Exercise 3. Relatives of Relatives

Figure 1 below resembles a tree.  It is actually an example of phylogenetic tree for the major types of organisms in the Kingdom Animalia.  A phylogenetic tree is used to show the historic relationships among a group of organisms. Organisms that appeared first in this history are at the base of the trunk on this tree. They are the ancestors of other groups of organisms that branch off of the trunk as each gains new characteristics.  For example, the sponges branched off from their one-celled ancestors as they developed into organisms composed of many cells.  The jellyfish and corals branched off even higher than the sponges as the multiple cells they possess are specialized into tissues that perform different functions in the body. Ectoderm is one of three types of tissues the higher animals have. Ectodermal tissue forms the boundary layer between the contents of an animal’s body and the external environment. Ectodermal tissues also provide structural support. Skin, hair, feathers, fur and bones are examples of ectodermal tissue. The stinging cells of jellyfish and corals are ectodermal.  Another tissue found in this animal group and all higher animals is endoderm, which is involved with the digestion of food. The guts of all animals above the sponges on the tree are lined with endodermal tissue. 

This brings us to another point demonstrated in a phylogenetic tree. Once a new characteristic develops along the main trunk of the tree, all new branches that come off of the trunk have the new characteristic. Organs first appeared in the flatworms in the form of primitive kidneys that removed waste. The animal groups on all of the branches above the flatworms have some form of kidney. Other organs such as the heart, lungs and liver first appear in animal groups that are further up on the phylogenetic tree. These organs are developed into increasingly more complex structures in the higher branches. 

Notice that the trunk of this tree splits into two smaller (secondary) trunks after the appearance of the clams and their relatives representing the molluscs.  The animal groups formed after the split are related to members of the opposite branch only to the extent that their ancestors were organisms on the main trunk before the split occurred. Thus, the annelid worm group to which the earthworms belong are according to this historical tree the ancestors of the arthropods (insects spiders, and crabs) but are not the ancestors of the vertebrates (fish, amphibia, reptiles, birds and mammals). The vertebrates are more closely related to the echinoderms (starfish, sea urchins and sea cucumbers). 

This tree demonstrates the idea that many more types of animals come into existence as animals change and develop over time. As a result, today there are 30 different basic body plans of animals called Phyla in the Animal Kingdom.

Fig. 1. Example of phylogenetic tree of the Animal Kingdom that suggests historical relationships among different body plans (animal phyla).

have been named!!! 
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· Exercise 3a. Understanding Historical Relationships

Now that you know how the phylogenetic tree works, see if you can determine where all of the animals in the trunk go on the tree. 

·  Carefully study Fig. 1 noting the changes in body plan that are associated with each branch and the animal group that is associated with the new feature.

· Now find the poster with a similar tree to that shown in Fig. 1 in the box. This tree has branches without the animal groups shown on it. 

· Lay out the poster on a flat surface and place each specimen on the tree branches you think each belongs on without referring to Fig. 1. We have provided a key to the colors on the tree (Fig. 2) on the next page.  Each color represents a few characteristics that the animal must possess in order to fit on that branch.  

· Use this key to help you place your animals in the appropriate position on the tree poster. 

· Be sure to check your animal positions on the poster against the smaller diagram (Fig.1) when you have finished.

How Did You Do?

Fig. 2. Key to the branch colors in Figure 1. 

	Branch

color
	Characteristic that is shared 

with ancestors
	New characteristic

passed up the tree
	Additional

characteristics

	Green


	
	multicellular
	filter feeding, sessile

	Pink
	multicellular
	tissues

(ectodermal & endodermal)
	stinging cells, radial body symmetry

	Blue
	multicellular, three tissues
	bilateral body symmetry, organs 
	primitive kidneys, thin body

	Yellow 
	multicellular, three tissues, organs, bilateral body symmetry
	
	false body cavity filled with fluid to maintain tubular body-shape

	Red


	multicellular, three tissues, organs, bilateral body symmetry
	true body cavity that houses organs
	shell

	Orange

	multicellular, three tissues, organs, true body cavity, bilateral body symmetry
	mouth end of gut develops 1st, segmented body
	many segements give ringed appearance

	Light Gray

	multicellular, three tissues, organs, true body cavity, bilateral body symmetry, mouth end of gut develops 1st
	
	reduced number of body segments, external skeleton and muscled limbs

	Brown 
	multicellular, three tissues, organs, true body cavity, bilateral body symmetry
	anus end of gut formed 1st
	larvae are bilaterally  symmetrical, but adults can be divided into 5 equal pieces around central point, external skeleton

	Dark Gray

	multicellular, three tissues, organs, true body cavity, bilateral body symmetry, anus end of gut formed 1st
	
	skeletal rod, dorsal hollow nerve chord, gill slits, internal skeleton


Exercise 3b. Comparing Trees

· Examine Figure 2. This demonstrates an important aspect of biology and science in general. There may well be different hypotheses as to how systems function and, in this case, how organisms are related to one another. A different branching pattern is proposed on the left for some of the higher invertebrates than that shown on the right from Fig. 1.

Fig. 2. Comparison of two different proposed branching patterns for higher invertebrates

Based on one gene &                                            Based on pattern of

presence/absence of cuticle skin covering                         development
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· Find examples of the animals that are represented in Fig. 2.

· Now compare the lineages shown in Fig. 2 to that you have been working with in Fig. 1. 

You should note that the lineage on the right side of the chart, which is based on patterns of animal development is the one that you have been using. This is also the most widely accepted hypothesized tree. The tree on the left has been recently hypothesized to explain the molecular results of the analysis of one gene system. The animals possessing a skin 

covering called a cuticle that must be periodically shed during growth are more similar in their genetic make-up than the animals lacking this cuticle.

· Answer the following questions. Consult Exercise 3 in the answer booklet to check your answers.  

1. Which animal groups are displaced in the tree depicted in Figure 2 from where they are located in the tree based on development? 

     2. How might the validity of the two alternative trees be tested?
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