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Laboratory 5

A Survey of the Invertebrates and Fungi and Construction of a Dichotomous Key

Introduction

Suppose you come upon an unknown organism.  Before you can classify that organism you will need to identify it.  The most widely used type of key is the dichotomous key that is based on a set of paired choices.  For example, does the individual fly or not fly?  Does it make its own food or feed on others?  Eventually you move through the key or series of statements until you arrive at an answer.  It would be very difficult to do this for all organisms living on this planet.  Generally, keys are limited to identifying a collection or range of organisms such as the dragonflies of Canada, the organisms found in ponds or, as in your example, the United States currency in the collection below.

Example:

A dichotomous key could be constructed of the following collection of U.S. currency: a ten-dollar bill, a five-dollar bill, a one-dollar bill, a quarter, a dime, a nickel, and a penny.

1. 
a. Composed of paper...............................................................................
go to 2







b. Composed of metal...............................................................................
go to 4


2. 
a. George Washington is pictured.............................................................
1 dollar


b. George Washington is not pictured.......................................................
go to 3

3. 
a. Abraham Lincoln is pictured.................................................................
5 dollars


b. Alexander Hamilton is pictured............................................................
10 dollars 











4. 
a. The edges have ridges...........................................................................
go to 5


b. The edges do not have ridges................................................................
go to 6 

5. 
a. Smaller than 15 mm in diameter...........................................................
Dime


b. Larger than 15 mm in diameter. ..........................................................
Quarter

6. 
a. Silver in color.......................................................................................
Nickel


b. Copper in color.....................................................................................
Penny

How would you change the key to include a $20 bill?  At some point, we have all received Canadian coins (Figure 1) such as a quarter or a dime.  How would you include them in the above key?  
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Figure 1. Canadian coins
Scientists use taxonomic keys to determine the identity of an unknown organism.  Today in class, you will design two different keys: one for various fungal groups and one for invertebrates.  You will be provided with a table of features for each group, although you are also encouraged to make your own observations and record data that are specific to the “collection” found in the lab.  The keys you will construct will be based on features that were once used by taxonomists to divide fungi and invertebrates into major groups based on “lifestyle.”  However, the phylogeny of these two groups is undergoing dramatic revision based largely upon molecular “characters.”  We will, therefore, be using this exercise as a way to examine lifestyle and to gain an appreciation for the important roles these groups play in many environments.  

Fungi form important beneficial symbiotic relationships with plants.  Recall the information on fossil plants that gave testament to the age of this relationship.  Fungi are also important in recycling dead material into the soil in a form that can be used by other organisms.  An appreciation for these and other pivotal roles played by fungi will prove crucial to understanding community structure and ecological relationships among species in general.  

Invertebrate animals make up over 90% of the animal kingdom.  We would be very negligent in examining the animal biodiversity if we failed to look at major representatives of this kingdom.   Constructing and/or examining keys are a very user-friendly way to begin to examine these large groups that you will be working with throughout the course and your career as a biologist. 

Activity 1:  On fungi---removed
Activity 2:  Familiarity with the Invertebrates: Terms used in Bio 181 to compare major groups of invertebrates. 
Background:

As you try to assess similarities and differences among the invertebrate groups (Table 2), try to become familiar with common representatives of each group.  Also, realize that it is very difficult to determine relationships among invertebrate organisms.  It is obvious from invertebrate diversity that many "evolutionary designs" were tried and ended in extinction.  Extant groups or living representatives have diverged very far from the main line or, more aptly, main lines, of animal evolution.  

  Table 2.  Invertebrate phyla
	Invertebrates

	Annelida
	Arthropoda
	Cnidaria

	Echinodermata
	Mollusca
	Platyhelminthes

	Porifera
	Nematoda
	


For example, sponges (Porifera) are very primitive in construction; they are in some sense relics of the transition from a colony level of construction to a tissue level of construction.  Yet sponges typically have a type of highly specialized cells, the collar cells, rarely found outside their group.  These cells display cell recognition and immune responses more typical of groups known from the fossil record to be more advanced with regard to body construction, possessing tissue layers, organ systems, etc.  Sponges are also sessile (non-motile), and all evidence points to a motile ancestor for most invertebrate groups.  Obviously, sponges look nothing like their ancestors, or any ancestor they may have shared with other animal groups in the distant past.
The same can be said of the Cnidaria, whose typical representatives include hydra and some jellyfish.  They basically consist of only two layers or tissue types.  Yet many biologists think they have become simpler in morphology through time as a group.  The sea anemones you are working with belong to this group and are more complex in structure than Hydra and yet they are considered, based on fossil and new molecular data, to represent the more primitive condition with regard to Hydra.  There are also those that would argue that Cnidaria evolved as a group from a more complex ancestor.  We expect to see relationships change in the light of new molecular data.  Although there will always be a Cnidarian way of life, Cnidaria may not always be a phylum (clade) as it is today.  It may become part of another clade (phylum) or even be broken up into several clades as we learn more about the genetic makeup and relatedness of animals in general. 

Terminology:
Coelom: A body cavity in addition to the gut is termed a coelom.  There are various kinds of coeloms and taxonomists disagree as to the affinities of the various kinds of coeloms or what type of cavity should even be considered a "true" coelom.  Many feel, however, that coeloms first arose as a hydrostatic skeleton, or volumes of fluid surrounded by muscles.

We tend to focus on the muscles as the organs of movement.  But muscles alone cannot move the body effectively because a muscle supplied with energy can contract actively, but cannot return to the relaxed position on their own.  To relax or return to their original length, some external force must be applied to the contracted muscle.  In your body, your muscles are oriented around your movable or jointed skeleton in such a way that the contraction of one muscle brings about the relaxation of another.  

There is some evidence that early skeletons were probably not internal bony skeletons but rather exoskeletons or even hydrostatic skeletons.  The contraction of any one part of the muscular system set up a pressure in the fluid-filled body cavity that was then transmitted in such a way as to relax other muscles or parts of the system.  One way to build a hydrostatic skeleton is to develop a second fluid filled cavity, or coelom, that surrounds the gut cavity.  

Once animals had a coelom, the coelom began to take on other functions, such as transport of materials and housing of expanding organ systems.  This allowed the development of animals of any size.  For most animals, these other functions have replaced the coelom’s function as a hydrostatic skeleton.  In fact, in most animals familiar to you, the most important function of the coelom is allowing for an organized housing and development of complex organs and organ systems.  

If the phylum you are examining includes relatively large organisms, or more importantly, has organisms with some bulkiness to their bodies, yet are efficient in movement, they probably have some type of coelom.  The coelom may be secondarily modified for functions other than locomotion, especially if the members of that phylum depend on other types of skeletons for locomotive purposes.

Segmentation:  The origin of segmentation, like most trends in the animal kingdom, is debatable.  Segmentation allows animals to become larger by replication of the same structures over and over again.  Segmentation also allows for more precise localized movement.  The pressure differences that are caused in the coelom by contraction of muscles in one segment can be somewhat isolated from other segments. 

	In our simple representation of annelid movement, circular muscles contract, lengthening a few segments.  The back part of the animal is anchored in some way, as by chaetae (stiff hairs that can act as holdfasts; note the arrows in this figure), and contraction of these segments lengthens the animal.  The animal then anchors its front, releases the back, and as the original shape of the lengthened segments is restored (usually by longitudinal muscles), the rear moves forward.  
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Figure 3. Annelid movement
Once a number of segments were present, different segments could become specialized for different functions.  The most interesting case of segment specialization involves some sessile, bottom dwelling marine annelids.  Segments develop at certain times of the year that bear reproductive structures, appendages for effective swimming, and even sensory organs.  Some of these segments may comprise “individuals” that separate and come to the surface to mate in swarms.  Note that in the Arthropoda, the most abundant animal clade, not all the segments are involved in locomotion.  Some segments may form part of a well-defined head, where as others segments form an abdomen that houses reproductive and other organs.

Symmetry and cephalization:  Adult symmetry is correlated with lifestyle.  If the adult is sessile, radial symmetry is the rule.  Most self-mobile animals are bilaterally symmetrical with the end that enters a new environment first housing the "brain" and well-developed sensory structures.  Can you think of any reason why this should be so?  This end is known as a head.

Exceptions to this rule are Echinoderms with their peculiar five-fold symmetry. Echinoderms also have “invented” a unique way of getting about.

Limbs and joints:  Locomotion appendages, or limbs, allow a great deal of movement from a minimum amount of muscular contraction.  The bulk and weight of the body moves in the forward direction while only the limbs are moved back and forth.  Jointed limbs provide a system of levers that allow precise placement of antagonistic muscles, allowing great flexibility of movement. 

Type of rigid skeletons:  Rigid skeletons made a comparatively late appearance in the history of animal evolution.  They only appeared in the fossil records at the onset of the Cambrian period, roughly 600 million years ago.  There are two general types: an exoskeleton (external) and an endoskeleton (internal).  Exoskeletons have an advantage in the strength to weight ratio.  That means that for a given quantity of skeletal material, a thin tubular exoskeleton is far stronger than a solid, rod-like endoskeleton.  This explains the evolutionary advantage of small animals like insects.  Exoskeletons also support and protect soft internal organs and add a protective coating that prevents desiccation.  However, animals cannot grow larger with an exoskeleton unless they molt.  These large animals would demand larger muscles that are bulkier and harder to construct (if they are to remain flexible at the joints).  It would be difficult to construct such large exoskeletons.  

Locomotion: How do most species in the group move?  Sometimes there are several modes employed.  Larger flatworms move by muscular contractions as well as cilia.  Many of the Arthropoda use muscles and jointed appendages or limbs to move.   Some groups, such as Echinodermata, a group that includes the sea stars, move by tube feet.  Only Echinoderms employ this kind of locomotion. 

Habitat or ecosystem: Where are the adults typically found (marine, freshwater, land, etc.)?

Feeding types: How does this group obtain its nutrition?  Some groups contain carnivores and herbivores, as well as filter feeders.  Other groups such as Cnidaria are distinguished by a very special way of feeding.  In this group, stinging cells (cnidocytes) are used.  In fact, the name of the phylum is derived from this mode of feeding.  Still other groups such as the Nematoda, round worms, and Platyhelminthes, flatworms, flukes and tapeworms, contain some species that are parasites and others that are free-living forms. 

Added by Dr. Feaver.      Do not include this information on your drawing. 
Stages of the life cycle: Animals in general have a fairly dull life cycle as compared to plants.  Some species, however exhibit stages that look nothing like the adult.  For example, some insects such as your wasp have an egg, a larval and a pupal stage as well as the adult stage, which is the only stage that reproduces.  Many Cnidarians will have a polyp, or sessile, stage and a moving, or medusa stage.

Larvae type: Do the animals have larvae, and are the larvae free living or do they stay attached to the parent?  Where do you find the larvae relative to where you find the adult?   
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