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Hiermit erklae ich, Chen Wangdassich die Doktorarbeit mit dem Titel

fiHigh levels of realized dispersal and phenotypic plasticity in the polymorphic squat
lobster Munida gregaria(Decapoda: Anomura: Munididae) in Patagonia and New
Zealand - a multi-marker genetic and morphological appro@&ho
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Summary

Successful species delmpoirit athceder st andifong d@ain
speciTahtei otnool s gefnemolcesc plradanvi de enor mous pot el
of species boundaries, which has chalfltemged
assocwiatitheglh di spegesaktiddaedr smntl chadgieomnc adbweesr

unr hvebgdden diversity i ncrtyhpet ifc® hsep eocticeusnr e © ¢
t wo or more sharply distipoonsimnbepbodgly@ esa p mie
speci es, can either be a case of Ppreayobely
caused by the expression of di fferent mor p

background.

The squaunl dlas tfeDregampioa a : Msuhnai Hdl actsepee)c iiess a h at
wi deilgtributed mainl yf fosectue ecaoniNeweHdeal asale
l'ts gl obal di sjunct distT0b0Wtkmanssaref sdpapa
water, which is known as a major marine bio
(EPBNddehi s curreqnpgdoi eddc c(gp.temgednrsil at o) there
ecot gpegaenstur aoglwb r utghoastaeh atreadishar p di fferen
mor phol ogy,behcaovlibogwrelaiogl e spreaccviiedses an excell e
t best whseetnhte rmaprriene maj or barriers and heter

have resulted in genetic differentiation and

The super orfditnhawsessattiwd yw econstruct tthHesmuehol ut
Amer i chawaiddsad wmantd M. o Igsrteegrahh € acseretcrtasl of t he t |
i nvestsobfathenrel ati onship bet weeinn tpehreancottiygne
emerging geograpbeaabgbaphier s nfalndence in s
bi ogeogMapdrydgqariraetrhitoctbanp f edaenrad iyme cal fr an
based combti hoeihhtuicdonear microsatellites and mito

as wel |[-wiacke rsaaaamgm p pnlgia & divrete @gnsa jtohre stea s k s .

To dvpotential pitfalls of using a single ma
gene, isnutcrhogarsessi on,somwmopi es ef flii nieamgte ev ol
recover recent di vergence ismet peatfoelnitidsagl ncurcylj
mi crosatellite weMe wgewighhdeeemopedsaobel | it
conventional sBNAuUDbancoodithmgrdr i al COl') were f|
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American samples to testairsweheftrhhem dihfef ari d1fteir a
Both data sets yi el deend wuvandc¢ ¢ fggeemesla d@ écla dr reeabuunl dt
correspoendtietneggt ypes or geographi c Aumeirtiscaamcr
di str iThwgtriegm.r i asntsfru.b r uegootsyapes ar e not under pi
genotypes, instead the discrete phenotypic ¢

dri ven pphleansobtrycpliecy el opment al variati on.

Mor phometric analyses wer e pesrcfaoremesda mpn i argd:
cover unsampled inter medihar yb onuonrdpahro teysp eosf at nhok
Resul tPsSCAf raonnd using discri mitmantmofr photl iog@rys od
forms remaiimi ndgedicsoonrt ecoxet | emfc gdeeemmleiorgg afprhi ¢ |
wel | as different.Monmntotyleeneitmncl coOiMmprosoft i oinf f €
M. gredgemomastrates that a part of the morphonmn
an ontogenetieent mansision betw

Popul a&tniedn cgbaansaeldy seers gl oMal gs appdeicgg nef i c
structure abebwsebhhMNewazZe dl amBdt amanyododledhredSde
as well as testingconmeidwenBapktkbawnfer ameéwor knes
t hoepen water barrier sIphaendiirsifh.emgsraddg torfiean 7 N6 & k
Zeal and and South America was possibly facil
the EPB is not a hsitcrailcttboamaerneref Ibawgeogr ap

This case study demonstrates a striking case
speciation resulted from geographic Tshepar at
combi rmdtuicdnear andgaeanitt @c haanmekrdiriaggh!|l y r ecommenc
t omprtohvee power of mol ecul apogatationtgenepiygl
especially in the event of homogeneous genet

obt ai nabipreo mast mietrcoolrondr i al data al one



Zusammenf assung

Zusammenfassung
Die korrekte Abgrenzung von Arten untereinan

Verstandnis dafg¢gr wie Arten ¢berhaupt ent st
haben ein endreme&rPPonrtenzewli schen den Arten s
Nachwei s bi sher cbersehener, kryptischer
Verall gemeinerungen wie die Vorstellung, ma |
Ausbrei tungsvenum® ggeenr iunngde ne iDniefrf er enzi erung al
Skal en gekd&mgzeadiedihnetkann das Auftreten Z W
Phanotypen entweder die Folge einer zwar er
Differenzierabrg xeifn,di@ede&Erxpression zweier P
Genotypen hindeuten.

Der SprMogkdaebgDegampioa a : Muni di dae) besiede

vor der S¢di nsel Neuseel ands und ganz Pat
Veribrengsgebiets sind doul®ifh elinthbe sk gdleé bao e r m
Pazifischen Ozeans voneinander getrennt ,
Ausbreitungsgrenze, die als Ostpazifische Ba

| nneelrth der taxonomMgesrocihdakgepgarlrata Wwetden zv
(gregaereinau stgulernt ugorzsmsdammengef asst, di e sic
voneinander abgegrenzte Morphotypen mit eben
Lebensweise auszeichnen. Diese Art eignet s
wi e das Vorhandensein von Ausbreitungsbarri

genetischen Differenzierung und stcédl i eClich

Die Rekonstruktion dev. ewcelgwtbipvdeammeGa skcah iunhdt &
stellt das ¢bergeordnete Ziel dieser Arbeit

zwi schen Pha@notyp und Genotyp uncdcr 2lundas

ozeanografischer Faktoren bei der Herausbil c
v o N. gregdui @i esem Zweck wurden Mikrosatel!/
ebenso verwendet wi e mi tochondrial e e@OlI Se

Verbreitungsgebiet der Art analysiert.

Um I ntrogression, ancestrale Pol ymor phi s me

Fehl erquell en von Studi en, di e auf einem
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Zeite

ausg
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Or ga

dass

Di ese
Arten
Ein d
Ker ng
| ei ch

hlieCen zu k°nnen,benutr deomn eim aRaheme nu ndi
ariabler MikrosateMl i gregabisa enol ekul ar e
hondri ale Daten sowie die Mikrosatell:

i's auf eine genetisohgpBinf fi exr eSngzdiaemeu n K
n Ykegmppemtsubrwgaonsda daher keine kryptis
en Pal*tneordrggpteigeei chen Genotyps dar.

Probenmaterial, das aus denbigeets asnitaenmmt s
mor phometrisch untersucht, um f estzus
riebenen M¥Kk gtryegieam i Arothef ak't einer geog
uchung darstellt. Di e mor phemetdiiesch

S

scheidbarkeit ¢ber das gesamte s¢gdamer.i
zlich zei gt di e Einbeziehung verschi e
S

ion in der morphometrischen Varianz.

ationsgenzeeigeme dassysxredame schwache g €

hen dem neuseel @ndischen und dem s¢gdan

uwei sen ist. Dennoch belegen eine Vielz
i k sowisehei Moedgkheerung, dass von ei ne
benen icber di e 7000km Barriere i n For
gangen werden muss. Dieser Austausch wu

i sment emrktdeenhé&n Zirkumpol arstrom (ACC)

die EPB kein un¢berwindbares Hindernis

Arbeit zei gt entgegen einem all gemein

, MdagsegaoersacheeBh®notypen aus demsel be

erartiger Nachweis kann nur mit Hilfe h
enom gef ¢hrt wer den. Die Verwendung au
t er zugt?lnigcl h cfhe h laebrearn fd?elul i ger sind, i st
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Abbreviati ons

N Z New Zeal and

PCR pol ymerase chain reaction

PLD pelagic | arval duration

PSP paralytic shellfish poisoning
SA South America

SNP single nucdrephiisdne pol ym

SSD sum of square deviati on

STF Subtropical front

TdF Tierra del Fuego archipel ago
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rstanding the processes that promote s
ut i on.alrhye bpiroelroeggyui si t e of identifying t
gni ze and delimit specieéSotesv &l Marehat

which a species cofnacrepdi agirdo so pnegr att a xarad

guNewdinsi ghts gained from | ear niGnpgeatihees s p

he past decades have broadcasted sever ¢
erent critgei aephdas@uwaisrionzg 20 h7eyah éla e a g o
most influential and broadly accepted sp
defi mMmgsowspsercofesi mser breeding natur al p
ated fr omo(oMahyerr 1s9u4c2ihj o gleSobe3p)s t he findi ngs
iers are semipermeable to gene flow and
r b(rMealdlientg 2005 ; Ma2 0 0elt; 2VOuO 8& c THa hefsecBbfebr &) t
mitation <criteria based on reproductive
ept and the associated operational crit
arch fie( Sist and& i MdreFEesltlsexamp¥ie, mor phol
epts (phenotypic)dafktecenteal €pbonpgal sbn
nomi sts, whereas genetic ones (hmO®@B&phyly
typic cluster: Mal)l ear,e 1KKOY ;f dGrui gdipwlxa teit
cular systemati st s. Il n contrast, ecol ogi
e dibredehcef¢Andgr spvami ¥a9@NEALOIFBGB3iI ve us
|l e operational <criterion and an outright
resti mat e biodiversitydilhby ed eamipii atge dt oa@ re d
pted speci adi(tHmauts droergfu [2a0rllly) hybr

spective odpddieed uzaoynhapiee £a oifdommp grsaolaeys
imhieirme by | i neagest egreacdoulaol gliyc gd ¢ @ unmoual patt 0 g e
eTdrec @y ociessnott seimfleseablcber sl xaonookyt
enimé £ rs@gmc edi c e & beéeuttphenhawdyytsh t he ai d of
oaches, specweieans sd aloinmilttyadf icdsnvedrraesd ttyn b f s
et continuess Memnayhti v mmeho b omodgweesse of S

osed to accompany the rene&€wedchekowlrerd g
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Gavril elNe m®&t14ér under whiicsh dnecsd eglrn at hdedt g ismpreic
speci atirmnaf mucsttedet hrough a suAstamnguaeydr ,by dM
t he most efofmemotni feoramidom ®©he ge@a@udtl ow, i s gec
whichhnssi tbhbeecore of .BhyespeabubbaspBel atsiuo mo L
mountaceans Ofr si mppryewentatf rdeestmomcement an
members from boitérr ,sirdaassusipthitnnga @ hiea mexda h st re.p

di fferent feveestirohbryg t he dysnamuilctsancefousp e
often have oApspotshdaiec nredfieicd tsmwtnalreyaversi vetroc h a
changnesal |l el e frequabhtoaes Bndl ecbbemagmadp yed
outthrougandbm genet,i cwhdircihf tl epardosc etsass geneti c ¢
separ at ed.Apo@ulcateiadn v e nfadruce |l i b edt\vealtdu tdiroo maidla
popul atilorentva rloomane nt al conditions and subse
bet wecepnul Dini o Me. mioqrt@fairymdowv i dliuapesr sal of gar
popul avthiiames @ ol | ecti velhymoglehedeagpme clgldo st r i
of alAl i esal stdmrofpoppud @it a toinesiniimi naal tlioopna torfy g
anglreventtltod reappearance of i Altleorpreetdriilach €i/ shoylba
been wel |bysauptppi tiedal spea@inmls didelgi Ackandbwb
be a comnoofn snpoedcavaf u mbBhiddit vi Wieda riina not speci a
peri patri(c= sfpewn HdCooenfef e£LtPrr 2004t hBlayror n@ §
wi despread speciedsnabegemgsapbnedpbadudbdigirwae i s
occheswteleen spl it popul ations whieate adiav enregveh ei n
populiast ifooounded by a few individual s witthhou't
t hwei del y dansctebkithovetsepde ct heeunder |l yi spelcasaes ong
geogragmdrcathiecopreemadiergy | ow tempbtsabenaea

fl ow

Il n contspati awi tdveguiegadi on ajlad bpatrve speci.
concsewiégeweel oped t o uancecxopuencts @felocrih €sgohmre acnhdnoensl sy
mat ipnagicm)ipo pul at i ong¢ e lsallwh dcihed (t Bhaers leaite ReED.6 ;

Di eckmann & Doebeeti 18AI198@Pi; c ISeshdmnedw ai nztehde it er m
sympatri cSympeatiraitd omnmpeci ati on cesnedpigéaess t .
fl ow, pwiyslia&rarli er s t o geneti cg exaphuwmlnagtei donest ware
(Fitzeat2wiOBhe initial driver of sympatric s

idisruptive (diversifying) ecol odgifcfaelr esnetl eacl tl
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confer adaptationcédMavnweor ddi SmiitnhcTh & Gegsjofufl O 6 6 |
sympatrici splrewatoomestablish |Iinkage disequ
together confer Ceppadedt wv edviisdsderemeen d b e pat |
speciation, sympatric bpeauatiemni dsenhbar chuso
allopatric phase ofi bgené@yCdydiéeef & e O€elmhteiz @9 ibyrre |
moel of specuaddeeocbnaties. sFidialy(ld9dmapl a h&3 )most vi g
and influential cr i thiycp ootfh etstiest,bh gatmpgan ny c S 8 p p O
arreathherconvi heheagpreci sef metywrmiaa i sspmac ifaotrino no fi
mi croal | opbgeegs aphy is of.Dpsagrag gwii,tstp aMd yam c
ar gukeanvi ronment al Ityo iimduecrebd ebeadrirnigerasnd physi
camave equivalent(BiéeeERDOB8on Copgme &I Owt 2004
al2.009)

Anot her commonly discussed speciation model

concepvtaummaclesadi s ecoEogl ogeicciald @ sopna & ved heuwrtsi otno ot

reproductive isolation between populations c
di fferent envi rminafedassi o r2 Oelc2o;l oRguincdarle 2& ONQ s i |
Distinguished from the traditional model s o
classified by the geographical arrangement,

t hat focuses on the i nhei beivtoaruyt i eofpfr @ecdtoxs § 6 fv eg ¢
t hati ti smay occur in a(bSophurfth2@bh)esygmpagyr
cont r inbantye neac hani sms of speciation, the det
be ecologi ealglentbaeé¢edcdiwvwn in thkE stemgaicthia
ecol ogi cadc oflroogn cadn sel ections (e. g., sexual
bet ween environments,) siese oRfunmreil ma& yNoismp or2Qa
whet her a studied case haswhindrieotg stnhgaete ceod 0\g |
t hem baepcaaruts e t he form of reproductive isol ati
type of (Rehdtei &n. NHoglicra20GH)eci at nodoinr end tglhy @
consequence of naturalphyel e@¢ igo wraabln otnroabi ethsa, v «
mi ght be rde gwlctte & efl recrm i o n(Reoi nn fporregcr@amteiinnig) eirs 2104
So far the growing ibmptl istaiolilogliicmha spieEdiad e roc

on ovbastearonal and comparative experiments, w h
ecol ogi cal dddci andemExipH wtrsetrd &. Cdhéee wkA6eb
acknowl edged mo d el of esctohleo g k © @ W cesdpgeec igeind O
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environment s, such as ,didaneseadhpéiesoOoudcesr @:¢
popul atiloemads wtho cthhe evol ution ofandepit ¢dmat i

cease, .gene fl ow

12Mo |l ecul ari nmarrekaelriszi ng speciati on
1. 2VhYy wuse mol ecul ar tool s?

In tmel epceal ar ertaatisprecard dedemiption of t
mai nly based on morphol ogical characters,

observable, di soadiyabRhemapdravgi bhbt @axonomic
descriptiomgd) testdatoemly on morphol ogwitr Hbwe
mar ker, it may be subject to difficelwudiesdan
orgamistnns f ew di agnaosetnobie rschaptict es gg@isneds com
i mat ur e, sdaangaegseidnc omp |l eQ@ en ssepgeuce nntelnys i torwi | | I
ovestimati on (olfe fb®houdrdd@.6 jyl sni ttyhe cont ext of ac.
a specieesewhiah t©te the performance qf ecol

mol ecul ar characters emerge as an i mportant

Since t he DNiAsWadtvseorny & fCrmoclke clu915a3r) t echni ques

unprecedented revolution in only a few decad
DNA Cohenan®9t3he pol yme¢ Mg lelt cléd#Bi6NT ree aacvt d iolna b i
mol ecul ar c adpaatbai hbamcggssofto the intrinsic gene

fundament afl ntqauregltiimgy tohe rel ationship betwee

genotywéds ch hast bdedanlnlgsindigoegt he proposal t ha

genotype form two fundament al dobhanesenl| &9¢
The i nnmmeeablawe doant at the one hand cohered wi:
and validated the systematic positions On t
based species del imitation, to whioch guest
mor phol ogidcadgenataypgisc achi ver si ty: ) whet her
popul ations are reflecting corresponding gen
pl asticity; i) mor phol ogically indistingui
| iangee s , i . e. (pesudo)cryptic species.

1. 2Mh2cnho | e analr dsy@ r (
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Since the first widespraadhdncsee afn aOINIAO 2name&ks r
i ncludi ray amd caeori i iwti yd eo fs edhpearwoerner eg ul t ed cd n a w.
mar ker s wi bh oyatditleintty ailelcyal ovgairciaelt yaenodd aeawaool ut i ¢
Dependt hgiroperties omolewall vaiamnmdreasrikgemoast seerds we r

guestions at different taxongoemiect ircasnnk: phyl o

Sequences used in phylogenetic studies aim
deeper clades (usually s@uclih®s 1&@8esubtinior deft
cytopl asmi.0Whenbasamesy to acessogmomg poper gei
possi bl-lyes@le cppaepsu It ateisgn g eneftasct earp pewalcvhiersg w
genotypiar enaafk eprsi makrnyowlmopo r& aGarest ens 2007
20QW)dely wused populsatiinocn uglen emiiccr omart ledd it €
pol ymorphi snmomebl@dvenaeand of mitochondri al ma
mitochoynwtdocladt ome ¢ oxi,dasatgobumiegi on( COI )

DNA barwbdchgis nor masl6l®@prreafegart r eod ttbddbBondr i a
cytochaoximtkase subuhot awa@dd gbywedet t(210.03)
to servapiad, aeffredeoe¢ whg taxonomitcaxoeafi ci
det er mi rexctoil ormgi fca8li nces @ daaremh DNA barcoding beg
became a prevailing choice of mar ker for i
rel at iTohnesuhticpo.me o f per vaesk lvtahbultoinslshoerdy i @ t be
Barcode of Life (CBOL, http:// barcodtimag. si
devel opment o f wHiNcAh bpamr ccreqgti @nlga | standasds an:¢
search i n TDNeA rbeaasoidd mtgban GOtl ear DBNA i nc
parent al I nnhaejroirtiatnyc eo f(eilane vam@ € dr pait yetmadeiudn onar vy
rate 5 to 10 times f aseerldtitbglna d ki eo fn uicH teraan g
numbers in evkecrgf creéd ¢ mbomismaa e@®aladl0.8 JDNA
barcodi ng, compl ete data set can be obtain

r e

mor phol ogi cal or.Thefadeamigleptcholar aichablse and
barcoding has servedr dostgalekath et wenetne nmo If g/c ut
di sci plsiuncecse silsdfeunliiggh it n opvenc i smenn st er ms of a pr
classidndmacowvwari ng a | arge number of previ
genot(yppaessnahapatra & Mallet 2006; Fr ®z al & L
Hebet 28€10.4)
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Neverthelueses o such special thomleygampleprope
inheritance makes the wholrecpenbomé algke H vicasa
share a commbh genamiregyhwulto | iimnteesgepws s
hybri ds ebaitasoend ,diisnpceornspallet e | i neagéBablardgé&:
WhitPR0OK; Ebach & Hol drege 200 %5;t RHX.G;t VEa rEexsc
20110 one mitochondrial gene was positively I
mi tochondri al mar kers woul d |1 keclty roensluyl ti nrcat
than alleviate the depende.ngcce WPpga .ONWKugthrerse
barcodianlgcowasif ors an overesti matdwe ptods ishpleeci
i nadvertent ianrc | misti @mh oonfdr i &md thepsetuidomgaine s op i
mt DNA iwmcltehues ,n oretn 2a0B®) sSopegancies of genet
yi el deDdNAbyanndt numi ®ac | BHA (darsec obregcaoanonenygd mt

i ncr euatsiilnigzati on of( Poaltse2a0ll.4y Thaewer & . Br el sf
Rel atively | ower subyemsDNAbgendEeendeepofied
groups of Meaynerma& sPaul ay 2005 Shearz2060, & Cof
Whi t weotr 28hl0.7; Wi emer s.| & HRiemicdrgalde, 2i0t79 cnhaoyn d r i a |
give sft hints vuajoasypfieds goprt ioepspjorsg toefl ys pae diae
di ffer.eBoti athiesre results fhawdenpar besmur ewipf kec
indepanddm®xiwhi ch i s consi-denedapppeachestbn
under over edt isnpaetciicesf aisn cao mpelseutlea | i neage sor
(Hausdorf &. Hennig 2010)

Mi crosaltrel ¢ der itde mtet unmoder st anding about t

hi stopwyl at i pmeciodiscar osatell ites have shown t
aa satisfactory choice of nuc(lGuaircentodXklelr, i n
Sel koe & ToWMneno2@0ébhites, also known as si

stretchesmpfrs Bamtg t an d2e6m brpe preegptesa t cefd( Luipt tt o0& ~ 1
Luty 1989;. Tadahesze l98pPppats are highdayuspedl ym
variation in the number ofreppattieggtuhi tsc
popul ations more rapidly than the point mut a
sequence marKkKke smuatr &t ibiac® srhated sl idfe sifar® est i |
per | ocus pewhigehedndtiidomes fastecophanudlhaa
DNA EI | egren t0aA®IO.0GI ISkwdrd Tthteagrree rf wL2rotOM4er mor e
codomi nant ma& e d il nfhecair |t dhvaieoegen s etdee be sel ect i
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neutr al sequences ramdemlry bateal moset thpdem
( Al | eentd 2aDI1.0 ; Schl°ttereet QOWNWiBdGUd f1 9Nt T ntuimlk
sel ecnatvredly milco misahaevd igpeeami potentiapoltati o

genome

The high mutation rates of microsatellites c
the taxon for whi ch tThey hhagdinedc buerepnr eals tca kalbii
devel opi ng dneé cnfoowa tseplelciiteesst hh € endpf errovnapsri esveeenu s e
Sandts2®109 f or a di s cNesvsdrotng e eZehtasnpgr 02gQr0eds)s o f n
extracti omaype odtocwdml i ned the proces(sLeodseanar k
2008; eNo2adl@:)I par niewelnaer,ati on sequencing tec
identificatiowmfofmi tcapgat eauimbee s lhmodiel atspreed e
(Abdelekr i2a@ 0 9 ; Meat | a2alslal ; adntllF urt hermer e,

i mpr ovement imul mephegpmatpplf ®CRmMor eanmdaphdghero
throughput at | ow c o s(tAjazceethsed®d IhlOar giearg fQBMb e r

Ther efhcerssea tvielrece ahdctose sani erprs@amied ilkignes mi gt u
genstirace and individual relatedness

The combinavolowi o§ Mmasochondrial genes and n
mi crosapreodminessnsesoledtl)pmoviimdi ng i nBoemat i C
evolution2Znr asweamme prt ar y i nference of gene
popul a@ditfi foamrenti ati on, withi ggedtelty c rasddu caed u
phyl ogd®mites not representati Vkeeoonmb itnheed aacntaul ayls
mul tiple indewamidemnmd dwchaswideamorys tr pdoteved enh
t han t hatmiftroocnh ounsdiorni ffaybr igetnieghiiso ; Heatu 2ald .4 f
Latienn2eDll.2; Van h2addélc2k)e

1.3 Genrgérmcaeli ofe wi despread marine species
Over a | ong maeriined excfostyismems were consi der €
connectivity &RQaéegyiP@pul Roieq megPBr50shna rcsei tea
gene fl ow imott hes seah bsptcemunest aisa l and | acus
Addi t inoonsatd rl iyne hapeci ese histories that inclu

di sper { Lloweth2®IQOhi xdem t o favour gene fl ow ¢
scales and retain p&amurmbRe AwdBth ) aap ploipad tait 0 N

met hodsgomtnr ehrhye er edmavikaphleat i on genetic str
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di versity in a (vGorweent y& oSp ocnoaausgt ltae? & 202&0x9%a;P aH eul ni bl
20Q03)indi canbrngetlkcammunity dplay ng@eéogrnapuhiitc;
bat hymetric uni For me staradapdcietnitoinnau ulny. tihtath ansa nbye ¢
Southern Ocean marine ani ma( Clsgprekcea e& halvres tac
Dayted nl&®l9.4; Knaomkd 2006 b eetty A I0db6i)s t r.i bYetti ornecent |
was fouhmhe Tthatumpol ol gsaprnhdseammpipdesnyx con
ofas mang GCasy pks  Ds ptt QDELS )Si mi | ar cryptic spec
i n ctrhieRobthachocri ntub akae ipd sadlkasnpseiirs§ e met gale.

201 2)or sever al l i nea(@ Bae od2allrlr;i mg |280bln3s)y mp a |

i mpliti ng possible role of ecological speciat

I n their pioneering ,womk Of omeognaepbhieogeogna
commainstri bution paadreasns \vaardi oeunsd edni sstm nct n
actually oubdalrGain@ ddéblby r($Beme gs 1974; Ekman 195:
Hard barriers, such as |Isthmus of Panama (1 C
that physically splitamairéeme poypaol aei dinfsf e wd
di spersaloce@mewndiche pesx t ensi a8 di snagqgmwce wagr ver
marine speci(eBy itgg.soAMOo/Alydardpremnospi te of r el
di stance beiimg rathll e €ttt d besptios d dciacldisye ptao agli aai a
in PleiTbeoleaeswn casbebfvesnchhestropical Il ndi
at the Sunda Shelf, aka®Gt hLé Bemehe2sd0.(e;qul wxll ey
1868; Whit momwd ng98 D) i sol ati on r dsewl8ttisogrgf r o
ocean pubpvwedeksianndo tohfe rblehreryi &¢éan on the one han
the transportat ie@onn otfh ep edtahgeirc hparnodp apgrudvent d
emi nent ekampAretcaurstt i ct HPsodl psaArnalta oot FAlmtaardc tssu b
(see Griffiths et Thlese2B8609tf onara nee bii®wWerogr &
diée&by restricting dispersal to generate and
penetrable adadveeexdesneeadebpyf transoceaocect mar
di verged sirsitlredbrast mixearn 63 pediaze¥0.8 ; B a w2s0d1nl ;

Gonz8keweat 24011.0; 'l ves & dtag®dlan; 2@ PH0Bsecdsai z
et 28I11.2; Ver.meij 2005)
Wi desmae & e oarlgsarnhiisbmst high | ewalrs @bbwmer phc

Wal ledr2aI0.6 ; Marchinko 2003; Sanf dodp l&o IKed il ya

di fferencehemayypiecalsipyo vmlea satbii co a n wif r dorr noeandt a

8
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gr acgieemgmi ronment §IAs hebtbd®dl@anceSROILH )r esour ces

hab( Ewers & Didham 2006;,bwtui alaswo &ttAdy ibtuet erdb
accwlmted genetic differences due toThdisrup
occurrence of two or more sharpotnysidal sstientgclte n
nomi nal species, can either be aathemr of pte
be caused by the expression of di fferent m

background.

Henpeyrportedly wi desmsmpye &ddriibsaluirnnget vssppeectiiedsa i | e
be discoirmicbatrec byy coefolmadt eedaxonomy based

Conpr ehensi viea smd efcrud mebwex tkr d halt btedadhemo-me f | ec
wi de background is needed in an attempt to r

marine species.

1.4 The Munuiddya cgarseegar i a
1. DiktributioMuand aegolega@y i af

South American and New ZbBahadd g obeegéarpibad b st
Mundde)r ovi des an excell ent stueyolomagse af ora
evolutionaarny ivopaurec ¢ § adnges at & b aeswhfed phreer @ ti n g

majmar anednvironment al f or cies gveorud tdi ch adrief freersel

further speciation.
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Ocean Data View

Fi g2 Map showing recoMdsni dfa dii mgdi igdetcitagm gdefas ;
souoel d Register (WéRWhrtitrpe / Epwevwi mgraindespec
samploogilmntifkiss theBhagtriapMyr gdéegetrsgee.n Laudi e

Munisdqauat | obster is a higlkloynpadiirde mmget2hed ah
ti me of( Lverai 280, )wpdthenntaeval ¢éiydemi ¢ species be
( Macphetr s2a0hl. @Y t of t he genulsy oMundAdg rdeagedhrei af a
(Fabriciiss,t veirTda&8glpyp ecridas has a tranfBadbwmani c
al2008; Tapeslptramadrofidér-east @&rn Neval Delagl laman an
Pat adomima (GhASitc@® b o od en(58BAS), as well as in the
Pat agfomdUua ugssiagontinentalf)shebf Cewbhbeim HDF n
including Fal kl and Blosdcthi@al®9/21; s |ZeedSdha| vier8adsg d s
show it altedadmg§ Biadta 2dD/0a8BNtdhe i sl ands nearby
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(Schra RadIL(APDLY) t s bat hymet rifcr amlsstirti doruatli otno vca:
m de@PArhet z1a919.95 one of etsteentfaéwveeprf amily ¢t
pl ankt dteveplipmeandl| swahageghl. bghawpesudahrough
pel agimetpme®tr phitasvagendpostveni ure)motnhtahts ciann |
his{fdagpell a 2002DuMWab g s meanbo h@&0 )ge swar ms of
M. gr eagraer i avian 4 leadritee ac h shaandienggh onal |y rep
( Mc Cl a&ttcll®il%9el; &aYisecog &ilZOladk)fetrerma t his period
to the( doltdiaM. 1 g8 wgamuiras i n high abundance

densities as hlingihfiiaesr r2a7 ¢i@énlettiFuPddgoorac hi ng up
36b6ndi vilmdiumm|l New Z2eal dind n1 D&Mt hic samples fr
ChanMelt gg areipa escdhatof~ dfeapaed 20fQots)irtmes o f

bi omassonshtebyd bt ema dcoreent hi ¢ ¢ eammwniitthyer n Sout h
(Arntz & Gorny 1996)

Fig.2 Swarming (left) &Mdgbe®amgat Pamdinsagl @r,
Dunedi nNewal &red i n 2016 January. Phot
http:// www. dail ym&3i319.18a& .3« ISfwin & woysuliNeett & d |cd red

b e achhwartberri-gend ..Et hdul Van Kampen

Squat | obsteMgr egiam emanr tpill cagyinabnrnt  irfrapooat thvre b s .
gregairsalwvaby fferent and si makt acéousdg fpeedish @n
crusame, al gae and polfyehse paertsi;tc hadsa tsec aovregnagrei
(PON)nh tiasnpredpt @dll orst aotf dsipfefceireesnitn ctlruodp hnigc
fi,shseand rmag i ngeumamasal sed Re men@HWMHuesas a

key compgnegaamadirectly | ink primartyhemoduc
shorten the trophic chains in whi hRhapetl parti
al2002b)

11
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Because of theMspegceaghrtiphasiftoioan weibp laanyds lainf e
i mportant rol e d4dpmumnipme t hieo lcoogifdvmléa €C@918 7s)h el f
me anwhitisl ea pot ermptaitdlogeeast @am dooft dhien hi @geleirv & mry
Il n New Zeal and, sM.udgr agamowmasiayw affdedz & heartdr i um
catebélolaamd thus 8Borgumelpasmtueadsti yasc shebh@i sh |
anal dMaeKenzie & .Hanweodongad®®P 1S5ei whal es we
to be stranded andhddaedani rPattlag dthewatbhegesh m
whal e stranding dgweal8t) .knmdwen ctau scdciadbiaadée wh,
i nvestigation ionni a t hePr ojRattag Gol fo

(httpsithiexp®d6. worampd ese.maom/utst isitlomaok | eam.
anal ysi s showed h%eeisosigh sowma\k. msqg roelvdhd ecrBeau spect ed
t o poped enéedctadr $ @x i matchacugtehmsg W @ d(\ertse n i Hanu,s s er m:

personal communi cEH0i on, February 29

FiDh3 The bfeaacshhe @B 7whhalt ®gs al Btd mivfe dil @ mads &« st r an
on ChRdteaagmwmad satn 2f0olwtn d | Gu A fPreimliaysi a t eam | ed b
Hausser madun nafy tSite ent Ph o afpilvyledn i S tHaatuisosne.r ma n

Duet he pracbwanldédmtcer,egaonanoifc aglrleyat apoakeheraht &
fishery troestha&wiedharvest edPlsequradn clod easrt crmmosn o d
Cer vniindua (jTalpeeil 2810.2b; Zet dtihse InBa8 M) speci es i n

12
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t he trawling fsedhePpesti tos andboelfloerithe k
crhbt hodeg Taapaett 8dID.2b; eVYaZdllsBEgoc aMi.segr egarcha

i ned astpaxganetnlBisref ut f or cosSabmongf tsremivh hega h
i hoodstuffs such as(lsowepistd®|P&;stLel, diandl S&T)i n

1. faxonomic debateMandreigageagr aphy

The taxonomgr esghbaatsuasb eoefa ndy) lommigt h sguat hMrobster
Subr uDgaonda® 5 2 . MBmitsdgau at ¢ © b s tmeiras( Msaypeetl Ra&AI0.2 a ;

Vi nuesaandM®%®) originally described as separ
mor phol ogi c(al a gcehrabrearcgt elr 9s0 @;n d Meas tutp Bmowssedhd 9 &hl3y.)
(1992); Hendrickx (2003); Retanrailg.CRIO.4O)ON T

(190BkaWwWert |l i ams (l1@anBelachidsilotBéDgNb.r) edq ea@g@ar i a

transient ont &g e mseuthirbppoeita sfer oonf tmmhoe phdolaggios a
di ffebeitMuerssdgau a t |l obsters al @i €t alhd haanweli oduirsatli
di ffermae¢nceesrtain devédllgpegpiamde hsbaghks a pel
post met pmgphen adults sepetkobmnvéarcitbhalt mitg
water .coBlyurmmkbsnt b mddagpdesds age ci phlaiafnae hmiesntado my be
constantly af(leapeandi@sdO@ar, plzepide sf l88bmesi ng b
t hmt obladdtyhteo mo r pahdod potgdiitcsao in yg rtely@asdieat r iotri vor e
scavemgedubr thppbean found to feed on al gae or
(Tapella & Lovrich 2006; Vinuesa & Varisco 2

Despite profound phethishkhdyww hce tdhiefrf etrheen celsgs si f
t wbi fferenandmbegcpohse truly reflects AeRegoantct i
mol ecul ar examination using mitochondri al g
corresponding t(ceBeeaieb 2W@0Qr8mMh d lheeg yywhd Behd s o f
et (21098nonyMni sseudba u gao sjauonM.o rg rfeogrdnt i at ehe@at i on.
Code ofi Za@alol Nome nctlhaetyurar e IcCiZrNr)ent |y consi de
For baedi tyarity,refnert htios tthhee sd usr,r élutni dac o g |
gregaensau l,atwhi (st It.h)e two ecotypwea rsueadser t h
strictoan(dsubratgmee)da t homaglhe ctud Bag| t ma y refl ec
homogeneous geneti cebat ¥k pgM.® ugnride gead,d rames E£a tstew o
of phenotypecltyphing syp maitteye,hadamdsividmf s@ap e b g
geographic covieiykgpe echaoaoket lmaé spossibilities

13
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incomplete |l ineage duect timngaédndehethamo wo oshg o

to interpret twmnedifferent species as

lem

Fib.Borsviadé(wsscal e drad :zdomend vreoutrhao p aykilegvasr iod

S. strancecsc®hryypgeostayrpreows and numbers indicate
mor phometric body peaeyetes2-hBbkweaemabbetgppes8cala
4-propodus of t hedadti yldu snaofi |tlPegoetdn i b yd Olaexn | We

The cagsegsafisasubr aegcdostgympewsi des a suit atbhee par
exi stencesympatcrypgMepeecveart, onMe widgapir @ and gh
have wundergone crypitncias$!| Gpat hi temeertcamd ira
| ati tdudsitmraalbot hosi desamd ttPlae agobdeabatMymetry
gramgsa | . ( fr odnownrot elrl 3s7ur frseuaber ru(dperdmdaf H19.9 )

suggestspbobant githebe adapted to survive in di
roughout The MadgelZogwygkegraphic Proannce i

tensive estosalitgkeady®ahiheean omgi drh eAdQul attse riniavre

—

u
h
X
insi dg ordssoci ated with areas of Idhedei tasi dec
he wat erVarciodnnsnme nment al conditions (t emp
concentration) canlaagdi mg Ppot,leovthiilacl a dceghriesattiii ta
prerequi site of. e®ioveongitchaehr gshidebcada te gusapca @ess
0

ddugla stsénoen centr al Pac,iwfhiic ht 0 s @@&® 8 kena sP a ¢

<

expanse of deepshtPraecticfb pce nwaddeeerp wat er wBthout
wekhown as the East Pacific Balrasi elre enEPBes. cr
the mosdoHpmaemmaring to the closure of Il and b
bar¢Ekeman, 1WKHi3gh is rlechenmi bépafatri oheof as
| n®Paci fi c an(dBrEiagd.s REET4piid e od6f tphpel &aging pha:
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swi mmi ng BWbi lgirteqgracmod§sai ng such broad -sdiosnteanc e
di sper sal seembt que sheopegebnbeetyi ct d nwvarsty gati o
whet herongroi mgt gene bfeltoweccemny peéct exi gesgr aphic
which forcegercetwuild dirveegance between them
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Ai ms, questtliionres and ou

2. Aims, questions and outline of the

2.Ai ms and questions of the thesis

Theuper or difn atheiwsastnit eos iodt ai n new idresgisghtngdiinmg
of the processes | eading to tlhne et eotwohpudap @mmo @ ¢ |
I aedltyhreel at behwbep phenotypic andegesténcenp

of sympatrj c aisig)end iea tai€e medrmgg geographical b
oceanographic influence in shaping gé&netic
gregd8hiea principal strategy of this thesis w

framewor k to sihewdscltasgmafl onhi ¢ h aelrayragpe odcaetsas esset
genetic ocanodgameatlpnb Eschondri al-ewaamldv inrugc | mamr k g ras

applied to address the following major tasks

Task 1: Developing a comprehendil wweudmu ltthiema
evolution ofanNewWoZe¢ als@meit i t@mdbdliueagdr egar i a

Despite numedioscobsemyly psitome pweasgtatmajngri ty o
are based on evidencevefrryonf em teotcundibingdsr | s 8 laie

nucl ear smahkearss milkcmosatsel loift egenetic homoge

mi tochondri al markems ,sadheasmatnvemgixest ainédb n
sortangetrul ed out, therktierenasmoukedcbef bde
from both mitochondri al and nucl ear genome,
resolution in resolving differentiation amon

Questions to this task:

ils theofmepbdotder genonieL epersceh pP2pO0I8C)MRIG®) ¢ @ar i a

and what i s the success rate?

i Are the 1isolated microsatellites highly

genetic and evolutionary studies?

(1 T Can tchreo siag ell d tadnpisimiibeed cwweotshst €«ed ospeci es

provide wider wutility?

TaskTex:ti ngdwldteoempesdgage m di fferentiated gen
words, whet her mor phol ogi cal and emeltagi cal
adaptation.
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Al t h a uwhddh gregaettaympeegari andubr udiosmxllaeyar
mor phol ogi calb,a heacad lodg iwwdadgreanicte t betteomesi eer ed

as separate species, recentt rmdladc ulhaery ewil dal
spe¢ciP®Bare o 28€I10B1)iesvi de nbcaes enda so n d ma ralbgerhloer s, as
wel | as geographically Pvpulyatliiomg ele stdahmgil n n
ing Gmpaghitesappear sharply distinct in an ar
gradually changing in morphology or genetics

more conti nu(ouuesd glt r2wildd b i ¢ te @édHl6eAsand ref.erence
l nadvertently sampling only i@verhleoozo npeotoefn:
intermediary phenotypes and di f fMeraennwthiiatee d i
vew tohfe grewionogf-nmmcit ear diToeowrsd&n Bag,eltshheorlda QK
of difder@antmatochondria cannot be confident
without checking withlméedus p#et gmelepremaemt s n
Crypstpiecci es ciompl egs omorod yhbsgdetflompr ehensi v
mol ecul ar and mor whtnbogi cakl easamiensamebe ngar
to conclude whet herc anmno re cgd nyepteisc abra cskeg rf auvomd

il.Ln contrast to the | ackhaetfrhwailtecacrh omvadrudasia tdeil
di scodeartclty genetic differenthath otny bed wefe nmm
woul dayotedé de rotr y gtsiud tgeneti c divergemwdcéeé hamon
contalnestarm@Eldi ng

i On the bassciasl eofandarngoer e i nclusive sampling

are continuous or still disrupt; are there p

iii . Whether MMhgre@aubobacayptec species, or i
possi ble phenotypic plasticity?

Task ABalysis and discussion of patterns of
di versity and de mdggraepdgiaha @aurgdhmeais s e aodfael isnp e

t hceont ext of the climatol ogi cal and geologic

Al t hough thMd. sguadasioddwmn ero have great poten
view of the great ldo nsgeitnuad iomal Paant daapbbthél iatnu ccio
strong isolation between central and eastern Pacific, it seems implausible that gene flow over

large distances can be maintainégpecially the > D00 kmexpanseof open deep water

18
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between New Zealand and Chilearid@@nia forms the continuum of the East Pacific Barrier
(EPB) that was a highly effective marine biogeographical barrier sepavastgentral and
eastern Pacific faundlternatively molecular dating of divergenseiggestedpeciation for
residences lieeen sister taxa residing both sides of the EPB was much younger than the
proposed onset of the barrietichimpliesthatthe existence of truly trarlSPB specigif any,

would bea complex interplay between vicariance and dispersal.
The quesn ipoanrst iacruel ar :

il.s threadPABy a strict mbagrmritemnt dedeaviee nf INEew &Zn

Amer? ca

ii. Do we find popuMatgomggeinedi ecf evNewnLeal .

Amerhasa under gone crreynpatiincs sapse coinaet iionnt eogrr at e d

i iTio. wha@neaxtit eanwhidoh pdipué eNteiwo iz eaafiQimoud h Amer i c
hi st or iccoanltleympaoardahrainlgye genes ?

220ut laoafnet he thesi s

Thehesi s ceinrstirsd du ootfi ohnh e(ec hcahpatpetre rls) ,cotr r espor
publications and manuscripts on the devel opl
sqguat Muombisdtaergrcd@aad)éemd 4a chapttehatofs sipima hiezse
results and mpmicfetas puestehesaeaadcNutahapt er

The three manuscript c hapmiec so av slcwtsiso ntahrey ni

develngp high informative mar ke4 saatd fsarbstelye e
using the novembmaakeonswetthna traditional n
evidence in del i ®i tainndg tsop eacniael sy z(ec htahpet eprop ul a

present and past gene flow andé) demography of
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3. Li st of npulalnidc adlteicd arati on of contributior

This thesistohlhrchaagbackedesnmomkepar aaetrebesr

Theandi date is the first aut hor of t he 3 man
List of publications and declaration of <cont
Publication |

Wang, Hel d C

| sohataind characmecirasaiehl iotffe 1lmar kMusi da om

greg@be @aadondiadi caaeound the Falkland | sl ands/ |
Conservation Ge2h®1bdI¥eIF9Resources
DOIL:0O. 100 70 3216 8 6

The candidate designed the research, perforr

the maniHpcovptded gui damaoaidmp moamad sac rainpatl ysi s
Publication 11
Wang, CAgr awal S, Laudien J, H2@ussermann V, H e

Di scretygpgepheanret not unavedpi gereacdthy demndme ent
|l obdMuer da drCegarntiad ea: DecapontharkdMunstdudgpelro

t he Patagonian shelf
Submi tBtMCd Etvoo | ut i omaAwg Btbé ogy

CHantdhedicdeamdrecei ved and TWrRresifgineldd tvmaer IsCHmals . c ar
the candi dadlehyVeH X acdi dia¢expeti mbatlsy ssadd.anhlkde a
CHpr oevd dgui danhaeiaihhhd ysaaddHdv@ toe e t he manuscr i g

Publication |11
Wang el d C

Crossing thmit onplersdrmilal: and microsatefl ite
reali zed geénse@etflbtawa nagmodc e a n i Mu nsiqgduaa t § D eogbaspt ioedr a :
Muni dadmess the East Pacific Barrier
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To be suMoni ¢ ¢ eldan oEcol ogy

The candidate designed the research, perforr

the maniHpcovptded gui damodmpmdwuadta. anal ysi s
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4 | sol ation and charatekltitzat mankefseferomnt
Muni da dmegamMoaiaale)d around the Fal kland | sl &

4 AMbstract

Understanding phylogenetic relati omsmiegi and

structure i s RAS@rweatecigun sane mamagement of po
thislseparyt the isolation and characterizat.i
the squatuni dbstgermgmraraound the Fal kIl and | sl
numbeltl ef e ranged from 3 to 31, observed hi

Crogasmpl i fication was 100% sMccessafmud ¢ J&.in% tihr
another conWengr.aclihbipsecsieds of micresaftetblubed:
on taxonomy, genetic difverrsl ¢ryp racmwdi dgee nsettd cck c

information for monitoring this important fi
KeywaMdsi dai cr oFsaaltkell a ni dtsE/i Mahlewiyn a s

4 Met hods and Results

Mu na dgr e(gFaarbirai ci us, 1793) is an abundant deca
fishery resource i(nTapsaltl@dOr.inb YSho uft thr tAmesrr | €@c u
the Bass Strait, sout hern Abstghl s@daapddetats
mor phol ogi cal , behavior al and ecol ogiM.al t roa
Ssubr uarmrsa, 1852 as a distinct speci es, t he

di fferentiation basgd®®B®zmbS2atdn8o)@lda i al y imag Kie
are either (1) recently diverged species or

requires mul ti péwolivinidnegpegqeleet i, cufcahaetakre r ¢ e nforno
t her edeovel oped and characterized el ewWen pol

gregaria

Genomi c DNA from s ¢éWealakll asnpde clismeannsd sf/rlosm as Mze
using Ql Aamp DNA Mi ni KipgoolQadagtean ) c mmsadt rsuwcbts
enriched | ibraries accordi(nlge esoe 2a0IR.& Srienpgdret e
strandedMuBNmusfeuvVed as reporter genome to hy
Enriched fragments were ampl-TOPOH, TAuvedti ed

transfor mpetent 6ETOBPEL®WVIi trogen, Promega) . [
cl ones were -Beaotectho (KAINGtanz, Ger many) f
Mi crosatellite characterization and primer ¢
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( Kr aeme2al0.9 )Out of 113 clones containing mic
identified alndr @acsttieadnsi ncoln0t ai ni ngl i manle c on
Hot master Dadfer,x OPSGROM of forward and reve

ofl 2pri mer pairs that successfully amplified
with M13 tail $&a&ddnd BASAAAARLSALC GGECOAE i mal

anneal ing tempeairlagdir gr iorherM1lBairs wer e deci de
Final amplifications were conducted in two

cont ai aMe Mi@®ill ed forward primers and reverse
optimized for each | ocus. TdMe | @aduadi revde rasnapl| i M1
pri mers and -supnelcaibfeilce dr el voecrusse pri mers with ant
mi cr @lriotbefctt he first PCRs segdlvedcaads DMNA tod mpg
PCRs. PCR program was ams 360lclyocwse:s 904f A fhoQ f;
temperature for 20 s and 65 AC for 1 min, foc
Final | abel ed products were analyzed on an
(Applied Biosyst epmesr)f.orGreendo tuwspii mdg 4 GE@ME MAP® E R
Bi osystems) .

Al l elic variation of eleven successfully gen
92 specimens from six stations around the Fc:
ranged ftroroB1, obser Hd vihaeti eerdo Zf ygpars i0t. ile30 (t o
for scoring errors caused by | arge allelic
MI CROCHECKERV&n 208 ®ttedd@ddwhi |l e nul |l all el e
suggested for Locus Mgr 63 .-WeSingbneiifg cebloE )| diebvriia
were observed for two | oci (MgrPR®. 8&Md bMgr Nnlo)
l inkage disequilibriadwdre detected using GE

Croasmpl i fication test wasM.s wvsaudbspgmsapfhort yplel
(n = 10), but only for four | oci (mgr 4, mgr !
M. gr@rci £i 8) . These polymorphic | oci wi || p
taxonomic riddle and stMudyrtlpa it ppapnsl aotfi ocno ngs

and fisheries management .

43Acknowl edgment s
lthank Andreat &csltmibaalh dosi stance. CW was
Schol arship Council (CSC grant Nr. 200963300
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Table 1 Characterization of 1M. pgorl dygmaohrepah i ¢
Fal kl ands/ Mal vionpas popul ation (n =

Locus Primer s(e&g@agnce Repeat mc Na Size r M13 ail HJ H Genbank
(bp) To( AC) accessi

Mg 4 F: TACATTTGGACAGG ( ACEL£JACG) 12 29838 58 0.717/ KP1123:
R: TTCACAACATTTTC é(ACQ)

Mg 8 F: TTCAGGTGACATGT ( AABECHRPCy)s 15 31364 58 0.846/ KP1123.
R: AACAGCTCCTGGCA

Mg 4 6 F: CACAGTGAAACAGA (AB) 3 16570 60 0.130/ KP11231
R: AAGGGAGGATGTGT

Mg 5 2 F: CCGGAGTTCATTCA ( A 9 16D76 55 0.761/ KP11231
R: CATAAGTAGACGCA

Mg60 F: CACCTGIGACAOTATC (A€ 31 17BD58 56 0.750/ KP1123.
R: GTATGGAATGTGTA

Mg62 F: TAAGTTCGACTCCT (A€ 6 15567 60 0.527/ KP1123:
R: TGCTGCCTTTATCC

Mg63 F: ATGAGACTGTCTGG (ACAG). (A 21 16217 57 0.522/ KPM1123!
R: GACAAACAAGGAGA GY (ACAG)

Mg8 1 F: TTACAACACAACAC ( Ag) 8 30322 58 0.674/ KP1122!
R: CCGTGTTCACATTC

Mg 90 F: GCTGCAGTAGTAGT ( AGL) 8 23253 60 0.870/ KP1123:
R: ACATGAGCAGCACG

Mgt05 F: CTTGGTAAGAAAAT (AR)ACAG) 26 26353 57 0.802/ KP1122:
R: TTGTTTATGTGTCA o

Mgt20 F: GGCAGATAACGTGA (AAGAGSG) 10 24318 58 0.283/ KM1123"
R: CCGTCTTACTCGTC

Nanumber ofamndealliensg bGtlekmpeeratvede ghred eaxome/mtoesd
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5. Discretephenotypesare not underpinned by genomewide geneticdifferentiation in the
squatlobster Munida gregaria(Crustacea: Decapoda:Munididae): a multi-marker study

coveringthe Patagonianshelf

5.Albstract

BackgrbNMmdiceo dniadgg monstrated that many discre

genetically distinct (pseudo)cryptic species
be expressed by genetically identical, i SO
conidoints. This alternative explanation to cry|

i s harder to ascertain.

The widespreMdnsgaatgoengh s isers t wo gdriesgcarreitae e
strsubndgowtwveclegar dedt aspdciéserley some due to
in their morphol ogical |stecoil®ditcltad mardp behatv
o fM. gr eagnadr i taest ed (1) whet her t he phenotyp
cont i-svealteal sampnlicilnugsi @amd o f di2f f emantwhleit fher s

phenotype is underpinned by a specific genot

Results: A togakgsumbtmu.bo &igd@déivi dual s from ¢

encompassing al mo$bue hwasmedraadatg€e or m mor phol
Results from the PCA andde nuosnisntgrtalteesdnotriogpdhta h o gy
t h t wo e iadrinsscT heed eno nt dorciha | dat a slhiokve dhamlad tl \
network and comphetemoveghdtppiod genetai c di st

S
c
and geneticniammll iyrsleesd utsy meagr v aarnida bnleew nQ Clr osseagtu
S
e

mi crosatellite markers possess sufficient g
clustering aepdpo ogehescaorevenagorecismg ypes or (e
uniatts oss t heAnmemtiicraen SNiosttehvii o e tnhic @ ndo fs tiasnocl ea tcioaul

be detected for this species in South Americ

Concl udd somist e t heir pr chrod wrgd e | b iamad adli frhcer @
gregeriatsru.br aiegabostay pes form a siMglger,sgdirlmar pf

Baseddeguat e geogarnadp hniuclntdiepyleen d g mto ropthhigecr e i s

no indication pbat hahe awgepbehot pasi s, |l ea
|l ocali zed genomic islands of speciation as p
Keywopttenotypic plasticity, genetic homogen
flow
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5.Rackground

Di f fer enatv es pdeicfifeesr ehnt mor phol ogi es and | i fest
often tested) to reflect di fferent under |l y
sequencing and mol ecul ar barcoding has serv
mo luddcar and taxonomic disciplines by wuncover
(pseudo)crypBicekig®@®D 7y petteddelt.4; Knowl many20600
which could be ghown ht e qhal & ys oo(idartiaebtbkea . mo
20009; Saez & Lozaeb28009%; Vanel sl ander

However, the popularity and | arge number of
|l ed t orapmprercdeati on of the notion that sharpl
consequence of genetic differences but can
called by environment al triggers. The di ff.
|l ifestyles of ecotypes within théeéHsmmesabpec
2012; Jarrett Pndedr9 ;& PBaediislelnah elr9z9 81,9 9R6; Zakas

Proving polypheni smpamrd atrieperctaisngancreyxpptliacn a
sequencing a mitochondri al gene fragment, w
number -sadafudweeldl cases of polyphenism. Consi st e
di fferent monrgpl heo tnyipteosc hionn dar isail mar ker may suf
to be checked for the presence of cryptic sp
is taken at face value with no additiocnal t
di fferences are responsible for the differen
mol ecul ar evidence from multiple unlinked nu
in order to avoid common ambetactabl eemdrngt
mol ecul ar mar ker s, i n vi enu colfe atrh ed i Tsmmamsodnaknyc €
Brelsfar Suzhl &)xg esnksa ovwelo e d g e Diap hpa rtéex!l( keo @gr. ne
et 28&111; eestpadlier Tollri)Jdan Reheesiet 20 0most | y e
in which the genetic iaepttihtati ocfo nit md ibwit ccu alr
understanding of t he i mponrtpdhmd e@giodal poplypdt
part henoge(nDeotnmbcr @avpdhd B | edtr 2 1Q rharbled crayfisi{Vogt

et al. 2008) polyembryonic armadillogLoughry & McDonough 2002) inbred lines of
Drosophila(Astauroff 1930)cloned swingArcheret al.2003a)
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't i sitntheasmall number of confirmed pol yph
genetic bsac&kgoorudidtsi on trul y erfdmeestisny naa tduirsec o

and/ or publication bias.

gregaria s. str. subrugosa

Fi 81 Generalgreigaws sosibr mgpaloa ypes (above) an
di agrams showing morphometric measurements (

scale bar represents 1 cm. Measurements are
rostrum basi s wicdttyhl;o pDoadW, s wd fd tthhiorfd dmaxi | | i p
of the third maxilliped; EL, eyestalk I ength

Il n papesnvest dgambephhe ,Mgoatdal gbegariato (Fab
1793)which is currenttlhye ceodfostiydrea gealds Ut abbi teroigmptr d s
1881 as well ab.issbpamgd,s(pd & qBRHENE )For cl ar i
and bhevietrygfear t BMunihckan grségarceoampg t he t wo ¢
gregarstsubanldrns@out hMAmgraeégarndi.a occurs in sh
waters off Patagonia, including Tierra del F

in the sout Mwegtresmgraddraec ifemxorted from off ea

29



Publication 11

Tas ma mBiasdbta 2a0l0.8 ; Zel diThe l985pngmegamcitat us ah
Subr uegcoostay pes has been subject toesceormdfl emtin
regarded as difbobéermaotphbptdpereeabescsat&dgdul t s

as wel | as different beha{¢Bosahlftld.Z;erHen chr idce
2003; aRetl®®1; Tapel.l awid I|Lioavmmsi c(hl 927030)6 )on t he
gregsa.raswtra. transient, pelagic ontogenetic st

featusabr wgpmesm adopting a per manredcltd sys befnt h
taxonomic rraeng &riigast rodrie,n d ound itnhsahibg e gpelaac
| asq KT a peetl Ra&Al0.2 a; ZeThekise HI98Ferences persist e
cexi stthei neamet Béverothhetlheesshasi s of a | ack o
di ffer ¢eRPRPBarve o RDIQ0Bhesect wpecaurrenctbpmedi agl e
pol ymaosrppelciices undM.gr epgiemmammos®f recent taxon:
t he f(aBmadtay2a0lQ.Buyt t hi s evi dence mushte cbaeu sceo ntshie
sampled region (Beagle Channel )6dseprbetenos a
the mol ecul ar evbdehwarhkietded henxdd iuasli vimdryker s
whereaxeswoli¢he mwundIlymarklerTBh(ad toxcbeded ef rfamal
anal ysis of the( P@&Barzemo2a&l€&) ar study

Il n order tgor etgeasrtasdudtr hemaoos@eos r espond t o di ff e
ofMuniara represent a single spemplaydu { pl & a
i ndepefnaestnotl mungear mimar x@wWse ¢ | &t eHealnddn2015)
expandedmt DdNHAe pdences. The sampl ed area enc
di stridue gsoms @sfu b ralegdoostay pes 1 n | &0 adlhindam eynsi,ecda .
mor phol ogi c albodeiefoft eyrpeensc easndo fdi f f er ent ont oge
met hdapeffl a dR2d00lBgwor dethihfée omdrees compl et e geog
conti swuepotred moe pttiosogetcal clusters or i f t|
ecotypes vanish under more complete geograph

Tabblle Sampling sites and npanbenmtgheéegad)udittr .a nan
Subr uegcoostay pe s

gregsa.siat subrugosa
StatiolLati tLongi adul ts (] adul ts (jun
Nmt oo alMs aT Nmt ool aMs AT

Fal kl ands(MM) vi nas
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120T12 52.1 59.5 3/ 106)0 0/0 (0/0)
130T13 52.2i 59.5 4/ 2)0 0/0 (0/0)
150718 52.3 59.1 2/ (06)0 0/0 (0/70)
160T19 52.3 58.5 2/ (06) 0 0/ 0 (0/0)
170T20 52.3 -58.8 2/"16(0 0/0 (0/0)
210T16 52.4 59.09 2/116(0 0/0 (0/70)
120T15 52.1 59.9 1/(@/fNo 0/0/ Q)
Tot al 16/@B30 0/(0/n0
Northern Chi I[(eNaCP)P
Punta Me -41.5 -72.7 0/ 0 (4] 0/0 (0/0)
Hui nay 42.3 -72. 4 3/3 (13/ 0/0 (0/70)
l'sla Dri -46.4 -73.9 o/ 0 (7/ 0/0 (0/0)
Punta AY -43.7 -72.9 0/0 (47 0/0 (0/70)
l'slas Pa -43.7 -72.9 0/ 0 (0/ 0/(®/)5
| sl a -ntionpi -50. 3 -75. 3 0/ 0 (4] 0/(@/0
Il sla Sol -51.3 -74.3 5/5 (0/ 71@Nn0
Tot al 8/ 8 (321 71805
Tierra del FuElgoF)a
Punta Du -52.4 -68.5 0/0 (0/ 1/1 (0/0)
Bahia Gr 52.6 -70. 1 5/ 10 (01 0/0 (0/0)
Seno Otw -52.9 -71.3 0/0 (0/ 4/13 (0/0
Silva Pa -53.3 -71. 8 0/ 0 (O0/ 0/(®)7
Bahia In -53.5 -69.6 0/0 (0/ 2/5 (0/0)
Bahia Na -55.3 -6%50 0/ 0 (0/ 1/ 1 (0/0)
Pt. Enga 54.9 -70.7 0/0 (0/ 2/ 2 (0/70)
Bahia Vi 54.9 67.7 0/0 (0/ 8/ 12 (0/0
lsla Pic -55.1 -66.7 0/ 0 (0/ 0/ 2 (0/0)
Il sla Len 55.3 66.6 0/0 (0/ 2/ 2 (0/70)
Tot al 5/ 10 (0/ 20/(287
Mar dell MEIPAt a
ccbB 237 -38.0 -57. 4 0/0 (0/ 1/(0/)0
Grand t 29/ BRY)50 28/(BHB)N 2
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Nmt ona t he number of speci menswusus etdhewintumbra rt occt
speci mens used with microsatellites

* refers ¢ém winth smiessimng genotype at a cert a

P 33°s | I

sz'sl “l | |34s| : |

.
A N |
Bahia Gregorio o . S
I 4 . Punta Dungenes I ______
53°S oo Ol“’a‘\lo 36°S I | E | |
Punta Bahia Inutil 8%° - ; |
Silva Palmao Arenas o - | °°° s | 37°S I Q\_}\r : £ | |
>
¥ -
54°Q TdF ” & *
54°S L_ R __I 335' > o | e = | |
CCDB 2374 MP
Bahia Virgini 39°S l s L 2 |
Erioan ahia Virginia —  —  — o
o W S6W  5FW
55°S IslaPiccon B mm e e - o -
Bahia Nassau
Isla Lennox Puerto Montt
Punta Metri .
56°S Cape Horn 42°S o @Huina\
I & Chaitén
» . - - Islas lejurusOPunm Anihue
74°W 72°W 70°W 68°W 66°W 64°W 44°S
46°S
Coihaique
—— Isla Dring
515 ¥ 1

West Falkland/ = e ==
Isla Gran Malvina ) ]

[
East Falkland s
Isla Soledad 48°'S | |
| | | |
» o ® -
52°S | ‘ |

]3()‘12

|
'3()“5. . | - | 50°S Isla Lopez-mine L S T_“i_]
130T1I3@ ”(‘3“ ! s E ! )
| ':“ | Isla Solaris
o 210T16 150T18 160T19 Lot ]
52.5°S € L FM |
61°W 60°W 59°W 58°W 77°W 75°W 73°W 71°W
@ gregarias. str. Q subrugosa

Fi92 Sampliggegatreqat(ecfol i dubr ugobpsegn and cl e) e
FM, Fal klands/ Mal vinas; TdF, Tierra del Fueg
MP, Mar del Pl at a.

5.3 Methods

Study popul ati on

A total 2Rumbde vwaleal ssed for both morphol ogic
this study. These samples were cfofl |ltelce eBalak]l
| sl ands/ | sl as MafSviAaSFoangiheg siiedih AN s me t i d
water dewbahebyomi Hdtabhdh,m FAr)g.wlSe x uali dman tuirfi it e/d
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as presence of eggs enpdds. slexuadulyt dmanloe p hti
pl eopods are modi fied to form gdndkpeodsi,n tahde
f emalhes first pair is missing and the remaini
egagar r(yTianpgetl 24I0.2 a)

Mor phol ogi cal analysis

Speci mens werga eghas sit fri. esdudarshameoo tt hmens based
foll owing characteristics: | onger eyestal k |
and blunter dactyl us of Hlhe tThhiersde mahxrielel inpoe
characteristics togetdhérr (MICW) amtde wii dt hc @if ap
maxilliped (PW) were statistic(allapyelsliagn& fL ocve
20Q06measumysampl es usifdAg@. &8 meccasdMMdmea wictaH ei nt
the nearest 0.1 mm. To determine patterns en
these five body parts, principal component s
package (PAS&@ed8ntol ogi cakt Qtli)Applcyi, nHadimec r
functions (DF1 a(hTdaDe&l2])a i & iAbwrQgiDER ) 2 @6 ues w

calcul ated based on these meas(uR eQmoernet sT eaamd 2s0
mt DNA anal ysi s

DNA was extr ac+predas efrrveend eatbhdaomo In al or chelip
Ql Aamp DNA Mini Kit (Ql AGEN, Germany). For m
was ampl itfhieedinuwviemg al pbCOdked o HAORDUNIB)r a B 6

individual s QTarbdactli)onsT hdo nld0d smasit @f TDad 2(UT
mM dNTP@& o0. 5orwardi maeds r-edfelkes® CHnalbdut 30 n

templ ate DNA. PCR was conduct é@ fusri ngd m®mnndut
followed by AB6f aryc2@sseodom@sfoanndne addeingmds, 4
mi nut e, and a #f6i5nfaolr elxOt ermisniuotne sa Size and qu

were checked omnnaT2®% hogaf@ef pwdigrheeduad®CR

usedytbe sewiuteme H@GQSpngmer sequencing was <CcO
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3130x ! rsklelgiugennnceent usvasg dGOPONCODE ALI GNER 4. (
Corp.) and checked foand ksmtdppnessence of ambig

DNAol ymorphism Wwapl exgmebBdddasact got)ifde di v e
eaclmt ype and uaslilmgsSbng9Leld0r ado & . Remrzaa| 0290i0c9a)l
relationships among haplotypes were inferred
1. 2C] emen20lQBai rwi se genetic divermgeaonlcest imkea
di fferences wvehe nc alndulbat ev @ n ME IG@AT ebmadr aad ot y
2011)For a better understanding of thedgenet:
t hrcooengeqieecicreyanabMsi sufnl=bantGemBaski on numbe
JQ32&2Q03 06 M3 0)quuadinkE8mwiemdBank accession- numbe
DQ88209 M.ndgrfarcanhid ven coln=e2ct GenBé&nk accessi on
KJ544K24594 4250) . Pai r wi secadecrnud taitb.ddgva & 8ha dne s
(poobedgxar asadubr J@gmd aver sus Muhneisdoat bhieest hr ee

Mi crosatellite analysis

Il n total, 218 individual s lwemecs beotelkwdbridel t er
originall yM.d egsriggnéevda afgo r& HeTabl2@NLb¢l e si zes

manually binned and genotypes were assessed
Nul I alleled, | satge takrli ebgeadropout wdnNant est
Oost eethdDlQ.Because of t oo amach yp s ssishlheg crdwltla &
Mgr 63 andvelbgxrcllOubd sdibs eamas@Eeneti ¢ di versity

ecotype was summar iAZed nasF SATIAGe IAid @& uXi2 @iyn et shse
rarefacti,omnwhdgghr@wlascd used to determine the
standardi zed sampl €S zspiiezetecskadiQrdDe AOZEIl odm W a § e

di sequil i bri amdewitameiemn siWefcrinobne rkaredqyuidarbr i um
ect yweee per f GEMNEP OPsRanygnond & RAluls sledc il 9edr) e
foprosi tivel/dr viealsardgygimg sel € Atniec@m2aU&G8 )wdi £ ©S |
simul ates an expeased Husttibotiobneapected

i sland model of mi grati omi sThet stod tdimstteicabeslat
signigfeinceaanitc dbet e ent peaoptuybpaetsi omasd OtWSd tMe df . Wi t
(Ryman & Ralimpg2ies0fBi@)y eafd Fi sher' Yaevacsct | ee 2t
of di fferenti &ri ont femeasunugedfasm 0.001 to O
combining differentN)efdredttiivhme popiun cheni chillwe it @
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POWSI M @zlall ewty p e i hpgreorbraobriwihsi tcthhei probabil ity o
nul I hypot hesis of genetic homogeneity alth:i

from the batseOpopul ation (

The genetic differentsiaampil o mga adNEdg@ntdh eT.dgh r(esde
Thl ewdg ,asfsoers caadc he pa wd tygnle WMOVA i n ARLEQUAI N 3
& LischeaBrotFadhBkyre st i meetroer scal cul at ewi hive©0 al |
per mut ati ons. To provide a visual representat
Principal Coordinate Analysi $.((PcCaokKAgl Iwa& Pma
2006)

Bayesian assignment tests were useHdbusteod eval
STRUCT WRRE(.Rr i tecth aza@0O D) ws tt hout giving any pr
i nfor,hat Knamgge frlamst ¢t bebked dwhadtsh ecrouilnddib e
correctly to clust emagpi ivde g rideo rm2ig mb 8ot ©f coendt y
run twceohr el at ed aolpltailmahefnroddime x¢ uge eu Mmearelt he
assumption that bteh ewecont,)s paesd umee daedatshxotwu r e mo d
i . e. dlilmowiedg i ntr €¢d usBweerrstny brearwe ewmi t h 200, 0C
Monte Carl o (MCMC) -iint epeartiiomd sofaf2,r0 @0 bsutrenp s
ea&h Thes rwesruel tupl oaded ont o GH&RKRUIC Tl RIBEo RAIRIVZE)S
anklwas detwegimegaetdbeé atqgk¢ Ev aetn @Qa0I0.5)as wel | as
estimates of plo(sg)eri tead hzt@ObRds Wlitty from t he
of the most Kwekel gveabgedfasing (Haeaksbbcswar &
Rosenbengd20G@) output was Vvi $ Rakienbaergsi2ong4]0

Sincedpes not al ways provide thhstatreticnaoam
evalkatd olrartglees't v alKu(eE vcahadnso@a0l Q.5 olrso appl i e
STRUCTURAMAHU2e.I0senbeck &, Awdtcoalohfh a tedcsitlign@alt7e) t h
numbecrl ussft er s i n whs whhd iavaisdheogwlee ¢ e Mme mber o
to be a ranhododbmawingralbclhd etr apnr otcltees sM@PMC oanal
1,000,000 cycles, sampled every 100tmhncycl e,

The i mpact of i sol ati on by distance (1 BD)
di fferentiation was estimated by Mahiehmseéemst
et 2®NQ5)For this purpose, only the geographic
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(mi tochondrial and micr®ls;atb@gl..i P a&sirvdani mees wlea re
mi tochondri al da¥aematdi cpaGowiisaee @9 965 pr

mi crosatellites were obtained in ARLEQUI N 3.
t he Geographicace DM astt rainx Generator

(http://biodiversityinformatdexsphmhh. orgfGepg:i
di stancetr asrgsfeorl mgd t-di mecoiuonall ohd Rwvnastsedi s
1997)and the significance of thereglrepesion tw

asses3@OdObydomi zati ons.

5.4 Results

Mor phol ogsiicsal analy

PCA pamiodordive key mor ph(oThaepterlilca c&h aLeoave & écehid s2t
clearly distinct groups corresponding to ec:«
explaining 92 .a48 % na fa Gtalimga U ve asgnr icelfgea .r if mtrrme d t wo
i sol ated groups, both of wikiubm uspeemm@l ecl. e aTrh ¢
subrugadsai dual s compris-grbbhbpsatdbht a®m3d)r.j apen
Thescdrii mi nant functions with these five morpt
with the PCA.grSagwl ewmtdrojfgwnemshit esat r. cl usterec
while due to tbkebliyguoiseandi Ineusnb(efrarodl 2 p atscert
juveni |l esuwnrdusghodsuwal st at i sti cal | (yFisdi)g.ni Ra cuwlntts
mor phol ogi cal anal yses ascertain that even .
di strgbegsonasubraagdesadi stinct ecotypes at di
with discrete morphological traits rather th
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« gregaria s. str._adult

d“:'flo
» gregaria s. str._juvenile q’b!sm
x subrugosa_adult A b
. . i Ony,
o subrugosa_juvenile d”ho,p}r Ogeny
ISm 154 .,' DaW
— " o ]
g « o . PW.'.' .
'*3 o © . o 12 - "
= LI : o R N
p C e U R
= O e e 06 ol RBW A G a
L] FGR
° . Fery a *
% = . e E ‘;i S tiaa N
] T o~ |~ A st addia, A s
: — . - T : )
< .o RN PO 4 2 2 N A ah, 6
ol A A a4 aad
=
5 .
=]
g N
o
g
g a
T ACW

Component 1 (92.48% of Variation)

Fi®3d Principal component analysis (PCA) bipl
the sampbDashed | ines show vectors from the f
are statistically significant in discrimina
given for | uwuvwemialrd aamd aduwel shasgopshaedmaishedo:s
95% concentrati on seulblriupgsoetiavy iegpu &lsent Solail d a
suggested i nterpretation as ontogenetic t
mor phol ogical discreteness bégtween ecotypes

Morphological differentiation within M. gregaria s. 1.

FM/NCP/TdF (n=111) [ gregaria s. str._adult
B gregarias. str._juvenile
subrugosa_adult

vy
ol
subrugosa_juvenile
& TdF/MdP (n=45)
z, \
g~ NCP (n=50) S
=3 —
: =8
= NCP/TdF (n=12)
- YS
. = %
I T T T T 1
—40 —30 =20 =10 0 10
ADF value

Figd FrequencygqgdfFsscobeads i maseoed on the mor phoi
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Mi tochondri al COl sequence variation

A total number of 96 eG@QF asmatelyg.3 B n 0 gsds vriadnu a6l 1s W
obtained as anhpaGe gBarekta odekaSEIFAKINLAMDIESL &):

These sequences wer e coll apsed i nto 30 di f
(segregating) sites,-i rofforwhédteihb elubgcoostay p ep ah o wa
slightly hi ghederygdegasnt {(Aad dd.itvi orfab be) Slen dt he 20
codons of the alignment, the 29 vamrd arbd estsop

codwese found.

Geneal ogi cal rel ationships amo+igkehasplrotcyt puerse
most common =Ha8p| wagpesh@med by both ecotypes
regiwhnscjhf f er edt theagn otthyepes in 1 to 3 mutati ol
Fi 1) S

Extent of intrafsipecC®Ili cdianalr gemnee speci

Thmeamumber of achbhffesevgadamnexrach. 80Ot d@ar was
S . stir 408ndoylgeotsvmeen ecotypepl opbeviawi sle 1@&ne
di st ahaceampobeemwlfapmi s twiinbhuatnido nbset we e. b )5e cTohtey p e s
ma x i mal number of diff erenltarsc omhisn gs i gca pb alsest v
could be identified. By cexitgtasM.et goe @gnaoduinac e (
and each ofMuamieqceahdiseseot heerspecific distanc
| arger than drsegsa.neaasdulbrvgmstay pe BT eirges bl t s
COl data includinghsaeptiesef omthal Mmesti can
eviddngeneti c s erag gst.ri esasdulbe tuegeoastray p e s .
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1600 200 o
within subrugosa
7004 W within gregaria s. str.
O gregaria s.strvs subrugosa
1400
600 -
500 4
1200
400
3004
1000 ’
200
=
=
S 800 100 |
0+ EJ_I S I
0 1 2 3 4 5 6
600
M within (gregaria s.str+ subrugosa)
B (gregarias.str. + subrugosa) vs M. rutllanti
400 & (gregarias.sir. + subrugosa) vs M. quadrispina
= (gregarias. str. + subrugosa) vs M. gracilis
200
0 Il ,EEEE_ ,-Eﬁ_gaﬁ_ |-
0 6 12 60 66 72 78 84 90 96

Pairwise genetic distance (number of base differences)

Figh Esti mates of divergence between sequenc

Munisdgeci es. Pairwise comparisons were perfor
Mi crosatellite diversity

Overall, the number of alleles per wiochusanr ar
averodlgde 9. Foduhseanhumber of alleles, allelic

as observed and expectpodphleattrorzy gnsli teiceost y
Addi ti onal f i lme au mblfearb | @f SPpreir v dvdee naslslaenipdse s
was stzaddwasi s!| i gshutblryuy@hois@B8dedmmamge @ gao i aat r .

(0. 5@.10,6 5b ot hh onMerwehivcery | ow, reflecting a hig

the two. e€Comppme stdh e i mi ted variation amon
mi crosatellite | oci exhobdéesds o0f oadaginlied uidce |
var n@tdiiot i onal S$52).1 eAl4: |icg. showed no I inkag

Mgr 90 s howe dhisglngenriefrsoicteyygiol ye hpecsedce excl udi
had only minor effect on Tthheewp resstug gléssthyat was
mi cr os att esdesteresidt i ve dmrbegh very weaHst=genet.
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0.005) in probabiliti ecshsigl a&¥ & o@ies hteor ' 50 0% alcd
Addi ti ofFalp3fTHrEEeobt | i ers haenda | hybsaids hiedwasnder
potentialat s®Iéoc tcioonff i dence rlegaelded hamy hleay r
interpretation of the results.

¢ ¢ & gregaria s. sir.
® X subrugosa
0.350 x
x ¢ x
<
X o x ©
<
<
* L- 2 ° 0.250 Py ° o o
x < P
-] x
g o ¢ x % ¢ °
> < ¢° 0.150 x
< x P o V0 s &Ko X o o ]
: x
& © 3 ° X & x °
(5] X » o <
= o % A 0,050, " oY o
¢
> ° o 3 o © ox .0 %% o
S 00 < Ol < £+ s
X 0 x .c)_*‘gu ” Koo R 0,100 % 0boo ©O gl 0200 0,500 & 0400 0.500
) ° . 4
Pt xy 2888 0039 o 0
= ° * o | X o ° °
=) ¢ x MR ° ®
g_ o L. 3 °° o oOx % < ® o <
é « *Te Xeo ° 0.\_;0 o ¢ 08 R
° o X o ° % 3
< x Y
x o X o
° x ® x -0.250 x ° ° i
° 0o ° ¢

-0.450 <

PCoA Axis 1 (20.04% of Variation)

Fi §6 FRriipmal coordinate anal ysigsre@RComam)trof aa
Ssubr uvegostaypes based on microsatellites.

Genetic differentiation and individual assig

Hi erarchical AMOVA showed dalsmorsitb ualeld tahmo nger
within sarprlaibhp, atbas corroborating the wea
di stribution of mP Co&ihowepdpiraolx i mad led tyy pebgsutail o
along the first t hr2e0e. 0a4x%,s ,1 9w hSécPhh eanccootludnlt 7egdéor
var i,amcee p(ekcii§g)v.etTgmsiusldti cates that there is no
ot her) that would dominate the disesobution
mi croeseatdat hit

Tab%2Hi er archi cal anal ysis of mol ecul ar var
ecotypes
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Sounbnt Sumf variaari . Sumf variavari .
varia -~ squacompol [ %] Fstati P squacompol [ %] Rstasi P
Among ] . Fce- ) - Rc =
ecoty 1 3.48 -0.00:-0.01 0. m@1 0507 167. 1.10 0 54 0. @4 1.0
Among

sampl Fes

areas 3 10.9 00122 0 .44 s¢ 0.D6& 976 . 1.11¢ 045 Rs0.99 0.02
Wi thi 0. BO4

ecoty

Wit hi

sampl 43 12096 2.80199. Fs=03®:- 02610657 247.2 100 Rg=0.00 027"
areas

Total 43 1221. 2.81C 100 10772 247.2 100

Bayesi an c lwistthe rS Tarsad fygsRelktecclsddv als accor di ng t o
| og pr ob(aKo)itkbrut Z ivihads cat ed by okEhhsghesbescaas

change in | og probability doek rEotena=uadwent f
each individual possessed a roughly eghal pr
second, cWwhiswede t hates al | i ndi vidual s( Foig@)oong t o

Congruent di st rpirobtaidaalri defiaedo sitrediiwirdulbaé was
priasrsiumerndb epru toaptoipvuel @t e ogsype

gregaria s. str. subrugosa

Fi,g7 I ndividual probabilities of cluster ass
most | i kely nkKieEmb2e ri so fg helgwns if gotrs . s(urb r=u(gio6sla) a
= 57) wusing nine microsatelll iotheabliolciit.i eEa cfho rv
individual to be as&Xigned to one of the c¢clus

The STRUCTURAMA ranaloyrsafteerde it ERUCT B RE eThsi s
sampled individuadrsowapt h kelporsd ed i Bbwe nptmusabl al byi
botBhayesi an analcyseedmiinoiwceardosnaot el | i t e data wi

or geographical uni t s.

An absence of genetic structure over the ent
found in the | BD tesrtisal Barsd dmiomr dsod the Inliittoec
indicated no signifrEc@nt®608r 2219at if @amr=fmfi @amr o0G¢C
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0.0P5,0.508) bet wettmamgenenr med agmalodrogphi ¢ di s
6 : Bid)g.. S

5.5 Discussion

Reality of morphol ogical di morphism in M. gr

I n theory, popul actail &rnesd gb @hpogdygtiersgp d evdara sstoar p |l
an area of secondary overl ap, but appear mor

thhough areas of their distributionfqltrbvitnahave

2005; &t edleadnd references therein). |l nadvert
secondar mi gihvheerrlesfppaete t he incorrect I mpr essi
when popul ations with intermediary morphotyp
|l ncreasing the sampling area f{® eEkar so 1gll.e |

20PtBo0 a cont imyeéat al ssgaé et that the boundar)
(gregarisasubrageoasanot blurred acros$3tamd Sou
54) .

The expanded morphometric anal yneinsi dbor timert

mor phometry. It may be expected that the gap
( NCP) jugerigbhe $ &t n. mi ght be c¢closed by incl
popul ations and reveal a coani altoesdynteqg ef

s ubr u(ghois@g) . The di s cudtrammegsrsse goafr | taht e . mor pho
however, i's not a sampling artefact and st at

scheme as well as tagkasion of different | if
Phenogeynpoet ype rel ationship

Since the proposal t hat phenotype and genot
bi ol ogical( Jothatnmgetonindsd ) i ng the relationshi
the underlying genotypes hhasnglodhebaedwveahalol
techniqgues has great | yg e nosttyepree di nstteurda cetsi oonf,
venue of ubi quitous application of ONeA gh.ar c
Hel d 2008gssfully discovered (pseudo)cryptic
phemetsy appeared identical. Such wunexpected
corroborated by ot her i nde(pMonbdé¢enytdI|lelvib rdeenciersg
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beha(v@ert 2®&€I1007r) mul ti pl e, independent Laerd ei nf
& Hel d, 208 )become an i mportant suppl ement f
organism tospepeceses| evakhuwiiHatea oaaia@®mii7cc pHe b er t
& Gregory 26020I0Wal ent i ni

Al ternativel ysbamelde exlaani nmai loemr f ound no gene
di screte phenotypédy, twmlkeiMpm cidaNs.x e tmh é¢hlied sl |,k k
of differentiation at a single mitochondri al
genome. A previous molecular study used only
geneti ci adtiifdnreraesndsoci at (e eBsa rt ehdo sealoBy te cfoa iylpesd
demonstrate genetic homogenémic Y @@ si h el )nuwd =
excluded from t(lBeeBfair eadls280d0mBa)jley ¢ ios ciomf | i cting
and possi bl e par alndgey goefa estectu ehnomEsgBeaniet &t sy
al2.00t8h)u s erxecsltuesdi viewlyl ymil it o lemadkemas, COIl and
third mitochondri al mar ker 16S yi elldne dt hied e n
abence of recombination, mitochondri al genes
selxi ased dispersal, incompl éBallandadg&eWhottio
Ebach & Hol dr e gga 22006;; TRouebwsn o& fBr el sf orTche201
determi nBair ood@®mgagapsignificanandiifhmterasgec
variati on) malyosfeaiplhyilnogeceaseda iacf reel @Mepas h&p
Paulay 2005; Moritz & Cicero 2004; Wi emers &

However, the 6c68cBRacrems 2ngB8B8gorfe addmgmeed by
expansive sampling andkeéethemiocodbsasti enl of esnul t
t he distincM. pghresngoattyi.paeasr & nnot caused by diff.

A case of phenotypic plasticity

A common cav-basedopmaulkatri on genetic studie
det excrmheerdg popul ations (i .e., di fferent pheno
unsampl ed Il sol ated regions ofygediomli &€eifnst!iaantdi
di ffer € Htairat i200nca; 22008 mer usual ly associated
di vergent selectionar war ssar  &mew tiil nev dsly Ve &0 &
No seitl2®109; Wu & TThmigs 2a0I0t4dr nati ve i s hard to

mardbased study in organisms with incompletel
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Gven the geographic andmgstnwdny,c wempannegl isi
possibility of genetic differentiation wunde
ecotypebd. wgt&garli.a represent phenotiye@dcbyl as

variations of certain environment alDafpaati ar s.

and aphids, sharply di stinct mor photypes a
(Dombretv 20W.9N e 12.001; Shhiibnogr a&dl4i)n some exa
the environmental triggers controlling which
For example, the sex of offspring from one <c

among vamoohsrigstic organisms (those having
(Cline 1Ot al7 K)fasBlaetwm 2410.0; Ko u neotu 2d@ll®.2inreorR
& Bemnler z ITUIBYlldgt& 1Mavd )crocbdngi &né&ndr ews

Dramatically different mor phol ogy can be ex|
Da p hwa tae r(Greeh E@7sParejko & Dodson 1991; Tollrian & Harvell 1999)b ar nac | e
Chthamal g$arfrn stsmhe2®®SB) | i ttl e genetic corres

predianduced morphélDagrealt epa&OPOSp alroildrmr i an &
2010)

The det eotMumiadaobnppes are very | ikely induced
as yet unknown ehwiirtoaame&outah AMmemiodan gdiegari
. ocexpeeresi ve | atitudinal di stribution alc
bathymetry (from water susit@hicegAaasama®i9dg )1137r
which involves a strong gradient of environ
concentration sand Ifroossomeesospeciees the feed
composition during | arval phases can induce
reverPsaalsons & RobinsoBgfAéé@s. irdbupor edd@dbDaer i n
feeding habit as deposit( Rematre®®I!0.4 )cch apmrgeedsa ti
environment al food compositiM.n gmwaggaafifaecth @
adaptive way, favouring its devel bprmgmrtm i nt
observations olfodliheqgsprriosptonr i ri amgubosbay pes i n t he

Channel and San Jorge Gulf demorfstratbe athe ¢
2016 and r ef.erRencceenst thhyedreaancjoust i cal evidenc
swar ngsr eogfar i atr . on the Argentine continenta

areas such as fr ondgradblzyo niens stphaatti évlaieayn da dtnesmp
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2016)i mplying the availability of phytopl ank:
ofhregariatr. ecotype.
Het erochrony, wh idc ha si sa gdeenveerl aolplnye nd eafli ncehange

shape in the timing(ee rrad\wi @w, iomitdlmtetnih ec?2 & O/de
mechanism involved IiM. tdhrespdisiea vieat @l achn anit
a paedomorphic plastity was postulatedia wi despread squat | obster
Amer Pcauroncodeldagneo2ewdldomfp ear boundary exi sts
where to the north it oi ¢ h® smaltlheri,t pel aagilce
These two forms showed no mitochondri al DNA
variation mighht ghlresgianv @l vse dh dienotmh Samo Jdwlir gytei @i
shown to have hdsearl geowtkpratecti ve i nvesHt
than the southern popul ations (¥Yam Beagé&eViCm
2015)

5.@onclusions
Base®dh extensive s afxpildstnrgi bouft itolne a snp €3conugtshn i Annee
i ndepeerodegmonrupchliecar mi crosatdéditmbeod¢owac mderw al

sequelweestabbbow that the | ack oé$t pgemtaira adi
s. asntgliu.br uegcoostay pes is not an artefact due to
sampl ing, instead they are expressed from a

affirmed theebéboubh@Genitegpedte twwlr er rned wicahecon
geographic sampling, andemetmiac ndismeaimsd ieord eismp
findings serve as ewiedddrecger sigfaHtahee i caxenohmy 9@

i s a species wittyh phesndtrymidc dplsdasti baiti on, | a
high | evels of pheMot gpisgadi. aerng eanpcper orpe n dae re
ecologically driven evolution, adaptive rad
i ncr emwsmmegr s of reported discordance betwee
guestions the validity of many species bounc
necessary and strongly s uggoecsutse dnatrok eirnsc arnp art
accurate taxonomy amhlemnmetiy pe tri elnatoifomgemiog.ype

5. Ac knowl edgment s
Wearwery grateful to Erika Mutschke (Univers

Hiusser mapgmt earnsdFeG ra ( Huinay sciehtpéB&uhkel o
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(ResefrkmeA Chile), Kareen Schnabel (NI WA, Ne
(Uni ver®i tPyaudfo, S Brazil ) .lftdrangr ¢ \nief ilReegs e @amp |
equi pmendndc utplpoirtiahespt hahkaghdfen Eechhical
in the | ab and Florian Leese for his help in

5.Additional files
Tabb®GeSneti c diversity of COlI sequences per

Seque Hapl o Private H Hpy oo
grega.si 61 18 15 0.5710.0013
subrugo:35 14 12 0.6770.0022
overall 96 30 0.6220.0016
* Hp, hapl ot y(pNee idilve8r7s,) tayqiwcd teiodn d&. 149 8Vemqsli®fL ysonNe i
Nei 1MBNfol ecul ar evolQotliuomba ray Ujnei nveetriscist y Pr es s, N ¢

)
W @)

@ @‘6 ©

2%

1 510 40

@ gregaria s. str.
O subrugosa

Fig. HO®Il.olt ype geneagsh.oigasb f legcoostay p e s . Each branc

one substitution; small filled circles represent
of individuals that share a particular hapl otype
Tabl582 Biversity indices of nine microsatel/l

number o fNa, alflrealgense nt si ze rangeHo, oexspee cvteedd
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heterozHe@mgi tayl | el Arc Siigrhinfeiscsan't d-Weii alt e o
equi l (PeEr 0i M5, based on 10,000 permutations)
in bol d.

Si z¢ subr uiNeP: subrugade subrudos a

Na o ang

Ho/ eH Ar Ho/ eH Ar Ho/ eH Ar

mg4 18 26%41 0.75/C 4.1: 0.533/ 6.0 0.573%4C 13.C
mg& 21 2836<20.916/ 7.5: 0.844/ 6.9 0.860/C 13. ¢
mg46 6 14B7-20.166/ 2.7' 0.133/ 2.4 0.140/C 4. 3
mg¥2 11 16D8C0.833/ 5.3. 0.666/ 5.0 0.702/C 7.9
mg&O0 38 17P7<¢ 1/0.9 11.¢ 0.75%3 11.¢ 0.807/C 29. 4
mg&2 7 15B67 0.5/0. 3.3¢ 0.377/ 3.2 0.404/C 5. 2.
mg&l 9 29%2-20.666/ 3.5:. 0.644/ 4.0 0.649/C 7.0¢
mgx¥0 9 2325¢ 0.75/C 6.1+ 0.8/0. 6.2 0.789/C 7.8t

mglr2(15 2431¢ 0.333/ 4.1:. 0.355/ 3.9 0.351/C 9.5

. greg.arsi.z greg.arsi.i greg.arsi.
gregars.&M str NCP str.TdF strTot al
Ho/ EH Ar Ho/ EH Ar Ho/ eH Ar Ho/ eH Ar

mg4 O0.720/ 6.9 0.637/¢t5.4 0.7/0. 7.0 0.689/113.
mgr ¢ 0.838/ 6.6 0.810/(7. 4 1/0.7 6.7 0.839/1(113.
mg46 0.129/ 2.1 0.206/(2.6 monomor 1.9 0149/0 3.6
mgx2 0.763/ 5.1 0.689/(5.0 0.7/0 4.8 0.733/(7.6
mga&o0 O0.752/ 11.: 0.896/(11. 07/0.911. 0.801/129.
mga&2 0.516/ 3.1 0.534/13.5 0.8/0.2.8 0.540/(5.4
mg&l 0.677/ 4.0 0.620/(4.5 0.4/0. 2.9 0.640/(7.5
mga0 0.870/ 6.3 0.844/16.1 1/0.8 4.9 0.870/(8.0

mgrl 0.290/ 3.7 0.396/(4.0 0.1/0 3.6 0.317/19.4

47



Publication 11

1000

100 -

10 4 h
1000/1 ||hll”,h| S 1 T

100
10 4

1000/1 T T T T T — .I\ I.

100

10

1000/1 +————————7 77T T T T T T T T T ..\\‘I.H I‘

100 W gregaria s. str.

10 - Osubrugosa

1000/1 4+ T —T—T—T—T—T— T

100

Frequency

10 4

1000/1 - " h |

100 4

10 4

1000/1 ||.
100
10

1000/1 T T H.

100

10

1000/1 — _— hl'

100

10

140 152 164 176 188 200 212 224 236 248 260 272 284 296 308 320 344 356 368

Length of the microsatellite fragments (bp)

$Hb2AISIl el ic frequencies (in logarithm)

48



Publication 11

1
wn 0.9
S
g 0.8
t.% 0.7 —@— two ecotypes Chi’
g
.en 0.6
v two ecotypes Fisher
c'5‘ 0.5
g
g 0.4 - —0- - region_ecotype Chi?
o 03
=]
% 02 region_ecotype Fisher
0.1 ¢
07 : % : % : % : % : |
0 0.002 0.004 0.006 0.008 0.01
FST
Fi g3 Fests of statistical power for Microsat
COI Microsatellites
20" 40__
161
121
8 ost 8
E g
= 04 o
A A
g =]
O 04t )
-0.8
-2+
-1.6T
20— . .
0.0 0.8 16 24 32 40

Geographic Distance (Log) Geographic Distance (Log)

Fi g4 ELorrelation bet Wweaie nkMeigrsmel aiteisc f dirs tCaOnl ¢ easn ¢
(@ ¥Yvalues for mictoaasktbimeesyeagdapbigcal di s
and microsatellite data for specimens from 2

49






Publication |11 (Manuscript)

6.rdCssing thenitmghdonablial and microsgaht el | it e
| evdleal i zed dgesmpee rislatbeiwvaannsdo ceani cMusngudaat | ob st
greg@be aaModa djadcaess the East Pacific Barrie

6 . Albstract

Theastern Pacific Barrier (EPB) has been rec
bariers to dispersal and gene flow from var.i
southern3s3b83)i whee e( 35retches of open water a8

i slands to dispersal, therthers taheeBPBhOhi ©fas
to gene f 1l ow. Theatwdrd espWetaidd ashégtt @ gdaarsica | bed
only transpacific species in the family Muni
Zeal and and Pat agtoinorm, myyetprce yeriti cwistpreicn at hi
separation by the EPB. Population genetic an
mitochondri al Ccol as wel |l as mu kwtiidpel es aimpd @ me
scope. Geumreet iwca ss tsrhooowtn across the Pacific be
America (SA), but this differentiation was
due to many shared alleles between popul atio
cofirmed eastward gene fl ow at dilfnfceorrepnotr attiinm
asubstitution rate of 2 % pdrvBlygehoe 66t weed
SA popul ati omM25Mas wds icihmatasd mu ci hn syt caubnhgasorf tt e
EPB (ca. $thudp)p MdMwegd eghati aruly transpacific

is not a strict marine barrier to dispersal
Keywar Esast Paci fic Barrier, Moinadrdasatellite,

62l ntroducti on

The advent of mol ecul ar techniques and i mpr
unt ouched regions such as the deep sea and
gl obal species diversity andr esdihn&gadtahi ch
2007, Gri ffethReOl020BEWen Gtutdugh there is stildl

and controversy about how new specienari se,

still plays a dominant role in explaining th
continuous gene pool under went all opatric sp
i solated subsets is geograbhipbysiepalk abiaoni &
mountain formation, i sland formation, or gl

stretches of open deep water provides as for
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TheasHE Paci fi d sBearreinestii viedE€®®BrOtDp 00 sk mef cteep
wattehchatws a di vi sitdbe d g enceg rbaepd twieae rgpsrtoevri enrcBeasc ioffi
t he eweensttrearln sRancsiuf iBoa i §gseaBlFg)as more than o
this broad space wift hougni ®lceamae @axtendseasitio
recognized its zoogeogr apmhmpmpa sosndpoireviamc € 1 &n 2
LatEkman (elmPpSh&)s i z e d t hat t he mBEPBt wast etnhte r
bi ogeographic barrier. The effectiveness of
mol ecul ar stuBawss Palll x)sreal $uMcchai retsn €8/D 0 )

cal yptraei(dCodddtnr s2p0ic0a3g)Ch e w LEOELalNnd r e fCr faii ghes
et 2a8410.7 ; Fiet 2@altlr)T iciks barri erest aabe{dRdbSERT Mme
& Smith 2888)f a previously widespread popu

Ssubseaquemrtcame vicariant, deep genetic diver
be evident. Even though a few examples of
demonstrated tfoLestis®RaDI0.Bp bassies & IRobstt bk
remains | argely unknown whether the EPB i s &
responsi ble for the consequence of all opatr
bet ween t he Kawmor isdrd.e sMoorfe otvheer , current case
on circumtropical area, while in the higher
open deep water S even broader without i
oceanogegpmes are different, it remains poor

The squduni dbsgyg®egapioda: Muni didae) is a nea
ampRBaci fic distribution off southeastddhrn New
S abnBdb, as wel |l as i n the( BAd fecamliBil9c2 ; s hzeell fd i osf f1
Some unique characters of this squaar €daobosft er
di stritbutsi oonnwe sopfe ctihees ftdharn v dalavee laa piostphase
within the highly diversifiaded samdel|lsameaci dsag vi:
| ast about( Taopeetl I12adn2ATbh)e | ar v al str adti sgpiegs aan
capability of péehagbol yutv e aonubtp ambh § Bhdtmpalg.i es
2008; TapEhila 29O0_R)es i s also featuring symg
mor pholl,ogeiccoal ogi cal and behavioral divergenc
and nuclear mol ecul ar mar ker® aaamgae s am@loiund &
Wang et al . (unpublished) confirmedl ¢ dniac alde
charactMer issitbrDPamgad,sal852 is M. jgnegBvemnbhygwmghb
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high dispersal potenti al was highbhyli smpnee®si
pattern in Southkhmsetreachkraabhdbetwde®d®DNew Zea
southern Chile most | ikely represent a sign

speci es.

120°W

Ocean Data View

M.OE

I
o
&

40°S
60°S

Fig. 6.1 Map of the study area including san

(i .e.., SubtrepicfaltiCenArrgreatci ca Circumpol ar
and the flowing direction of ;t NCPACGDoD(fIelaaa ln
Patagonia;CkECPanCPatBEBleagbhe Channel; SM, Str

Fal k Mahds$s has:; Md P, Mar del Pl at a.

I n sthuadywyded the New Zeal and c ©Onmapnognee ntto od s stehs
genetic cadmhnegoaotaigwaintgyaiafs hi ghly disjunct di st
COl and nucl ear midk r ogsraftyéalnigiat&e sHaes pde¢ cRi@f1idba) f f e r
mol ecul ar mag&erdisycsut gnson . Tme Het idl &t Y e@fs ed i2f
of markers enadveéedimidereumi minmdg ygenetic str

flow and constr-scalied ewvwodtupiendwgnelhd skt ok g . t

answer 1) iif the EPB i s Mef fgeoptgipwd atto Minmp e d e
gregiasi andeed a single interbreeding speci e:
barrier, or long isolated relicts of wvicaria

barrier and how was dispersalggridphiny,evert
i f residences on both sides of the EPB belc

hi storical and contemporary gene fl ow?
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Table 6.1 Sampling sites and number miofa speci
and milciros atmals e, (A1 kl andNGP MaNviribhhean Cr
Patagoni a;CECPanCéaM,agdbtnriaai tBOf BMagkel @nannel
Mar del Pl ata; NZ, New Zeal and
Region Station Latitude Longitude Nmwona Nwuwsar  Region Station  Latitude Longitude Nmwona Nwusat
‘ Punt
19M 2 52.1 59.5' 3 16 Metr 41.5-72.7 4 7
181 3 52.2 59.5. 4 12 Huin -42.3 -72.4 16 16
19M8 52.3 -59.1 2 16 lsha 46 4 73.9 7 7
) ‘ NCP Dr i n )
1®19 52.3 58.5' 2 16 Punt 43 7 72.9 4 16
AYi h
FM
‘ Il sl a
1020 52.3 -58.8: 2 16 Paja 437 72.9 5 5
Il sl a
20T 6 52.4 59.9 2 16 Lope 50.3 -75.3 4 7
ccp mi ne
1DM5 52.1 -59.9 1 1 lsta 59 3 74.3 12 12
Sol a
Punt a Bahi
Dungen 5264 -68.5 1 1 Nassg B55-369.4 1 1
Bahia g5, 6 70.1. 5 10 Pt. 54.9 70.7 2 2
Gregor Enga
. Bahi
SM Ser0d w: 52.9 -71.3. 4 13 BC i,  54.9-67.7 8 12
) Il sl a
SilPd | -53.3 -71.81 2 7 pict 55.166.7 0 2
. Il sl a
Bahlinau 53.5 -69.6' 2 5 55.3 66.6 2 2
Lenn
North ccDB
. Canter 433C 173.t 33 32 MdP S 7., 38.0 -57.4 1 0
Ot age -45.¢ 170.¢ 17 19 TotoaBA 96 21¢
anpad 45.3 171.: 26 27 TotalofNZ 76 78
Grand total 172z 29¢€
* refers to one specimen with missing
6. MBaterials and Met hods
Sampling and DNA extraction
A tot al A Muim egdraeog@ad2i lat s orergealviedac ® mad 2 8
thamer e gr ocsugeadgi apliThbi segampéi ngalsmopte
gl obal thamgepefci es. Sampl es werroemInfad m | (yT aohblt ea

61,

&l)got al

D&lAoma s
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muscl e ti ssue using @1 AAGEIN, DNSAOMa mwi nKgi t t F

manuf e tiumset ructi ons.
Mi tochondri al DNA amplification and sequenci

The cytoacxhirdbanee (LOdgniet wahas ampl i fi edneusi ng
HC02198 and FloCénle4®I®td4oLlr7i2ndi vfirdamnml al | the six
rgi orhse. 1Meaxti ons conlHiogtmastefr Ta@2 (B/ ®r i me
mM dNTPs, 0.5 OM of forwa-bdf aed (@abdbbalits0pmign
templ ate DNA. PCR was conducted wusing an ir
foll owed by 36 cycles of 94 AC for 20 second
mi nute, and a final extension at 65AC for 11
wer e che c¥%aegda roons ea dlet oda &re nwad spQsruibfsieegdu bunstil nyg
Exo | laFrastiAPOenzymes (Thermo Scientific). (
primers was conducted in 10 OI reaction volu
the BigDye Termiator Kit B8gltdqAppki adkcBmme)
Reactions were purifie@l AGEM,g Hdaroradiueaoen nDPy
conducted on an ABI 3130xIl sequencer. Sequ
ALI GNRR( @odonCode Corp.) and checked for amb

Mi crosatellite genotyping

I n t®6 ald,;j vRwiutahesut the singl e iwedievisdcurale nferdo
genetic variation at nine |l oci (microsatell |
Mgr 62, Mgr 81, Mgr 90, giMga 112y )M.e swhrgécialnngean & 0O 1
Hel d .PCR5amplification wasbllaakbitéeéwaedviohumeocs®
30 ng DNA, 0'"MFa@s5 HERIMME)Y er2 >R mo Md dTNaBRS f e ,

1 pMaRB ail ed f or wla rpdmephre rnseer parnidmehre -sfta@r@Rtu s e d
one miteo product of2 wwlmicgehi t eorgealheMl Ivi phi me
fluorescent dwd BAMmMot Hexerse prsm@Rwer e
Fragment | engt hsROXe rGsS5armMa lsyi zeed swiatnldanda g App |
ABl 318d&q wxealhcdersc oGEENENMA®R ER 4. 0 ( Applied Biosy

Genetic polymorphism

Mi t oc hon dProil ylmoDNA T sm was examiHpedard mha@ll edt
di ve(f)diotr yseaamephl i n,g tembiomed groupniBowmalhp Aene r i
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usi mMKBD 10Lilbr ado &. RA zsatsa t2i00t9i)c al @mgtsr umotne/ d
with TCEIl Em2RO0DIOWs)i ng default settings. The

fits the data was d2t¥DmreteBd@ll.28) nGuj Mddel &e &
2003)

For the mmecftosat eldleivi-Wdii mmer gf reoqmu i Haergihu m (
geographic r ea@intnn kaat g ee adoihs ebgeuti we ebnr i e aveln epai r
tested OMahkov charaespeesangbyYENERODPmMen @ &
RoussetBoh3d®5)y oni correction was( Rappel Tte3B 9f)or
program ANI MALRBRA®IMZIDIORYs used to test for | o
di sproportionate vabsiapsceasebad eatyi matss as$ U
Rstesti m&t as ki nSd®Pbe statistics including th
| ocNp)s, (expect ed HHe taenrdo zeyxgpoescitteydo)(He@aer oalgobat
ARLEQWI..6¢t andaarldliezleidcAjr i (crheneessisr d as t he mean
per |l ocus independent ofGouadptbie2@®@@Lk} hei naFé&i
approdHohl bertetld#la.8) Pet it

The statistiCOal amadwenidcaot frasvissestdass @ ® OWSIl Mg 4 . 1

(Ryman & PalTrhi 30G6&®)f tware simulates a random
over Ssubpopul ati ons at vari ous l evel s of e
combi naiNd(cresctofve poputl(agteincerr agii D;)s a@anddce di v
all owsatUeulratre (type | error), which is the p
of genetic homogeneity although it was true
popul ax i @ap.ml ati ons were run opopulgdtoibans | ¢
bet ween pooled South America (SA) and New Ze
1000 replicatkest Weftea)r asanf du sRinsgher ',s telkea crtu miees
of dememorizations, bahchwedfl8kll FTespaticiovel

Popul ation structure

Levels of genetic divergence amopnag r guerec@r aph
( Excoeftf 1219f20r aG@H<+( Wr i gB¥ oLt 9éi cr os ARIeEQUItM S u
3.6Excoffier & LAicsccotr edti Mm@ 0 @ )x t substitution
] Model Test, a meéN\re@B TNpcTamuvaemddadler wilt9® 3f) he s
rate wabkeuiseder p Fsd lasta noanl oogfu@ghNee . , d(OWe7i)r &

Cocker hakRe«{ 1S9 &4 k) nvdlo®edg from highly pol ymorpp
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as microsatellites is problematic because tF
t he wiotphmitn on heterozygosity and even in the
reach the theor dtHiedali cimaxXti9®m &f005; Whi tl oc
Fol |l addvweidmg ckl, (2D 6sbtpgefmdeEsdalkzeds by applying th
correction usi(nMe REMCaOWDsEDBASTAG ut put of which w
Fst(mdxn ARLEQUI WNh&. Bor r eFefdweads psauibrsweigsueent | y c a
di viibngr(maxh gni ficance of the derived pair wi

1per mut ati ons.

The eriacalh genet ibo tdéattsrauicat sueaesec rafbed naby sigs t bk
mol ecvalra g MAVMOVIAMp | e me@GENAL B X( e bk al | & .Smouse
Genetriicatvapmar wasi one-dr o wp fod ranmopdg t-hbopul ati on
compomnméret s.ame standarkiadtuieesn warso ae@pun e do ff o1

Significance of resultwwift dpeldouthatdiadms set s w

ThBayescilaumst ering met ht BUCMYURE ME a Bead BAOIOW7 ;S
Priteha®dlowas wusefer grggababd popul BRUOGRAURET uc
wafsi r swi trhuonat p gprogrwindtiiocati on | nfoor meat iad re du sl
frequemptca mdo-admi xtutdédamodesl, under the assumpt
flow between popul ations; 2) correlated all
acknowl edhgei nggr otuhpaitn gt appl i ed here is Tdarely ro
anal yses wer e camdulcetbBegdixtoweopfhi @atbluomsd® by 2
MCMC replicationK(ffFfom emae ht oalt he wédmber of
t wot hem present study) thatwease acssescetedd R0r i
The results were uploaded( Batb &TRUK THHdED HAR
was detuesrirmnignetdhe gk Macs edt atni ¢thiec rat e of cha
of the dat a bKetawdueEmwasimdDIB@.S Riesaul t s from 20 r e
most HKwekreel yaveraged using (hakebfswaré& RoaUMPE
and the output was Vi s(uRaolsieznebde Figs r2n0g0edD | 63 &d C
popul ation information dtoremdmnhnomesdbet ol d:
potenti al I Mt ERQPISNRIG i emmgtuinoens, twhhaitc hmoassts i n
classified as belonging to one group have
percentage of individuals may be iimmmiggraarts
anceétéPor ¢ h2adldgdDh e MI GRPRI OR optdohf wasentumaht
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i mmi gr af(i0oa M la @0 P 5t d hes go@bauustness of the as:
byPritehdqga&Ii@.00)

Demographic history and divergence time est.]i

Considering tpepué¢alkw n/eeda | gadhedglo(UNch) Amer isea (S
Reséglattsvwopul at i owa ss caednoaprtieod ianmn atl yem e e@lslf o wil n

reconstructilings aadeynpegmea pfhli cw.

Signatures of popul ati on demodgraa@mi( dapg hmage.
1989@Fe( Fu B9RE) at(iRarms i Nns & Rzl RPD@.) 1.
Thel atter t wo statistics ar e considered mo

nonrecombini ng( Rame&oi icam2e040.8)gai dievamt i ons fr

neut od&lhietsyemitgéhgt s vi denst of oc al popul ation exp
Statistical significance of these tests was
Second, the distribution of t hiendirwweieenlcs e s

compared with the eaemnopedt eod ddiogpturlialt utoino ne xgfa ne
i n ARLBQBbHNuUl ati ons that haarvee ebtemeenhtsetda bd eb iom
or multimodal mismatch distribButiypngapwbhéneas

havunderdgeomoegr aphi CReg@orafns& oar pending 1992)

BOTTLENBECR( O@Qr nuet & wvad kimad d nli9cOr6ops adt eetl el ri nii ense

dat a s ugogcecsuearde nscleewy er e past popul ation contr e

lused the Bayesian analysis to daBEARNh 4. Br ee
(Boucktadli.4; Drummond .ArR&kmdaltog2@0 ™Mmpal mo d e |
vari aticormal ®@sadceat pri owerwi asocmesdt aii t bbme f

i mpl emented the gener al substitution rates
(Schelhal®i9.8; Wares & Cumwhmihghamr2a®@@las high
upper | i mit of the prior distribution to in

Crandal (a2®) Thef ilieswadelsel egtModdetu3edawyo 2. 1. 5
independenhBMAMG sgener ati ons and a‘geampr dtnigons
for each run wer e performMad.eeFThevet et a&lomba
LOGCOMBI NER tlp:7/./4beast . bi o)weidt.ha cl.Ou k% Lda-gs@oambdie
i nonCergfencee stationary distrilbbetefohe oviaisv € h
Sizes of e ax0h0 RArCEMRe(6Derru nfimond & Raocbasen209 7
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tree with the maximum cl ade REEANDODAT OR.yl was
(Drummond & Rvwaimbhutthe& O )l i mit set to 0O and
Vi sualization and polishing of IthTeRE®EoMn s2e ns L
(http://tree.bio.pd.ac.uk/ software/figtreel

Mi gratgeneahtow

Usi ngotalh ebsacseendt Bayesi ail GRABR BE wWiBrelerilnm & Fel se
20QUM)nvestigated gene fl ow betweemMZt mae.dr Ao g
Three meddéalypowdrsi zetdwwnii .de r.ecdp panxilt ealnyd one
fl ow. Anal yses welrcet c omtdimitA reals do ta esdelldi toer deart at «
avobidas in gene ¢tadosvedi bpctuhegasubygawdbse obi £
randomly chosen to match the size of NZ (f
Preliminary runs based(biodi t édm@tgincantalono p mwe e e
determine optimal par armetrert hee tfti inmgne laapad ny o e
static chains of idedeapdundékuefcor atedr eas epfhi gam
10steps, wintHeanghthbtreps Swer Papemeodoemedanges f
priwerse empitrdvg¢al | pv.[40¢t 5SM 000] dNvdrO, mtIDMNA Og nd |
[ 0O, 1 000] efsb.mrnmo vwmiodsmao katildi ts e g u e n ceempnhoodyeeld w e
f omi cr os atnal ImMftDeNsApecPar ameyer startingFstval ues
esti mavreder to determine the onptdighha!| Bgziner f
corrected mawgsnabetdakelul abed|l mgd8bypsobabithb
(Beer |l i & Pal dBoemywessK i F 20t1Drp1di tfusnep eo s deomiger y
support for one( Knosdse | & oORvadfrd rearnyd telh9e¢irb9t pr obab |
lest idmathe=tN&E f(or mi cr od=a\ted lolri tmd D NAgi swh dree | ong
term vwd frpacpgul ateiicsn tshiezemuamd | onandd tsd opercageny
fl &M =n/ ewhreeni s t he i mmigrati.dher auembgeraaofeme
per generati oMNemwdMs 4c d loc u Ima tcNea- e $feol rl i.nmteDsN Ao r

Contemporary rates of mi gration were invest
approach i mplemedht@Wi | soBARE RAEBS afl iar Lt0 0Ber f o
estimate migration rates and hdei rppadti omse off o
gener.dthiensoftwarassaempk HMED Ot ehregl met hods o
flow esthusat pma@anve deeslsuRldice nt I mer gr amtesnt i f i e

individuals that displ ag ge®ndthepipo pdil sag¢ q winl i
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were sdampl adwelryes epser f ori meed avnatomamP | i ngf frequ
106 nHBi t er we rdd rssc a rbduaidmDealst a wearleueasdp usehsdr e tF
proposed changesbddtewefeaenndo@6hDa it riseu ntloetea lof 1t er .
(Wil son & RGomwaé¢ ag@m@é)bwest ompari son of 4 rur
random starting seeds, as wedlrobdsasbmRAICIENROTI hnd
1. 6e.t elxt i egre noefrnaftgiresit sg r es amp IPiaregekta(uglo.® 4 } h m
were per f oGemeedC |(Wse&t8g2a0l0.43 ompdt a | i keli hood

compatrhiengpopul ati on wahse rsea miphlee di nodvievri dtuhael hi gh
amona@vali lpapulkesatii hoonmhemax) with default critici

0.01 .
H M
ENCP
CCP
= o QO
DNz O O
..
N
S
O O
@ (
SN
Q
O—(] 4
Fi §2Statistical rpkaroscfi m@Oy hapivotypes. Each
Ssubstitution; smal | filled circl Radrepresé¢m:
number of individuals that share a particul a
6 . Rlesul ts
Genetic polymorphism
Al i gnment eaqfuetntceesCOIrosm 172 individuals yielc

(GenBank accekki AKX 46 : an dK KUZIRMBARLE)S e
sequences wedke aiofl flarpesretd h g ®@tay p eash,l ed g tseergmie

sitesjc®wéwd pairrsfionomayti ve. Hag | oatnydp en udci | veeort
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di ver)siatrye (rTeapb6lreRoerd eianc h sampl i ng area, as we
SAThe resulting hapRotwagsd-laigk i & phé magtycommbn g
haplotype (found in 103 individuals) is present in all areas, and the remainitegypap

differed from the most common one in one or a few mutational 6tép623) Mean sequen
divergence within NZ or SA is 0.144 and 0.166%, respectively and between them is 0.162%.

The maximum sequence divergence between NZ and SAis 0.971%.

Tadbd.Q@enetic diversitypopulGOild osneklggu ednmne g ls 0 tpyep €
di vef,sinuycl eoti de diversity.

Sequenc Haplotyha'pI Hp
FM 16 5 3 0.450 0.00121
BC 13 6 4 0.641 0.00224
SM 14 7 3 0.731 0.00195
CCP 17 8 5 0.669 0.00207
NCP 36 12 7 0.587 0.00124
SA 96 29 25 0.601 0.00164
NZ 76 15 12 0.650 0.00145
Tot al 172 40 0. 634 0.00160
Fotrhme crosatellite data, there wereh®vtoaldd a

allelicamigelnés®m 4. 251 to 17.39 i rmd)e paenndd e n't
expected heHg)e rgoeedy gtbrsOtBddy O(. 895t an@®. 01B853respe
(Ta®b A di tfiiglieaser e was no evidence of Il inkage
t he significance | evelP <f o6). OnTuhlrbeeppobpeu | a b mp ar
combi nati omisgnd Howeditr o m e v ih-@e i Hhaared yg expectat.
Bonf ecroarorneTcatb86en 1 ( Add)i taito n aolBwisi bregac9ed .e x c | udi |
had only minor effect on Ttelsdlirepg wlptos ,t @ Otn aw aes
among | oci confirmeont hhabumededios$ p rnt-lhags eldoican .

di fferentiation estimates taheteesi Bonfecaooe b

Power test showed that the mtDRNArhddteasts atndh :
86. 7 P4 sfhoerr ' st oe xdaectte cttesat gl obal popualat e oaf s
0.01. With pooled SA and NZ popul ations, thi
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probabilitieshcdoesdD4 ahfdémd BhRr ' s e oanpta htee st
mt DNA data, there were smaller deviations at
provide higher statisti aald pdohwe pfriolp@mgn MODNAT
reaclhéddeéddyw al ues ass 06 RGB! SAddi t) onal fil es

Tabd3e Pairwise popul ation di f fFRf e ratidioaatg)oonna,l b :
and mtiBNoAe l(ow di agon&ktptiespeati yesfbgiad fi can
values are | abeled with | elv.ed5 ofd.Pippmi *i*xc&arg
<0.001

Popul aFM SM BC CCP NCP NZ

FM 0.0010.020710.29* 0. &@7 0. 229

SM -0.013 0.051:0.2m@0 0.009:02 7*4* *

BC -0.019 0.016 0.06610.03420217%*

cCCP -0.000 0.007¢-0.0114 0.000¢02 38 *

NCP -0.010 0.012¢-0.009 0.001¢ 01 9*2* *

N Z 0.037:20.037¢40.0854:0.0852:0.044"

Tab64e Results of hi erarchical anal ysis of m
mi crosatellites and COI . Popul ations from So
Source Sum VariaPerce N

variat °~ squa componvaorfiaStat Pl Pxx(ma P00 P

Mi cr os a

Among 4 g5 7 27654 8.80 Fer 0. 00884 7% 000
groups 0.2
Amo n ~
populga Fs®

( ! 4 15.7 0.®1 0.%1 Fsc 0.0056 = 000:
within 0.0
groups '
Within oo 1595, 22337 90.6¢ Fsr 0.093/ n. a0.0®
popul a

Tot al 59 1676.
col

Among 2.26 0.021 4.19 dcr 0.041 n.ao0.1
groups

Among 4 1.91 -0.00( -0.08 dsc 0.000 n.ao0.6
popul a
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within

groups

Within o g0, .6 0.486¢ 95.8 ast 0.041 n.ao0.D
popul a

Total 17 84.8 0.506 100

Genetic population structure

The geneti cf fpeorpeur taitdtoinon@srfecsrt i ma D&FAQf wird h

mi crosatellites were congruent . Bot h dat a

di fferentiation with t he hhipseuwsltatdieognr.e eE sopfe c
mi cr os aFtfvlall iutess .bet ween NZ andatnbepspulderi o
magnitude | arger than values am®<g0.S0AO IJp;o pTud a
63) Al stch,e mi crosatellite data revealed dubstr
regions of Qitdnmnminftii caFeflay ugrse aMeerre Nbou heér homlank
Centr al Chil ean PatagoAt laaftNIC® g@gmauLLP)SMears
bet ween Chilean groupéi ENEPchsaddc RMOVRetsh | d
setsdimadtetv@ami adi swirti tbiun epgdd@bll &t i6o.mMdsr e(as s m:
proportions4.olf9 Warfie8t 86@ (amd mwe rda ssattreil bl uittee
bet ween conti webhhst h8AhvV gnheedNF rfeleivces sglenecse) . (

The genetic cl| ast hadbiocvaet ifwiars diiaragiscal cerda tbeyd by
cl ustmernihg i mpl SMARVWICAW-REkeLdobhood values wer
the exi OK@Sncce uosft elr s for ¢tedmrcbos At skt hieme s
neadmi xture and admixtur e, the scenario of t
hi glpgewal uelgK) andne i s NZ and the other is a
group SAfRFR6é&N Noti ddakllwu,stkea s contained specir
proportions, where these from SA(Fé&med t o i

Demographic history and divergence time est.i

Neutrality tests for the miegachordwja@madat a1
and@Fsand signif iRcvaanltu epo sfidteintleoftihed SA and

popul,avthii@ms congruently suggest a po@cTFallle pea
6.)Accor dmingmatoch dansagsi utibeshypothesis of
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could not be rejecR=ed.Tlbd. ) KA WIBEsSDe &s 0s MOI012 , b u
SSD and raggedness i ndex( FiagRue&d dwetr)eo nodbhseefrivl
Bottl eneoK eaimal gsatsred ' e dlee d annRanasli wens ffiwra nWi |
tests of heterozygosity excess (indicative
model s, thus ssiiggristi agntnhor ecdweemitons i n effe
NZ or SA pops6ba2, okhddiTtaibdoral fil es

* %k

T

——— FM - NCP——}CCP—SM — BC NZ |

Fg 63Resul ts of cluster anal ysesadmext aor mednowad
all ele frequencies ugKu alatse Iwabtlodgd )& swkietl hi htohoed hpit
L(K). The graphs disply the consensus membership coefficients matricead@ces) for 296

individuals from six populations oMunida gregariausing nine microsatellite lociT h e
genotype of each individual i's represented ©b
rfeers to the probability of assignment to a
with asterisk (USEPOPIMWNFIO opti on, MI GRPRI OR

Di fferent selection criteria (Akai ke and Ba
bebit dumant intoud e | i (d#as e &l Wadl 8.f5 gro ydCed | dat a.
Bayesian inference ofuspthhgilsogewmkegstiict uted acart i ma
hugenophdlcaod ehalpll ootcycpueesk c h gfsnn vreT l&u. rf ohapl ot ype
shared by SA and NZ also formed a monophyl e:
hap!l o(ftFyijopgeshe | ow Bay@siodbmabpdstemrisomkpmosednw
referring to bhaploetypestebwbtlukemow sequence
Thei vergence NZi maldbsthAavge s waobsd2édsit i( b0 1@HP D :
-048Mawhi ch cor rtdleptoam dRIdjel itascti bact € noemusc h  younger
date when the EPBcaanréegdaad ef fec

TabolbBeutr al iQO/M t@easttasmeotner s of ti me since the
sum of square deviations (SSD) for test of t
as Har@Radgedgness dnnedsesx) (fRoarg gteh-eff t esar ef slgow
Signi fi caPalc.e0 SP® v*@l1* *0* 0RO

Popul a Taj isba F @&Fs R2 gau9d 5@l ) SSDsqpP Raggednyes
SA 2. 492 -40.%5%%0.0°20%1.06%. 91 0.0002 (0.3® @80

N Z 2. 0637 -12.9%M%8 0. 084¢10. 71.990 0. 009 (CO011(60 9*0*0)
Tot al -2. 523 63.8%6%6€ 0. 0114 ¢

64



Publication 111

(Manuscript)

D.ﬁ: o] Mgr_11_sa

0.011 Csz

O Mgr_14_sa

0.0001

R

O Mgr_25_sa
O Mgr_23_sa

0.0024

@0.&01
0.03

a® 9

(] Mgr_30_sa
O Mgr_32_sa
Q Mgr_15_sa
Q Mor_31_sa
: O Mgr_16_sa

O Mgr_20_sa

! (
oo 0020

0085

O Mgr_29_sa
Q Mor_18_sa
O Mgr_34_sa

€

0.000@

Q Mgr_17_sa
o Mgr_24 sa

0427

0535,
®
1

Q Mgr_33 _sa

@

0.006

// -_oma@ 0.113 .

Q Mgr_37_sa
] Mgr_13_sa
@ Mor_1_sa/nz
@ Mgr_19_sa/hz

@ Mor_3_sahz

a.105

@ Mgr_10_sahz
Q Mgr_12_sa

O Mgr_26_sa

O Mor_28_sa
O Mgr_27_sa
]

@ t

Q Mgr_36_sa
O Mgr_21_sa
[e] Mgr_35_sa

@ Mgr_7_nz

@ Mgr_22_nz

@ Mgr_5_nz
@ Mgr_8_nz

@ Mgr_39_nz

] Mgr_38_nz

@ Mar_2_nz

@ Mgr_4_nz

(] Mgr_9_nz

]
@ Mgr_40_nz

0.5 0.45 0.25 0.2 0.05

Fi §4Bayesi an

0.00

phyl ogoennel72s e@@le@c darsedi ndi cat

di stributions of hapltotgpesen) n NK2I| §viohet
(magentkBach node wast eraipprbed wat9tbe pa nHdP Db anro dee
heights.

Mi gr aatnidomgene f | ow

Patdgcfr nhi storical gene -Ndmwl ceysitnignatt lkeed raiyt ovbi h
mi c red sl ai ttwee r cea tcao nfga wodghte iemmst ward unidirectior
i . e., gene flowTa®lodn T2 tloogSMBayesi bar Fact
mi croswhsel mbté@s ekaponr dercsonopfatrmanggh et od wevr t wo

mo d etl hsuy, s resul

ti

ng

aeasatbwal dtgedravbrowf maddhel
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Tabd g6 while the mitochondri al data al so sug:H
gene fl.dWwemedeli madtedsvalteaetdfy suggested high
of SA by dnitdr dadiaeddmbi otvete sbosla,d al t hough both
had w@wndeovedrS5% pcpoendf i denderi mteDrNVAgl ot h t he ¢
val uehvgwad tabam order | akddrabt)@ar tmus aali @d

mi gr at i omatdheed leud M) much greater than one sugg:
mi gration (and not mutati on) was the main

vaatii on between t hePsreo stptw®0If. 8 haf aenbmbeer of

i mmi gs amer Nean@®#W d@toivaimgNzZt 8 Avak5. 944 (B5.%0 T3 ). O
for microda8t OB BRIEBB.AA)abd ) €

Tabtl6Bayes factors and | og marginal | ikelihoo
COl .
Mi cabel | ites Mi tochondrial C
Model SA NZ SAY NZ SAN NZ SA NZ SAY NZ SAY NZ
Bezier Iml -22948. -5135. -13859 -1389.: -1387. -1400.
LBF(Beziel -35625. 0 17448 -4.32 0 -26. 7
Model prob 0 1 0 0.103 0. 897 0
Mul ti plBRayanassofyi el ded | ow | evels DbDfacbhoem

of i ndividual sbehweteaneediddrhiugnegrinidg)r ati on r at
into NzZ (0.0092) was slight!l y hhiyg tirtnhd raaaen d h
overl|l apped broadly wi Fh®@®.ne another at the 9

Tabl Esf6i hmat es-sobhl|l mdt affent dv,e npuamadlliaothi onm gg iaz
rat ezspMand eff ecit mmieg rnaumtbse r pNeorE= dgdvp €dr o i on  (
mi cr os atNgn=ldsiMnesaf or mtf DA Ne w(NDe @l Smdit h Amer

(SA based on BiaryeMli GRATABEatmlayebse wi t h atnlde ulppwer
97pb6rcentiles in parentheses.

Data dsa dnz Mnzsa Nem

mtDNAO. O@M7DND040)100. OPADBIPP2 1771(16GFL271p30 13. 2882084
Ms &t 57 9(9@5.7 3)2 13. p28) 4 10.©28) 4 15. p@dl 7)3

Mi grant detection performed GuEnmnehGlindily sSBayedisfafses
al |l suggested potNednttioalSA,mnbuwtr amd si mmegr ant s
indi yi NC4aB®, suggested as i mmi grroarsta bB)ye al |

Indi vi dual NCPHyYt wast de e eatwehd B awaNsCalPs glgfge st ed
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GeneClass @anvsdrBayvaoasshltsa hi s ai mpdiowiodualo nh aod
admi xt ur)d Ffiergorma nN® J.& bllnet e, r easltli nmodayesmmthfaedeant s
are tfthreemPaci fic adaepdtyianiggP eath & g\ovh rtaom Chi | e

0.0076 (0.00-0.0212
NZ ( ) SA

0.9908 0.9924
0.0092 (0.00-0.0214)

Fi.65Recent mi gr ati on SrAa taensd s(NZBJA )B albyetsvAesen Th
within the circlesoidembgwiathihien pp opwlirdt iooin o.f

Tabl 8i gr@8nt det ect iSARULCH AGREN, BE:LdA 8u8 i Bhagy es as s

GeographGeneCl ass Bayesass Structure ¢
origin Fomi gr gPrvtad)ue nonmi g/ &¥Gemi gr ant

SA NCP1I®.012) 0.492/ ®M®9Y9499/0.0 0.345/0.655
SA NCPID. 0092) 0.891/0.062/0.046 0.646/0. 354
SA NCP4@®. 0018) 0.154/0.814/0.033 0.055/0.945

6.0bi scussi on

At iy single species across the Pacific

Based on sampling ofM.t her egg aorbiggal mtdudtAtmia sbdit i o

nucl ear mi cr @ prtees ulittse dreamdkressrt r at e thi s sque

single species with high mobility frequent/
pairwise sequence di M. amaoexPaly entavpd eare ytphed . Di7fLf
which is much smaller than the upper( 3% mit

sequence divergence threshold tgtpk@®laB)Thiwsed
was further supported by the shared -lhialpd ot vy |
shape of ma X i mu m wpha rcshi nwantye Y¥epboaimodnykconnection

limit as a rule of thumb to delimit speci@dart & Sunday 200Havi ng hi gher evo
rates relative to coding gemsepopsl wel bnasi ae
to mitochondri al genes that enables them |
mi crosatellites are expected to exhibit mo |
contradicting the mit odromecri aalg d dtean. butnh icros
genetic structure revealed by microsatellite
comparison as well as the STRUCTURE resul t.
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bet ween SA and INZ,t ewWhiacsh tihse ruédbi qui t ous admi
under t he -andbmiext wfe.nohhus the | evel of genet

SA demonstrates intraspecific variance withi

The reveal ed gene dtlaoomwt hponwgleati izo mgy adr os
i nsur mount abM.e gbEPeBp angaukae si n vi ew of none tran
remar kably diver s( Badagad2®&l@8)Hil gh Muev el s ®ef f au
particularly cleanfBonmnglyget L 97idke 28O0 0t h & oBRAME ©
Bell wood 2013; Glynne&?280lDh)e200@di Maomaer $s an
t hese affi nciatriieasn cien vdoulev etso vtihe effective sep:
di vergence time bet weel® 9a)p uil sateaxtnrse mMeZl ya nydo WS
to the installation of the EPB (ca. 65 Ma),
relgarl y to maintain species integrity. An al:
mi ght arise that the species had undergone Vv
secondary contact enabled @vet antthip®piud al aroad
no hint of historical secondary conktmactheho
entyresults highlight 1) the EPB may not al
permeabl e in spaceeandtudimed 23 tbe g$peng to
presumed vicariant barrier, suggestimMy a rec
estimated divergence t iinmhei noef wpiotphu reedhe(lednisn dN Zn
than0.2 Ma) separations of eastern Pacific and central Pacific populatidnglof t r ans pac i
shore (fdsshiess & RabeTrhtissonc 2m0gréuyence may i mp
di vergence between popul ations of transpacif

with climatic and oceanographic oscillations

Gene flow from NZ to SA

The mitochondri al COl and mystl ey dm marosstart &
power f ul combination in recovering a more ¢
geenr al |, mt DMAO eviomeesf &csbopy b haheai i @MA sEnc nl

2000) hus it is typicalgmogedphbcrbrcestetyua
of t housands ts¢ Awmii ¢ ¢ i @8BOyS 4coofntyaasn , mi crosat ¢
consi deerveod vfianggt and i ntdheepye nedvetnlt® &nbalr kbemess, f a s |
scnNnDNGI | ebterla99.0)Ther ef ore they ar-condxeprgootred y

demographic events at a scalen@abNareéedfiltl;as t
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Raey maetk 2a019.5 ; Sel koe & TTheneas 2IONS agnip | By GRAYT
both mt DNA and microsatellites consistently
ti me skiadlesshaowul d be interpreted from NZ to
history traitThheoggekitsedoeganhwamd gene fl ow c
t PMAent arctic Ci r(cauQr)o,l awh iiGiulsn frdexntéenrcces 350 k nlb wno ¢
a$ he Subant(a&SrAdt)i.c ABr drhnte mi ghti est current s
transportation of pelagic | arvassubdrmteand atcikc o
of sout heDur wiull ll a e&ksed ppht eixeednipttlaef homogeni zi ng
ACC, whereas differentiation was contrarily
Chil ea(nFrcota®lQ9) nterestingly, the separation
and PatagonD.ananticaorecatgiecnraed t o the split of th
continent-f l@aiewdg htu mwolt ht <CTuromwe mtg Lrag ¢sFadwatshe r Cu
et 2a0llL0n@Wxpecteaneltavwe struct ur eAnaaasrbeanvtiddiecn t
i nvert eldrietooghi ndgt st SoaomMd Hagaesi &i Hal tame c h
Antarctic biSepdiemger sloipo(dLseceeptteRadd.&nAlnlat af t h
i mmobile species displ aacerd Hsatrgres igweargPd@meti icc
kmdpwing to the transport of the ACC.

Besides the aid of the ACC, Mhegtegaabebagak
into account for the successive nM.grgarte goanr iaac
has a unipoptkea rpveall a gsitttasgret hogutt |oaf slt 20 adboaystet! 9 (a

al2002bEfEven though adults settle benthic, t |
col ymmpell a 20Q2Fthelrdisswalr9m@dc)g behavior of
may promote their ([dDiegiz2ddad ; i Ae.ll ddrsg elinidxfine a s
certain ciheupslilt agice sl aravya ¢noed uareaét | i goeno g( hPaLpDh)i ¢
rangd Boivweten28010.6; Sel koe ,i& Tio nstni 1210 1idr) caayd lay ¢
key role in pop(udoaneino n& cSOmoreacuegtivdadtl®d® 0 9 Sha ekt
2009)Reckoni g sa amxCkO ket we epamMdZ a ngdurSfAadeats gt
cmi(s2. 8Ykmnmsi de AQ@Whet woof lat ¥®§&)ge from NZ
about Wih7ed aeyass, t he timeomr3Aetdi NZ S8 89 ® wladnd
need abouThmrabx6i mluary giem sal si ngl e generation on
on ecol ogi.dale pilmessbalei nterpretation of th
from NZ to SA. nNeoterexhpelliecsist,] ywee xccal ude t he a
went eastward buéexifooime 5l o omiNgZht y\Wesahl e cha
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mi gr at i ®anc cpoartdtienrgn t o ecol ogi cal amhtlkeimpee agr e
M. gredgesi aonh SGoatharhofureiicaandosr i n t he GSBut her
Macpher son, personal commuaoi ¢ @t imesra,b ahhd vaamid & |
di stri Buteipgppt omeadi whpiecb aimi ght be duehitoali nco

condi, t ibdares possi bil ity dofsths dtubo @®mgh!| gt edoadl
Sshoullddemnegé¢ @& c Dugli anqgit ahtei ccnronol ed seawater temper
Speiaensgbeower sl asutbdas sowd.heAk np Sloauahhi AAgedgr
based on comprehensive fossil records of dec
that the high southern | atitdeeerlwdsaxa, siwthe
|l ater found i n | 6 WwWel dnaantni t &d eS ¢ h eFgumbteheggr 2 0

reconstruction of the ACC in the past 500 k
glaci al epochs and s(IMaweart daaQii.0 nThewarf mr et a g e
duration fromgthaaashoribregmedsckl@Girpeni ddastic di
of climatic and oceanqggrmapmhlriad i ®on ceintciiamrcd iinmy
ACC@ni ght be historically possible

Possi ble ancestor popul ation

Al t hough popul ations NZ vaenrdg eSlb2&acsutest r emat ed
do not allow to articul at eM.whgrcehg died atptae t @ n ©
species richness at t his t emplelrawiernghmit hd ude
Gondwanan vicari andcahee atWelsdmaP a mibfaisilda b@leWR)apt o p ¢
totlhhe gl obal center of bot hHunmgente 3d@E0.22;n dL ¢ lrema re
et 2®I111)Coastal species showed amixfilimi e¢dsaver si
201 ®)lsouthern higheogd aphemnmsdeexpl i cviotllvyi ndyge v €
AC@nedi ated transport of Wnadi mienilsalrivmage . t rDeeis|
east WMaFrldesmi ng ala2%%®)nd of progressive decline
Australia to South iAdchicaddrersmd Y19 6@ fhhael $aiexti ¢ ddl &
f i s(h@uwsestazdl0.4 ; Mc Dowal | 19TI0e s écdddoansats | tshladt7 89 C
Af rica i s a most unl i kely source of origin
di sper ¢ Mc Dawaa$i mi9l7&br) pattern of cline was a
t he Pacifidh@ce&am,al wibemedSw | amdoendoni a -i sl and
Mal-Blyi | i ppi nes arc ompdgtehbea ghoi gfhiekh® &) 0o oS p esgiveas

( MacpheetrzdalnBy haust tofa gsspde csitersi but i ons within
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| obst eMurgiddtaosnpr i ses 275 specieshawet®hati me
spetices Ptahcei f i d &@reaedre,s i n the7Apéaines ci Octelaa
Ocean. Out of the 200 species in the Pacifi
are dist WPbanddciemtwhadr ePaccnlfyy ¢c5 andfild@ apeéeci
Atl antic coast of SBathta2d@dM8r i WaRMBEeEgdgetor val
M. gregatiha only species out of the family I
centndl seaPter fic as welAlccas dwegt ¢mon t Ati Isa If tais

origin, we hypothesize that NZ might be a re

6. €oncl usi on

On the basis of adequate scales immfcogpogrnap
mitochondrial COl and nine independent micro
evidence in concluding Mhagreda&i wadgsopnekhatls
the EPB as well as At laarstiingg| Ratsgpgeaniean d ma siath
genetic structure was Areally zeRda yeediemrene nf r Midne &
confirmed historiemeal fdmmdv cdoernt twenemo rtahrey tgvo p o |
mar ker concordanétyi enggeshiesdt ohecdi gene f|
with the ACC, i mplying dispersal was probahb
Phyl ogenetic analysis based on COlI eftifmat ed
Ma. Thisufgeshed t hamaat heéer itshan sypiecasrailance of

the connectivity and divergence between pop!

the EPB has shown its potent in deteorunsi ning
mar i ne fauna, it i's rather not a strict barr
6 .Alddi ti onal files

TabbeGeSn datiiveer sity indices Hpfobrsiemesr edi thred £atoely
He,expected hdtterad 2 ed diginy £ hoas s md BWe idnybi eorng f
equi |l (PE® u0bbasieédd p®M mut ati ons) after Bonferro

|l abel ed with asteri sk.

mgr 4 mgr 8 mgr4 mgr5 mgr6 mgr6 mgr8 mgr9 mgrl
Na 18 21 8 11 39 7 10 9 16
Si ze r i 26%4128364148B721608C 1327415567 298222325€24318
Ar (ovi7.638.633.385.8917.34.254.666.735.90

FM Ho 0.72 0.38 0.120.760.7501% 0.67 0.87 0. 34
He 0.76 0.810.160.730.870.480.620.820.32
P 0.¥120.270.010.020021 0.130.260.0600.83
Ar 9.328.432.616.2717.03.884.927.075.75
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NCP Ho 0.66 0.840.250.680.9490.510.640.800.37
He 0.700.830.290.760.890.570.600.840.35
P 0.180.250.9430.020.850.240.420.000.80
Ar 8.5110.03.505.7616.94.445.216.9616.06
CCP Ho 0.630.780.050.780.840.570.570.89¢0.42
He 0.620.770.050.740.890.560.690.820.36
P 0.490.101.000.590.060.480.280.011.00
Ar 8.008.002.005.0017.03.006.006.004.00
SM Ho 0.550.880.110.720.750.520.610.88¢0.25
He 0.66 0.810.200.720.870.520.610.800.25
P 0.080.990.000.740.1240.970.170.010.73
Ar 6.388.003.516.4316.54.344.816.425.45
BC Ho 0.570.840.100.570.730.310.570.730.31
He 0.570.850.100.720.910.280.650.840.33
P 1.000424 12.000.1270.001.00022 0.19 0383
Ar 7.0011.03.007.0015.040®@0 4.007.005.00
SA Ho 0.66 0.840.140.720.800.500.640.8420.33
He 0.710.810.180.740.880.500.620.820.32
P 0.600.020.000.060.040.9490.01210.0600.092
Ar 14.213.54.758.5032.15.587.6618.a7 10.7
NZ Ho 0.570.420.480.530.800.530.060.550.27
He 0.610.420.5120.560.900.570.630.790.31
P 0.400.120.0120.040.220.071.000.0600.00
Ar 7.96 9.945.977.0028.86.004.007.00112.9
=4=NZ vs SA_H
=@=NZ vs SA_Fishe
== 6pOp_. H
=>=6pop_Fisher
0 0.01 0.02 0.03 0.04 0.05
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=—=NZ vs SA_H

=@=NZ vs SA_Fishe
6pop_: H

=>¢=6pop_Fisher

0 ~ : t : t : t : t :
0 0.002 0.004 0.006 0.008 0.01

Fi g6lT®sts of statistical power for COl (uppe
POWSI M 4Anal yses were conductedaamwabl sag ge

bet ween NZ and SA

1400 -
NZ
1200 -

1000 -

—e— Observed

600 - —— Expected

Frequency

0 5 10 15 20

Fi g2MiSsmatch di stMubiudaogneygamiad 32 based on
S e qguetlddps) . (

Tab86& Bottl|l enedkhean apegnpta Ef,&feiodd ms Amer i ca ( SA)

Zeal anBvdINZéds ar & asHoewln Widrcoxon test of hete
both the stepel se@SMM)t adprindc atelmendtt wmd i on model (
wi t hditshter i buti on shape of-shitgn sdhaiprefder red f

di strotbual loalaebss esnucgeg eosft shott |l eneck.

Wil coxon-ttaedt f

Popul a N Heterozyges)t Modehi ft te
TPM SMM
SA 21 0.999 0.999 Lshape
N Z 78 0.998 0.999 Lshape
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7. Synthesis

Il n ¢$ Wi ltehs imaj] or adewsadtdaes ecsfeintt | thesthisghdedht e
sevmanj or &spetts.an ef fdawdalempgi npg ort eove orni- corf o sda t
mod el organism i s introduced t o streamline
independent candidate |l oci from lunvinlglwh i gdéno
the Iimportance anklet happowahnleedt melmpit maf acc
as weglelti dagseper i nsightesvoilmto onheyvandoesol o
cont rii tutuende rgsetnaonpdiiipnegot y p e bel atlilounssthriapt i ng
mechani sms boanThkee f oas é hadfn & yWmat fatedeli gstaotrioat e d

provide a ethirigki nlgevweil ew f dispemaahnt andi rgen
integrathem than proevveal emd|j osrp elrii ag @ mgmraa g miec
organihsms cwinmpr ehensive reconst rMiLc tgirccimhao fi at h e

| ast twoopatudiageremarks and future perspec

7. Te power of combined mol ecul ar markers in
One of the majortkegbutibonadgrptaondssangs and
by which Dbi ol ogisc atlh ed ipvreorcséi §&syy oatr | 8spe€c rea 2 D0 4 ;
al200QRgal i zation of speciatioeas iisn umarap ol o qif
mol ecul ar characters, which are someti mes he
applied moliecup@apulmatr kem sgenmastcsextmeicBiosal e
thanks to their hiagh ipndloyr nmogrtSiedi ks oe ot uslso tognr een
Il n the past, a major obstacle preventing the
studi eemodél nongani sms waasbhabheedumber sof aht
Ci from an often unpredilmt atbhliys hidtahbebsi igdu,od t y
trategy using the (Regpétrd@ali0sbiEckhneo nseo fPirwoat roec od i
sed on t he (XTAMAecpalCBlpvge shown t he promi se

olating and initiating a highly informatiyv

o

o un
Q

n

of ti me.

The set of ymiedirdddstapdtsdro gvis @®tl y momap hiesamahnd ocus
provi denget bodosduwpgp ocratl as wel | as sudaae@sful u
Their hi ghly el evated mutati onal rates tha
mitochondr haVvegehemepttswinhttilad dgeneti c di ffer
signiFkfivadutes bet ween FI &2¢d CGRptEM taaed i BCpon
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mi cr osatsdll e dteisv ealtyh uneenudtgrimasl terdimbolutg hout t he ge
The resulom yhethd ®iNAf barcodi ng ( nprticodceh oan d r i
suffreperstehatbtiosnable to extAmnpbhateatovahnhthaea
appl suolg combmuwlattii piee difftoecyi careviodmai yf Vi neag
befmorophyly is acqui r(ekln awl eas1 y& i @alr sttibednsa [v2al\
mychoi ces of mdilaeseu It ahre npaort keenrtsi a | to delinea

constitwtve ns @d c itsdtsa gien oifpidanwter gence.

7. M. gregepresdents a single transoceanic spec
Based on vampicall enumldeitaendandl mintao k esrcsal &n d
sampbkitnegggi d not deitgrrd!| sstdoifvpgsm@tgiest i ng cr
specinetiibodent ween dif fl€maPthee c @atsyspes at ed wi th
bar r(iChrag).t caex dlethiatt i s a hi deeeretdicv @rn sittiyncd fn e
commonly found wjhudadtshre driyfgdteirensgpeciodsypes tr i
traosebpped.egr eNgeavreira,iheli essaa caveat t hat neutr
(the focus of most @¢opobhtiabhogwepeedccstiads
variati batadcamucert a(iRe ear e sF roaf$ kduehsnm In2zed G 1d)
regions of differemnmtlisotdkenoovmi HEsHat ga @ 6mé; Tu
et 2dI0drNuesualkksypci at esdg ewietch un dte rs edlieveetrigoehn r e ma i
arexpl anatder Vyi hgigshree tpihcenot ypiTchidsi fafletreernntaitai
hard to falsify and -bmasgehd sbteu dyr uien foorrg aamiys ms:
known gAaoumisng t he edxiivsetregreanetd osfpoostastcihng t hen
i ndi ¢ atf ioatéSad n t h ee xchoaswds tgd n e toif c cawmrdy elyaht iec H ommady
beventsuatllly he r ansildle uwtt hokfa s c ospteu doyf. nkyw get etdoug!l
genes under sied ewrtsiuimigeeds d uIndy b dad r it ahtei opnh emeott
ecotypes are pdiodluerdan dbegs ,gvoauémdw e qyu edria Den
whet her this part of genetic differentiatic
interpreted as (amrdovhiosw osim@amn a4 ppescpeeisises ). ar e al
Al t hotugthasi been eearitdeincedodihathaleect ot adaet
popul ation divergence (iHe nidaen st M@810.3; oluanmu s e
et 2®I14i0t) i s doubtful that whethewvesthdergflfeca
oflrand gene fliowol aesohtimgr emroduction, whi
of BSh@Bo f ar, It 1 s knerwnmegpgtoarz f gatbtair @alt od lya veix e
to randons naabtsiengtr elpatr weadsmu b r aegedostdy PeBaze b s
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alz021 1) hat i s, reproductive il so0ttdi tswoheedshheoru |tdl
exi stence of | ocalized genomic divergence d
ecotypes belong to a single species followin

With advaonecewmddamninques and pr evVangeiincg , mampkleer
mol ecewliadre nga&isniamge moteaxwaeiogmhits prmactices, f o
speM.esubwagosansi der &dd gy egahlnhtgee roffat i onal C
Zool ogi cal No meB adita2zddd. )Y dott CENarp di fferences
ecolammgdg hawifothe ttwbaecatgpastsprpaasatwebpease
thoughts on hawknbey eshed| d msbeafnide tnlger ot he p ke «
denfiit EvasrnMendell aws ptatdeekkllg 2z hat the genet.|
materials determine thedamh@&secdeahce bpiehat yphn
phenomenon of s pefcitahe omi drso & \vocel uveteisdbiegieaap rl oy
di vergendases ecaclont o t he mo(dbeorbnz heavnosl kuyt il1o9n5alr;
1942, Th®e4d)ack of geneti-tedefferassi i eendaf f
gegraphic pMpudradg aomisaioffigl e species in the v
under the current taxonomic fr ameworrokmi nbeuntt f
di stinction inwalukaappebem vl @icho H & gstda@ dursa q u
of species, which shoul dDoet tfbuezhzye er € ook eslp e
boundaries and | imits of singleeommandetderus
mul tiple sources ofouirnf ercmdtoigyn MmMel e@cul besha
species discove€Cygr aathafabvliadl;i dRaxtvw@OIN.fCyr r ent

di fferent species concepts are oftfearequread mp

conflictions in speciesM.degriengithatdiedre,t epunemt ¢
ofauni ver sal st phaactic ® ¢ p© caradiei pitd adnsspl et@tvs daafm @ e s

strongly needed, era nawdhdi il teir oaih o pabnedntghn n g as pec
considered in developing this wuniversal S pec

conti nuum, ratenveanColyae & Ohecp®®ddess of spec
contai n var i obuosu nsdtaarg eess, bbeuttwetelne sbhgesuar and
transitions among smieaesss aarriel yf ¢lenniaddni &apdiOctt ai bol nea
Mal |l et Z0@®prkeygi ate the exami ataitomnpr @ad e g f

|l evel s are necessary.

77



Synthesi s

7. Bossi ble mechani sms hemdetryyesng the discret.:
|l nvestigating the mechanisms of wvariation of
because it I's tightly linked with individua
fluctuations, and t(Ceg aaw olrudt i&o M| efkesth 22040 .20 D17 s
We sktber har. d G2h@3)mlolvyapp @t i on can be produced

enviromméhtwuahces and stoch@stcomaeviebemmeht
stuhdaw e excluded the explanahe onamé genypt ypge s
to the védroykdinfgf erh@&mtos ytpplese possi bl e mechani s

pl asyicei devel opmental variation.
Environme ndpalelnypglygt jrc e i

Phenopypbyridefitrheed caagppacity oft oa psiomdaglce dgeéih
phenotypes in eepgppo0oBmeh taWha ctgnnadng t& o0Angsri asw aal :
common phaeamcmomsemsowari ous taXheefni miltaiphhmnatnypic
pl astictheanvimpoéhmenhdoab, rather thatmnhedreetiinc
the observed dhifgher gine&nméeommmanlo di ti ons i nclude
abiotit¢ch@achowsog!| yorualt s amevar. yl.girregsapaan
extemoilt \ad i tanddi nlad di s & dsamnaltclicoimeisd e bat hymetry
water surface teoeubt B(dglorseatezta®®9.9 e dvhfi@eh i nvol ve
gradi ent of het er ogeneoceusg.eagnmpwirradumeant ad ald or
concani on and food resources). 't is known i
and di et composition during l ar val phases
mor phot ypes (oPrarsseoxn srceq eR@sleildn. Zagpme g¢0.0i09t r . an
Ssubruwgosfaeers in feeding habit as (Ropmsioal f ee
20Q4)changes in environmental food compositic
gregaril. in an adaptive way, favouritrhgg i ts
ot hLeorstger m observati ons gafegtlrd sap o b p eectost eyrp ecsf
in the Beagle Channel and San Jorge Gulf der
bottom are not even and thendomobnébheeebbeype
al2016 and ref.erlenmn caedsd itthieorne,i nfjecent hydr oacol
maj or pel agMc omwagansihaef Argentine continenta
productive areastbBatho@asiyydasrgasdtia lal z asmeas|teesmp o
( Dieetz2@l1li6mp | yiawgpitlhaebi I ity of phytoplankton i
exX pr esgriegm.roifat r . ecotype.
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evolution of increased

plasticity

pure genetic determination pure environmental determination

Fi g.1A schematic spectrum depicting an evol
environment al i nteractions ohowhteant gpéesemee
genetic assimilati onr thhaes ecfofnepclitet eff v emnvakeaon
determhenog ypi,c wharmrmieatsi drhe right end demons:
sheer plasticity of genenypé, vaui @alty onsdu dMe
traits, however, l' i e betweem pbeisei tnwomayxt sk
t his continuum over evolutionary ti me. The
environment al sensuttiioon togf, mhastiasi ttyh ewcewlod
sensitivity. Such shifts can have profound i
Even tpghewoh ypi ci spl akbeéi atetag t is@ame d fgveanroitaybpl ee

environmenctahvepbebhgi ppiaocamlpalosmodt et ¥y he accun
and releageneti eirmg pgoedmngoef yper i ati on t hat i's o
under certain environméinbsaoéono& Dwoekic 2Z004;

Car |l borlgn 2f0d&u8d)s e rtvheedo p | pygihmd iatys e samlnt eorfpl ay
bet ween genetic and environmantoalg ftdet ecrvo |l iur
continuum OFi7gp@ciomteé @nxcthreemmges i n pheaoedypes
by environnkastlt glvadbtyec ® me davhdlcihzedkf ers to
of the ability of a population to produce t
environment or genot yapgea, i n3d b aetn vi& u rbaantieicda n2so, O §
sel eatitbng on difflea eant epapalbiezateinen he decr
plasticity) is achieved by the process of [
Waddi ngt osand( 1i961a type ofongen@ricpoaThk®Onmpode
phenotypic traits, which initially are pr ocf
influewmoagh the persistence of sel ecti.on, ar
Finallewen in éeéhei mabsmactealofi nfl uence ¢t hat n e
plasticity of the phewWaddipngt ahmmal@ Bilidlaseleesd @ |
the othereepgteygemeoimmhemtd d-tivighih.,e .phenot ypes ar e
determined by differentmpdadrmregd gehreb Igogrni ogti ynp ecsf,
spedWeBher har Wi 20 05 Mg a rgd etga rhiieigmoddiadt ri but i on:
di seochygpas hear btrhaeand i cnwrowepn | i es each ecotype t
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t he gendt. yperesgfarli a may be buffered agains
(envirlohyeinhsenbati ve) genetic canali zation
Such assimilated genteitny pracp ¢r tpleatheapéc tepwa s
| ocadmdedesponsi mlees sf aoft whesseicsnsie e di jt halsov e
tiny proportios onfusgenonmweo,l vief ae xsiestt of genes

which might be uncovered unless complete gen
Devel opment(adV)variati on

Gi vengrtehgamtr i atsru.b r ailsegabostay @ers most | y( Bosecshyimp at r
1992; Tapeend at 20 Od2i)f f er ences i n morphology art
at tagesof (Rayaleopad 913957,3 )Rebleaps in their ea
environmential abseihggiesamnng the differentiati
genetic and e ndevreolnomédmernatbD ¥V pmt or sdevel opment
i's | ntey paredt bsdour ce of phé¢ GoappmnDIO@EBHuer mierea t
Fal c&®nMackay 1-296, ppwhi tB4considered DV to be
ori.wWinn) ke phenotypiadvhiettrakwe laln diyn \Dddsatt iegrnesti ence d

poorl vy atha@momgdt he most causally opadquuee tsocour
technical chall enge#d. hen!| abk ambabut emesntandar
experi ment al conditions @Rdasstwint akl aNhi ablba

Nevertahsslaesbhsasi ¢ bi ol ogicaledpriinnasiypltee,malV cvad <
For ex3aOmpyleea,r |l ong acampeeenfsdoffeaerdom vari a
traisttsaanidrmar di zed | alf{drrattanrgyo pladltSalt)iamm gnée et i c
omumaonozygo{Fal t whnas &,rMasctkianyg 1e9g@ap b nmat i o
puligclaij as & Alpeoklsyeeenvb r2y0c0n4i)lco tag mrayd i & | McsDonoug
i nebd | iDreoss opfhguia( s tmpiugooff 1930; Peaston & W
Chase, 1l1%&x3@gbhmadmal s anhAr celtea2e@lG3 a; eAr2201@3 b ;
Jaenisch & Bird 2@02al &adcwdakdcfytDdWilt9s8 5f)or mor e
of the total wvariation of a trait.

Heterochroggnemsvdnli icyned sas a devnelroeplnaetnitoanl tcoh ¢
shapne the ti mntegigocr (esvaemetrsefvi e whias dmietnh r2e®1)
as a majdevekopmenft al di ssoci at ieovmo | tvhaadti |iintcyr e
thus an 1 mportanRecnonde sotfu deéiv oslhuotasigar! it & & r o m
| owWeat i tudiongle Sahf has faster growth rate a
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its early | ife history than the southern pop
(Vari scaueé&a VWA ) di fferences i n the timing
heteroTheoeyare varying examples of Fhoeteroc
examwi ehiwl dtelse r eoabds, Pskqeuvarto nlc o d, @ § oPragcnicotdiensht
SoutlkerAmaharemalsl er pelagic form in the nor't
souThmor phol ogicwithhi FhAekentegaeavreatei p ockit fufl eart e
have unhdeetregrooncelbrc@RB&syepé .Someiaepr Qr spPprBOB®S
variations iappteheancei agdofates of characte
di fferent stages i n abbr eve wmpghrausMakdasadv d& v
Masl enni kobr a6@B@hanrmnks 2005 )af@Ombgadss 0Dé&1) e
Espedioal Ityhe anonktumearn tnao | bereacstial biye nwsaiss pr evi ous
as a char act(ebfifsoridc AsEt7HEl gmadoand ,DHheo ( 2
principaé¢ablepematutati on i s demomalagpé i @mostsex
|l i kely to succeed sdwnwicegt hef od@é ) eaolna mogytenbed n cc
pat hwsapyrsobabl y maintai ni,ngwhehree alsa saal exipwtlian
pat hway seems to be a r espomisaes ad Speoxd urlaattii .r
environment al variation Mcrgrseg arrhifae be omidn e i

di fferent geoguadbimgahg popudabi emsahewdysnt og

7. Gene fl owEBBross the

Muni da gtLef@parsis®@sses a toanspacctcbnafifdessad uatli hbeart
Sout h AmBewc Ze(abhagirtad2®I0Bhi s apparent disjoint
at ptorsesi bility of a entweteinc popeaid iadtiio@®Bpmo bes
Myr es ul.tes ,, t he abgeonaehsagpiyfpeen @ f enea@arstur ed gen
constantly al omad | e \statgagte isgdonpeordyta hit ii snrésReBoenlod n ¢ h e
to thepsaimes.

Alaudhghtueni nt erOrOlP 0O d ki stret ofi BhBddephwanert
pot enfcoyr minng high | evel s tofe faamtar aalf famd t ¢ &
(Briggs 1974 3 zCaswmlaaC & BGeil | wood 2013; Gl vy
Macphens2ddl,0he question that whether the EPB
gene flow is not onMy @amesgveelriead Uy tbtyd lesseay aawiet |t
ot her organio$msg heTlE®LPBowast st{ Rbised i&o Sife t ha 1
a previously widespread prompiuédrataond svakbsasegupar

vicariant, deep genetic divergenceHbweweren s
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na (almd7 5bhyanand Wel lainnGgptran®s (al(o9%8d38)@d )h e h a't
t ablafsthenedakdasctcebrinal r embr bi 0o epewwiisb ey #t ocene
w sea slbegyv dli sgpteamsdahe ot her OsgdengfcbheeEPBvV
ntral and easternriaftioffiesthlessasi abs & Robpbert e
b e retts 2am0.4 ; Rosenb9 &afle a&k uWcghbasis 8HI0aBNd s ea
dMN$ shida &. Lilwa@asadpsd8d8t)s of diMfeegamrcieh .mak
rticular to these exampl es.

rstlycape evtewdeixecsl unsaw el y cent eriend tcre thri ogphi

titude of, swbeherbohhPadistance of open dee
termedi ate shallow water habitatheard aoee
amples explicitly investigate genetic con

t weenabkbteand eSesctoenrdnl yP a ctihfes tauddvya ni tsa guesl i enfgn giya
crosatellites to provide convilnadhk gofevs pen
vergeakeéed from mitochondri al @@ld, S&A., g.i,s
terpreted as | ack roeft ernetsiool nu toifo ns hoafr enda raknecre ¢
is alternative would be eliminatmyeldy otfhe
crosatellites hasersh@@hectsn@dvhet asagak ge
t ween NZMoa nedo  8Aqg mbti nami ¢ mc todndr i al COl a
crosgteldetdea mor eMwreitda | geraelgwinrgtaevy | awft i on a
ale i n demomstrdteimid geme west to east

nrce naf g dored weleamw N&Zr eanma iSPAlt yo a smor ifbaecdt or s :
rrenitf eankdi . Gteomrey fil oavi thbet ween NZ and SA was
consistent wWACG Béemgihtketsito necfanslge t £AOC

t entidssf l uence BDrHthe tt ®o pFiaconBET) . T hlrea sAClCe e n

fetramader whel ming transpoandatt loins orf e sppeol nasgiik
netic confMrhectliafdikicyodi fgfeenreen-s ulbb&d noar catti ccisrc
ut her MDubrwlill lkaeelape aeht eaxemplkiafi ed the homoger
res @0ByYy dmbrent hi ¢ iwivtelr tleebsrsatceise pbprooali nabi |

brittlAst$Dé0Omal Hugha =gi z& iHal amhgecAn2@O08)ic bro

Se

pt emserolniad( deeeptt 2a0iéd.Bpyweneti c wasr uetalneed

rafting on ftlhadt iwagesdpibjhec tALC.
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Single factor of émeudlCe mphodn actotnimesMbt ni gvb atl ye v«
gregsa.rila. , Iwhfe elxiypititagsyanot herM.i ngprosrgta@&staar ol «
uni que pthaga@pep@agne | ar Pa bD)idfost mtithigotn | ast s a
9@ 20 (dagpet 120002bEven though adults smttl e
mi gration thrdu@alpewdtaer 00QI;Fuurdrg Ihceibs b I ¥nu n g
bofbveniles and adults may p(rDbhimebd2e 1t2h e iZre | ddiis
198Byen though some researchers argue that P
di s t(aBiocvweetn 2a810.6 ; Sel koe ,& mMmajoorrintes@ Gdifph )potruud t h a
PLD is a key factor(Cowpop&l aponmnaed|lRed0ZZeGd 9 v i
ShanksBe¢ootOges ,abi |l ity td babadwehhki fodmseamadr

grgearsi.adn be i nstead acscuocucnetsesdi vfeo rmiagsr arieiaonns

7. But standing diversity in small |l akes vs th
The glh | evel gnadfntgpd medfolacw ess Paei fic as wel |l
ecot ympekedr rgr eagpecaaasbat fdri driemsr ¢ g iprogt ed

ryptic speciati onCowent h€e Swaorni anuegd tee2gdil One9 ; H
nowlton 2000; dadtirodesttod2m@ay ati vely ®Bvol uti
egbheasweudi ethliird Afirsihcavwhilchkds usually tak:

-

nNtentious sympatric speci,detmoonns t(haast ewpep d s iats

—

c
K
g
c
e r e nhe gwadt rdnis ¢ hanneds sd ii we rt shiet yf o |.& NHuamnbnegr aosfp escpt esc
B

ed on different delimiting craintde rbiedh a(ve .og.r

> 9 X O

coeEroese & .Pamnul yngt0dis)egsti mated that th
cies in(Kakrf iMall & wd&n & mina e p2i0dd@dat b@iOcal | y
t astppevcei es imi(dl akaet Rt0t0o, eTtu eNl@BY contrast,

S
ousands of Sspecies are beinwi tihdemregvdiireg 1
S
e

cC

—+

udy coMfigmsgahiaai s & pciand glse odp Smicdhs ap by mo
ecies richness of cLakésdEeegi sTawgamyinka)]

©

omparegsipdam dfhet housands of kilMmegnrée@gaginat h
Q)me crateradakes!| y whiifméwl ikaimeotneert rnweist h s h al
mpl etely ies glhadtoadsi yhsgtéerm weexra mp | e, Lakes Ba
mf 8c hlete wloadnE) g MmSc hl e te dv@ldi.ln) Camer oon, Lake
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