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Reproductive Strategies 
of Frogs 

The familiar progression from egg to tadpole is only one 
of many methods. Others include egg to froglet, 

egg brooding, and tadpoles in the mother's stomach 

I n 175 8 the German naturalist A. ]. 
Rosel von Rosenhoft published what 
was then the definitive study of frog 

development. His magnum opus, with 
its detailed descriptions and meticu­
lously executed drawings, provided the 
world with a close-up view of a frog's 
life cycle-from egg to tadpole to four­
legged adult. 

Yet Rosenhoft's work, which was 
based entirely on the common European 
frog, Rana esculenta, is now known to 
describe only one of many life-history 
strategies exhibited by frogs as a group. 
Among herpetologists (those who study 
frogs and their relatives), inclucting my­
self, it is increasingly apparent that 
many species do not conform to the life 
cycle of the common European frog. Al­
though some frogs adhere to its stereo­
typical mode of development (depos­
iting thousands of small eggs that be­
come free-swimming tadpoles), many 
more have evolved reproductive strate­
gies that border on the improbable. In­
deed, in reflecting on my 40 years as a 
field biologist, two thoughts come to 
mind. The first is frogs are never-encting 

WILLIAM E. DUELLMAN took the op­
portunity to study frogs when he was 
a student at the University of Michigan. 
Through this work he acquired a lifelong 
interest in frogs and their reproductive 
biology. After obtaining his Ph.D. at Mich­
igan, he joined the faculty of the Univer­
sity of Kansas, where he is professor in 
the department of systematics and ecol­
ogy, curator of the division of herpetol­
ogy in the Museum of Natural History 
and director of the Center for Neotropi­
cal Biological Diversity. His field studies 
have taken him throughout North and 
South America and to Africa and Austra­
lia. His studies have resulted in some 
250 publications, including Hy/id Frogs 
of Middle America and, with Linda Trueb, 
Biology of Amphibians. 
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sources of fascination; the second is 
they adhere to few conventions. 

Frogs and toads (hereafter referred to 
collectively as frogs) are members of 
the amphibian order Anura, a term that 
means tailless in Greek and appropri­
ately describes the adult form. Over the 
course of the 200 million years since 
anurans first appeared in the fossil 
record, they have differentiated into 
some 24 families and more than 3,800 
species. The precise number of species 
is unknown because new frogs are dis­
covered at a remarkable rate: several 
dozen are formally described every 
year. Another indicator of the group's 
success is the degree to which its mem­
bers have dispersed across the planet. 
Today frogs inhabit all continents ex­
cept Antarctica and have adapted to a 
breadth of environments, including 
deserts, forests and grasslands; some 
species even live at altitudes greater 
than 5,000 meters ( 19,685 feet) in the 
Himalayan and Andean mountains. 

N Ot surprisingly, though, the 
group is most abundant in trop­
ical regions. One of the richest 

localities I know, for instance, is a small 
outpost in Ecuador's Amazon basin 
called Santa Cecilia, where my col­
leagues and I once collected 56 differ­
ent frogs in a single evening. A total of 
81 species actually live there (precisely 
the number of frog species in the entire 
U.S.). Although the diversity of frogs at 
Santa Cecilia is unusually high, 40 or 
more species are commonly found in 
tracts of rain forest no bigger than two 
square kilometers. 

But the frogs of Santa Cecilia are 
noteworthy for another reason: they 
epitomize a key trend in frog evolution, 
notably the movement away from wa­
ter, toward land. Of the 81 species we 
found there, 35 are terrestrial during 
one or more developmental stages. Yet 

their proclivity for life on land belies a 
fundamental requirement of the group: 
amphibian eggs-like those of fishes­
must be kept continuously moist be­
cause the semipermeable egg mem­
brane offers little protection against 
desiccation. Moreover, virtually all males 
(like fishes) lack an intromittent organ, 
or penis, and thus must inseminate the 
eggs externally, after they pass from 
the female's cloaca (the combined re­
productive and excretory opening). 

Such a feat is accomplished when 
the male grasps the female (generally 

MATING FROGS of the genus Centrolene 
were photographed in Colombia. Their 
popular name, which derives from their 
transparency, is glass frogs; at the right 
the transparency makes the female's 
eggs visible. The eggs (below) develop 
on leaves above streams. 
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around her armpits) in a mating em­
brace known as amplexus. In most tem­
perate species, mating takes place in the 
water, and so the egg clutch (and the 
aquatic tadpoles that hatch subsequent­
ly from it) is never at risk of desicca­
tion. The situation is considerably dif­
ferent on land, however, where rainfall 
is not guaranteed and humidity levels 
may fluctuate. 

In view of such physiological con­
straints, how is it frogs have colonized 
land so successfully? And why, given 
the harsh conditions that prevail on 
land, has it been evolutionarily advanta­
geous for them to do so? The answer to 
the first question has several parts. To 
begin with, most terrestrial frogs inhab­
it tropical rain forests, where high hu­
midity levels (close to 90 percent) re­
duce the risk of dehydration and where 
ambient air temperatures (25 to 30 de­
grees Celsius on average) foster rapid 
growth. 

More significant perhaps is that ter-

restrial frogs adhere to surprisingly 
few stereotypes; during the 200 million 
years since their debut, they have 
evolved numerous-and in many cases 
startling-adaptations for life on land. 
Because many of these adaptations 
have arisen multiple times, they are 
construed to have a powerful selective 
advantage. Finally, it should be said that 
life on land does not necessarily im­
ply life without water; many species lay 
their eggs in the small, temporary pools 
that form after a heavy rain or in plac­
es such as the spray zone of waterfalls 
where the humidity is exceptionally 
high. Thus, they are not terrestrial in 
the strict sense of the word. 

T he second question is harder be­
cause it is not so easily proved. 
Nevertheless, most herpetologists 

believe land offers a reprieve from 
aquatic predators such as the fishes and 
insects (and their aquatic larvae) that 
abound in tropical ponds and streams. 

The problem is most acute during the 
egg stage, when mortality may reach 
as high as 100 percent. Rich in protein 
and polysaccharides, the frog's mem­
branous egg capsule provides prize fod­
der for an abundance of predators. Ac­
cording to my colleague Linda Trueb of 
the University of Kansas, frogs have 
achieved the best of both worlds: by 
adapting to land, they have reduced the 
risk of predation, yet by retaining the 
ability to live in water, they are able to 
move as conditions change. The jump­
ing hind legs, of course, enable adults 
to change habitats quickly, and the mus­
cular tail of some tadpoles allows them 
to wriggle across the ground. 

In fact, many species complete only 
the egg stage on land, returning to wa­
ter as tadpoles. In short, adaptive strat­
egies among terrestrial frogs cover a 
broad gamut of behaviors. One of the 
simplest and most common calls for 
laying eggs near water. Indeed, egg 
clutches are often seen glued to the 
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ATTENDING EGGS 
OVERHA NGING 
STREAM 

FOAM 
NEST 

TERRESTRIAL 
EGG BROODING 

REPRODUCTIVE TACTICS of frog species vary widely; some 
border on the improbable. In this depiction the genus name 

appears at the lower right of each panel, and the reproductive 
strategy is summarized at the upper left. One of the most un-

rocks and vegetation that overhang 
a tropical pond or mountain stream; 
from this vantage, the tadpoles drop 
neatly into the water when they hatch. 
All leaf frogs and glass frogs (so called 
because the skin on their ventrum, or 
underside, is transparent) lay their eggs 
in this fashion. Other species deposit 
their eggs in shallow depressions adja­
cent to ponds; when the nest floods, 
the tadpoles wash directly into the larg­
er body of water. J\:0re sophisticated alternative, 

which has been documented in 
at least four families, is to en­

velop the eggs in protective foam. As 
the eggs are laid, one or the other par­
ent vigorously kicks its hind legs, mix­
ing together air, sperm, eggs, cloacal 
secretions and sometimes water. When 
the frothy mass dries, its exterior turns 
tacky (sometimes hard) and so protects 
the eggs from physical harm. At the 
same time, the egg-filled interior re­
mains liquid for as long as 10 days, 
which enables the eggs to survive short 
bouts of drought. 

Strategies for laying eggs on
. 

land 
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may lead to increased survivorship with­
in the clutch, but they clearly have no 
effect on mortality during the aquatic 
tadpole stage. Indeed, predation pres­
sure operating at the tadpole level prob­
ably explains another trend in frog bi­
ology: the shift away from streams and 
ponds to small pools or puddles that 
contain water for only a few days or 
weeks at a time. Such temporary pools 
often form in tree holes, at the base of 
arboreal plants called bromeliads or in 
small cavities in the ground. Because 
these water pockets are too ephemeral 
to support a predator population, they 
provide a comparatively safe environ­
ment in which all stages of the frog's 
life cycle can unfold. The great risk, of 
course, is that the water will evaporate 
before the eggs hatch or the tadpoles 
complete their development, in which 
case the entire clutch perishes. 

A more derived evolutionary strategy 
involves prolongation of the egg stage. 
Rather than producing eggs that hatch 
into free-living tadpoles, some frogs lay 
eggs that hatch into four-legged frog­
lets. Known as direct development, the 
process significantly reduces mortality, 

although fewer eggs are produced be­
cause each embryo needs a large quan­
tity of yolk to see it through the long 
maturation period. Direct development 
is associated with nine families of 
frogs, including the immense tropical 
American genus Eleutherodactylus and 
related genera; it also occurs in many 
Australian, Asian and African species. 
In fact, the elimination of a free-living, 
feeding tadpole stage is characteristic 
of nearly 800 frog species-20 percent 
of the species known. 

Although most direct-development 
frogs live in rain or cloud forests, one of 
the more interesting but poorly under­
stood genera of this kind is Breviceps, 
the African rain frog. As the name sug­
gests, the animal comes above ground 
only during heavy downpours. Although 
much about the life history of this elu­
sive animal remains undocumented, the 
adults are known to form pairs dur­
ing the breeding season. Adults emerge 
from their underground burrows and 
absorb rainwater through the skin, thus 
replenishing fluid in their bladder and 
other body tissues. 

Because of his comparatively diminu-
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usual strategies is found in the Australian genus Rheobatrachus: after the male has 
fertilized the eggs, the female swallows them and broods them in her stomach. 

tive size, the male cannot achieve am­
plexus with the larger, rotund female 
but instead glues himself to her back. 
With the male riding on her back, the 
female burrows into the ground and 
proceeds to lay eggs that are then fer­
tilized by her amplectic partner. Peri­
odically the female wets the eggs with 
water from her bladder, keeping them 
moist until they hatch as froglets. Most 
species of Breviceps are true desert 
dwellers, living in the arid regions of 
sub-Saharan Africa, and one (B. mac­
raps) inhabits coastal sand dunes, on 
the Atlantic coast of South Africa, where 
there is no fresh water. 

Some species undergo a form of 
highly specialized direct development 
known as viviparity. Literally meaning 
live birth, viviparity occurs when the 
eggs are retained inside the female, 
hatching as advanced tadpoles or frog­
lets after a period of incubation more 
reminiscent of mammals than of am­
phibians. Although energetically taxing 
for the female, viviparity protects the 
young against terrestrial predators and 
profoundly influences the chances of 
survival. 

Viviparity has been documented in 
only five species of frogs (of those, 
four belong to the same genus), but the 
number is bound to increase as biolo­
gists learn more about the life history 
of tropical anurans.In three-Eleuthero­
dactylus jasperi from Puerto Rico and 
Nectophrynaides tamieri and N. vivipa­
rus from Africa-the tadpoles rely sole­
ly on egg yolk for their development 
and so are considered ovoviviparous 
(meaning live birth from eggs). True 
viviparity, in which the female supple­
ments yolk with secretions from her 
oviduct, giving birth to newly metamor­
phosed froglets, is known to occur in 
only two African species: N. liberiensis 
and N. occidentalis. 

P arental care, the range of be­
haviors exhibited by individuals 
protecting their offspring, is well 

documented among birds and mam­
mals, but it is also unexpectedly com­
mon among frogs. As with other ani­
mals, parental care among frogs typ­
ically involves one or both parents. 
Some species display only rudimentary 
behavior, as in the case of the African 

hairy frog (so named because males 
grow long, hairlike extensions of the 
epidermis when breeding), which sim­
ply sits on its egg clutches in water, but 
by doing so protects them from aquat­
ic predators such as insect larvae and 
fish. Or parental care may be more en­
ergetically costly, as in the case of the 
small African toad, Nectaphryne afra, 
the male of which stays with its eggs 
throughout their development, kicking 
his feet in the water near the eggs and 
thus increasing oxygen flow through 
the membranes. Among more special­
ized frogs, care ranges from retention 
of the young before they hatch (as in 
viviparous species) to the transporta­
tion, feeding and incubation of the 
young after they hatch. 

Males act as guardians of the off­
spring in some species; in others the 
females do. In only a few are both sex­
es known to cooperate as providers for 
their young. Peter Weygoldt of Albert­
Ludwigs University in Germany studied 
a captive laboratory population and re­
ported seeing a most unusual form of 
cooperation among males and females 
of Dendrabates pumilia, a small dart­
poison frog from Costa Rica. In this 
species the two sexes divide parenting 
duties: males guard the eggs for the 
first 10 to 12 days until they hatch; 
thereafter females assume care for the 
young. The females begin by transport­
ing each newborn tadpole to a bromeli­
ad, at the base of which a small pool of 
water has collected. Although protect­
ed from desiccation and predation, the 
tadpole has no food supply and there­
fore relies entirely on its mother for 
nutrition during the six- to eight-week 
period to metamorphosis. The mother 
accommodates her offsprings' needs 
by returning periodically to each bro­
meliad to deposit an unfertilized egg, 
which provides the tadpole with essen­
tial proteins and carbohydrates [see 
"Dart-Poison Frogs," by Charles W. My­
ers and John W. Daly; SCIENTIFIC AMER­

ICAN, February 1983]. 
Progressive provisioning of this type 

has subsequently been reported in oth­
er dart-pOison frogs, both in the lab­
oratory and in the field. It has also 
been observed in the large Jamaican 
tree frog, Osteapilus brunneus, which 
like Dendrabates deposits its eggs in 
bromeliads. Leaf frogs (so named be­
cause many species encase their eggs 
in leaves) have evolved a distinctly dif­
ferent strategy. At the time they depos­
it the egg clutch, female leaf frogs also 
lay many eggless, water-filled capsules. 
Although the capsules have no nutri­
tive value, they are a vital source of wa­
ter, which reaches the eggs by osmosis. 

In some species the task of parental 
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care falls to the males, who aggressive­
ly defend their eggs against a variety of 
predators. The aptly named gladiator 
frogs, for instance, frequently engage 
in violent territorial disputes with oth­
er males, wielding needlelike spines at 
the base of the thumb to slash the skin 

and eardrums of any intruder. In this 
species the males invest considerable 
time and energy in their offspring, ini­
tially by forming nests in which the 
fertilized eggs will be laid and subse­
quently by staying with the eggs until 
they hatch. 

M�UTH BREEDING by the adult male is part of the reproductive strategy of Dar­
�'s frog, Rhinoderma darwinii. The male takes the newly hatched tadpoles into 
his 

.
mouth; they move into his vocal sacs and stay there for several weeks until 

therr development is complete. Developed tadpoles have just emerged from the 
mouth of this male, photographed in Chile. 
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FOAM NEST of the gray tree frog, ge­
nus Chiromantis, is visible below the 
two mating pairs in the photograph at 
the left. The foam serves to protect the 
eggs. At a later stage (above), tadpoles 
are seen dropping from the foam nest 
into the water below. The photographs 
were made in South Africa. 

Males create the nests by scooping 
ml.).d from banks adjacent to slow-mov­
ing streams or ponds, thus forming 
shallow basins that fill with water. The 
resulting predator-free site has the ad­
vantage of being close to a permanent 
body of water but is nonetheless risky 
because the eggs, which are deposited 
as a thin film on the water's surface, 
are vulnerable to attack. Any rupture in 
the egg film, brought about, say, by the 
leap of another frog or the aerial dive of 
a dragonfly, will cause the eggs to sink 
to the bottom, where they die from lack 
of oxygen. Consequently, males vigor­
ously defend their eggs and rush to 
head off any intruder. 

Other species forcefully defend their 
calling sites (which may include egg 
deposition sites). In Tandayapa, Ecua­
dor, for example, I have seen Centro­
lene males spring into action when ap­
proached by conspecifics (males of the 
same species). Thus confronted, they 
grapple, attempting to dislodge one an­
other from a favored leaf overhanging 
a stream. Males of the Australian tusked 
frog, Adeloms brevis, also engage in bat­
tles. Equipped with long, pointed tusks 
that protrude from the lower jaw, they 
jump and snap at intruders. 

Not all males are so confrontation­
al. In some species, males carry the 
eggs with them until they hatch and 
so have no need to defend a nest site. 
Such behavior was first observed more 
than 200 years ago, when males of 
the midwife toad (appropriately named 
Alytes obstetricans) were found with 
strings of eggs entwined around their 
hind legs. Since then, egg transport 
has been documented in at least eight 
families of frogs and has been noted 
in both males and females. It ranges 
from simple piggybacking (when the 
eggs or tadpoles adhere to the par-
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ent's back) to egg brooding (when the 
eggs develop in a special pouch some­
what analogous to the marsupial mam­
mal pouch). 

Although egg brooding is most com­
mon among females, in the minute Aus­
tralian hip-pocket frog, Assa darlingtoni, 
it is the males who brood the young. 
Shortly after hatching, the tadpoles wrig­
gle up their father's legs and into spe­
cial lateral pouches, where they contin­
ue their development. In other species, 
males play a facilitating role during mat­
ing, guiding the eggs to the female. In 
the South American frog Pipa, for ex­
ample, egg laying is accompanied by a 
truly graceful display of underwater ac­
robatics: as the swimming pair flips and 
turns, the male spreads the emerging 
eggs across his partner's back, where 
they adhere to her skin. In some spe­
cies the skin then swells, enveloping 
the eggs in a protective matrix. After 
spending about two months thus em­
bedded in the female's back, the tad­
poles-or in some species tiny frog­
lets-burst through the skin to become 
free-living frogs. 

One of my favorite examples of egg 
brooding occurs among South Ameri­
can tree frogs in the family Hylidae. In­
deed, because the frogs brood their 
eggs in a manner analogous to that of 
mammals, they are often referred to as 
the marsupial frogs. The analogy stems 
from the presence of a unique epider­
mal pocket on the back of the female. 
As the eggs are extruded and fertilized, 
they are immediately pushed into the 
pouch by the male who propels them 
across the female's back with his feet. 
Once inside the pouch, the eggs devel­
op special gill-like structures that ex­
change oxygen and carbon dioxide os­
motically with the highly vascularized 
tissues lining the pouch, enabling the 
embryos to breathe. 

In most species the eggs hatch as 
froglets, which then drop off the moth­
er's back or crawl from her pouch. But 
in some species of Gastrotheca living at 
high elevations in the Andes, develop­
ment terminates at the tadpole stage; 
the female sits in shallow ponds and 
releases her tadpoles into the water. 
The stage at hatching is determined by 
the amount of yolk present in each egg, 
which in turn reflects the number of 
eggs produced per clutch. Species in 
which the eggs hatch as small tadpoles 
produce 100 or more ova, each about 
two millimeters in diameter. Direct-de­
velopment species may produce only 
six ova, but each is about 10 millime­
ters in diameter [see "Marsupial Frogs," 
by Eugenia M. del Pino; SCIENTIFIC 

AMERICAN, May 1989]. 
Whereas the number of eggs tends 

TRANSPORT OF TADPOLES takes place on the back of a female dart-poison frog, 
Dendrobates reticulatus, in the Amazon rain forest of Peru. This female is carrying 
two tadpoles side by side. Once she gets them to water, often in a temporary pool 
formed at the base of the type of arboreal plant called a bromeliad, she will feed 
them with unfertilized eggs for about six weeks. 

to reflect clutch size, development 
time mirrors climate conditions. Frogs 
throughout the tropics, for example, 
develop relatively rapidly, sometimes 
spending only two or three weeks in the 
tadpole stage, whereas those that live in 
cool, temperate climates develop much 
more slowly. One such species is the 
spotted frog, Rana pretiosa, which lives 
in the cold streams that cascade down 
the Rocky Mountains. Because the cold 

water in which the frogs live slows 
their metabolism, more than one year 
is needed to produce fully yolked eggs, 
and females lay eggs only once every 
two or three years. 

Tadpoles, too, metamorphose slowly. 
Populations of bullfrogs, Rana cates­
beiana, living in the northern U.S. and 
Canada, typically spend two years in the 
tadpole stage; another species, Asca­
ph us truei, needs three years to reach 

MARSUPIAL FROGS get their name from the pouch on the back of the female. As 
eggs are fertilized, the male pushes them into the pouch, where they develop to 
the tadpole or froglet stage. Three newly born young are shown with their mother, 
and another is shown at birth from this female's pouch. She is a marsupial frog of 
the species Gastrotheca ovifera and was photographed in Venezuela. 
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adulthood. Although bullfrogs are enor­
mously fecund, producing from 10,000 
to 20,000 eggs per year, mortality dur­
ing the long development period is also 
extremely high, reaching as much as 99 

percent. 
In arid habitats, development is limit­

ed not by temperature but by moisture. 
Desert-dwelling frogs such as Breviceps 
may breed only on one or two nights 
a year, when it rains heavily. But once 
fertilization occurs, growth proceeds 
rapidly. Spadefoot toads in the south­
western U.S., for example, dispense with 
the tadpole stage in less than two 
weeks, a pace deemed necessary in a 
habitat where water may last for only a 
few weeks. Frogs in comparable habi­
tats elsewhere in the world show simi­

lar patterns. 

F ascinating as such diverse life­
history strategies are, few would 
be scientifically documented were 

it not for the willingness of herpe­
tologists to spend countless hours ob­
serving frogs under natural field con­
ditions. Indeed, I am often asked why 
I choose to spend so much time wan­
dering through the world's jungles at 
night looking for snakes, frogs and other 
cold-blooded vertebrates. Yet the answer 

3 
ASCEND 
AND TURN 
OVER 

is obvious, I think, to any field biologist: 
the natural world offers an endless cor­
nucopia of wonderment and surprise. 
My colleagues and I never know, for 
example, when something unique will 
suddenly appear in the beam of our 
headlamps, even though we might be 
walking along a trail that we have tra­
versed a dozen nights in succession. 
Perhaps we will find a species we have 
never seen before; perhaps we will 
come across a species no one has ever 
seen before. 

One of the most thrilling moments of 
my life, in fact, took place during an ex­
pedition to southern Chile in 1975. One 
day I came across Darwin's frog, Rhi­
noderma darwinii, just as it was giving 
"birth." Although the frog is small and 
rather drab, it has evolved a mode of 
development unlike any ever described. 
Adult males take the newly hatched 
tadpoles into their mouth, and from 
there the young migrate to the vocal 
sacs. They remain for several weeks until 

growth is complete and then emerge 
from the father's mouth. 

I was aware that Rhinoderma en­
gaged in such behavior but nonetheless 
was excited beyond words to see it fi­
nally for myself. In fact, soon after wit­
nessing a succession of froglets pa-

4 

rade from their father's mouth, I dashed 
a letter off to Michael]. Tyler, a col­
league and fellow frog enthusiast at 
the University of Adelaide in Australia. 

Imagine my chagrin a few weeks later 
when I received a reply that put my 
small announcement to shame. Tyler 
and his colleagues C. ]. Corben and 
G. ]. Ingram had recently observed a 
previously unknown yet more bizarre 
form of parental care in an Austra­
lian frog, Rheobatrachus silus. In that 
species, it is the females who swallow 
the eggs after fertilization and then 
brood them in the stomach. A pho­
tocopy of the paper detailing the dis­
covery was inscribed simply, "Touche! 
Mike." My small observation had clear­
ly been overshadowed. 

Gastric brooding, as the phenomenon 
is called, ranks as one of the strang­
est examples of animal reproduction 
known. Having finally observed these 
frogs for myself in 1979 while visiting 
southern Queensland, I can truthfully 
say that Rheobatrachus has evolved a 
reproductive mode unlike any other 
frogs. Who would believe that tadpoles 
could spend six weeks in their moth­
er's stomach without being digested? 
How is such a feat possible? 

To begin with, nurturing females 

TURN OVER, 
CAPTURE OF 
EGGS AGAINST 
MALE'S BELLY 

MID-WATER 
SWIMMING 

SINKING TO 

BOT TOM, 

EMBEDDING 

OF EGGS ON 
FEMALE'S BACK 

MATING PROCEDURE of the South American frog Pipa carval­
hoi gives rise to graceful underwater acrobatics. With the male 
riding on the female, the pair flips and turns, and the male 

spreads the emerging eggs across the female's back. There 
they adhere and become embedded in a swelling of the skin, 
hatching two months later as tadpoles or tiny froglets. 
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MAJOR FROG FAMIUES are classified according to their re­
productive strategy (colored circles) and f amily relationships 

(colored lines). The broken lines in the diagram of f amily re­
lationships represent associations that are questionable. 

cease to feed during the breeding pe­
riod. Tyler and his colleagues have 
shown that production of hydrochlo­
ric acid and pepsin are halted in the 
stomach by the hormonelike substance 
prostaglandin E 2, which is secreted first 
by the egg capsules and then by the 
tadpoles. With the shutting down of 
normal functioning in this way, the 
stomach is transformed from a diges­
tive organ into a protective, gestation­
al sac. 

The eggs, which range in number 
from 2 1  to 26, are relatively large­
about five millimeters in diameter­
and therefore rich in yolk. Consequent­
ly, the tadpoles do not need an external 
source of nutrition but feed exclusively 
on yolk throughout their six-week de­
velopmental period. During birth, the 
female's esophagus dilates in a manner 
that recalls the birth of m ammalian 
young through the vaginal canal, and 
the young froglets are propelled from 
her mouth. Within a few days after ex­
pulsion of the young, the stomach be­
gins to function again as a digestive or­
gan, and the frog resumes feeding. 

In 1984 a second species of gastric 
brooder, Rheobatrachus vitellin us, was 
found farther north in Queensland. 
Sadly, intensive searching during the 
past few years has failed to turn up 
individuals of either species, leading 
my colleagues and me to conclude that 
both species are now extinct. The loss 
is especially unfortunate because pre­

liminary studies by Tyler and his asso­
ciates indicate that prostaglandin ex­
tracts from these species might have 

been effective in the treatment of hu­
man stomach ulcers. 

After the discovery of gastric brood­
ing and tadpole feeding, I would not be 
surprised by anything. But why is it that 
frogs demonstrate such reproductive 
plasticity when other vertebrates do 
not? All birds, for example, lay shelled 
eggs, and nearly all mammals bear liv­
ing young that are then suckled by the 
female. Yet frogs conform to few if any 
reproductive stereotypes. Moreover, it 
is evident that their reproductive tac­
tics are not the result of simple muta­
tion but the outcome of complex physi­
ological, morphological and behavioral 
interactions. 

The fact that some members of 
the three amphibian groups (cae­
cilians, salamanders and frogs), 

as well as fishes, deposit their eggs in 
water suggests aquatic egg laying is a 
primitive (generalized) trait. Other strat­
egies, which have evolved independent­
ly in many lineages of frogs, therefore 
can be viewed as evolutionarily derived. 
One conclusion is certain: frogs, which 
seem distinctly unsuited for a terrestri­
al existence, have adapted in extraordi­
nary ways to life on land and in doing 
so have managed to colonize much of 
the planet. 

Is it not therefore ironic and terribly 
unfortunate that frogs, having radiated 
so successfully, are now experiencing 
extinction at unprecedented rates, vic­
tims of human inability to preserve the 
natural world? Within the past five 
years alone, an untold number of spe-

cies have been lost, many to habitat de­
struction. Although the decline and ex­
tinction of anurans is not well under­
stood, a number of biologists (myself 
included) t hink the cumulative effects 
of air and water pollution, acid rain 
and increased radiation brought about 
by the loss of stratospheric ozone are 
taking their toll. Regrettably, the loss 
of so many species not only affects 
the overall stability of ecosystems but 
brings to an end evolutionary lineag­
es that have survived for millions of 
years. The magnitude of such loss is 

immeasurable. Our only hope is that 
people and their governments will rec­
ognize the consequences of biological 
extinction and take steps to prevent it 
before too much of our global gene 
pool is gone. 

FURTHER READING 

THE GASTRIC BROODING FROG. Edited by 
Michael ]. Tyler. Croom Helm, 1 983. 

BIOLOGY OF AMPHIBIANS. William E. 

Duellrnan and Linda Trueb. McGraw­
Hill Book Company, 1 986. 

ALTERNATIVE LIFE-HISTORY STYLES IN 

AN URAN AMPHIBIANS: EVOLUTIONARY 

AND ECOLOGICAL IMPUCA nONS. William 
E. Duellman in Alternative Life History 
Styles of Animals. Edited by Michael N. 
Bruton. Kluwer Academic Publishers, 
1 989. 

GUILDS OF ANURAN LARVAE: RELATION­

SHIPS AMONG DEVELOPMENTAL MODES, 

MORPHOLOGIES, AND HABITATS. Ronald 
Altig and Gail F. Johnston in Herpeto­
logical Monographs, No. 3, pages 8 1 -
1 09; June 22, 1 989. 
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