
5 SDFNDJHV
5LFK )LW]-RKQ



:K\ PDNH D SDFNDJH"

��7R�VKDUH�FRGH�ZLWK�RWKHU�SHRSOH

������



:K\ PDNH D SDFNDJH"

��7R�VKDUH�FRGH�ZLWK�RWKHU�SHRSOH

������



:K\ PDNH D SDFNDJH"

��7R�VKDUH�FRGH�ZLWK�RWKHU�SHRSOH

«LQFOXGLQJ�\RXUVHOI� ODWHU
������



)XQFWLRQV DQG ZRUNIORZ

��

�� /RQJ�VFULSW�ÀOH�ZLWK�D�VHULHV�RI�FRPPDQGV� /RWV�RI�FXW�DQG�SDVWH�
P\SURMHFW�5

GDWD ���UHDG�WDEOH�ILOH�FKRRVH����KHDGHU 7��VHS ����
GDWD>>�@@ ���DV�FKDUDFWHU�GDWD>>�@@�

���

SORW�GDWD>>�@@�
SORW�GDWD>>�@@�

���

ILW� ���OP�GDWD>>�@@�a�GDWD>>�@@���GDWD>>�@@�
WKHUHVXOW ���ILWWHG�ILW��
ILW� ���OP�GDWD>>�@@�a�GDWD>>�@@�
WKHUHVXOW ���ILWWHG�ILW�� ��WKHUHVXOW

������



)XQFWLRQV DQG ZRUNIORZ

��

�� $EVWUDFW�LQWR�IXQFWLRQV� SXW�LQ�LWV�RZQ�ÀOH

SURMHFW�IXQ�5
ORDG�GDWD ���IXQFWLRQ�ILOHQDPH��^

GDW ���UHDG�FVY�ILOHQDPH�
���(UURU�FKHFNLQJ
���
���)L[�XS�GDWD�W\SHV
���
���0DNH�WUDQVIRUPHG�GDWD
���
GDW

`

ILW�PRGHOV ���IXQFWLRQ�GDWD�VHW��^
���)LW�HDFK�PRGHO
���
OLVW�PRGHO���PRGHO���PRGHO��

`

SURMHFW�5
VRXUFH��SURMHFW�IXQ�5��
GDW ���ORDG�GDWD��GDWD�P\GDWDVHW�FVY��
REM ���ILW�PRGHOV�GDW�
ZULWH�SDSHU�REM����VWLOO�EXJJ\�

������



)XQFWLRQV DQG ZRUNIORZ

��

�� $EVWUDFW�LQWR�IXQFWLRQV� SXW�LQ�LWV�RZQ�ÀOH

SURMHFW�IXQ�5
ORDG�GDWD ���IXQFWLRQ�ILOHQDPH��^

GDW ���UHDG�FVY�ILOHQDPH�
���(UURU�FKHFNLQJ
���
���)L[�XS�GDWD�W\SHV
���
���0DNH�WUDQVIRUPHG�GDWD
���
GDW

`

ILW�PRGHOV ���IXQFWLRQ�GDWD�VHW��^
���)LW�HDFK�PRGHO
���
OLVW�PRGHO���PRGHO���PRGHO��

`

SURMHFW�5
VRXUFH��SURMHFW�IXQ�5��
GDW ���ORDG�GDWD��GDWD�P\GDWDVHW�FVY��
REM ���ILW�PRGHOV�GDW�
ZULWH�SDSHU�REM����VWLOO�EXJJ\�

������



)XQFWLRQV DQG ZRUNIORZ

��

�� &ROOHFW�IXQFWLRQV�LQWR�SDFNDJH�DQG�XVH�WKDW

������



5 SDFNDJH FRQWHQWV

��
! 6RPH�LQIRUPDWLRQ�IRU�5
! 5 ÀOHV�FRQWDLQLQJ�IXQFWLRQV
! $ KHOS�ÀOH�IRU�HDFK�IXQFWLRQ

2SWLRQDOO\�
! 'DWD�VHWV
! 3') CCYLJQHWWH

�GRFXPHQWV
! &RPSLOHG�FRGH��&��&��� )RUWUDQ�

������



7KH �'(6&5,37,21� ILOH

'(6&5,37,21
3DFNDJH��KDPPHU
7LWOH��$�+DPPHU
'HVFULSWLRQ��$Q�H[DPSOH�SDFNDJH
9HUVLRQ�����
$XWKRU��5LFK�)LW]-RKQ
0DLQWDLQHU��5LFK�)LW]-RKQ �ILW]MRKQ#]RRORJ\�XEF�FD!
/LFHQVH��8QOLPLWHG

! 7HOOV�5 D�IHZ�WKLQJV�DERXW�WKH�SDFNDJH
! 8VHG�WR�FRQVWUXFW�WKH�OLVWV�RQ�&5$1
! &DQ�EH�VKRZQ�E\ OLEUDU\�KHOS KDPPHU�

������



5 ILOHV FRQWDLQLQJ IXQFWLRQV

5�IXQFWLRQV�5
VTXDVK ���IXQFWLRQ�[�

[��UXQLI�OHQJWK�[��

! $Q\�QXPEHU�RI�5 ÀOHV�WKDW�GHÀQH�IXQFWLRQV
! &RQFDWHQDWHG�DQG VRXUFH��G�ZKHQ�WKH�SDFNDJH�LV�ORDGHG

������



+HOS ILOHV

PDQ�VTXDVK�5G
?QDPH^VTXDVK`
?DOLDV^VTXDVK`
?WLWOH^6TXDVK�6RPH�1XPEHUV`
?XVDJH^

VTXDVK�[�
`
?DUJXPHQWV^

?LWHP^[`^$�QXPHULF�YHFWRU�RI�QXPEHUV�WR�VTXDVK�`
`
?GHVFULSWLRQ^

���D�ORQJHU�GHVFULSWLRQ�ZRXOG�JR�KHUH���
`
?H[DPSOHV^
VTXDVK������
`
?DXWKRU^5LFK�)LW]-RKQ`
?NH\ZRUG^PRGHO`

! (YHU\�IXQFWLRQ�PXVW�EH�GRFXPHQWHG�

������



/RDGLQJ SDFNDJHV

:KDW�KDSSHQV�ZKHQ�D�SDFNDJH�LV�ORDGHG"

!�OLEUDU\�KDPPHU�

«WKH VTXDVK IXQFWLRQ�LV�QRZ�DYDLODEOH

!�VTXDVK�����

>�@���������������������������������
>�@����������������������

�������



/RDGLQJ SDFNDJHV

:KDW�KDSSHQV�ZKHQ�D�SDFNDJH�LV�ORDGHG"

!�OLEUDU\�KDPPHU�

«WKH VTXDVK IXQFWLRQ�LV�QRZ�DYDLODEOH

!�VTXDVK�����

>�@���������������������������������
>�@����������������������

�������



/RDGLQJ SDFNDJHV

:KDW�KDSSHQV�ZKHQ�D�SDFNDJH�LV�ORDGHG"

!�OLEUDU\�KDPPHU�

«WKH VTXDVK IXQFWLRQ�LV�QRZ�DYDLODEOH

!�VTXDVK�����

>�@���������������������������������
>�@����������������������

�������



/RDGLQJ SDFNDJHV

%HIRUH�WKH�SDFNDJH�LV�ORDGHG�
!�VHDUFK��

>�@���*OREDO(QY� �SDFNDJH�VWDWV� �SDFNDJH�JUDSKLFV�
>�@��SDFNDJH�JU'HYLFHV���SDFNDJH�XWLOV� �SDFNDJH�GDWDVHWV�
>�@��SDFNDJH�PHWKRGV� �$XWRORDGV� �SDFNDJH�EDVH�

$IWHU�ORDGLQJ«
!�OLEUDU\�KDPPHU�
!�VHDUFK��

>�@���*OREDO(QY� �SDFNDJH�KDPPHU� �SDFNDJH�VWDWV�
>�@��SDFNDJH�JUDSKLFV� �SDFNDJH�JU'HYLFHV���SDFNDJH�XWLOV�
>�@��SDFNDJH�GDWDVHWV� �SDFNDJH�PHWKRGV� �$XWRORDGV�

>��@��SDFNDJH�EDVH�

5 ZLOO�XVH�IXQFWLRQV�IRXQG�LQ�WKH�ÀUVW�SRVLWLRQ�LQ�WKLV�OLVW�

�������



/RDGLQJ SDFNDJHV

%HIRUH�WKH�SDFNDJH�LV�ORDGHG�
!�VHDUFK��

>�@���*OREDO(QY� �SDFNDJH�VWDWV� �SDFNDJH�JUDSKLFV�
>�@��SDFNDJH�JU'HYLFHV���SDFNDJH�XWLOV� �SDFNDJH�GDWDVHWV�
>�@��SDFNDJH�PHWKRGV� �$XWRORDGV� �SDFNDJH�EDVH�

$IWHU�ORDGLQJ«
!�OLEUDU\�KDPPHU�
!�VHDUFK��

>�@���*OREDO(QY� �SDFNDJH�KDPPHU� �SDFNDJH�VWDWV�
>�@��SDFNDJH�JUDSKLFV� �SDFNDJH�JU'HYLFHV���SDFNDJH�XWLOV�
>�@��SDFNDJH�GDWDVHWV� �SDFNDJH�PHWKRGV� �$XWRORDGV�

>��@��SDFNDJH�EDVH�

5 ZLOO�XVH�IXQFWLRQV�IRXQG�LQ�WKH�ÀUVW�SRVLWLRQ�LQ�WKLV�OLVW�

�������



/RDGLQJ SDFNDJHV

%HIRUH�WKH�SDFNDJH�LV�ORDGHG�
!�VHDUFK��

>�@���*OREDO(QY� �SDFNDJH�VWDWV� �SDFNDJH�JUDSKLFV�
>�@��SDFNDJH�JU'HYLFHV���SDFNDJH�XWLOV� �SDFNDJH�GDWDVHWV�
>�@��SDFNDJH�PHWKRGV� �$XWRORDGV� �SDFNDJH�EDVH�

$IWHU�ORDGLQJ«
!�OLEUDU\�KDPPHU�
!�VHDUFK��

>�@���*OREDO(QY� �SDFNDJH�KDPPHU� �SDFNDJH�VWDWV�
>�@��SDFNDJH�JUDSKLFV� �SDFNDJH�JU'HYLFHV���SDFNDJH�XWLOV�
>�@��SDFNDJH�GDWDVHWV� �SDFNDJH�PHWKRGV� �$XWRORDGV�

>��@��SDFNDJH�EDVH�

5 ZLOO�XVH�IXQFWLRQV�IRXQG�LQ�WKH�ÀUVW�SRVLWLRQ�LQ�WKLV�OLVW�

�������



/RDGLQJ SDFNDJHV

:KLFK�LV�WKH�VRXUFH�RI�WKLV�ZDUQLQJ�
!�VTXDVK ���IXQFWLRQ�[���
!�OLEUDU\�KDPPHU�

$WWDFKLQJ�SDFNDJH��°KDPPHU±

7KH�IROORZLQJ�REMHFW�V��DUH�PDVNHG�BE\B�°�*OREDO(QY±�

VTXDVK

�%XW�WKLV�LV�2.��DV�WKH�JOREDO�REMHFW�LV�QRW�D�IXQFWLRQ«�
!�VTXDVK ����
!�OLEUDU\�KDPPHU�

�������



/RDGLQJ SDFNDJHV

:KLFK�LV�WKH�VRXUFH�RI�WKLV�ZDUQLQJ�
!�VTXDVK ���IXQFWLRQ�[���
!�OLEUDU\�KDPPHU�

$WWDFKLQJ�SDFNDJH��°KDPPHU±

7KH�IROORZLQJ�REMHFW�V��DUH�PDVNHG�BE\B�°�*OREDO(QY±�

VTXDVK

�%XW�WKLV�LV�2.��DV�WKH�JOREDO�REMHFW�LV�QRW�D�IXQFWLRQ«�
!�VTXDVK ����
!�OLEUDU\�KDPPHU�

�������



0\ SDFNDJHV

��
! 75$035��75)/3 $QDO\VLV�DQG�0DWFKLQJ�3DFNDJH�IRU�5

! CC0RVDLF

��ZLWK�/HLWKHQ�0
*RQLJOH�
! GLYHUVLWUHH

�������



0\ SDFNDJHV

��
! 75$035��75)/3 $QDO\VLV�DQG�0DWFKLQJ�3DFNDJH�IRU�5
! CC0RVDLF

��ZLWK�/HLWKHQ�0
*RQLJOH�

! GLYHUVLWUHH

�������



0\ SDFNDJHV

��
! 75$035��75)/3 $QDO\VLV�DQG�0DWFKLQJ�3DFNDJH�IRU�5
! CC0RVDLF

��ZLWK�/HLWKHQ�0
*RQLJOH�
! GLYHUVLWUHH

diversitree

0.1 0.2 0.3 0.4

0

5

10

15

20

25

30

Speciation rate estimate

Pr
ob

ab
ilit

y 
de

ns
ity

lambda0
lambda1

�������



9HUVLRQ &RQWURO



9HUVLRQ FRQWURO

,I�\RX
UH�JRLQJ�WR�VSHQG�WLPH�ZULWLQJ�FRGH� \RX�GRQ
W�ZDQW�WR�ORVH�DQ\�

7\SLFDO�YHUVLRQ�FRQWURO�E\�PRVW�ELRORJLVWV�ORRNV�OLNH�WKLV�
�� :ULWH P\BIXQFWLRQV�5
�� 0DNH�VRPH�FKDQJHV� VDYH�DV P\BIXQFWLRQV��5
�� :RUN�ZLWK�%RE� VDYH�DV P\BIXQFWLRQV�BDIWHUBERE�5
�� &RPH�EDFN�WR�WKH�SURMHFW�DIWHU�D�\HDU� VDYH�DV

P\BIXQFWLRQVBDIWHUBILHOGBVHDVRQ�5
�� «

,Q�WKH�HQG� WKHUH�LV�D�KXJH�PHVV�RI�ÀOHV� DQG�QR�UHFRUG�RI ZKDW
FKDQJHG�EHWZHHQ�YHUVLRQV�

:RUVH� GLIIHUHQW�YHUVLRQV�RI�IXQFWLRQV�GHSHQG�RQ�RWKHU�YHUVLRQV�RI
ÀOHV�GDWD�

�������



9HUVLRQ FRQWURO

,I�\RX
UH�JRLQJ�WR�VSHQG�WLPH�ZULWLQJ�FRGH� \RX�GRQ
W�ZDQW�WR�ORVH�DQ\�
7\SLFDO�YHUVLRQ�FRQWURO�E\�PRVW�ELRORJLVWV�ORRNV�OLNH�WKLV�

�� :ULWH P\BIXQFWLRQV�5
�� 0DNH�VRPH�FKDQJHV� VDYH�DV P\BIXQFWLRQV��5
�� :RUN�ZLWK�%RE� VDYH�DV P\BIXQFWLRQV�BDIWHUBERE�5
�� &RPH�EDFN�WR�WKH�SURMHFW�DIWHU�D�\HDU� VDYH�DV

P\BIXQFWLRQVBDIWHUBILHOGBVHDVRQ�5
�� «

,Q�WKH�HQG� WKHUH�LV�D�KXJH�PHVV�RI�ÀOHV� DQG�QR�UHFRUG�RI ZKDW
FKDQJHG�EHWZHHQ�YHUVLRQV�

:RUVH� GLIIHUHQW�YHUVLRQV�RI�IXQFWLRQV�GHSHQG�RQ�RWKHU�YHUVLRQV�RI
ÀOHV�GDWD�

�������



9HUVLRQ FRQWURO

,I�\RX
UH�JRLQJ�WR�VSHQG�WLPH�ZULWLQJ�FRGH� \RX�GRQ
W�ZDQW�WR�ORVH�DQ\�
7\SLFDO�YHUVLRQ�FRQWURO�E\�PRVW�ELRORJLVWV�ORRNV�OLNH�WKLV�
�� :ULWH P\BIXQFWLRQV�5

�� 0DNH�VRPH�FKDQJHV� VDYH�DV P\BIXQFWLRQV��5
�� :RUN�ZLWK�%RE� VDYH�DV P\BIXQFWLRQV�BDIWHUBERE�5
�� &RPH�EDFN�WR�WKH�SURMHFW�DIWHU�D�\HDU� VDYH�DV

P\BIXQFWLRQVBDIWHUBILHOGBVHDVRQ�5
�� «

,Q�WKH�HQG� WKHUH�LV�D�KXJH�PHVV�RI�ÀOHV� DQG�QR�UHFRUG�RI ZKDW
FKDQJHG�EHWZHHQ�YHUVLRQV�

:RUVH� GLIIHUHQW�YHUVLRQV�RI�IXQFWLRQV�GHSHQG�RQ�RWKHU�YHUVLRQV�RI
ÀOHV�GDWD�

�������



9HUVLRQ FRQWURO

,I�\RX
UH�JRLQJ�WR�VSHQG�WLPH�ZULWLQJ�FRGH� \RX�GRQ
W�ZDQW�WR�ORVH�DQ\�
7\SLFDO�YHUVLRQ�FRQWURO�E\�PRVW�ELRORJLVWV�ORRNV�OLNH�WKLV�
�� :ULWH P\BIXQFWLRQV�5
�� 0DNH�VRPH�FKDQJHV� VDYH�DV P\BIXQFWLRQV��5

�� :RUN�ZLWK�%RE� VDYH�DV P\BIXQFWLRQV�BDIWHUBERE�5
�� &RPH�EDFN�WR�WKH�SURMHFW�DIWHU�D�\HDU� VDYH�DV

P\BIXQFWLRQVBDIWHUBILHOGBVHDVRQ�5
�� «

,Q�WKH�HQG� WKHUH�LV�D�KXJH�PHVV�RI�ÀOHV� DQG�QR�UHFRUG�RI ZKDW
FKDQJHG�EHWZHHQ�YHUVLRQV�

:RUVH� GLIIHUHQW�YHUVLRQV�RI�IXQFWLRQV�GHSHQG�RQ�RWKHU�YHUVLRQV�RI
ÀOHV�GDWD�

�������



9HUVLRQ FRQWURO

,I�\RX
UH�JRLQJ�WR�VSHQG�WLPH�ZULWLQJ�FRGH� \RX�GRQ
W�ZDQW�WR�ORVH�DQ\�
7\SLFDO�YHUVLRQ�FRQWURO�E\�PRVW�ELRORJLVWV�ORRNV�OLNH�WKLV�
�� :ULWH P\BIXQFWLRQV�5
�� 0DNH�VRPH�FKDQJHV� VDYH�DV P\BIXQFWLRQV��5
�� :RUN�ZLWK�%RE� VDYH�DV P\BIXQFWLRQV�BDIWHUBERE�5

�� &RPH�EDFN�WR�WKH�SURMHFW�DIWHU�D�\HDU� VDYH�DV
P\BIXQFWLRQVBDIWHUBILHOGBVHDVRQ�5

�� «

,Q�WKH�HQG� WKHUH�LV�D�KXJH�PHVV�RI�ÀOHV� DQG�QR�UHFRUG�RI ZKDW
FKDQJHG�EHWZHHQ�YHUVLRQV�

:RUVH� GLIIHUHQW�YHUVLRQV�RI�IXQFWLRQV�GHSHQG�RQ�RWKHU�YHUVLRQV�RI
ÀOHV�GDWD�

�������



9HUVLRQ FRQWURO

,I�\RX
UH�JRLQJ�WR�VSHQG�WLPH�ZULWLQJ�FRGH� \RX�GRQ
W�ZDQW�WR�ORVH�DQ\�
7\SLFDO�YHUVLRQ�FRQWURO�E\�PRVW�ELRORJLVWV�ORRNV�OLNH�WKLV�
�� :ULWH P\BIXQFWLRQV�5
�� 0DNH�VRPH�FKDQJHV� VDYH�DV P\BIXQFWLRQV��5
�� :RUN�ZLWK�%RE� VDYH�DV P\BIXQFWLRQV�BDIWHUBERE�5
�� &RPH�EDFN�WR�WKH�SURMHFW�DIWHU�D�\HDU� VDYH�DV

P\BIXQFWLRQVBDIWHUBILHOGBVHDVRQ�5

�� «

,Q�WKH�HQG� WKHUH�LV�D�KXJH�PHVV�RI�ÀOHV� DQG�QR�UHFRUG�RI ZKDW
FKDQJHG�EHWZHHQ�YHUVLRQV�

:RUVH� GLIIHUHQW�YHUVLRQV�RI�IXQFWLRQV�GHSHQG�RQ�RWKHU�YHUVLRQV�RI
ÀOHV�GDWD�

�������



9HUVLRQ FRQWURO

,I�\RX
UH�JRLQJ�WR�VSHQG�WLPH�ZULWLQJ�FRGH� \RX�GRQ
W�ZDQW�WR�ORVH�DQ\�
7\SLFDO�YHUVLRQ�FRQWURO�E\�PRVW�ELRORJLVWV�ORRNV�OLNH�WKLV�
�� :ULWH P\BIXQFWLRQV�5
�� 0DNH�VRPH�FKDQJHV� VDYH�DV P\BIXQFWLRQV��5
�� :RUN�ZLWK�%RE� VDYH�DV P\BIXQFWLRQV�BDIWHUBERE�5
�� &RPH�EDFN�WR�WKH�SURMHFW�DIWHU�D�\HDU� VDYH�DV

P\BIXQFWLRQVBDIWHUBILHOGBVHDVRQ�5
�� «

,Q�WKH�HQG� WKHUH�LV�D�KXJH�PHVV�RI�ÀOHV� DQG�QR�UHFRUG�RI ZKDW
FKDQJHG�EHWZHHQ�YHUVLRQV�

:RUVH� GLIIHUHQW�YHUVLRQV�RI�IXQFWLRQV�GHSHQG�RQ�RWKHU�YHUVLRQV�RI
ÀOHV�GDWD�

�������



9HUVLRQ FRQWURO� VROXWLRQV

�������



9HUVLRQ FRQWURO� UHYLVLW ROG YHUVLRQV

�������



9HUVLRQ FRQWURO� VHH ZKDW \RX FKDQJHG

�������



9HUVLRQ FRQWURO� VHH ZKHQ \RX ZURWH WKDW PLVWDNH

�������



9HUVLRQ FRQWURO� VHH ZKHQ \RX ZURWH WKDW PLVWDNH

�������



4XHVWLRQV"


