~350 MYA

~200 MYA
elongated
Ƥnge
one
r

Special thanks to Rachel Page, Mike Ryan and Ryan Taylor
and their scientific exploration of the natural world.
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the earth.

Insects were the first
to evolve wings and take to
the skies...long before those
pesky dinosaurs took over
the planet.
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Winged reptiles darkened the
skies more than 200 millions years
ago (MYA). They went extinct with their
dinosaur cousins 65 MYA.
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Feathered Dinosaurs
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Feathered theropod dinosaurs
evolved into modern birds,
foregoing their complete extinction.
Recent fossil discoveries indicate
that the famous Archaeopteryx
was not my direct ancestor, but
a cousin. My great great GREAT...
great Grandmother may be
Archaeornithura!
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Bats may be the youngest organisms to fly, but
they were flying for more than 50 million years
before primates started walking upright.
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Physalaemus pustulosus

9 Leptodactylus pentadactylus
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Great Dinosaur extinction,
many small mammals found
new opportunities to expand
their range.
ONe mammal’s limbs were
greatly altered and it
gained the ability to
fly.

8 Rana warszewitschii
7 Atelopus zeteki

6 Gastrotheca cornuta
5 Hemiphractus fasciatus
4 Centrolene ilex
3 Agalychnis lemur

2 Anotheca spinosa
1 Dendrobates auratus

THe fossil record is
very poor for my
ancestors, so we have
limited information
about the process.
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There are more than 6000 species
of frogs and toads that scientists
have named, the majority live in
tropical regions. It is unknown
how many other species are yet
to be discovered!

WHAT ABOUT
ME??

FROG DIVERSITY

What is killing amphibians?
Habitat loss?
Climate change?
Pollution?

Humans are directly responsible for endangering many species
on the planet, but the main cause of amphibian extinctions is a
chitrid fungal pathogen nicknamed “Bd”.
Bd harms the thin, moist, porous skin of amphibians making
them highly susceptible to our air pollution and toxic chemicals.

Scientists are searching for a cure.
Meanwhile, some of us live in labs.
Someday we hope to go back to our
streams in the mountains.
Many species live
with us in labs
throughout North
America and in
Panama.

Atelopus zeteki

ƪ
birds. From large meat-eating harpy
eagles to tiny nectar-loving
hummingbirds, almost 10,000 bird
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and cities. Besides the owls,
however, most of them are
active during the day.

FUNGAL PATHOGEN (Bd)

I wonder What happened
to those flying mammals?
They were a tasty snack.

The earth is home to many frogs and toads, however, more
than one-third of the species are considered threatened with
extinction. More than 120 species are believed to have
gone extinct since the 1980s.

Fortunately, the winged mammals
had another trick . They had the
capacity to “see” with sound in the
darkness of night.

AMPHIBIAN
DECLINE
one-third of species threatened

I can hear the frogs
calling. It sounds like a
choir withoutEcholocation
a director.

Rana Dorada (Atelopus zeteki) has not been as lucky. Once common near
mountain streams east of the Panama Canal, this striking toad has rarely been
seen since 2006. It is critically endangered and likely extinct in the wild.

If the bats are making
sound to “see”, why can’t
I hear them?

Physalaemus
pustulosus

Some call me the mud-puddle frog
because I am happy to use any
water hole. We are easy to find at
night because you can hear a
chorus of us singing.

Doppler Effect
Smithsonian

The returning frequency
(white) increases if the prey
is coming towards me.

RESCUE CENTER
The Smithsonian Tropical Research Institute (STRI), based in Panama, is
dedicated t0 understanding biological diversity. STRI is collaborating with
zoos, conservation, and wildlife organizations to rescue amphibians in
danger of extinction. Their expertise is focused on developing technologies
to control the amphibian chytrid fungus, so that one day captive
amphibians may be re-introduced to the wild.

Explore locations of endangered
 ƤǤ

Place males and females together
for mating.

I can increase the
frequency when
necessary. The shorter
distance between each
sound wave is critical
for bouncing off small
objects.

Micronycteris microtis
is the only bat known
that can detect silent
motionless prey hiding
in vegetation, like a
katydid.

Distance is
determined by signal return time.

Why is he
watching
us?

Raise tadpoles to adults until
you have a large population.

Reintroduce frogs to their home
and analyze fungus infection.

ECHOLocaTION
I produce ultrasounds to
maneuver through complex
environments and detect,
localize, and classify my prey.
The high frequency range is
beyond the capacity of Your
human ears to detect.

I heard someone say he was
“BLIND as a BAT”.

Are bats blind?
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No! Like other mammals, some bats
have a keen sense of sight and smell.
scientists say that our Bat vision
and smell may not be as sharp as
they used to be due to Evolutionary
tradeoffs to use our nose and
brain for echolocation.
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Advertisement
calls can travel
great distances in the
forest.
It is still unclear how
they avoid damage to
their own eardrums
when making LOUD
calls.
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echolocation. The moon provides enough light, however, so
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companions in a roost.

I think you are looking for
a different roost. You
Don’t smell like our group.

Not all bats can echolocate. There is a group
of bats in the Old World tropical and
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their dinner.

HELLO!!!

call?

I’m a vegeterarian...
or something like that.

That’s a
membrane. vI ibrating
t ink you
call it an hea
r.

...and what’s that
behind the frog’s eye?
Various species of Eleutherodactylus say
ǦÀǤƤ
territory, the second to attract a female.
Their sound is so LOUD that it is similar to
the noise levels of a jackhammer.

...AND hey, you males
should keep your
distance.
The mating calls of the 6000
frog species are unique, but
the males are all saying
something similar.

Why do frogs

Some species can fish
only three bat
species drink
blood and they
ALL live in
Latin America.
Dracula and
vampires spread
fear about bats.

Túngara frogs have a complex call with
multiple components. The call is
described as a whine (TUUUUUUN) and
a chuck (garA!). Female frogs listen to a
Ƥ Ǥ
Many Bat species are
Omnivores like humans.
fruits or nectar may be
preferred, but they eat
insects as well.
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Ultimately, that means that the
“chuck”ing males father more tadpoles.
This is a type of selection in which the
female selects which male will contribute
ơ 
SEXUAL SELECTION.

During the chaos of
mating, some males will
grab the wrong species
or another male.
A sudden sound tells
the frog to release
his grip.

Hop on and t.
hold on tigh
Ƥ
 site.
g
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a nest

The largest number of
species eats insects.
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living worldwide (excluding polar regions), bats are very diverse
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Bats are creatures of the night, but they are not
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annoying, they also transmit serious human
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the tropical tree farmersǤ

Dengue
MALARIA
ZIKA

WHILE
YOU
SLEEP
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Insects are great, BUT My
favorite food is a tasty
mud-puddle frog who sings
all night.
I hear him calling now.

Dinner time.

Including for ADULTS

I just felt some ripples in the water
and a beautiful call from that male
over there.
I think he might be the one.
I think I will swim over and say
hello... Hold on! Why did he
stop???

FROGLETS
Snakes and wasps eat eggs and
embryos, tadpoles compete for limited
 ǡƤ  
ǡ
dry up, crabs grab froglets, disease...
Oh no! I just
formed my hopping
legs and that fish
wants to eat me.

TADPOLES

Male Tungara frogs are calling to
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  see  
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The multiple modes of signals
help the female to choose
which male will be her mate.

That makes sense...like a lioness
choosing the largest lion who
also has the loudest roar.
But why did He stop calling?

EMBRYOS

My brother saw the shadow of
a bat and stopped calling.

I’m dumbfounded.

EGGS

Most frogs lay eggs into water and the fertilized eggs
develop into tadpoles. The aquatic immature form has a
powerful swimming tail, gills and no arms and legs.
Eventually, it forms long springy back legs and it
emerges from the water to breathe air and
lives at least partially on land.

That bat still ate him. I can’t
figure out how it found him.

Turns out that the bats are eavesdropping
on the mating calls. Like the frogs, the bats
use multiple signals. First they hear the
ǡ ƪ 
sac with echolocation.
The calling brought me to the
site. but as I approached, I used
my echolocation to “see” the
moving vocal sac. Then I did
something that is very impressive.

I echolocated the ripples that
continued after he stopped
calling and pinpointed him in
the center of the ripples.

You may have been wondering...
Why doesn’t every male túngara
frog chuck all night long??
The energy required for a whine
  ơǤ
HOWEVER, It turns out that not
only frogs are listening.

DINNER CALL

Trachops cirrhosus (frog-eating bat)

or
Physalaemus pustulosus (túngara frog)

MATING CALL

