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Biodiversity:
The sum of all biological diversity,including

diversity among ecosystems, communities,
species, and genes.
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How have museums historically
studied biodiversity?

 Historically in natural history museums:
—Collections, Taxonomy, and Systematics




How have museums historically
studied biodiversity?

e Taxonomy — you need to know the players
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Launched to accelerate biodiversity research
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How have museums historically
studied biodiversity?

e Systematics and phylogeny — you'd like to
know how they are related to each other

Molecular Phylogeny of the Thalassinidea Based on Nuclear
and Mitochondrial Genes

RAFAEL ROBLES!, CHRISTOPHER C. TUDGE?, PETER C. DWORSCHAK?,
GARY C.B. POORE* & DARRYL L. FELDER!

1 Department of Biology, University of Louisiana, Lafayette, Louisiana, U.S.A.
2 Biology Department, American University, Washington, D.C., U.S.A.
3 Dritte Zoologische Abteilung, Naturhistorisches Museum, Wien, Austria

4 Department of Natural Sciences, Museum of Victoria, Abbotsford, Victoria, Australia
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We conducted a molecularly based phylogenetic analysis with representatives of the thalassinidean

families Axianassidae, Axiidae, Callianassidae, Callianideidae, Calocarididae, Ctenochelidae, Lao-
mediidae Micheleidae Strahlaxiidae Thalaccinidae Thomacsiniidae and Unoocebhiidae alone with



Moving beyond historical approaches
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Studying biodiversity hierarchies

e Species diversit
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Biodiversity hierarchy

» Richness (number of species)
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Biodiversity hierarchy

» Evenness (relative abundance of species
between communities)
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Example diversity index (Shannon-Wiener):
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H = ; (pi)(loge pi)
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Biodiversity hierarchy

e Diversity comparisons between ecosystems
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Where did biodiversity come from?

o Single origin of life on Earth
o Lineages of descent

e Heritable variation

e Natural selection

o A lot of time




Single origin of life on Earth

o It’s a well-supported hypothesis
(after all, diversity could have come from
multiple origins of life)

— Abiotic processes generate organic molecules
necessary for life

- Common use of RNA, DNA, ATP, and other key
molecules

— L-amino acid chirality (both L and D exist)

- Common genetic code




Lineages of descent

e The tree of life

EUKARYA
Land plants Dinoflagellates
Green algae Forams )
Ciliates Diatoms
Red algae
Cellular slime molds (AlE 2
Euglena
Animals Trypanosomes
Leishmania
Fungi
Sulfolobus
Green nonsulfur bacteria
Thermophiles (Mitochondrion)
Spirochaetes
Halophiles COMMON Chlamydia
ANCESTOR Green
OF ALL sulfur bacteria
LIFE
Methanobacterium BACTERIA
Cyanobacteria
ARCHAEA (Plastids, including

chloroplasts)
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Lineages of descent

Species B

Species A

ife

e The tree of |

EUKAF

Land plants

Green algae

LIF

Forams
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Red algae

Amoebas

Animals

Sulfolobus
Methanobacterium

Cellular slime molds

Thermophiles

Halophiles
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Heritable variation

» Within-species diversity
(lowest level of the diversity hierarchy)

e Variation exists (from random mutations)

» Because it is encoded genetically, it’s heritable
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Mechanism of heredity: DNA

e The double helix of deoxyribonucleic acid
(base pairs of A& T, C & G)

e Transcribed (read) into RNA

DNA duplex

Nontemplate
DNA strand

Direction of transcription

RNA 5’ s




Mechanism of heredity: DNA

e RNA is translated into proteins

Growing peptide chain

e According to the
genetic triplet code

empty tRNA \ |

Incoming tRNA

First Third

N
Letter Second Letter Letter R
} U C G } CUA
Serine Tyrosine Cysteine

U
Serine Cystelne C UGGAAAGAUUUC
U MessengerRNA
Leucine Serine A Ribosome
Leucine Serine G
Leucine U Peptide Synthesis
Leucine C
C
Leucine Glutamine A
Leucine Glutamine G
Asparagine Serine U
A Asparagine Serine C
A
Methionine G
Alanine Glycine U
NATURAL
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Mechanism of heredity: DNA

e DNA = mRNA = protein

DNA

temp Ia DNA—§ o
L ;
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Protein Trp
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Mechanism of heredity: DNA

o A particular coding region of DNA is a gene

Mammalian mtDNA




Mechanism of heredity: DNA

« Changes in a gene sequence are mutations

DNA

template
strandﬁ{

DNA —\g’
molecule

(V) (V)

Y UGGUUGGCCA

mRNA 5

Third
Letter

A Y Y

voov
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TRANSLATION l
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Protein
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Species B
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Back to heritable variation

in the
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e Different versions of a gene
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How do you get species diversity?

e Given heritable variation,
Darwin (and Wallace) had the key insight:
Add natural selection
(differential reproductive success)

heritable variation + natural selection
= change in heritable characters

e That is: evolution of diversity




A lot of time
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It’s not all been easy
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So, when all is said and done,
how much diversity is there today?



1,000,000 5,000,000 — 10,000,000
described undescribed species

Now

Time —

Origin of Life



What'’s the “biodiversity crisis”?

» With all that diversity, what could possibly be
the problem?




There are a lot of us

City of Los Angeles Population
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We use the Earth. A lot of it.
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How much of it?

Human appropriation of net primary production (HANPP)

HANPP LT
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What’s the effect?

Species threatened
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Vignieri, S. 2014. Vanishing fauna. Science 345(6195): 392-395.
Dirzo, R. et al. 2014. Defaunation in the Anthropocene. Science 345(6195): 401-400.
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Why worry?

Weren't there crises before?
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» We do need to worry:
Earlier extinction events
were not nice times

=

o Evolutionary diversification
cannot replace lost diversity
on human timescales
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Why is it our job to fix it?
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is it our job to fix it?
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Why is it our job to fix it?
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is what
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Is it all hopeless? No.




Is it all hopeless? No.
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Is it all hopeless? No.
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Closing thoughts

If the biota, in the course of aeons, has built
something we like but do not understand,

then who but a fool would discard seemingly
useless parts? To keep every cog and wheel is

the first precaution of intelligent tinkering.
— Aldo Leopold Round River: From the Journals of Aldo Leopold

We are as gods, and might as well get good at it.
— S’t__ewart Brand The Last Whole Earth Catalog: Access to Tools




