The Diversity of Fishes

Chapter 2, pages 10-17 – “Systematic Procedures”

Most general classification is considered to be the most natural classification, defined as the classification that best represents the phylogenetic history of an organism and its relatives.  A phylogenetic classification of taxonomic groups (taxa) holds extra information because the categories are predicative. 

SPECIES-

(The fundamental unit of classification schemes.  

(Brit ichthyologist C. Tate Regan defined a species “as a group of organisms with distinctive enough morphological characteristics that, in the opinion of a competent systematist, are sufficiently definite enough to entitle them to a specific name.”

This definition is now termed “morphospecies” and does not depend on evolutionary concepts.

(1930’s-1940’s, first major attempt to integrate classification with evolution.  

Julian Huxley integrated genetics and evolution in the book The New Systematics (1940.)

Ernst Mayr introduced the biological species concept in Systematics and the Evolution of Species (1942).  Species are “groups of actually or potentially interbreeding populations which are reproductively isolated from other such groups.”

(Current concepts of evolution allow this definition: “An evolutionary species is a single lineage of ancestor-descendant populations which maintains its identity from other such lineages and which has its own evolutionary tendencies and historical fate.”

TAXONOMY VERSUS SYSTEMATICS


(Taxonomy deals with the theory and practice of describing biodiversity (including the naming of undescribed species), arranging this diversity into a system of classification, and devising identification keys.

(Systematics emphasizes the study of relationships postulated to exist among species or higher taxa, such as families and orders.  

APPROACHES TO CLASSIFICATION 

(Three recent general philosophies of classification in systematics:

1.Cladistics (or phylogenetic systematics).  Introduced by a German entomologist, Willi Hennig in 1950 in German and 1966 in English.  Fundamental principal was to divide characters into two groups: apomorphies (more recently evolved, derived, or advanced characters) and plesiomorphies (more ancestral, primitive, or generalized characters). 

 The goal is to find synapomorphies (shared derived characters) that define monophyletic groups, or clades (groups containing an ancestor and all its descendant taxa).  

Symplesiomorphies (shared primitive characters) do not provide data useful for constructing phylogenetic classifications because primitive characters may be retained in a wide variety of taxa; advanced as well as primitive taxa may possess symplesiomorphies.

Autamorphies (specialized characters that are present in only a single taxon) are important in defining that taxon but are not useful in constructing a phylogenetic tree.

A cladogram is a branched diagram used to depict the different taxa arranged in their hypothesized relationships.  Monophyletic groups are defined by at least one synapomorphy at a node, or branching point.  Deciding whether to place in plesiomorphic or apomorphic is based largely on outgroup analysis; finding out what characters are present in outgroups, closely related groups outside the taxon under study, which is designated as the ingroup. 

The ancestral-derived dichotomy is referred to as the polarity of a character.  Sister groups are the most closely related clades at the nodes of a cladogram.  

Homoplasies are the shared independently derived similarities such as parallelisms, convergences, or secondary losses.  These do not reflect the evolutionary history of a taxon.

(Primary goal is the definition of monophyletic groups.  Must avoid polyphyletic groups (groups containing the descendents of different ancestors).  Monophyletic should be equal to holophyletic (groups containing all descendents of a single ancestor) and should avoid paraphyletic groups (groups that do not contain all of the descendants of a single ancestor. 

Grades are groups that are defined by their morphological or ecological distances and not necessarily by synapomorphies. 

(When constructing a classification, a taxon can be defined by a number of synapomorphies-sometimes there is conflicting evidence as to the relationships between groups as defined by its characters.  Parsimony is to select the hypothesis that explains the data in the simplest or most economical manner. 

2.Phenetics (numerical taxonomy) starts with the species or other taxa as operational taxonomic units (OTUs), which are then clustered on the basis of overall similarity using an array of techniques.  The more characters used, the better and more natural the classification will be.  Few modern systematists believe that using a host of characters without distinguishing between plesiomorphies and apomorphies will provide a natural classification.

(Phenograms are the graphic representations and look like tennis ladders with the OTUs in the place of Sampras and Seles.  Relatedness is determined by comparing measured linear distances between OTUs; the closer two units are, the more closely related they are.

3.Evolutionary systematics holds that anagenesis (the amount of time and differentiation that have taken place since groups divided) must also be taken into consideration along with cladogenesis (the process of branch or lineage splitting between sister groups). 

(Phylograms are the graphic representation. 

(An attempt has been made to combine the benefits of a cladistic analysis with anagenetic information in an approached termed quantitative evolutionary systematics. This begins with a cladogram but then adds back in additional information not useful in deciding on the location of the branching point.  This procedure has the advantage of maintaining a stable classification while allowing retrieval of a cladistic hypothesis from an annotated form of the classification. 

TAXONOMIC CHARACTERS

(Characters are variations of a homologous structure and must show some variation in the taxon under study.  They can be divided, somewhat arbitrarily, into different categories.

(Meristic characters are any countable structure, such as scales, gill rakers, cephalic pores, etc.  Useful because they are clearly identifiable and usually other investigations will provide the same results.  They are easy to treat statistically, so comparisons can be made between populations or species with a minimum of computational effort.

(Morphomeric characters are those that can be measured, like fin length, head length, eye diameter, or ration between such measurements.  

(Allometry is where lengths of different body parts change at different rates with growth.  Thus analysis of differences is more complex than with meristic characters.  

(Anatomical characters include characters of the skeleton (osteology) and characters of the soft anatomy, such as position of the viscera, divisions of muscles, and branches of blood vessels.  Some believe that osteological characters vary less than other characters.  Other characters include those that are fixed and describable differences among taxa, such as stripes, bars, spots, or specific colors. Photophores are light-producing structures that vary in number and position among different taxa. 

(Sexually dimorphic structures are useful, as well as cytological, electrophoretic, serological, and molecular techniques analyzing nuclear DNA or mitochondrial DNA.

STEPS IN CLASSIFICATION

__> Mayr divided classification in to three stages:

Alpha level-that of species description

Beta level-arrangement of species into a natural system of classification

Gamma-level-the analysis of infraspecific variation and the study of evolution.

VERTEBRATE CLASSES

Five classes:

Pisces-25,000

Amphibia-4300

Reptilia-6000

Aves-9000

Mamalia-4800

However, this five-class system is anthropomorphic, with bird and mammal groups overemphasized by the mammal doing the classification.  There is a large morphological and evolutionary gap between the Agnatha (jawless fishes-lampreys and hagfishes) and other fishes that is greater than the gap between the classes of jawed fishes and tetrapods.  So, Pisces is not a monophyletic group, but a grouping used for convenience for the Agnatha, Chondrichthyes, bony fishes, and the fossil Acanthodii and ostracoderms.

UNITS OF CLASSIFICATION

Division

Subdivision

Order
-iformes

Suborder         -oidei

Family            -idae 

Subfamily       -inae

Tribe               -ini

Genus               (Italicized capitalized)


    species          (italicized lowercase)

    subspecies

Author

INTERNATIONAL CODE OF ZOOLOGICAL NOMENCLATURE

-is a system of rules designed to foster stability of scientific names for animals.

-deals with definition of publication, authorship of new scientific names, and types of taxa.

-much is based on the Principal of Priority-states that the first validly described name for a taxon is the name to be used.

-mostly deals with the family level and below.

(Species and subspecies are based on type specimens (the specimen used by an author in describing new taxa at this level.)

(Primary types include the holotype, the single specimen upon which the description of a new species is based.

(Lectotype-a specimen subsequently selected to be the primary type from a number of syntypes (a series of specimens upon which the description was based before the Code was changed to disallow this practice.)

(Neotype-a replacement primary type specimen that is permitted only when there is strong evidence that the original primary type specimen was lost or destroyed and when a complex nomenclatorial problem exists that can only be solved by the selection of a neotype.

(Secondary types include paratypes (additional specimens used in the description of a new species) and paralectotypes (the remainder of a series of syntypes when a Lectotype has been selected from the syntypes.)

(Topotype-a specimen taken from the same locality as the primary type, and, therefore, useful in understanding variation of the population that included the specimen upon which the description is based.

(Taxa above the species level are based on type taxa.  The type species of a genus is not a specimen but a particular species.

NAME CHANGES

There are four reasons why names change.

1. Splitting what was considered to be one species into two.

2. lumping two species that were considered distinct into one

3. changes in classification

4. an earlier name is discovered and becomes the valid name by the Principal of Priority.

COLLECTIONS

Important scientific specimens are generally stored in collections where they serve as vouchers to document identification in published scientific research.  Filed in an orderly and retrievable fashion.  Stored in private, public, national, university, state, or city museums.

