Teacher Background

The diversity of animal life on Earth is astounding, Each
animal has a unique body plan which allows it to survive and
adapt to its given surroundings. With such an abundance

of species, classifying animals into different categorics

is necessary, Ar first the diversity of animals can be
overwhelming bur after further research and observation,
many likenesses appear. These similarities become the basis
for taxonomists, the biologists who specialize in classifying
animals, to organize and bring order to the animal kingdom.

Animals are classified into categones called taxa (singular-
taxon} and are sorted according o their phvlogeny
{evolutionary history), body plan and similarity of
characteristics. There are seven principle levels thar
organisms can be placed into: Kingdom, Phylum, Class,
Order, Family, Genus, Species. All animals are in the
Kingdom Animalia. As you move from species to kingdom
the animals that are grouped together share fewer and fewer
characteristics at each suceeeding level.

The next level after Kingdom is Phylum, which is the main
focus of the program. Even though there are approximately
thirty-five phyla within cthe animal kingdom, 98 percent

of all animals are classified into eight of them. To get even
more specific seven of the eight phyla are invertebrares,
Inveriebrates comprise most of the animal kingdom, with
almost 75 percent of all animals on earth being insects, They
outnumber humans by a mithon to one!
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From Phylum, animals arce then broken down into more
specific categories: class, order, family, genus, and species.
For example, a shark, a bird and a human are all in the
Phylum Chordara. So, what similarities do these animals
have? Taxonomists would agree that all these animals have
similar internal skeletons. Flowever, these animals would not
be grouped in the same Class. This process would continue
until the animal is classified all the way o species type.

Keep 1n mind that sub-phyla do exist and even though most
animals are placed 1nto these eight phyla, not only are there
visible differences amongst the cight phyla, buc also within
cach phyla. The following descriptions of each phylum are
from the “Shape of Life” guide (Sea Studios Foundation, 2002).

PORIFERA

Sponges

The Phylum Porifera consists only of sponges, which is
unique since these animals are entirely aquatic; with 98%
found only in marine environments and a small percentage
found in freshwater lakes and steeams. Sponges are
considered the oldest and of the animal phyla. Translared
from Lacin, Porifera means “pore bearer.” Sponges play an
important role in aquatic ecosystems, acting to filter particles
out of the water, especially bacteria. Sponges can be found
living with coral reefs. The surface of a sponge is covered
with a skin which is one cell thick. This skin is penctrated

by numerous small pores and a few larger openings. These
larger openings are the entrances and exits for a complex
system of canals and chambers through which the sponge
pumps a current of warer. The body of a sponge between this
system of canals is a loose assemblage of cells that scerets a
supporting skeleton of collagen fibers and mineral spicules
(glass or caleum carbonare) and carries out the process of
growth, repair, nourishment, and reproduction.

Spounges can filter/clean water at a rate of their entire volume
in less than a minute! As the sponge pumps in water at this
amazing rate, it captures tiny food items - as small as a single
micron in diameter, Choanocytes are specialized Aagellated
cells, also called collar cells, that allows sponges to pump the
water. Since sponges are filter feeders they often have wo filer
over a tun of water t secure just a single ounce of fooc!
Sponges reproduce asexually by fragmenration or budding,
sexually (cggs and spermy), or hermaphroditic, a single specics
with borh male and female gametes. Their commercial
importances are tor use as bath sponges as well as being
tested for possible anri-cancer drugs or antibiotics. Sponges




provide a micro habieat for other organisms and they aid in
cleaning the water. Since sponges are considered che simplest
of the all animal phyla, they are important subjects for
analvzing the evolution of amimals. Studies indicate thac the
Phylum Porifera is ar the base of the animal tree of life.

Features
* Asymmetrical
* Organized as an assemblage of different kinds of
specialized cells, e.g. collar cells
* No tissucs
* Skeleton lacking or made of spicules

CNIDARIA
Jellyfish, Corals, Anenomes, Hydra

The phylum enidaria includes such animals as jellyfish,
corals, sea pens, sea anemones, and hydras. This phylum
contains the most venomous marine creature. It is the
Australian box jellyfish. Itis known to kill more people than
sharks, crocodiles and stonchsh combined. It can cause
shock and heart fatlure within minures. Sea turtles prey upon
the box jellyfish but are not affected by the venom. Most
cnidaria alernate berween two ditferent body forms in their
life: the free-swimming form, called the medusa, and che
stationary form, called the polyp. Both body types follow
the same basic plan. They are radially symmetrical with three
layers of tissue. Each species has a single opening that serves
as both the mouth and the anus. That shared opening is
usually surrounded by a ring of tentacles, allowing the animal
to capture prey in all directions.
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Cnidarians have a defined top and botrom and two distinet
layers of rissue: an epidermis outer layer and an internal
gastrodermis. Between these tissue layers is a layer called
the mesoglea. In the form of a medusa, the mesoglea is an
elastic, clear jelly with fibers made of protwein called collagen.
The mesoglea aids in locomotion by clasticaily recoiling

in responsc to muscle contractions, Cnidarians’ muscles

and nerves are located ar the base of the tissue layers.

The internal space, surrounded by the layers of tissue and
mesoglea, is the gur or gastrovascular caviry.

In order to capture prey, cnidarians have stinging cells,
Located in their tentacles, these stinging cells, called
cnidocytes, contain tiny, often toxic harpoons, called
nematocysis. Triggered by touch or certain chemicals,
nemartocysts fire out of the enidocyte housing at lightning
speed. Some hyvdra can fire these harpoons with an
accelerated force equal to 40,000 times rthe acceleration

of gravity. That's 10,000 times the acceleration force of a
space shuttle. Once the nenutocyst hits it mark, usually
lethal potsons are injected into the prey. The combination of
defined tissues, muscles, nerves and a gut allowed ancestral
cnidarians to be the Arst animals on the planet w show
animated behavior, The named Coidaria comes from the
Latin word meaning “nectle.”

Features
* Two tissue layers with nerve and muscle tissucs
+ Nematacysts - structures contained in special cells ealled
cnidocytes or cnidoblasts that can aco in both oftense
and defense ’
* Two main life forms - free-swimming medusa (e.g.,
jellyfish) or starionary polyp {e.g., ancnome)

PLATYHELMINTHES
Flatworms

This particular phylum is one of the lesser-known groups
and includes such animals as freshwater planaria, colorful
marine polveads and parasitic tapeworms and flukes. The
name Plaryhelminthes in Latin means “flat worm.”

Fossilized worm tracks in the carly Cambrian period (over
550 milhon years ago) hine at the origin of this body plan.
While the acrual classification of Platyhelminthes remains
controversial, flatworms share distincrive features, They are
bilaterally symmetrical with a defined head and rail region
and a centralized nervous system containing a brain and




nerve cords, Clusters of light-sensitive cells make up what
are called eyespots. The head region of the flarworm also
contains other sense organs, which are connected to the
Hatwornv’s simple brain. Like most animals, except sponges
and cnidarians, flatworms possess three tissue layers making
them triploblastic. The middle tissue layer, called the
mesoderm, helps form true organs, including reproductive
organs, such as ovaries, testes, and a penis.

Flatworms are hermaphroditic and capable of sexual and
asexual reproduction, They are, as their name implies, flat.
They have no circulatory system or body cavity {eoelom),
but they do have an excretory and digestive system. Passive
diffusion through rhe skin supplies oxygen to their body
parts, The highly branched gastrovascular (gut) cavity
distributes nutrients to their cells,

Most species of flatworms are parasitic, having evolved
protective skin coverings and claborate attachment
mechanisms to allow them o live inside their hosts.

Features
* Bilacerally symmetrical with a head and tail
* Cenrralized nervous system
* Three tissue layers
* No coclom [body cavity), no circulatory system and no
hard skeleton

ANNELIDA

Polychaeies, Earthworms, Leeches & Cambrian Explosion
The Cambrian period began approximately 543 million years
ago. OF the eight major phyla, two were known from fossils
of this time -Porifera and Cnidaria. Shortly chereafter, a
profuse radiation of fossils representing the other animal
body plans occurred over a relatively brief span of about 10
million years (by some estimares, 530 million years ago,)
The rest of the animal phyia all evolved during, or shortly
after, this evolutionary explosion of new life forms in the
Cambrian period.

The Annclida body plan is equal in complexity to that of
chordates. Iar from being lowly worms, these crearures are
impressively powertul and capable animals. Annelids are
bilaterally symmetrical. They also contain three tissue layers
and a true body cavity, or coclom. The coclom surrounds a
one-way muscular digestive tract that runs from the mouth
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to the anus and includes a pharynx, intestine, and other
strucrures, Annelids have a closed-circulatory system with
capillaries connecting to arteries and veins, as well as a
segmented ceneral nervous system that includes a simple
bram located in the head region.

One of the distinctive traits of an annelid is char it has many
segments, or rings, that comprise its body. In fact, Annelida
means “little ring” in Latin. Each segment has a number

of bristles, called sctae, which help the worm move. The
evolution of segmentation is an importanc step for the
annelids because ic provides an opportunity for separate
regions of the body to specialize in different tasks. The
fluid-filled coelom was another important innovation for
annelids, as it insulated the gut from body locomotor muscles
and provided a hydrostatic fluid skeleton against which the
muscle system could work quite effectively.

Features

* Elongate and bilateral with segmented true body cavity
(coclom)

* Complete circulatory system wich capillaries, arteries and
veins

+ Continuous gut running from mouth w anus with own
musculature

* Bristle-like structures, called setae, projecting from body
(excepr 1o leeches)




ARTHROPODA
Crustaceans, Spiders, Millipedes, Cenfipedes, Insects

Of all the phyla in the animal kingdom, Arthropoda is by far
the largest and most diverse. All arthropods have segmented
bodies and are covered in a hard, yet flexible, protective
armor called an exoskeleton. Their body muscles attach o
the inside of the exoskeleton. The name Arthropoda means
“jointed foor” and refers to thedr jointed appendages. In
order to grow, arthropods must shed their chiton-flled
exoskeleton periodically, engaging 1 an activiey called
molting. When an arthropod passes through specific
developmental stages during molcing, it is said to by
metamorphosing. Radical changes in body design can come
from metamorphosis, For example, an arthropod like a
dragonfly can start life in a pond as a swimming larva and
then metamorphose into a completely different-looking,
winged adult,

Arthropods, like all animals, first appeared in the sea, yet
became the first animal group to invade land and even rake
to the skies. (Qur direct ancestors, the chordares, didn’t
invade land for another 100 million years,) Once on land
arthropods adapted superbly to the new environmente, The
incredible diversity and success of the arthropods can be
attributed to their extraordinarily adaptable body plan. A key
feature of this plan lies in the development of myrind types
of appendages (antennae, claws, wings, shields, mouthparts)
that allowed arthropods to exploit nearly every niche on Earth.

Features
* Hard exoskeleron made of chitin and protein
* Possess numerous jointed appendages and a segmented
body

* Must molt to grow

MOLLUSCA

Clams, Snails, Slugs, Nautilus, Octopus

Animals in this phylum, including chitons, snails, slups,
clams, squid, and octopus, show an amazing degree of
diversity. All molluses have soft bodies. In fact, the name
Mollusc means “soft’” in Latin. Most molluscs are covered
by a hard shelt, which is scereted by a layer of tissue called
the mante that overlays the internal organs of the mollusc,
Molluscs also have a strong muscular foot, which is used for
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movement or grasping. The have gills, a mouth and an anus.
One feature unique to molluscs is a file-like, rasping tool
called a radula. This structure allows them to scrape algae
and other food of rocks and even to dnill into prey or catch
fish.

The diversity of molluscs demonstrates how a basic body
plan can cvolve into a variety of different forms that allow
survival in specific environments, For example, the hard
shell in a land-dwelling snail is relatively large and serves to
protect the animal. In the fast-swimming squid, however, the
shell has been reduced to a small pen-shaped scructure.

Features

* Rasping organ called a radula- present in all groups
except bivalves and Aplacophora

* Muscular foot- used for locomotion and other tasks

* A sheach of tissue called the mantle that covers body and
can secrete the shell (if there is ong)

* A mantle eavity that houses the gills or lungs

* A calcium shell present in most mollusks- some mollusks
have greatly reduced their shells, ¢.g., squid; while
uthers have completely lost it, ¢.g., slugs, nudibranchs,
and octopus

ECHINODERMATA

Sea stars, Sea Lilies, Sea Urchins, Sea Cucumbers,
Britile Stars

There are abour 6000 living species belonging to the phylum
Echinodermata. The bodies of echinoderms are made of
tough, calcium-based plates that are often spiny and covered




by a thin skin. This rough body is how they get cheir name-
LEchinoderms {echino-spiny, derm-skin).

chinoderms are exclusively marine animals, This phylum
includes sea stars, sea lilies, urchins, sea cucumbers, sand
dollars and brittle stars. Echinoderms do not have a bilateral
body plan with a distinct head and tail. Instead, many
Echinoderms begin life as bilateral larvae and later develop
mnto radial organisms with five-part symmetry. The mouths
of most Echinoderms are located on the underside of their
bodies. Echinoderms move, feed, and respire with a unique
water-vascular system ending in tube feet. Sea stars use their
tube feer to slowly pry open clams, mussels, or other prey.
Some sea stars can even extrude their stomachs from their
bodics and insert them into the tiny openings between the
two shells of bivalves and digest the soft parts inside.

An interesting ability of both sea stars and sea urchins is that
of regencrarion. If body parts such as legs, tube feet, and
spines are lost to a predator they can grow back. While

most cchinoderms are cither stationary or slow-moving,
methodical animals, they are nevertheless prominent
members of the marine environment,

Features

* Internal skeleton made of little calcium plates

* Five-part symmetry

* Special fluid-flled system (called a water vascular system)
that operates the tube feet

ZZ NATICNAL AQUARIUM

Phlyum Lob = Grades 9-12

CHORDATA
Tunicates, Lancelets, Vertebrates, including Amphibians,
Reptiles, Mommals ;

The Phylum Chordata includes a wide range of animals from
tunicates that look superficially more like sponges, to
vertebrates, including fishes, frogs, snakes, birds, and
humans. Despite this diversity virtually all chordates share
certain features at some point in their lives. These include

a stiffening rod, called a notochord, that in many members
{e.g., the vertebrates) is later replaced by a bony, vertebral
column. In most adult vertebrates, the notochord only
remains as a disk between the vertebrae. Another chordate
feature is a hollow nerve structure called a dorsal nerve cord
thar in most members becomes the spinal cord and brain.
Also included in the chordate body plan are structures
called pharyngeal gill slits, or clefts. These skeleral elements
function as jaws and jaw supports, and in some animals take
on a variety of other functions,

The most conspicuous group of Chordates is the subphylem
Verrebrata, Vertebrates include a wide range of animals, from
the jawless fishes to the more familiar mammals and birds.
Unlike arthropods that wear their skeletons on the outside,
chordates have their skeletons on the inside. This design, as
in the echinoderms, allows chordates to grow continuously
with no need for molting, Such a robust taternal skeleton
helps vertebrates grow to the size of an African clephant, or
support the powerful movements of swimming fish.
Another major innovation in the evolution of vertebrates 1s
the appearance of jaws and a bony skull. A quadrupling

of genetic informarion and the appearance of a special
population of migratory cells, called neural crest, are
correlated with the emergence of the all-important vertebrate
jaws and skulls. These new features offered a host of new
opportunitics. Vertebrates fall into two main categories:
fishes, and a group of animals called tetrapods. Tetrapods
developed from a distinct lineage of fishes that possessed
unique internal fin bones. These structures eventually aided
in supporting the weight of animals on land and laid the
foundation for arms and legs and the first amphibians. The
development of a shelled, water-retaining egg, the amniotic
egg, enabled retrapods to remain on land and develop into
repriles, birds, and mammals.

From an ancienr reptilian ancestor, ewo groups of animals,




mammals and birds, independently developed the capacity
to maintain constant body temperature. Mammals evolved
carhier than birds, more than 220 million years ago, and arc
represented today by more than 4, 500 species, including
humans.

Features

* Notochord- an elongate rod-like structure located above
the gur and below the nerve cord

* Dorsal nerve cord- a hollow tube that in most
differentiates into a brain anteriorly and a spinal cord
pusteriorly

* Gill elefts- structures located behind the mourh and 1in
front of the esophagus

* Segmented muscles (except for tunicates)

* Post-anal tail

Resources

SHAPE OF LIFE
hitp://www.pbs.org/kcet/shapeoflife/

A revolutionary eighe-part television series that reveals the
dramatic rise of the animal kingdom through the
breakehroughs of scientific discovery. The Shape ot Lite
website features activities and resources, animal facts, and
scienast biographics.

SCHOOL RESOURCES

The brology textbook that your high school uses, vour school
library and the internet can also be used as resources for the
Phylum Lab program
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