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S TUTVWXYT Z [\[\] ^_^`abcd_e fcbgcf bc fdhi jkkk bel mg_n f n dco ^ig pb^dcb gi^g_l`pcd_e q rst cobc bacigebcif uicniie k vw bel jvx v
S TUTVWXYT Z [\[y] ^_^`abcd_e fcbgcf bc fdhi jkkk bel mg_n f n dco ^ig pb^dcb gi^g_l`pcd_e q rst cobc bacigebcif uicniie k vz bel jvx v
S TUTVWXYT Z [\[{] ^_^`abcd_e fcbgcf bc fdhi jkkk bel mg_n f n dco ^ig pb^dcb gi^g_l`pcd_e q rst cobc obf b cogii |ibg p|pai } ~gfc k vz }
coie k v� } bel coie jvw v
S TUTVWXYT Z [\[�] ^_^`abcd_e fcbgcf bc fdhi jkkk bel mg_n f n dco ^ig pb^dcb gi^g_l`pcd_e q rst cobc obf b cogii |ibg p|pai } ~gfc k vz }coie k v� } bel coie jvx v� �e ibpo _� coi �_ aa_n dem ^_^`abcd_ef } d�� dmgbcd_e pobemif _�ig cd� i bpp_gldem c_ b ~�il ^bccige rgbcoig cobe bgbel_� ^bccige t v �_g ibpo ^_^`abcd_e } ~el coi ^_^`abcd_e de ibpo _� coi ~gfc w |ibgf bel f�icpo b mgb^o v �_|_` code� dc n daa mg_n _g fogde� de coi a_em g`e� �del coi b�igbmi d�� dmgbcd_e de ibpo pbfi v �_if be b�igbmimgibcig cobe hig_ � ibe cobc coi ^_^`abcd_e df mg_n dem�
S TUTVWXYT Z [\[�] ^_^`abcd_e fcbgcf bc fdhi jkk } bel gipid�if jk d�� dmgbecf de coi ~gfc |ibg } a_fif x i� dmgbecf de coi fip_el |ibg }
gipid�if jk d�� dmgbecf de coi codgl |ibg bel f_ �_gco v
S TUTVWXYT Z [\[Z] ^_^`abcd_e fcbgcf bc fdhi jkk } bel gipid�if jk d�� dmgbecf de coi ~gfc |ibg } a_fif j� i� dmgbecf de coi fip_el|ibg } gipid�if jk d�� dmgbecf de coi co dgl |ibg bel f_ �_gco v
S TUTVWXYT Z [\[�] ^_^`abcd_e fcbgcf bc fdhi xk } bel gipid�if jk d�� dmgbecf de coi ~gfc |ibg } a_fif j� i� dmgbecf de coi fip_el |ibg }
bel mbdef x d�� dmgbecf de coi co dgl |ibg v �c coie gi^ibcf codf cogii |ibg p|pai v
S TUTVWXYT Z [\[�] ^_^`abcd_e fcbgcf bc fdhi �k } bel obf b fd� |ibg p|pai � mbde j} a_fi � } mbde � } a_fi � } mbde � } a_fi � v� �oi �_aa_n dem cbuai md�if coi ^ ig pb^dcb gi^g_l`pcd_e �_g � ^_^`abcd_ef _�ig b ^ igd_l _� jk |ibgf v �del coi ^_^`abcd_e_�ig coi cie |ibgf fcbgcdem �g_� coi md�ie de dcdba ^_^`abcd_e } f�icpo b mgb^o } bel poip� noicoig coi ^_^`abcd_e obf
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depgibfil _g lipgibfil v �del coi b�igbmi ^ ig pb^ dcb gi^g_l`pcd_e rbll `^ coi jk �ba`if �_g ^ ig pb^dcb gi^g_l`pcd_ebel ld�dli u| jkt v �_if be b�igbmi mgibcig cobe _ei banb|f � ibe cobc coi ^_^`abcd_e df mg_n dem�
� g_nco _� � g_nco _� � g_nco _� � g_nco _�

�ibg ^_^`abcd_e j ^_^`abcd_e � ^_^`abcd_e � ^_^`abcd_e �
j jvk�k k vwzk k v�wk k v��z� k v��w k v�zk k v�� j jvk�k� k vxw� jvk�k jv�xk jvjkk� jvkxk jv��k k v�ww jvk�kx k vxkz k vwk� jv�wk jvjjk
w k v� j� k v�� j k vzw� k v�� jz k vw�� k v� jj jv�zk jvk�k
� k vz j� jv�xk k v�wz jvjjk� jv�wk k v��� jvj�k k v��xjk jv�xk jv��k k v��� k v�x�

S TUTVWXYT Z [\[�
�_^`abcd_e j fcbgcdem �g_� jkk deld�dl`baf v
S TUTVWXYT Z [\[\�
�_^`abcd_e � fcbgcdem �g_� xk deld�dl`baf v
S TUTVWXYT Z [\[\\
�_^`abcd_e � fcbgcdem �g_� xkk deld�dl`baf v
S TUTVWXYT Z [\[\y
�_^`abcd_e � fcbgcdem �g_� �kk deld�dl`baf v� �oi �_aa_n dem cbu ai md�if coi d�� dmgbcd_e r^_fdcd�i �ba`ift _g i� dmgbcd_e reimbcd�i �ba`ift �_g � ^_^`abcd_ef _�igb ^ igd_l _� jk |ibgf v � del coi ^_^`abcd_e b�cig jk |ibgf fcbgcdem �g_� coi md�ie dedcdba ^_^`abcd_e } bel poip�noicoig coi ^_^`abcd_e obf depgibfil _g lipgibfil v � del coi b�igbmi d�� dmgbcd_e rbll `^ coi jk �ba`if belld�dli u| jkt v �_if be b�igbmi mgibcig cobe hig_ � ibe cobc coi ^_^`abcd_e df mg_n dem�

�obemi de �obemi de �obemi de �obemi de
�ibg ^_^`abcd_e j ^_^`abcd_e � ^_^`abcd_e � ^_^`abcd_e �j � j j k� � j � �j �� j �j k �� �� � j ��x �� k �� �w �� k �j jz �� � �� ��
� � �� j k� k �j k jjk � � � � j

S TUTVWXYT Z [\[\{
�_^`abcd_e j fcbgcdem �g_� jk deld�dl`baf v
S TUTVWXYT Z [\[\�
�_^`abcd_e � fcbgcdem �g_� �k deld�dl`baf v
S TUTVWXYT Z [\[\�
�_^`abcd_e � fcbgcdem �g_� jk deld�dl`baf v
S TUTVWXYT Z [\[\Z
�_^`abcd_e � fcbgcdem �g_� xk deld�dl`baf v� �ifpgdui nobc n_`al ob^^ie c_ b ^_^`abcd_e �_aa_n dem coi � bg�_� pobde �_g _ pp`^bcd_e bel i�cdepcd_e ri�`bcd_efw v� bel w v�t de coi �_ aa_n dem f^ ipdba pbfif v
S TUTVWXYT Z [\[\��oi ^g_ubudadc| _� be i�^c| dfabel uidem _ pp`^dil bel coi ^g_ubudadc| _� be _ pp`^dil dfabel uip_� dem i�^c| bgi
u_co i�`ba c_ jv
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S TUTVWXYT Z [\[\��oi ^g_ubudadc| _� be i�^c| dfabel uidem _ pp`^dil df k bel coi ^g_ubudadc| _� be _ pp`^dil dfabel uip_� dem i�^c|df k vx v
&��,*+&'*	-0

� �oi �_aa_n dem cbuai lifpgdu if ^_^`abcd_ef cobc bgi mg_n dem cog_`mo gi^g_l`pcd_e v �_g ibpo } f�icpo b mgb^o } ~elcoi ^ig pb^dcb gi^g_l`pcd_e de ibpo |ibg } bel lifpgdu i coi mg_nco _� coi ^_^`abcd_e de n_glf v
�ibg �_^`abcd_e j �_^`abcd_e � �_^`abcd_e � �_^`abcd_e �j jkk jkk jkk jkk� jjk jjk �� ��� j� j j�� jk� ww� j�� j�� jj� jk�x j�w jxk j�x jxjw jw j jwz jw j j��z jzz j� j jx� �k j
� j�x �kk jww jz�� �j� ��� j�� �z�jk ��w ��� ��k jwkjj �x� �zz ��x jj�

S TUTVWXYT Z [\[\�

 obc df coi ^ig pb^dcb gi^g_l`pcd_e _� ^_^`abcd_e j l`gdem coifi |ibgf� 
 oie n daa coi ^_^`abcd_e gibpo xkk�
S TUTVWXYT Z [\[y�

 obc df coi ^ig pb^dcb gi^g_l`pcd_e _� ^_^`abcd_e � l`gdem coifi |ibgf� 
 oie n daa coi ^_^`abcd_e gibpo xkk�
S TUTVWXYT Z [\[y\

 obc df coi ^ig pb^dcb gi^g_l`pcd_e _� ^_^`abcd_e � l`gdem coifi |ibgf� 
 oie n daa coi ^_^`abcd_e gibpo xkk�
S TUTVWXYT Z [\[yy

 obc df coi ^ig pb^dcb gi^g_l`pcd_e _� ^_^`abcd_e � l`gdem coifi |ibgf� 
 oie n daa coi ^_^`abcd_e gibpo xkk�� �oi �_aa_n dem cbuai lifpgdu if ^_^`abcd_ef cobc bgi mg_n dem cog_`mo d�� dmgbcd_e _g i� dmgbcd_e v �_g ibpo } f�icpo bmgb^o } ~el coi e`�uig _� deld�dl`baf cobc bggd�il _g ai�c de ibpo |ibg } bel lifpgdui coi mg_nco _� coi ^_^`abcd_ede n_glf v

�ibg �_^`abcd_e j �_^`abcd_e � �_^`abcd_e � �_^`abcd_e �j xk xk xk xk� x� xj x� x�� x� x� xw x�� xw x� wk x�x x� xz w� w�w wk x� w� wxz w� w� w� z�
� w� wx z� w�� ww ww zx z�jk w� wz zz zkjj zk w� z� zk

S TUTVWXYT Z [\[y{

 obc df coi pobemi de ^_^`abcd_e j l`gdem coifi |ibgf� 
 oie n daa coi ^_^`abcd_e gibpo jkk�
S TUTVWXYT Z [\[y�

 obc df coi pobemi de ^_^`abcd_e � l`gdem coifi |ibgf� 
 oie n daa coi ^_^`abcd_e gibpo jkk�
S TUTVWXYT Z [\[y�

 obc df coi pobemi de ^_^`abcd_e � l`gdem coifi |ibgf� 
 oie n daa coi ^_^`abcd_e gibpo jkk�
S TUTVWXYT Z [\[yZ

 obc df coi pobemi de ^_^`abcd_e � l`gdem coifi |ibgf� 
 oie n daa coi ^_^`abcd_e gibpo jkk�
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� �`^^_fi coi fcbci _� ^_^`abcd_ef _e �_`g dfabelf bgi lifpgduil de coi �_ aa_n dem cbuai v
�ibg �fabel j �fabel � �fabel � �fabel �k �pp`^dil �pp`^dil �pp`^dil �pp`^dilj ��cdepc �pp`^dil �pp`^dil ��cdepc� �pp`^dil ��cdepc �pp`^dil �pp`^dil� ��cdepc �pp`^dil ��cdepc �pp`^dil� �pp`^dil �pp`^dil �pp`^dil ��cdepcx �pp`^dil ��cdepc �pp`^dil �pp`^dil
w �pp`^dil �pp`^dil ��cdepc ��cdepcz ��cdepc �pp`^dil �pp`^dil �pp`^dil
� �pp`^dil ��cdepc �pp`^dil ��cdepc

�_g ibpo } daa`fcgbci nobc df ob^^iedem n dco b mgb^o } bel lifpgdui dc de n_glf v �_if be| _� coi dfabelf ob�i b^bccige cobc pbe ui lifpgdu il licig� dedfcdpbaa|�
S TUTVWXYT Z [\[y�
�e dfabel jv
S TUTVWXYT Z [\[y�
�e dfabel � v

S TUTVWXYT Z [\[y�
�e dfabel � v

S TUTVWXYT Z [\[{�
�e dfabel � v� �oi fd�^ai �_liaf _� fc_pobfcdpdc| lifpgduil de coi u__� aib�i _`c b a_c _� u d_ a_mdpba licbda v � fi |_`g d� bmdebcd_ec_ bll f_�i _� cobc licbda ubp� v
S TUTVWXYT Z [\[{\�ode� _� cn_ ud_a_mdpba �bpc_gf cobc bgi eimaipcil de coi fc_ pobfcdp � _lia �� � q rst�� } i�`bcd_e w vjv
S TUTVWXYT Z [\[{y�ode� _� cogii �bpc_gf eimaipcil de coi fc_pobfcdp � _lia _� d�� dmgbcd_e ri�`bcd_e w v�t v
S TUTVWXYT Z [\[{{�ode� _� cn_ �bpc_gf eimaipcil de coi � bg�_� pobde �_lia _� ^gifiepi bel bufiepi _e b dfabel ri�`bcd_ef w v� bel
w v�t v



������� �

� ���	��

� ����� �74 ? 8?@;5:=83 < =;; � 4 	RR 59:4C 834 >434C5:=83 B 
RR 59:4C :<8 B ��R 59:4C :7C44 B � QR 59:4C 98@C B
��	 59:4C GE4 53D 
�
 59:4C A=H K �7=A ? 8?@;5:=83 =A A7C=3N=3> K �7=A =A A@C?C=A=3> � 465@A4 :74 5E4C5>4
? 4C 65? =:5 C4?C8D@6:=83 =A IR �	 � Q ��J�� � Q �R� � QK

0

200

400

600

800

1000

1200

0 1 2 3 4 5 6

po
pu

la
tio

n

Time

� ���� � �74 ?8?@;5:=83 < =;; � 4 
RR 59:4C 834 >434C5:=83 B 	�R 59:4C :<8 B QRR� 59:4C :7C44 B 
R	 59:4C 98@C B
	�� 59:4C GE4 B 53D QR Q	 59:4C A=H K �7=A ? 8?@;5:=83 =A >C8< =3> B �@: E4CM A;8< ;MK �74 5E4C5>4 ? 4C 65? =:5C4?C8D@6:=83 =A IR �
 � R �
 � Q �	J�� � Q �R	
 � QK

0

200

400

600

800

1000

1200

0 1 2 3 4 5 6

po
pu

la
tio

n

Time

� ���� � �74 ? 8?@;5:=83 =A QQR B QR� B QQ� B QQR B Q�R B QQ� D@C=3> :74 GCA: A=H M45CA K 2: =A >C8< =3> B 683A=A:43:< =:7 :74 956: :75: :74 5E4C5>4 3@F� 4C 89 =FF =>C53:A =A IQR � I��JJ�� � � �� K
�



	 ���� ��� �	 �������

100

120

0 1 2 3 4 5 6

po
pu

la
tio

n

Time

� ���� � �74 ?8?@;5:=83 =A 	R B �� B �� B 	� B � QB �	 D@C=3> :74 GCA: A=H M45CA K 2: =A >C8< =3> B 683A=A:43: < =:7:74 956: :75: :74 5E4C5>4 3@F� 4C 89 =FF =>C53:A =A IQR � I� Q�J � �J�� � QK

40

50

60

70

0 1 2 3 4 5 6

po
pu

la
tio

n

Time

� ���� � �74 ? 8?@;5:=83 59:4C Q >434C5:=83 =A Q �R� �QRR � QR� B 53D 59:4C � >434C5:=83A =A R ���	 �QR� � 
 Q ����
53D A8 98C:7 K � 9:4C QR >434C5:=83A B :74 ? 8?@;5:=83 =A Q
 K�	� K �74 5E4C5>4 ? 4C 65? =:5 C4?C8D@6:=83 =A
R K�
 QB <7=67 =A ;4AA :753 QKR B 683A=A:43: < =:7 :74 956: :75: :7=A ? 8?@;5:=83 A7C=3NA K

0

20

40

60

80

100

120

0 2 4 6 8 10

po
pu

la
tio

n

Time

� ������ � 9:4C QR >434C5:=83A B :74 ? 8?@;5:=83 =A 
R QKR�� K �74 5E4C5>4 ? 4C 65? =:5 C4?C8D@6:=83 =A QKR�� B
<7=67 =A >C45:4C :753 QKR K �7=A =A 683A=A:43: < =:7 :74 956: :75: :7=A ?8?@;5:=83 >C8< A K

0

100

200

300

400

500

600

700

800

0 2 4 6 8 10

po
pu

la
tio

n

Time






� ����� � � 9:4C 834 M45C B :74 ? 8?@;5:=83 =A QR � � � Q� B 53D 59:4C :<8 M45CA =: =A Q� � Q � QQ 53D A8 98C:7 K
�83:=3@=3> =3 :7=A <5MB <4 G3D :75: :74 ?8?@;5:=83 59:4C QR M45CA =A A:=;; QR B @36753>4D K �74 5E4C5>4=FF =>C5:=83 =A 4H56:;M R B 683A=A:43: < =:7 :74 ;56N 89 6753>4 K

0
1
2
3
4
5
6
7
8
9

10
11
12

0 2 4 6 8 10

po
pu

la
tio

n

Time

� ����� � �74 ? 8?@;5:=83 59:4C QR M45CA =A � K �74 5E4C5>4 =FF =>C5:=83 =A �R K� B 683A=A:43: < =:7 :74 D46C45A4=3 ? 8?@;5:=83 K

0

2

4

6

8

10

12

0 2 4 6 8 10

po
pu

la
tio

n

Time

� ����� � �74 =A;53D <8@;D �@F? �56N 53D 98C:7 � 4:<443 � 4=3> 4F?:M 53D � 4=3> 8 66@?=4D B A< =:67=3>
4E4CM M45C K� ����� � �4:<443 M45CA Q 53D � B :74 ? 4C 65? =:5 C4?C8D@6:=83 =A :74 C5:=8 89 :74 ? 8?@;5:=83 A=�4A B 8C
QQQ�QRR� QKQK �74 A5F 4 78;D D@C=3> :74 34H: =3:4CE5; 53D A8 83 K �7=A ? 8?@;5:=83 =A >C8< =3> D4:4C�
F=3=A:=65;;M < =:7 ?4C 65? =:5 C4?C8D@6:=83 QKQK 2: < =;; C4567 �RR <743 QRR � Q �Q� � �RR B 8C Q �Q� � � B 8C
� � ;3 I�J� ;3 IQ �QJ � Q	 �
 B 8C 59:4C Q
 M45CA K

0

50

100

150

200

250

300

0 2 4 6 8 10

po
pu

la
tio

n

Time

� ������ O@C=3> :74 GCA: QR M45CA B :74 ? 4C 65? =:5 C4?C8D@6:=83 =A R K
� B QKR� B QKQ� B QKQ� B QKQ
 B R K
� B QKR� BQKQR B QK�	 53D QKR� K �74A4 E5;@4A 5E4C5>4 QKR
� B 53D :5N4 83 E5;@4A 95=C;M 6;8A4 :8 QKQR 4E4CM M45C B �@:A8F4:=F4A 5C4 ;4AA :753 QK 2 <8@;D >@4AA =: F =>7: :5N4 ;83>4C :753 Q
 M45CA :8 C4567 �RR B � 465@A4 :74�5D M45CA A;8< =: D8<3 K



� ���� ��� �	 �������

0

50

100

150

200

250

300

0 2 4 6 8 10

po
pu

la
tio

n

Time

� ����� � O@C=3> :74 GCA: QR M45CA B :74 6753>4 =A � 4E4CM M45C K 2: <8@;D :5N4 4H56:;M �� M45CA :8 C4567QRR K

50

55

60

65

70

0 2 4 6 8 10

po
pu

la
tio

n

Time

� ����� � O@C=3> :74 GCA: QR M45CA B :74 6753>4 =A � B � B � B � B � B � B � B � B � 53D � K �74A4 5E4C5>4 � K
 ? 4C
M45C B 53D C53>4 9C8F � :8 � K 2: <8@;D :5N4 5� 8@: �R�� K
� Q
 K� M45CA :8 C4567 QRR K

50

55

60

65

70

75

80

0 2 4 6 8 10

po
pu

la
tio

n

Time

� ����� �

0 1 2 3 4 5 6 7 8

Time

Island 1

extinct

occupied

�7=A =A;53D �@F?A �56N 53D 98C:7 B �@: A44F A :8 � 4 8 66@?=4D F8C4 89:43 :753 @3866@? =4D K
� ����� �






0 1 2 3 4 5 6 7 8

Time

Island 3

extinct

occupied

�7=A =A;53D :43DA :8 � 4 8 66@? =4D 98C 5 94< M45CA 53D :743 4H:=36: 98C Q M45C K� ���� �� QK �74 ?4C 65? =:5 C4?C8D@6:=83 D84A 38: D4? 43D 83 :74 ? 8?@;5:=83 A=�4 K � K �74C4 =A 38
=FF =>C5:=83 8C 4F =>C5:=83 K
� ����� � QK 2: D8 4A3 �: :5N4 =3:8 5668@3: :74 A=�4 89 :74 ? 8?@;5:=83 K � K 2: D8 4A3 �: :5N4 =3:8 5668@3: 8:74C
345C�M =A;53DA :75: F =>7: 5;A8 � 4 8 66@?=4D 8C @38 66@?=4D K


