Evolution & systematics

Lecturer: M onica Mwale

Module: Infroduction to evolution and the principles
of systematics
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Course Description

This course will explore evolution and the theory and procedures of
modern systematic analysis with emphasis onfishes. The course will
introduce some fundamental terms and give a review of the historical
development of taxonomy. The main topics to be considered will be:

1. Evolution: Early history of systematics and Species concepts: e.g.
Linnaeus, Darwin & Mayr.

2. Systematics: Nomenclature, taxonomy, classification, phylog eny,
biodiversity, historical biogeography, evolutionary biology.

3. Characters and character-states: homology, coding, kinds
(morphological, molecular, behavioural, physiological).

4. Phylogeny : basic concepts, lineag e, last common ancestor, sister
groups, monophyletic vs paraphyletic, in-group and out-group.

5. Fish systematics

Evolution - charles Darwin

Charles Darwin

- medical school dropout; earned a theology degree

- botany professor nominated him to be a naturalist on a voyag e to
South American (1831-1836), HMS Beagle

— Collected many animals and plants

— What did he see?
« Geological consistency throughout the world
« Adaptive radiation onislands

» Conversations with plant and animal breeders -realised
differences among.individuals th

lllustrates the way the finch has adapted to take
advantage of feeding in different ecological niche's
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Darwin’s theory of evolution by natural selection

THE WEIGIR (:F SPECLES

Darwin’s theory of evolution by
natural selection

- Observations
— Species have great potential fertility
— But populations are generally stable
— Food resources are limited

e Inference 1

There must be a struggle for survival among
individuals, with a small number reproducing




*More observations
— Individuals are NOT identical
— Variation is heritable : from parent to offspring

e Inference 2
Those individuals with ‘best’ characteristics are most
likely to survive

e Inference 3
Natural selection will produce marked changes in a

populations and lead to new species

Evolution

What is evolution?

Ewvolution is a scientific theory

that populations change over a no. of generations.
changes are produced at the genetic level as
organisms’ genes mutate and/or recombine in
different ways during reproduction _and are
passed on to future generations.

Descent with modification
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Through the process of descent with modification, the
common ancestor of life on Earth gave rise to the
fantastic diversity that we see around us today.

Evolution is a unifying theme in biology

connects all levels of biological organization
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Evidence of Evolution Concepts

1. Diversity of life

Extant organisms look and
behave in a manner,
which can be exactly
expected given an

evolutionary genesis

e.g: Diversity of fishes




The History of Life: Looking at the Patterns
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Evidence of Evolution Concepts

2. Homology

DRER- 11

- Organisms bear numerous shared characteristics
that in total are undeniably strong evidence for the
existence of relatedness.

Al 251

- Form is linked to function

Srlele e

Homology — Fom is linked to function

b. Functional morphology  (e.g.fins in
fishes)

Evolution of Fin Location

Generalizations

Dorsal fin tereis to move forward

Pelvic firs tend to move forward
frorm an abdorminal keationto &
more thoracic or juguiar location

Pectoralfins tend to move from 2.
verkral to a lateral bcation and the
fin base changes from a horzontal
orkntation Lo a mere vettical crieration

C. Comparative anatomy Structural homology

Different forelimbs all share the same set of bones - the

" e.g. Similarity in limb structure among mammals
humerus, the radius, and the ulna

Eusthenopteron

Humerus

Radius and una
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c. Developmental biology

Comparative embryology
Thelimbs of all tetrapods developfrom limb buds insimilar ways.

- vestigial traits

&

d. Cellular and Molecular evidence

-DNAsequences of all organisms have same the
same 4 nucleotide bases (AGTC)

Biochemical homology

D26160 cow GACT‘TC'TGAATATA I‘I TCARAAC T AACAGTTTC AACCAAGCCGAAGCAT
67922 sheep CACTTCTCAATATATTTCARAACTCAACACTTTC AACCAACCTCAAGCAT
29185 human CACTCCTGAATATTTTTC ARAACT AACAATTTC, AGCCA'I‘G’[C'I‘GAGC'IT

bk bdded dded bk b bbb bddded bebddd b

The cellular level

All organisms are made of cells

Animal Cell Plant Cell
CELL WALL

cell mermn brane ——
mitochondrion ————"
CENTRICLE
CHLOROPLAST— |
fibosomes —— |
endo plasmic reticulurn -
nudear membrane —

- (present in many animal
cells and plantreproductive cells)

Similarity in form can reveal similarity in function

Don’t confuse homology with

convergence - trait adapted to similar function but
with a different origin

Evidence of Evolution Concepts

3. Biogeography

Organisms are not uniformly distributed
Environments are not homogenous

Ecological levels of organization, such as guilds,
faunas, floras, communities, and biotic
provinces, have evolved through time.

Plate tectonics is the central organising
theory of geology and the basis for changes in
the distributions of plants and animals through
time




Alfred Wegener, a German geophysicist and meteorologist
- fossils and rock types

Map showing
distribution of
fossilson the
southern
continents.
-Gondwanaland
(India, Africa,
Australia,

S. America &
Antarctica)

Continental drift is an explanation for similariies among
landforms, sequences of rock formations, and fossil floras and
faunas spread across widely separated continents

Local Distribution - Population differences
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Evidence of Evolution Concepts

4. Fossil records

Paleontol ogy

4. Fossil records

— Alignment of rock layers showed common and deep
geological history, far beyond the few thousand years
sometimes proposed.

— Succession of fossil-bearing rocks repre senting
sequences of ancientmarine and terrestrial environments,
gave evidence of many great changesin Earth's surface
through time.

— Discovery of fossil animals such asthe dinosaur found
nowhere on Earth today, demonstrated the reality of
extinction (Cuvier, early 19th C.).

— Fossil-bearing sequences through the geologic column
showed that faunas become quantitatively more similar to
living forms as the present is approached

4. Fossil records

- Provides snapshots of the past
- Shows that life is old and has changed over time.

Nostrils at front of skul Mot attop oriekull

Nostrils at middie of skull

Beluga Whale
Today

Pakicetus
50 million years ago

Aetiocetus
25 million years ago




5. Evidence by example

(population genetics models)

The rise of population genetics models (early 20th C.)
provided illustrations of how forces of selection, genetic
drift, and population size can change the genetic
composition of natural populations.

These models are consistent with observations of
population changesin the wild and in laboratories.

5. Experimental evolution
; rapid evolution in nature

1. Artificial selection

Can provide a model that
helps us understand
natural selection

e.g. Guppy experiment
Female guppies prefer colorful
males for mating purposes.

inereasing aurmser of predators

Predatory fish also "prefer”
colorful males

2. Ecology

Can also explain natural
selection

e.g. — Lake Malawi cichlids
(Adaptive radiation)

At least 500 endemic
species of cichlid fishes

Jaw morphology- has adaptedto takg |

advantage of feeding in different
ecological niche's

Dhwaris Cooblad Fahes of Laks Muldws
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- Experimental evolution; rapid evolution in nature
Selective breeding & direct observation

-marine copepod species ! ki

- invaded freshwater 60 yrs ago

- marine populations can't
tolerate freshwater

- invaders had to evolve
tolerance to freshwater Eurytemora affinis

- Other examples are rapid evolution of antibiotic
resi stance, pesticide resistance

History of “evolutionary thought” & evidence for evo lution

Charles Darwin

- not the first to suggest that ev olution has occurred
- amassed the evidence for “descent with modification”
- suggested natural selection as a mechanism

Evidence for “descent with

/

common ancestry
- homology
- related species
- biogeography

modification”

~

change over time
- vestigial traits
- selective breeding
- direct observation
- fossil record

Evolution may be divided into two
types termed :

1. Microevolution ischange in allele frequency, which
occurs within species (i.e., between individual members of
individual species, or populations)

- e.g. different morph types




2. Macroevolution

-the processes and patterns that take place
between species and larger lineages of

(mutation, selection,

Microevolutionary migration & drifr)y

population differences

. = . processes .
organisms and communities in their Intraspecific
environments, which also change through time. o
8
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-It isthought to occur due to forces similar to those acting £
within species (mutation, selection, migration, and drift) g
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(mutation, selection, Species diversity
Macroevolutionary __maretion 44ifh o
processes Life's diversity
Interspecific
Summary

historical
geography

1. All life forms (species) have developed from other
species.

2. Allliving things are related to one another to varying
degrees through common decent (share common
ancestors).

3. All life on Earth has a common origin. On other words,

thatin the distant past, there once existed an original life
form and that thislife form gave rise to all subsequentlife
forms.

4. The process by which one species evolvesinto another

involvesrandom heiritable genetic mutations (change),
some of which are more likely to spread and persistin a
gene pool than others.

The central ideas of evolution are that

- Life has a history
- ithas changed over time
- different species share common ancestors

Hence,;

Descent with modification




