """ . -
Dendrobatidae. P.anoide a as ihe,v defineci it i-ras now the same

content as Hvloidea + Ranoidea. this is a cirasiic departure

tl'om Lts r-rsual content. Rather than redefine Ranoidea here

,  hccrrr .e . f  n nrk rn nrosress).  for  Lhe m.lment \4-c c.Jnsidcr '. , .  r .  "b

statements abor-rt Ranordea to exclude Dendrobatidae.
Microhylidae uvere found to be nested n'"1th1n Ranordea

bv Ford and Cannateiia (1993), Hey et a1. (1995), Rr"u-rnsk1'
and Nlaxson (1996), ;rnd (at least close to son're) Haas (2003).

Ford and Cannatella (1993) used latval erndence from Was-
sersug (1984, 198S) to formalh' r 'ecognr:e Scoptanura as a
l.--- ,.1".r- .,;r lr,- \,t i .rshvlidae This u,'as corroborated bv
Haas (200i) .

WL1 (199t1) prodr-rced the most comprehensive sur\,e]'of
mie rnhrr l id nsrpol , rm- cwrmininu IRR ,  h:r . rcrers rn 105 sne-.  

- . . . , , ' , ' , , '5
cies in 56 of ihe 64 named genera. He adopted a rankless iax-
onomy, placing \'licroh,vlordea and Ranordea as srster groups
in the Fnmisiemia. His Ranoidea included Hlperoliidae, Man-
tellidae, Ranidae, and Riracophondae, and hrs \,llcrohyloidea
consisted o i two families. Brer..icipitldae anci lvticroh,vlidae. Wu's
Brer.'rciprtidae r'vas unusual in that it included a ciade Hemr-
s{ltinae cornposed of Henrisus and Rhurophrl,rrus. The latter has
;rever been lrlaced wrthrn Neobatrachia and shares manv mo-
leerrirr .rnd morphuiogic"ri srnapomtrrphies rviLir Pipidae
(Cannatella 1985, Hav et al 1995).

Reiationshrps oi lanoid lrogs (microhyiids aside) are in
a kinetic state. and the taxonomy we follow is certainly arbi-
trarv. For vears an accepted arrangement was Ranidae,
H. nernl i i , l rc rnd Rh'r ,^nnhor idae the l r r re.  tu o fami l ies
hein" rrer l ins rnnrnh. 'ndcnpndenr lv der ived from wrLhin

Rrni , l . re I r  r t ' rs rercrr l l '  166vaaia 'pr l  rh.r  t i rc mentcl l inc

ranids (lvlanteiiinae or Nlatellidae) shared some derived fea-

lures wrih Rhacophoridae (e g., Dr.reilman and Trueb 1986).
Ford and Cannatella (1993) embeii ished 'Ranidae" with
quoL(s Lo indicate Lts ) lJLus rs a nonmoncrphvlet ic groLtp.

lvlost recent attelnpts to estabiish a classrtication oI Ramdae
hale been based on a hrpoihesis ofphylogeny (bnt see Dubois
1992, Inger 1996). Ph1'logenetlc anallzsss of both sequence dala

- - - t  *^-^t- . . t^^;  . - l  .L1rr6rer.s exisr  [or  HvnerOI i idae andJr ru t r rvt  yt lv lusr lar  Lt tu-q ," t  ,  , )  y. .

Rhacophondae (Channlng 1989, Drewes 198'1" Liem 1970,
tuchards and Nioore 1996, 1998, J. WiLkinson er rl 2002)
Although Rhacophoriclae hare generrilv been thor.rght io be
mnnnrrh'  lp, i r  re-rrmrr l l l inp er idence ;11poeclS rhat the Nl l l f -

gas,v rhacopi-rorids are not the closest t'elatives of the Asian
. 'h. .^hL^- i ; .  rT \ r i i l l , .156n et  a i .  2002) and maV be moreruJ , .  

,

cioseiv related to other MaLagasy hnerges, such rs mantellines.
The rnosr iromnrehensive anaLvsis of ranoids lEmerson

et al. 2000), lvhich used mostiy published molecular data and

l0 n-rorpholoeical characters, found famrliar resnlts: the close

rclrLionsl : ip ' r i  
Vie lo l r r  i icre rnd Hyourol i iJae ,Har ct  t l .

190i );  i i ' ie plac:ment of Sooelossrdae or,rrsrcie of Ranoidea
(Ha,v et ai.  1995), and manteihne ranicls most cLosely lelated

tr)  r r t ' ] r r '< lPr l  ' .v i rh in r-hrcnnh,tr td.  t t -h:nnino 198q. FOrd

i989). Relationships arnong:r smali sample oiTndian ranords

were exrminecl bl Bossrrvt ancl Nl i i inkovitch (2001).* "  I  ""-- '

As l-rad htstoncalll' l-rappened rvith itr4oicls. the recent
taxonomic Lenclencl- for ranoids has been to eLe.;ate some
1oosel,v ciefined subfamilv groups to familv strins; for ex-
rmpJe. the recostt t t ton ol  - l . r throlepttdae l tv Dubois r  lo8+).
These have usually been considered to be a subfamill '  of
Ranrdae, end Lts elevation to famrly ler.el r,vas more because
of taxonomic trnkenng than any nerv knowiedge of relation-
shrps. Ford and Cannatella t1993) considered it a metataxon.

BLonLmers-Schlosser (1993) recogmzed a clade Ranoiciea
comprisrng Arthrolepiidae, H;'peroliidae. rnd Ranjdae, the
last rncluding Nlanteillnae end Rhacophonnre. Emerson et al.
(2000: tabie 1) l lsted subfamilies of Ranidae as Raninae,
Mantellinae, and Rhacophorinae, reponedlv from Blommers-
Schlosser (1993). Actualh', Blommers-Schlosser (1993) in-
. l ,1r lo, f  '  ho<n r  hrn.  n l r rq (  ' : rcoqrernrnre \ r -c i rhatrachinag,

Petropedetinae, and Indiramnae. for a total of seven subfamr-
lies of Ranidae. Of these. the petropedetlnes have been arbt-
t - . ' i l . -  o lo". to,- l  r^  fa- . ; l i ..-,,--al rank by some. Hsmisus. one of lhe
few frogs known to bur-rorv headllrsi, has usually been placed
in the redundani lhmily Hemisotidae. It was considered to be
der"rved frnm ;ome ornrrn nf  f  f r i r - rn ranrdq hrrr  reccni  In, ' -

leeular anrLvsrs juggests c losel  i -eLaLLonshrps to brer,rcrpir ine
microhyiids (Darst and Cannatella in press; fig. 25 7), as did
a morphologlcal anaiysis (Blommers-SchLosser l99l).

frrospects for the Future

Rather than addless the future of the svstematics of Am-
phrbra.  w'e of fer  some gcneml e ommenls rre possrbly . rppl i -
cairle to al1 groups lnlonnation age technoiogy has changed
the nature of systematlcs. The flood of data lrom moiecular
sr-sr  emrr ics ( 'onl inue l r )  r isp rs new rechnol , ,pres [ rc i l i t r tc i ts
colleciion. The program solicitation for the Nattonal Science
Foundation's Assembling the Tree of Lile competition (Na-

tional Science Foundation 2003) indicared the neecl for "scal-
i ro rrn '  the lcvcl , r f  rntrr i r r r , r f  , lqte e,r l le, ' r inn Rtt t  cer l inu t tn

in nature is rarel;, isometric; a change in size demands a
change in shape. Put rnother a\,rray, we wril not reach the goal
of the Tree of Life (or the Tree of Amphrbra ) t'rlhout cloing
svstemlt ics di f ferent lv.  Wp <rsoe.r  Ihai  . , ' rme of  the core
nrtc l ices nf  st- . letnat i r  < noce . l  .er  ere tmneditr renL Lo iom--- ' - ' "  ""r""" . ' '
nletins the Tree oi Life. Vlethods and iireorv of tree consimc-T ' '  'b
, ; . -  L. , , .^  , . , , - -n <nppr l"  re l r r i r rp rn fhe ---- .  . - - .  - ti l ( r I I  iLavc BUi lc tu watF -r-*-  - -  . . . -  PluLirLcs ul

Lf,.\onomy. rromenclelure. and biodiversttt ;tudies.
Our facriiil' xt reconstructing ph1'logenv now exceeds our

abiliiv to descnbe nerv specres in a reasonable amounl of time.



Ciassicaily trained svsiematists, even those wrth actrve pro-
grams in molecular s)rsiematics, must still linger over spe-
cies descriptions. Descnptions of neu, species are not much
ciifferent than thosc published more than a cenrun: ago. Some
s\/stematisrs have bemoaned the dearth of lobs for classicalil.
tralned taxonomists. But even if positions were available.
rvould ihere be systemaiists interesied in filling tlreml prtr-
posals for automation of species descriptions have not re-
ceived rarre revieurs. is the pracrice of raxonomy reallv a
different enterprise than pirylogeneiic anal)isis (Donoghuc
2001)? Perhaps rr is rime to redefine thc mode and meaning
of "descnbing ? nern- species."

We are not advocating a reductionist, barcode approach
(Blaxter 2003) in which a sequence o{ one gene is solc drag-
nosis of a species. Howel'er, DNA sequences are a powerful
source of data for specres discoveq'and description, and we
weicome a fusion berlveen traditional acrivtties of species
descripLlon and the opportunities offered bf information
technolog,v. The nature of tiris compr-omise is nor clear. but
lt is er,rdent that our mandate wili not succeed wrthout cor-i-
sideration of ihis issue.

Reiated to the descliption of nelr' species is nomencla-
ture. the rules for bestowing and keeping rrack of names.
Although ihe term "Phi'lornformarics" has entered the lan-
guage of slrsremarics, u lacks a meanrngful definrrion. Wc
do not attempt one here, bur cerrarnly an)' concept oi ph1.-
loinformatlcs must include storage and retrieval svsiems
for taxonoml, and nomenclature. Like others, \,ve suggesr
that the Linnaean s)'stem needs informatrc-s-based reen-
gineering; it is a square peg in the world of rnformarron
technolog,v.

Last, the increasing difficuitl' of on-site biodn'ersrr1. srud-
ies must be addressed. Legitimate concems over the loss of
natural resources and opportunlties through bloprospecrlng
and biopiracv bave grou.n in the same regtons rhat harbor
the grearesr proporrion of biodiversrry. If natural histor,v
collections and related infor-matron are as precious as \ve
claim, then we must lnvest in the countries of onsrn ro en-
able the developmenr of tirose resources on-site. ihc aher.-
native, the removal of coilecrions to another country 1argel_v
for reasons of convenrence, meets ll,ith increasing and 1r-isti-
fiable resrstance. This invesrment must be genuine and du-
rable, so that local researchers ar.e enabledlo do iong-rerm
research. Onli' 1[ir type of invesrment will ensure rhe sur-
vival of the biodiversin, thar we a1l vaiue.
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