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POISONOUS FROGS of the genus Plhyllabates are shown L7 timues
life size in these paintings by David ¥, Dennis, The fest two frops
at the top, From the lefty are £ fugubels and P ovirats, two Central
American species that secrete relatively small amounts of toxins from
plands in their skin, The striped frog at the upper right is & prerotaen o,
ome of three Colombian species used for poisoning blowgun daris. In
the middle rov are two specimens of £ bicolor, the seeand of the three
Colombian species. They show extremes in size and color variation;

the legs, of 2 hue different from the body, vary from pale green to
black. Al the hottom is the third and most peisonoeus Colombian spe-
cies, P, tervibiliv, The immature £ serribidis Uefn) is siriped like its rela-
tives al the top, but its sivipes are being ahliterated by the spread of
bright pigment. The adull Poreerikifis Ceight) may be yellow, orange
or pale green, but normally it i uniformly coloved above amd below,
P terrifitis is o holder, less secretive Erog than the other specivs and i
at least 20 times as toxic. I is potendially dangerous even to handle.



Dart-Poison Frogs

In Colombia, Indian hunrers poison blowgun dares wich highly

roxic alkaloids secreced by small frogs. Boch the alkaloids and

the evolutionary biology of the frogs raise interesting questions

by Charles W, Myers and John W, Daly

Ols0Onols Organisms are 0 numer-
Pmls that chemists and pharmacol-

ogists are still many wears away
from analvzing all the noxious mole-
cules found in various microorganismes,
plants and animauls. Basic research in
this area is of interest te the broader
lields of ecology and evolutionary biolo-
2y it may also lead to new drugs or oth-
er uselul substances. Some particularly
intriguing subjects for investigation arc
provided by the richness of life in rop-
icil regions. An cxample in the MNew
World Tropics is the plant genus Sneveh-
nos, & source of the poison strychnine
and of the curare alkaloids. Curure is
used by Indian hunters for poisening ar-
rows and blowgun darts and by ancsthe-
siologists as a musele relaxant. Another
cxample s provided by a [umily of
frogs, cerlain apecies of which sccrete
ong of the strongest animal poisons
krown. This substance too s used as a
dart poison and has found a place in
biomedical research. Other species in
the same family secrete many addition-
al toxing, and the frogs themselves are
also remarkable in several aspecls of
their hinlogy.

The poisonous frogs and their nontox-
ic relatives belong Lo the family Den-
drobutidae, which is conlined to South
Armerica and southern Central America.
They occcupy & wide range of hahitats,
Some species wre found along sireams:
others live away from water, on or near
the ground in lowland or montane rain
lorest. A few forest species even spend
most af their lives up in the trees. At the
other exlreme are a few specics that live
i open dry country, where they od suf.
ficient humidity on shaded ground un-
der low vegetation. In spite of this cco-
logical diversity the dendrobatid {rogs
share @ life styvle thal sets them apart
fram virtually all other frogs, They are
active only in the daytime, and they
lay their eggs in moist places on land,
They tend their cggs until hatching,
when a "nurse™ frog carries the tad-
poles, literally glued to s back, 1o a
suitable agquatic environment,

The dendrobatid family  includes

moere than 100 species, currently divid-
ed among four gencra. They are small
frogs. varving in head-and-body length
from litlle more than a centimeter o
aboul five cenlimeters. Whereas among
mast frogs the male is smaller than the
lemale, in many populations of dendro-
batids the male is about as large as the
female. Large males are associated with
a high degree of territoriality and ag-
gressiveness, The males of such specics
ivvest much time and energy inadvertis
ing their territory and attracting mates
by prolonged calling, and in actively
challenging and grappling with other
males, Many territortal males are noisy
lictle creatures; their insectlike chirps,
pecps of trills contribute noticeably o
the duyvtime sewnds ol some tropical for-
esls. The sight of two minlature frogs
wrestling on o leaf, chirping vigorons-
Iy at ach other, can be amusing to a
himan observer, but sexoal {iness and
successful breeding are evelulionarily
serious matters, In some species of den
drobuatids the female is also agaressive
and defends u territory,

Thc relatively large size of male den.
drovbarids is alse associuted warh un
usual kinds of mating behavior. Amoeng
most frogs courlship concludes with
the male mounting the lurger female
and clasping his mare ¢ither behind her
forelegs or in front of her hind legs.
Male dendrobatids clasp the female not
around her trunk but around her head,
with the backs of the lingers pressed up
under the female’s chin This forward
position better ensures the fertilization
of the cggs being extruded by the fe-
male: if a male of similar size were far-
ther (o the rear, its sperm could fall to
the ground, In some species of den-
drobatids clasping is absent from the
courtship ritual, and the eogs are fertil-
ized in the course of rather complicat-
ed maneuvering by both the female and
the male.

Depending on the species, dendroba-
tid emes arve Jaid in leal litter, in crevices
under rocks, on shaded leaves above-
ground  or in such  tropical Torest

rrowths as bromelizads and arums, The
size of the egg clutch s small compared
with the hundreds or even thousandt of
cags laid by many water-breeding frops:
it can be as few as one or two eges
among the smallest dendrobatids and is
rarely mote than 30 or 400 [n many den-
drabatid populations & small clutch sive
15 partially offset by the Cact that breed-
ing is continuous throughout the year,
Some individoal frogs can breed every
month. Slalislics on this point are pro-
vided by observations of & pair of lrogs
of the species Dendrobares fricofor kept
at the American Museum of Nalural
History for more than two years. These
fross mated from two to four times
manth. Clulches were produced every
10h day on the aversge and consisted of
Irem 12 to ieggs, Even with this prodi
gious cfort the female luid only about
GO cgirs each year,

Omce they are deposited the eggs may
ke “guarded™ by either parent or may be
left alone except lor pericdic bricf vis-
ils. O such a visil the frog may moisten
the cggs, apparently with water from
its bladder. The aurse frog cecasional-
ly wrigales its hindguarters into the egg
mass, @0 action that ultimately aids the
hatching process and helps the tadpoles
to squirm up onto their parent's back.
There they adbere to a pateh of mucus
scercted by glands in the frog's skin, Ad
hesion is facilitated by the flat or slightly
concave belly that 15 characteristic of
dendrobatid tadpoles. In some species
the attachment s oo more than super-
licial; in ofhers the mucus is gluelike
and the tadpoles are firmly fixed 1o
the adult’s back. Again depending on
the species, the tadpoles may remain
attached to the nurse frog [er an inter-
val ranging from a few hours to more
than a week, In this pericd the 1adpoles
mey grow to some extent by absorbing
valk reserves.

The nurse [rog eventially travels toa
suitable body of water, where a perind
of spaking loosens the mucous bond and
the tadpoles swim free. Many dendroba.
tids take their tadpoles to small streams,
Other species release them in the small
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pools of rainwater that collect in brome-
liads or between the leaf and the stem of
certain other lropical plants. The nurse
frogs of ane specics, Dendrobares awra-
rns, aften release their ladpoles in water
retained by hollows in tree trunks. The
Ladpoles of 0 awrars tend (o resort 1o
cannibalism in this nutrient-poor envi-
ranment, and only one of them may sur-
vive [0 maturity,

Rainwater in small bromeliads and in
the axils of leaves also seems 1o hold few
nulricnts, & circumstance that helps to
explain a surprising observanon made
recently by Peter Weygoldt at the Uni-
versity of Freiburg in West Germany,
Working with laboratory specimens of
Dendrobares purdilio, o species that re-
leases ils tadpoeles in such places, Wey-
galdt found that the females regularly
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visit their free-living ladpoles to deposit
unfertilized eggs in the water. The tad-
poles then feed on the eggs!

Bii}[ﬂgisls sometimes attempl (o deter-
mine the relative “cost™ of parental
care by male or female animals, becaise
such care may impose limitations on
reproduction or may expose the parent
(o predation. These are factors w0 be
weighed against the benefit of ensuring
success for one or o few sets of eges or
for sperm from an individual parent,
Ameng dendrobatid [rogs the reproduc-
live cost may be higher in species (such
as D puwnilioy where the norse frogs are
usually females than it is in species
where the nurse frogs are usually males,
OF the Db tricelor pair at the American
Museum the male was able to care for

)
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several clutches of eges al a time. Fur-
thermore, 1t vocalized [regquently and
presumably would have mated with oth-
er females if they had been available. It
fed even while il was carrying on its
back a full load of tadpoles, which were
reledsed into the waler within hours
of halching.

It has been supposed that the sex of
the nurse frog (male in most species and
females in some) is & species-specilic
trait. In a few species, however, both
sexes have been found carrving tad-
poles, a Tact that is hard o cxplain. How
can such a novel behavioral trait be so
variable? Experiments with the I, tricod-
or palr suggest that the answer may in-
volve the outcome of sexual competi-
tion for the nurse role. The female of
the pawr was both able and willing o
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DISTRIBUTION OF THE FIVE SPECIES of the dendrobatid s
nus Miyliohates is patehy. The three species Found in western Colom-
hia are the only frogs of any kind known to be wsed by Indian hunters
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for poisomning blowpun darts, The two specics fFound in Costa Rics and
Panama secrete small amiounts of the same toxing as their Colombian
velatives, ot they do not inhabit the areas where blowpuns are nsed.



be the responsible parent but was kept
from the role by the territorial agpres-
siveness of the male. The female stayed
with her clutch of eggs Tor the ficst hour
or s thereafter she was apparently al-
lowed oo further visitation rights. If,
however, the male was removed after
hreeding, the female cared for the eggs
and eventually carried the tadpoles as
well I the miale was nol removed antil
a few days later, the female showed no
reluctance to cannibalize either her eggs
ar her tadpoles as though they belonged
to ancther [emale. Such cannibalism
may be a mechanism by which popula-
tion density 18 regulated in some species
of dendrobanids,

Much remaing 1o be learned not only
about the natural history of dendroba-
tids but alse about thelr evolutionary
relations and classification. The approx-
imately 130 species are currently placed
in four genera: Awpopheenuy, Coloste-
ifres, Denedrobates and Ploellebates. Aropo-
Sy has only one species. Colosethus
has more than 70, mainly brown in col-
ar. With a few exceptions these specics
Are nomtoxic, Most of the approximate-
v 30 species of Dendrobaes and the
five species of Mhyllofates are character-
ized by bright "warning” coloration. The
brillignce of these [rogs advertises the
presence of polsonous or ar least dis-
tasteful skin secretions that are effective
in deterring many potentizl predators.
Toxic dendrobatids are not, however,
completely immune from predation; for
example, they are preved on successful-
Iy by large spiders and certain snakes.
The frogs' secretions are released from
microscopic glands in the skin at times
of stregs, and a predator that has selzed
g frogin its mouth will experience sen-
sations of burning, numbing or {oul
tasie that tend o make o0 dropthe prey.

The most toxic dendrobatids are three
species of Phwllebares from west of the
Andes in the Pacific drainage of Colom-
bia. These [rogs scerete @ poison thal is
much stronger than curare, Just as cura-
ric 18 A owidely used poison for arrows and
blowzun darts cast of the Andes, so
these dendrobatid toxing serve as <art
poisons in western Colombia, Possi-
bly the earliest report of their use is
one written by Captain Charles Stuart
Cochrane, who explored in Colombna
in 1823-24 while he was on leave from
the British navy.

Cuchranu, crossing the western Andes
an [ool, had his attention drawn (o
frogs “called rana de veneno [by the
Spanish], about three inches long, vel-
low on the back, with very large black
eyes." “Those who use [their] poison
cateh the frogs in the woods, and confine
them in a hollow cange, where they regu-
larly feed them untl they want the poi-
son, when they take one of the unfortu-
nate reptiles and pass a pointed piece of
wond down his throat, and out at ane of

CARLE OF THE YOUNCG by the male or female parent includes attention to the egps, Heren
male Deadrobades sifverstones watches over a clwleh deposited on a leaf on the forest floor,

his legs. This torture makes the poor
frog perspire very much, especially on
the back, which becomes covered with
white frath: this 15 the most powerful
poison that he vields, and in this they
dip or rell the peints of their arrows,
which will preserve their destructive
power for a vear. Afterwards, below
this white substance, appears a yellow
oil, which is carefully scraped off, and
retaing ils deadly influence for four or
s1ix months, according (o the goodness
(a5 they say) of the frog, By this means,
from one frop sufficient poison 15 ob-
tained for about fifty arrows"
Cochrane’s Travels in Colombia seems
not te have been widely read. A few lat-
er observers independently vertfied this
cuarious use of frogs, however, and un-
successiol attempts were made 1o ana-
Iyze samples of the poison seraped from
Indian darts. The Swedish anthropalo-
gist 5. Henry Wassén carried out feld
investizations in Colombia in 1934 and
in 1933, Wassén determined that [rog
potson was used by two related Chood

Indian groups along the San Twan River
The frogs he abtained from the Indi-
ans, erroncously identified by zoelogists
as Dendrebates ftincrerivs, were actual

Iy Phyllobateys aurotaenia and P bicolor
Wassén also got some frog-poison darts
from un isolzted group of Choed far 1o
the south, on the Saija River. The Trogs
at this locality were collected by our col

league Borys Malkin and us in the carly
197005, Our specimens represented an
undeseribed species, which proved to
conlain at least 20 0mes more poison
than its relatives aleng the San Juan, Be

cause of the frog's awesome Lloxicily, we
gave it a name with obvious connota-
tions: Phvllabares rereibils,

The northern Chocd Indians poison
their darts with the secretions of M fbioo-
for and P anreraenia much as described
v Cochrane a century and a hall ago.
The frogs are impaled on a slick and
are sometimes held near a fire before
the darts are poisoned. The southern
Cheod Indians, however, poison their
darts simply by wiping them across the

“NURSE” FROGS carry their tadpoles to a suitable hody of water after hatching. A female
of the species Colostethias inguinaliv from Pamama (et is shown with a lead of 27 tadpoles. A
male of the small Peruvian species Dendrobates veticaiotus {right) carries only one. The voung
may remain attached to the parent in this manner for o few hours or for more than a week.
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back of & living specimen of P rerribiliz,

Today reliance on the blowsun s de-
clining among the Chocod, mainly he-
cause of increased accessihility of fire-
arms Contrary to seme literary ac-
counts, dendrobuatid frogs are nol ascd
for poisoning arrows, and their use for
poasoning Blowoun darts does not seem

1o have been widespread. This is uncer-
standable in view of the fact that the
three most toxic dendrobatids are limit-
ed to relatively small areas of western
Colombia. Two other specics of Phvlio-
Bgrer are found m Central America, but
they have much less toxin than their Co-
lombian relatives and their range is out-

E
k-

side the area where dart poisons are
known to have heen employed.

drobatid toxing are “granular” glands
whose minuie openings are scatiered
over the surface of the skin ameng the
openings of the frog™s mucous glands.
Giranular glands seem to ke a primitive
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SERANULART GLANDS OF THE SKIN store and probably man-
ufaciure the toxic secretions of dendrobatid frogs, The phelomicro-
graph at the top lefl shows 3 vertieal section through the upper part
of such a gland, magnified 00 times, The gland @5 Glled with lrege,
circular gramules; the duct of the gland peneteates a layer of pigment
cells and passes through the epidermis to epen onto the surface of the

skin. The eleetron micrograph at the top right shows @ section through
a gland, magnified LS00 times. YWoesicles in the granules may contain
enzymes imvolved in the synlhesis of the toxing, The clectron micrao-
graph at the hattom shows granules and the vesicles within them mag-
nified 13,000 times, The microgeaph at the top left shows a glamd of
Dredrvodpies teicelor, the other micrographs a gland of [ anrarus,
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MOLECULAR SITES OF ACTION for four kinds of alkaloid com-
pounds from dendrobatid frops are displayed schematically for mus-
cle al the lower left and For nerve at ke lovwer right. The morphologi-
cal features of a muscle cell are shown at the upper left, those of a
nerve cell al the wpper right. In the middie are the stroctural formu-
las for the alkaleids. Batrachotoxin prevents the closing of sodium-
ion ehanmels i the surface membrane of both muscle sand nerve cells,
The influx of sodium ions electrically depolarizes the membrone and
halts musele and werve Function. Pumiliotoxin B appears to act in twa
ways. First, it Eacilitates the release of ealcium ions from storage sites
inside the musele cell, therely potentiating muscle contraction. Sec-
onddy it inkibits the return of caleinm ions (o the storape sites, there-
by prolonging the contraction, Pumiliotoxin K also affects the translo-
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cation of calcium in nerve cells. Histrionicotoxin blacks hoth the oui-
ward movement of potassivm ions through potassium-ion chamnels
of the surface membrane of musele and nerve cells and the two-way
exchange of sodium and potassium ions through complexes of ion
channels and acetylcholine (ACh) receptors in the “end plate® be-
tween a nerve fiber and a muscle cell. The blockage of potassium-
icm channels promotes the contraction of the muscle cells and pro-
longs the release of nearoteansmitters by the nerve cells, The block-
age of the ion-chanmnel Sacetyleholine-receptor complexes prevents
the acetyleholine released from nerves from triggering muscle con-
traction, Both pumilistoxin C and gephyrotoxin alse block the move.
ment of ions through the i.l.'ll'i-ﬂ:]!lﬂilr‘|ei.-":'"':u-l_].-]_chu]i_nn.rec(hp[qr com-
plexes, preventing acetyleholine from triggering muscle contraction.



characteristic commaon to all frogs They
wire evidently & convenient evolution-
ary preadaplation in some groups of
frogs for the synthesis, storage and re
lease of various biclogically aclive se-
cretions.

he active principles of the dendroba-

1 skin seerelions are alkaloids: ni-
frogenos ring compounds, Although
such compounds are found more elten
in plants than they are in animals, den-
drobatid frogs have proved to be a rich
sourcs of unigue alkaloids. We hawve
collected dendrobatids throughout their
range in the tropical Americas for later
analysis of their defensive secretions.
[his work has resulied in the discovery
of @ dozen new species of poison [rogs
and more than 200 new alkalowds, the
latter representing at least five distingt
classes of compounds. Chemical investi-
gation of the frog alkaloids was initiated
at the MNational Institute of Arthrilis,
Metabolism, and Digestive Diseases by
Bernhard Witkop in the early 19600,
Orwver the past teo decades major contri-
hutions 1o this rescarch have been made
by Isabella L, Karle, an X-ray crystal-
lographer at the Naval Rescarch Lab-
oratory, and by Takashi Tokuvama, a
chemist at Osaka University. The basis
[or the activity of cach class of dendro-
batid alkaloids s of considerable inter-
e5t, The pharmacological investigation
of these compounds has been plencered
by Edson X, Albeguerguee of the Univer-
sity of Maryland School of Medicing,

The large majority of dendrobaticl al-
kalowds ioclude within their molecular
siruciure a ring consisting of one ni-
trogen atorm and Ove carbon datoms: 4
piperidine ring. Simple piperidine com
pounds are found amaong all subgroups
of the genera Dendrobates and Phyflo-
baies. From an evolutionary perspective
this 15 evidence that the frogs in these
zenera form a separale lincage within
the family Dendrobaticdac, In the live
species of the genus Phyffobares, how-
ever, the kinsynthesis of piperidine al-
kaloids has been largely suppressed in
faver of the synthesis of a new class
ol extraordinarily toxic alkaloids. They
are the batrasholoxing (from the Greek
batrachos, frog), which are the main ba-
215 of the poison on the Chood blowgun
darts. These complex alkaloids are struc-
turally related to steroids but have many
features hitherto unknown among nat-
ural compounds,

The batrachotoxing are among the
most potent naturally occurring non-
protein toxing, They sclectively increase
the permeakility of the outer membrane
of nerve and muscle cells 1o sodium
1wns, This elfect results inan irreversible
electrical depolarization of the cells,
causing in the heart arrhythmias, Hbcil-
latien and failure. The specific site al
which batrachotoxin acts is associated
with the channels that regulate the Aow

of sodium tons through the cell mem-
brane. Such sodium channels play a key
part in the conduction of clectrical im-
pulses by nmerve and muscle cells. The
binding of batrachotoxin prevents the
normal.closing of the channels. As a re-
sult there is a massive influx of sodium
ions and the cell is depolarized. Nerve
cells can no longer lransmit impulses
and muscle cells remain in an activated,
contracted state. The use of batracho-
loxin in research has yielded imporiant
new knowledge of the function of sodi-
um channels.

The other dendrobatid alkusloids are
all much simpler in structure than ba-
trachotoxin and are moch less toxie, but
they are no less interesting, Many of
these piperidine alkaloids act on an ion
channel in the “end plate™ at the junc-
tion herween & nerve fiber and a muscle
cell. This channel i associated with a
receptor for the newrotransmitler sub-
stance acetylcholine. The interaction of
the newrotransmitter and s receptor
opens the channel in the cell membrane
through which both sodium and potas-
sivm ions can Oow, If the resulting elec-
trical impulse 35 large enough, it can
trigger the opening of separate sodium
channels in the membrane. With muscle
colls this process causes the release of
calcium ons inside the cell, which leads
e contraciion

Histrionicotoxins, unusual spiropiper-
idine alkaloids first isolated from the
frog Oendrobares Gixtefonions, interact
with sites on the complex formed by the
end-plate channel and the acetylchaoline
recepior, thereby blocking the passage
of ions. Such blockage can prevent the
transmission of signals from nerve to
muscle, an end result similar to the one
brought shout by curare, Fhistrionico-
toxins also bleck the passage of ions
through separate potassium channels.
When these channels are open, potassi-
urn ions flow out of both nerve and mus-
cle cells, allowing them to return (o their
“resting’” state after nerve transmission
or muscle contraction. The blockage of
such channels can lengthen the trans-
mussien of nerve messages and prolong
muscle contraction.

Pumiliotoxin £ a unigque indolizidine
alkaloid first isolated from the (rog O
prigiilio, appears to affect the transporl
of calcium ons. In muscle cells an elec-
trical impulse causes the release of cale-
wm ons from internal storage sites. The
ions then interact with intracellular pro-
teins of muscle and cause contraction.
Rather than blocking this process, pumi-
hotoxin f seems to Tacilitate it and also
seems to delay the return of the calciem
1ons o their storage sites. As a result the
force of contraction is avgmoented and
contraction in both hearl and skeletal
muscle 15 prolonged. Such tonic actions
on muscle may lead 1o clinical applica-
tens [or this class of alkaloids.

Dendrobatid [rogs with toxic or nox-

0y secretions are usually brightly col-
ored. As is often the case with noxious
animals, these specics are mimicked by
a few other species of frogs. An exam-
ple s Elewtherodactyius paigeae, which is
lound together with Plhovdlobares npbeis
and P awromenio and in the interven-
ing lerritory, where an ancestral form of
Phyllobates probably once lived. Unlike
the dendrobatids it esembles, the non-
toxic £ gaigeas 15 aclive al night. By
dav, however, it 15 sometimes [ound in
the leal litter where the Plellebates spe-
cies scek shelter when they are pursued.
The different activity cycles may there-
fore be inconsequential as far as poten-
tial daytime predators are concerned.

he genus Phvllobares shows less var

wlion than the genus Dendrebares,
the species of which exhibit a remark-
able wvariely ol colors and patterns,
Many Dendrobates species have primi-
tive atriped patterns, but others have
evolved colorations that are uniformly
brighl or variously spotted, banded or
mettled. Such variation may even occur
among populations of the same spe-
cles. It would be of much interest to
know how such varability originates
and whether it bears on the origin of
neéw species. One species in particular,
the Central American £, pumilfio, seems
rost likely 1o vield answers to these ba-
She questions.

0. pumilie 5 a small [rog, usually
found at elevations below 500 meters in
the rain forest on the Caribbean side of
Micaragua, Costa Rica and western Pan-
ama, Variability is relatively Low in Mic-
aragua and Costa Rica, where the frogs
are ustally red or reddish crange with
black or bright blue hind legs. In Pan-
amd, however, variahility is extremely
high. It is associated with the geolog-
ic history of western Panama. Starting
about 12,000 years ago the rising level
of the sea created an archipelago of off -
shore islands and on the adjacent main
land a mixture of lowland swamp for-
¢l and rain forest. The archipelago had
prabably been created and reconnected
to the mainland several times before.
The populations of D pemifio in the re-
gion show all the colors of the spectrum
from red to blug; one population s cven
patterned solely in black and white, The
diflerent populations loak like differ-

EIGIIT F'ROGS representing dilferent popu-
lations of Dewdrobates prenifio are shown in
dorsal and veniral position in the painting on
the opposite page. These samples show only
part of the extroordinary diverpence among
FrJ.I].::. of the £ pumilin population complex
on the Caribbean side of western Panama, All
the frogs are shown at the same size, hut i Life
they vary in size ps well as in color; they are
ulse remarkably diversified in helavior and
in the alkaloids of their defensive secretions.






col species, and in fact we believe the
complex includes at least two spocies,
Mevertheless, most of the variation 13
found in what scems o be the single spe-
cles £ pumilio.

The variation is not due simply to the
independent evoluiion of populatiens
selated on islands, different parts el a
single island may be inhabited by very
different populations. There are also in-
stances of inlense variation within single
populaltions, One example we have stud-
i over a period of years s lound al
the northwestern end of Bastimentos Is-
land. There the color of the [rogs” backs
varies from orange red through bronze
to metallic green. In ene beachfront for-
esl arange red frogs coosisiently mude
up ahour 96 pereent of the papulation
samples we took each vear, with only
about 4 pereent of the samples showing
other colors. In a forest-shaded cacao
grove away from the beach, however,
the orange red frogs accounted [or

24 percent or less of the samples, with
bronze and green {rogs now constituting
as much as 32 percent of the wvearly
totals. These consistent differences be-
tween populations of a species in dif-
ferent habitats are an example of “bal-
gnced polvmorphism.”™ The phenome-

Cnon is probably the genetic basis lor

some of the striking differences among
populations of DU pemilio.

Although very different populations
of D pumilie are usually separated by
stretehes of forest not inhabited by the
frogs, we found areas on the mainland
of Panama where nearly pure popu-
lations of red frogs were in contact
with similarly pure populations of green
ones. Frogs of the other color were rare
in both populations, A few other rare
color variants in the two populations
resembled frogs of more distunt popu
latiens, These Andings further indicate
that frog populations of different colors
can arise from & common gene pood,

here is moere to the D pemilie prob-

lem than color. The frogs in the dif-
ferent populations also vary in size and
behavior, Their usual habitat can be on
the groawd ar in the trees; their response
to potential predators ranges from se-
cretive and wary (o bold and apparently
[carless, Mone of these traits seems to be
correlatecd with the frogs” defensive skin
secretions, the wariations in which are
equally remarkable, The D prifiie pop-
ulations ol western Panama overall pro-
duce more than 30 alkaloids represent-
ing all major classes of piperidine tox-
ins, The number of different alkaloids
secreted by frogs of individual popula-
tions ranges from six to 24, and many of
these compounds have notl been detect-
ed in other dendrobatid frogs. & prsiiio
is clearly a leading candidate among all
verlebrate animals for the title “most
variable species,” but we are a long way
from understanding all the factors that
have made il s0.
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