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Hunting the
First Animal

Could slimy, shapeless creatures called placozoans
resemble the last common ancestor of all animals? Inside the thorny

he identity of the first animal—
or, more precisely, the last com-
mon ancestor of all animals—
has stumped biologists for more
than 100 years. Dubbed the “urmeta-
zoan” (or “first animal”), this creature
has inspired countless studies and
intense debate. Today the explosion of
DNA sequencing and other molecular
analysis is re-igniting the discussion.
One recent comprehensive analysis
knocks the sponge off its throne as the
most primitive living animal and the
leading candidate for the urmetazoan.
A much less [amiliar creature—a
flat, gnat-size, amoeba-like blob called
Trichoplax adhaerens — emerged before
sponges, the analysis concludes.
There were other surprises in the
study, too. Biologists have long be-
lieved that “simple” animals (sponges,
for example) are at the base of the
tree, with “complex” animals (like
humans) branching off from them,
But the new tree does not branch this
way. Instead, simple and complex
creatures developed in parallel (as did
traits like the nervous system) from
an unknown urmetazoan. The tree,
in other words. has been turned on
its side [see “What Does the Animal
Tree of Life Look Like?" page 54]. As

debate over the tree of life

for the first animal, lead study author
Bernd Schierwater, a biologist at the
University of Veterinary Medicine in
Hannover, Germany, has resurrected

Trichoplax specimens in 1989 from warm,
shallow waters in the Mediterranean.

an old candidate, the placula, a hypo-
thetical extinct animal that resembles
the Trichoplax blob. Others, howeyer,
are far from convinced.
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A Complex Tree
Five distinet groups make up the
animal, or metazoan, tree. The most
familiar are the bilaterians, animals
with a front and back as well as a top
and bottom. Humans, worms, fish, in-
sects—most of the creatures we think
of as animals—are bilaterians. These
animals are also known as triploblasts
for the three germ-cell layers from
which they develop. The other four
groups, the so-called diploblasts, are
the poriferans (sponges), ctenophores
{including jellyfish-like comb jellies),
placozoans (Trichaplax, among other
still unnamed species) and cnidarians
(corals and jellyfish, for example).
Following a fundamental principle of
evolutionary biology, in which com-
plex life derives from more-primitive
ancestors, triploblasts are believed 1o
have developed from diploblasts.
*Very possibly. the five groups
arose in quick succession,” says
biologist Neil Blackstone of Northern
Tlinois University. “Determination of
the group relationships will give us a
better idea of the features of the first
animals.” But these relationships are
murky. with controversy raging on the
relative positioning of the simple ani-
mal groups. Most morphological and




molecular analyses
conclude that sponges
are the most primitive
diploblasts. Bolstering the
sponge’s primitive status, sponge
cells called choanocytes resemble the
microrganisms that are most closely
related to animals, choanoflagellates.
Schierwater, who has been studying
Trichoplax since 1989, disagrees with the
sponge model. The recent analysis done
by him and scientists at the American
Museum of Natural History in New
York and at Yale University strongly
supports the placement of Trichoplax
{and, by association, other placozoan
species) at the base of the diploblast
tree, bumping up the sponge.

]
Getting to Know Trichoplax
Trichoplax was first discovered by Ger-
man biologist Franz Eilhard Schulze,
who in 1883 noticed several small
organisms with hairlike cilia clinging
to the side of his saltwater aquarium.
He named them Trichoplax adhaerens,
or “sticky, hairy plate.” A new phylum,
placozoa, was created for the uniquely
simplistic animals, which are often
referred to as placozoans,

The creatures, which reach a tenth
of an inch in size, grow on algae and

e

rocks in shallow water in warm seas
and often hitch a ride into saltwater
aquariums as well, They use the cilia
on their lower body to crawl, but they
can also expand and contract their bod-
ies in a quick and directed movement
that causes amoeba-like shape shifis, In
the lab, Trichoplax reproduce by fission
(splitting apart), although they some-
times produce eggs. 100. Biologists say
it's likely that they reproduce sexually
outside the lab.

Trichoplax have just five cell types
(sponges, in comparison. possess
around twice as many, and mam-
mals have hundreds). Their bodies
are arranged into & top and bottom,
Two types of epithelial (skin) cells, the
upper and the lower, feature cilia for
movement. Fiber cells sandwiched
between the epithelial cells hold the
body together and allow the animals
to contract and change shape. The
lower body also has glandular cells that
secrete digestive enzymes used in feed-
ing, The fifth type, proto-stem cells,
found where the upper and lower epi-

standing 3'

Trichoplax have no fixed
shape, but they do have
atop and bottom. Here,

a bottom view of a placo-

zoan found in Belize.

thelial cells meet, are a new discovery.

The animal's simple anatomy origi-
nally inspired biologists to place pla-
cozoans at the base of the animal tree.
And in the 19th century, the German
zoologist Otto Biitschli popularized
the “placula hypothesis,” in which an
ancient Trichoplax-like creature was the
ancestral animal. By the early 1900s,
however, biologists began to believe
that the placozoan line evolved later,
having branched off [rom cnidarians.
In this scenario, the animals lost cer-
tain characteristics over time, making
them appear more primitive than they
actually were.

Conflicting Reports

Today, DNA sequencing has largely
eliminated the possibility that placo-
zoans developed from enidarians. So
where do they fall on the tree of life?
According to Blackstone, the mitochon-
drial genome of Trichoplax is twice as
large as expected and contains unusual
protein-coding regions. This data indi-
cates that the animal evolved before
other animals began shifting mitochon-
drial genes to the nucleus, where they
are mostly found now. Other analyses
of nuclear DNA, however, strongly indi-
cate that sponges evolved first.
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Schierwater’s study, published ear-  that vary from species to species. These  animals developed separately from
lier this year, attempts to reconcile the  variations allowed a computer program  the start, such complex entities as the
conflicting models by combining mito-  to deduce relationships between the nervous system evolved twice—once
chondrial and nuclear DNA informa- species and build a model for the tree. in the animals that developed from the
tion, along with data on the structure Not only did Trichoplax emerge first placozoans and once in the bilaterians.
of RNA molecules, into one analysis. among the diploblasts, according to One way such parallel evolution could
Researchers examined 50 genes [rom this tree, but the diploblasts and triplo-  be explained is if the genetic toolkit for
24 animal species across the kingdom, blasts evolved independently. features such as the nervous system
focusing on genes coding for proteins If the simple and more complex were in place before the simple and

What Does the Animal Tree of Life Look Like?

Sometime before 600 million years ago, the first animals evolved from protists, mainly single-celled microorganisms. What
happened next is up for debate. The two simplified animal family trees shown here are among the many theories. The new
model, proposed by Bernd Schierwater, posits that a hypothetical predecessor of Trichoplax adhaerenscalled the placula
was the first animal, and that simple diploblasts and the more complex triplobasts evolved separately from it.

g I ERE | Triploblasts

Current Model Simple Animals Came First

The first animal was a sponge. More-complex animals, including
humans, developed from the simpler ones.
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more complex animals diverged.
Schierwater believes Tricho-
plax possesses that toolkit. It has a
surprising 11,514 genes, with "all
the basic complexity of genes and
gene families we know from flies
to humans,” he says. Its genome
contains the recipe for receptors, for
example, proteins that receive signals
from other cells and that, among higher
animals, contribute to the development
and function of the nervous system.
Trichoplax also has a gene called Trox-2,
a prototype of genes that control body
formation in higher animals.
For Schierwater, the placula
hypothesis is the next logical step. “If
the placula was the urmetazoan, then

New Model

Ctenophorans

Poriferans

600 million years ago

‘erstanding

Eggeell ——

Egg cells indicate that Trichoplax probably
reproduce sexually in nature.

Trichoplax, its closest living descendant,
would harbor the closest proto-genes,”
he says. Yet despite his confidence, the
matter is hardly settled. “The presence
or absence of genes in the Trichoplax
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FIRST ANIMAL

(Placula)

genome does not provide the neces-
sary information to determine its
position in the tree of life,” says bi-
ologist Gonzalo Giribet of Harvard
University. The largest evolutionary
analysis of the genome, says Giribet,
actually places another candidare,
ctenophores (comb jellies), at the base
of the tree. Geneticist Rob DeSalle, who
led the recent analysis at the American
Museum of Natural History, counters
that the ctenophore study did not in-
clude placozoans. For now, the debate
rages on. Perhaps only one thing is
certain: Far more research and sophis-
ticated methods of analysis are needed
to better understand the evolutionary
history of the animal kingdom. »

Complex Animals Evolved Separately

The first animal was the placula, a hypothetical creature that most closely resembles placo-
zoans such as Trichoplax adhaerens. The animal kingdom developed along two distinct paths.
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Putting the Puzzle Together
Examining Species
through the Ages
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tions for biologists, ecologists and con
servationists, who seek to understand

how a huge varicety of species might fit
into and help drive an ecosystem

The Earliest Species

The concept of species has been around
for as long as humans have been as-
sessing their surroundings. The eartiest
known grouping systems, used by
ancient cultures like the Sabvlonians,
were practical lsts. Animals were
divided 1o such categones as domes-
ticated or wild, edibie and inedible:
plants were distinguished between
edible and poisonous.

Aristotle (384 =322 0.C ) the
Greek philosopher and natural soen-
Tist, was the finst to introduce 2 com
prehensive and systematic method
for onpanizing life. He amranged
animals in relation 1o one another,
with an emphasis on defining eich
fundlarmental kind —what we know as
a species. Aristotle based his lists on
his observations and his knowledge of
the intemal anatomy and the behav
iors of various animals. He divided
them into two groups: amimals with
blood, which more or less consisted
of vertebrates: and animals without
blood, which made up the rest. This
latter group included cephalopods
isquid, octopus and cuttlefish
shellfish, crustaceans and “plant-
animals.” or onganisms he thought
looked like plants, such as jellyfish.
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Carl Linnaeus's Systema Naturae distinguished dolphins from fish and said that
a shared environment—water—explained their physical similarities.

Anstotle categonzed more than 500
different animal species

For cenmunies, these works were the
absolute authonty in natural scence.
Anstotle’s overview wias not signifi-
cantly expanded untl Pliny the Elder
(AL 23
lished an enormous lexicon in AL 77.
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knowwn on plant and animals at the
time, including such fanciful species as
dragons and mermads, which we now
know te be mvthological. Fie devated
the mionty of has wext 1o descnbing
uses for virsous plants and animals

whitch species were edible, for example,
or winch had healing propertes, This
practical approach was Later adopted




