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frogs are not well resolved, which im pedes
our |..md{‘_rsiu'n{_lin\g of the evolution of their
complex behavioral strategies (Caldwell,
1997},

Controversy still surrounds the relation-
ships of the dendrobatids to other HIULE RS,
phvlogenctic research utilizing maorpholog-
ical characters suggests that the family is
of ranoid ancestry (Ford, 1993), but recent
analysis of mitochondriad DNA sequences
groups dendrobatids with bafonids {Ru-
\-'insk;\-' and Maxson, 19960, Members of the
family Dendrobatidie are helieved to form
@ monophyietic group (Ford and Canna-
tella, 1993). including at least siy genera
Aromobates, Colostethus, Epipedobates,
Minyobates, Dendrobates, and Phyllo-
hates). Zimmermann  and Zimumermann
{1988) proposed two rew genera of poison
frogs, Phobiobates and Allobates, from spe-
cies  previously placed  within Epipeda-
betes. - these rew genera huve
not heen recognized as legitimate by all
members of the scientific community (e.g.

Myers et al. 19911 Two new genern of

dendrohatids have wlse been proposed for
some species previously placed in Colos-
tethas: Mannophryne {La Maren, 19924)
and Nephelobates (1a Marca, | 9925). The
toxic dendrobatids are thought to lorm a
monophyletic group exclusive of Aromao-
bates and Colostethus (Mvers et ul, 1978,
1991 Silverstone, 1975, 1976), although
recent molecular evidence suggests that
Phabeohates trivittatus and somoe members
ol Colostethns mi be sister taxa { Ruvinsky
and Muxson, 1996,

Denedvobates and Plupllobeates wore di-
agnosed as o monophyletic clade based on
the presence of lipophilic alkaloids (Myers
et all L9TS. 19910 Dendvobates was sub-
sequently divided into severs) FeNETAE On
the husis of morphology, acoustic -
eters of the mating el and the chermionl
structure of skin toxins {Muyvers, 1957, Eipsi-
pedohates (22 species), Minyobates (eight
spectes), i’fﬂgﬁz}/ﬂrn‘t.’s {five species, el
Dendrobates (2] speciesth Mvers [1987)
posited  Dendrobates andd Phyllohaies s
sister tawca, with Mingobates as their sister
taxon, then Epipedobates,

The svstematics of the poison frogs ure
of spucial unportunce to those interested

HHERPETOLOGICA

in the evolution of their complex parental
and social hehaviors, Members of the e
nus Dendrobates exhibii the most elabo-
rate: purental behaviors observed in the:
famnily IWoeveoldt, 1087 including thee
parerntal care types-——male, Temale. and bi.
parental.

In 2 auratus, 1D, leveomelas, 1. gz
ets, 1D tinctorins, and 1D, frirneatus, small
(2-8 eges) clutches are aid in the leal lit-
ter and are attended by the male (Suee
mers, L9849, 1990 Wells, 1978, Waoveoldt,
FO8T). Onee the egus have (.l(.‘\"(‘l(’)}_.)(’(.g into
mature tadpoles (10-14 clays), they wre
typically carried by the male o small nools
of water that forn in treeholos {Ihinn,
L9441 Eaton, 1941 Wells, 19817

I 13 histrionicus, [ Speciosus, 1
granidiferus, and D, pumilio, eges ure also
deposited i the Teal litter but fermales e
ry the voung and deposit them in simal)
accumulations of water that form in the
lead or stem axils of plunts feg., hromeh-
ads]. The female then returns to the Poois
periodically and lavs infertile coos thal are
calen l‘)}-' Lhe l‘:l(l])mh--‘ {Brust, 1993 Wey-
goldt. 1980; Zimmerrann and Zimmer.
mann, 19810 This form of feeding is prob-
ably obligatory o 1), preinition the tadpole
will neither grow nor survive i not [rovi-
sioned with trophic eses (Brust, 1993),
The male performs ey altendance in
some ol these species {ie, . prmilio
(Wevgoldt, 19803 and 1 srandiferus
(M 1, 1092 ] but the (emule i ithe rain
care: provider (Weveoldt, 1987) In 1. ks
trionicus and 1, speciosus, Termaes Crrry
out all aspects of parentul carc Gungfler
LOSE, Zimmermann and Zirmanermann,
19513 The form of parental cure in 1) ar
Lorens is not knowr, but atbernpis to iu:-‘t.’p
i captivity sogpest that nutritive ey
ave required lor tadpole growth, sieplyving
that femules feed their otbspring (Walls,
F9041 This species is thought to be closely
redated 1o !).jmmii’ir'ﬁ ant the basis of mor
phiology und calling parameters {Myers o
al 19845,

T caphivity, several species ol w0 wige
ranging Asmazonian gronp of poison froes
exhibit what ApPears o bre: }}il')f:ll'i‘l.l[i.il CAre
For example, i a studdy o captive [0 e
Heulatuy, Zimmermann o Zininernan
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(1954 observed that both Parvents attend
the clutch, which ig oviposited above a
pool in the leal axil of u hromelad. The
male carries the tadpoles to o different
pool and returns periodically to call. thus
attracting his mate who lays eges at the
surface of the pool, which the tacdpoles
consime. vidence of biparentul care has
wlso been ohserved in other dendrobticls
from the Peruvian Amazon, including 1
ventrimaculetus freferred to as D, ridn-
guetitiatis by Zimnermann and Zimmers
i (U988 but see Culdwell and Myers
OO D variablis, D, imitator and [,
Jantasticus (Zimermann and  Zimmer.
rann, 1985) although these behaviors are
not well documented in caplivity (Walls
1994 Weygolds, 1987) and have not heen
studied in the Seld.

Recently, biparental care hus been ob-
served in o feld study of D vanzolinii. an-
other Arriazonian poison [i‘z‘_)gg‘ (Calclwell.
19975, Iy this species, males carry tudpoles
to small pools of water i treeholes aned
Femuales feed tacpoles with unfertile atri-
tive egus. Muales and fermales muintain an
inlimate  association. or Cpair bond”
thronghout the period of parental care
(Caldweil . 1997,

Recent feld research on a population of
L ventrimeaculaius in Armuzonian Ecuador
Sugrgests that this 1)()_{'111];.1““11 {or species)
his miale care, rather thun 'ilipz-m‘n!_:-zi e,
Denddvohates verdrivnaeulatus is nrobably g
comples ol closely related species {Calel-
well and Myers, 1990), Briefly, in the Mo
wvaclorian papulation, e mating svstem is
promiscucus, unrehbded individoals OVIPOS-
i the same axil, and femedoy do not re.
turn o pocls to feed {';-n'ip(_:!(-n*; {Surmmers
and Amos, 1997 Surnmers unpubilishedd
datay,

Zimmeringn and Zimmerinann (1USS)
erl;t!)--‘xf.:~c1 r'(_‘_i;t!t(mshipf; arnong 32 species in
St genera of poison froes using overal]
Kim'ii;i_l'it}_‘ in behaviar (hased on 62 hehay-
ioral characters, imeliding some hehaviors
frivolved in parental cure), They resobved
three “species aroups” swithin Denelro-
bates euch e--*»;héf)it'm,g a specific type of pa-
rental care (1) e parental care (12
raties, 12 leuromelas [
amiirens, [ bruncalys)

-
fnclorius, [

1

(20 female (or Dre-

(I.()mim:mt“T_\-' Ferale) parental care {12, I
i, D granuliferus. D histrioniog. I
lebumara, and D, speciosus), and (14 3
parental cure ([, ventrirngonlatus, 13
tewlatis, 1D, Sfetasticus, D imvitgior A
D wariablis). Zimmermann el AT
mann (I988) hypothesized that these ..
hvioral groups corresponded 1o
pli}-’lf-*lic (.~\-'n¥|zi_im'l;u'y Froups.
Weyveoldt (1957 and Zimmermans
Zimmermann (1954, 19883 DProposed iy,
muile parentul cure iy the primitive hety oo
ioral condition within dendrobatids, & .
that male cure gave rise to l:ipa_u'(-n'}l;-iﬁ CHEE
ol the form observed in some AMaaonie
species, which later Fave rise to fesde
care, as seen in D peifio, 1) grenedife
s, Ll speciosus, and 1) histriomnicns.
Male parental cire was }l\'])(’){li(-'ﬂi?ﬁ{wf g
the ancestral state in Deviclrobates bused
on studies ol parental care in spercies frs
Pliyllobates, Mingobates, and Elprigreedes
bates (Weveoldt, 19870, Four out of
species of Phyllobates have been studiod,
and all exhibil mule parental care (V4
goldt. Y087 Zimmermann and Ziyos.
rrann, SSL Fourteen out ol 29 S
of Epipedobates huve been studied, aru! 2
exhibit rmale parental care (Weyeold
FOST, Zimmermuann and Zinmmerinan e
LOSK] A receni s‘tutiy of Minyohates i
wties dernonstrated that this Species o
exhibits mule parental care (Summers o
published datad 1n maost species of ol
tethus, the males provide care (or the 1.
poeles (Wevooldt, 19877 But femalos
vidle care (tucipole Fransporty in some sy
cies ol Colostethus (Wells Jus )
However, l;l(lpni(rf\‘ are {z';_ms‘;")m'lc'-s_ﬁ
streams tnot axil pools) and tuclpole B
ing does not ocour in these species (Wi
goldt, 19873 The tvpe of 5_1*41'&?11[;1? e
anyl in the most basu! taxor, Arvmaobgte
1S unknown IMyvers et al 18911 The 1o
parstronions interpretation of the o
makion fl‘l.l'l”lj'(_.‘i’l.fE‘\‘ availabile is that rrade P
rental care is the prirdtive
Denelrobiies CWeywoldt, 19573
Flere s present un anaivsis ol DNA s
quence data from the mitochondrial C
chrorme b evtochrome oxiduse 1 andd
rHENA venes thut }wl;m to resabve the svs
teratie 1‘&:%1-;1“:11}?»‘}'1’1[1,‘4 of

TV g3
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Female
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aus Denelrobates, and allows an ass
£ the evolution of pm'(:nl‘:ll care in

ment o
focus on the

this aroup. in i)m'lil‘l't!zlr, W
le o p_rf.\(l(nninz_mti}_' feo-
priabe care, to test e l_l‘_\"']')trl_}'u‘sis that these
species (orin u sn(n1(‘:1)11}-’1(~{ic..‘ group. The
type ol p;_n‘e'mul care lound in each species
s Listed in Table 10 Phylogenetic anadvses
of these data contribute 1o a more Con-
plete anderstanding of the evolutionary re-
tationships ol these frogs, and they permit
iaferences concernimg the evolution of pa
rental care and other behaviors that are
hehavioral characters

species with fema

in(h_’p{-r'mlvnl ol the
ol interest.
AN AT EAL AND NETTHODS

We anulyzed five out ol the seven spe-

cies in the Temae care group ol Drenedro-

bates Lsee abover We alsa nctuded four

ather species ol Denerobates (D auratis,
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Einthe poison froes jnchude
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‘/,-iﬂil'\}t"l'i'[ilﬂ\l! glELe

eales

\(_'(lli(‘Hﬂ_‘C'tl Vor canh BRI

LB p BN AL Snhers i parenls

I3 yumr(!zw
feddetsrtnioa
[hoanrotus
s
srbiirens
Lot enelas

13 frisredonions

L this ;_ns:liu\’:\'ix, Helerenoes o these
E unpublished dota; Walls, 1944
| Zimoweriaun, 1951, 1088

Field and capskive
Fieddd s cuptive
Claptive

Mie-icl

el wnd captive
Pielcd anel captive
Claplive

Pieldd aend caplive

Clofostethis tala-

hobates trivibatins anidd
the arens where

rectieae. These species,
Hected, the region of mito-
A smlm-:nz-c--d_ and the -
plmu-mi are lsted in
262 hase

they were ¢o
chondrial 11
ber ol individuals se
Tuble 2. Overall, we .‘\'l_‘([llt_‘il{'f‘(]
pairs of the eviochrome b gene, 521 base

pairs ol the (‘)\_'lud'n‘ms'u' oxidase [ ogene,

and 536 base pairs of the 16s PRINA gene

(GenBank accession bers for COL

A FOYTAO6-506: lor oy fr AL 120008017

for 165 AFFONST40-750) Whaole rogs were
pi'ww'\‘(-‘(l in Houid nitrogen anel stored
-0 (L oor o DINA l)l'('ii(’l'\’él[j()li bulter
{20%. DM SOy 005 M INDTA, Nalo} to sat-
arabe) until ;.u]:-d_\"/.v(l. Tigune oissections
were exlensivi, das i resilt the rermainng
1 nol be nselully maintined
as vouchers. Two species (1) frnfosticus
and Potricitlatis) were ohtuined from the
U4, Nutional Aquarion in Balbimore,
Marvtand. The specimen of 1) fantasticows
ceneration oltspring fronm
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wild-canght animals, whereas the speci-
men of P frivittatus was a wild-caught in-
dividual. The sample of DNA for the 16s
sequence ol D, auratus was obtained from
a captive bred animal.

Extraction of TINA

We homogenized approximately 0.5 g of

musele tissue in 300wl of lvsis buffer (100
mM EDTA, 100 wmM Tris pH 7.5, 1%
S1S). Samples were homogenized and in-
cubuted overnight with 25 jul (}[ pr()tmn.lw
K solution (20 mg proteinase K/l in 50%
alveerol) al 37 ' The Tl()mcngt;-’n;.rl.e was
cvnluhlud feor 3 ouin atb 14,000 rprm. The
supernatant was transferred to a new tube

andd extracted once with cqual volumes of

equilibrated phenol, once wilh phenol-
chloroform-isonnmy! aleobiol (25:24:1), and
once with chloroform- I\Ud}]l\.l alcohol (24
ELOIDONA was [m..(..11}1{4[(:(% Tor 30 min at
220 C owith ethanol and 3 M sodium ac-
etate, and centrifuged for 20 min at 14,000
rpra. The resulting pellet was rinsed once
with 7T0% ethunol, vacuuarn dreied, resus-
pended in 100wl of dHLO, and stored at
20 (L

Enzyiatio Amplifications

Initial polvmerase chain reaction ampli-
Heations were performed i 50 pl reac-
tions contuining | pl of genomic IDNA, B
wl of 105 beffer, 2.5 @l each of 10 mM
stock solutions of the 16s primers {16sar-
Loand 16k 30 Palumbi et all, 1991), o
tochrome oxiduse T primers (COTa and
COLE Palumbi et al, 19910 or evtochrome
boprimers (1114841 and .11.“"31?3:-}1; Kocher
et al, 1984 5 U'i ol 10 mM dNTP mix,
and 0.25 pl C1.25 anits] of Tag Polymerase.
The surmples were overlaid with o drop of
minersl ofl and oveled 30435 tines on w
Perkin-ilier thermal eveler using stan-
durd conditions: 94 C for

stepd, and T2 C for 80 s {primer extension
stend. Following amplification, the POR
products were rur in 1.0% agurose gels in

1N CTHRE (89 mM Tris, 89 mM Borie Acid,
2 omM EIDVTAF and stained with ethidiom
hyormide.

Sequencing was carried out swith radio.
acttve labeling {or some sumples and with

HERPETOLOGICA Vol 55 Noo oz

3 5 {denaturing
stepl, 500 C for 4% s (primer annesling

Huorescently labeled ANTPs on an auto-
mated sequencer for others. For radicac-
m(i labeled sequencing, « single hand

ras visualized and lh{\ i ragment was cut
[1‘{)_m the gel and diluted in 400 pl of
dILO. For (.:_\-"t{_)c:h_r(.‘);'x'u" oxicduse 1. 1 pl of
this sumple was amplified a second time
using llu' swne conditions described above
X0 pt that we replaced one of the two
COT primers with a phosphorvlated COY
prirmer and re duu( llu‘ nunber of ampli-
Hoeation ¢ \Ll(  to 20, This second reaction
wauy carried out t\\() tml( s tor cuch sumple;
one reaction used the ﬂmsph()n\?atui
COla i)ll]lll‘[ and the other used the p!m\»
phorvlated COIL primer.

For the evtochrome b primers, |l of
the sumnple was used in an asymmetric -
plilication in which one primer (the Hm-
iting primer) was present at 0.01 of the
ariginal concentration in the polvmerase
chain reaction.

Sequencing f['e"rn,i)!(f'e'(.‘

[For radivactive Tabeling, [ollowing the
second amplification with COt pmm rs,
the DNA strund initiated with the pim&
phorvlated primer was digested \xltlz Lurih-
(Ll exonuclease yielding the single-strand-
e IINA lamdm ts used us se fueneing
terplates (Higuchi and Ochman, 9501
To the doublestrunded DNA product (7
pls) we added 5 pd of 102 Tumbdieexo-
nuclense 511l)'[')h*xn("rlt' (775 =M glveine,
278 mM KO, 58 mM \-‘lf_’;(_fl;., 5 mmn*E
bovine serum albuming and incubaled Tor
30 min al 37 C owith 2.5 units of lambda
exonuclease. The lnmbda-exonuclease was
then heust denatured at 94 C for 5 o,
Next the samples were desalted and cons
cerdrited over Centricon 30 columns, Ab
ter the ;l&;}-’mrrtt.‘!rj(: AN Hifieution TEsEne 4y
tochrome b privoers, the samples were e
sulted and concentrated over Centricon 30
codummns, as for evtochrome oxiduse |

DINA Sequencing
We curried out dideoxy sequencing ve-
actions using the Scguenase 2.0 kit (Uit
ed States Biochemical Cob aned folowing
the vendors protocal The sequencing re-
actions were vesolved in G.0% polvac vl
arnide gels which were run for _i‘ 47 wnd
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9 h. The gels were dried and exposed to
Llut'r)mdit)5_{1‘&1])[1 film for 1248 .

Avtomerted Sequencing

All 165 und some COT and eviochrome
b sequences were obtaned vin ABT 373
and 37T actomated sequencers. A single
amplification was carvied out ws for the
other species, then the procduct was pari-
fied using Microcon 100 filters and se-
quenced in both directions using the ARJ
Prism Sequencing Reactions Kit and fol-
lowing the protocols thevein,

Sequence Alignments anel Phylogeneric
Analyses

We sequenced DNA from each individ-
nal in both directions to checlk for se-
quence accuracy. DNA sequences were
read  fram autoradiographs into  the
MacVector seqguence alignrient program
(IB1. 1990 using the Bl gel reader. Se-
quence fragments for the same inclividua]
from: different gels were aligned with the
MacVeotor sequence alignment alzorithm,
aned consensis SEUENTes wWere construci-
ed Tor each individial seguenced.

Electropherograms from the autormated
sequencers were alioned and  consensus
sequences Tor cach individual were con.
structed using the ABI Seuence Assom-
blor software (Applied Biosystems). Cvto-
chrome oxidase [ and cytochrome b gene
region sequences were aligned with (he
Gene Jockey Sequence Analysis Soltware
(Tavlor, 198907, and 165 TINA seruences
were aligned with the Clustal Sequence
Aligniment Program (Mhompson et al,,
E9940. Minor adjustients to the align-
ments were made by eve ufler initial aligne
ments woere carricd onl with the 5')1'(‘_)}51‘4.1'1&1.&
There were no gaps i the COT und ey
tochrame b alisnments, und fow gaps i
the 165 aignments. T the phylogenetic
analysis, single gaps (of uny size) were cod.
ed as single characters if they were infor
mative. The number of such informmative
gaps was small; gaps accounted for only
three informative characters in the sy
sig. aned rernoving thers from the annalysis
cicd net change the topoioey of the maost
parsimonions tree, The aliored SECUETICe S
are pz'e*xt‘-'!lt.(:d i1l s"\i‘iiﬂ'fll.(.h.‘«'.’ [

In some cases. the nucleotide base at a
particalar  position conld not he detep
mined or wis wnbiguous, {n these S,
the hase is vepresented with g question
mark, for missing dutu, Base py
matches between different individualy of
the sume species were extremely  rare
Henee consensus SEQUETCES  WETe  ¢oOr-
structed Tor each species, and mismateles
were represented as ankoown hage padrs,
Genetic distances hetween Sspecies were
caleulated  with MEGA  (Komar et al,
19937, Phvlogenetic analyses were carried
out with PAUP 3.1 (Swolford, 19913) Phy-
losenetic analysis was carried oot USINg s
quence data from all three LN regions
cornbined, consistent with the totul v
dence approach (Kluge, 1989 Kluge and
Wolf, 1993 Chiaructer wedghting was car
riecd out with 4 chnaimic weighting metliod
that utifizes the negative nateral log of
transition and tranversion Frequencies
(hased on an initial tree derived Trom an
tlzl\\s*(-'iglll(_*(i parsimony :u'azl'l}-‘sjs,) to con-
stract a stepratris of Transition and $rans
verston costs (Williams and Fitch . 19907,
Support for clades within the maost RS-
monicus phylogenetic hvpothesis was as-
sessedd with lmnls!‘r:lp unadysis (Felsen
steing 1985) Character mapprng {using
parsimorny} was carried ont with Mo hide
{Maddisor and Muddison, 1992,

Based on morphological, toxicologicul,
and behavioral choracte ristios, micrmhers of
the genus Colostethns ae considered Lo he
outsicde of w elade Tormed by the toxic den-
drobatids (Myers ef all 19910 There s
some question us to whether the Lo
Clodostethus s monophvietic or whether it
should be broken into bwo gronms {Myers
el al 199 Bivero, TOS4. hut the ;'!'E:tt:'f-‘
ment ol members of this genus as basal to
all the toxic dendrabatids has nal heen
auestioned vntl vevently, Reoent aradysiy
of 16s rBNA SEQUETICRS SU that 177
vitatiiny inay be more closely related to .
lostetfues thar to other toyir dendrohatidys
Ruvinsky and Muaxson, 19067 We usil
both O talemaneane and P frivitteatys us
onbgronp species it the e'l!l._l[},-‘fsi‘m

pair rmis-

Genetie distunees wmony ta, hased on
the Kirnur l*-,\‘w‘-[)zu';-mn‘:i(-:ﬁ' model (K-
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variedd (rom 4-20% divergence
Transition to ransve reion ratios
[m species that had high Tewvels of s
uence sirpilarity, andd were unambignons-
Iy closely v elated in preliminary phyvloge-
netic ;lt;;.ll_}«’m-'x, l;umt‘(l from 4 !l Frans
tions per li‘i_ltlb;\( raior, bt declined to <02
t for the more highly divergent sequence
puirs, sugge sting the possibility ol satura-

[y the more n‘mhmli‘ related tasa
[Brown, 98 Mority et Al 1asTr Dy
nrmic weighting ol fransitions and Frns-
VETSTONES E\\ lirns and iteh, 19901 should
Ajorte any noise assoo jatedh with such
suburation. it churacter we whmw Faadd lit
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fer below]
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P. trivittatus
C. ralamancae
D. fantasticus
D. venirimaculatus
D leucomelas
B auratus

D. granuliferus
D. pumilio

1. arboreus

D. histrionicus
D speciosus

HETER! Plidlogenetio tree derived Tronn woweighted parsiniony soadbvsis o initochondvial DNA sobstittions
Substitnlions were weighted aceording to theds [.‘ra'r{uc-n:.-‘_\ psing  chenio woeighting inethod Gsee est ) The
l!'{'t.'h*n},ﬁ!fl [t \\vap;i\tr*d anadvsls was 2442 (o constdeney indes was not calealaled for the sln-pm;mk.\
charncterst. Noavbers af the hase of cach nede refer to the Pereenl ol trees bnowhiel that clde REEIBISHINS P
FOOG Beotstrap rephicales. An anweighted parsboony o tE\‘\EH proloacecd the siune Lapologywith the esception
that © feferineericnte aod 1 eicitietas Jomoed o basal [mi\ oany, andd the 3 arbinreus 10, pmm/m clacle n:”Ag:wad
to frrm s polvtomy with the 12 speciosas 83 Bistrividens \.uie CThe treclength was 1061 and the Conoslenty
Prdes was 050 Tor Hie vmweigh ted sy

of phytogenetic relationships denved from American-northern: South Araerica clade
the mitochondral DNA sequence datas represented by D0 ponilio, 10 histriond-
This reconstruction sugeests that female  cus, D0 arboreus, D gramdiferas, and 2
parental care in the (20 gronudiferus, 0 speciosus
}mrm."i(i 0 arboreas, SIS, andd £, This inlerence is (urther ‘«meriul
histrionicus clude evolved Trom male pue the placement of D granudiferis as }H‘nil
rentul care. passing through a stage in to the female care group. This sugeests
which males cared for eses and females that the lemale care group originated in
carried tadpoles. Coentral America (10 granudiferus is
Onr analysis does not supporl the byve  stricted to southwestern Costa Rica), o
pothess ¢ (har Temale parent i care evobved  this group had South American orig
from [WILLI( mital care of the kind seen in then 1) fisteionicus rom Colombiag
certain Amazonian species, as proposed  should appear ws the basal species in the
by Zirsmermann  and  Zimmermaon fenale care lineage. The significance of
(T84 19887 und Weveoldr (198700 Tn- this for parental cave is that all the bipa
slend, it sugests that Tarval feeding e rental members of the Aymazonian species
ihl\im 3)'}-‘ fernales hus evolved irl(l(---p(--z'l. PEOLU Are restricted to the Amaronian re
dently in two lineages. once in certain glons of South America, suggesting that i
Arazonian species lea D funtasticus was unlikely that an wncestral mewber of
and 1 vanzaliniiy and once inoa Central  this clade gave rise to the D pumilio, D




K 7. trivittatys

B C talamancae

0 D. fantasticns

| §a3 ventrimaculatus
B D. leucomelas

0 0. avraras

R D. grannliferus

Larval
teeding

rionicus

0 D. pumitio
N D. arboreus
B D. hist

K D. speciosus

Female egp attendaner

Larval feeding
Female tadpaole transport

Male egg attendance
Male tadpole transport

e 2. reconstriclion o

Denddroltes hused (he

The mos| DASEON Gy

histrionicus, ) arborens, 13 grannliferus,
and D speciosis clade.

Silverstone (1975) sugoested hat mem.-
hers of the genus Dendrobates colonized
Central Ameriey [rom South America -

1w the Pliocene. afie, the estublishrment
ol the present Panamanian fand bridee, 5
5 million vewrs ago. The I'{--T]::lli\"(__‘l:_\' Tow e
els of genetic divergence  hetiveen the
miembers of the fernale care clade repie-
seried l}}-‘ D pumilio 1 Speciosius, 1) g
boreus, and [, granuliferus lrom Central
Avnerica anyd 3 fistrionicus {rom South
America. are roughly consistent with ;1.
verstone's {[975) argument, whereas those
belween [ aurdatus {rom Panarmna uned 1
levcemelas {ron Venezuela are sopmewha
Bigher than might be expected

A }')l1}"Ef)g€“ll(;’f'i(ﬁ analvsis ol pitHN,
quences by '[{m-'ins'l«"v and Muxson (1996}
indivated 4 sister group l'E'*IEl'[iU{_iSl'iil) bres
basvergery 2 trvittatus and o talarnaneae. 1y
contrast, in ogr z.-u'mly’fwis . fr.!é’m:zﬁmwu: Was
placed closer to Dendrobates thun to P yri.
ittatys, Thiy distinetion wus not, however

2l in oan nnweighted parsimony ana-
i oswhich ¢ telamancae and p Lrivit-

it

¢

phvlogenetic free derived Tra e

Eihe evolistion of female paventid care i e ¢

witochondeal 13N serueee aty

tatus ('U.l.]:q)su('l mto a hasal _Iatnlj\-*'l'(ulx}-'. Rew.
olution of these confiicting vesults awaits
further analvsis,

:\r.‘f\'mm_fr':l;iuu*u{.\.-- W ik M. Mivinnoio, 12
Carmadella, A Miotin,d A &, Ranel, N Kironeitog;,
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HERPEr

Aliged DNA sepecnces [or cucly gene region. Aldreviations are oy folows: Diriinty, . L peserdlics, DIAL
D wiraties, DSPEC £ speciosus, DHISTR = fdstvicnieus, DLUCO = Dodenconelns 179 NETH
L3 ventrimeacidati, CTALAN = ¢ fedevnieencne, IIEANTA 1Y fentastions, 114 RBOH = p arbioreny
1o Clenliank

Cytochrome Owxidase T

CTALAM ATCCTCCCTGEOT? TGETATTATCTCTCACS PAGTAACCTACTAC TCTAGCRALR AAGAL
DEANTA ATGOTPCCGE GITTTGETATCATC T CACGTGOTAAC AT TTACTCCAZC P AAAR ABAA
DHTSTR ATCCTCCCAGEOTIORE AATCADCDC CCATGTAGTCACGT YT TAC AAACAADNARACAG
DLEUCO ATCC? ?CC_'CGGTT"P’_L‘GGGAT’FATCTCTCA’I‘A‘FAGTAAC.‘AT'{‘L. CARGCAAAANAGAR
DPUMIL PTCCTCUCAGGEOTT CECAATAATCTCUC A LGP AGT CACGTTPTACTCAAGE AABBAACGHA
DAURAT ATCOTCCCTGRE TITCGAATTATTTC CCACGTAGTAACAT TETNPTCARGCARA AARGAR
DVENTE AP TCTTCCAGGTETCGET A TCATTTCCCACGTAGT T AC ATTCTATTCCHOC AL AANGAG
DSPECIL ATCOTCCCAGEE TICGCARTCATCTCCC AT CAGTCACAT P TACTOA AGCABRARNAAGAG
DARBOR ATCCTC CCAGGCTTCOGANTD ATCTCCOATGTAG TCACGITIIACTCANGCA ADDRNY 1A
DGRANG ATCCPCCCCGHTTIOGG ATCATCTCTCATGTGE TCACATTTDAC :

PTRIVI AT CCAGCGATTTGGEATTAT CTCCCATETCG PO ACA T TACTCTAGCARARAGOA G

CTALAM DT TGO AC AT RGO TAGLCTGAGCTAT AR T ATCOAT TGEOT (e
DFANTA CCCTTTGGCT A PATAGEC ATCG T T TGAGCGATA AT AT TATTGOT

DHT 8TR : :
DLEUCO ST T T GGG TACATAGRC ATGO PO i T AT AGCC T
DPUMIT, COATTTAG T AC A PGGOA AT ACTPOT TARTATCTATTGECO T AT

DAURAT CCMTCGE i TTTGAL CATANTATC P AT TGGCITGeTAL
! dinieialnl ChA PATARTATCTAT TGGACT A
i FAGGAATAGTCTCAGE
DARBOR COATTUGGCTAC ATAG AL AGTCTGAGE CATTAAT AT
D RANT ( N Ce 'T'T‘f\"[‘.A’_{“GG(?Gf\f[‘f‘_\(ﬂ‘i"(f’!.’i&iAGCC.’.‘i-‘\“f'_?x!-\’i"‘!k’I‘(,‘T‘A‘E5 !
PRIV AT e SG.?-'{.[":’\('}’E”_[‘TG!&GC’l".f‘.UI‘AA’E‘!’UF‘{"_‘?\A’i* : SLCCTAGGAT O AT

CTALAM T AL ‘?\(f.'#\’{‘A’E"F(“j’—x_('fCACTTGA(’L‘(f’[‘f“:?\A"E G
DEANT & g :

DELSTR 1 3 £
BLEico EERS A SACONT AT b STCALG
DRV, GUEATGAGO ATATNTT A SACTTRRAAL
LIALIRAT T "o ATATATTCATTA

DVENTE CHIC T CACCATATG

{
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CTALAM
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ATGCACGGAGGAGTAATTAAATGAGATGCTGCTATGCTCTGAGCCCTGGGATTCA
ATACATGGGGGGGTCATTAAATGAGAAGCTGCTATACTTTGAGCTCTCGGCTTTAT
ATGCATGG GGGGTAATCAAATGAGAAGCTGCCATGCTTTGGGCCCTAGGGTTTAmJ
ATACATGGAGGCATTATCAAATGAGAAGCCGCAATGCTCTGAGCTCTTGGCTTCAT
ATACATGGAGGAATTATCAAATGAGAAGCTGCCATGCTTTGAGCCCTAGGGTTTA*
ATGCATGGAGGCATTATTAAATGAGAAGCCGCAATGCTATGGGCCCTCGGCTTCA
ATACATGGAGGAGCCATCARGTGAGAAGCTGCCATATTATGCGCTC?CGGCTTTAE
ATACATGGAGGGATTATCAAATGAGAAGCTGCTATGCTCTGAGCCCTAGGGTTTA’
ATGCATGGGGGAATTATCAAATGAGAAGCTGCCATGCTTTGAGCCCTAGGGTTT
ATACATGGAGGAATTATCAAATGAGAAGCTGTTATGCTTTGAGCCCTAGGATTTAi
ATGCACGGGGGAATCATTAAATGAGATGCCGCCATGCTGTGAGCCCTAGGATTCA‘

TTGTTCACAGTTGGAGGCCTAACCGGCATTGTTC?CGCTAACTCCTCTCTAGATAf
CTTTTTACAGTCJGGGGGCTAACTGGAATTGTTCTA TANTTTTTCT 2 TAGAC
TTATTTACTGTGG/?GGCCTAACCGGAATCGTCTTGG.TAATTCATCTCTTGAV
CTTTTCACTGTCmGAGGTTTAACAGGAATTGTCCTAWCTAATTCCTCCTT.GACA"
TTATTTACTGTAGGC1GCTTAACTCTGATCGTCT? CTAATTCATCTCTTGACAT
CTTTTTACCSG {

CTCTTTACGG OGS RE] E AATTCTTCTCTAGATA
TTATTTACTETGOS < T CTAACTOATCTCT 7 GRADAT
TTATTTACTGTAC z1e :
TEATTCACTETAGGGEGTOTA AATRIGTC
TTATTCACAGTTGjAGGACTGACCGGGATTGTT(TAQCCAATTCTTC?TTAGAC.d

CTTCATGRCACATATTATGTTGTTGCTCATTTCCACTATGTTCTATCCATGGGAG
CTCCACGATACTTA?TATGTCGTAGCCCACTT 5
CTICATGATACATAT T ACGTAC CGCACACTT,CATTATGTTTTATCTATAC
CTCCACGACACCTACTAT%TTGTTGCCCATTTCCACTATG
GACA”ATATTACGTAGTCGCACACTTCCATTATC
CTYCATGATACATATTATGT
CTTCACGACACTTANTALG 3G SACTTTCACTAC
CTTCATGACACATATTACGfAGTCGCACATTTCCATTATGTTCTAT?TATA
CTECATGACACATATT (3 ASCACACTTCCAT T AT G T TCTATC AT AL
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BPUMIL
DAURAT
DVENTR
DSPECT
DARBOR
DOGRANU
PTRIVT

APPENTIN ] {

GAAACATGAACAAAAACCCACTTTGGTCTAATATTTGCCGG
GAAACCTGAACAAAAACTCACTTTGGTGTTATATTTGCCGG
GACACTTGAACAAAAATCCATTTTGGTGTAATATTTGCCGG
GATACATGGGCAAAGACCCACTTTGGTGTAATATTCGCCGG
GAAACATGAACAAAAACCCACT??GGTCTAATATTTGCCGG
GAATCATGGACAAAAGCACACTTTGGTGTTATATTTGTCGG
GAAGCCTGAACAAAAATTCAATTTGGCGTCATATTTACAGG

Cytochrome g
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DSPECT
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DGRAND
PTRIV]
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DEFANTA
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DARBOR
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PTRIVE

CTALAM
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DHTSTR
DLEUCO
BRPUMTL,
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DVENTR

T
oL

BTRIVY

CTALAM
DEANTA
DHISTR
DLEYCO
DPUMIL,

TTTGGCTCATTGTTAGGTCTTTGCTTAATTGCTCAAATCATTACGGGCUTCTTCCTTGCT
TTTGG iCTCTACTCGGTATCTGCTTAGTTATTCAAATCCTAACAGGATTATTC?TGUCA
TTCGGCTCCCTTCTTGGCCTCTGTCTTATZ ,CAAATCATCACTGGCCTTTTTTTAGCA
TTTGGCTCCCTCCTAGG?CT( CCTTATTGE CAAATTCTCACAGGCCTTTTCCTGGCC
TTCUGCTCCCTTCTTGGCC?L GTCTAATTGCCCAAATCATTACTG( “TTTTTTTAGCA
TTTGGCTCCCTTTTAGGACTCTGCCTCATTGCCCAGATC,iH » 1 TTPCCTAGoT
TTCHEGe CCTCCTCOTE WG“CTAATTATACAAATCCTCACCGGGCTCTTTC?TGUT

TCTTGGCCTL”GTCTTATTU‘CCAAATCATCACTGGCCTTTTTT“AGCR
TTCGGCTCC?TTCTTQ TAAATCATCACTGGCCTTTTTTTAGCA
TTTGOCT C2rToTTS ) 'TATTGCCCAAATCATCACTGP CTTTTTTTAGCT
TTCCGCTCTCTTCTAGGTCTCTGC'.AATTGCCCAGATCGTCACAG,.MTCTTCTTAQQC

A'I‘A(.,‘AC‘]‘ACAC'E’GCC(.?ACACA'PCAA’I’]\GCC’I‘.TC'.I'CT’I‘CCATCGC’}‘C?A’}.’E-\’.i‘(TT SCCGAGAT
!\TACA(_.?‘.I"AC?\CA’I‘C?AGA'f‘ACAACCAC?AG(J}\'I”l‘T"JC]\l'CAGTAACACATATC’IGCCJAGI\(’?
F\'}’]\CB\CTT"I‘AC" CAGACAC C’TC’C'?C(f.f\’,I‘f”('}CCC‘ACA‘_J?C’F(’iCCGAGE\_’i‘
A'!‘]\CACT’,I‘C!\CL.(JCJ\GACF\CC CCaTA FCCTTOTC e AGCGCAGATC TG STGAT
ATACACTTTA(":TI‘GCL‘.!\GACACCTC'I‘A'J.‘.!\C TTCICaToc; TCGCCCI\CATCfi(rt,,k. GAGAT
A’I‘ACACTT’I‘ACTGC‘,F\GE\CE\CE‘J’i’C'E’A’{‘AGC CrooT ‘G‘}’AGCT’I“CEA'I’ATl‘(.l’.l‘ 3
AT!\CAT’,I’!\CACCTCGGACA'.FC’I‘CCACAGCCT[‘C’ 7

ATACACTTCT 'SCE\.(.{JA(]TACCI’I‘CAA',I‘AGCC‘,'i”.!‘C’I ;

ATACACTTT AL '}C}\GA’.P:’-\(_‘.C"I‘CE ) :
ATACACf'I‘”i',"["I"Cii‘GCAGF\CRCCT'C TAGCOTTO T AT
A’I.‘I\C.é’\(‘i'.l‘ACACF_ TGACACCTO TATAGO, , ; OGAGAC
GTBARTANTGE PANTOTCO GO AT
GPAMACTAC 2T CATACATEO A REiE LTI AT
GIGAATCATG CTTCGARATOY ] T
GUARACTA

GTARNTC
GTran,

GTAAAC A

TETATTT A

ATATHA

VATTRT
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DVENTR
DSPECI
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16s RNA

CTALAM
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DEUMIL
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DVENTR
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PTRIVI

CEALAM
DEANTA
DHLISTR
DLEUCO
DPUMTIL

TG(,AT'J*TA T CTTCACA? ?GGCCGLGGGG A I‘}\CTA(,GGC,T(,C TCC TAI"I‘(,!\AAGAAACL
TGCATCTACCTTCACATCGECCGCGGGATATACTACGGCTCOTTCTTATT TARAGAAALC
TGCATCTATCTCCACATCGGCCGCGGAATCTACTACGGCTCCTTCCTATTCAAGGAAARCT
TGCATCTACT P ICACATCGGUCGAGCTATATACTACGGCTCATTCATAT T TAARGAGACA

TGAMATATTGGCGTGTTACTTTERTTICTTAGT TATAGCCACTGCATETGTTG
TGGAATATTGGAATTATACTACTCTTCGCCGTAATAGCATCCGCATTACTAG
TGAAACATTGOGGTAATTTTATICTTTCTAGTGATAGUTACAGCATTCGTAG
TOGAAATATCGECGTCETACTAT YT TTCTTGTTATAGCCACAGCATTTGT TG
TOAAACATTGGAGTAAT T TACTCTTTICTAGTGATAGCTACAGCATTCGTAG
PEAANTATTGGACTCCTACTACTTTTCCTAGTTATGOCCACAGCATTTGTTG
TOARACATTGCAGTGATCCTACTUCTACTCOTTATAATAACCGOATTCGTGE
POARACATTGOAGTAATTTTACTCTTTCTAGTGATAGUTACAGCATTCGTAL
TOGAACATTGOACGTAATTTTATTCTT IO TAGTGATAGCTACAGCATTOGTAG
TGAAACATEGGOGTAATTTTACTAT YT TAG T T ATAGCC (;‘A(‘%(‘A’I"E‘CG’}"F\G
TEARACATEGETOTAGTTCTTTTATT TTTAGTTATAGCCACTGCCTTCETGG

COTTGAACARACGAACCG

CETTGAACARACGAACCATT C'{‘AG
CGITTGAACARRCGAAL ‘J\T"J’A("“AGCG(:(“I FCACCACT AGG! GATC
CGTTGARCARBCGARCT ’l‘ T}’\C ’[ A(J( GLvC'IC CAC JGATAC GATC
: SCCTGATC
SATC
CCTGRITC
- ; E\L( A(" A(;G!\ GATC
CETAGAACAAACGAACCATTAGTAGCGECTGCACCAC T AGGAT F\L TGATO
TERTGAACAARCGAACCATTAGTAGCGGCTGCACCAC TAGCATACCCTGATC
CHETTGAACAAACGAAC-ATTACTAGCGGCTGCACCACTAGGATACCCTGATO

CARACATCGAGHICHPARACE CIGTOGATAAGAGUT-CTTARAG - —GCGEATTGCGCTS
CAACATCGAGCTCGTARACCTACTTGT TATGAGC f'§”T‘}‘\£’\A~-mG'{‘ACEAE”I‘GCG
CARCATCG (1(:’1( (#IAFJ\( C"“fx("l”t( '1 TAAGAGCT ATTOCGE
CARCATC 5 ', ! i \m,' SRAG (;faN\rATT( C
CAACH! ;Auf ?Ll‘( TAAAC “lﬁ ’l"? L "’C{ TSI J:‘\;\\w“‘(’.’ TRGATTECGE!
CHACA 303 STARK “.("T!\f ’["i‘ .,’ SAGTRAL GRS GT ’\E ATT 5
("ARC 91' ; '

. ; CTRETTGTC ;
CARCATCC STC WAACCOACTEGTCGRTAAGAGTT - CTOHAM- 'ffz\’?:’\'l
CHRACA BRI SPRABUCTACTTGT

Y A(_:(v TCARTATCY
.-(“E‘\If",eﬂ.:‘m?’“ I’F\ "

: y GG TICG
TTATCCCTAGEGTARC T RGGTTOGT
ARG N:'I ARC ; TG A" ATTAH AGTCARTAY
TAGHLGT ARG GOTTCEDPT (:u[\ CRRGTARTY TOART GTOARATGTAT




