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Continuum

"The stream of heredity makes phylogeny" 6.6. simpson, 1945

Conservation Genetics ~ Dynamic_and Adaptive

Molecular Systematics

Detection, description, and explanation of molecular
diversity, both within and among species

systematics + evolutionary theory + molecular genetics

Reconstructing evolutionary history based on
shared attributes of extant and fossil organisms

Delineation of Units for Conservation and Management
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Individual- Continuum

°* DNA sequence analysis: targets taxonomic or

phylogeographic (i.e., ) end

of the spectrum.
[Broad-brush]

® Microsatellite DNA and allozyme analyses:
targets the Individual-Population end.
[Fine-brush]

Molecular Systematic Questions

* Geographic Origin(s)
+ Species Relatedness
+ Species Status

+ Classification
- Conservation Priorities
* Evolutionary Novelty

TUSGS



Systematic Techniques: Molecular

* Nucleotide sequence data - genealogical datal
+ Restriction site data - genealogical data

+ SNPs - genealogical data (haplotype
determination)

+ Restriction fragment data - not
+ Microsatellite data - not

+ AFLP data - not

+ RAPDs data - not

Gene genealogy -

T USGS

Changes at the DNA level
Types of Genes

Structural (rDNA) Protein coding

DNA: Introns

Transcription | Repetitive DNA
mRNA:

Translation | ?
Protein: Alanine

RNA secondary structure

Molecular Tools: DNA sequences

Changes at the DNA level
Types of Nucleotide Substitutions

*Transitions
*Purine<+Purine
' *Pyrimidine «~Pyrimidine
T

*Transversions

— *Purine " Pyrimidine
*Pyrimidine “~Purine

Molecular Tools: DNA sequences

Overview

* Molecular Tools: DNA sequences
- Changes at the DNA level
- Choosing the best gene(s)
- Molecular clocks
* Broad brush: Molecular Systematics
- Interpretation
* Medium Brush: Phylogeography
- Interpretation
- Example: crystal darter

Changes at the DNA level
Types of Nucleotide Substitutions

* Synonymous (silent)
* No change in amino acid
* Most 3rd position changes

*Nonsynonymous (replacement)
* Changes amino acid coded for
* Most first and all second position
changes

Molecular Tools: DNA sequences

Changes at the DNA level
Modeling DNA Substitutions

Huge amount of sequence data available

Realistic models of substitutions at different
classes of sites

Models can be incorporated into any of the
phylogeny-building methods
Leads to stronger interpretations of data

Molecular Tools: DNA sequences



Choosing the best gene(s) Choosing the best gene(s)

mitochondrial DNA
miDNA Nuclear DNA - ———

Inheritance Maternal Bi-parental Control * Small, compact genome
Ploidy Haploid Diploid g *2 rDNAs

o *13 protein coding genes
[\ 1/4 X X 168,
Sensitivity DNA
Broad *(genome rearragements) ***(rDNA-stems) [ mt genome

*22 tRNAs
Medium **(rDNA) *(rDNA-loops) ~16,000 bp
Fine ***(proteins, D-loop) **(introns)

*Most individuals- one sequence

* “Universal primers” (Kocher et al, 1989)
*Extensive intraspecific polymorphism
* Sequences available for many taxa
*Connectivity between studies
*RFLPs of amplified genes common

*Gene order “stable”- mostly

Choosing the best gene(s)

nuclear introns

* Schematic of a typical nuclear protein coding gene

Exon 1 Intron T Exon 2 D" Exon 3

=

— 3

!

PCR primer sites

*Primers = exon primed, intron crossing, or EPIC

*Intron sizes can be highly variable among species
+difficult to predict PCR product size

*Pseudogenes- amplify part of exon also to confirm

Molecular Systematics
(Phylogenetics)

* Attempt to reconstruct Aistorical relationships among organisms

*Use of state-of-the-art methods to look into the past

*Draws from:
*Molecular genetics (tools)
*Molecular evolution (how tools work)
*Statistical hypothesis testing (how to address questions)

* Most common uses -
*Resolving taxonomic uncertainties
*Defining management units

cytochrome
¢ oxidases

Molecular Clocks
Generalizations

Can be used to date divergences, but remember:
Usually rely on biogeographic or fossil data

Not like timepiece- "stochastically constant”

- Most 'accurate’ averaged over long time periods

Can have different rates for:

- Different lineages

- Different genes

- Different categories of sites along a gene

Better than nothing!?!

Molecular Tools: DNA sequences

Traditional vs. Molecular Systematics

* Traditional _
*Direct observation of shared attributes <85
*morphology (fossils too)
*physiology
*development
°*Molecules
* Shared attributes = mostly DNA sequence data
(:.' * Approach can be used even when morphological
é differences few or misleading
/ * Number of characters to compare virtually
unlimited!




"Tree Thinking"

branching order

Sister Taxa

Younger

Older

Alasmidonta phylogenetic hypothesis
COT: NJ K2P distances

—— 0,01 subst./site

Alasmidonta phylogenetic hypothesis
2 MP trees, strict consensus
194 steps, CT=07165, HI=0.2835
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"Tree Thinking"

i

Phylogram: branching order and scaled branch lengths

Rooted Phylogram

— 0.5% sequence divergence

Molecular Systematics

Alasmidonta phylogenetic hypothesis
COT: NJ K2P distances

——— 0,01 subst./site

Alasmidonta
2 MP trees, strict consensus
194 steps, CI=0.7165, HI=0.2835

nrooted Phylogram
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Genetic distance
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Lasmigona Lasmigona decorata
1/2 MP trees, 174 steps (Carolina heelsplitter)

CI1:0.8218, H Lasmigona compressa
21 (creek heelsplitter)

Lasmigona subviridis
(green floater)

Lasmigona complanata
(white heelsplitter)

1 1 | Lasmigona costata
&0 | (fluted shell)

6Bl Pyganodon grandis
a2 | (giant floater)

5 changes

Subfamily Anodontinae
1/9 MP trees, 514 steps A. heterodon
CI=0.4786, HI=0.5214

L\ A. viridis
0 B o
82 | Pyganoden grandis

Strophitus undulatus
Lasmigona decorata
991 1 | Lasmigona compressa | Subgenus

Platynaias
Lasmigona subviridis
A. undulata
Alasmidonta varicosa

1
68| A. marginata

} | Lasmigona complanata
100,

Subgen
8
rodonta cygnea

Anodonta woodiana
Elliptio complanta

e

Conclusions
Subfamily Anodontinae phylogeny

Alasmidonta
- (A. heterodon)(A. undulata/ marginatal varicos
- A. viridis 22?
Lasmigona. subgenera recovered
+ COTI = good tool for species level ID
+ Inclusion of many genera = chaos!
- Not enough signal in data
- "Prodigious Polyphyly" 22?

Lasmigona Lasmigona decorata

1/2 MP trees, 174 steps (Carolina heelsplitter)

C1=0.8218, HI=0.1782 Lasmigona compressa
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1/9 MP trees, 514 steps
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21 | Strophitus undulatus
Lasmigona decorata
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Phylogeography

(Avise 1987)

* Comparison of phylogenies of populations or species with their
geographic distributions, OR spatial analysis of gene lineages

* Draws from:
* phylogenetics } . Y
* population genetics bridges gap
* biogeography

* Most common uses -
* delineate distinct population segments (population subdivision)
* PRESENT DAY forces- gene flow/effective population sizes
* HISTORICAL EVENTS- habitat fragmentation and expansion

Phylogeography ={U



Phylogeography Phylogeography
Methods- detecting population structure The Coalescent

“model of lineage sorting and genetic drift run backwards

. in time to common ancestor” (Harding 1996)
+ Geneological-based * Frequency-based

- Phylogenetic analysis - F-statistics
- Haplotype networks - AMOVA
- Nested clade analysis

* Pathways connecting mothers
and daughters
- Trace back to 1 female

+ Variance among females in
contribution of daughters

*+ Gene tree grows and self-prunes
Y 7§ + Demographic factors that

Generations

influence family size important
* Chances of lineage survival

ancestral gene pool decrease with population size
[—

Geography

Phylogeography

Phylogeography "Tree Thinking"

Demography - Phylogeny connections Gene Trees vs. Species Trees

Phylogenetic categories of relationships (Avise 1983)

* Monophyly- barrier
concordant with earlier
subdivision

- female lines trace back to
single ancestor

+ Polyphyly- barrier discordant
with earlier subdivision

- Regions share a lineage

+ Paraphyly- barrier at

periphery of range

- No unique lineage

*Monophyly- barrier
concordant with earlier
subdivision

-female lines trace back to
single ancestor

Phylogeography

Geneological Concordance (Avise 1996, 2000)

+ ESUs:
- L. Concordance among sequence characters within a gene
- II. Concordance in major partitions using multiple genes

*+ Areas of conservation relevance:
- ITII. Concordance in geography of gene-tree partitions
across multiple species
- IV. Concordance in gene-tree partitions by geographic
provinces




Population Genetics and
Molecular Systematics
+ Different biological disciplines

Species Concepts and Criteria * Genetic data have enabled an
interface of sorts between the two—
which is good, but potentially
dangerous when the parameters of
the study in question are not explicit

* Genetic data are not magic

Population Genetics and Population Genetics, Molecular
Molecular Systematics Systematics, and Species

* While the techniques of genetics have
opened doors (or windows) between fields, + “The species problem” has not, nor will it ever go
at times fundamental concepts have had to away
be recast; the wheel has _tlaeen remvent;red - Species concepts have been viewed as a nexus
(in my opinion unnecessarily) on a number of for synthesizing biology and as distraction from
pccasions and obstacle to scientific progress

* Nevertheless these debates have enabled a + Regardless, understanding the perspective of any

clearer understanding of the given study towards species and speciation is
complementarity of systematics and critical o interpretation

population genetics; it's not as though one
were superior: each is best equipped to
deal with certain kinds of questions E=U

Is it important? Yes. General Background

+ Is it ok that people disagree? - Various, often conflicting approaches to “the"
Absolutel species problem, confounded by the conflation of
Y- different kinds of genetic data




e .

General BGCkgf‘OUHd Delimiting species: a Renaissance issue
in systematic biology
* Various, often conflicting approaches to “the" e e e 2 i
species problem , confounded by the conflation
of different kinds of genetic data
* Literature devoted to the species problem has o
not abated Understanding and confronting
species uncertainty in biology and
conservation

obin 5. Waples®, Michael L Amald®, Roger K. Buthin® and Richard

General Background Words, words, words

+ Various, often conflicting approaches to * Arguments over definitions lead
"the" species problem , confounded by the nowhere..by definition...
conflation of different kinds of genetic
data

+ Literature devoted to the species problem
has not abated

+ Legislation has not kept up with current
debates and issues (as if any of us could)

Species, speciation, units, and continua Species, speciation, units, and continua

Woodger's dilemma: Species boundaries and the Woodger's dilemma: Species boundaries and the
biological species concept biological species concept

Species concepts and criteria: What are they
supposed to do?




Species, speciation, units, and continua

Species, speciation, units, and continua

Woodger's dilemma: Species boundaries and the Limits of the biological species concept
biological species concept

Confined to extant biparental sexually
Species concepts and criteria: What are they reproducing organisms o
supposed to do? Admits a continuum in which the partitions
may not reflect history
Reproductive isolation (as “speciation”) may
occur late in the “ontogeny" of species
concepts

Do we need to regard species as biologically
equivalent in terms of their origin and/or
maintenance?

Species concepts and Species
criteria

“Biological” Axes of Understanding:
Cohesion Ontological versus Graphic
Phylogenetic Features of Various Species

] iI Concepts and Criteria

- IIT..
“Cladistic”
Morphological

Ohntedogical Features of Various Species Concepis, Including Versions of Phylogenetic Species

Cladistic Features and Implications of Varions Species Concepts, Ineluding Versions of
Pliylogenetic Species




Species concepts and
conservation

+ Species, subspecies, ESUs, etc
+ Recognition, history, process, and potential

i

Diagnosing Units of Conservation
Management

— 4 (INTER,), aveed Bertioeen “closely
rtstend peries ™ (PRI Variances of e men

andt
dar i ar s s af sach panel

INTRA INTER SPECIES

Example: crystal darter
Crystallaria asprella

% 3

* Once widely distributed in Eastern US

+ Severe population decline- habitat degradation
+ Exists in isolated populations

- 6 Southern states: MS and Gulf drainages
- Recently discovered Elk River, WV

* Assess degree of connectivity between
populations

(Morrison, Lemarie, Wood, and King, in press)

Magic Numbers?

* Percent divergence as a criterion for
species delineation is necessarily
arbitrary

Tree-based conceptions
versus
Character-based Criteria

Example: crystal darter
Crystallaria asprella

Zumbro River, Ml

Elk River, WV

Saline River, AR|




Accurate Taxonomy in Conservation Biology
Does it really matter?

Crystal darter

s _ , * May not be recognizing extent or limits of
S A el oY I ! diversity
Crystallaria asprella i

- Genetically distinct (cryptic) species unrecognized?
- Legal protection for abundant species?

- Overlooking sources of genetic diversity to help
: impoverished populations

Confusion caused by hybrids
+ Forensics- identifying poached species

Molecular Systematics

Population Genetics: Orconectes luteus
Trees as Networks

* The interface of Systematics and
Population Genetics

+ Network incorporates reality of
population genetics
- Reticulate relationships
- Hybridization
- Back mutation
- Recombination

< USGS
oy . 3.3 X
Sample Localities for Orconectes luteus .
A h— i
- el | To2 ‘,,,,2‘0 fo—o*"18]
= Northeastern Missouri Populations
e v o
= Current & St. Francis River Pops.
3.4
X USGS




Conclusions

High estimate of FST from 16s Data (FST=0.937)
High level of Population Structuring

Nested Analysis Indicates:
Past fragmentation involved with higher-level (older) clades.

Restricted gene-flow (Isolation By Distance) between Big
River and Merimac River Populations.

Contiguous Range Expansion for Current River, Little Piney,
and Big Piney Populations.

Three Distinct ESUs lacking historical and recent genetic and
ecological (color mor‘ﬂh & geography) exchangeability -
distinct species! (with further genetic subdivision within
these groups) T USGS

Models for alll

* MP - Model is implicit (1:1) or explicit
(weighting matrix)

* ML - Model is explicit

* ME - Model is explicit

* How do you choose a model?

< USGS

The Phylogenetic Problem
B(T)=T1(2i-5)
i=3

Number of Segs Number of T rees

10 2x10°
100 2x10182
1,000 2102860
10,000 8x1038658
100,000 1x10486.663
1,000,000 1x10%8%873 =z )65

Alasmidonta

MP Tree

Optimality Criteria

Maximum Parsimony (minimize character
change over a tree - tree length)

Maximum Likelihood (maximize the
likelihood)

Minimum Evolution (obtain all trees within a
certain genetic distance)

NOT neighbor-joining, etc. - algorithms

A. heterod

T USGS
(Huelsenbeck & Crandall 1997)
Equal Base Frequencies
JC69 vs. F81
Transition Rate Equals Transversion Rate
‘ JC69 vs. K2P or F81 vs. HKY85
Transition Rates and Transversion Rates
Are Equal
Rates Equal Among Sites -
TUSGS
Elliptio
0 — Lasmigona costata-2
L — L complanata-1
I L. compressa-1
- L. subviridis-B
100 L. subviridis-A
L. subviridis-C
100 [— Strophitus undulatus-1
S. undulatus-2
T Alasmidonta undulata-8
A. undulata-5
o [~ A.undulata-3
A. undulata-4
COl 100 A. undulata-2
A. undulata-1
A. undulata-9
10 ——— A marginata-4
L A marginata-1
A. varicosa
10 —— A viridis-1
L A viridis-3
m A. heterodon-1
5 A. heterodon-3
56 A. heterodon-2
100 A. heterod
A. heterodon-8 z USGS



Now you have a tree -
what's next?

+ Confidence in a tree - bootstrap
* Hypothesis testing with a tree
(likelihood approaches)

+ Testing for correlations with
phylogenetic diversity

T USGS

Aims of systematics

* To describe and arrange our observations
and understanding of life on Earth in an
empirical, efficient, and recoverable
manner

+ To provide an information retrieval system
proscribed in such a way that alterations
and new discoveries can be accommodated
and tracked through one or more scientific
codes (e.g. ICZN)

Systematics does not equal taxonomy

Taxonomy does not equal nomenclature

+ Taxonomy is an arm of systematics
devoted to description, nomenclature, and
classification

Aims of systematics

* To describe and arrange our
observations and understanding of
life on Earth in an empirical,
efficient, and recoverable manner

Aims of systematics

* To enable the furtherance of all biological

understanding, ecological, behavioral,
biogeographic, and otherwise, through an
information system that facilitates
empirical testing and analysis of
evolutionary history. That is, by
constructing a lens through which evolution
itself may be explored

History

Early debates surrounded "schools” of
systematics: Evolutionary taxonomists,
“numerical taxonomists" (who embraced
phenetic methods), and phylogenetic
systematists (cladists)




Phylogenetic Systematics
(Hennig, 1966)

* Incorporates taxonomy

+ Involves quantification, character
analysis, and hypothesis testing

Why phylogenetics?

+ Enables the elucidation of natural
(=monophyletic) groups and natural
classification

< USGS

Why phylogenetics?

* Enables the elucidation of natural
groups and natural classification

* Enables the most efficient possible

information retrieval system




So what?

+ Enables the testing of historical
hypothesis
- Adaptational hypotheses
- Biogeographic hypotheses
- Behavioral hypotheses

Alternative classifications

"Evolutionary” faxonomists would accept a
demonstrably paraphyletic group (e.g.
Reptilia)

"Cladists" accept only monophyletic groups
in classification

Why phylogenetics?

* Enables the elucidation of natural
groups and natural classification

+ Enables the efficient possible
information retrieval system

* Enables inference of the sequence
and number of evolutionary events
and the testing of historical
evolutionary hypotheses

Why phylogenetics?

+ Enables the elucidation of natural groups
and natural classification

+ Enables the efficient possible information
retrieval system

+ Enables inference of the sequence and
number of evolutionary events and the
testing of historical evolutionary
hypotheses

+ Enables understanding and prioritization of
conservation priorities

History

Early debates surrounded “schools” of
systematics: Evolutionary taxonomists,
“numerical taxonomists” (who embraced
phenetic methods), and phylogenetic
systematists (cladists)

Primary contributions of phylogenetic
systematics: Monophyly and polarity
(apomorphy). More broadly: An efficient
information retrieval system with the
potential to reflect evolutionary history in
classification




Key Concepts

Monophyly:
Tree-based term

Polarity (apomorphy):
Character-based term

Monophyly and polarity

"Reptilia”

Paraphyletic Group: "Reptilia”

Monophyletic Group

* A group that

includes a common
ancestor and all of
its descendants

+ A group with unique

and unreversed
group membership
characters

Paraphyletic Group

* A group that

includes a common
ancestor and some
but not all of its
descendants

+ A group with unique

but reversed group
membership
characters

Polyphyletic Group

+ A group in which

the most recent
common ancestor is
assighed to some
other group

+ A group whose

membership
characteristics are
not uniquely
derived




Polyphyletic Group: Haemothermia

Polarity-related terms

Apomorphy: Derived character
Synapomorphy: Shared derived character

Autapomorphy: Uniquely derived character
(no information) [example - tetrapod limbs]

Polarity-related terms

Apomorphy: Derived character
Synapomorphy: Shared derived character

Autapomorphy: Uniquely derived character
(ho information)

Plesiomorphy: "Primitive” character
Symplesiomorphy: Shared primitive character
[example - lizard limbs]

A cladogram depicts relative recency of
Polarity-related tferms common ancestry.

Apomorphy: Derived character
Synapomorphy: Shared derived character No more
Autapomorphy: Uniquely derived character (ho
information) [example - tetrapod limbs]
Plesiomorphy: "Primitive” character No less
Symplesiomorphy: Shared primitive character
[example - lizard legs]
Homoplasy: Parallelism, reversal,
convergence  [example - vision]




A cladogram depicts relative recency of common
ancestry.

History

Ultimately, as most agree that phylogenetics are
important and interesting, the debates have
shifted to phylogenetic inference methods

Assumption 1: Assumption 2:

Descent with modification Cladogenesis

T USGS

History

Ultimately, as most agree that phylogenetics are

important and interesting, the debates have )

shifted to phylogenetic inference methods The best one can hope to do is be
aware of the issues, understand the

To a certain degree, these debates have ) _meThOdS. in order to €IVG|U0T6
proceeded at cross purposes critically a given data set's relevance

to a conservation question

Phylogenetic Inference/Reconstruction Phylogenetic Inference/Reconstruction
Methods Methods

How do you go from this... ..To this

Characters [D]




Phylogenetic Inference/Reconstruction

Methods Phenetic Techniques

* Clustering methods based on overall

Characters R
similarity

percn T coglocan! amander | 110g  tUrtle | numan gecko  snake \gator  budgy
Phenetic Anal - i
enetic na yses coslocanth 7 78 69 69 7 69 38
salamander 00 77 7 54 46 62 46
WPGMA frog 7 7 54 46 62 46
turtle 85 8 7 85 54
human 69 62 69 69
gecko 2 85 54
snake 76 46
alligator 69
budgy
TUSGS

WPGMA ) ]
Phenetic Techniques
The similarity between perch and (salamander, frog) is . _ i :
(perch:salamander+perch:frog+salamander:frog)/3, or S hybr‘ldlzahon
= (62+62+100)/3
=75

and then, too, the similarity between (salamander, frog) and gecko is
then

(salamander:gecko+frog:gecko+ salamander:frog)/3

= (54+54+100)/3

=69

X USGS




Distance Analyses

* Neighbor-joining

Optimality Criteria

Phylogenetic
Inference/Reconstruction

Methods
Parsimony: Justified in part by Hennig's
Auxiliary Principal, namely that we not
hypothesize homoplasies (convergences,
parallelisms, reversals) beyond what are
required by the data.
Most generalizable; accommodates any kind of

phylogenetic data (morphological, molecular,
behavioral, etc.) with equal aplomb

Issues with Phenetics

* Metricity, negative branch lengths,
triangle inequality

Phylogenetic
Inference/Reconstruction

Methods
Parsimony: Justified in part by Hennig's
so-called Auxiliary Principal, namely that
we not hypothesize homoplasies
(convergences, parallelisms, reversals)
beyond what are required by the data.

The idea derives from Occam's Razor, ie that

the explanation requiring the fewest
assumptions (in this case the shortest
tree) is the most robust, the best
corroborated, etfc.

Parsimony and character support

Recall:
Parsing Homoplasy from Synapomorphy®

TUSGS



Taxon

Taxon
12345, 12345678910
O  gyganaranaaaaagygoy O AAAAAAAAAA
A asatanaaasasaagasa A AAAAAAAAAA
B aaatgggggggggagaaa B AAAAAAAAAA
C ttttaaaaaaaaagaatt C AAAAAAAAAA
D  cictasaasaaaagataa D AAAAAAAAAA
o A B C D o B A C D [e] A B (e} D
1 4
2 5
Par simony WPGMA TUSGS Par simony TUSGS
Taxon
12345678910 g
O AAAAAAAAAA ROOng
A AAAAAAAAAA
B AAAAAAAAAA ; ;
C AAAAAAAAAA The primary result of a phylogeneh_c
D AAAAAAAAAA analysis is a network that does not in
o A B c b o A 8 ¢ b and of itself imply exclusive
relationship because it does not make
polarity statements a priory
This requires rooting the tree
through the explicit inclusion of a
suitable outgroup
Parsimony Neighbor Joining zuses
: E Branch Support
A Taxan2 Tamens

Straightforward character mapping
Bootstrap values
Bremer values

Taxon |
TaxonZ
Taxon3
Taxand
Taxon§
Taxon1
TaxonZ
Taxon3
Taxond

Taxon§

Tawanl
Taxon2
Taxond
Taxons
Taxon3
Taxon1
Taxon2
Taxon3
Taxond
TaxonS




Dealing with data, results

The most parsimonious tree is the tree
that requires the fewest steps. Multiple
equally short trees may obtain. This
reflects indecisive data.

Dealing with data, results

The most parsimonious tree is the tree that
requires the fewest steps. Multiple equally short
trees may obtain. This reflects indecisive data.

Interpreting lack of resolution

Morphology and Molecules

* Qualitatively different
* Quantitatively the same?

Strict Consensus

A

T USGS

Morphology and Molecules

* Qualitatively different

Patterns of Substitution

Silent versus replacement
substitutions

1st, 2nd, and 3 positions

Transitions (purine >>>purine or
pyrimidine>>>pyrimidine) and
transversions (purine<<>>>pyrimidine)




Phylogenetic Inference/Reconstruction
Methods

Parsimony: Justified in part by Hennig's so-
called Auxiliary Principal, namely that we not
hypothesize homoplasies (convergences,
parallelisms, reversals) beyond what are required
by the data

Maximum Likelihood: Model-based method
deriving in part from justification that parsimony
may not always perform with statistical
consistency (the long branch attraction epi-
phenomenon)

ML Seeks to Incorporate

* Recognized molecular evolutionary
principles

* Frequencies of change and rates of
evolution implied by those principles

So as to "weight” characters according
to their inferred importance

Phylogenetic
Inference/Reconstruction
Methods
Bayesian Analysis:

The Monte Hall Problem (credited to W.
Wheeler) and the use of prior probabilities
Asserted to be generalizable to all forms
of data with similar model-able features as
strict maximum likelihood

Models

e Parameterization
» Complication

Debates

* Probabilism versus parsimony




Molecular “versus” Morphological
Data

* Historical and current debate with
strong advocates on both sides

Molecular "versus” Morphological
Data

Morphological proponents:

* Molecular data do not feed the process of
systematics adequately (e.g. with
reference to character circumscription or,
commonly, type species)

+ Commonly practiced molecular analyses do
not enable an understanding an
understanding of synapomorphy or
character support

Morphology “versus” molecules
redux

* Molecular data are not superior to morphological data
* Morphological data are not superior to molecular data

Molecular “versus” Morphological
Data

Molecular proponents:

* Morphology is subject to convergence, has
contributed nothing to systematics or is
otherwise irrelevant (Graur, Hedges)

* Molecular data constitute an “"independent”
test (1)
+ Concerns over data “swamping”
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Molecular data are not superior to morphological data
Morphological data are not superior to molecular data

No class of data is inherently superior to any other class of data;
rather they complement one another if analyzed properly.

Molecular data provide a fantastically rich source of phylogenetic
information

Combinability: Options

- Simultaneous analysis of all data sets

Combinability: Options

- Simultaneous analysis of all data sets

* A priori partitioning of data sets
followed by separate analyses and
post hoc decisions as to how to deal
with discrepancies

+ Testing for heterogeneity or
incongruity
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molecules
redux

* Molecular data are not superior to morphological

data

+ Morphological data are not superior to molecular

data

+ No class of data is inherently superior to any

other class of data; rather they complement one
another if analyzed properly.

* Molecular data provide a fantastically rich source

of phylogenetic information

* Morphological (and behavioral and ecological) data

represent the foundation on which the basic
description of the natural world rests

Combinability: Options

Simultaneous analysis of all data sets

A priori partitioning of data sets
followed by separate analyses and
post hoc decisions as to how to deal
with discrepancies

A chainsaw, like any good tool can be
applied towards many useful purposes

Likewise genetic data may be used to
answer a variety of questions that
require different strategies of
hypothesis testing, data gathering,
and analysis

Genetics is a meaningless term in and
of itself unless contextualized




Background

"Genetics" used variously in
conservation

Distinction between population
viability-related concerns and
inferring historical relationships
among management units

* A chainsaw can also be applied
irresponsibly

"Tom Chase hasn't given up..."

Dunlop, 2004: 51

Salient Points

Methodological issues in phylogenetic analysis
and delineation of conservation “units”

Correspondence (or lack thereof) of delineated
management units and taxonomic epithets

In the context of delineating units (intra-
specific and otherwise), genetic data offer a
promising set of characters, but they are not the

only characters, or necessarily the most relevant

Genetic evaluation of a proposed introduction: the case of
the greater prairie chicken and the extinct heath hen

SHEV.# JOHN E. TOEPFER.{

Punchlines

The notion of subspecies can lends itself
to misinterpretation (Zink, 2004) in a
phylogenetic framework

Molecular, morphological, ecological, and
behavioral data often corroborate one
another




Phylogeography

The application of phylogenetic graph
theory to population-level
biogeographic questions through the
medium of mitochondrial DNA

Phylogeography

This enables the same kinds of powers
cladograms offer the study of species to
the study of populations, the idea being
that recent evolutionary history can be
represented as a nested hierarchy rather
than a reticulate network of individual
relationships

Tree-based Conceptions
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Phylogeography

The uniparental inheritance of
mitochondrial DNA means that the
relationships among mitochondria are
hierarchical, much like the relationships
among species and taxonomic groups

Phylogeography

And so the question becomes whether the
relationships among mitochondria

necessarily reflect the relationships among
populations, species, or even individuals

Tree-based Conceptions
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Caveats to tree-based methods

Shoe-horning organisms into hierarchical
relationships where none may exist: The limits
of cladistic terms (monophyly, synapomorphy,
etc.)

Phylogeography TAKEN ALONE or performed
uncritically may mislead

Caveats to tree-based methods

Shoe-horning organisms into hierarchical
relationships where none may exist: The limits
of cladistic terms (monophyly, synapomorphy,
etc.)
Phylogeography TAKEN ALONE or performed
uncritically may mislead
Concern over methods by which trees are
generated (optimality criteria, nuclear vs
mitochondrial, combination of data sets)
Ability to deal with non-molecular data
Relevance of genetic data to behavior
Evolutionary “fate" or “potential”

Phylogenetic species and Population Aggregation

Analysis (Davis and Nixon, 1992)

Population 1 # Phylogenetic Population 1
Species

Caveats to tree-based methods

Shoe-horning organisms into hierarchical
relationships where none may exist: The limits
of cladistic terms (monophyly, synapomorphy,
etc.)

Phylogeography TAKEN ALONE or performed
uncritically may mislead

Concern over methods by which trees are
generated (optimality criteria, nuclear vs.
mitochondrial, phenetic versus cladistic
combination of data sets)

Phylogenetic species and Population Aggregation
Analysis (Davis and Nixon, 1992)

Population 1 # Phylogenetic Population 1
Species
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Phylogenetic species and Population Aggregation
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Phylogenetic species and Population Aggregation
Analysis (Davis and Nixon, 1992)
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Caveats to character-based
methods
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After Davis and Nixon, 1992



Caveats to character-based
methods

Over-diagnosis or under-diagnosis as a result of
poor sampling of individuals or genes

Although these examples are highly simplified,
multiple characters with congruent distributions
(fixation patterns) are desirable. No one would
name a hew species oh the basis of a single
nucleotide polymorphism

Caveats to character-based
methods

Over-diagnosis or under-diagnosis as a result of
poor sampling of individuals or genes

Although these examples are highly simplified,
multiple characters with congruent distributions
(fixation patterns) are desirable. No one would
name a new species on the basis of a single
nucleotide polymorphism

Identification of the species boundary?
Proliferation of names?

THE ROYAL
SOCIETY

The role of subspecies in obscuring avian biological
diversity and misleading conservation policy
Robert M. Zink

Caveats to character-based
methods

Over-diagnosis or under-diagnosis as a result of
poor sampling of individuals or genes

Although these examples are highly simplified,
multiple characters with congruent distributions
(fixation patterns) are desirable. No one would
name a new species on the basis of a single
nucleotide polymorphism

Identification of the species boundary?

Implications of a character-based
approach

Solution to Woodger's dilemma (= “speciation” is
instantaneous, corresponding to fixation)

A single individual suffices to refute the
hypothesis of character fixation

Generalizable (all organisms have characters)
Focus is on utility, i.e. on reconstructing the past,
not future stability of lineages or species names
Allows for the study of reproductive isolation
without hanging up taxonomy & systematics

Subspecies: How do they fit
in to a phylogenetic

framework?
* They don't




