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Chapter 28

28.1 Evolution of Animals

A.
Characteristics of Animals
1.
Members of the kingdom Animalia are multicellular heterotrophs that ingest their food. 
2.
Animals are mobile and animal cells lack a cell wall.
3.
Many animals have the diploid life cycle, and usually reproduce sexually.

4.
Muscle and nerve tissues characterize animals.

a.
The evolution of these tissues enabled many types of animals search actively for their food and prey on other organisms.

5.
Animals are monophyletic—meaning both invertebrates and vertebrates can trace their ancestry to the same ancestor.

6.
Adult vertebrates have a spinal cord (or backbone), while invertebrates do not have a backbone.

B.
Ancestry of Animals



1.
The colonial flagellate hypothesis states that animals are descended from an ancestor that resembled a hollow spherical colony of flagellated cells.



2.
The colonial flagellate hypothesis implies that radial symmetry preceded bilateral symmetry in the history of animals.

a.
In a radially symmetrical animal, any longitudinal cut produces two identical halves.

b.
In a bilaterally symmetrical animal, only one longitudinal cut yields two identical halves.



3.
The choanoflagellates (collared flagellates) most likely resemble the last unicellular ancestor of living animals, and molecular data illustrates that they are the closest living relatives of animals.



4.
A choanoflagellate is a single cell, 3–10 μm in diameter, with a flagellum surrounded by a collar of 30–40 microvilli.



5.
As the water moves through the microvilli, they engulf bacteria and debris from the water.

C.
Evolution of Body Plans 



1.
As an animal develops, there are many possibilities regarding the number, position, size, and patterns of its body parts.



2.
Slight shifts in genes called Hox (homeotic) genes are responsible for the major differences between animals that arise during development.

a.
Maybe the changes in the expression of Hox developmental genes explain why all the animal groups of today had representations of the Cambrian seas.
D.
The Phylogenetic Tree of Animals



1.
The phylogenetic tree of animals is based on molecular and morphological data.



2.
It is assumed that the more closely related two organisms, the more rRNA nucleotide sequences they will have in common.



3.
Molecular data have resulted in a phylogenetic tree that is quite different from the one based only on morphological characteristics.

4.
Types of Symmetry

a.
Asymmetry means there is no particular body shape (e.g., sponge).

b.
Radial symmetry describes body parts arranged around an axis, like spokes of a wheel (e.g., starfish).

1)
Radially symmetrical animals may be sessile (i.e., attached to a substrate or less motile).

2)
This symmetry enables an animal to reach out in all directions from one center.

c.
Bilateral symmetry describes a body having a right and left, or complementary halves.

1)
Only one longitudinal cut down the center produces mirror halves.

2)
Bilaterally symmetrical animals tend to be active and to move forward at an anterior end.



3)
The development of a head to localize the brain and sensory organs at the anterior end is called cephalization.

2.
Embryonic Development


a.
The first three tissue layers are called germ layers because they give rise to the organs and organ systems of complex animals.


b.
Animals (e.g., cnidarians) that have two tissues layers (ectoderm and endoderm) as embryos are diploblastic with the tissue level of organization.


c.
Animals that develop further and have all three tissue layers (ectoderm, mesoderm, and endoderm) as embryos are triploblastic and have the organ level of organization.

1)
Animals that have three tissue layers are either protostomes or deuterostomes.
d. Protostomes exhibit the following events during embryological development.  

1)
Spiral cleavage, in which the cells divide without an increase in size.

2)
The fate of the cells is fixed—each contributes to development in only one particular way.

3) The blastopore is associated with the mouth.

4) A coelom forms by splitting of the mesoderm, which has arisen from cells near the blastopore.

e. Deuterostomes exhibit the following events during embryological development.

1) Radial cleavage, where the new daughter cells sit atop the previous cells; the fate of these cells is indeterminate.

2) The blastopore is associated with the anus; the mouth appears later.

3) A coelom forms by the fusion of mesodermal pouches from the primitive gut.

E.
Evolution of the Animal Body Plan (Evolution reading)

1.
Animal body plans generally become increasingly complex, from asymmetrical, to radial, to bilateral.


2.
Body plans are determined by the pattern of genes being expressed or not expressed, at different times and regions of the developing embryo.

3.
In the first stages of development, the anterior and posterior ends of the embryo are defined.

4.
In animals that have bilateral symmetry and segments, the next step in development is diving the embryo into segments.

5
After the segmentation pattern is established, the Hox (homeotic) genes determine what each segment will be.


a.
Hox genes bind to the genetic area that determines the body plan during development.


b.
Each Hox gene determines the developmental fate of a particular region of the body.



1)
In mice, Hox C8 determines that 12 segments become the thoracic vertebrate.



2)
In snakes, Hox C8 determines the development of hundreds of thoracic vertebrae.


c.
Hox genes are found in all animals and there is a shared similarity among animal groups.


d.
Hox genes have evolved from a common ancestor.
28.2  The Simplest Invertebrates

A.
Sponges (phylum Porifera) 
1.
Sponges have no symmetry and no tissues and remain at a cellular level of evolution. 

2.
Their saclike bodies are perforated by many pores. 

3.
Sponges are aquatic, largely marine animals that vary greatly in size, shape, and color.

4.
They have a canal system that allows water to move through their bodies.

5.
Beating collar cells produce currents through pores in the wall into a central cavity and out through osculum.


6.
Simple sponges 10 cm tall can filter as much as 100 liters of water a day.

7.
Sponges are sessile filter feeders; they stay in one place and filter food from the water.

a.
Collar cells engulf and digest food particles in food vacuoles. 

8.
Sponge skeleton prevents the body from collapsing. 

a.
All sponges have fibers of spongin, a modified form of collagen, which gives a sponge its flexibility.

b.
The endoskeleton of sponges also contains spicules, which are tiny needle-shaped structures with one to six rays, depending on chemical structure.

c.
Sponges have few predators, due to spicules, and the production of foul smelling and toxic substances that discourage predators.

9.
Sponges reproduce asexually by budding, which can produce quite large colonies. 

10.
Fragmentation occurs when sponges are chopped up; each piece can start a complete sponge.

11.
Sponges reproduce sexually when eggs and sperm are released into a central cavity; the zygote develops into a ciliated larva.

B.
Comb Jellies and Cnidarians

1.
Comb jellies (phylum Ctenophora) represent the largest animals propelled by beating cilia and range in size from a few centimeters to 1.5 m in length.

a.
Most of their body is a jellylike packing material called mesoglea.
b.
Long tentacles covered with sticky filaments—or an entire body covered by sticky mucus—captures prey.

2.
Cnidarians (phylum Cnidaria) are tubular or bell-shaped.

a.
They mostly live in coastal waters but there are oceanic, freshwater, and brackish forms.

b.
Cnidaria have cnidocytes, a specialized cell that contains a nematocyst.
1)
The nematocyst is a fluid-filled capsule, which contains a long, spirally coiled hollow thread.

2)
When the trigger of the cnidocyte is touched, the nematocyst is discharged.

3)
Some threads merely trap prey or predators; others have spines that penetrate and inject paralyzing toxins.

c.
A cnidarian body is a two-layered sac with the epidermis derived from ectoderm.

d.
The inner tissue layer derived from the endoderm secretes digestive juices into the gastrovascular cavity.
e.
The gastrovascular cavity digests food, circulates nutrients, and serves as a supportive hydroskatic skeleton.
f.
Cnidaria have two basic body plans.

1)
A polyp is vase-shaped and the mouth is directed upward.

2)
A medusa is bell-shaped and the mouth is directed downward.

3)
A medusa has more mesoglea than a polyp; tentacles are concentrated on the margin of the bell.

4)
Both body forms may have been a part of life cycle of early cnidaria.

5)
When both stages are present, the animal is dimorphic and the polyp stage is sessile and produces the medusae.

6)
The medusa stage is motile and produces the egg and sperm, dispersing the species.


3.
Cnidarian Diversity

a.
Sea anemones are solitary polyps 0.5–20 cm in length and 0.5–10 cm in diameter or larger.

1)
Their upward turned oral disk that contains the mouth is surrounded by a large number of hollow tentacles containing nematocytes.

b.
Corals resemble sea anemones encased in a calcium carbonate house.

1)
Some may be solitary; most are colonial.

2)
Corals are responsible for building coral reefs by the slow accumulation of limestone resulting in massive reefs.

c.
The hydrozoans have a dominant polyp.


1)
Two examples of hydrozoans are Hydra and Portuguese man-of-war.


2)
The Portuguese man-of-war is a colony of polyps; the original polyp becomes a gas-filled float.

3)
Other polyps bud to specialize for feeding or reproduction.

4)
It can cause serious injury to swimmers with a tentacle having numerous nematocysts; each tentacle arises from the base of each feeding polyp.

d.
In the true jellyfishes (e.g., Aurelia) the medusa stage is dominant in jellyfish; the polyp remains small.

1)
Jellyfishes are an important part of the zooplankton, the food for larger marine animals.


4.
A Typical Cnidarian: Hydra 



a.
Hydra are solitary, freshwater hydrozoan polyps.



b.
The hydra body is a small tube about one-quarter inch in length.

c.
Four to six tentacles containing nematocysts surround the mouth, the only opening at one end. 

d.
In the epidermis are nematocyst-containing cnidocytes and sensory cells that make contact with the nerve cells within a nerve net, which allow transmission of impulses in several directions at once

e.
Hydra reproduces asexually by budding. 

f.
They can also reproduce sexually: sperm from a testis swim to an egg within an ovary; after early development within an ovary, a protective shell allows the egg to survive until conditions are optimum for it to emerge.

g.
Hydras can grow as entire organisms from a small piece (like sponges).

28.3  Diversity Among the Lophotrochozoans

1.
Lophotrochozoans are bilaterally symmetrical at least in some stage of development.

2.
As embryos, they have three germ layers; as adults they have the organ level of organization. 

3.
The two groups of lophotrochozoans are:

a.
The lophophores 

1)
Examples include bryozoans and brachiopods.


2)
They are not closely related but share a similar feeding apparatus called the lophophore.

b.
The trochophores

1)
Examples include flatworms, rotifers, molluscs, and annelids.


2)
They either have a trochophore larva today, or their ancestor had trochophore larva.

A.
Lophophorans


1.
The lophophorans consist of:



a.
Bryozoans (phylum Bryozoa)




1)
They occur in colonies




2)
Each colony is made up of individuals called zooids, which are specialized for different functions.



b.
Brachiopods (phylum Brachiopoda)




1)
They have two hinged shells, a top and a bottom.




2)
They have a muscular pedicle to attach themselves to hard surfaces




3)
They use their lophophore to feed by filtering particles from the water.



c.
Phoronids (phylum Phoronida)




1)
They live inside a tube that is formed from their own chitinous secretions.

B.
Trochozoans
1.
Flatworms (phylum Platyhelminthes) are trochozoans.

2.
Flatworms have a sac body plan and thus an incomplete digestive tract.
3.
When an animal has two openings, they have a complete digestive tract.
4.
Flatworms have no body cavity.

5.
 In addition to endoderm and ectoderm, a mesoderm layer fills the space between their organs.

.
6.
Planaria are free-living flatworms

a.
Digestion


1)
Planaria capture food by wrapping around prey, entangling it in slime, and pinning it down.


2)
The pharynx is a muscular tube that extends through the mouth and through which food is ingested.


3)
In a three-branched gastrovascular cavity, digestion is both extracellular and intracellular. 


4)
Digestive system delivers nutrients and oxygen to the cells and there is not circulatory or respiratory system.


5)
Waste exits through the mouth.


b.
Excretion

1)
The flame-cell system consists of a series of interconnecting canals that run the length of the body on either side of the longitudinal axis and side branches of the canals.

2)
A flame cell is a bulb-shaped cell containing a tuft of cilia inside the hollow interior of the bulb; cilia move back and forth, bringing water into canals that empty through pores at the surface.

3)
It functions in both water excretion and osmotic regulation.


c.
Planaria can reproduce both sexually and asexually.

1)
They constrict beneath the pharynx; each half will grow into a whole animal—regeneration. 

2)
Planaria are hermaphroditic, possessing both male and female sex organs.

3)
Planaria cross-fertilize each other.

4)
Fertilized eggs are enclosed in a cocoon and hatch in two to three weeks into tiny worms. 


d.
Nervous system

1)
Planarias have a ladder-type nervous system.

2)
Paired ganglia function as a brain in the head region.

3)
The head is bluntly arrow-shaped; side extensions (auricles) are sensory organs to detect food and enemies. 

4)
The two light-sensitive eyespots have pigmentation that makes them look cross-eyed.

e.
Three muscle layers—an outer circular, an inner longitudinal, and a diagonal—allow for varied movement.

f.
In larger forms, locomotion is accomplished by movement of cilia on ventral and lateral surfaces.

g.
Numerous gland cells secrete a mucous material upon which the animal moves.

.
7.
As parasites, flukes and tapeworms have characteristic modifications.

a.
Loss of predation allows a lack of cephalization; the head carries hooks and suckers to attach to a host.

b.
There is extensive development of the reproductive system with loss of other systems.

c.
Well-developed nervous and gastrovascular systems are not needed; it does not seek out or digest prey.

d.
Flukes and tapeworms are covered by a tegument that protects them from host digestive juices.

8.
Flukes and tapeworms use a secondary (intermediate) host to travel from primary host to primary host.

a.
A primary host is infected with sexually mature adults; the secondary host contains the larval stage(s).

9.
Flukes  

a. Blood, liver, and lung flukes inhabit those organs.

b. Fluke bodies are generally oval and elongate.

c. At the “head,” an oral sucker is surrounded by sensory papillae; another sucker also helps attach. 

d. Flukes have reduced digestive, nervous, and excretory systems.

e. The reproductive system is well developed and they are usually hermaphroditic.

f. The blood fluke causes schistosomiasis.
1) Schistosomiasis disease is found predominantly in the Middle East, Africa, and Asia where about 200,000 infected persons die each year.

2) Blood flukes are male or female; the female fluke deposits eggs in blood vessels around the intestines.

3) The eggs migrate to the intestine and are passed out with feces.

4) Tiny larvae hatch in water and swim until they detect and enter a particular species of snail. 

5) The larvae reproduce asexually inside the snail and eventually leave the snail.

6) If the larvae penetrate the skin of the human body, they begin to mature in the liver and implant in the small intestine blood vessels.

7) A weakened person is more likely to die from secondary diseases.

g. The Chinese liver fluke (Clonorchis sinensis) requires two intermediate hosts (a snail and a fish).

1) Humans become infected when they eat uncooked fish.

2) Adults live in the liver and deposit eggs in the bile duct, which carries eggs to the intestine.

3) Larval flukes must then pass through two intermediate hosts, a snail and a fish.


10.
Tapeworms

a.
A tapeworms head or scolex contains hooks and suckers for attachment to the intestinal wall of the host. 

b.
Behind this head is a short neck and then a long string of proglottids.

c.
Each proglottid segment contains a full set of both male and female sex organs and little else.

d.
There are excretory canals but no digestive system and only rudiments of nerves.

e.
After fertilization, proglottids become a bag of eggs; mature proglottids break off and pass out with feces. 

f.
If eggs of tapeworms are ingested by pigs or cattle, larvae become encysted in the muscle of hosts.

g.
The covering of ingested eggs is digested away and larvae burrow through the intestinal wall and travel by bloodstream to lodge and encyst in muscle. 

h.
A cyst is a hard-walled structure sheltering a larval worm.

i.
If humans eat the meat of infected pigs or cattle and fail to cook the meat properly, they too become infected.

C.
Rotifers 

1.
About 2,000 species of rotifers belong to phylum Rotifera.

2.
Rotifers are abundant in freshwater.


3.
A crown of cilia (corona) causes a rotating motion; this organ of locomotion also directs food to the mouth.


4.
They can desiccate for during harsh conditions and remain dormant for lengthy periods of time and thus are called “resurrection animalcules.”

D.
Molluscs
1. Molluscs (phylum Mollusca) live in marine, freshwater, and terrestrial environments.

2. Phylum Mollusca includes chitons, limpets, slugs, snails, abalones, conchs, nudibranchs, clams, scallops, squid, and octopuses.

3. Molluscs have a three-part body plan: a visceral mass, a mantle, and a foot.

a. The visceral mass contains internal organs: digestive tract, paired kidneys, and reproductive organs.

b.
A mantle covering partly surrounds the visceral mass; it may secrete a shell and help develop the gills or lungs.

c.
The foot is muscular and adapted for locomotion, attachment, food capture, or a combination of functions.

4. The radula in the mouth bears many rows of teeth and is used for feeding; a radula is not present in all molluscs.

5. In molluscs, the true coelom is reduced and limited to the region around the heart.

6. Nutrients and oxygen diffuse into the tissues from the sinuses instead of being carried into the tissues by capillaries. 

7. Most molluscs have an open circulatory system: a heart pumps hemolymph through vessels into a hemocoel.
8. Blue hemocyanin, not red hemoglobin, is the respiratory pigment found in molluscs.

9. Some are slow moving with no head; others are active predators with a head and sense organs. 

.
10.
Class Bivalvia contains the bivalves (clams, oysters, mussels, scallops).
a.
Bivalves are two-part shells that are hinged and closed by powerful muscles.

b.
They have no head, no radula, and little cephalization.

c.
Clams burrow with a hatchet-shaped foot; mussels use it to produce threads to attach to objects.

d.
Scallops both burrow and swim; rapid clapping of their valves releases water in spurts.

e.
The shell is secreted by the mantle.

1)
The shell is composed of protein and calcium carbonate with an inner layer of pearl.

2)
The shell deposits around a foreign particle inserted between the mantle and the shell to form a pearl.

f.
A compressed muscular foot projects down from the shell; by expanding the tip, it pulls in the body.

g.
The beating cilia of the gills cause water to enter the mantle cavity by way of an incurrent siphon and exit by way of an excurrent siphon.

h.
The cilia of gills move water through the mantle cavity.

i.
Gills capture particles and move them toward the mouth; the mouth leads to the stomach, which leads to the intestine, which passes through a heart and ends at the anus.

j.
The circulatory system is open; the heart pumps hemolymph into vessels that open into the hemocoel.

k.
The nervous system consists of three pairs of ganglia that connect the front, back, and foot.

l.
Two excretory kidneys below the heart remove ammonia waste from the pericardial cavity.

m.
The sexes are separate; the gonad is located around coils of intestine.

n.
Some clams and annelids have the same type of larva, indicating an evolutionary relationship between molluscs and annelids. 

11.
The gastropods are the largest class of molluscs and include snails, land slugs, whelks, conchs, periwinkles, sea hares, and sea slugs.

a.
Most are marine but some are freshwater or terrestrial.

b.
They have an elongated, flattened foot and most have a one-piece coiled shell that protects the visceral mass.

c.
The anterior end of gastropods has a well-developed head region with a cerebral ganglion and eyes on the end of tentacles. 


d.
Land snails are hermaphroditic.


1)
In pre-mating behavior, they meet and shoot calcareous darts into each other’s body wall.


2)
Each inserts a penis into the other’s vagina; this provides sperm for future fertilization of eggs.


3)
Eggs are deposited in soil and development proceeds without the formation of a larvae.


12.
Cephalopods include squids, cuttlefish, octopuses, and nautiluses.

a.
Squids and octopuses squeeze water out of the mantle cavity; the water forced out through a funnel propels them by jet propulsion.
b.
Around the head are tentacles with suckers or adhesive secretions adapted for grasping prey. 

c.
A head equipped with a powerful beak can tear prey apart.

d.
Well-developed sense organs include focusing camera-type eyes.

e.
Cephalopods, particularly octopuses, have well-developed brains with a capacity for learning.

E.
Annelids

1.
Annelids are the only trochozoan with segmentation and a well-developed coelom. 

2.
Segmentation is the repetition of body parts along the length of the body.

3.
A well-developed, fluid-filled coelom and tough integument act as a hydrostatic skeleton.
4.
Using a hydrostatic skeleton, partitioning the coelom allows for independent movement of the segments so it can not only burrow but crawl on the surface.

5.
Setae are bristles that protrude from the body wall, can anchor the worm, and help it move: oligochaetes have few setae, polychaetes have many setae.

6. 
The common earthworm, Lumbricus terrestris is an oligochaete.

a.
Locomotion requires coordinated movement of body muscles and the help of setae.


1)
As longitudinal muscles contract, segments bulge, and setae protrude to anchor into soil.




2)
When circular muscles contract, a worm lengthens, setae are withdrawn, and the segment can be pulled forward.

b.
Earthworms live in moist soil; a moist body wall allows for gas exchange.

c.
Earthworms are scavengers that extract organic remains from soil they eat.

d.
A muscular pharynx draws food into the mouth.

e.
Food is stored in a crop and ground up in a thick, muscular gizzard.

f.
The dorsal surface of the intestine is expanded into a typhlosole for more surface area for digestion.

g.
Each external segment corresponds to an internal septum; a wall that separates each body segment.

h.
A long ventral nerve cord leads from the brain to ganglionic swellings and lateral nerves in each segment.

i. The ventral nerve cord leading from the brain has ganglionic swellings and lateral nerves in each segment.

j.
The coiled nephridia tubules in most segments have two openings: one is a ciliated funnel that collects coelomic fluid, and the other is an exit through the body wall.

k.
Between the two openings, a coiled nephridia tubule removes waste from blood vessels.

l.
The dorsal blood vessel moves red blood anteriorly; five pairs of hearts pump blood to a ventral vessel.

m.
The extensive closed circulatory system has blood vessels running the length of the body and to every segment; muscular aortic arches (“hearts”) propel blood through the vessels.

n.
Earthworms are hermaphroditic; the male organs are the testes, sperm ducts, and seminal vesicles; the female organs are the ovaries, oviducts, and seminal receptacles.


1)
Mating involves aligning parallel to each other facing opposite directions to exchange sperm.

2)
Each possesses a clitellum that secretes mucus that slides off, forming a slime tube that protects the sperm and eggs from drying out.

3)
The slime tube forms a cocoon around the fertilized eggs as they develop.

4)
Embryonic development lacks a larval stage.

7.
Approximately two-thirds of all annelids are marine polychaetes.


a.
Polychaetes possess parapodia and setae.

1)
Parapodia are paddle-like appendages used in swimming and for respiration.
2)
Setae are bristles, attached to parapodia, that help anchor polychaetes or help them move.

b.
Clam worms such as Nereis are active predators. 


c.
Many have well-developed cephalization; the head has well-developed jaws, eyes, and other sense organs.


d.
Other sedentary filter feeders possess tentacles with cilia to create water currents and sort out food particles.

e.
Only during breeding seasons do polychaetes have reproductive organs.


f.
In Nereis, many worms coordinate the shedding of a portion of their bodies that contain either eggs or sperm; these segments float to the surface where fertilization takes place. 

g.
Marine worm zygotes develop larva similar to those of marine clams; again this shows relatedness between annelids and molluscs.


8.
Leeches are annelids that mostly live in freshwater habitats.

a.
They lack setae and each body ring has several transverse grooves.

b.
Leeches possess a small anterior sucker around the mouth and a larger posterior sucker.

c.
Although some are free-living predators, most feed on body fluids.

d.
Leeches keep blood from coagulating by hirudin, an anticoagulant in their saliva.

28.4
  Diversity of the Ecdysozoans


1.
The ecdysozoans include roundworms and arthropods
A.
Roundworms

1.
Roundworms (phylum Nematoda) are nonsegmented worms that are prevalent in almost any environment.


2.
The internal organs lie within a pseudocoelom—a body cavity that is incompletely lined with mesoderm.

3.
Parasitic roundworms

a.
In Ascaris lumbricoides, males are smaller than females and their posterior end curves to a point.

b.
These worms move by whiplike motions because only longitudinal muscles lie next to the body wall.

c.
Mating produces eggs that mature in the soil; therefore, most are limited to warmer climates.

d.
When eggs are swallowed, larvae burrow through the intestinal wall to the liver, heart, and/or lungs.

e.
In the lungs, the larvae molt; after 10 days they migrate up the windpipe to the throat and are swallowed.

f.
Back in the intestine, mature worms mate and the female deposits eggs that are lost with feces.

g.
Feces must reach the mouth of the next host to complete a life cycle; therefore, proper sanitation easily prevents infection.

4.
Trichinosis is a serious infection caused by Trichinella spirallis.

a.
Humans contract Trichinella spirallis by eating raw pork with encysted larvae.

b.
After maturation, the adult female burrows into the wall of the small intestine and produces living offspring that are carried by the bloodstream to skeletal muscles where they encyst. 

5.
Filarial worms cause various diseases.

a. In the U.S., a filarial worm is a parasite of dogs.

b. It lives in the heart and the arteries that serve the lungs and thus is called heartworm disease.

6.
Elephantiasis occurs in tropical Africa. 

a. It is caused by a filarial worm (Wuchereria bancroftji) that utilizes the mosquito as a secondary host.

b. Adult worms reside in and block the lymphatic vessels; ultimately this results in the limbs of an infected individual swelling to monstrous size.

c. It is treatable only in the early stages but not after scar tissue has blocked the lymphatic vessels.

7. Pinworms are the most common nematode in the United States.

a. Adult parasites live in the cecum and large intestines.

b. Females migrate to anal region at night to lay their eggs.

c. Scratching an infected area can contaminate the area with eggs. The eggs are swallowed and the life cycle begins again.

B.
Arthropods

1.
Arthropods (phylum Arthropoda) are considered highly successful because:

a.
Arthropods have a rigid exoskeleton with freely movable jointed appendages.

1)
The exoskeleton is a strong but flexible outer covering composed mainly of chitin.
2)
Chitin is a strong, flexible, nitrogenous polysaccharide.


3)
The exoskeleton serves for protection, attachment for muscles, locomotion, and prevention of desiccation.


4)
Because the exoskeleton is hard and nonexpandable, arthropods must molt (shed) the exoskeleton to grow larger.

i.
Before molting, the body secretes a larger soft and wrinkled exoskeleton underneath.

ii.
Enzymes partially dissolve and weaken the old exoskeleton.

iii.
The arthropod breaks the old exoskeleton open and wriggles out.

iv.
The new exoskeleton then quickly expands and hardens.

b.
Segmentation can be observed because each segment has a pair of jointed appendages; some segments of arthropods have fused into regions (e.g., a head, a thorax, and an abdomen).

1)
Jointed appendages of arthropods are hollow tubes moved by muscle. 

2)
The appendages are modified for food gathering, reproduction, locomotion. 

c.
Arthropods have a well-developed nervous system.

1)
A brain is connected to a ventral solid nerve cord.

2)
The head bears various sensory organs.

3)
Compound eyes have many complete visual units; each collects light independently.

4)
The lens of each visual unit focuses the image on the light-sensitive membranes of a few photoreceptors.
5)
In simple eyes, a single lens brings the image to focus into many receptors, each of which receives only a portion of the image.

6)
Many arthropods have well-developed touch, smell, taste, balance, and hearing, and display complex behaviors and methods of communication

d.
Arthropods use a variety of respiratory organs.

1)
Marine forms use gills with vascularized, thin-walled tissue specialized for gas exchange.

2)
Terrestrial forms have book lungs (e.g., spiders) or air tubes called tracheae (e.g., insects).

e.
Metamorphosis is a drastic change in form and physiology that occurs as a larva becomes an adult.

1)
Metamorphosis contributes to the success of arthropods. 

2)
A larva eats foods and lives in environments different from the adult.

3)
Competition between the immature and adults of a species is reduced.

4)    This reduction in competition allows more members of the species to exist at one time.

.
2.
Crustaceans have a hard, crusty exoskeleton, which contains calcium carbonate in addition to chitin. 

a.
The head of crustaceans usually bears compound eyes and five pairs of appendages.

1)
The first two appendages are antennae and antennules; in front of the mouth, they have sensory functions.

2)
The next three pairs (mandibles, first and second maxillae) lie behind the mouth and are used in feeding.

b.
Biramous appendages have two branches; one branch is a gill and the other is the leg branch.

c.
Copepods and krill feed on algae; numerous, they are an important link in marine food chains. 

d.
Barnacles have a thick, heavy shell and are sessile.

1)
Stalked barnacles attach by their stalk; stalkless barnacles attach directly to the shell.

2)
Barnacles begin as free-swimming larvae and become sessile on wharf pilings, rocks, etc.

3)
They extend feathery structures (cirri) to filter feed. 

e
The head and thorax of a crayfish are fused into a cephalothorax, which is covered on the top and sides by a nonsegmented carapace. 

f.
Abdominal segments have a pair of swimmerets, small paddlelike structures.

1)
The first two pairs of swimmerets in the male (claspers) stronger to pass sperm to the female.


2)
The last tail segments are the uropod and the telson, which together make a fan-shaped tail.


3)
A crayfish awaits prey and uses its claws to carry it to the mouth.


5)
Crayfish have gills that lie above the walking legs and are protected by the carapace.

6)
The crayfish stomach has two main regions.

i.
The anterior gastric mill with chitinous teeth grinds food.

ii.
A posterior region filters coarse particles before absorption in the digestive glands.

g.
Green glands in the head area excrete metabolic wastes through a duct at the base of the antennae.

h.
The coelom is reduced in arthropods and forms the space about the reproductive system.

i.
The heart pumps hemolymph containing bluish hemocyanin into a hemocoel where it washes around the organs.

j.
A brain is connected to a ventral nerve cord; periodic ganglia give off lateral nerves.

k.
The sexes are separate in crayfish.

1)
The male has a coiled sperm duct that opens to the outside at the base of its fifth walking leg.

2)
The female’s ovaries open at the base of the third walking legs.

3)
The fold between the bases of the fourth and fifth pair of legs serves as a seminal receptacle.

4)
Following fertilization, the eggs are attached to the swimmerets of the female.


3.
Centipedes and millipedes are other examples of arthropods.
a.
There are about 3,000 species of centipedes (“hundred-leggers”).

1)
The body is composed of a head and trunk with many segments; each segment has one pair of legs.

2)
Centipedes are carnivorous; the head bears antennae and mouthparts with poison fangs. 

b.
The millipedes (“thousand-leggers”) have a cylindrical segmented body.

1)
Some body segments are fused with two pair of legs on each resulting segment.

2)
They possess more legs than centipedes, although not one thousand as the name states.

3)
Millipedes dwell in the soil, feeding on dead organic matter.

.
4.
Insects

a. Most insects live on land; some are secondarily aquatic.  
b. The insect body is divided into a head, thorax, and abdomen.

c. The head bears sense organs and mouthparts.

d. The thorax bears three pairs of legs and one or two pairs of wings; the wings provide advantages in escaping enemies, finding food, and mating.

e. A typical insect is a grasshopper.

1) In grasshoppers, the third pair of legs is suited to jumping.

2) The front wings are protective and leathery; the thin hind pair of wings foldup.

3) Each side of the first abdominal segment has a tympanum for sound wave reception.

4) Two paired projections form an ovipositor in females used to dig a hole for laying eggs.

5) The grasshopper digestive system is complex.

i.
The mouth mechanically breaks apart food, and salivary secretions begin digestion.

ii. The crop temporarily stores food.

iii. A gizzard finely grinds the food.

iv. Digestion is completed in the stomach; gastric ceca cavities assist absorption of nutrients.



f.
The excretory system consists of Malpighian tubules.
1)
The tubules extend into the hemocoel.

2)
Nitrogenous wastes are collected and excreted into the digestive system.

3)
Formation of solid nitrogenous wastes (uric acid) conserves water.



g.
The respiratory system begins with openings in the exoskeleton called spiracles.

1)
Air enters into small tubules called tracheae.

2)
The tracheae branch many times until they reach moist areas of gas absorption.

3)
Air movement through this tracheal system is assisted by air sacs.

4)
Air enters the anterior four spiracles and exits by the posterior six.

5)
Breathing by tracheae is a factor that limits the size of insects.



h.
The circulatory system contains a slender, tubular heart.

1)
This heart lies against the dorsal wall of the abdominal exoskeleton.

2)
The heart pumps hemolymph into a hemocoel where it circulates before returning to the heart.

3)
Insect hemolymph is colorless—it lacks any respiratory pigment since the tracheal system transports gases.

i.
Grasshoppers undergo incomplete metamorphosis; the immature nymph resembles the adult. 

j.
Other insects undergo complete metamorphosis; the wormlike larvae reorganize into different adults.

k.
Some species (e.g., bees and ants) exhibit colonial social behavior.

.
5.
Chelicerates in the subphylum Chelicerata include spiders, scorpions, and horseshoe crabs. 

a.
The first pair of appendages are chelicerae, the second pair are pedipalps, and the next four pairs are walking legs.

1)
Chelicerae are appendages that function as feeding organs. 

2)
Pedipalps are feeding or sensory structures.

b.
All of the appendages attach to a cephalothorax, a fusion of head and thoracic regions.

c.
The marine horseshoe crab (genus Limulus) is common along the east coast of North America.

1)
Their body is covered by exoskeletal shields.

2)
The anterior shield is a horseshoe-shaped carapace with two compound eyes.

d.
Arachnids include ticks, mites, scorpions, spiders, and harvestmen.


1)
Over 25,000 species of mites and ticks have been classified.


2)
Ticks are ectoparasites of various vertebrates and are carriers for Rocky Mountain spotted fever and Lyme Disease.


3)
When not on a host, ticks hide on plants and in the soil

e.
Scorpions are nocturnal and spend the day hidden under a log or rock.



f.
Pedipalps are large pincerlike appendages; the abdomen ends in a stinger containing venom.

g.
Spiders (over 35,000 species) have a narrow waist separating the cephalothorax from the abdomen.

1)
Spiders have numerous simple eyes rather than compound eyes.

2)
Spider chelicera are modified as fangs with ducts leading from poison glands.

3)
The abdomen has silk glands; they may spin a web to trap prey.

28.5
 Invertebrate Deuterostomes

A.
Echinoderms

1.
Echinoderms are primarily bottom-dwelling marine animals.

a.
Echinoderms have 5-pointed radial symmetry as adults; as larvae, they are free-swimming filter feeders with bilateral symmetry.

b.
They have an endoskeleton of spiny calcium-rich plates (ossicles).

c.
Echinoderms have a water vascular system that consists of canals and appendages that function in locomotion, feeding, gas exchange, and sensory reception. 
d.
Echinoderms do not have a respiratory, excretory, or circulatory system; the water vascular system carries out these functions.

e.
Asteroidea contains sea stars.

f.
Holothurians include sea cucumbers.


1)
Sea cucumbers have long leathery bodies and resemble a cucumber.

g.
Echinoidea includes the sea urchin and sand dollar.



1)
Both these animals use their spines for locomotion, defense, and burrowing.

h.
Ophiuroidea includes brittle stars.



1)
They have a dentral disk surrounded by radially flexible arms.

i.
Crinoidea is the oldest group of echinoderms and includes stalked feather stars and motile feather stars.

.
2. 
There are 1,600 species of sea stars.


a.
They are found along rocky coasts, where they feed on clams, oysters, and other bivalves.



b. 
Out of their body wall, they have:




1)
Spines from the endoskeletal plates that serve as protection.




2)
Pincerlike structures around the bases of spines to keep the surface free of small particles.




3)
Skin gills that are used for respiration.




4) 
Each arm has a groove lined by tube feet.


c.
Digestion




1)
Sea stars pull mollusk shells open using their tube feet.

2)
Once open, the sea star inverts its cardiac stomach and pushes through the crack and secretes enzymes.

3)
Digestion begins externally; digestion continues in the pyloric stomach using enzymes from the digestive glands found in each arm.


4)
The short intestine opens at the anus on the aboral side.



d.
Each arm contains a well-developed coelom that has a pair of digestive glands and gonads.



e.
The nervous system is a central nerve ring that gives off radial nerves in each arm.



f.
A light-sensitive eyespot is at the tip of each arm.



g.
Locomotion consists of expansion and contraction of the tube feet.



h. 
Sea stars reproduce asexually by fragmentation; each fragment can regenerate a whole animal as long as a portion of the central disk is present.



i.
Spawning is the sexual reproduction method in echinoderms.

