Fevenikl T™ne Awatiipnone
ENAWEIAQUHEVWV EI0WV

-+ EKTipnon yveveTikAC diapopoTmoinong o€
HiIkpoUC mAnBuopouc

* AIHOHIKTIK KATATTTWON KAl YEVETIKO (PoPTio

- EKTipnon avaykng - emituxiagc eHmAOUTIOHWY
Kadl gloaywyng €1dwv Kai wAnbuouwv

- [eveTIKN TNC amokaTaoTaong Twv €1OWV

Kpuo-ouvtnpnon vagetwy, TEXVNTA Yovigoroinon,
KAwvoroinon



O 60¢c Malikoc Apaviouoc

Ta yewAoyika dcdopéva urodeikvuouv B palikoUc agpaviopoug

sIdwv

Eni Tou mapovroc cipaore paprtupec Tou 6ou palikol agpaviopou
Baoikdc unelBOuvocg o1 avBpwroyeveic mapepPaocic:
‘KataoTpowéc N/Kai KATAKEPHATIOHOC YUOIKOU mePIPAAAOVTOC

‘Kuvnyi

Tagivopikn ApIBUOC % TWvV Opadwv
ouada QAQAVITUWYV TTOU Xabnkav
©OnAaaoTika 85 2.1

Mrnva 113 1.3

Eptretd 21 0.3
AuoiBia 2 0.05

Yapia 23 0.1
AaT1TovOUAQ 98 0.01

Putd 384 0.2

24
12

62

% TWV E10WV
TTOU ATTEIAOUVTAI

O puBuoc Twv
adPaviopwy emiTaxuveral

A@aviopoi mov kataxwpnOnkav awd to 1900



[CeveTikn TTAnGUouwv

* YEVETIKA Oopn €vOC wAnBuopuou

« aAAnAdpoppa Opada atopwy Tou idiou
£i00UC TTOV UTTOPOUV vd

* YEVOTUTIOI ,
olaaTaupwOouv

TTpoTuTta YEVETIKAC TTOIKIAOTNTAC 0€ TTANBUGHOUC
AAAQYEC OTN YEVETIKA OOUA OTO XPOVO KAl OTO XWPO



TTAnBuoyoi:

MéAn €V6C 08§OUGA|K6 A population:
avamrapayopevou €idouc
gival ikava va
diaoTavpwvovTrdai, va
TaAPAyouVv YOVIHOUC
dwoyovouC Kdai vd
poipalovrail gia Koiviy
vovidiakn ds€apevn

Fovidiakn dc€apevn civai
TO auvol}o Twv ® "GenePool °®
aAI'\nAouopcpt'uv oAwv TwWvV ' *,%'
aropwv ot €vav wAnbuopo




TTAnBGuouoi

- AlapopeTika £idn dev
avraAAdooouv yovidia
peTall Toug pe
diaoTavpwon

- ‘BEvac wAnBuouoc civair pia
opada opyaviopwv Tou
idlov €idouc mou
kataAappavouv pia
OUYKEKPIHEVN TEPIOXN




TTAnGuoypoi

Ta yéAn evoc wAnGuopuou
diapépouv HETAEL TOUC

H woikiAdTnTa civar To
akartépyaoTto VAIkKO uroPpaBpo
via TiIc €€eAIKTIKEC aAAayEC

. . . Lampropeltis getulus:
XapakTNPEG WOV KAVOUV EVAV  yoamikc Kar oxnuatikée
opYyaviouo KartaAAnAo yia To TOAUHOPPIOOC
wePIPAAAOV TOU WoTE va oTo «Pacthikd ide> The

KaAipopviag

ewIPIWVEI, va avardpaysrail Kai
va wepvasl ta aAAnAopopya Tou
OTOUC AmoyovouC Tou, kKaAouvral

TPOCTAPHOYEC



TTAnGuouoi

- Eidoyéveon civar n diaipeon
gevoc eidouc oe Vo N
TEPITOOTEPA N O
HETAOXNHATIOHOC EVOC €idOUC
o€ £€va al\o HE To Xpovo

* H s1doyéveon eivai To TEAIKO
amoTEAeoua Twv aAAaywv Tne
vovidiakng ds€apevnec oe
aAAnNAOHOPWIKEC Kal
YEVOTUTIKEC OUXVOTNTEC




Avepwmveg cpuAeg umocion r\ noAuuopcplauog

“Among His Signs is the creation of the
heavens and earth and the variety of your
languages and colours. There are certainly

Signs in that for every being."
(The Qur'an 30:22)

www.harunyahya.com




CeveTiKN woOIKIAOTNTA OE XWPO Kal XPOVo
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CeveTiKN wOIKIAOTNTA O€ XWPO Kal XPOvo
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Est oe TAnBuopoUc apoupdaiwy yia mavw amod 20 yeviég




[CeveTIiKn woIKIAOTNTA O€ XWpPOo Kal XPOvo

Mari eival onpavTikn N YEVETIKA woIKIAGTNTA;
Auvapiko yia aAAayn TnC YEVETIKAC doHNC

* TpoodpHoyh ae TTePIPAAAOVTIKEC aAAayEC
- diathphon

-d1apopoTmoinan TAnBuopwy
- BroroikiIAOTNTA



TTwc pyeraPalAeTal n yeveTikn doun;
AMav'ég aTig auxvémng aAAnAopoppwy Kai/n
YEVOTUTTWY HECA OTO XPOVO

» HeTaAAaén

* HETAVAOTEUON

* PUOIKN EmiAoyn

* YEVETIKA amwokAion

* un Tuxaio {evyapwua



TTwe petaParAerar n YeVETIKR doun;

» yeTaAAaén Au0bpunTeC cAayéc Tou DNA
e dnuIoupyel vEX XAANAOUOP P

* n TNy 60ANG TNG YEVETIKAG
TTOIKIAOTNTAC



AITiEC aAAaync Twv yovidiwv:

Chromosome Mutations

XA

Mizzing Mucleotide

Mutation

2 nuelakéc peralAaeic

Tuxaiec
EniPAaPeic, oudéTepec, KaAEC

XpwHoowHIKEG avwHaAieg Opiopévec kKAnpodoTouvTal



TTwe peraParlAeTar n YEVETIKA doun;

* HETAvaoTEuon MeTakivnon atéopwv mpo¢ wAnBuopoUc
« slgcaywyn VEwv aAAnAopoppwv
«yovidiakn pon»

opoyevomoinon n
gloaywyn mwoiKiAOTNTAC



Tracing Human History Through Genetic Mutations

By examining DNA patterns that are inherited maternally or paternally, scientists can trace human lineages
back to the original branches, or sons and daughters, of a penetic Adam and an Eve,
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Awaokopwilovrac Touc AvOpwmouc

PALE Paleoenvironmental Atlas of Beringia
Coastline 21,000 Cal years BP

aﬂmsﬁi




TTwe peraParlAeTar n YEVETIKA doun;

* YUOIKNA emiAoyn

Opiopuévol yevoTUTO! TTapAayouv
TEPITOOTEPOUC ATOYOVOUC
- dlapopéc oTnv emiPiwon
N avamapaywyn }
Alapopéc «appooTIKOTATACH
- 00Nyei oTNV TTPOCdpHOYAH



$uoikn EmiAoyn

AVOEKTIKOTNTK OTO QVTIBAKTNPIKKO OXKMOUVI

Mevia 1: 1.00 pn avOEKTIKO
0.00 avOEeKTIKO




Puoikn EwiAoyn

AVOEKTIKOTNTK OTO QVTIBAKTNPIKKO OXKMOUVI

Mevia 1: 1.00 pn avOEKTIKO

“‘éﬁ b 0.00 QVOEKTIKO
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$uoikn EmiAoyn

AVOEKTIKOTNTK OTO QVTIBAKTNPIKKO OXKMOUVI

Mevik 1: 1.00 pn avOEKTIKO
0.00 avOEeKTIKO

Mevik 2: 0.96 pn avOeKTIKO
0.04 avOEeKTIKO

mutation!



$uoikn EmiAoyn

AVOEKTIKOTNTK OTO QVTIBAKTNPIKKO OXKMOUVI

Mevik 1: 1.00 pn avOEKTIKO
0.00 avOEeKTIKO

Mevik 2: 0.96 pn avOeKTIKO
0.04 avOEeKTIKO

Mevik 3: 0.76 pn avOeKTIKO
0.24 AvOEKTIKO




$uoikn EmiAoyn

AVOEKTIKOTNTK OTO QVTIBAKTNPIKKO OXKMOUVI

i

Mevik 1: 1.00 pn avOEKTIKO
0.00 avOEeKTIKO

Fewé( 2: 0.96 pn avOEeKTIKO
0.04 avOEeKTIKO

Mevik 3: 0.76 pn avOEKTIKO
0.24 OVvOEKTIKO

é

Fevix 4: 0.12 pn avOeKTIKO
0.88 avOEKTIKO



TTwe petaParAerar n YeVETIKR doun;

Tuxaia yeveTikl aAAayn

* AdOoc¢ deiyparoAnyiac
* YEUONC avTimpoowmeuon
* YEVETIKN WAPEKKAION - pikpoi wAnBuoyoi



[CeveTiKN mapEkkAion
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H tuxaia aAAayn tnc yovidiakng ouxvornrac ovopdalerai
FENETIKH TTAPEKKAIZH (GENETIC DRIFT)

H diadikacia odnyei otnv Tuxaia eykaidpuon N anwAegia evog
aAAnAopoppou and Tov mANOUOHO Kal Kata ouvEmeld wAnpn
opoluywria
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TMpooopoiwaoeic oe H/Y Twv diakupdvoswy €vog yovidiov o€
HIKpOUC Kai peyaAouc wAnBuopolc
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Flgure 14.1% Compuler ssmelations of the eflect of genetic delt on an alleles frequency in small and Equal fitnassas
large populaming, In nine groups of sloneflies, population size was maintainad at 25 breeding individuals assumed lof 1hese
every genaration, for ifty ganarations. Populalion Size of ning mode groups wiss rmamtamad at 500 for lifty simulations:
Qerarations. (@) Alale 4 became fixed in five of the small populations (the lines reaching the top of the A =1
qraph) and was lost from four of them (the lings plumméating off the botlom of the graph). As this tells you, A md
aven tha “bast” allebe doesn't always win, (b) The allale did not becomsa fixed in any large population. ag =1

Thug the magnitude of drilt was much kss in every gengration than in the small populations,



TTwe peraParlAcTar n YEVETIKA doun;

HeTaAAaén )

TTpokaAoUv aAAayéc
> 0T gUXVOTNTA
* QUOIKNA emiAoyn aAAnAouopopwv

* HETAVAOTEUON

* YEVETIKN madpEKKAION _/



TTwe peraParlAeTar n YEVETIKA doun;

O diaoTavpwoeic avaouvovalouv
Ta aAAnAGpHopYa OTOUC YEVOTUTOUC

* UN TuXaio (EUYGPWP

MN TUXXiol cuvOUaGMOI

* gn Tuxaia CCUYGPWIJGTG oAAnAopoOpPPwV



A
A

0.8

0.2

Tuxaio {euyapwua

A A
A a
A
a A
A a
0.8 0.2
AA Aa
0.8x0.8 0.8x0.2
aA aa
0.2x0.8 0.2x0.2

EniAekTIiKO {euydpwpa
aa x aa AA x AA

aa AA

ZuxvoTNTa XAANAOMOPPWV:
A=0.8
A=0.2

ZUXVOTNTX YEVOTUTIWV:

AA= 0.8x0.8 =0.64
Aa = 2(0.8 x0.2) = 0.32
aa= 0.2x0.2 =0.04



To @aivopevo Tne Ztevwrov (Bottleneck)

Copyright © The MeG rra-Hill Compan s, Ine. Permission reguired for reproedection or display.
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Parent Bottleneck Surviving
population (drastic reduction individuals generation
in population)




AvOpWwrivol OTEVWTOi

Me wavw arnd 6 310 o1 avlpwmol civar éva e€aipeTika
neTuxnpévo eido¢ wou. Qotéoo, To Homo sapiens ayyi§e Tnv

eapavion. = } -

FeveTikéC, apxaloAoyikéC Kal YEwWAoYIKEC evdeielc
UodEIKVUOUV OTI Ol Tpoyovoi Hac mapaliyo va
eapavioTouv, pévovrac povo 10.000.

TTi@avorara autd ouvépPpn 100.000 xpovia wpiv oTnv
Appikn, otav n ‘Hreipoc anofnpavOnke karavrwvrac
Hia épnpn a@iAdgevn yn.




"BuAeTik” TToikiAdTnTa perafu XipmarlRdwv
ot 2ZUYyKpion HE ToUuC AvOpwmouc

MéTpnon Xigrarlng | AvBpwrocg
X-xpwpoowpa |0,13% 0,037%
miDNA 14.8 3,4

Fst Tipéc >2,0 0,08
z:?l‘:(i?rémaang >0,05 0,029
Erepoluywria |3,9% 1,8%

\/



H apxn Tou Idputni

/ Apopd wAnBuopouc mou

10pUONKaAv and HIKPO
. apiOuo aropwv Tou

apxikoU wAnGuopou
\ AvaAoyo TnC oTEVWIOU

AvapéveTal peyaAuTepn
TAPEKKAION, HIKOOTEPN

TOIKIAOTNTA TOUC €V Aoyw
wAnBGuaopouc




[EVETIKEC EMIMTWOEIC TWV ZTEVWRIWY KAl TWV
paivopévwy Idputnh

€ To anoteAcopariko pHEyeOo¢ Tou wAnBuopoUL pelwveTal
OpaoTIKa

€ O1 ouvéreiec diapkoUv yia woAU Kaipo

€ Meiwpévn aAAnAopop@iKR ToIKIAGTNTA

4N,(1-q)Inl—q)

T(q)=-
€ Maiwpévn etepoluywria
1
H, = (1-5) H,

2N,



TTAnBuopoi mov mpokUTTOUV awd ZTeEVWTOUC Kal
paivopeva Idputwyv €xouv avénuévn etepoluywria

€ H eTepoluywrTia avakapunTel wio ypiiyopd HETA TN OTEVWTO
/paivopevo 19pUTR awd OTI 0 aApiBUOC Twv aAAnAopopPwyv

€ Zrwavia aAAnAopopwa emIAEKTIKA Xavovradl aAAda dev
ennpedalel onpavrika Tnv erepoluywria

€ Ztevwwoc /paivopsvo 19puth dnpiovpyolv wepiooeia
eTepoluywriac orav Aappaverar umoyn o apiOuoc Twv
aAAnAopoppwv

@ TTpokaAoUv erionc av€non TNC YEVETIKNC adwooTAoONC Amo
TWV dpXIko wAnBuouod mpoéAsuonc

€ Mropei va UmoAoYIOTEI HE TO UTOAOYIOTIKO TAKETO
Bottleneck (Cornuet and Luikart 1996)




MovTéAa yvia IoTopikéC ZTeEVWTOUC

o7 - € O wAnBuoudc ouvrtpiperai
efaitiac puoikwy
KATAOTPOYWV N PaAIVOHEVWYV
1dputh

10¢

]DS -

€ O1 avOpwrivol wAnBuoypoi
pewonkav dpaoTika
eaitiac karakAuopiaiac
gékpnénc Tou nyaioteiov
otn Sumatra wpiv 80.000
Xpovia

I

104 |
| Recovery
I

Crash or
sampling 1

Population size

I

102 - |
I & P e

Bottleneck %7 i 1 ¥ 1A

10 + Captive or
insular

€ ‘Exouv pcivel onuadia Twv
Time ———» YEYOVOTWV AUTWV OTO
vovidiwya;




O1 Agpikavikoi mAnBuopoi €xouv xapunAoTtepn
Avigopporia Zuvdeongc awo ot o1 Kaukaoiol
Kal ol ACIATEC

—— Caucasian
—=— African-American

1 }\ —— Asian
Yoruban

Mean |D'|

0 50,000 100,000 150,000
Distance (bp)



DNA

& New World peoples

1 Chukchi
2 Australian

3 Australian
4 Piman

5 Italian
6 PNG Highland

_IHﬂ PNG coast
8 PNG Highland
9 Georgian
|_|S German

——11 Uzbek
———12 Saam

13 Crimean Tatar
Elbitne
1

5 French
—16 English
—17 Samoan
—18 Korean

[ 4

opopYo

A

Non-African

[ 4

O Agpikavikoi TTAnBuouoi €xouv
TEPITOOTEPO TOIKI

Common origin of

European, Asian, Australian,

38,500 £ 1,500 yr ago

*

/

19 Chinese

20 Asian Indian
21 Chinese

22 PNG coast
23 Australian

— 24 Evenki
_Wm._ Buriat

26 Khirgiz
27 Warao
I_lmm Warao

29 Siberian Inuit
_H 30 Guarani
_||m1 Japanese

32 Japanese

African

33 Mkamba

34 Ewondo
35 Bamileke
36 Lisongo
37 Yoruba

38 Yoruba

——

39 Mandenka
40 Effik
Effik

42 Ibo

43 lbo
I_ 44 Mbenzele
45 Biaka

rd6 Biaka

48 Kikuyu
49 Hausa

r50 Mbuti
151 Mbuti

r—>52 San

'—53 San

=47 Mbenzele



TTi@avéc e€nynocic yia Tnv uynAn molKIAGTNTA Kal TN XAapunAn
avicoppotia oUVOEONC OTOUC AWPIKAvoUC o€ oUYyKplon HE AAAEC
opadec avlpwrwv
leveTikn wapékkAion Kail avigopporwia ouvdeong

€ Apxikd oAU diapopoTroinpévn yaueTikin defapevi
€ H mapékkAion odnyei oTnv Tuxaia avfnon opIoUEVWY YAUETWY

@ Tlapdye! pn Tuxaicc ouvdéoeic petall aAAnAopoppwy oc
d1dPopETIKOUC YovidiakoUC TOTTOUC

10 I B VR,
O o0
A0 0o



Zrevwroc | Baivopevo Idputn oTnv 10TOpIA TWV
Bopeio Evpwraiwv

€ ExkTeTapévn avicoppotia ouvdeonc oto avBpwmivo yovidiwpa
uttodnAwvel TaAaiotTepn oTevwo K paivopevo IopuTth

€ AvicoppoTia oUvdeong o EKTEVAC 0 APPIKAVIKOUC TTAnBUOopoUC

€ YmoBeon «EEw amd tnv Appiki»

@ Tlpdopara dedopéva Oswpouv .
0TI To «E€w amoé Tnv A(ppmn» 3
gival TToAU amAoiko

€ Tldpa oAU TToIKIAOTNTA OTOUC
Eupwmaiouc

€ Z0vOeTa povTéAd EVOWPATWVOUV
gaivopeva 1I0puTh Kai yovidldki pon
atrod AAAEC YEVEAAOYIKEC OEIPEC

Garrigan and Hammer 2006 NRG 7:669



AIMOMI=IA
TTpopAnpua

YnoOioTe 0TI 0 mawmoUC oacg cival popEag HIAC woAU

omavia¢ YeVeTIKNG adoOéveiac (aUTooWHIKA UTTOTEANC,
eppavion 1/250,000).

(A) TToia n mBavoTnTa €0V KAl 0 TPWTOC OAC
£adeApoc va eioTe pop€Ac TNC VOOOU;
A. 1/4 B. 1/16 €. 1/1000 D. 1/62.500

YrevOupileTal
. @2 = 1/250.000
- q = 1/500
-+ 2pq = 1/250

- Aev xpeialeore auta yia va AUOETE TV doknon



1/

1/2/

A

2 1/2
L

H

eov

1/2 x 1/2 x 1/2 x 1/2 = 1/16

= n avaAoyia Twv aAAnAopoppwy mou
o6 &H

poipalovrai amwd Tov wanmoU TOUG

O

adeApoc oouv



A. 1/ 4 - avaloyia Twv aAAnAopHépPwv Tou mammou
mou €xeic = TTiBavoTnTa va ciocar popEag

B. 1/ 16 - avaAoyia Twv aAAnAoHopYwv Tou mdanmoU
ov oV Kai o EadeAwoc oou Holpaleote = 1/4 x 1/4

C. 1/ 1000 = n mBOavoTnTa oTI €0V Kal €va

aoxeTo aropo eiote wopeic = 1/4 x 1/250

D. 1/ 62500 = n wOavoTnta OTI OToIAdNTOTE

aropa Tou yevikoU wAnGuopou eival kai Ta dUo @opeic
= (1/250)?

AiaoTavpwoeic petall mpwTwv
e€adEApwv aufavel Tov Kivouvo
avw ano 60 opéc




H aipopi€ia oe éva mpayparikd yeveaAoyikd 8€vdpo
@

Albert and Victoria were cousins. O

Their children were inbred I @
f— 0.0625 /\i O

O f=0.0703

Prince Philip's mother was
inbred. Her grandmothers
=i were sisters (and were
&l inbred themselves)

Elizabeth IT and Prince Philip are
3rd cousins. They are both
descended from Queen Victoria.
Their children are inbred




Amopovwiévol avBpuwmrivol wAnBuopoi kai acBéveieg

H spgpavion oplopévwy aoBeveiwv diapépel peTall Twv wAnGuopwy

Disease Population Incidence (per 100,000)

Sickle cell anaemia African-Americans 270

European-Americans 2

Cystic Fibrosis Europeans 40
Asians 1

Huntington Disease Europeans 5-10
Finns 0.5
Chinese 0.2-04
Bantu <0.1

Reason: a combination of selection and drift

e.g. sickle cell anaemia maintained in African populations by balancing selection



Amopovwpévol avOpwmrivol wAnOuopoi kar acOéveieg

H spgpavion oplopévwy aoBeveiwv diapépel oc
amopovwpévoue wAnBuopoUc e€aitiac TnG wapEKKAIONC
Kal Tnc aipopiac

Eukaipia yia Tautomoinon Twv yovidiwv mwou
wpokaAoUv Tnv aoOéveia

O1 Amish Tng Bopelag Apepikig

*Mikpo¢ 18pUTIKOC TTANBUopGC amo To Rhineland tng Meppavia

‘I"dpol eKTOC TNC KOIVOTNTAG €ival ATtayopEVNEVOI

‘E€aipeTIkd yevealoyikd d€vdpa TTou XpnaoidoTroloUVTal yid ThV KaTtavonon Tng
KANPOVOUIKOTNTAC

‘YynAd mooooTd gppdviang acBeveiwv t.X. ouvdpopo Ellis-van Creveld
AUTOOWHIKO UTTOTEAEC, vaviouog, TToAudakTuAia kal kapdiakéG avwpaAieg

*O1 Amish ouvepydoTnkav pe YEVETIOTEC Kal To Yovidio avakaAugBnke to 2000



Gene mapping in the Finnish population

* Geographically remote
- Small founder population and several bottlenecks

* Uralic language (very different to most European languages)

Barrier to immigration and admixture
+ Some genetic diseases are virtually absent (cystic fibrosis)
* Others at quite high frequency ~ 30 are well characterised
* Good genealogical records
» Carriers of a disease all have common ancestry

increases chance of detecting genes responsible

Similar situation in other countries where large-scale gene mapping underway
Iceland - 270,000 participants
Estonian Genome Project - 1,000,000 participants
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Figure 38-12 AN AMISH CHILD WITH ELLIS-VAN
CREVELD SYNDROME.
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Genetic variation and the effects of
population size in elephant seals

Northern elephant seal

-
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once abundant, heavily &5
exploited almost to the &
point of extinction '
until 1900

exploited, however
always abundant

Southern elephant seal



Genetic variation in the Northern
Elephant sedl

Hunting ceased in 1884

One population survived - Isla Guadulupe\
Possibly 20-30 individuals, Maybe only one >
breeding male N e {
| R e,
Now over 100,000 worldwide P O "
NORTH b b Y 3an luls
. . . -:f-:j.‘..l ' :I-:.:j""-:fiLﬂlL'.llllL"!i II.I.;'-I"'-“" ﬁ:'r"'r'.u- Progi
Q: HDW mUCh QEHETIC vﬂrlﬂ:-l-lﬂn'} OCEAN '.'Alﬂl"_"f;.:ilm-.ali.:;lr,l;lﬁE‘;.E;::"‘“_-. .
By Ve, Tl JHORE S
Variation measured with genetic markers S gty |

- Heterozygosity = 0.00026

- Heterozygosity in Southern Elpehant Seals = 0.028
Heterozygosity is 100-fold lower in Northern Elephant seals
Assumption: genetic drift has led to a decline in variation

Implication: population cannot evolve in response to new challenges



The Mauritius Kestrel

Native forest destruction and DDT insecticide usage
(1940s) caused a decline in population size

1974. Only four left, breeding from a single pair
1997. 400-500 birds

Examined at genetic markers called microsatellites.
Can have >2 alleles per locus

Species Mean number Heterozygosity
of alleles

Mauritius kestrel A

Restored 1.41 0.10 End q

Museum (1829-94) 310 0.23 etz s
Seychelles kestrel 1.25 0.12 )
European kestrel 5.50 0.68 . Non-endangered
S. African rock kestrel 5.00 0.63 )




Does a decline in genetic variation matter?

Small populations do have less genetic variation

- Northern Elephant seals, Mauritius kestrel

What effect does this have on population viability?

Two opinions
1) Populations go extinct before genetic factors come into play

2) Genetic factors are important



Genetic variation & extinction risk
Glanville fritillary butterfly

- Found in fragmented populations in et & &y
the Aland islands, Finland LA S
.J...::.-. .. --..-.:J,:-Z{ b’;‘; : S
* Populations often very small, high Loy, et _;1: p
risk of extinction each year & o 'i}.'ﬁ*'-?é-"j"-n?f:ﬂ.; :_*f‘-i,‘
N | g e |
+ 42 populations monitored, 7 went T 9. ¢
_ v : " .4
extincy Suitable meadow () 57 S, g A%
Inhabited meadow @ %‘ ' “’”,..m«m.
wlp-s e, G 3
Population survived ) : Rk
i i i km Al e
Population wentextinct Y  ——— b 4

Examined effect of the following on extinction:

Population size, degree of isolation, flower abundance, patch size,
heterozygosity, presence of cattle

More genetically variable populations had a better chance of survival

Therefore, extinction due to environmental and genetic factors



Genetic variation & extinction risk

Data from other species
The World Conservation Union lists all endangered species

critically endangered, endangered, vulnerable

Recent study: compared genetic variation in a threatened species and in a
taxonomically close nonthreatened species.

Null hypothesis: if genetic effects unimportant then little difference
between threatened and nonthreatened species

Alternative: If genetic potential is reduced in threatened species they
should have lower heterozygosity in >560% of paired comparisons

Taxon % comparisons where threatened

species had less variation
Vertebrates (129) 787% Heterozygosity is 35 Yo
Invertebrates (5) 80% lower, on average,

Plants (36) 75% threatened specms




Inbreeding

Loss of genetic variation is a threat to small populations

A second threat is inbreeding - mating between close relatives

In small populations there are fewer potential mates

Therefore the probability of mating with relatives increases

Effect: to increase homozygosity in inbred individuals
Inbred individuals are more likely to:
carry two copies of a deleterious recessive allele

not benefit from heterozygote advantage

Result: they suffer inbreeding depression



The consequences of inbreeding

Population of song sparrows studied on Mandarte
Island, British Columbia from 1975

1989 - population crashed. 4 and 7  survivors

Compared inbreeding coefficients of adults and
Juveniles before and after crash

T—o0 Adults Juveniles

2230 2369

Before crash 0.0189 (n=74) 0.0363 (n=132)
After crash  0.0025 (n=7) 0.0156 (n=3)

56916 56502 Inbreeding coefficient lower after crash

56318 & 69631 Inbred birds more likely to die




Captive breeding programs

Endangered species are often reared in captivity.
Populations are inevitably small.

Some inbreeding may be unavoidable.

Californian condor. Largest bird in North America.

Captive breeding colony from last 27 birds in the world

Today there are 150-200, some returned to the wild.
However, a recessive lethal allele has reached high frequency (p =0.17)

Homozygous birds suffer from chondrodystrophic dwarfism (die at hatching)

Breeding programs have to ensure carriers do not mate (1/4 offspring will die)



Avoiding the effects of small population size

Small relict population of 60-70 in Southern Florida

Roadkill main cause of mortality. Culverts under
highways have reduced the problem.

Remaining problem. Persistent inbreeding means that most
males suffered cryptorchidism (undescended testes).
Poorest quality sperm of any cat species.

Sub-species Heterozygosity =~ Heterozygosity (DNA
(allozymes) fingerprinting)

Florida panther 1.8% 10.4%

Western USA pumas 4.3% 46.9%

Other felids 3.0-8.0% -

Domestic cat - 447,

Solution: introduced 6-8 females from Texan subspecies

32 surviving progeny are known to be alive, robust and breeding



A badly designed recovery program

Koalas were hunted and lost much suitable habitat.

1930s: gone from S. Australia and almost absent in Victoria.
Population founded on French Island from 2-3 individuals.
Reached carrying capacity.

Used to found Kangaroo Island pop" (18 adults + offspring)

Kangaroo Island used to restock S. Australia French

Island

g N 775 ! e

1923 onwards: 10,000 animals, 70 locations {Coion o Lo

Half genetic diversity of Northern pop"s S g e

o L N

High frequency of missing testicles AUSTRALIA ; e

e

Cause: A succession of bottlenecks led to ndion Geean o |7 ;mm
|DSS Of leEFSlT}" 126 E 400 ke 40° E o

Victoria ——> French — Kangaroo — South |
h=2-3 | |sland h=18+ | |s|land h = 10,000 | Australia
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