iving.fossil’ vertebrates and rates
~of morphological evolution




nference. ¢ n}___Gene’ucs Paleontology and
Evolutlon he d at Prln ton, January 1947

" George Gaylora Simpson

e published.1944

'+ Confirméd that rates vary

-+ ‘Three basic tempos:
— Tachytely (fast)
— Horotely (‘normal’)
— Bradytely (slow, living
fossils)
_+ .Only looked at single
characters’




‘Th‘omas Stan_ley Westoll

e'd.‘a method to.
: "’mvestlgate tempo in muitlple _
characters - i

o Constructed character-taxon --
matrix and added,states
(‘scoring’ taxa)

* 14.dipnoan genera and 26

. -ordered multi-state

_ characters.”- - |

R - Plotted scores vs. time
7.=1912:—1995 % S’ £ =

o e
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"AGE IN MILLIONS OF YEARS

7 (Westoll 1949)



‘ér“r‘i‘S‘Wrth W~ oll's methodology:

' Ancestor artrfrcral (Schopf 198""l':"”:‘ _
Only-well known taxa can be mcluded (Kno||:'.' =
- etalx1984) - =
: Error bars requrred (constraln mterpretatron)
Reversals |gnored (Derstler 1982)

. = Assumes stratlgraphlcally ordered ancestor-
, 'descendant sequence : ,

' Derstler 1982 and Forey 1988,,‘"‘“{5 o
_Used cladistic (character-taxon) matrrces e
Séored internal nodes of phylogeny (WhICh are -
: complete) : .
‘Scored as number of character changes
~between nodes (i.e. include reversals)
e bR
=g - These authors were calculating rates

b e




"The‘PrebIem Wlth Rates |

D|vrsor in rate calculatlon »')' ls often zero
(rate = ) ST i e g
. Solutlon add arbltrary value to dIVISOI’
- .~ Derstler 1982 - 1Ma
® =TCloutier1991-" - 2Ma
—Forey 1988 . . 5Ma.
- Problem: predicts earlier origin-of clade, e. g

“ Forey value necessitates pre-Cambrian
Iungﬂsh :

5 e

: "Th’“e“"ProbIem With Rates Il

: Rates also suffer f'rom the problem of
comparablllty I SRl

Solutlon

¥ > Use the desirable propertles of scoring
* internal-nodes, incorporating reversals and a
phylogenetlc context, but..

- B ..retain Westoll’s - pIottmg method

= Reduces assumptlons CXe}
anage.neS|s/cIa.dogenes|ss‘)

A 3 - ol




fewsrtlng Lungflsh Evolution

Complled supermatrlx fr m SIX'J :"f
matrlces : RS R T
85- dlpnoan taxa, 2 outgroups and 132
- characters
|+ 4118 MPTs : _
MPTs assessed using a MSM (Slddall 1998)

K -Best—f__|t and worst-fit trees almost identical
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@ Marine
Q) Freshwater

PV DEVONIAN |CARBONIFER, | PERMIAN | TRIASSIC JURASSIC CRETACEQUS CENOQZOIC

= 400 3 300 . - 100

A 3 - ol
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‘it"appears ,possmle that the pattern of scores follows
dlrectly from the' method:of an,aIyS|s (Schopf 1984)

1. Art|f|C|aI ancestor i-

functlon of number of taxa (most of which -
are Devonlan)

s T ==

) Number of characters and states is a
: func"hon ofﬂumber of taxa

Cumulative
]
R
E=3"

15 20 25
Cladogenetic Rank




/ Schopf2 Number of characters and states is a
func’tron ofhum

Cumulative Character Changes

@ Marine
Q) Freshwater
o

Q1 DEVONIAN CARBONIFER m TRIASSIC JURASSIC CRETACEQUS CENOQZOIC

_ 400 100
™ . - = - L 3

itappears ,pos5|ble that the pattern of scores follows
d|rectIy from the method of anaIysrs (Schopf 1984)

Art|f|C|aI ancestor ~—' '

2 Number of characters and states recognlsed %
~a.function of number of . taxa (most of which. -
‘are Devonlan)

: _'?"‘3. =1t changes were late we would recognise a
= new group instead (e.g. birds from reptiles)

4 A paedomorphic trend (Bemis 1984) in
- lungfish would. limit the number of available
: character states as tlme progressed

-




2aedomorphosis as an explanation for

g R

the Iunngsh'- attern

. Paedomorph03|s can beL é'ate R
irreversible (Bonett & Chlpplndale 2006)

Bemis’ (1984) hypothesis for a paedomorphlc =
trend in lungfish can be tested as 5 of his 7 '
-characters appear here

"« However, all 5 have low CI's (0.2- 0 4) and |
~'most include reversals (under- ACCTRAN)

N Peramorphlc trends also known in lungfish
(Long 1993)

o e

Lungflsh Pattern as a Biological

“&:_..,Nl_

Phenomena

. WestoII/Slmpson saw |t a. mevolutlon |




Ihe Iungﬂsh [adaptive] zone would seem to be quite narrow and yet it
has perS|steaW|fh‘6u‘t marked change .for perhaps 200 million years”

@ Marine
Q) Freshwater

DEVONIAN CARBONIFER m TRIASSIC JURASSIC CRETACEQUS CENOQZOIC

_ 400 100

-

L,ungflsh Pattern as a Biological

: 2o *"““*#:_...T et

Phenomena

WestoII/Slmpson saw |t<as' quantumjevo‘utlon

“Others argue for speC|aI|sat|on (aestlvatlon/alr--
breathlng)

200

1]

Cumulative Character Changes
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DEVONIAN | CARBONIFER m TRIASSIC JURASSIC RETACEOUS CENOZOIC

400_ 380 360 340,320 300 280 260 240 220 200 180 160 140 120 100 80 60

(Cloutier 1991)

-EEEIE_ TRIASSIC JURASSIC CRETACE NOZOIC

280 ~ 260 240 w220 . 200 ° 180 160 140 120 100 80 60 40 20 0
- o

(Lloyd in prep.)
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Cumulative Character Changes
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LT
4 240 . 220 £200 + 180 160 140 . 120" o0 80 60 40 20 i}

- i

_(Grande and Bemis 1998)

[Msssimian] __PLIOCENE | PLEIST.]
4 3 1

0

o

Cumulative Character Ché nges
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150

—

180 170

160, 450 140

-

(Gatesy et al. 2004)

CRETACEQ
130- 120 110 100 90 -80

-

~ (Makovicky et al.-200

CENOQZOIC
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30 . 20

-

-(Gentry and Hooker 1988)

© [CARBONIFEROUS| PERMIAN | TRIASSIC | JURASSIC CRETACEQUS

340 320 300 280 260 - 240 220 180 160 =140 -. 120  100° 80 60 40 20 0

- b

- (Rieppel and deBraga 1996)

Cumulative Character Changes
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A (mOdIerd) WestoII methodology all' VS A
assessment. of evolutlonary tempo in C|adIStIC’- £
‘ﬂmatrloes :

AAplecatlon of thls method to Iungflsh confirms a
pattern of -arrested evolutionary tempo

However a pattern of rapid character acquisition

~-early in a clade’s hlstory seems to be a more general

- . -evolutionary phenomena -

| Hans-Peter Schultze (Untversity of Kansas) provided me with a copy of his

*= _unpublished data matrix which was used in the lungfish study and Matt Friedman

" (University of Chicago) helped track-down information.on some of the more obscure
. lungfish taxa. This work represents part of my Ph.D. which‘is supported by a NERC
~ © studentship. Phil Donoghue provided useful comments ‘and advice on an earlier
. version of this talk. - '
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