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Geos 223          Introductory Paleontology            Spring 2006 

Lab 3: Porifera and Cnidaria       

Name:             

Section:            

AIMS:             

This lab will introduce you to the basal metazoan groups: the Porifera (sponges) and the 

diploblastic Cnidaria (hydroids, jellyfish, anemones, sea pens, corals, and relatives). You 

will see examples of the important fossil representatives of these groups: demosponges, 

hexactinellids, and archaeocyaths (Porifera); and the rugose, tabulate, and scleractinian 

corals (Cnidaria). The method of cladistics, by which we can best produce a hypothesis as 

to the evolutionary relationships among groups of organisms, is introduced. By the end of 

this lab you should be able to identify the major poriferan and cnidarian fossil groups, be 

familiar with the stratigraphic ranges of these taxa, and understand the basic operation of 

cladistic analyses. 

             

PART A: PORIFERA. 

Sponges (Phylum Porifera) are the most basal group of animals. Although sponges are 

multicellular heterotrophic eukaryotes, they lack a tissue-grade organization and so are 

often referred to as “parazoans” (as opposed to tissue-bearing metazoans). All sponges 

are sessile filter-feeders, and are therefore confined to aquatic habitats (a majority being 

marine). Sponges have very few cell types, choanocytes (collar cells) being the most 

distinctive. Choanocytes serve to produce a water current through the porous body wall 

of the sponge and to filter food particles. 

 The body wall of sponges is composed of either a gelatinous material 

(mesenchyme) or trabeculate material (protoplasmic threads), which hold the cells of the 

sponge in place. The body wall is typically strengthened by addition of spongin (a horny, 

collagenous protein) and/or mineral rods called spicules (made of calcite or opaline 

silica). The composition of the body wall and the type of supporting material forms the 

basis for sponge classification. 
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 The fossil record of sponges is relatively poor, consisting almost entirely of 

spicules. Nevertheless, all living sponge classes (Demospongia, Calcarea, and 

Hexactinellida) are known from Cambrian age rocks, and are therefore long-ranging, 

successful groups despite their anatomical simplicity. 

 

Modern Sponges: 

A1: Recent demosponge. Extremely fragile: please do not touch! 

The cellular material has been artificially removed, leaving just the spongin wall support 

(this species does not produce spicules). Note the central body cavity (paragaster), and 

the large exhalent opening (osculum). It is easy to image how this animal fed: filtering 

water for fine food particles as the water passed through the body wall into the central 

paragaster and out through the osculum. 

 

A2: Leucosolenia. 

This is an example of the simplest grade of body organization exhib ited by sponges (the 

asconoid grade). The body is simple and sac- like. Because the small surface area (lined 

with choanocytes) is relatively small compared to the volume of the paragaster, asconoid 

sponges are limited to fairly small body sizes. 

 

A3: Scypha. 

This is an example of the slightly more complex (syconoid) grade of organization in 

sponges. The body wall is folded, producing a larger surface area for feeding without 

dramatically increasing the volume of water in the body. This allows for more efficient 

filtering of the water by choanocytes, and allows syconoid sponges to develop to a larger 

size. 

 

A4: Chalina (the finger sponge). 

This is an example of the most complex (leuconoid) grade of organization in sponges. 

The body is rather thick, containing numerous canals and choanocyte-lined chambers 

rather than a single paragaster. Water is pumped (often passively, making use of pressure 

gradients) through the network of canals. Evolution of the leuconoid organization 
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effectively removed constraints of body size, and leuconoid sponges can attain huge 

sizes. 

 

A5: Euplectella (Venus’s flower basket). 

This specimen shows the beautiful siliceous spicule skeleton of the hexactinellid 

Euplectella, a deep-sea sponge of leuconoid grade. Although very intricate and delicate in 

appearance, the spicular skeleton provides firm support and inhibits collapse of the 

otherwise soft sponge body. 

 

A6: Siliceous sponge spicule (Recent), from near the top of an oceanic sediment core. 

Spicules are almost always the only portions of sponge anatomy to be preserved in the 

fossil record, and are rarely preserved in their original “articulated” arrangement. Sponge 

“skeletons” (such as that seen above) typically break into their isolated spicule 

components (as seen here) through biostratinomic processes. Note the intricate detail of 

the spicule microstructure. 

 

 

Fossil Sponges: 

A7: Middle Cambrian sponge spicules, Groom Range, Nevada. 

These spicules were originally made of opaline silica (hydrated amorphous silica, 

SiO2.nH2O), but recrystallized over time into the mineral quartz (SiO 2). [See also Lab 1, 

specimen B9.] Siliceous spicules occur in demosponges and hexactinellids. 

 

A8: Brooksella alternata (Middle Cambrian, Alabama). 

This has been a highly problematic fossil: since its discovery in the late 1800s Brooksella 

has been variously considered to be a scyphomedusan (cnidarian), a trace fossil, or a 

pseudofossil. However, it has recently been determined that Brooksella was a sponge, 

perhaps belonging to the Hexactinellida (see the article by Ciampaglio et al., 2005). 
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A9: Astraeospongia (Silurian, Tennessee). 

Note the relatively large, star-shaped spicules for which this saucer-shaped sponge is 

named. 

 

A10: Coeloptychium (Upper Cretaceous, Germany). 

A hexactinellid with a mushroom-like growth form. 

 

A11: Hydnoceras (Devonian and Carboniferous). 

A hexactinellid sponge showing clear impressions of the spicular “skeleton”. 

 

A12: Paleomanon (Silurian, Indiana). 

The polished section through this leuconoid-grade lithistid demosponge clearly shows the 

canals which, in life, linked choanocyte- lined chambers. The canals have been infilled 

with a crystalline cement which precipitated during early diagenesis. 

 

What tells you that the canals must have been infilled by the cement during early (as 

opposed to late) diagenesis? 

            

             

 

A13: Chancelloria eros (Middle Cambrian, Marjum Formation, Utah). 

Like Brooksella (specimen A8), Chancelloria highlights a problem of working with 

fossils: it is often difficult to tell what kind of animal a fossil represents when only the 

hard parts are preserved. For a long time the spiny structures of chancelloriids (often 

disarticulated, but here still articulated) were thought to be sponge spicules. However, it 

is now considered that the “spicules” are actually microsclerites of some larger animal (a 

coeloscleritophoran), and chancelloriids are not sponges at all. The affinities of 

chancelloriids are hotly debated in the literature (see the paper by Randell et al., 2005). 
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Stromatoporoid Sponges: 

For a long time, stromatoporoids were a fossil group of uncertain affinity. They are 

calcareous masses of layered and structured material, found in Ordovician to Devonian 

(some researchers argue Cambrian to Oligocene) rocks. They therefore bear some 

similarity to corals, but only in recent years has it become clear that they represent an 

extinct group of demosponge which was able to secrete a calcareous skeleton. They are 

significant in that they were able to form shallow-water bioherms (reefs) in the 

Ordovician through Devonian, often in intimate association with corals (which seem to 

grow “through” the stromatoporoid) in what may have been a symbiotic relationship. See 

pages 90-92 in Clarkson (1998) for details of stromatoporoid anatomy, and Lebold 

(2000) for a study of the paleoecology of a stromatoporoid bioherm. 

 

A14: Stromatopora ludlowensis (Upper Ordovician, Ohio). 

The internal microstructure of a stromatoporoid is well seen in the polished section on the 

side of the specimen. Draw the section in the space below. Label the various parts, and 

don’t forget a scale! 

 

 

 

 

 

 

 

 

 

 

 

How does the laminated structure of a stromatoporoid compare to that of a cone- in-cone 

structure? (See Lab 1, question A4.) 
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A15: Stromatopora pustulifera (Middle Devonian, Kentucky). 

This stromatoporoid nucleated its growth on a brachiopod. 

Was the brachiopod alive or dead as the stromatoporoid grew? How can you tell? 

            

            

             

 

 

Archaeocyatha: 

Archaeocyatha is also an extinct group of sponge which was able to construct bioherms. 

Archaeocyaths are common in Lower Cambrian rocks on all continents (indeed, they are 

used for the biostratigraphic zonation of this interval in Siberia and Spain), but become 

very rare in Middle Cambrian strata. Only one record is known from the Upper 

Cambrian. The archaeocyath skeleton was constructed of calcium carbonate, and 

consisted of a nested pair of inverted cones, separated by radial septa. Both inner and 

outer wall were porous (functionally equivalent to sponge ostia), and the organism 

presumably filtered seawater as a current passed through the pores into the central cavity 

(functionally equivalent to the sponge paragaster). See pages 95-97 in Clarkson (1998) 

for more details. 

 

A16: Archaeocyaths in typical hand specimen (lower member of the Poleta Formation, 

Lower Cambrian, Montezuma Range, Nevada). 

This is how archaeocyaths are typically seen in the field. Note the diversity of forms, 

resulting from genuine biological variability plus the added variation due to seeing the 

cone-shaped skeletons in different cross-sections. Illustrate some of the forms below. 
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A17: Archaeocyaths in thin-section (Poleta Formation, Lower Cambrian, Gold Point, 

Nevada). 

This thin-section was prepared from a boulder of the Lower Cambrian Poleta Formation, 

and cuts through several archaeocyaths. The fine details of their skeletal anatomy can be 

seen, but it is hard to piece together a compete reconstruction of the animal from such 

sections. 

 

A18: Silicified archaeocyaths. 

The original calcium carbonate skeleton of these specimens has been replaced by silica. 

Unlike the entombing rock matrix (limestone), silica does not dissolve in acid. The 

silicified fossils can therefore be extracted from the rock by acid digestion. These fossils 

are very fragile, but yield great anatomical detail and reveal the three-dimensional 

morphology of the animals. Compare these specimens to figure 4.17 in Clarkson (1998). 

 

 

PART B: CNIDARIA. 

The Phylum Cnidaria includes a diverse array of organisms: from hydroids and jellyfish 

(see bioplastic specimens) to sea pens and corals. All cnidarians possess a diploblastic 

grade of organization (whereby the body wall consists of two tissue layers, the endoderm 

and ectoderm) separated by an acellular jelly- like mesogloea, and stinging cells called 

nematocysts which they use to harpoon their prey. 

 Cnidarians have been highly successful throughout their long history 

(Neoproterozoic to Recent), although only a few cnidarian groups have a good fossil 

record. Polyps of the coral- like hydrocorallines (Class Hydrozoa, Order Hydrocorallina) 

can secrete calcareous skeletons, which occur in reasonable abundance in relatively 

young strata (Tertiary to Recent; see the Millepora example). Jellyfish (Class Scyphozoa) 

are entirely soft-bodied and have a very poor fossil record, although some Ediacaran 

fossils (Kimberella, Cyclomedusa) suggest that jellyfish date back to the late 

Neoproterozoic. The cnidarians with the most complete fossil record belong to the Class 

Anthozoa. 
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CLASS ANTHOZOA: 

Anthozoans have lost the medusa stage of the typical cnidarian life cycle: the polyp 

releases gametes, and the planula larva develops into another polyp. Two anthozoan 

groups (the octocorals and the zoantharia) include lineages with high preservation 

potential. 

 

Octocorals: 

So called because the polyps have eight tentacles, the Subclass Octocorallia dates back to 

the Neoproterozoic: the Ediacaran fossil Charniodiscus has been interpreted as a feather-

like sea pen (Order Pennatulacea). Several octocoral groups have evolved the ability to 

secrete a skeleton of moderate preservation potential. 

 

B1: Gorgonia. 

This colonial octocoral is an extant representative of the Order Gorgonacea, commonly 

found in modern coral reefs. The Gorgonia polyps secrete a horny skeleton, from which 

they project through the tiny holes to feed. A gelatinous outer coating covers the entire 

skeleton (including the polyps) in life. This coating contains calcareous spicules 

(analogous to sponge spicules) for support. 

 

 

B2: Tubipora musica. 

This octocoral belongs to the Order Stolonifera, and for obvious reasons is given the 

common name of the “organ pipe coral” (see also its Linnean species name). The polyps 

secrete and inhabit the long horny tubes of the colony. 

 

 

Zoantharia: 

The anthozoan Subclass Zoantharia includes sea anemones and corals. The solitary sea 

anemone polyp does not produce a skeleton, and so anemones (Order Actinaria) do not 

fossilize well. By contrast, coral polyps secrete a robust calcareous skeleton of high 

preservation potential. As a result, corals have an excellent fossil record. 
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 There are eight orders of corals presently recognized, ranging from as early as the 

Early Cambrian. Seven of these orders are confined to Paleozoic rocks. The eighth order, 

the Scleractinia, is the only extant group of corals, and is thought to have evolved from an 

anemone ancestor in the Triassic. Scleractinians would therefore be more closely related 

to actinarians than the Paleozoic corals. The fossil record of corals is dominated by three 

orders: the Rugosa, Tabulata, and Scleractinia. Several famous members of each of these 

orders are examined in this lab. These highlight the diversity and evolutionary success of 

corals. Note the vast array of growth forms which have evolved (often multiple times) 

within the coral orders, and which account for the success of the group (see also 

Clarkson, 1998, pp. 137). 

 

 

Order Rugosa (Middle Ordovician to Late Permian): 

Polyps of the Order Rugosa secreted a calcite skeleton with numerous radial septa. 

Following development of the first septa (six in number), later septa were added to the 

growing corallum in four locations. Solitary and colonial habits evolved. 

 

B3a: Zaphrentis colletti (Devonian Hamilton, Kentucky). 

B3b: Zaphrentis compressus (Devonian, Kentucky). 

Zaphrentids are very common in Devonian and Carboniferous rocks, and have been used 

in a coarse biostratigraphic zonation of the Lower Carboniferous in Britain. 

 

B4: Amplexus (Devonian, Kentucky). 

 

B5: Goniophyllum (Silurian Gotland Limestone, Sweden). 

What growth form is this coral fossil exhibiting? Be as specific as possible. 

             

 

 

B6a: Eridophyllum (Devonian Sellersburg Limestone, Indiana). 

B6b: Eridophyllum (Silurian, Kentucky). 
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B7: Columnaria (Devonian). 

 

B8: Pachyphyllum (Devonian Hackberry Group, Iowa). 

 

 

Order Tabulata (Early Ordovician to Late Permian): 

Polyps of the Order Tabulata also secreted a calcitic skeleton, but the septa were reduced 

or often absent. As the name suggests, tabulae were prominently developed in the 

corallites. All tabulate corals were colonial in habit. 

 

B9a: Favosites (Devonian, New York State). 

B9b: Favosites (Silurian, Illinois). 

Favosites is in many ways the “stereotype” tabulate coral, with small corallites, greatly 

reduced septa, and prominent tabulae. Favositine corals range from the Ordovician to 

Permian, but are especially diverse in the Devonian. 

 

B10: Michelinia (Devonian, Ontario). 

Note the numerous, convex tabulae. 

 

B11: Coenites (Devonian, Kentucky). 

A branching, erect favositine. 

 

What tells you that this is a tabulate coral? 

            

             

 

B12: Syringopora (Devonian and Carboniferous, Canada). 

Syringoporine corals range from the Ordovician to Permian. 
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B13: Heliolites (Silurian, Lockport Limestone, New York State). 

Heliolitine corals range from the Ordovician to Devonian, and are especially common in 

the Upper Ordovician and Silurian. 

 

B14: Halysites (Silurian). 

Distinctive corals resembling a palisade fence, halysitine corals range from the 

Ordovician to Silurian. 

 

 

Order Scleractinia (Middle Triassic to Recent): 

Scleractinian polyps secrete a skeleton of aragonite (although this can diagenetically alter 

to calcite in fossils). The lower surface of the polyp is supported by dissepiments, which 

function as tabulae did in rugose and tabulate corals. Following development of the first 

septa (six in number), later septa are added to the growing corallum in multiples of six. 

Solitary and colonial habits evolved. 

 

B15: Block of modern coral reef. 

There are several coral types (including some small solitary corals) on this small slab. 

Note also that the bulk of the reefal limestone is non- living skeletal matter, and this 

contains many cavities which provide suitable homes for serpulid worms, bryozoans, 

sponges, etc. How many animal phyla can you see on this slab? 

 

B16: Fungia (Recent). 

 

B17: Turbinolia (Eocene). 

This is a caryophyllid scleractinian. 

 

B18: Caryophyllid coral. 

Another caryophyllid, but exhibiting a very different growth form from that of 

Turbinolia. 
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Describe the differences in growth form between this specimen and Turbinolia. 

            

            

            

             

 

B19: Unidentified Recent coral (1). 

Note the erect, branching growth form of this colonial scleractinian. 

How does the growth form differ from that of the caryophyllid (above)? 

            

            

            

             

 

B20: Unidentified Recent coral (2). 

 

B21: Goniastrea (Recent). 

 

B22: Meandrina (Recent). 

 

B23: Encrusting scleractinians (Recent). 

These corals have encrusted gastropod shells. 

What do you notice about the distribution of the corals on the shells? 

            

             

 

Given how corals feed, how can you account for this distribution? 

            

            

            

             



 13 

PART C: CLADISTICS. 

One of the most critical goals of paleontology and biology is to resolve the evolutionary 

relationships among taxa. Only when we know which groups are related to which others 

can we reliably estimate rates and modes of evolution. 

This area of the life sciences, known as systematics, has traditionally been 

haunted by speculative reasoning: a systematist would claim that species A and species B 

must be closely related because the species “look similar”. Such speculation often causes 

frustration, because different systematists might consider different attributes of the 

species to be “more telling” in terms of their evolutionary relationships. Thus, while one 

worker would consider archaeocyaths to be sponges because they possessed porous walls 

and a central cavity, another would consider them to be corals on account of their 

calcareous skeleton. Even given the same data, different workers could propose different 

evolutionary hypotheses depending on their point of view. 

In recent years this situation has become much easier to resolve thanks to the 

introduction of cladistics. Cladistics is a method for hypothesizing evolutionary 

relationships among taxa in a rigorous, non-speculative way. The method was first 

conceived by the German Willi Hennig in 1966, and popularized in the 1970s when it 

was translated into English. The method is discussed in Clarkson (1998, pp. 11-12). In a 

nutshell, cladistics works by: 

 

1. Identifying a suite of independent homologous features (“characters”) in the 

species under study. 

2. Identifying any differences in the expression of each character between species. 

These “alternate types” of condition for a character are called “states”. Thus, a 

character might relate to the particular type of calcium carbonate in a coral 

skeleton, with alternate states of “calcite” and “aragonite”; another might relate to 

growth habit of the coral, with alternate states of “solitary” and “colonial”. 

Characters can have more than two possible states (e.g., a character relating to 

colony type might have states of cerioid, thamnasterioid, or fasciculate). 

3. Producing a hypothesis of evolutionary relationship among the species, under the 

assumption that species sharing common ancestry will have inherited shared 
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character states from that ancestor. Since the evolutionary history of a lineage 

obviously involved some kind of change, the state for at least one character will 

change from a “primitive condition” (e.g., no mineralized skeleton) to a “derived 

condition” (e.g., calcite skeleton). Recent common ancestry between taxa is then 

indicated by shared derived character states. The hypothesis of relationship 

among taxa can then be drawn as a diagram (called a cladogram). Species are 

represented as terminal twigs on the tree- like branching cladogram; species 

sharing more derived character states are plotted further along a branch than are 

species exhibiting the primitive state, and are assumed to have more recent 

common ancestry. The result is a cladogram with “species twigs” forming a 

nested series of ever-more- inclusive groups as you follow a branch back towards 

its base. This nested pattern of groups reflects our hypothesis of the nested 

hierarchy of evolutionary relationships. 

 

Of course, in a real study there are many characters to consider when arranging the taxa 

in terms of their recentness of common ancestry, and there could be conflict between 

those characters. Thus, one character might suggest that species A and B are more closely 

related to each other than either is to species C or D, since A and B possess the derived 

state for that character. However, another character might suggest that species A and C 

are more closely related to each other than either is to species B or D, since A and C 

possess the derived state for this character. Assuming that one of these hypotheses is true, 

then the other must be explained away as convergent evolution (a “homoplasy”). That is, 

if (D(C(B,A))) is the true phylogeny, then the derived state of the second character must 

have evolved independently in species A and species C, since it could not have been 

inherited from a common ancestor. 

 Homoplasies are common in evolution, and many cladistic studies contain 

character conflicts and so result in more than one possible arrangement of taxa on the 

cladogram. In reality we never know the true phylogeny, and we must impart some 

criterion to allow us to decide which of the possible arrangements to propose as the best. 

Cladistics overcomes these conflicts by applying the criterion of parsimony: Where 

several hypotheses are suggested by character conflicts, the hypothesis which minimizes 
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the number of homoplasies is favored. Thus, if two characters support (D(C(B,A))) and 

only one character supports (D(B(C,A))), then the most parsimonious solution is the first. 

This solution requires only one homoplasy, while the alternative solution would involve 

two. 

In a real cladistic analysis, there are often many species and many characters, and 

many possible hypotheses of relationship due to character conflicts. It becomes 

impractical for a person to go through each and every possible arrangement and count the 

number of homoplasies in each. Thankfully, computers can do this very rapidly and 

cladistic algorithms are now routinely used in systematic studies. Cladistic analysis can 

be conducted on morphological or molecular (genetic) data. 

Cladistics has the advantage over traditional approaches to systematics because all 

characters can be treated equally and, provided workers agree with each other on which 

characters to include in the study (ideally, all independent features) and the coding for 

states of those characters in each species, then they will always obtain the same 

cladogram at the end of an analysis. Such replicability of study is a crucial ingredient of 

rigorous science. 

 

 This exercise is designed to give you some insight into how cladistic analyses are 

conducted. Next time you hear somebody claim that “this species is closely related to that 

species” you will be able to form a more educated opinion about whether to believe 

them! 

 

TASK 1: Character selection and coding of states. 

Appendix 1 lists 11 characters, plus their possible states, which might be useful in a 

cladistic analysis seeking to resolve the evolutionary relationships among various “basal 

metazoans” (sponges, archaeocyaths, and cnidarians). 

 Code the states of these characters for each of the taxa listed in Table C1. You 

saw (and perhaps drew) these taxa in parts A and B of this lab. Additional information 

can be obtained from your lecture notes and from Clarkson (1998). Missing data, 

unknown states, or inappropriate characters should be coded as “?” in the table. 
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 1 2 3 4 5 6 7 8 9 10 11 

Sponge (A1)            

Archaeocyath  (A15-18)            
Gorgonia (B1)            
Tubipora  (B2)            
Zaphrentis (B3)            

Amplexus (B4)            
Eridophyllum (B6)            
Columnaria (B7)            
Pachyphyllum (B8)            

Michelinia (B10)            
Syringopora  (B12)            
Heliolites (B13)            
Halysites (B14)            

Fungia (B16)            
Turbinolia (B17)            

Unidentified coral 2  (B20)            
Goniastrea (B21)            

Meandrina  (B22)            

Table C1: Data matrix showing states of 11 characters (Appendix 1) in sponge and cnidarian genera seen 

in this lab. 
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TASK 2: Searching for the most parsimonious cladogram. 

Having compiled a data matrix listing the states for all the characters for each species, the 

next step is to run the data through a cladistic algorithm on a computer. The matrix you 

have created in Task 1 would take a long time to enter into the correct format for the 

software, so in Task 2 we will use a data matrix that has already been formatted. 

 

1. Open the file “Geosci224Lab3Morpho” in MacClade version 4.03. This file 

contains a dataset of 29 morphological characters coded for each of 18 species, 

including sponges, ctenophores (“sea gooseberries”, a diploblastic phylum related 

to cnidarians), and the major groups of cnidarians (Appendix 2). The data matrix 

was created in exactly the same way that you compiled your matrix (Table C1). 

The purpose of this investigation is to resolve the evolutionary relationships 

among these 18 species, thus showing how these basal metazoan groups are 

related to each other. Of course, in a normal cladistic analysis the computer 

searches for the most parsimonious tree (i.e., the one with the fewest 

homoplasies), but to let the computer do the work would be too easy for you! 

Instead, you must build a cladogram and rearrange the taxa (twigs and branches of 

the diagram) until you find the most parsimonious one. 

2. To create an initial tree, click on “Tree Window” (under the “Windows” menu). 

3. Click on “Default Ladder” in the screen menu which appears. The initial 

cladogram is fully pectinate: species are stacked up the tree in the (arbitrary, 

alphabetical) order in which they were listed in the data matrix. The tree length is 

shown in a small menu at the bottom of the screen (currently 91 steps). Tree 

length is the number of evolutionary events inferred to have happened if the 

cladogram currently shown was the true phylogeny. Each change of state in a 

character on the tree counts as one step. Trees with lower tree length involve 

fewer evolutionary events, and infer a simpler phylogeny. Homoplasies 

(convergent evolution of the same state in different lineages) increase tree length. 

Tree length must be minimized to find the most parsimonious tree. 

4. Position the cursor on the “Porifera 1” branch, and press and hold the mouse 

button. With the mouse button still depressed, move the cursor to the base of the 
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tree (below “Anthozoa 1”). When you release the button, the Porifera 1 branch is 

repositioned to the base of the tree. Tree length is still 91, though, so this has not 

moved us towards a more parsimonious solution. 

5. Now position the cursor on the “Porifera 2” branch, and press and hold the mouse 

button. With the mouse button still depressed, move the cursor to the middle of 

the Porifera 1 branch. When you release the button, the branch leading to Porifera 

1 bifurcates, with the Porifera 2 branch sitting alongside Porifera 1 (forming a 

monophyletic poriferan group). Tree length has now fallen to 85 steps: clearly, a 

monophyletic Porifera is more parsimonious than was the original arrangement. 

6. Now repeat the procedure of branch moving and swapping as you please, trying to 

find the most parsimonious arrangement of species (i.e., the lowest tree length). 

The best answer involves a tree length of only 38 steps: how close can you get? 

There are actually 110 arrangements of branches which have this minimal tree 

length. See if you can find any of them. [Hint: all these trees place the two sponge 

species at the base of the tree.] 

 

Draw the most parsimonious cladogram you find in the space below, and list its tree 

length. 
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Additional Exercises: 

 

If you are feeling inspired, feel free to try any or all of the following exercises which will 

enhance your understanding of cladistic methodology. 

 

1. Experiment with the data file “Geos224Lab3Molecules”, which contains 

molecular (genetic) data for 20 species of poriferans, cnidarians, and ctenophores 

(including the 18 in the morphological dataset you have already played with). 

Find the optimal hypothesis of relationship among these taxa using the molecular 

data. Does the hypothesis based on these molecular data differ from that based on 

the morphological data? If so, how? 

2. Experiment with the data file “Geos224Lab3Total”, which contains combined 

morphological and molecular data for the various poriferans, cnidarians, and 

ctenophores already studied. Find the optimal hypothesis of relationship among 

these taxa using this combined dataset. Does the hypothesis based on the 

combined data differ from that based on the morphological or molecular data 

alone? If so, how? 

3. See for yourself how most parsimonious cladograms are identified by analyzing 

the following five-taxon data matrix (with seven characters): 

 

Character State Matrix: 

 1 2 3 4 5 6 7 

Outgroup 0 0 0 0 0 0 0 

Species A 0 1 1 1 0 0 1 

Species B 0 1 1 1 1 1 1 

Species C 0 0 1 0 1 0 0 

Species D 0 0 1 1 0 0 0 
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3a: The first step involves finding all possible arrangements of taxa (as unrooted 

networks: see the notes for lecture 3). There are 15 possible unrooted networks for a five-

taxon problem. Draw them all. 

 

3b: Now you must find the most parsimonious of the 15 unrooted networks. To do this 

you must: 

• Identify all the informative characters. 

• Count the total number of state changes in informative characters on each 

unrooted network. 

• Apply the criterion of parsimony to find the optimal solution. 

• Root the most parsimonious network at the outgroup, to produce a cladogram. 

 

Draw the most parsimonious cladogram below. Map onto the cladogram all character 

state changes (including informative and uninformative characters). What is the 

cladogram length? Which characters (if any) exhibit homoplasy? 
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Appendix 1: 

Character list and states for cladistic analysis of sponge and cnidarian genera listed in 

Table C1. 

 

1. Body with a central cavity or paragaster, allowing open exchange with surrounding 
environment: 

(0) present. 
(1) absent. 

 
2. Support for body wall provided by: 

(0) spongin. 
(1) skeleton. 

 
3. Original composition of skeleton: 

(0) calcite. 
(1) aragonite. 
(2) horny material. 

 
4. Habit: 

(0) solitary. 
(1) colonial. 

 
5. Colonial growth form: 

(0) fasciculate. 
(1) cerioid. 
(2) thamnasterioid. 
(3) coenenchymal. 
(4) cateniform. 
(5) meandroid. 

 
6. Axial structure in calice: 

(0) absent. 
(1) present. 

 
7. Outside of body wall: 

(0) porous. 
(1) non-porous. 

 
8. Skeleton bounded by: 

(0) one wall (epitheca). 
(1) two walls. 
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9. Septa: 
(0) absent or greatly reduced. 
(1) present, prominent. 

 
10. Tabulae: 

(0) absent. 
(1) present but not prominent. 
(2) present, prominent. 

 
11. Dissepiments: 

(0) absent. 
(1) present. 

 

 

 

Appendix 2: 

Species used in the cladistic analysis (“Geosci224Lab3Morpho” file). 

 

Code in cladogram: Genus name: 

Anthozoa_2:  Anemonia 
Scyphozoa_1:  Aurelia 
Ctenophora_1:  Beroe 
Scyphozoa_2:  Cassiopea 
Anthozoa_3:  Ceriantheopsis 
Scyphozoa_3;  Craterolophus 
Scyphozoa_4:  Haliclystus 
Hydrozoa_1:  Hydra 
Anthozoa_4;  Leptogorgia 
Hydrozoa_2:  Liriope 
Anthozoa_5;  Metridium 
Porifera_1;  Microciona 
Ctenophora_3;  Mnemiopsis 
Hydrozoa_3;  Obelia 
Anthozoa_6;  Renilla 
Porifera_2;  Scypha 
Cubozoa;  Tripedalia 
Hydrozoa_4;  Tubularia 
 

 


