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etauonal changes), not temperature, is the principal
lim iting facto r for Dendrobates on both sides of the
Andes.

Temperature is probably important in limiting the
vertical dist ribution of DOldroharn Only D. "'f " do
.lUI and D, Of' i,' l homrdll ., arc highland species ( Fig.
5). The la tte r reaches an elevation of at least 2200
m and withstands minimum tempera lures of at least
1O-12 QC (Santa Rita, 1900 rn j . although by seeking
shelter it probably escapes e:l:posure to the minimum
ai r temperatures.

At the northern end of the range of the genus ,
D. pl/milio extends app roxim.uely to the 20·(' iso
therm in Nicaragua. In western Nicaragua and Hon
duras, a severe six-month dry season (perhaps sup
plemented by low lemperature) is probably the
major limiting factor. Th e Caribbean coast of Hon
duras and northeastern Nicaragua is pine savannah
and probably unsui tab le habitat . T here is. however
an inland corridor of lowland tropical forest wilh
a mean annual temperature of over 25°C . a mean
annual rainfall of over JOOO rum. and a relatively
mild three -month dry seaso n; this seems sui table
habitat. but for unkn ow n reasons. D. pl/milio has
not advanced northward along the corridor.

Fo ur dry forest regions along the Pacific coast of
Ce ntral America act as distributional barrier s. D
grtm ulij;'n lJ forme rly was con tinuous with D. pumi
lio. but now is con fined on the Puciflc coast of Costa
Rica between dry regions to the northwest and
southeast and mountains 10 the cast , D, mmlllH prob
abl y is blocked by dry areas . but its separated popu
lations have not d ifferentiated 10 any great extent.

De'nt/rohal "'.'· h i,.u ion icu.I' is confined to the wet
Chocoan reg ion of the Pacific coast of Co lombi a
and northwes tern Ecuador. Thus it seems to require
high. well-distributed precipitation. A decrease in
precipita tion and an increase in the length uf the
dry season prob ab ly limit the species 10 the nort h
and south. Its southern limi t in Ecuador roughl y
coincides with the 2500 mm isohyct. Its northern
limit in Colombia is between the 4000 a nd J()(X) mm
isohyets . T he ran ge of D . {/Uf<IIUS extends from Cen 
tral America south in tothe Choco o f Colombia, hUI
D. /Ju rai ll.' is much less common in the Serrania de
Baudo than is D. hi"lrion it'lls; the tune r may have
a competitive <Idvallt age in region, of high precipi
tation . The tWO species share the same hab itat in
areas of sympatry.

Based on a comparison uf collecrmg records with
the Hold ridge system bioclimatic maps (Espinal and
Montenegro 196J), D, truncatus ma y be able to sur
vive in climates too ar id for other species of the
genu , . Its additional presence in moist areas. how
ever, .suggesl ~ that its populations in drier areas may
occur in locally humid pockets.

Fos!>'if record»- There are no published records of
dendrobat id Iossils.

lIyp olheJi,' 0/1 lime of origin of dendrohlJlids. -M}
hypothesis is based on fou r assumptions, First. Cen
tra l and South Americ a were separated by a marine
gap during Mesozoic ( Lloyd 196J), connected during
Paleocene, rescpurntcd from Eocene to Miocene.
and reconnected from Lower Pliocene to the present
(Savage 1966). Second. the Eocene -Miocene marine
gap was an effectiv e distributional bar rier for frogs
(Savage 1966: Duellma n 1970). Third. dcndrobatids
arose in South Amer ica (this is suggested by the ir
present distribution). Fourth, dendrobatids were
capable of reaching northwestern South America in
Paleocene.

If dcndrobatid frogs had crossed the Paleocene
bridge into Central America, the Central American
populations would have been isolated from the
Smith American populations from Eocene through
Miocene (about 44 million vearsj . This is prob"bly
sufficient lime for extensive speciuuon and differen
tiation . In actua lity, o nly 12of over 70 known species
of' dendrobarids occu r in Central America. Only five
of the 12 arc endemic to Central America, and onl y
one extend s nort h as far as Nuclear Central America
(the area that rema ined emergent during Tertiary).
These 12 speci es a re no more different from their
Sout h Americ an congeners than the latter arc from
eac h other. Thus dcndrob.uids probably did not
reach Cenrrat America unti l after the establishment
of the Pliocene bridge. They did not cross the Palco
eerie bridge because Ihey were not pre~ent in north
western South Americ a in Paleocene. Th ey probably
did nOI ari se until after the begin ning of Eocene.

/ h polhesis (HI disl,ihuliOlwl history of De'lIdmha
res.c-Prcsenr distribution suggests that Dendrob utes
invaded Central America three times , The earliest
arri val was probably the ancestor of the D. pumilio
group . which has reached northern Nicaragua, The
uplifting of the central mountains of Costa Rica and
western Panarmi split it into three species . Iso lation
was reinforced hy the onset of aridity in portions
of the Pacific coast of Cent ral Americ a. The secon d
invader of Central America was prob ;lhly the ances
tor of D. 11I1f1l1llJ, II> descendants have reached
southern Nicaragua and Ol"C Uf on both coasts of
Costa Rica and Panama, but comprise only one spe 
cies. The most recent invader of Cent ra! Americ a
was probably D, minutu.., which docs not extend
wesl of central Panama.

According 10 HatTer (1967a. 1967b. 1969), Pleis
tocene glacial periods in South America were rela
tively wet -and intergl acials relatively dry. During
imergfacials. humid forests and thei r faunae were
restricted 10 refuges. During gfacialx. forest refuges
and their fau nae were reconnected. Huffer 's hypotb-
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esis parti ally explains lhe prese nt dist ributio n of the
lowlan d species of Dl'nJmha/fs. During Pleistocene
interglacia ls. the lowland species of DeIlJroh<lt,·s
proba bly were confined in Hane r's refuges as fol
lows: Caribbean Cosla Rica refuge (D. mml!US and.
D. p umilia ): Chiriqui refuge (D. aura/Us and. D.
grQnu/if~rus) ; ChO<.'Orefuge (D. a/fObu~ytnsil, D,ju f
gurilus. D. hislrionicus, and D. minulus) ; i" ech i rer
cge (D. truncatus); Nape refuge (D . quinqutv itta ·
tus); (meri refuge (D. /t ueomt/as): Gu iana refuge
(D. uzureus and D. linclOrius): and Bclem refuge (D.
gu/uef/mOlIl.I).

Based on "present distribution. four species, /) ,
auratus. D, grwlIIlife rlls. D. purnilin, and D. speciosu s.
prob ably arose in Ce ntra l America; the other 12
species arose in South Ame rica.

Este cvtudio \e lral a de la biologra . sistem,ilica.
y distribucion del gencro Dendrobates [ Amphibia :
Anura : Dcnd robatiduc ). y de la unutomiu de ranas
dcndruhatid as. Se cxarnina ron los hucscs y musculus
de 14 de las 16 cspccic s de Ol'"Jroba'el, 15 de las
20 especies de Ph.rffahult's. y 12 de las numerosa s
(mas de 40) especies de Co/wltlhus. Los musculos
del muslo v de la man dib ula diferen de los rj,n i d~

en 100.1a, ";s especies ex aminad..s. incluyendo e. />0.
C'(1,,:ei (e l tendo n det musc ulo s..-mlltnJi nasus at ravie 
sa d tend ,)n del mu",,·ulo gracilis muj or: et musculo
adductor nWIlJlb(l!t.JriJ t Hem UJ .UlI','rJicia IiJ cs au
sentej. La mayona de los cjcmptarcs de D,'mlroh<l/""
que se cxumina rcn nencn las vertebra, I + 2. 2
+ 3. 1 + 2 + 3. II 8 + 9 n >rno itk adas, mientras
qu e casi lodos los eje mplares de los Olros d05 ge
neros <:arecen de tal osi fica<:ion. Todas las C'1opec ies
e.\amin..d<4s car~n de huesos palalinos menm dos

especies de Cotouetnus (e.pa/ ml1/us)' C m nilm is ).
Tod as uenen un omoes tem on mencs de s evpecic s
de Dendrobates (0, hl,llrlo rlicu,l y 0 , 1",,,, ·ome/lU ). Se
prop<>ne 'lue se ca mbic lu espe cie tlpica de IJ"lIdro
ha,e s (rcemplazand o la especie tipica actu al. O. ni
gerrim uI, ron olra eepecie qu e Wag.ler ind uy6 en
su desc ripcjon original de DtnJrohalt l, D. Ilnc
loriuJ). y 'lu e so: tra sfaden cinco e'pecies ( D. bass/t rio
D. ingt ri. D. panuful, D. pictus. )' D. Iriv;/f<JIUJ ) de
Dt'nJrobult's a Ph)·"ulxJ/~l. D~nJrobal~S abarca 16
especles. incluycndo dos nuevas especjes proce
dente s del Choco. Colo mbia . D. 1I110bl/eYI'nsiJ y D.
f u lglirilll.l. Se pueden distribuir las 16 especies en
cuurro grup<ls: grupo hlstri/llriclI,1(0. hl,llrlo llit'lu, 0
leucome1<H): grupo »nmnus (D . <I!lohlH')'ell,fiJ. D.JiJl
Kllritus. D. mimI/US. f) , OpiSlhomt/us. D. quinqul'l'itlt1·
IUl, D. slt.I'tnn<Jrki): grupo pumifio (D. granu/if~rul,

D. pumilio. D. sJ'«iosusi: y gru po linCloriUI ( D. <JUN
IUl, D. 0 : 14"141, D. ga(<<clOnolus. D. tinctoriul. D
IruneuIUS). Dendroband os probablem ente so: o rigi
naron en la Amenca del Sur despues del cormenz o
del Ecccno. y entra ron en la America Central lucgo
del cstablecimie ntn del rstmo en el Plioceno. D,'n ·
J",h(l/t'" probable mente entre en la Ame rica Cen tra l
en Ires invasio nes disun tas. la distnbucion actu al
de las especi es de Dt nJrohull's que habnan tie rra
baja se limita pnncipatmeme por la lluvia ). forma 
ciones vegetales, y so: corretacjo na con los refug ios
humid os inlerglaci;..tes del Pleetccenc de la hip&
resis de Haffer . De I.., 16 es pecies de DenJrobul~s.

cuatto probablemcnte sc c riginaro n en la America
Cen tral ), 12 en Iii America de l Sur. Dem /rob<lI"S se
alimenta principal mente de hornugus. Hay en e,ta
obra una d ave para 1,1 idcnuftcacion de las espccie s
del genero O...nJ",hul('.•; hay lam bien una der.crip'
cion . una lisla de las local idades gwgnilicas. y un
mapa de la diSlribucion de cada especie. )" dibu jos
de quince especio:s(n ue\'e de elias en colo r).
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