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Background in Triassic archosaurs and their phylogenetics
Currently working on inferring phylogeny from 3D morphological data
Previously some work (and interest in!) language phylogeny
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Language and culture evolve too!

Descent with modification also occurs in culturolinguistic systems
Human languages can be grouped into clades
Many aspects of culture can also be grouped in this way
Lecture plan:
= Some history
= Methods
= Similarities and differences with biological evolution

»  Applications
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History

= At least to William Jones (Bengal, 1780)
= Some of the oldest “phylogenetic” trees were linguistic

= Schleicher developed the Stammbaumtherorie around the same time as Darwin

= Mentioned by Darwin

“[Sanskrit bears to Latin and Greek] ...a stronger affinity... than could
possibly have been produced by accident; so strong indeed, that no
philologer could examine them all three, without believing them to have
sprung from some common source, which, perhaps, no longer exists”

“the proper or even the only possible arrangement would ...be
genealogical; and this would be strictly natural, as it would connect
together all languages, extinct and recent, by the closest affinities, and
would give the filiation and origin of each tongue.” (ch. 13: 422)

keltifch.
italifch.

_....albanefi[ch.
griechifch.

"talokelzz’/‘cl.,

urfpracke.
eranifch.

indifch.

From Schleicher 1861 Compendium der vergleichenden Grammatik der indogermanischen Sprachen
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Methods

Fundamental basis is the idea of cognates

=Homologies in biology, i.e. features shared due to common origin

Words can be cognates, but may change their meaning and sound

Sounds can be corresponding phonemes (=homologues) even though they differ

Shared words due to common origin should all experience the same sound shifts — if not, borrowing (=hybridisation)

may have occurred

Wasser das(s)  Butter butyrum

water that butter

water dat boeter



Methods

= (Classically “comparative method”
= Identified cognate (=homologue) words (and sounds — phonemes)
= Reconstructed proto language (manually)
» =ancestral state reconstruction

ord

/ d / _r Wort
*/\Wur
. Woord
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Methods

= Today similar methods to biological phylogenetics:
= Common/fundamental words (less subject to borrowing) coded into matrix of “presence” or “absence”
= Bayesian, ML, parsimony, neighbour joining networks
= Some specific models (e.g. no regain after loss) can be used

_house — s I house  casa bayt fish samaka dag I ana
German " Haus Wasser Fisch ich German 1 8 8 1 8 8 1 8
ftalian casa acqua pesce io Italian 0 1 0 1 0 0 1 0
Spanishiflcasa  agua pez yo Spanish 0 i 0 1 0 0 1 0
Arabic M bayt < ma’ s samaka 4Saw ana Ui e 0 0 1 0 1 0 0 1

bayit na mayim o dag i ani DI Hebrew 0 0 1 0 0 1 0 L

OO OO & & e
> D L S i
R < < () o

1.00




Methods

= Also possible to code using multitstate approaches, but rarely done

_house water fish I
_Haus Wasser Fisch ich
alian ™ casa acqua pesce io
_casa agua pez yo
_bayt Cw ma sk samaka i<ew ana Uil
bayit n'a mayim nm dag a7 'ani DN

—
-

house  casa bayt/bayit fish  samaka dag

English 1 0 0 1 0
German 1 0 0 1 0
Italian 0 1 0 1 0
Spanish 0 1 0 1 0
Arabic 0 0 1 0 1
Hebrew 0 0 1 0 0
Binary
house  water fish I
0
0
0
0
]
]

Multistate

s

- O O O O O

OO = A 4

- = O O O O



Methods

= Phonemes can also be coded as characters
= Rarely done, because very labile
=  "Morphological” features, i.e. grammatical structure (cases, word order etc.)
= Difficult to comparably code characters, but may be useful for deep phylogeny

e/ /A
English 1
German 0
Dutch 0

“th”in “thorn”
English™ 0 thorn /6/
German " Dorn /d/
Duteh™ ¥ doorn /d/
Swedish™ . torn /t/
Gothie 0 thaurnus */6/

Swedish 0
Gothic 1

O = =0
o - O O O

Gender Masculine

Indefinite en hest a horse

Voicing Change to stop Defrte hesten horse 06
0

0 Double den hesten

_ 1 1 definite that horse.DEF
_ 1 1 Adjective en fin hest

a nice horse
_ 0 1 Possessive min hest/hesten
Gothic 0 0 min

my horse/horse.DEF

my

,,
-~ -
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Methods be

= (Can also code other cultural data A
= For example, folk tales oo o o n s s o
P . " wo o u " ROYAL SOCIETY  (omparative phylogenetic 3
= Characters and elements of stories coded as “present” or “absent OPEN SCIENCE analyses uncover the

| . i rsos.royalsocietypublishing.or
Other examples: pots, manuscripts pioseypetsingas e of

o}
oy 0.1 WK17 WK13
Africal wke WK11 WK8 ATU 123 tales
Africa2
FRICAN Africad o WK4 o—"
LI 3 Africa3 8 ® WK10 fani
" k. w Antigua dyof itemureand
L i Th h | Africab iboa 1069-061, Portugal
e phylogeny
- - Genﬂrq Chaucer's The Canterbury Tales
survives in about 80 different manu
script versions'. We have used the tech-
niques of evolutionary biology to produce
what is, in effect, a phylogenetic ree show- e RH3
ing the relationships between 58 extant
fifteenth-century manuseripts of “The Wife
of Baths Prologue” from The Canterbury
. Tales. We found that many of the manu- | oy RH1 %m;g’ |
scripts fall into separate groups sharing dis- £ Gri |
o tinctancestors. nmm —
Manuscripts such as these were created
by copying, directly or indirectly, from the
orginal matrial (written, in the case of The ATU 333 5
Castterbury Tales, in the late fourteenth cen- 1
tury). In the process of copying, the scribes e ® g
| \ made (deliberately or otherwise) changes, 3
> which were themselves copied. Texual o Catt2 GM4GM1
4 scholars have developed a system for recon-  the ¢ % GM2
structing the relationships between textual  were TG14 Catts
traditions by analysing the distribution of  mam
these shared changes, and have construc~*  ** 1612% TG13 e Catt3
family trees (stemmata) on the basis of @ Catta
: EAST ASIAN G3,. TG2 s are good proxies for
TG4 d modified through the
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TG11
TGs ¢ Tehrani 2013
L
TG10 Huang TG1
RS N e
Guilherme D. Marmerola, Marina A. Oikawa, Zanoni Dias, Siome Goldenstein,
Anderson Rocha*
University of Campinas (Unicamp), Institute of Computing, Campinas, Sa0 Paulo, Brazi
*# andarson.rocha @ ic. unicamp br
Crossark Abstract
Over the history of mankind, textual records change. Sometimes due to mistakes during
tr iption, sometimes on purpose, as a way 1o rewrite facts and reinterpret history. There
are several classical cases, such as the logarithmic tables, and =
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Similarities and differences with biological evolution

= Many aspects of culture, especially core parts of language, are inherited
= There is continued borrowing, even long after initial divergence (never complete separation)
= In this way, more similar to plant or bacterial evolution

sandwich
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Similarities and differences with biological evolution

=  “"Wave theory” (Wellentheorie — opposing Stammbaumtherie) of Schmidt identified waves of radiation of language
characteristics — effectively spread of alleles within population

= Because new features can arise in particular areas of a diverging language area, they can conflict with main signal and fit
geography — not only due to "hybridisation”- effectively incomplete lineage sorting

Proto-Germanic

24 *fimfe
Ul *gasungun
sunget )
EN
five
sung NL /
vijf DE /
gezongen funf
gesungen

Ancestral
polymorphism

N

Incomplete
sorting

\ Polymorphisms
maintained

between speciation
events

Inferred
phylogeny



Similarities and differences with biological evolution

= Network graphs can be more appropriate, especially for very “labile” aspects like phonetics
= Incorporating hybridisation events is becoming possible, and commonly used

0.01
Gondi
Kolami
Kuwi
Telugu g
- Kurukh
Betta_Kurumba Malto
Kota ]
Toda = N Brahui
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Kodava
Kannada  Yeruva Tamil
Malayalam

Kolipakam et al. 2018
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>AD 516
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Heggarty et al. 2010
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H V Sanskrit 2800|
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Willems et al. 2016



Applications

= Dating population divergence

= Placing population divergence geographically

= E.g. the Anatolian versus Kurgan hypothesis of agriculture

STEPPE IN TIME

An ancient-DNA study links the Corded Ware culture of northern Europe with the Yamnaya culture of the
Eurasian steppe. It points to a mass migration northwest that would support the Steppe hypothesis, one
of two theories that compete.to explain the origins of the Indo-European family of languages.

Corded Ware

Steppe hypothesis
Yamnaya 5,000-6,000 years ago

Herders on the Eurasian steppe

expanded their range, propelled

by the domestication of horses

and invention of wheeled transport.

Anatolian hypothesis /
8,000-9,500 years ago

Farmers migrated out of

the Middle East, replacing

or interbreeding with the

resident hunter-gatherers.

Celtic
lialic* 2
Frenchviberian | 1aic

West Germanic |

North Germanic) Germanic
Baltic } o

S | Balto-Slavic

e o} Indo-iranian
Abanian

Greok
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= 0.01 changes
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Bouckaert et al. 2012
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Applications

Bouckaert et al. 2012




Applications

=  Another example:
= Origin and expansion of Austronesian people
: = “Slow boat” from Wallacea v. “pause-pulse” recent from
= Taiwan

”
.
.
»
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| 7 - : . el <o A S
AR AL ) . Wy‘_‘\*' ‘ \
YJ? o Y. S o5 R Be
—— ~ - Pes

Years Before Present

0
a b cd

-5 Madagascar

South-East Asia

MJapan

“Taiwén
............ Pause 1
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Jecd 3 Micronesia

N

Pause 2

V%G‘U Al g
New C%éonia

Australia

*«New Zealand

= /}7‘

~ &
Hawaii

Polynesia

Rapanui

Pause 1
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Pulse 3
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Gray et al. 2009



Applications

= Examining rates of evolution, and how culturolinguistic systems evolve

B Austronesian Indo-European
30 -
—
20 - S A B c
=] Languages i 8 é
(g a b c d: g =
10 < g’ ‘E?
= ol
T =
g So02 2 §
S 2 g [T g
30 1 - 5 .'“W. 26 3 S48 @
. 0 M § L
— 5 4 2 » 4 = B IE A P S
20 1 §2 Number of nodes Language group
| 8 Atkinson et al. 2008
10 - S
0 T T T
0 10 100 0 10 100

Log(Mean Rate of Character Evolution)
Greenhill et al. 2010




Applications

= Language phylogenies can be used for examining other aspects of cultural evolution — allow independent contrasts
and phylogenetically informed regressions
= Can map any kind of social traits onto phylogeny, and look at how they evolve

-1

\S o o
o &
S
‘3‘{* 8{% o0 o ?.'.i
D@{;;\Ri ® °
¥ [+
ﬂ%ﬂ\b\
& - i
oo \{'\&ic
o }‘\H‘
o0
o

o LikGE



Applications

= Example: economic and social indicators

1. Afghanistan 23, Lithuania

2. Albania 13. France 24 Luxembourg
3. Armenia 14. Germany 25, Montenegro
4. Austria 15. Greece 26. Nepal

5. Bangladesh 16, Iceland 27. Netherlands
6. Belarus 17. India 28. Norway
T.B&H 18. Tran 29 Pakistan

8. Bulgaria 19 Treland 30. Poland

9. Croatia 20. Ttaly 31. Portugal

10. Cyprus 21. Latvia 32. Rep. Moldova

11. Czech Rep. 22

. Liechtenstein 33, Romania

37. Slovenia
38, Spain
39. Sri Lanka
40. Sweden
41. Tajikistan

42. Macedonia

43. Ukraine
44. UK

(b)

HD

health index
income index
education index

4k_‘

-y
~< .
: »P.\’z
y "’:‘.‘5‘01':'4

1

4 "Wl"“lm

g

il

v

N

LY

Proportion of

Political Change Pattern  Example

>03 Solid Peru
02-0.29 Spotted % Iraq
0.1-0.19 Checked Belarus

<0.1 Striped % UK

Colors indicate network community

Matthews et al. 2016
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Applications L

:E Guadalcanal (Wind)
Guadaicanal ’(Leej

San Cristoba

alal

lew Britain (Wind)
New Britain {Lee)
New lreland
Bougainville
Santa Isabel
Choiseul .

lew Caledonia O

Spintu Santo -

Efate "

Tanna ‘1

Aneftyum )

Erromango (Wind)

Erromango (Lee)
Srae

=  Further examples: forest use patterns in polynesia

ap -

Botuma

Vﬁltievu (Lee, -
Vanua Levu (Wind)

Vanua Levu (Lee) ~
Lakeba )
Viti Levu (Wind)
Taveuni (Wind)
Taveuni (Les)

%%eatap
u
Upo%u
avaif
IKOpI,
Futuna

Alofi
asler

apa
No'roth island, NZ
8. Island (W coast), NZ
S. Island (E coast), NZ
Makatea
Mitiaro

g] TR

TT

e
SSEERS
XRCERaF
BRETRT S
Y
EhEe
FRAS)

2

Aitutaki
Raroionga
Rimatara
Tubuai
Rurutu
Raivavae
Huahine
Moorea
Tahiti
ﬁ}wra Bora

laupiti
Tahaa
Raiatea )
Mangareva (Wind)
Mangareva (Lee)
Hiva Oa
Tahuata
Fatu Hiva
Ua Pou

= Deforestation
= Replacement

Eiao

Ua Huka
Nukuhiva
Kauai /Wma‘)
Kauai (Lee)
Maui (Wind)
Maui {[.eﬁ)_
Hawait (Wind)
Hawaif (Les)
Lanai

”
| Atkinson et al. 2016
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Applications

= Further examples: how tradiational marriage residence rules (e.g. matri/patrilocal) affect other social structures

Al E
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i
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B
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B
L
£ y . E
i
B
E l'.r
F ]
M Pairibny I E
[ i Disneint F i o
B MRagriliny G -
Opie et al. 2014
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Applications

=  Further examples: do you need high “moralizing high gods” for complex societies? No...

Watts et al. 2015



Applications

= Deep linguistic phylogeny
= Are certain features more strongly conserved?
= Mass lexical comparison

Dravidian
Inuit-Y upik

PU

PIE

15.0 12.5 10.0 7.5 5.0 2.5 0.0

thousands of years ago

Pagel et al. 2013

P&

Indo-European

B8 8%

Chukotko-Kamchatkan

Uralic

Mivkh

Yukaghir

== Turkle

Tungusic

Mangolic

"""" Tai-Kadai

Austronesian

Sina-Tibetan

Hmong-Mien
——————— A usiroasiatic

Ainu

Japonic

- Nakh-Daghestanian

Dravidian

Yeniselan

Jager 2015

2%



Ways forward

= Expanding knowledge of deep phylogeny
= Automatic cognate judgement — AI?

=  Broad incorporation of hybridisation in models

= More and more varied questions!
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Old Norse lcelandic ST
Faroese
Swedish List
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Take-aways

= lLanguage and culture (also non-human) are evolving systems, at
least partially inherited

= Very similar methods and concepts to biological evolution

= Huge number of different questions can be addressed

= Be careful - can be very sensitive, and know your topic!
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mg contmuous data




Plan

=  Why continuous data?

=  What is continuous data and geometric morphometric data?
= Methods of using this for phylogeny

» The effect of ecomorphology

outline shape residual shape




Why use continuous data for phylogeny?

= Life is not discrete!

= Continuous variation, and morphology especially is not easily delimited
= Manual delimitation is often very subjective

= Manual delimitation is very time-consuming




Continuous data: what is it?

= Any measurement data (=standard morphometrics)
= Also geometric morphometric (GMM) data (=coordinate data)

Abzhanov & James 2016
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Continuous data: geometric morphometrics

Typical way of capturing shape variation - a lecture in itself!

Points put on homologous or functionally homologous points in 2D or 3D

Semilandmark series along sutures, edges

Semilandmark patches across surfaces

Can capture more of overall shape variation than traditional morphometrics, and easier to undertake

Abzhanov & James 2016

Felice & Goswami 2018

» LIEGE
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Continuous data: geometric morphometrics

= Points rotated and scaled (Procrustes analysis) to fit mean shape
= Often ordinated (PCA) subsequently, concentrating variation into first few axes

28 6 -4 -2z 0 2 4 ® & 10

> LIEGtE



Continuous data: whole surface data

= Subset of GMM data

= Generalized procrustes surface analysis (Pomidor 2016)

= Rotates and scales 3D shapes appropriately, then places landmarks across entire surface automatically
= Data can be used raw or ordinated just like other GMM data

%" e "I...
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Continuous data: culturolinguistic data

= Phonemes
= Human development indices
= Pot shapes

Bowls PC2

H|}‘|\'IUI”LH'

| WN’HWWM il

L —

—PC1

WHMH B .

S ml? \*
WAL g HH\

(c) Spanish sacra /sakra/ ‘sacred’ (SA10) (d) Spanish negra /negra/ ‘black’ (5A10) i EhiEs

Selden et al. 2014
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Methods: automatic discretization

= Several methods developed based on sample variance
=  Gap coding: new state if separation between means greater than one standard deviation
=  Gap weighting: also weights size of gap
= Not well tested (e.g. against known or molecular phylogeny)
= Not further discussed here, but would be interesting to test further
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ethods: direct use of continuous data

plitsTree4
by Daniel Huson and David Bryant

itk contribtons from Mrks Pretz, HigOel Jete),
Tobias Kioepper and Michael Sch

www.splitstree.org
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Morphometrics and hominoid phylogeny: Support for
a chimpanzee-human clade and differentiation
among great ape subspecies

Charles A. Lockwood*'*5, William H. Kimbel**, and John M. Lynch*7

*Institute of Human Origins, 'Department of Anthropology, and %Barrett Honors College, Arizona State University, Tempe, AZ 85287; and *Department of
Anthropology, University College London, London WCTE 68T, United Kingdom

Edited by David Pilbeam, Harvard University, Cambridge, MA, and approved January 7, 2004 (received for review September 27, 2003)

Taxonomic and phylogenetic analyses of great apes and humans  advantage of an underutilized source of skeletal evidence, but we
have identified two potential areas of conflict between molecular  also evaluate geometric morphometric methods of studying
and morphological data: phylogenetic relationships among living  shape to determine whether they improve on the qualitative and
species and differentiation of great ape subspecies. Here we  quantilative data that have failed to obtain the hominoid mo-

address these problems by using morphometric data. Three-dimen-
sional landmark data from the hominoid temporal bone eﬂemvely
quantify the shape of a complex element of the skull. Phylog

lecular tree (8). Improvement would be expected for several
reasons. Landmark data are repeatable 1o a greater degree than

analysis using distance-based methods corroborates the malecular
consensus on African ape and human phylogeny, strongly sup-
porting a Pan-Homo clade. Phenetic differentiation of great ape

subspecle& is p d as iously by mitochon-
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Continuous characters can be analyzed directly using distance-based, maximum likelihood or Bayesian methods
Some evidence that this can be successful
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Use of Continuous Traits Can Improve Morphological Phylogenetics
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Absiract —The racent surge in from extinct and extant species has
reinvigorated interest in slatistical appmadm) for modeling murpml.u],lul evolution. Current statistical methods use the
Mk model 1o describe substitutions between discrete characer states. Although representing a significant step forward.
the Mk model prsents challenges in biological interpretation, and its adequacy in mndelmg marphological evolution has
nol been well explored. Another major hurdle in morphological phylogenetics concerns the process of character coding of
discree characiers. The often sub]e(u\‘pnalum o discrete characier coding can generate discordant results that are roted in
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characters have been well examined. and their statistica 1004
\he substantial ambiguity often associated with the ass
todetermine whether use of continuous characters
pliylogeiy. T cOmpare relative rconstruction accy
haracters. These test promise

axscompared Lo reconstruction from discrete characters

exqual performance when simulated under an Ommsieir

weell i the presence of covariance betwoen sites. 1 ar

be beneft efforts to maximize phylogenetic informatic ¢ 7%

space compared o many discretization schemes. 1 al

reconstruction may alleviate potential concerns of dist
further study in this area. This study provides an init .
in phylog infarence. |

The development and widespread adoption
statistical phylogenetic methods has revolution
disparate disciplines in evolutionary biology, ep
miology, and systematics. Studies u
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Methods: geometric morphometrics

= Either usable following Procrustes (coordinates still) or ordination (specimen values)
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Methods: GMM ordination axis values as characters

= QOrdination axis values for taxa can be used as continuous characters
= Should perhaps be weighted by variance on that axis
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Methods: raw GMM data (after Procrustes)

. Distance-based methods (neighbour joining, UPGMA etc.)
. .Phylogenetic morphometrics” (Catalano et al. 2010), directly implemented in TNT

. Tree with minimum distances between ancestor-descendant points
. Analogous to Farris optimization in parsimony
. Some controversy methodologically

(a) I_E] B

A6 |==g]|P Min (Dpp + Dgp + Dcp)

by Daniel Huson and David Bryant

with contributions from Markus Franz, Migoel Jette’,
Tobias Kicepper and Michael Schrider
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Methods: what's best for GMM data?

. For morphology, raw data seem better than PC values
. Neighbour joining almost as good (and much quicker) than phylogenetic morphometrics
. Accuracy increases with more skeletal elements
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Ecomorphological signal

= [s a major part of continuous variation
= Can strongly confound phylogeny
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Removing ecomorphological signal?

between-species

within-species

Regress out habitat or behaviour?

Look at specific aspects of shape?

Grunstra et al. (2021) take out overall (=outline) shape

Remaining compositional/structural and local shape show stronger phylogenetic
signal and yield better tree .

total shape outline shape
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Continuous cultural data

. Little explored, but all same approaches should apply...
However: very labile and high hybridisation, so may not be as useful if phylogenetic signal is the main
interest
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Take-aways

«  Continuous data can be used both directly and through discretization

«  GMM data can be used directly and after ordination, and has shown some promise i

. Ecological signal is very strong, but can possibly be removed by looking at local/structural shape %

. Caution: the field is still new, and attracted much controversy previously due to theoretical concerns s,
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Discretization from distance trees

Recently attempted approach (Celik, Phillips)
Make distance tree from GM data for one strcture
Basically draw line between major branches to score character
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