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The Animal Kingdom:  The Protostomes
Lecture Outline

I. The protostomes and deuterostomes form two major clades

A. There are two major branches, sometimes called a superphyla

1. The Lophotrochozoa include the flatworms, the ribbon worms, the mollusks and annelids

2. The Ecdysozoa, a group named for the fact that they shed their outer cuticle by a process named ecdysis, includes the nematodes and arthropods

II. Evolution of the coelom produced the new tube-within-a-tube body design

A. The coelom provided space for development of internal body organs

B. The coelom also serves as a hydrostatic skeleton, aiding in motion in animals like worms

III. The Lophotrochozoan animals show a wide variety of habitats, life cycles, and body forms, and are very speciose

IV. Flatworms are bilateral acoelomates

A. Why are they, as acoelomates, classified in the Lophotrochozoans, which are coelomates?

B. Molecular data show that the Platyhelminths (flatworms) are a polyphyletic group, and the Turbellarians are dramatically different from other acoelomates 

C. Members of phylum Platyhelminthes are cephalized, acoelomate worms assigned to 4 classes

1. Flatworms are triploblastic (possessing ectoderm, mesoderm, and endoderm)

2. Flatworms have organs, a simple nervous system, and excretory structures called protonephridia

3. Their nervous system is simple and their brain is composed of two ganglia

4. Protonephridia function in excretion

5. Their digestive cavity has one opening, and is a gastrovascular cavity (but is absent in the tapeworms)

D. Class Turbellaria includes planarians, although most in this group are marine

1. Dugesia is a common freshwater planarian

2. Planarians are carnivorous, sucking food in through the mouth to the pharynx then to the branched gastrovascular cavity

a) Digestion takes place in this cavity

3. Gas exchange occurs via diffusion

4. Excretion takes place by diffusion as well as protonephridia, which have flame bulbs, functioning in osmoregulation

5. Memory has been exhibited by planarians

6. Asexual reproduction occurs by division of the worm and subsequent regeneration

7. Sexual reproduction occurs by simultaneous exchange of sperm by two hermaphroditic individuals

E. Flukes parasitize other animals

1. Flukes belong to classes Trematoda and Monogenea

2. Schistosoma is a blood fluke that infects hundreds of millions of people living in tropical areas

3. Most flukes, including Schistosoma, go through complex life cycles, alternation of sexual and asexual stages, and one or more host, often a snail or fish

F. Tapeworms inhabit the intestine of vertebrates

1. The tapeworms belong to class Cestoda

2. Tapeworms have suckers and hooks on the anterior end (scolex) that maintain attachment to the host

3. The body of the tapeworm is a series of segments called proglottids

a) Each proglottid has both male and female reproductive organs

b) Eggs are shed by the host daily in the feces

4. Tapeworms lack a mouth or digestive system

5. Humans may become infected by the beef tapeworm by eating undercooked beef

a) This tapeworm requires the cow as an intermediate host and the human as the final host for reproduction

b) Humans may also become infected with pork tapeworms, fish tapeworms, and a variety of others, including one that infects dogs
V. Phylum Nemertea is characterized by the proboscis

A. Members are known as ribbon worms or proboscis worms

1. The proboscis is a long, hollow, muscular tube 

2. It was earlier thought that they were the first to show a complete circulatory system and a tube-within-a-tube body plan

3. Currently it is believed that their body cavity, the rhynchocoel, is a reduced remnant of a coelomate ancestor

VI. Mollusks have a foot, visceral mass, and mantle

A. Phylum Molluska is the second most speciose animal phylum

1. The largest invertebrate, the giant squid, is a mollusk

2. Most mollusks are marine, although some snails and clams are freshwater, and snails and slugs are terrestrial as well

3. Mollusks share several characteristics

a) The body is soft and is usually covered with a shell

b) The foot is used for locomotion

c) The visceral mass contains the body organs

d) The mantle covers the visceral mass and secretes the shell, if present

e) The radula is a rasp-like feeding structure (absent in bivalves)

f) The coelom is reduced

g) The circulatory system is open (except in cephalopods)

(1) Blood directly bathes the organs in sinuses called the hemocoel

h) The sexes are typically separate, and fertilization is external

(1) The trochophore larvae is also seen in annelids

(2) The second larval stage is the veliger, which is unique to mollusks  

B. Chitons may be similar to ancestral mollusks

1. Class Polyplacophora includes the chitons

2. Chitons are herbivorous marine animals characterized by 8 dorsal plates making up the shell

3. Cephalization is reduced and eyes are absent

C. Gastropods are the largest group of mollusks

1. Class Gastropoda makes up the second largest class of animals (second only to the insects)

2. Snails are cephalized with eyes and tentacles

3. Pulmonate snails are terrestrial and respire using the mantle as a lung

4. Some gastropods, such as limpets, have shells that are not coiled; others, like nudibranchs, have no shell

5. Torsion, a twisting of the visceral mass, occurs during larval development and results in the anus located over the head and gill

D. Bivalves typically burrow in the mud

1. Members of class Bivalvia have two shells, which are hinged dorsally

a) Strong muscles hold the shells together; we often eat these muscles of clams and scallops

2. The inner layer of a bivalve shell is made of calcium carbonate and is called mother-of-pearl

3. Bivalves may be burrowers, or they may attach to the substrate (like the oyster), or they may be relatively active (such as the scallop)

4. Most bivalves are suspension feeders, bringing water in via the incurrent siphon and trapping food particles in mucus on the gills

5. Most bivalves are dioecious; in some, eggs are brooded in the  mantle cavity of the female

a) In most bivalves, a trochophore and then a veliger larva develops

E. Cephalopods are active, predatory animals

1. Members of class Cephalopoda have tentacles—eight in the octopus, ten in a squid, and up to 90 in the nautilus

2. Cephalopods have large eyes, which show convergent evolution with vertebrate eyes

3. Nautilus has a shell with chambers; the shell is very reduced in  squid and absent in octopods

4. Squids and octopods have tentacles with suckers for seizing prey, and a radula and beak for killing and biting prey

5. Squid and octopuses can not only change colors rapidly, but can also foil would-be predators with ink

6. Octopods are the most intelligent invertebrates and have shown associative behavior

VII. Annelids are segmented worms

A. Members of phylum Annelida are characterized by both external and internal segmentation (metamerism)

1. Nephridia (excretory structures) are repeated in each segment

2. Annelids have both longitudinal muscles and circular muscles in each segment, which act alternately to allow creeping, as is seen in the familiar earthworm

a) Setae, also repeated in each segment, aid in locomotion

3. Annelids have a well-developed coelom and a closed circulatory system

4. The nervous system of annelids is composed of an anterior brain and a ladder-like set of nerves

B. Most polychaetes are marine worms with parapodia

1. Members of class Polychaeta are marine worms that burrow in soft substrate or live in tubes

2. The fleshy parapodia with many setae function in locomotion and respiration

3. Polychaetes produce trochophore larvae 

4. The synchronous reproduction of some polychaetes, such as the Palolo worm, is a spectacular event

C. Earthworms help maintain fertile soil

1. Members of class Oligochaeta are found primarily in freshwater and terrestrial habitats

2. Oligochaetes lack parapodia and have very small bristles in each segment

3. Lumbricus terrestris, the common earthworm, is a deposit feeder that eats its way through the soil

a) Food moves through the pharynx, esophagus, stomach (crop and gizzard), and intestine, and wastes exit the anus

4. Gas exchange occurs through the skin, and the circulatory system is closed

5. Oligochaetes are hermaphroditic, and simultaneously exchange sperm

a) The clitellum secretes a cocoon that is shed with eggs

b) Worms develop within the cocoon without passing through larval stages

D. Many leeches are blood-sucking parasites

1. The leeches belong to class Hirudinea, and are primarily freshwater, but some are marine or freshwater

2. Most leeches are parasites, some are predators

3. Parasitic leeches suck blood, which is digested in pouches in the digestive tract

a) Leeches have been used for centuries to draw blood, and are used currently to remove congested blood

The Lophophorate phyla are distinguished by a ciliated ring of tentacles

E. The structure known as the lophophore is a ciliated ring of tentacles surrounding the mouth

F. Brachiopoda (lampshells) resemble clams and attach to their substrate with a stalk 

1. They are bivalved like mollusk bivalves, but the symmetry is opposite

G. Phylum Phoronida includes only 12 extant species, although they may locally be abundant

1. They live in tubes formed by sand

H. Phylum Bryozoa, also known as "moss animals," form sessile colonies by asexual budding

I. Rotifers are microscopic pseudocoelomates that are typically freshwater

1. Phylum Rotifera are colloquially called "wheel animals" because of their corona of cilia on the anterior end

2. Although very small, they have a complete digestive tract, a nervous system and protonephridia

3. Their taxonomical position is questionable, as they are "cell constant" 

VIII. Ecdysozoa refers to ecdysis nematodes and other arthropods, animals with a cuticle; they are of great ecological importance

A. Members of phylum Nematoda are abundant, speciose, and ubiquitous

1. Some nematodes are important parasites of both animals and plants

2. The body of a nematode is covered by a cuticle, which aids in resisting desiccation

3. The muscular system is composed of longitudinal muscles only

4. Nematodes are the simplest pseudocoelomates

a) The pseudocoelom acts as a hydrostatic skeleton, allowing only a thrashing type of movement

5. Nematodes lack a circulatory system and are dioecious

B. Ascaris is a parasitic roundworm

1. Ascaris commonly parasitizes humans, living in the intestine

2. No intermediate host is needed; humans become infected by ingesting eggs from contaminated food or soil

3. After the eggs hatch in the intestine, the larvae burrow through the intestinal wall into capillary or lymph vessels

4. The larvae are carried through the venous system to the heart, and ultimately to the lungs

5. In the capillaries of the lungs, the larvae break through into the alveoli and crawl upward to the throat

6. In the throat, they are swallowed, and end up in the intestine again where they mature

C. Several other parasitic roundworms infect humans

1. Hookworms infect a great number of people and also reside in the intestine

a) Hookworm larvae enter the body by boring through thin skin (as found between the toes)

b) Hookworm gnaw on the intestinal lining for their nutrition

2. Trichina worms cause trichinosis, which is contracted by eating rare pork or bear

a) The trichina worm is not adapted to living in humans

b) The worms migrate to muscles, form cysts, and ultimately die, causing stiffness and pain to the host

3. Pinworms are the most common nematode found in children

a) The adults live in the large intestine, and come out at night to lay eggs in the perianal region

IX. Arthropods are characterized by jointed appendages and an exoskeleton of chitin

A. Arthropods are the most numerous, speciose, and ubiquitous phylum

1. Over 1 million species are classified as arthropods

2. The success of arthropods can be attributed to several characteristics

a) The segmented body is specialized for particular functions

b) An exoskeleton functions in protection, prevention of desiccation, and as a site for attachment of muscles

c) Paired, jointed appendages function in locomotion, feeding, and reproduction

d) Aquatic arthropods have gills; terrestrial arthropods typically have book lungs or trachea

e) The nervous system consists of a brain, ladder-like nerve cords, and often compound eyes

f) The circulatory system is open, and the respiratory system is composed of gills, tracheae, or book lungs

B. Arthropod evolution and classification is controversial

1. The systematic approach in this text is based on morphology of mouthparts and appendages

2. Groups include the extinct Trilobita, the extant Myriapoda, Chelicerata, Crustacea and Hexapoda (these are alternatively classified as phyla, subphyla, or classes)

3. Arthropods are closely related to annelids

a) Most biologists believe that arthropods evolved from annelids, or that they share a common ancestor

b) Both arthropods and annelids are metameric and have similar nervous systems

c) Onychophorans (velvet worms) may share a common ancestor with some of the arthropods

d) Tardigrades, the "water bears," are also closely related

C. Trilobites (subphylum Trilobita) were early arthropods

a) Trilobites were very abundant during the Paleozoic era

b) Trilobites may have given rise to chelicerates

Subphylum Myriapoda (Classes Chilopoda and Diplopoda) include centipedes and millipedes, respectively

c) Centipedes have one pair of legs per segment and are carnivorous

d) Millipedes have two pairs of legs per segment and are herbivores or scavengers

D. Chelicerates have no antennae

1. Subphylum Chelicerata includes the horseshoe crabs (merostomes) and arachnids

2. Chelicerates have a cephalothorax and abdomen, and lack antennae and mandibles

a) The distinctive mouthparts are the chelicerae

b) The chelicerae and the pedipalps are adapted for food handling, defense, and reproduction

c) Four pairs of walking legs are posterior to the pedipalps

3. Horseshoe crabs are the only living merostomes

a) Most merostomes are extinct; Limulus, the horseshoe crab, has survived unchanged for hundreds of millions of years

4. Most arachnids are carnivores

a) The arachnids include the spiders, scorpions, ticks, and mites and harvestmen (daddy long-legs)

b) Arachnids have chelicerae, pedipalps, and four pairs of walking legs

c) Gas exchange takes place by trachea or book lungs

d) Spiders have abdominal silk glands used to spin a web

e) Spiders have poison glands to capture prey, but few have enough toxin to be harmful to humans

f) Mites and ticks are nuisances and cause economic losses

E. Crustaceans are vital members of marine food webs

1. Subphylum Crustacea includes the lobsters, crabs, shrimp, and their relatives

2. Crustaceans are important primary consumers in aquatic food webs

3. Crustacean fossils have been dated back to the Cambrian period, but their origin is uncertain

4. Crustaceans have mandibles, biramous appendages, and two pairs of antennae

5. Various other mouthparts aid in food handling, five pairs of walking legs are present, followed by other appendages for locomotion

6. Gills are present for gas exchange, antennal glands function in excretion, and compound eyes and statocysts are sensory structures

7. Barnacles are unusual, as they are sessile as adults

8. Order Decapoda is the largest order of crustaceans, and includes the lobsters, crayfish, crabs, and shrimp

a) Decapods show striking specialization of appendages and segments

F. Subphylum Hexapoda includes the insects

1. Hexapods have uniramous appendages and one pair of antennae

The insects are the most successful group of animals

a) There are more than 750,000 species of insects identified to date

b) Collectively, insects weigh more than all other terrestrial animals

c) Insects are primarily terrestrial; some are freshwater, and a very few are marine

d) Insects have six jointed legs, trachea for respiration, both simple and compound eyes, and, in many orders, one or two pairs of wings

e) Insects have Malpighian tubules for excretion

f) Insects are dioecious and fertilization is internal

g) The most primitive insects undergo direct development; others like the grasshopper undergo incomplete metamorphosis, and the most advanced insects undergo complete metamorphosis

h) Some insects are eusocial and communicate via pheromones

2. Many adaptations contribute to the biological success of the insects

a) The ability to fly and small size aids in distribution of insects

b) Metamorphosis prevents competition between larvae and adults

c) Various adaptations such as behavior and coloration have also contributed to their success
3. Insects have a great impact on humans

a) Positive interactions include insects that pollinate flowers, eat harmful insects, and break down dead organic matter

b) Insects produce honey, beeswax, lac, and silk

c) Insects also sting and bite us, make us itch, and some carry diseases
Research and Discussion Topics

· Discuss the current use of Caenorhabditis elegans, a tiny roundworm, in developmental and genetic research.  C. elegans has been called "the new Drosophila."  What are the advantages to using this roundworm, compared to fruit flies?

· Investigate the prevalence of various flatworm and nematode diseases, worldwide.  Why are they more common in tropical areas?  Investigate various measures taken by health care organizations to prevent or treat these diseases.

· A good number of freshwater bivalves in the United States are endangered.  Think about their mode of feeding.  Why might they be endangered?  There is also great controversy about the harvest of freshwater bivalves by other countries for their pearls.  If you were an environmental biologist, how might you protect local bivalve populations against both of these fronts?

· Compare the numbers of species of the orders of insects.  Which are relatively low in numbers of identified species?  Which has the greatest number of species?  Why might this be?

· Crustaceans are sometimes called the "insects of the sea," as they are speciose and very numerous.  Investigate the variety of life styles and niches to which they have adapted.  Some have adapted to very unusual habitats.  Investigate parasitic crustaceans (including fish "lice," although they are not really lice), or those found in ephemeral ponds, for example.  Are any crustaceans truly terrestrial?  (answer:  only pill bugs)

· Investigate the mechanism of silk production by spiders.  Describe the different types of silk and the function of each type.  What different uses of silk and types of webs are seen?  Is it similar to silkworm silk?

· How are bioengineers using some of the glues in spider webs?  Reference: Anonymous.  "Charlotte’s Patent."  Scientific American.  April 1992. 138-140.

· Linnaeus thought that barnacles were mollusks, as they are sessile and enclosed in a shell.  Investigate their interesting anatomy and the development of a sessile barnacle from a free-swimming larval form.

· Onychophorans are an odd group.  In fact, they were first described in 1826 as a leg-bearing slug.  Investigate the evidence for an onychophoran as the ancestor of the insects.  What characteristics do they have that are similar to insects?  To annelids?

· Why don’t insects live in the sea?  For one hypothesis, see:  Glausiusz, J.  "Where Insects Fear to Tread."  Discover.  March 1997.  26.  

