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Suggested Classroom Activities
Also see Dissection Guides, page 20 and following.

(1) Cladistics

How Do We Reconstruct Evolutionary Events in the Past Using 
Evidence in the Present?

Phylogenetic analysis, or cladistics, is a technique that was developed speci�  
cally to learn about the evolution and relationships of biological species. Sci-
entists use large datasets and computer programs to conduct their analyses, 
but a simple demonstration, using � ve taxa (species) and � ve characters can 
demonstrate the basic principles.

Step 1. Choose your taxa.

For this example, let’s use:

 

 Mercenaria   Clam

  
 
 Mytilus    Blue Mussel 
   

 Crassostrea   Oyster  

 Pecten    King Scallop   

 Mimachlamys   Noble Scallop 

Note: We are intentionally using two scallops in this example – let’s see if they 
turn out to be most closely related in our analysis!
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Without any character data 
at all, if we are constructing 
this tree manually, we can 
already draw the tree. Note 
that there are two common 
ways of representing the 
tree. Although they look 
different, they mean the 
same thing.

Step 2. Defi ne your fi rst character – modify the tree.

Each character must be the same feature in every species – we call these 
homologous - so that we are not trying to “compare apples and oranges.” 
Each character must exist in your set of taxa in two or more conditions – called 
“states” – and at least one state should exist in more than one taxon. The sim-
plest character states are “present” and “absent.” Homologous characters are 
presumably those that evolved from one state to another over time within the 
lineage.

Let’s use the “ears” (called “auricles”) that are clearly present on the two scal-
lops. So our � rst character is:

(1) Auricles: absent (0) or present (1)

We assign a numerical “code” to each state. Traditionally, the most primitive 
state is coded 0, and the more advanced (called “derived”) states are coded 
1, 2, etc. [This is determined through comparison with a taxon outside the im-
mediate study group, called an “outgroup,” but is not discussed in detail here.] 
We enter these codes in a data matrix or data table.

                    (1) Auricles
   Mercenaria       0 Absent
    Mytilus         0 Absent
    Crassostrea       0 Absent
    Pecten        1 Present
    Mimachlamys       1 Present

 So we add this information to the tree by grouping the taxa according to their 
character states.

homologous • Having the same 
structure and origin, although cur-
rent function might differ.

OR
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We indicate the character state change by a notch on the branch that means 
“character 1 (auricles) changes from absent (0) to present (1).”

Step 3. Defi ne and code additional characters – refi ne the tree.

For each of these characters, we code all of the taxa, add the codes to the data 
matrix, and add the pattern to the tree. See if you can follow along.

(2) Radial sculpture: absent (0) or present (1)

Radial sculpture is the pattern of ridges radiating from the “beak” of the shell, 
called the “umbo,” to the edge.

            (1) Auricles     (2) Radial
         Mercenaria       0 Absent      0 Absent
         Mytilus        0 Absent      0 Absent
         Crassostrea     0 Absent      0 Absent
         Pecten        1 Present      1 Present
         Mimachlamys   1 Present      1 Present

 

Notice that the branching pattern has not changed, but we now have two 
characters supporting the branch (called a “clade”) containing Pecten and Mi-
machlamys.

 

(3) Muscle scars: two (0) or one (1)

For this character, we need to look at the interior surface of the valves. Bivalve 
shells are held together by two muscles that attach to each valve, called an-
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terior and posterior “adductor muscles.” This information may be reviewed in 
the Bivalve Anatomy section. Some bivalves have lost one of the two muscles 
and moved the remaining one to the center of the shell. Where each of these 
muscles attach to the shell is represented by a scar – clearly impressed in 
some species, or more subtle in others. We have colored these muscle scars 
black in the third column for clarity.

 
Mercenaria    

Mytilus    

 
Crassostrea  

 Pecten   

 

Mimachlamys  

       (1) Auricles  (2) Radial      (3) Scars
  Mercenaria  0 Absent   0 Absent   0 Two
  Mytilus    0 Absent   0 Absent   0 Two
  Crassostrea  0 Absent   0 Absent   1 One
  Pecten    1 Present   1 Present   1 One
  Mimachlamys  1 Present   1 Present   1 One
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(4) 18S Positions #1-2: CG (0) or TA (1)

Molecular sequences can be used as characters too. Here are � ve real se-
quences (part of the 18S ribosomal gene):

 
  Mercenaria  CGCCTTTACACGGCAAAACT
  Mytilus    TACTTTTACATAGTGAAACC
  Crassostrea  TACTCTTGCACAGTGAAACC
  Pecten    TACTTTTTGATGGTGAAACC
  Mimachlamys  TACTTTTTGATGGTGAAACC

Remember from the structure of DNA that: A = adenine, C = cytosine, G = 
guanine, T = thymine. (These letters are traditionally color coded for easier 
reading.)

         (1) Auricles  (2) Radial       (3) Scars      (4) Pos 1-2
  Mercenaria     0 Absent   0 Absent   0 Two   0 CG
  Mytilus      0 Absent   0 Absent   0 Two   1 TA
  Crassostrea     0 Absent   0 Absent   1 One    1 TA
 Pecten       1 Present   1 Present   1 One    1 TA
  Mimachlamys     1 Present   1 Present   1 One    1 TA

Can you code more differences (molecular characters) from these sequenc-
es?

 

About Multistate characters

This example used very simple “binary” characters, that is, those with only two 
states. However, there are many characters in bivalves that can exist in more 
than two states – these are called “multistate” characters.

One example is muscle scars (see character 3 above)

The muscle scars could have been coded as:
Two of equal size (0)
Two of unequal size (1)
One muscle (2)
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This sequence re� ects the reduction (in size) of one of the muscles, presum-
ably in the evolutionary pathway toward losing it entirely. If we substitute this 
coding for character 3:

       (1) Auricles   (2) Radial   (3) Scars   (4) Pos 1-2
Mercenaria   0 Absent   0 Absent   0 Two equal    0 CG
Mytilus   0 Absent   0 Absent   1 Two unequal   1 TA
Crassostrea   0 Absent   0 Absent   2 One       1 TA
Pecten   1 Present   1 Present   2 One       1 TA
Mimachlamys   1 Present   1 Present   2 One       1 TA

We see that this change did not change the branching pattern on the tree. 
Character three now exists as two changes on the tree, from 0 to 1 between 
Mercenaria and Mytilus, and from 1 to 2 between Mytilus and the other three 
taxa.

Here is the � nal tree incorporating all the branches and character changes.

We conclude that the two scallops (Pecten and Mimachlamys) are most close-
ly related, supported by the presence of auricles and radial sculpture. They 
are most closely related to the oyster (Crassostrea), supported by the single 
muscle scar. These three taxa are most closely related to the mussel (Mytilus), 
supported by the molecular sequence in our dataset. We also see that muscle 
scars evolved (reading from the base to top of the tree) from two equal scars (in 
Mercenaria), to two unequal scars (in Mytilus), then to a single scar.

Can you see that changing just one number in the matrix might change the 
relationships portrayed on the tree?  Try it!
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(2) Bivalve Senses 
Humans and vertebrate animals use their senses, in varying degrees, to ex-
plore their environment, avoid danger, and even learn. The � ve main senses 
are hearing, sight, smell, taste, and touch. Some species have evolved addi-
tional senses such as echolocation in bats and electroreception in sharks. 

It might be surprising to learn that these senses are also found in many inver-
tebrate animals, including bivalves. An invertebrate might not have eyes or 
ears that look like ours but it might have another kind of sense organ that ac-
complishes the same thing. Some of the senses might be absent or poorly de-
veloped but others might be more sensitive than human senses. The strengths 
of the senses will depend upon the type of bivalve you test but, in general, it is 
believed that touch is the most developed, followed by sight, smell, taste, then 
hearing. 

Ask your students to design experiments to test the senses of bivalves living 
in your classroom aquarium (see Bivalve Introduction: In the Classroom for 
information on how to maintain bivalves in the classroom). The reactions can 
vary between bivalve species (adaptations), but can also vary among individu-
als (variation). These species adaptations and individual variations will provide 
clues to the evolutionary past and potential evolutionary future.

Please be creative and have fun with the experimental design and testing (but 
please caution your students to be gentle – these are living animals). If you 
have access to other types of invertebrates (snails, star� sh, etc.), include those 
too in the tank and see how their reactions differ from those of the bivalves. 
Here are a few suggestions and hints to get you started:

Touch• : Gently touch different parts of the bivalves (shell, edge of the 
mantle, siphons, etc.) and observe or measure the reactions. [Hint: Bi-
valves are very sensitive to touch and usually clamp shut at the slightest 
touch anywhere.]
Smell• : Place a small piece of different kinds of food in different areas of 
the tank (away from the bivalves) and observe or measure the reaction. 
[Hint: Bivalves probably will not respond to this at all. Most bivalves are 
� lter feeders and do not need an acute sense of smell to detect food. 
Contrast this with a carnivorous snail or star� sh.]
Taste• : Provide different foods directly to the bivalves and observe or 
measure the reaction. [Hint: Bivalves probably will not respond to this 
at all. There are very few bivalves that detect and eat food or prey near 
them.]
Sight• : Move your hand or another solid object over the bivalve, creat-
ing a shaded area, and observe or measure the reaction. [Hint: Some 
bivalves have primitive eyes, actually photoreceptors that can detect 
light and dark, as an anti-predator mechanism. Some bivalve eyes actu-
ally have lenses, but the degree to which they can “see” in the way that 
humans can is uncertain.]
Hearing• : Expose the tank to different frequencies and volumes of noise 
and observe or measure the reaction. [Hint: Bivalves do not have ears, 
however, sound is really vibrations in the air. Water movement is an-
other form of vibrations, and can be detected by a bivalve in the same 
way that touch is detected.]
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Activities



168 Teacher-Friendly Guide to Evolution

(3) Diversity
“Diversity” can be expressed in several ways:  

Taxonomic diversity usually is expressed as the number of taxa (species, 
genera, or families) in a given area. The taxonomic category “family” (which 
in zoology always ends in -idae) groups bivalves  with similar morphologies 
and lifestyles. For example, species in the family Veneridae have round or 
oval shells, usually relatively smooth (without spines), that are heart-shaped 
in anterior view, and that have siphons to live below the surface of the sand 
(evidenced by the pallial sinus). 

There are approximately 100 families of bivalves living today, with approxi-
mately 20,000 living species. The fossil record is equally large. Using books, 
the internet, and/or specimens in your classroom or that you can collect on a 
� eld trip, ask your students to identify representatives of bivalve families.  

Ecological diversity re� ects the different ways that organisms interact with 
their environment. 

Diversity of habitat:
Bivalves that live below the sand (Hard-shelled Clam, Soft-shelled • 
Clam, Freshwater Mussels, Lucine Clams).
Bivalves that live on top of the sand (Scallops), or that cement or use • 
a byssus to attach to rock (Arks).

Diversity of protection against predators:
Bivalves that burrow below the sand to hide (Hard-shelled Clam, Soft-• 
shelled Clam, Freshwater Mussels, Lucine Clams).
Bivalves that clamp tightly closed (Arks, Hard-shelled Clam).• 
Bivalves that are thick-shelled and resistant to cracking by predators • 
(Hard-shelled Clam, Freshwater Mussels, Oysters).
Bivalves that are thin-shelled but can swim to escape (Scallops).• 
Bivalves that live gregariously, tightly crowded together on rocks (Mus-• 
sels, Oysters).

Notice that some species use several anti-predator tactics. Discuss these ad-
aptations with your students and ask them to think of anti-predator tactics of 
other animals or plants.

See also Activity (8) Reading Empty Shells.
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(4) Taxonomy
(1) Notice that each bivalve species has three parts to its name. Consider the 
name Mercenaria mercenaria (Linnaeus, 1758):

(a) The � rst word (Mercenaria) is the genus name – it is always capital-
ized and italicized.

(b) The second word (mercenaria) is the species name – it is always 
italicized and in lower case. If the species is unknown, the species 
name is replaced by “sp.” (not italicized).

Genus and species names are always in Latin or are Lati-• 
nized. They are also always italicized, underlined, or other-
wise appear in a different font from the rest of the text. 
Note that when we refer to a “species,” we use both the genus • 
and species names (i.e., our species is Homo sapiens, not 
just sapiens). 
The system of two-part names is • binomial nomenclature.

(c) The third part to the name is the taxonomic authority – a name 
and date (Linnaeus, 1758) of the person or persons who � rst de-
scribed the species. Parentheses are present around the name 
and date if the species is now placed in a genus different from that 
originally used (in our example, Mercenaria mercenaria was origi-
nally described in the genus Venus). The taxonomic authority is 
often omitted in sentences, but it is important in scienti� c contexts 
because very common species names, such as albus = white, or 
variabilis = variable, have been used more than once, often in the 
same genus.

A note about Common Names: In your classroom discussions, en-
courage your students to use the scienti� c names of the bivalves. Al-
though common (non-scienti� c) names are often provided, and in gen-
eral are easier for non-scientists to understand, they are not universal 
and are often misleading. This is especially true for invertebrates like 
bivalves; it is less of a problem for birds and mammals, which have had 
standardized common names for many, many years. So, whereas the 
name Black-Capped Chickadee can only mean one species of bird [Po-
ecile atricapillus (Linnaeus, 1766)], the bivalve Mercenaria mercenaria
(Linnaeus, 1758) is known variously as Hard-shelled Clam, Hard Clam, 
Northern Quahog, Cherrystone, Little-neck Clam, or Steamer Clam, 
depending on who is speaking and where they are from. This is further 
complicated by the fact that “Steamer” can also refer to Mya arenaria 
(Linnaeus, 1758), and “Quahog” to Arctica islandica Linnaeus, 1767. A 
similar case can be made about the word “mussel” - applied to marine 
mussels, freshwater mussels, and Zebra Mussels (each in a different 
family and genus).

Common names are especially important to the � eld of environ-
mental conservation, in which scientists must communicate effectively 
with governmental of� cials, who are not scientists. If two groups of sci-
entists call an endangered bivalve by two different common names, 
legislators will think either (1) more than one species of bivalve is be-
ing discussed, or (2) the scientists do not know what they are talking 
about. The American Fisheries Society has supported efforts, including 
publication of a checklist, to standardize names of American species of 
bivalves [1]. 
[1] Turgeon, D. D., J. F. Quinn, Jr., A. E. Bogan, E. V. Coan, F. G. Hochberg, W. G. Lyons, P. M. Mikkelsen, R. J. Neves, C. 
F. E. Roper, G. Rosenberg, B. Roth, A. Scheltema, F. G. Thompson, M. Vecchione, and J. D. Williams. 1998. Common and 
Scienti� c Names of Aquatic Invertebrates from the United States and Canada: Mollusks, 2nd ed. American Fisheries Society, 
Special Publication 26, Bethesda, Maryland, 526 pp. + CD-ROM.
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(2) Ask your students do some research on the taxonomic authorities of bivalve 
species. Notice the varied professions that these people held (professor, geolo-
gist, museum curator, “naturalist”).

For example, many bivalve species are credited to “Linnaeus, 1758.” 
This is the earliest date that you will ever see as a taxonomic author-
ity, because taxonomists have designated this work – Systema Natu-
rae, 10th edition, 1758, by the Swedish naturalist Carolus Linnaeus 
(aka Carl von Linné) – as the beginning of modern taxonomy. Linnaeus 
invented binomial nomenclature, which replaced long, wordy descrip-
tions and provided a universally recognized name for each species. 
Because he was the � rst, Linnaeus is credited with the names of many 
of the most common bivalves, and in fact, many of the most common 
animals, including:

Hard-shelled Clam, • Mercenaria mercenaria (Linnaeus, 1758)
King Scallop, • Pecten maximus (Linnaeus, 1758) 
Blue Mussel, • Mytilus edulis Linnaeus, 1758
Green Sea Turtle, • Chelonia mydas (Linnaeus, 1758)
White Shark, • Carcharodon carcharias (Linnaeus, 1758)
Crow, • Corvus corone Linnaeus, 1758
Gray Wolf, • Canis lupus Linnaeus, 1758
Human, • Homo sapiens Linnaeus, 1758

Here is a list of other authors that your students might research. What 
species did they name?

Thomas Say• 
William Healy Dall• 
Johann Friedrich Gmelin• 
Michael Tuomey & Francis S. Holmes• 
Peter Simon Pallas • 
Jean Guillaume Bruguière• 
Angelo Heilprin• 

(3) The scienti� c names of organisms have meaning, often describing charac-
teristics of the species. Ask your students look up a scienti� c name of one of 
these bivalves in a Latin dictionary and compare that to the shell.

For example, • edulis means “edible,” and maximus means “large.” 
So, Mytilus edulis is the “edible mussel,” and Pecten maximus is 
the “large scallop.”
Some names are named after people or places. So, • Chesapecten 
jeffersonius is “Jefferson’s Chesapeake Scallop” and Crassostrea 
virginica is the “Virginia Oyster.”

  
(4) New species of bivalves are being described every year, if not every month 
or week. Ask your students to research new species recently described. Where 
have they been described from? What kinds of data (morphology, molecules, 
ecological traits) have been used to characterize the new species? Think about 
why these species have never been described until now.

(5) Create some new bivalve “species” out of paper and ask your students to 
name them, explain the meaning of each name, and list the key morphological 
features of each one.
 
See also Activity (9) Finding Nature’s Order: Classifi cation.
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(5) Types of Hinges
The hinge is an important feature of the bivalve shell. It joins the two valves, 
and - importantly - keeps them aligned when the valves close (via the adduc-
tor muscles) or open (via the ligament). It is widely used in taxonomy, and is 
usually characteristic at the family level. Ask your students to � nd the following 
basic types of bivalve hinges.

Taxodont – made up of many, small, similarly-shaped teeth. This is the most 
primitive kind of bivalve hinge. It keeps the valves closely aligned, but does not 
allow the valves to open very wide, limiting the bivalve’s movement.

Example: Ark Shells

Heterodont – made up of two kinds of teeth: more central cardinal teeth (ra-
diating from the umbo, or beak, of the shell) and more remote lateral teeth. 
Lateral teeth can be absent in some species. This is a more derived kind of 
bivalve hinge. It allows the valves to open more widely, and was essential in the 
evolution of siphons, swimming, and other traits that require a wider gap.

Examples: Hard-shelled Clam
Lucine Clam
Crassatella Clam
Kitten’s Paw
Freshwater Mussel

Edentate – lacking teeth. Bivalves that lack teeth usually have other means 
of aligning their shells, such as a ligament or muscles. The Soft-shelled Clam 
(below) has a spoon-shaped process at the hinge line; this is a resilifer, a sup-
port for an internal ligament.

Examples: Blue Mussel
Soft-shelled Clam
Zebra Mussel

cardinal teeth • Hinge teeth located 
directly below the umbo in a hetero-
dont hinge..

edentate • Lacking hinge teeth.

heterodont • Having more than one 
kind of hinge teeth.

lateral teeth • Hinge teeth located 
far away from the umbo in a hetero-
dont hinge.

resilifer • Hinge structure support-
ing an internal ligament.

taxodont • Having many, small, sim-
ilarly-shaped hinge teeth.
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(6) Types of Fossils

The processes of fossilization occur over a very long time. Fossils of 
various ages show different stages of these processes.

The shells of living bivalves are composed of calcium carbonate 
in either of two forms: calcite or aragonite. Holding the crystals of 
CaCO3 together is organic material (kind of like “mortar” to the crystal 
“bricks”) that also gives the shell its color.

Young fossils (those below are from the Pliocene Epoch, approx. 5 
million years old) look a lot like those of living species, only “chalkier.” 
They are often full of sand. Their shells are still composed of calcium 
carbonate, but the organic material in the shell has degraded slightly. 
Former color patterns sometimes show under “black light” (ultraviolet 
light) – try it!

Older fossils either have some shell still attached to a rock-like inte-
rior or themselves look more or less like rock (example: Fossil Oyster, 
Cretaceous Period, approx. 100 million years old).

All traces of the shell have completely disappeared on the oldest fos-
sils. This might be a mold of the inside surface of the original bivalve 
(like the Devonian bivalve shown here, ca. 400 million years old) or 
of the outside surface of the original bivalve. Sometimes we have two 
pieces of rock that have split to reveal the mold of a bivalve on both 
sides – one of these is called “part” and the other is called “counter-
part.”

fossil living
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The processes of fossilization include a long period of alteration, in-
volving (in chronological order) recrystallization of the shell miner-
als, “permineralization” (during which other minerals seep into and 
� ll voids within the shell), or complete replacement of the shell by 
minerals. Think of the difference between a newly cut tree trunk and 
a slice of “petri� ed wood”; the latter has had all of the wood replaced 
by minerals, turning it to stone!

Black light bulbs are readily available at hardware and novelty stores 
(especially around Halloween!). Darken your classroom or use a 
large box to create a “mini darkroom.” Observe a young fossil under 
natural light and under black light. Those with smoother surfaces are 
more likely to show color patterns. Why wouldn’t color patterns be 
preserved in older fossils?

Discuss with your students what characters are typically needed 
to identify a bivalve (such as hinge structure, pallial sinus, exterior 
sculpture, periostracum). Are these available or unavailable in these 
different kinds of fossils? In other words, how are the fossil species 
similar to, or different from, the modern ones? What might that mean 
to a paleontologist?
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(7) Convergence
When is a “Mussel” not a Mussel? – The common name “Mussel” is used for 
many kinds of bivalves, most of them wider than tall, slender, and asymmetri-
cal, with the umbo (the oldest part of the shell) at one end – the Blue Mussel 
and Zebra Mussel are examples. This is convergence – the evolutionary pro-
cess that results in two distantly related forms looking very similar.

Here is a recent Bivalve Tree of Life that shows the positions of the Blue Mussel 
(Mytilus) and the Zebra Mussel (Dreissena). Notice that they are far apart on 
the tree; that means that they are not closely related. That in turn tells us that 
“mussel shape” (also called mytiliform) has evolved more than once during 
bivalve evolution. Why?

Common 
Ancestor

The most common explanation is that the mussel shape is conducive to a 
crowded population of bivalves that need to attach to a hard substratum, like 
the surface of a rock. If one end of each shell is pointed, the pointed ends can 
� t into tiny crevices, allowing more of the bivalves to � t in a small space. This 
is an ecological (rather than genetic) explanation for a common phenotype 
(outward appearance).

Ask your students to think of other examples of convergent evolution, such as 
birds and bats, or sharks and dolphins, or dolphins and the now-extinct swim-
ming reptiles called ichthyosaurs.

convergence • Evolutionary change 
in two or more unrelated organisms 
that results in the independent ac-
quisition of similar traits.

mytiliform • Mussel-shaped.

phenotype (adj. phenotypic) • The 
observable physical or biochemical 
characteristics of an organism, as 
determined by both genetic makeup 
and environmental infl uences; what 
an organism “looks like.”
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(8) Reading Information from Empty Shells

The features of bivalve shells can re� ect much about the lifestyle of the liv-
ing bivalve that made the shell. This is especially important to paleontologists 
(who never see the living animals) but also for biologists, who often have only 
empty shells available. Ask your students to identify any of the following from 
the shells available in your classroom, and at the same time, ask them to think 
about adaptation and the relationship between function and structure.

Deep burrower – Bivalves that burrow deep in the sediment must have siphons 
to maintain contact with the water. Those siphons are controlled by muscles 
that leave scars on the shells in the form of an embayment called the pallial
sinus (see below left). The deeper the sinus, the longer the siphons (see Hard-
shelled Clam, Soft-shelled Clam). What must we conclude about a bivalve shell 
without a pallial sinus?

Jet propulsion – The “ears” or auricles of scallops (see above center) have 
tiny gaps through which jets of water are expelled when the valves close sud-
denly. This results in a kind of jet propulsion that creates the scallop’s swim-
ming movements as it claps its valves together. 

Byssal attachment – Some bivalves that produce byssal threads for attach-
ment on a hard surface have a gap in the edge of the shell even when the 
valves are closed (see Arks). This indicates a relatively large byssus that stays 
attached even when the bivalve must close tightly to avoid a predator.

Cementation – Cementing species (see Oysters) show clearly the place on 
one valve that has been cemented to a rock. This sometimes assumes the 
shape of the surface to which it is attached. For example, an oyster on the out-
side surface of a scallop might show the wavy surface of the scallop shell.

Predation scars – Bivalves and other mollusks have the ability to repair breaks 
in their shells, if the damage is not sufficient to cause death of the bivalve. 
Crabs might chip at the edges of the shell, but fail to break into the shell to 
consume it. Such a minor break can be repaired, but leaves a scar on the 
shell. Moon Snails (family Naticidae), Murex Snails (family Muricidae), and Oc-
topuses (Phylum Mollusca, Class Cephalopoda) all bore holes in other mollusk 
shells using their radular teeth, sometimes with the help of chemicals to soften 
the shells. These holes have beveled edges in the case of the snail predators, 
and straight-sided in the case of the Octopus. Such a hole, if complete (above 
right), is a clear indication of the cause of death of that particular bivalve.

Epifauna – Not all features of an empty shell reveal something about the living 
bivalve. For example, you might think that barnacles growing on the outside of 
a bivalve shell means that the bivalve lived epifaunally, that is, not buried below 
the sediment. This is not the case, because the barnacles might have attached 
to the shell after its death, when the empty shells were scattered on the sea 
floor.

auricles • Ear-shaped structures on 
the shells of scallops, one of their 
defi ning characteristics.

pallial sinus • An embayment in the 
posterior part of the pallial line that 
indicates the attachment of siphonal 
retractor muscles and demarcates 
that part of the mantle cavity into 
which the siphons can retract in bi-
valves.

epifaunal • Living on top of the 
sediment, i.e., unburied; also called 
epibenthic.

Suggested Classroom 
Activities
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(9) Finding Nature�s Order: Classi� cation
Developed by Richard Kissel, PRI’s Director of Teacher Programs

Objectives: This lesson is designed for students to learn to recognize and 
understand the relationships between living organisms. Students will determine 
that related organisms have a common ancestor and/or common traits.

Age Level: Grades 6-12

Materials:
Shells, fossils, or other items that are similar to each other, but not ��
identical. 
Paper��
Markers/pencils��
Rulers��

Time: Allow for 10-20 minutes for an introduction to the topic including new 
vocabulary (see below), and 30 minutes to complete the project.  

Background:
Scientists have identi� ed 1.8 million species living today. Some researchers 
estimate that there might be as many as 100 million! However, those species 
alive today are only a very small percentage of the perhaps billions of species 
that have lived on this Earth since life � rst evolved approximately four billion 
years ago.

Over 75% of the described living species belong to the Phylum Arthropoda, 
which includes such diverse organisms as lobsters, barnacles, spiders, and 
insects. The insects are by far the most abundant arthropods. Mollusks are 
the most species rich group in the sea, and bivalves comprise the second 
largest class of mollusks. How are the many species of insects or bivalves 
arranged, categorized, and classi� ed? How does the classi� cation scheme 
re� ect phylogenetic (evolutionary) relationships? It can be a bewildering yet 
extremely interesting problem. The following activity is intended to demonstrate 
the importance of classi� cation through the examination of objects and the 
identi� cation of common characteristics that organisms do or do not share and 
the way in which subgroups are created.

Procedure:
Part I – Discussion

Introduce new vocabulary to your class and provide de� nitions (e.g., 1. 
classi� cation [Kingdom  Phylum Class Order Family Genus Species], 
phylogeny, taxonomy), as appropriate to the grade level.

Facilitate class discussion on the importance and relevance of classi� cation 2. 
and determination of the relationships among living organisms. Optional 
Extension: Introduction of Carolus Linnaeus as inventor of modern 
classi� cation (1758, Systema Naturae). Linnaeus developed binomial
nomenclature to identify organisms by a generic (genus) and speci� c 
(species) title.

binomial nomenclature • The two-
part scientifi c name – genus and spe-
cies – for a plant or animal.

Suggested Classroom 
Activities
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Part II – The Project
Divide students into groups of 3 or 4.  Distribute approximately 25-30 shells 1. 
(or other objects) to each group. (If you only have a few examples, conduct 
the project as a full-class activity.)

Provide rulers to students and ask them to think about ways in which objects 2. 
are similar or different (size, shape, function, appearance etc.).

Ask students to separate the objects based on their physical characteristics 3. 
according to what they think is most important (size, shape, function, 
appearance, etc.).  

Move between groups, asking thought-provoking questions about why 4. 
students chose to separate objects in the manner that they did. Did they 
separate the shells by size, and can they be further divided by shape? If 
they were separated � rst by appearance, can they be further subdivided 
by color?

After each group has subdivided their objects into groups, ask them to 5. 
write a brief description of their classi� cation scheme by: (a) describing the 
rules they followed to create their relationships; and (b) describing why they 
chose their classi� cation scheme. Have a representative from each group 
make an oral presentation to the entire class following the activity.

Helpful Analogy for Struggling Students: 
As an example, think of your Halloween candy. On Halloween night, after 
returning from trick or treating, what do you and your friends do? Many kids pour 
their candy out on the � oor or bed, and separate the candy into piles based on 
how the candy items are the same, and how they are different. The chocolate 
goes into one pile, the Smarties™ into another, the Sugar Daddy™ into yet 
another pile, until all the candies are in the appropriate places. Biologists do the 
same thing with life forms (see also http://www.kidsbiology.com/biology_basics/
classi� cation/classi� cation1.php). 

See also Activity (4) Taxonomy.

Based on: Turner, T., & W. DiMarco. 1998. Learning to Teach Science in the Secondary School. Routledge, 325 pp., ISBN 978-0-41515-
302-7.

Project adapted from The “Nuts and Bolts” of Taxonomy and Classi� cation (http://jrscience.wcp.muohio.edu/lab/TaxonomyLab.html).

Suggested Classroom 
Activities
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Dissection Guides  
This section provides dissection guides for the common bivalves that you might 
have in your classroom, either from collecting or the � sh market. If you have a 
different type of bivalve available, one of these guides could still be useful in 
your investigations.

The dissection guides are available courtesy of Professor Richard Fox, Lander 
University (http://webs.lander.edu/rsfox/invertebrates).

Hard-shelled Clam, • Mercenaria mercenaria
Asian Clam, • Corbicula � uminea
Freshwater Pearl Mussel, • Actinonaias ligamentina
Blue Mussel, • Mytilus edulis
Eastern Oyster, • Crassostrea virginica

Bivalve Introduction

Bivalves are Mollusks

Bivalve Anatomy

Economics & Impact

In the Classrooom

Dissection Guides
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