BIOL 1108   LAB 8.  MOLLUSKS AND SEGMENTED WORMS


A. INTRODUCTION
This laboratory is the third of five laboratories that will introduce you to the Kingdom Animalia.  On one hand, you will become aware of the major trends in the evolution of animals and will be able to list the major characteristics of each of the animal phyla.  On the other hand, you will be able to specifically name and describe the taxa within each of the animal phyla and will be able to identify details of the anatomy of specific representative organisms.  Dissections will be an important activity in these laboratory exercises.  In some cases, we will be looking at microscope slides in the lab.  In most cases, you will be guided towards images that can be found online that will reinforce the content found in this handout.


A.1.  KINGDOM ANIMALIA CHARACTERISTICS

The Kingdom Animalia is a group of organisms that are eukaryotic, heterotrophic usually motile, and multicellular.  

Last week we examined the Phylum Platyhelminthes (flatworms); a group of animals that have an acoelomate organization; a line of evolution within the triploblastic eumetazoans.  We also examined the Phylum Nematoda (roundworms); a group of animals that have a pseudocoelomate organization; a second line of evolution within the triploblastic eumetazoans.  You will remember that the third major type of body organization is identified as a coelomate organization.  


A.2.  KINGDOM ANIMALIA: TWO COELOMATE LINES OF EVOLUTION

The far majority of the animals are coelomate eumetazoans, or animals with a true body cavity.  You will also remember that a true coelom is defined as a body cavity that is bounded on all sides by mesoderm.   The animals that have a coelomate organization are divided into two evolutionary lines based, in part, on what is commonly called mouth/anus ontogeny.  Ontogeny is a word that means development.
To truly understand these two lines of evolution, we have to revisit our understanding of embryonic development of the eumetazoans.  You might remember that the blastula stage of the eumetazoan embryo experiences an invagination process, leading to the gastrula stage of the embryo, the formation of the gut, and the development of the three embryonic tissue layers.  A critical point to be made here is the specific location of that invagination process.  In the illustration below, you see that the invagination process in the blastula begins at a specific location on the blastula (indicated by an arrow).  This location is officially called the blastopore.

[image: Image result for blastula blastopore blastocoel]

Why is this important?  In one major line of evolution, the blastopore ultimately develops into the mouth of the organism (the anus will form later in development).  This line of evolution includes organisms that are described as protostomes (literally means “first mouth”).  The protostomes will include the mollusks, annelids (segmented worms), and arthropods.  The second major line of evolution sees the blastopore ultimately developing into the anus of the organism (the mouth will form later in development).  This line of evolution includes organisms that are described as deuterostomes (literally means “second mouth”).  The deuterostomes will include the echinoderms and the chordates. 

I mentioned that these two lines of evolution within the coelomate eumetazons is based, in part, on mouth/anus ontogeny.  It turns out that there a couple of other developmental features that reinforce these two evolutionary lines.  First, the earliest cell divisions (called cleavage pattern) in the embryo can fall into one of two types.  The more primitive of the two patterns of cell division is called spiral cleavage.  This pattern of early cell division is indicative of the protostomes.  On the other hand, there is a pattern of cell division that is called radial cleavage.  This pattern of early cell division is indicative of the deuterostomes.

There is yet one more bit of embryonic evidence that supports these two different lines of evolution.  We can call this coelom ontogeny; the origin of the coelom (body cavity) in these organisms.  In the protostomes, it appears that the coelom develops from a “split” that occurs in the mesoderm layer early in embryonic development.  In the deuterostomes, the coelom forms from an “out-pocketing” of the gut.

ON YOUR OWN: Do a Google search for “protostomes vs. deuterostomes” and click on images.  You will see a number of illustrations that summarize the three differences between the protostomes and deuterostomes, as summarized above.




B. PHYLUM MOLLUSCA (MOLLUSKS)

B.1.  PHYLUM MOLLUSCA: STRUCTURE AND CHARACTERISTICS

The Phylum Mollusca (mollusks) are triploblastic with a coelomate body plan; the body cavity is bounded on all sides by mesoderm.  All mollusks are characterized by a large fleshy structure called the mantle.  In all mollusks the organs are grouped into one large group (called the visceral mass), which is surrounded by the mantle. Besides enclosing the visceral mass, in some mollusks the mantle establishes the shape of the organism (squid, slugs), and in some, it is responsible for secreting the shell (oysters, clams, snails).  

ON YOUR OWN: Do a Google search for “basic structure of mollusks” and click on images.  You will see a number of labeled diagrams that will vary in detail.  You will want to note the structure labeled mantle and its position relative to the shell (if present) and organs (visceral mass).


Mollusks have an open circulatory system; a circulatory system in which a heart pumps a circulating fluid (hemolymph) with oxygen-binding protein (hemocyanin).  This blood-like fluid travels through vessels that ultimately connect to “blood spaces” were exchange of nutrients, gases, wastes, and other molecules takes place.  These collected blood spaces in the animal are called the hemocoel.  There are no capillaries in mollusks.

ON YOUR OWN: Do a Google search for “open circulatory system mollusks” and click on images.  You will see a number of labeled illustrations that reinforce the idea of an open circulatory system composed of heart, vessels, and hemocoel.


The far majority of mollusks are aquatic organisms.  They will obtain oxygen from the environment using structures called gills.  Terrestrial mollusks (slugs and snails) will have an internal modification of the mantle that will have a lung-like function (such terrestrial mollusks are described as pulmonate mollusks…pulmonate implies “lungs”).

ON YOUR OWN: Do a Google search for “pulmonate snail diagram” and click on images.  You will see a number of labeled illustrations that will show you that a land snail has a modified portion of the mantle that functions as a vascularized lung.



In terms of feeding, the bulk-feeding mollusks (nonfilter-feeding mollusks) may have a beak (squid and octopods) that can be used for tearing apart a food item into smaller pieces.  Without exception, all of the phagotrophic mollusks have a raspy tongue-like radula that will tear apart and macerate (tearing into smaller pieces) food as it is eaten.  If you have ever watch a snail travel along an algae-covered glass wall of an aquarium and note that it leaves a trail, it is because the snail is using its radula to scrape the algae from the glass of the aquarium.  The filter-feeding mollusks (the bivalves) will have structures called siphons that will govern the flow of water into and out of the animal…these are more specifically called incurrent siphon and excurrent siphon in an individual.  Food particles are collected on the surfaces of the gills and swept toward the labial palps, that will direct that food material into the digestive tract of the animal.

ON YOUR OWN: Do a Google search for “gastropod radula” and click on images.  You will see a number of labeled illustrations that will demonstrate the position of this scraping organ relative to the mouth.  There will also be scanning electron micrographs that will show the “rough teeth” that are characteristic of the radula.

ON YOUR OWN: Do a Google search for “digestive system clam” and click on images.  You will see a number of labeled illustrations that will show most of the internal organs of the clam.  You will want to note the position of the incurrent siphon, how close the labial palps are located to the gut tube, and where the anus is located (proximal to the excurrent siphon).




Most of the mollusks demonstrate some degree of motility.  The gastropods (snails and slugs) will use a muscular structure called a foot to move along a surface…be it a rock, leaf, or aquarium wall.  Some clams will also use a foot to aid them in a burrowing activity, where the foot can be extended from the body into the substrate and literally pull the clam downwards into the sand.  Some of the sessile mollusks will secrete a network of proteinaceous threads that hold the mollusk down onto a rock or wood substrate.  This thread-like attachment structure is called a byssus.

ON YOUR OWN: Do a Google search for “snail foot” and click on images.  You will see a number of photographs.  

ON YOUR OWN: Do a Google search for “clam foot” and click on images.  You will see a number of photographs. 

ON YOUR OWN: Do a Google search for “mussel byssus” and click on images.  You will see a number of photographs of this attachment structure.



In terms of reproduction, mollusks have a typical gametic meiosis type of life cycle.  About 40% of mollusk genera are hermaphroditic, 60% are gonochoristic.  Molluscs begin life as a planktonic larval stage (trochophore).

ON YOUR OWN: Do a Google search for “trochophore” and click on images.  You will see a number of photographs and illustrations of this molluscan larva type.



B.2.  PHYLUM MOLLUSCA: CLASSIFICATION

The mollusks are classified into four major classes (there are actually seven classes mollusks).

The filter-feeding mollusks are placed into the Class Bivalvia.   These organisms have two hinged shells (called valves).  The valves are held together by a proteinaceous hinge.  The valves are held shut by two adductor muscles.  Flow of water into and out is generated through the action of cilia in the visceral mass of the bivalve, water entering through the incurrent siphon and leaving through the excurrent siphon.  The shell of the bivalve is added in annual (yearly) increments of secretion which originate at a “bump” on the valve called the umbo.
The filter-feeding mollusks include mussels, clams, oysters, and scallops.

ON YOUR OWN: Do a Google search for “bivalves” and click on images.  You will see a number of photographs of examples.

ON YOUR OWN: Do a Google search for “bivalve internal structure” and click on images.  You will see a number of labeled illustrations.

ON YOUR OWN: Do a Google search for “bivalve internal structure” and click on images.  You will see a number of labeled illustrations.

IN THE LAB:  You will perform a dissection of a clam and be able to identify the following structures.  Follow the instructions provided by the instructor and use your smartphone, tablet, or laptop to help you identifying these structures.  Doing a Google search for “clam dissection” will be a good start.
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Valve
Hinge
Umbo
Adductor muscles
Mantle
Incurrent siphon
Excurrent siphon
Gills
Labial palps
foot



The Class Gastropoda includes organisms that are commonly called snails and slugs.  These organisms are phagotrophic, having a mouth and a radula.  The mouth is usually located in conjuction with the foot of the organism; a structure used for locomotion across environmental surfaces (rocks, soil, plants, aquarium glass), which can also be coated with food material.  The terrestrial gastropods have a mantle modification that resembles a lung; they can derive their oxygen from the air…they are identified as pulmonate mollusks.

ON YOUR OWN: Do a Google search for “gastropods” and click on images.  You will see a number of photographs of examples.


The Class Polyplacophora is similar to the gastropods in that the organism is phagotrophic with a mouth in conjunction with a muscular foot that is used for locomotion.  The polyplacophorans (also called chitons) have a broad, flattened shell that is segmented.  These organisms are exclusively marine and live on rocks in the intertidal zone and subtidal zone in coastal regions.

ON YOUR OWN: Do a Google search for “chitons” and click on images.  You will see a number of photographs of examples.


The Class Cephalopoda is the most advanced of the entire phylum and includes the octopods, squid, and the chambered nautilus. These organisms are motile through the use of jet propulsion; contractions of the mantle forces water through a siphon that propels the organism through the water.  These organisms also have an ink sac that aids the organism in defense and escape.  Interestingly, the exit for the ink sac and the anus are located proximal to the siphon as well.  

ON YOUR OWN: Do a Google search for “cephalopods” and click on images.  You will see a number of photographs of examples.

IN THE LAB: You will perform a dissection of a squid and be able to identify the following structures.  Follow the instructions provided by the instructor and use your smartphone, tablet, or laptop to help you identifying these structures.  Doing a Google search for “squid dissection” will be a good start.
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Mantle
Fins
Siphon
Eye 
Arms
Tentacles
Mouth
Beak
Gills 
Branchial hearts
Stomach
Ink sac
Intestine/anus
Buccal mass
(mouth/beak)
Radula






C. PHYLUM ANNELIDA (SEGMENTED WORMS)


C.1.  PHYLUM ANNELIDA: STRUCTURE

The Phylum Annelida are commonly called the segmented worms.  These organisms are triploblastic coelomate animals that demonstrate metamerism (segmentation); a modification of the body that sees the animal divided into repeating units (commonly called somites).  Segmentation can improve the ability and efficiency of these organisms in that the function of muscles and excretory organs can be distributed amongst these repeating body units. 

Annelids have a complete digestive tract, in some cases the digestive tract will be regionalized into functional parts: mouth, pharynx (immediately proximal and posterior to the mouth, esophagus, crop (a storage sac), gizzard (a crushing/grinding organ), intestine, and anus. The intestine is characterized by a large, cylindrical ridge-like structure that runs the length of the intestine; it is called the typhlosole.  The typhlosole occupies a good deal of the lumen of the intestine and actually increases absorptive surface area in the intestine.   

ON YOUR OWN: Do a Google search for “lumbricus cross section” and click on images.  You will see a number of micrographs of cross sections through an earthworm.  Most of these photos will be labeled.   You will want to focus on the opening in the center of the earthworm (the intestine) and the large round structure that appears to be attached to the wall of the intestine, which occupies a significant amount of space in the intestine (the typhlosole).  The space outside of the gut is the coelom and might contain various organs that you will see in cross section.

We have already mentioned segmentation as a distinguishing feature of the phylum.  Each somite of the annelid functions as an individual skeletal and muscular unit.  Each somite contains a volume of coelomic fluid that, when under pressure, can function as a kind of skeleton.  Such skeletons are described as hydrostatic skeletons.  The contraction of muscle (that results in the movement of the organism, is a force that must be exerted against a structure.  No structure…no movement.  In the segmented worm, the contraction of muscles in the somite is exerted against the coelomic fluid in the somite, resulting in movement.  Lets look at the earthworm somite.  The earthworm somite contains two type of muscles: circular muscles and longitudinal muscles.  The contraction of circular muscles elongates the somite.  The contraction of the longitudinal muscles shortens the somite. The coordinated action of these two muscle groups 
in all of the somites of the earthworm results in the crawling motion that you are so familiar with.

[image: ]

ON YOUR OWN: Do a Google search for “lumbricus cross section” and click on images.  I realize that you did this just a moment ago, but this time you will want to focus on the muscle layers in the body wall of the earthworm.  You will note that the body wall of the earthworm (the outer wall of the somite) is a composite of two different layers of muscle.  The innermost layer of muscle is composed of longitudinal muscles; the muscle fibers are oriented lengthwise and their contraction increases the diameter of and will shorten the length of the somite.  The outermost layer of muscle (just beneath the epidermis) is composed of circular muscles; these muscle fibers are oriented parallel to the circumference of the somite and their contraction will narrow the diameter of and increase the length of the somite.

IN THE LAB: Obtain a prepared microscope slide of Lumbricus cross section.  What you will see under the microscope will be consistent with what you just viewed in the Google search above.  Be sure to be able to identify 

Epidermis

Circular muscles
Longitudinal muscles
Coelom
Intestine
Typhlosole



C.2.  PHYLUM ANNELIDA: DIVERSITY

The segmented worms are classified into three major classes.

The Class Polychaeta constitutes a group commonly called the clamworms or bristleworms.  These animals are segmented worms with a pair of conspicuous appendages per somite.  The appendages are leg-like (tipped with bristles), function in locomotion, and are called parapodia.  Polychaetes are typically marine organisms and can be suspension feeders (filter feeders), deposit feeders, or predators.

ON YOUR OWN: Do a Google search for “polychaete worms” and click on images.  You will see a number of photographs of examples.

The Class Hirudinea are the leeches.  These organisms are hermaphroditic, possess a clitellum (copulatory structure), and are parasitic (fluid-feeders) or can be predatory. Leeches have a sucker (attachment structure) at both ends of the organism.  Leeches do not have parapodia (characteristic of the Polychaeta), nor do they have setae (characteristic of the Oligochaeta).

ON YOUR OWN: Do a Google search for “hirudinea” and click on images.  You will see a number of photographs of examples.


The Class Oligochaeta includes the earthworms.  The earthworms are substrate feeders.  Charles Darwin, in an 1881 book on earthworms, established the importance of earthworms on soil fertility.  The details of earthworm structure and biology presented here have application to most other members of the phylum.

Earthworms move through the action of coordinated contractions of circular muscles and longitudinal muscles associated with each somite. Each somite contains coelomic fluid that acts as a hydrostatic skeleton.  Contractions of the aforementioned muscles influence a change in the length or diameter of the somite, thus effecting movement of the earthworm.  This movement, in conjunction with the presence of stiff, bristle-like setae (associated with exterior of each somite) enables the travel of the earthworm through the soil.  

Earthworms have kidney-like structures, called nephridia.  The nephridia are paired and occur in each somite of the animal.  Each nephridium is a coiled tube that filters wastes from the coelomic fluid in each somite.  Each nephridium empties to the outside of the worm through a nephridial pore.

Earthworms have a series of arch-like contractile vessels in the anterior set of somites that function as hearts.  Blood is pumped through dorsal blood vessel and returns via the ventral blood vessels.  Oxygen is obtained via diffusion through the body surface.  

Earthworms have a “brain” that exists as a pair of cerebral ganglia in one of the anteriormost somites.  This brain communicates to the rest of the body via a single ventral nerve cord that is characterized by somite-specific swellings called segmental ganglia (a ganglion is a concentration of nerve cell bodies, distinct from the elongate axons that carry impulses away from the nerve cell bodies; the axons constitute the structure of the nerve as it leaves the ganglion).

Earthworms are hermaphroditic, but they are generally not self-fertile.  Outcrossing is accomplished through an an event of copulation, which occurs when two worms are conjoined at their clitellae (clitellum, singular).  Each worm, will exchange sperm with the other.  The worm forms a ring of mucus at the clitellum, the sperm are released into this ring…as are eggs.  The worm backs out of the mucus ring that eventually dries and hardens into a cocoon.  Early in development of the cocoon, the eggs are fertilized and subsequently develop and hatch to produce offspring that leave the cocoon.

ON YOUR OWN: Do a Google search for “oligochaeta” and click on images.  You will see a number of photographs of examples.

ON YOUR OWN: Do a Google search for “clitellum and copulation” and click on images.  You will see a number of illustrations and photographs indicating the role of the clitellum in earthworm reproduction.



IN THE LAB: You will perform a dissection of an earthworm and be able to identify the following structures.  Follow the instructions provided by the instructor and use your smartphone, tablet, or laptop to help you identifying these structures.  Doing a Google search for “earthworm dissection” will be a good start.


Mouth
Somites
Clitellum
Anus
Pharynx
Esophagus
Seminal vesicles
Crop
Gizzard
Intestine
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