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Organizing the living world 

Some initial definitions 

Classification

· method by which biologists group and categorize organisms by biological type, such as genus or species

· collected in hierarchical groups by relatedness

· collect and organize things in some way

· putting large groups of objects in smaller groups 

Taxonomy

· classification of organisms into groups based on similarities of structure, origin, etc.

· application of rules to organize a collection (not the same as systematics)

· ex. stamp collector sorting stamps by country 

Systematics

· study of diversification of life on Earth and the relationships among living things through time

· visualized through evolutionary trees

· using the specific rule of evolution to organize

· goals: reconstruct phylogeny of animals and taxonomy

Hierarchical

· classified according to various criteria into successive ranks or layers

· nested in terms of how it’s organized

· Linnaeus 
· All organisms, from simple single celled protozoans to complex organisms such as insects and humans, classify their surrounding environment; often using simple dichotomous (yes or no) outcomes to order the living world around them. 
Dichotomy

· division or distribution of genera into two species

· divided by yes or no

· everything branches in dichotomies (human brain does it too)
· in a hierarchical systems: organisms divide their things in dichotomies > things that are your friends and not your friends; things that are your family and not your family. single things that branch in 2. sits at base of classification systems. living world taken as PK vs EK> in EK single cell or multi cell> in multi cell have tissues or no tissues etc. 

Types of taxonomies 

1. Folk taxonomy

· contrasted to scientific taxonomy

· people make sense of and organize their natural surrounding with words (only) like “shrubs”, “bugs”, “ducks”

· based on relationships among cultural categories for important items and ideas

· ancient taxonomy – from lists of organisms

· oldest> village/tribal/societal elder knew all the thing out there ex. medicinal plants, food stuffs. 

· 1st divided world into living vs non living then living into plants and animals 

· passed down verbally (limited by word of mouth) 

2. Artificial taxonomy

· prominent and easily observed features are used to classify, whereas in natural taxonomy, totality of morphological resemblances and evolutionary relationships are used

· Greeks – travelled, put lists together (ex. Aristotle)
* lists = more than the limitations of the mind
3. Mechanical taxonomy

· Taxonomic classification by anatomical parts of organisms

· linnaeus> arbitarily taking index cards and putting them into categories. ex. long appendages =worms. 
4. Natural taxonomy (evolutionary)

· taxonomic organization by evolutionary relationships

· same as evolutionary taxonomy

· Darwin

* using morphological characteristics to find similarities between groups > if you have similarities you probably have a common ancestor 

Evolutionary taxonomy

· classifying organisms using phylogenetic relationships and overall similarity

· differs from strict cladism where all taxa in classification always should include all descendants of a single ancestral node

· traditional: using phenotypic similarities (now use cladistics)

Homoplasy

· convergent evolution – acquisition of the same biological trait in unrelated lineages

· independent evolution or origin, independent gene sequences

· ex. swimming mammals resemble swimming reptiles

Convergent evolution

· development of similar structure in organisms that do not share recent common ancestor

· ex. eyes in squids and humans

· analogy, homoplasy

Analogous

· corresponding in function but not in evolutionary origin

· convergent evolution

· use homoplasy instead

· opposite of homologous

· ex. wings of bees and birds

Homologous

· same evolutionary origin but not necessarily the same function

· ex. wing of bat and arm of man

· Linneaus classified organisms based on morphologically and structurally similar characters (homologous), rather than by differences

· Ex. hyomandibula in human changed as brain advanced: used to be support structure in primitive form, now used to vibrate in inner ear (now called stapes)

Homology

· any similarity between characteristics of organisms that is due to their shared ancestry

· divergent evolution

Divergent evolution

· two or more biological characteristics have common evolutionary origin but diverged over time

· also called adaptive evolution

· accumulation of differences between groups that lead to formation of new species, usually from one species adapting to different environments

· homologous structures

Advanced characters

· derived characters 

· compared to primitive characters

· apomorphic

Derived characters

· the less common characters among a given group of organisms

· evolutionary interpretation is that these characters of organisms are most recently evolved

· contrasted to primitive characters

Primitive characters

· compared to derived characters

· more common shared characteristics given to a group of organisms

· same structure and function

· evolved earlier than derived characters

* ancestral form 

Weighted characters

· giving more weight to characters which seem to fit the tree well than to characters which fit it poorly

· assigning a number to each character

· types of characters for weighting: morphology, ultra-structure, embryology, behaviour, fossils, molecules, etc.

· ex. 1st organisms started out with radial symmetry (ancestral): looking in oceans at passive things like jellyfish as evidence (and bilateral are more complex); but others could say bilateral (ancestral) > jellyfish:multicellular crawls on substrate then becomes a polyp (radial) and sat still> see this in echniderms as well. arguments about weighting, which one is more important? inverts evolutionary tree. consequence> efforts made to solve this by asking 3 main questions:

· what is the natural underlying order?
· what types of characters are available to assess that order?
· how do we handle the data from character analysis 
5. Phylogenetic taxonomy (cladistic) 

· alternative to rank-based nomenclature

· naming only monophyletic groups of organisms

· the hierarchical structure of names devised by this system reflects evolutionary relationships of all the named groups of organisms

Cladistics

· system of biological taxonomy based on quantitative analysis of comparative data and used to reconstruct cladograms summarizing the assumed phylogenetic relations and evolutionary history of groups of organisms

· ignores morphological divergence

Phylogeny

· study of evolutionary relatedness among various groups of organisms discovered through molecular sequencing data and morphological data matrices

· evolutionary history of a group of organisms

· based on classification, but today used molecular genetics
Henning

· Willi Hennig – 1966: created phylogenetic (cladistics) taxonomy

· too much subjectivity in evolutionary classification – Hennig attempted to remove this

· used phylogenetic system as the general reference system in biology
· morphology > set of characteristics that are important to divide world but which comes first?

· gives us set of rules so we don’t have to make decisions on merit of the trait as long as you know which is primitive and advanced you can build a tree. 

Types of characters

· morphology * symmetry

· ultra-structure * cell components/structures (ribosomal subunits)

· embryology * spiral/radial cleavage, enterocoel/schizocoel 

· fossils 

· molecules 

* we should get the same evolutionary tree using each of these characters 

Phenetic taxonomy (before)

Phenetic (Numeric) Taxonomy

· grouping organisms based on mutual similarity of phenotype (physical and chemical) characteristics

· may or may not correlate with evolutionary relationships

· modern form of classical taxonomy

· used to get rid of the bias. 

· measure parameters on organisms: ex. used by botanists> measure leaf diameters to statistically detect when you have 2 different species

· cluster analysis > mathematically telling you who is associated with you and can then make a tree based on correlation coefficients

· problem in the late 60s and 70s was that cluster analysis programs would give different branching pattern so things were weighted on whoever had the better program

· got discredited 

(Classical taxonomy
· oldest form of taxonomy

· concerned with description, naming, classification of organisms based on morphological characteristics

· now: numerical taxonomy)
· after numerical taxonomy cladistics makes its appearance (view previous definitions) 

· branching tree that were not biased, but used special characters that existed in 2 states (primitive vs derived) and polarized the traits 

· derived > everyone who has it is a common ancestor

· look for shared derived characters

Representing groups of animals

1. Dendrogram

· tree diagram to illustrate the arrangement of clusters produced by hierarchal clustering

· pictorial representation of grouping animals, has implied superiority

2. Phylogenetic tree

· tree diagram showing inferred evolutionary relationships among various biological species  based on similarities in their physical and/or genetic characteristics

· based on evolutionary taxonomy, like a cladogram

· try to represent branching pattern of life, phenology and evolutionary history but not accurate, meaning for distances? time? don’t have traits identified.
3. Cladogram

· tree diagram used to illustrate phylogenetic relationships

· want 2 branches at each node

· invented by Hennig to remove bias: because traits eliminate bias – branching patterns always stay the same

· each branch represents event that happened at node – all descendants inherited the change

· always compare to the primitive group (outgroup) – all traits set to 0

· bottom: root

anatomy of a cladogram 
Clade

· a single branch, representing a group of biological taxa or species that share features inherited from a common ancestor

· subset of organisms within a group that all have the same shared characteristics 

· method of classification

Sister group

· two clades which meet at a node – resulted from splitting of a single lineage

· share a common ancestor – each other’s closest relatives
Node

· in cladistics, point at which two branches split

Out group

· group of organisms that serve as a reference group for determination of evolutionary relationships between organisms

· primitive ancestor

Polytomy

· evolutionary relationships cannot be fully restored to dichotomies

· a node with more than two immediate descending branches

· adapted radiation

Adaptive radiation

· the development of many different forms from an originally homogenous group of organisms as they fill different ecological niches

· evolution with multiplying lineage

· polytomy
Synapomorphy

· trait shared by two or more taxa and their last common ancestor

· derived character shared between groups

· ex. triploblasty in deuterostomes, protostomes, etc.

· ex.  photosynthesis in different plants

Monophyletic

· taxon that forms a clade

· consists of an ancestor and all its descendants

· cladistics emphasizes this type of relationship between different taxa

· what we want cladogram to be

· has all the dichotomous branches 

· next 2 aren’t done on purpsose 

Paraphyletic

· group contains its last common ancestor but does not contain all descendants of that ancestor

· incomplete clade – needs to be resolved

· ex. reptiles and birds: there is a parallel group that is actually a member under common ancestry, but doesn’t seem like it; reptiles and birds put in two separate groups – ignored that they should be together

Polyphyletic

· multiple ancestral sources

· different taxa are related to each other and last common ancestor to the group is not included in the classification

· thought they were related (convergent) but aren’t

· needs to be resolved

· ex. vermis (worms) put together because cylindrical bodies with no legs but over time have realized that this characteristic has arisen multiple times so not related to each other > whole separate lineages. 

useful characteristics of cladistics
* new words created to show that you are discussing in terms of cladistics 

Apomorphy

· a new genetic characteristic to a clade – derived character within a group

· ex. feathers are an apomorphy for birds

· given score 1 in coding

Plesiomorphy

· sharing a character state with an ancestral clade

· scored 0
· primitive characters within a group 

Syn[image: image1.png]


apomorphies (view above)
· tells us where to branch.

Symplesiomorphy

· trait shared by two or more taxa and also with taxa which have an earlier than last common ancestor with taxa under consideration

· shared primitive character that is shared between groups
Phylogeny of animals and Phylogeny of plants > * morphology characters have been confirmed by RNA sequences, Hox genes etc to give us the same tree 
Conflicting interpretations

* cladistics often resolves conflicting interpretations

· sauropsids > resolving issue that birds were branched off. (no more paraphylie) 

· still need to resolve human vs primate 

· if it were cladistics> gorilla, pan (chimpanzees) and hominidae (human) would be in the same taxon. 

Cladogram construction 

· springtail = outgroup = pleisomorphic
· hinge the jaw (mandible) > innovative way to feed becomes shared

· wings = in pairs, when 2 functioning = turbulence, some insects evolve to overcome that > lose one of the pair of wings (reduction to use back pair as stabilizers not flight)

· wings delicate so fold to protect

· young don’t look like adults 

· add up characteristics and whoever has the most is the most derived and at the end of the cladogram. 

Parsimony- The KISS principle 

Parsimony

· principle that no more causes or forces should be assumed that necessary to account for the facts

· KISS principle

· where there are a number of alternative ways of portraying phylogenetic relationships, the simplest and most parsimonious arrangement is considered best

* accept the least number of changes 
KISS principle

· “keep it simple, stupid”

· cladogram design will work best and is likely correct lineage if assumed lineages are most simple rather than made complex

Camera eye

· example of using parsimony

· found in molluscs and vertebrates

· did it evolve once or more than once?

· once – difficult to place – would mean 6 big evolutionary events

· more likely: 2 camera eye developments

· parsimony

· the  two eyes are different morphologically

· Pax-6 gene: like Hox genes
· to explain camera eye as being monphyletic = 5 reversals (total of 6 events)

· resolve > not monophyletic (2 events rather than 6) > appeared in verterbrates and mollusks groups independently later (convergent event) 

other keywords

Autoapomorphy

· derived trait unique to a given terminal group, only found in one member of a clade

· found in only one evolutionary line

Linnaeus

· proposed modern system of biological nomenclature

· 1707-1778

· Focused on what animals had in common rather than differences

Binomen

· scientific name at the rank of a species

· generic name, species name

Taxon

· group of organisms with natural relations

· defining what belong or does not belong to a taxonomic group

Fungi

· taxonomic kingdom, includes yeast, moulds, mushrooms, smuts

· get nutrients by means of absorption

Character convergence

· a process whereby two relatively evolved species interact so one converges toward the other with respect to one or more traits

· homoplasy in characters

· ex. swimming mammals resemble swimming reptiles

Character polarity

· direction of character state transformations

· identifying character state phylogeny within characters

Character reversal

· character that reverses back to a more ancestral state

· trait was derived, and then further modified backward

· ex. snake

Common ancestor

· an ancestor that two or more descendants have in common
Crossword

1. Linneaus classified organisms based on morphologically and structurally similar characters rather than differences, this term refers to these type of characters: homologous
3. plural of taxon: taxa
7. synonym for evolutionary taxonomy: natural
9. every animal in a taxon shares this type of ancestor: common
10. special text formatting that you have to apply the genus species name when types: italic
12. in some animals in a taxon the original characters that defined the group have been modified, they are now this type of character: derived
13. these derived characters are shared by all the members of the clade and are referred to as these: synapomorphies 
18. cladistics emphasizes this type of relationship between the different taxa: monophyletic 
19. a term that describes any of the major/minor groups in the classification system: taxon
20. the kingdom of multicelled saprophytic organisms that have a cell wall composed of chitin: fungi
21. monophyletic groups have this number of ancestors: one
22. these appendages of bats and birds are homologous with our arms: wings
23. 2 different taxa have similar looking structures that function in similar ways. its an example of this: convergent

24. a subset of organisms within a group that all have the same shared characters are referred to as this, and give this method of classification its name: clade
25. if different taxa are related to each other and the ancestor to the group is not included in the classification they are referred to as this: polyphyletic 
1. birds and insects both fly and have wings but they don’t share a common ancestor so their wings are considered as being this type of character: homoplasy
2. genus and species names are written in this language: latin
4. the kingdom of multicellular organisms that have to feed by swallowing other organisms whole, or in chunks: animalia
5. kingdom of multicellular photosynthesizers : plantae

6. this type of taxonomy results in lists of different organisms: ancient
8. in a taxon characters found in the ancestor group are considered this, and its not a statement on their value!: primitive
9. phylogenetic systemics is also called this: cladistics 
11. the way that organisms in the kingdom fungi and their nutrients: absorption

14. the evolutionary history of a group of organisms is expressed as this: phylogeny
15. another name for a primitive character: ancestral
16. another name for numeric taxonomy: phenetic 

17. old organisms turned to stone: fossils
19. dendrograms look like this: trees

20. plants can make this, and to survive animals must consume it: food

