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Additional models in BioGeoBEARS

- Connectivity matrices

- User-specified dispersal probability multipliers
- Geographic distance matrices

- Environmental distance matrices

- Any of these can be “time-stratified”

- Appearing/disappearing areas

All code online at:
http://phylo.wikidot.com/BioGeoBEARS


http://phylo.wikidot.com/BioGeoBEARS

These models leave out traits!

* All of the models discussed so far assume
the dispersal rate is constant across the
tree

* (might be modified by distance or
connectivity, but not by the lineage)

* [t’'s GOT to be important
e Seed dispersal syndromes
* Rafting & colonization ability
* Flying/nonflying, etc.



Case study: Pacific Rails

“Typical Rails”

Data from:

Jeremy J. Kirchman
Curator of Birds
New York State Museum
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Snoring rail, Aramidopsis plateni
(flightless, Sulawesi)

Adolf Meyer (1898), The Birds of Celebes
and the neighbouring islands. https://
en.wikipedia.org/wiki/Snoring_ rail
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Living and extinct Rail distributions (Kirchman 2012)
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Fic. 1. Map showing the distribution of all known living and extinct (1) flightless species of “typical” rails from Pacific islands. The ranges of the volant

Source: Kirchman, Jeremy J. (2012). Speciation of Flightless Rails on Islands: A DNA-Based Phylogeny of the Typical Rails of the Pacific, The Auk, 129(1):56-69.



Living and extinct Rail distributions (Kirchman 2012)

r Okinawa
’ .ot Habropteryx okinawae

) o Northern Mariana Islands »
Phillppines + Gallisalivopendioniontes
Gallirallus calayanensis T —
) S - Wake Island
Geriner —
¥ Guam ’ :
/ Galliralius owstoni
Halmahera ' .
Habroptila wallacii
f/ New Britain New lreland -
3 - Hab?ptfwm Marquesas Islands

-, . Tioniianiinmepuissioss

‘ ,&) \ Solomon Islands ' e

- .t N Nesoclopeus p. immaculatus TOwN e ey s —

‘, ~ . N~ : " -
~ ‘aN  Gallirallus rovianae .
. - LY .
S“|awe_5' ' New Guinea™" ~ .
Aramidopsis plateni Amaurornis ineptus \l Fiji Yy Cook Islands
- . . . . -
b - Niue . Society Islands
., - RS CalGhiasonnonenT
\ Tonga : : :
New Caledonia Toniinlvevsimmeials Collonlivoposifonm=
S
* Lord Howe Island
Tricholimnas sylvestris

New Zealand
Gallirallus australis

* Chatham Islands
S
hGaltinivedietonieehii

Fic. 1. Map showing the distribution of all known living and extinct (1) flightless species of “typical” rails from Pacific islands. The ranges of the volant

Source: Kirchman, Jeremy J. (2012). Speciation of Flightless Rails on Islands: A DNA-Based Phylogeny of the Typical Rails of the Pacific, The Auk, 129(1):56-69.



https://en.wikipedia.org/wiki/Tahiti_rail

r

"™

e

llus pacificus

Gallira

Tahiti Rail



https://en.wikipedia.org/wiki/Tahiti_rail

(4) 1G. pacificus of Tahiti, known only from a painting made by
Georg Forster on James Cook’s second voyage.

Source: Kirchman, Jeremy J. (2012). Speciation of Flightless Rails on Islands: A DNA-Based Phylogeny of the Typical Rails of the Pacific, The Auk, 129(1):56-69.
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as (S|mpI|ﬁed from Kirchman)

Jkinawa
- Habropteryx okinawae

Northern Mariana Islands »
tGallirallus pendiculentus
tGallirallus pisonii .
tGallirallus temptatus Wake Island

. . FGallirallus wakensis
Guam
ﬁ Galliralius owstoni :
‘ Halmahera * o

L t  Habroptila wallacii

Philippines
Gallirallus calayanensis E

6/ New Britain New Ireland *
Habrop teryx insignis 1Galfirallus ernstmayri Marquesas Islands
E \/ tGallirallus epularis
Solomon Islands ‘ tGallirallus gracilitibia
: wra l Nesoclopeus p. immaculatus tGallirallus roletti
r—y / ~ N\ Gallirallus rovianae .
. - - -
Sulawesi New Guinea™" - I
Aramidopsis platenf Amaurornis ineptus : Fiji Cook Islands

\:& fNesoIcggeus poec:lopterus +Gallirallus ripleyi
- . . -
) - Niu. _ Society Islands
\‘ . Tonaa tGallirallus huigtua tGallirallus storrsolsoni
g tGalliralius pacificus

New Caledonia 1Gallirallus vekamatolu
tiricholimnas lafresnayanus

* Lord Howe Island

m Tricholimnas sylvestris

New Zealand
Gallirallus australis

m Chatham Islands

tCabalus modestus
tGaliirallus dieffenbachii

Fic. 1.

Map showing the distribution of all known living and extinct (1) flightless species of “typical” rails from Pacific islands. The ranges of the volant

Source: Kirchman, Jeremy J. (2012). Speciation of Flightless Rails on Islands: A DNA-Based Phylogeny of the Typical Rails of the Pacific, The Auk, 129(1):56-69.




Areas (simplified from Kirchman) g soiomon isiands

{A Phillipines H New Zealand [l Cook Islands
Sulawesi [A Okinawa m Chatham Islands
'd Mollucas 'H Guam/Marianas [N Lord Howe Island

[DE PNG, Australia [ New Britain [@ Wake Island

/ Taiwan E . .
Mariana Islands )

" ¢ km
' Hawaiian m:m
‘- Philippines E Marshall Islands Islands O 1 000 2000

\ ) .
1 . Y -

] ~
Palau Yz .
- . Pohnpei : | N
Chuuk - . @ N
o ! Kosrae | \
5 & Gilbert Islands
S 4 . \ Kinma . \
N Line
| & .,- 3 . : s o0 TN Phoenix Islands | lslands \
v K, Bismarcks : 3 | N
| - D= N Solomon - Tokelau =
o ':'- - L, N\ = \ ' :\.\. . lslands ' ' ' ® ~
Fa : - ’ I e ~ e
L o P J e Samoa Marquesas
I 4 § 5 Wallis & _ | Islands e oy
o ;e - 4 -,
& e? L. Vanuatu 4, Fy , P Cook Society Islands ~
4 - w ) | Islands . ~
‘4,‘ \ 5\ g . . \ Tahiti Y Tuamotus N
3 0 N ‘e ki Nive e 2 ko
\ oW X *
e b Tonga \ Gambier - ~

. Caledonia \ = .
Australia t N Austral Islands . \
1 . ncarn Grow
| " Pitcairn Group Eastas
G G 5 Island /
————————— /

o

4 -
>N - J .‘ New
L i I Zealand

| I Il“@]ll I I
o o o o o o
120 150 180 150 120 90

Source: Figure 1 of: Kirchman, Jeremy J.; Steadman, David W. (2006).

Ficure 1. Oceania. Dashed line indicates the East Polynesia faunal region. New Species of Rails (Aves: Rallidae) from an Archaeological Site on
Huahine, Society Islands. Pacific Science (2006), 60:2, 281-297.



Dated phylogeny of typical Rails (simplified from Kirchman)
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Clearly the group has dispersed
...but probably they were flying to do it!

Build a trait-based dispersal model

1. Trait flight/flightlessness trait evolves on tree
Parameters of model:
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Build a trait-based dispersal model

1. Trait flight/flightlessness trait evolves on tree
Parameters of model:
t12 -> Rate of flight loss
t21 -> Rate of flight gain
m2 -> Multiplier on dispersal
prob. while flightless



Clearly the group has dispersed
...but probably they were flying to do it!

Build a trait-based dispersal model

1. Trait flight/flightlessness trait evolves on tree
Parameters of model:
t12 -> Rate of flight loss
t21 -> Rate of flight gain
mZ2 -> Multiplier on dispersal
prob. while flightless
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Clearly the group has dispersed
...but probably they were flying to do it!

Build a trait-based dispersal model

1. Trait flight/flightlessness trait evolves on tree
Parameters of model:
t12 -> Rate of flight loss
t21 -> Rate of flight gain
mZ2 -> Multiplier on dispersal
prob. while flightless
2. Combine trait model with anagenetic dispersal

FLY NOT

FLY - t12

NOT ({21




Clearly the group has dispersed
...but probably they were flying to do it!

Build a trait-based dispersal model

3. Cladogenetic parameters of model:
jt12 -> Chance of “jumping” from flight->
flightless during founder-event speciation



Trait-dependent DEC model

Traditional:
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DEC+) model: add trait to jump
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DEC+) model: add trait to jump
(Matzke 2014)

Traditional: Trait-dependent:




Cladogenetic range-change model: DEC
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Trait-based cladogenetic model: DEC+])

Cladogenetic range-change events:
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Results
Model
choice
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DEC 3.84 194 331 0.94 4 -119.6 37.6 0.0%
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DEC 3.81 2.01 2.58 3 -120.3 36.2 0.0%
DEC 0.15 0.00 0.16 2.84 4 -107.5 135 0.1%
DEC 2.50 1.69 3.60 1.28 1.00 5 -1194 403 0.0%
DEC 0.18 0.00 0.82 437 1.12 0.75 6 -104.2 13.3 0.1%
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Conclusions

1. Trait-based dispersal models are
feasible, at least for moderate-sized
problems

(key issue: size of matrices)

2. Trait evo. & its influence on
dispersal can be revealed by
parameter estimation

3. Combinable with distance, etc.

o l/ g g -z&

Snoring rail, Aramidopsis plateni

(flightless, Sulawesi) 4. Adding to BioGeoBEARS; email me
b perlivm it vk to try it: nick.matzke@anu.edu.au

en.wikipedia.org/wiki/Snoring_ rail
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