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Hierarchical classification systems similar to the one in current use have been employed by naturalists for many centuries.  The current system dates from the work of the great Swedish naturalist, Carolus Linnaeus.  Linnaeus wrote extensively on the classification of both plants and animals.  His systems used kingdoms, classes, orders, genera, and species (Hickman et al., 2004).  The phylum and family categories were added later.  However, the rationale Linnaeus used to create his system of classification was very different from the phylogenetic one that is employed today.  He worked a century before Darwin, and he had no conception of evolution.  He was simply grouping organisms according to similarities, primarily morphological, but his results were very similar to those obtained today using molecular techniques.  Thus, his work reveals that morphological characters tell us much about evolutionary relationships.


The purpose of today’s investigation is to continue to survey and examine the diversity within the animal kingdom.  We will study the Phylum Hemichordata and the Phylum Chordata.  The Subphylum Vertebrata (within the Phylum Chordata) will be the largest group studied today.  They are generally known as the vertebrates.  In the following pages, the names of each of the groups within the Phylum Chordata will be noted, with careful attention paid to the organisms considered vertebrates.  Descriptions of the characteristics shared by these organisms as well as drawings will be included.

MATERIALS AND METHODS


Specimens were organized by traditional taxonomic classification, and they were observed for similarities and differences.  Some groups of organisms were only available as slides, so these organisms were examined under the microscope. Characteristics commented on included the presence or absence of the following: dorsal hollow nerve cord, notochord, pharyngeal slits, postanal tail, closed circulatory system, cranium, and vertebral column.  Sketches were made of unfamiliar organisms.  Scientific name(s) for groups as well as common names were recorded and learned.  In addition, terminology unique to specific groups was noted and defined. A representative organism from each group was sketched, and these sketches with appropriate figure legends were provided with the report.

RESULTS


The Phylum _____________________ contains organisms commonly known as acorn worms.  ______________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (Fig. 1).

Specialized terminology for this phylum includes: proboscis, collar, and trunk.  ______

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

The Phylum Chordata contains all of the rest of the organisms that I am studying this week.  The presence of a _________________________, ______________________________, 

_______________________________________, and ____________________________ define this group of organisms.  The three subphlya within this group are: ______________________, __________________________________, and ______________________________________.

The members of the Subphylum ______________________ are called sea squirts (Fig. 2).  As adults, these animals only retain the ______________________ of chordates.  ________  

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________

Specialized terminology for this subphylum includes: tunic, endostyle, incurrent and excurrent siphons.  ____________________________________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Lancelets are representatives of the Subphylum Cephalochordata (Fig. 3).  Specialized terminology for the cephalochordates includes protonephridia and closed circulatory system.  _____________________________________________________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________

The most complex and diverse group within the Phylum Chordata is the SubPhylum ________________________________________.   Many characteristics unite this group including the presence of vertebrae and a cranium, which are parts of the endoskeleton, and neural crest cells.  _____________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


There are a number of important evolutionary adaptations that occur in this subphylum.  These adaptations include: jaws, gas bladder or lung, pulmonary circulation, four limbs (tetrapody), amniotic egg, production of uric acid as an excretory product, feathers, and hair.  The presence or absence of these important adaptations is commented on for each of the groups below.
The SuperClass Agnatha contains two Classes: ________________________ (Fig. 4A)

and ________________________________ (Fig. 4B).  ________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________


The SuperClass Gnathostomata contains all vertebrates that have jaws.   This superclass contains six Classes: __________________________, ________________________, 

___________________________, ___________________________, _____________________, 

and __________________________________.   The Class _____________________________ contains sharks, rays, skates, and chimeras.  This class is broken up into two SubClasses: Elasmobranchii (sharks, rays, and skates) (Fig. 5A) and Holocephali (chimeras) (Fig. 5B).  I examined representatives of each group.  ____________________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Specialized terminology for this class includes: cartilaginous skeleton, jaws, electroreceptors, claspers, and placoid scales (Fig. 6).  _______________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

The Class ______________________________ contains the bony fishes.  This class is the largest within the vertebrates, both in numbers of species as well as sheer number of individuals.   __________________________________________________________________

__________________________________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________________________________

Specialized terminology for this class includes: bony skeleton, lateral line organ, and operculum.  __________________________________________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

The bony fishes are divided into the Subclasses Actinopterygii and Sarcopterygii.  The fishes within the Subclass Actinopterygii are characterized by the presence of ______________

________________________________________, and this subclass contains twenty-seven orders.  Other important features of the fishes within this subclass are: _____________________

_____________________________________________________________________________

___________________________________________________________________________________________________________________________________________________ (Fig. 7).

Specialized terminology for this subclass: ganoid scales (Fig. 8), cycloid scales (Fig. 9), ctenoid scales (Fig. 10), fin rays, and swim bladder.  _________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

The Subclass Sarcopterygii contains three orders.  The fish is this subclass are characterized by the presence of lobed fins that contain heavy bones for support.  In addition, most of these organisms have ________________________________.  Specialized terminology for this group includes: pulmonary circulation.  _____________________________________

__________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________ (Fig. 11).

The next class contained within the SuperClass Gnathostomata is the Class Amphibia.  This class contains three Orders: Anura (Fig. 12A), Urodela (Fig. 12B), and Apoda.  I examined representatives of two of these orders.  ______________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________________________________

Specialized terminology for the Class Amphibia: tetrapody, metamorphosis, tadpole, cutaneous respiration and three-chambered heart.  __________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

The Class ________________________ contains crocodiles, alligators, lizards, snakes, and turtles.  These organisms are broken up into four Orders: Crocodylia (Fig. 13A), Squamata (Fig. 13B), Rhynchocephalia (Fig. 13C), and Chelonia (Fig. 13D).  The organisms in this class are characterized by:  ___________________________________________________________

_____________________________________________________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

Specialized terminology for this class includes: amniotic egg, ectothermic, uric acid, anapsid, and diapsid.  __________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________

The birds are contained within the Class _____________________________.  There are sixteen orders contained within this class.  I examined representative specimens of the class (Fig. 14).  _________________________________________________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Specialized terminology for the class includes: feathers, flight skeleton, air sacs, and endothermy.  _________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________


The final class contained within the SuperClass Gnathostomata is Mammalia.  There are three subclasses contained within this class: Holotheria (monotremes), Metatheria, (marsupials), and Eutheria (placentals).  All of the animals within the Class Mammalia are characterized by:  ______________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Specialized terminology for the Class Mammalia includes: synapsid, hair, mammary glands, endothermy, and muscular diaphragm.  _____________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


The Subclass Metatheria contains the marsupials (Fig. 15).  Specialized terminology for this subclass includes: marsupium.  _______________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

The Subclass Eutheria contains sixteen orders, of which, I examined representatives of nine (Fig. 16A – I).   Specialized terminology for this subclass includes placenta.  __________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________

DISCUSSION


The diversity within the Kingdom Animalia was again examined.  However, this investigation focused on the chordates and the organisms that are thought to be closely related to chordates (Solomon et al., 2005).  Similar to the previous investigation of animal diversity, classical taxonomy was utilized in this study, but evolutionary classification will be used in the discussion to assist in the organization and study of the important characteristics for these groups.  

All of the organisms investigated were Deuterostomes, and thus are contained within the clade Deuterostomia along with the members of the Phylum Echinodermata.  However, unlike the echinoderms, the chordates and their relatives all exhibit segmentation.  In addition, the hemichordates (Fig. 1) and chordates also exhibit pharyngeal gill slits and a dorsal hollow nerve cord.  These characteristics are not seen in the other members of the clade Deuterostomia.  

Members of the Phylum Chordata also have notochords and postanal tails.  The presence of all four chordate characteristics places these organisms into the Clade Chordata, which includes the Subphyla Urochordata (Fig. 2), Cephalochordata, and Vertebrata.  Although these organisms are all chordates, there are a number of characteristics that make them distinct.  Myomeres (segmented muscle blocks) arise in the ancestor of cephalochordates (Fig. 2), and this characteristic places these organisms and the members of the SubPhylum Vertebrata into the clade Euchordata.  

A cranium first appears in the ancestor to hagfish (Fig. 4A), and the presence of this characteristic creates the clade Craniata.  This clade contains all of the members of the SubPhylum Vertebrata.  However, hagfish do not have vertebrae.  These structures arise in the ancestor to lampreys (Fig. 4B).  Thus, the clade Vertebrata contains lampreys and all of the other members of the SubPhylum Vertebrata, but not the hagfish.

The next major evolutionary step occurs in the ancestor to the cartilaginous fishes (Figs. 5A and 5B).  This ancestor has jaws.  Thus, all organisms within the SuperClass Gnathostomata are also contained within the Clade Gnathostomata, because all of these organisms have jaws.  However, there is still a large amount of diversity within the SuperClass or Clade Gnathostomata.  

Bony fishes (Class Osteichthyes) exhibit the next major evolutionary innovation, a gas bladder or lung.  They also have a bony skeleton, and the presence of this characteristic gives the name to the clade that contains the bony fishes as well as the amphibians, reptiles, birds, and mammals.  The name of this clade is Osteichthyes.  Circulation to the lungs is found in the ancestor to the clade Sarcopterygii, which includes members of the SubClass Sarcoptergyii (Fig. 11) and Classes Amphibia, Reptilia, Aves, and Mammalia.  

The next characteristic involves the move to land by the ancestors of terrestrial vertebrates.  Tetrapody evolved in the ancestor to amphibians (Figs. 12A and 12B), and the clade Tetrapoda contains these organisms as well as reptiles, birds, and mammals.  Another important characteristic that evolved to support life on land was the amniotic egg.  This characteristic is found in the ancestor to reptiles, birds, and mammals, and therefore, these organisms are contained within the clade Amniota.  

The clade Reptilia contains alligators and crocodiles (Fig. 13A), lizards and snakes (Fig. 13B), the tuatara (Fig. 13C), turtles (Fig. 13D), and birds (Fig. 14).  The ancestor to all of these organisms evolved the ability to use uric acid as a waste product, which reduces the amount of water required to rid the body of nitrogenous waste.  This switch to uric acid is another important adaptation for life on land.  In comparison, the ancestor to mammals utilized urea as a waste product, but organisms in the clade Mammalia (Figs. 15, and 16A – 16I) have evolved other means of reducing water loss. 

In conclusion, there have been a large number of important transitions in morphology that have occurred during the evolution of chordates and vertebrates.  The presence of these transitions can be used to place these organisms into groups that reflect their shared evolutionary histories.  This study has resulted in a summary of these transitions (Table 1) and sketches of representative organisms.  The table, sketches, and information recorded in the results section of this paper will be used to prepare for lecture and laboratory examinations.
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