i 27 The Authoms
Jowrnnl comipalatan £ HHT Blockwell Verlaz, Herin

Advipied om 19 Septomber 2006
F Foeal Syst Bval Bosdaiz TUTLS. 18350 200 G0yl g

Abteilury Enioemalogiv, Foologiscke Stantmamming Mircher, Waurick, Germary; *Laboargtori de Genetica, Departarent de
Matagie, Driversiier de fer Slies Sofeerr, Pabea de Walarea, Spaie; 1.i':Ir]-:|ur|'.l||:'rl.r dr Begurray NMenbrerady, festitud Mealfiterram
 Ertudit Avencety, CXIC, Exportes. Spain

Molecular phylogenetics and evolutionary analysis of body shape in the penus
Cyrtonus (Coleoptera, Chrysomelidae)
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Absirmel

Thie led beetke penus Cpeiome Latneille, 15830 Chovsconaidie, Chrvsomselinse) is o species-rch ponus subenfensse 4o the Thergen Peninsula, with
anly i fewr aperics dn the neiphboering. Fronee ood Monoceo, Al the eperies ne winploss and preferentiadty mbahining monntainons ares The
fasvmomac Tnowkdme of s group s exbremsly poor and 58 svslemsdlics almosl inexistenl. [Tere, we analyvse and charsclerize wilth a
wnirphoemetric analysis one prosising sysemaree tait, the adul body prafiie, detingnishing bedween chongated and rounded shapes. Althamph
fhe menoephyly of ihe genus is mol contenbioes, we kel o il using milochenddal ol segoences amd e chrysemeline homologows sequenoes
avpilahls in CenBank. In sddason, fones gencie markers, tan maaduandrinl and e melear are tsed ma prodoee & plidopenstic hupof s for
B[ ihe spocics wilhin Uhe genaes aml Lo anabese e evoluBon of shepe, summan 2ed as dwe condinueus vamsables, lenpth aml widih, anmd their ralic.
Thite: Lrads covary senificandy with the phylepay, showime o siromp phvlopmetic esocEdlion: dongsted species appear (o constiiute o chde
within a paraphiyletic assem Mage of romnded species. Tn addinen, 1he namachondrinl BEYRA tree b e 1o teer for consrant rade af evednrion in this
marker and is taBbraled wsing bolh bivseographical evidenor and 1he stamdard imsecl milochondmm averspy substluBon mbe. This moleculr
click hypothesis s nesd ta date the ape oF specianinn events on the phvkaeeny, reorarmeting the eogn of the penms o ohe Micldie Mincens, with
@ melalivehy comslani specsliva rale undil dhe end ol {the PBocens: and an apparend increase in this rade in fhe Pleastocens, possibly associaled walh
the cffeer af drnmenie climate chanpes o rhis peniod. Fanlly, e high sysiemnnie volne of shage poofiie in Ceriowms & disensesd, arpnang e

absence of evidenoe relaling il le adaplagion.
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Introduction

The genus Cpedones Lodreille, 1829 65 one of the Western
Falaeurctic  penery of Chrsomelidne  hestles with worse
wrnnomic and seslematic knowledge OWarchalowski TO05)
There are 44 currently nccepred 1axa in this genuas, twe of them
subspecies of e sane @xon; bul e proped  Exopoemio
meviabon of the group has ever boon carmed out, with most taxa
barely koowie fedn oolhie dlse e ther odiginal descrip-
Ugwnd. All specas are aptavous, with [ossd dlytra. The monop-
hyly of Cyrtoom 15 pol contentious, beng dagaossd by an
maporiant axonoinic character: the propotam with posterior
angle extwondad and tootbed backwards 6 both ades. Thess
boeethes are diffcudt o fod othe wild and peerly reprocsented i
mwst collechions (Cobos 19540, This lack of indermation docs
ot pefbect their high  biogespraphical, evalutionary and
systemaatie interest among beal botles. Cyetonn 18 abmost
caclodvely distibutad in mouatamous ansas ol the Ibenan
Peninsuta, with enly three species in Frunee and fwoe in the Ril
muntains in Morocoo (Fairmaire 1530, [883; Weise 1916;
Ciobos 1%54), The diversificatien of this orophilic greup in
very eemples grea from a palasogecgraphic point of view, with
marked contrasis in relief, and considered o founal refugium
during the lnst severe glocintiens, renders Cirtosns oo group
prome tothe study of peogriphical specintion, Their alleged
bawv-tdispersal cupability becouse of apterism may fivour
solation processes and speciation,

Very littk: is known also about the soclogy of thess insects,
They are of noctumal habits, their larval develepment eccurs
im winter or sprng and they underge summer diapause as
adulis foyeles of Cyrfomuy rerumdiig and C o montons,
Mokl amd Wachanru 1H8E: Wees [94SY, amd con he
pmernlly fomed uncer #ones or under ther bt planes
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{dodivet 1951), Their trophic relationships are generally nat
knowm except Tor six: species, and in every cose they seem o he
Awsciifegd 1 Astericeae in the genetn Arrenssia, Daeroiia,
Helichryzum,  Ievacium,  Myareriy, Fappe, Leomtodon amed
Sawrading {Mulzm and Wachanry 1349; Weize 1906 Jolivet
1951, 1966; Petitpierre 1954; Petitpierre and Gumeris 2005,
Petitpierie 2004,

The avstcoatics of Cirfomay 15 cven pooder than what 15
known from @ parely taxooomic peespoctve. There are few
hypoiheses of relatonships among species. Barly axomoeais
mrnegraphs of Cyvriomes reognized the exdstence of cleneated
and proportiopally broader species (Fademsiee 1850, 1BR3Y
{Fig. 11 bul aaly Cobos {1954), 2 cmitary later, propassd that
theses shapes oould in fact refect natural groupings. The Latter
autlor basd hs ojunion not just en the beetle shapes, but alse
an the bype of sedcagus and the geceraphical distribalions of
cach nwapholegical proup (Cobos 19540 The clengated
spevies, disiribwted predominantly from the Rif in Momcos
ie Frunce, throogh the western holf of the Therian Peninsula,
alze presented sernight and only apically corved nedeagi; the
species of broader profile, mainly distributed in scutheastemn
Iherian Peminsala, were in addition characterized by regularly
curved asdeagi (Cobos 19540, However, this particular sve-
tematic character, beetle profile, has not been formmiloted
explicitly, which requires i3 formalization previously o
irchading it in further sysemtic anulysss,

Im this siudy, the avthers aimed at studving the systematics
of Certonies, making it the subject of o phylepenetic study
frusing en species relationships based on molecular miarkers
and contrasting bypotheses atput morpholegical churacters,
Tha prctiminnny analvss will hapefolly provide hints towards
ihe refinement of the systemptns of the group amd assdse in
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Cyrfovius plambes Cyrionws pak
AFairmeaina, 18500 [Calsds, 1853) {Marseul, 13E3)
L Aounded shape 11

pencrating hypotheses to et in future studics about speciation
in the genus. In particolar, it was miented] 1o (13 confirm
imalytically the existence of a differentinl shape trait in
Cyrioas separating mmunded and elongated forms; (2 ose
moleculir markers 1o reconstruct o phylogenenic hypothesis
fir the genus For which no presinos hypothesis exists [showing
its manaphyly uzing o mitechandrial TINA [miDMNA] morker];
(3 add a tempomal sale o the svohtionory history of
Cyreens; and [4) amalyse in the light of this phylogeny the
evolutinn of shape in Cryrgeaps amd comment omits adaprive
unil'nr systematic value,

Materials and Methods

Sampling

Panst spriahoss of 1 pedimay are very rase, daffienin cofind mpor becanse of
Uhear mociurnal and crypdic habats and mseveral cases andy knewn from
e 1ypecal serics sed fini thar deserpigi. For this amcly, The gughars
ianppi 1o annlyss 12 spectimeis af 13 spese of 47 valed spoecfic men,
including represendatives ol the varioas chromeosomal and moemphaol ogi-
cal gronps previomsly identified, whach shaukl allow a gosd apinamia-
Bon ko the phylogeny of the genus [ Tabde 1) The pokeriy ol phylogenies
was canbished wich the onigroug method usmp sber chrvsameling
penera for which homoelogous sequences for the four markers were
avilabelke: Tawarciyr beafericn Gory [Timarchinal, fronms the Unvgrsiny
Campus (Mallorca, Spain), and CaBgrapha califomicg corcopeirong
Broswm (Chrvsoimclina), froa Almonle { Lamark o, O, Chitadlal

Maorphomeiric amalyses

A firsd step in the analyss of the phalopenctic seniffeance of habims
shape i Crefonis consisted in confirming anahaically the existence of
vy wdl-diferentinied shapes al’ simpeied sysematic ridevanes. Twa
hampdegons simplde Enear measures, iedal kength (7} aleng lengitodinal
axis From apex af pronatum o apes af elycea and widih (w) bewoen
pesterior angles of pronotum, were measured for M2 speaimens. of
Bt senes Tor all specses. mcloded an the phylopenmeric analvses, exois
Cyefowar gabbiculis (Table 2). Measures were token wsing a scoled
immcroamiter i hinocular seopes, Olvigns YME (Ofanpas Optical
Esparin, Barochona) nnd n Feiss Swend 30000 (Carl Feiss 54,
MEsdricly oo drv-mounted  specmens glued on cards and  placesd]
per pendiculardy to the objective. Subjectivaty of mensures (e g relative
pesition of Ensect and shserver) was compensated by tee chservers
amd, when possible, om several specansens, and using averages.

The vorinbde w is used 1o measure how norew o wide ore the
bl wilh andependencs of beetle o (7 To eliminate the sizge-
dopendent propontion of W, the correlation between these voriahles wios
eslimaled by linear megpresson and sgquarsd Pearson™s »oand ils
significance with Statistica 99 (Smifof Ine. 19951 A positive oorre-
lation belweimn bolth varmbles means thal w is m elfect deectly relatid

(Do, 1847
Elongated shape ——

Cyprlonus opfimdrions Cyntones diaa

Fip. 1. Exnmqils af hnbams shapes
m Cyriowes, dsimpushing belwemn
romncled and slangated profiles

Lo size, aml furlher lesls were compuled wilth Lthe cormespondmy
rescinal vahns (ugl, mdependent of beotle lenprh, Amlyes wenc
warreed oul using devimal and bop-lrensfomeed measunes aml samples
wore dovded mha twa ercpnes for cach sew, choanganed ond ronncled,
and sLatistical dilferences m w, belween dilTerenl classes. were eslinsuied
wath a e-tes1 usanp Sratistica B Nrarkalt Ine. 1943

A distzmmimnl anabads was run m S idistica 09 (Sl ell Inc. 1995)
to ednasify nnshipnone eases of proms aseription. o rhis enss, the shape
wits used as proaping varsble (Lwo groups: rounded and elengated),
and | and w were mplkemenied as independent vadables and
introctuesd sammlrancomsly i the maoded. Ceoonipeng of  pnshepions.
cases wias predicled acvordmye w the moded and from posterior
prababaling. Discremaant annlyss wene alas used 1o clpssify procie-
Led ancesiral shapes (see the ks seclon of melthods)L

Cierelic muarkers

CGenomic DMA was Bolaled Fom abdominal solt tissue (excluding the
dsgesnve tract) usnp a standand phenesd @ chlpraform and erlanal
precipilziion prodoce] (Juan e al. 1993), DA was wed as MCR
Lemmlate e ampBly four penetic markers., modudme mtochondral and
nrelear peng. Thase wene (1) partial metochandsial sequences af the
larpe rEMA subuml (rroll (20 2 miDNA fragmenl spanning partial
cvteehrome oxidass slvmnits 1 eex ) and 2 (eox2) and the imervenang
LEMA for Leucine (immeleul, 3) complee seguence of the second
ernal Trarec bl spacer [iET) af the nnclear fibosainal e clmsc
and (4} a partial seguence of the brge tRMA subunit (LELT) of the
imelear mbosoial geincs, Primer combsnnmens o cach mnrker ane
indicaied in Table 3. PCR conditions used denaiuration al 94°C [or
A i aindl 35 cveles of 3008 a0 9470, 1 v an $0°C aidd 2 iwen ar 7200,
with a fmal exira dongation step of 10 min ot 72°C. PCR produocts
were parifled nsing cither Creneckenin 011 kar (Bao 100, Lo Jolla, CA,
USA) or QlAguick Ge Extraction kit (QIAGEN, Crawley, Wi
Simeen, UK andd evele sqnueiesd wath ARl Priss BagDyve Termanglar
Cyele Sequencing Resdwy Resction ki (Applicd Bsosystems, Faster
Cary, CA, USAL Sequenes were ohiamid with the penelic analyser
ART PRISM 310 {Apphed Baosyaleis Base seqenes sLalisli=s wene
walcubied with Megn 3.1 (Kumar e al. 334}, Sequences have heen
deposmped ar EMBL Mocleoixle Sequence Database under accession
o ARSI ERE A M4 3450,

Phylagenetic enalyves

The monophyly of Cyreasss was besiod nsing partinl rml sequences
and 263 homsalogpous seguences available m GenBank for 14 genera of
Chrysomelinas (see Appendic 511 Seqoences were aligned with o fast
phenctc Clustal LB algorithm (Thompson cf al 1984) and analyséd
with parsimony m PALT 40610 (Swedlord 2003} usng a ndaghbair-
jraning tree te guide sequence ndditien. The number of trees wos very
hagh and the rie seanches wene aborted when S0HH) msosl porsmo-
ninus irees were Found. Mode support was nssessed by 1H peeudio.
replicates of boctstrap analvess (Febenstem 1985), ach with 5 ramdoan
sequence nddition replicates and the nomher of TER tree rearmanpe-
s limated Lo 10 (KD Q0.
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Syatematics of Cyronny lead’ beetles

EFL

Tahle 1. Specics and spocimens of O rrosas stodicd, their souroe and morpholegaenl and chromosomal characterisboes

Lrriees EpiEis Cuode S Ehapt' Chromosoms ne.
£ arvad | Fairmnice, 13254) 1 Adbacete: Merpha, Calar de In Csera (S58) B a)
2 CGranadda: Tuerie del Pmar (SP) K H}
] Cirnnadn: Sierrn de Geillimonn (5F) B L]
4 Cirnnacdn: Sierrn ce Cenillamonn (8P} B A
C. coverraciiey | Faarmaame, |BR2) Granac: Sicrra Movada, Trovengoe [SP) E 2B
A regwreniviretis | Perex Arcns, 1872} Farngrea: Monoava (5P} E e
2 Zaraposr Moniavo (ST C 2B
L rplwdeiing [Marscul, 1220H) Carnnadn: Sicren de Cruillamonn (SF) E aH
. oy [ DRilour, 1B4T) Agualiine Le Basisl. 46-LOT (FR) C 2R
O elkerst TFnirmspne, | 4543 Murok: Sierra Espuda 1240 m (5 B !
. elegany (Gormar, 1813 Farve Cabe Bio Veanle (MO0 R 2B
£ praiadps [Fnirmmine, TS0 Hierra de Jawnlambre, Temed [ 59) B =
O fedrmaired [ Fosenhenier, 1856) 1 Mhiikuze Puerto de los Tilores (ST E 4
2 Maliga: Puerio de los Filones (5P} H a4
3 Makuzs: Tuerio de los Tilones (5T B L
4 Mabiga: Pucro de los Filones (5K} B M)
. gibbrcaller { Fodrmaime, |BBS) | Weslern Bal Angers, Tlele-Thugrammd (A0 C -
z Western Bt Angen, Tlee-Thagmmd | M) K -
A Faafiriesii i [IhT!r, IR EA] Wlalinnse Fslein |'!g|":| R ]
. paralor (Cobos, [333) 1 Afbavele: Cular de la Sama (ST R A6
e | Albncere Meipsn, Lamn o las Yesnns (NP [ £
3 Albavele Serra de Vilkluwerie {317 R 46
4 Adbwwene: Sermn de Vilkafuere [(5F) B Af
€. phombess | Fairmaire. 1550) i Almena: MNocimsends (511 :4 2B
z Al Aleal, Prao de Haifallion {51) H H
. povctrcens §Fairmaime, | BEZ) Teruek Fras de Albarracon (5T R Hl
€ rgwacdans | Hermch-Schactfer, 158 1 Alleante: Sierrn Astann, Farr de Tudeis (59 H a4
z Provenee e Balonmeswe (PR R 28
A, Al e (I gane, 1530} Srers Puerto ole Dkaeaka 15F E 28
. strachuy (Fairmaine, 1883} Ciudad Real: Cabaneros, Alooba de los Monies (5T C -
£yrtons 5. | Matiga: Sacera de Alinagea, Fieo del Collado (58} K ™
2 Makiza- Sierra de Almipra, Tie. del Collada (ST R 2B

FR, Fraies; MO Marseon; B, Pemmal; S8 S

'Empe ay imdicaled in Cobos {1954, distinguishing between elonguied (E) and roonded (R species.
A Teroimnsoame mpmbers taken froom the lireramee (Pesiipasms 1975, 1984, Pergpicroe o al 1993, Poirplerre aed Ginmenn 2003
Ariows mapersoresty was moluded among reunded species by Cobos (1954, bud the aciual shape as confirmed in this siudy = doser io

drgared

"Tllis:-wdﬂ'ucu.n'mu\' under [urmal descrmpiion by Jose ML Vida and Glorn Bastazo (Maly, Spam) and will be nonwed Cpriono cobas {pers.

s,

AT markers tesied for the ingroup phyvlapiny  preagnied Kngth
varilien, which complicaied the recopniticn of homologaes in the
dreps alFaaed by lengrh Fli.ll_'rlri:llr"'lil-llﬁ Promepry homodopi= were
therefoqe establshed on the hasis of o cldisiic approach. direci
oplaitezalien,  whath resclies ambsnend abphindnls  idalemdig
gobal chamoier congroence [Wheeler 1996). Direct optimdxation as
mnpdeimenge] e ey 0L Wheekir oF al TO07) producs i s singls
siep Lhe most paranmsanions treels) ond the alipnmentis) consistent
itk thi pree Toqo oy (nisghiod abpmmsent;, Wihecke TO03) The mies
s s s pnd associntad alipiments were alpined foor Wi
data sets: matochondrinl (mouding partinl sequences of  coxd.
trnalou, cox? and renll and nuclear (including parilal seguenas ol
LS mnd i) Ench datn set was partidoned prior b0 analyses in o
meris o hommedapoos ligmsenty sdeniafiad as an allGrmimg gaitenn of
conserved and length-varahle scgmenis (rom o prelinanary alignment
wang Clustal LB (Mhosmpso & ol 19945 The troLen amd oond werg
pariitiomed indo 3 fragments each, LS dnde 7 and @2 imo 1%
Trngmsis.

[direct opismiznmon anolvses med o siep-matrix assagning coual
ol 1o cach substitution aod indel, amd consed in 10 inee
tuilding replicades. with 1l mandom seqoence - addition  repdioaies
wch, lollemed By o rearmnpgiments undis e ieee WsecBon—
reoomnection { THR) and - suhivee pruning-regrafting (SPR) algo-
mithms. The irees ohmnod were submitted to treg Fosicn (G odabodf
1800 with Turther TER ad SPR exploration of Crie space. The sei
of mist porsrnenieos frees ahtpned ;o these nnadvses were ossd os
slacling recs an o sep ol free ralibeling (MSavon 1999 for Turther

reflrciant m fisdang  oprivad soforcna e doec and  aligimen)
reconsirucizon. The specilic analytical conditions are indicaisd in
Appendan 51

The recevered mmpBed elzznments were used as homolozy hypedhe-
aid g ofhdr anplysis, sicliching padamony il wis i ek hood
(ML) mee reconsdroctions in PAUR 4.0010 ( Swofond 200, hoodsimp
aralysis for nssdsaing nodle confldense [Febersacin TIEE nnd congri-
ence analysis betwern mitochondrind ond noclear datn e Parsinsony
heumsie searchis copsmied an 1 repleates ol randomm adidithen alf
faxa, with TBR Branch swappen g ol savenp mighe e phpss wer
spocified s a fGbth chamcier stade. The ML tree reconstrucison method
regprredd th preyioos apecifcarion of the sulsmugion model be fining
the vurighility phsernved @ the dawm. This wns accomplished using
ModefTist 3.7 (Posada and Crandall 19981 o evaliate the 1 ol
vamous models to the dota as ran in PAUP, mnplemmimg e
sehation crberin: g hieranchasal likeldhossd] ratso Gt (LRTE amd the
Aknike infermntien erierion. The resuliing model wms implemenisd in
4 ML hourstic starch in PALF wing o maphbour-joaning Tree das
stnrting topodogy for the annlyses. Boststrap and congruenee snal yses
wene rim om PAUP, Parsimsony boolitrap consisted m HHH i
moncloreplicntes and was ohinned hoth incluching gaps as o fifth
charaeter stale wnd removmy al gagpid posstioms, whinsas Bechhood
hapasirap was based on 100 datn peendoreplicats. The congrienes
amadysis nsed the pormton homegeneiy test with . WK peendosepdi-
cales, ceh with 50 startmp points usang canchom addstion of seguence.
renacving all invarahle stes (Conningham 1997 and snang o smple
Troe pir peacudomeplacile,
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CilomEr-Aunima, Garsenia and Primremase

Table 2. Samples used Far stapstacnl anabyss of hectle shape (0, o, of specamens; ( hestle lengih; w, widih between pasterior angles of proneaum;

S0y slandard devialion)

¥lales Femnlss
Crrenmar Spodaes. 1] T4 =D Wt ED fw & SD ] Iz 8D w & 8D fiut ok SD
Elongnted shage
. cupreorrens 14 537 & LET 334 2 0227 150 2 0.090 15 TR L 0429 358 £ 0,208 198 & 0.0BE
[ :’_In'ﬂl.ﬂ'u'n'mi K} .00 = d). ks 247 = st 1Ly = k137 Ix = L2 335 = AL 187 AR = 123
. alefonry 1 A3 2 .35 286 £ 0156 191 2 0121 5 B 2 0158 338 & 0239 2403 = D065
£ mafianal 2] 05 = LTS 203 = 452 17 = 2 ] noMF = k340 e | R [ E B 144 = {uia
. nirictus 4 6408 & .21 260 L 4141 LIT L {3366 X 13 4 0.195 285 4 0:HMl 215 L0214
Reamded shape
[ TE 1% 3% = L 2T 1M = 277 ITE = kAN 1 $A1 = R XTY 401 = 1LF L o= (k114
O contrecta 2 605 = 0.070 335 & 04071 151 & 07 - - - -
£ wilped ] 17 = L3208 .44 = 1L32F1 1T = dr113d - - - -
. g s | TER & {282 4.68 & 4217 1459 L 0058 15 BST L 0.7 502 L 01?0 L.71 4 0075
[ ﬁ-unhnfrlu.'? ] A7 = L2 AMF = 1L205 15T = (R 1 frddl) 4.1 1.
. Farrmraset 1z 6.85 L (505 404 L 0215 174 L 012 M B0 L 0379 440 L 0.308 1.B2 1 0085
[ Mi,i':v.rl'w-rl.-if'i' i 547 = WLITT 274 = 4ALTHI T = P ik 11l = 4LATS A417 = LN THE = S
O pearch 5 42 1 4.315 372 & 0230 1.73 L 085 7 T.50 L 0443 d.15 L 0.350 LLB3 % Q.08
[ ,l.v.luu.lulm.ﬂ- it L =43 408 = AL18Y 15 = LA w HAT = dk4aw 474 = LTA LH1 = 1N
. pamctacpe 11 543 L .237 314 L 4l38 1.7 L 0051 1 5.8 32 LEl
E7 wvatusidifa T 024 = LT 458 = L1 7% = L114 4 T =0T AOHE = LR LHT = iMK3
Cyrionny sp. z - - - -

575 L 0.3 340 L 004l

Lag

L0035

“Thi species was mchuded | the reunded” group o Crrdonny by Cebos {18547 Tlowever, i is conspicupusy slonesied in shoope. We lreal e byo

nirerianive plicements di the: nnatyses.

Tabd: 3. Markers and FCR pmaimer combmalions wsed in LUhis studsy

Pl by Friisci naise: Priien sepisng Rfereive:
Rl LR M-13398 FOOC CTG TTT ATC AAA AAC AT-5" Riman et al. (19594}
1.R-J- 1T S CGHG TTT Cald O AGA AT Simsan ¢ nl. {19}
Cox | trmaleu-cond Cl-J- 2192 FATA OCT O0A OGT TAT TCA GA-3" DBegdanpwice e al (19093)
L7-Pe- 0 ] itsid ST OUA AN ATT TUT Crads 08-3 Evacramn anmd Wallie [T 5
i ITEl F0UA TOG ATG AAG AAC GQCA GC-Y While et al. (198}
Ih SO T GEUT TAT TOA TAT (f =37 Wihine er ad [RRLLE]
LELT 2EsIM FGAA OTT AdG GAT CTA RTT TGAY Hille and Dexon (1921}
pe- FA000 CTA AGE AGCT GTG TAAY ThilEs: amd Do 1920 )

The nealeculsr clack hypothess on the maDMA dala was oo wesied
usmp an LRT, coforcing nidl withenr enforcmng eqml races of
cvalutin througheat Smeages in the ML analyses in PAUP under
npproprEdc evodinemany modkels [pE scleoiad wah MakITen) A
linearzed tree (soe resudis. below ) was used 1o colibrade the modecdlar
Eork URwp o EATVE Ve rant event separatiig O pibirale froi The
Eil" and Tanger m Morooce from their sibling Theran spocies m SE
Spain, usmig the apening of the Gibralar srasg in the Moo
(5.3 Myn; c.p. Maoldonada 1985) as béopeographical cvent keadimg 1o
the vienrianes This ealibration was compared with o standand insec
matochandrial cleck, (L 13 sabstitutions soe lneage | Brower 19945,
& 5%y oonficenoe toreshald For the Inmer Aps flEmalis was o
b Bosalzirapping 100 times the data with SeqBoct (Phylsp puckags
verann 265 Felsenstein MMM} and rocafopluimg branch lengths nnd
ok depths on the fisad clock-vonstrained ML lopokigy m PALFP
| Baldwin and Sandersan 19941

Tests o memophsly were smplemeitad in the conesl ol ML
searches using LT 1o conapare ihe nall unconstrmined hypothesis with
nit nlteriative hiypothess consleaiivang o nole ol miens]

Traif cvodwtion wealyses

Cottparative imorphonsinae dala analyss sorass spedies m Uhs phyle-
pomy was carmed oot hased an the peneralired least sguares muodel
deseribod by Peagel (19597, 1999 and imeplemental in hes sodlwane
Continnes (version 100135 Ooly avernges of male mensures for ench
spascmcs wone ustd in Lhe wesls d0 mamimaee the amsown! ol massing dila,

and twe paraBel seis of analyees were mne ane for [ oond w
slivmltanensty, amd ane for the ratie of thise vanabl= ('w) LRT
were wsed inocach case ip sdlerl omong compelng meodels and
ek cupdninmy Che cvalution of 1he corrcspoisdmp (rans, Thioe
refevand tree scaling paranseiers indfemming ahow tmil evedulion were
tlimied vea BEdihocd: (1) g, which ea1s the temsgo, (20 .4 which Teie
the mode and (3) &, which tests for phylogenetic asseciations of trail
cvatintien, Addicionaly, these parmmeners wene dnspleisente] 0 ooin-
pare twe mompeting models of evalution (A and B mespectively,
Coitimmoust 1) enndom, dissenbenge 1he eveluiion of Trass wshau
inencs in change, and (2} direcisonal. secounimg for irails with a
prevniling dizection of change. In the case of thee s ol oo amaldysis
of T amd w, cviddenoe off prail covad aticn on the phylogeny was Diskid.
‘The wms carmied our by micolstmg the evelibBonary  regression
coedlicasnt and fa sigodficance (Pupel 193, 1597), Fana8y. Conlmisos
was used do infer the ancestral dirait volues for indenior nodes in the
phodopiny (paraneler o Continneos manual), Thiss aseestel sbabes
were nsed ip-dednce the shape of the ancesirnl species and therr dass
aadipiation Was Joducid osing bscrmminanl ananlysis a3 dissenbead
eather. The tree pedogy and associmied branch lengths wed for ol the
niadvees were obtamed nsing ML in PAUT from a rodoced oty of
i A sequences inchuding a single representutive of ench spocics, and
i heounstic sgarch walh 10 meplsates of candom ocld®ion of taxa with
THE. impkmending the evedutionary madel selected by Model Tes

A oomplimoniany approack o e st in Conlmuous, wias
carred ot using the mochde CofET [Lee ot ol 3005) of Mesqguite
L {Maddison nnd Maddison 208 ). CoMET determines the hes
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Syatematics of Cyronny lead’ beetles

fiiting cvaluismnory meoded for & se1 of observed conbnuwous man
chela, scledling based on ML aivedg e dilferent evodilBonasy
models. These madels resalt from the combinntion af three medd

Aypes with throe moded Clsses (Oakley o al, 20050 The meded Lvpis
chnnge the relation of hmoch bogths with phenotype divergenoe:
Umlance kT, wilh bramch lenpths proporsons] O phenolyne
chunge. ‘egual modél’, wath branch lonplhs constand reprsending a
comstan chamge in phenope hetween nodes, and ‘fres mode’, with
brunih lenpths o be esimeied via a Bkelhood fundticn. The moedd
dncaes modify the mode of phenntype shonee “pure phadnpenstic,
whire changes vowur @ oovery brumch ol the phalopeny, ‘nom-
phylogenetic’, where chanps do net coear in inreranl branches, and
puncdded’, where chanpes aflisd only one daughler neage, The
tree wsed e Emplenaent CobdELD seanches s the same ML res as for
Conlmuous analyses,

A nrrcnEpr o orecansiruct necsarnl smres for csntimiens chanme-
fors was carmed vol with Mesqusic 105 (Maddeon and Moddson
WHA) uminp rhe linear oot nesmmpaEn, snowhich  the porsiosany
cplimrrabon & carried oul, asgumang thal the cost of chamge from
stnfe 1 W bs -y

Results
Morphodogbeal cliaracter correlations

A peprmsion acalysds of widith (w) apaionst length () acress
spocics W Chrromes produced - alwass highly - signaficant
p = D000 represaion cocfficienis for all dats, all neles,
all femakes, rowided and clongsted wabes and Ffovales, and
et Crrlonmes maforivensis ciher 85 4 rounded o an
chongated specics. Clasifvieg O mafpricensis a5 clongated
gonerally fmproved the it of cloopated forms (= 0482 1o
05468 noneakes, and 0490 o BG206n feinales), sbghtly roducing
ikt of ronmelexd Forns ;:':l'z (0,848 po (LESS im males, amel O REED
o 0,751 am Fermales),

Tesing differmnces in the mean values of width resicuals [ )
with r-tests proved highly significant in o]l comirses of moles
versus females, molks versus females of eich morphalegical
growp, of morphelogicn] groups for ench gender and For gl
samples (Toble 4; Fg, 23 The inclusion of O ssajoricen
within elongite-shaped species increasedd the value. of the
mspective fesis, suggestmg a trend beownrds increasing the
significanee {Table 4). Moreover, wy showed no significani
assacintinm with hestle size (nesther in decimal or logarithmic
mepressninlion], sugeesting no allemetnic effects over shape,

The disrimipant analysis of F oand w lfor roonded and
elomganied Foems (eaduding O orojaricensis samples) comastly
predicted  91.96% of obsorvatens for model estimation
[Wilks' lombeda = 0045761, appoox.  FIUE) = 8353
poc D) As o cxpected feoa the resabis of previoos

Tahle 4. Pespls af faesss for 06l

] =
Buerices |n Width rosidonls fr b for oo | Gigiets 2
different groupangs ol Ceesanns (% ppae s + ¢ Fotisbis ¢ + &
mounehed; ¢, elongatead) Pdades Females !
Males Futtealés r°
fulades o Females o'
Males o Futnakes o
Pades Pinles &'
Pl Pinles o
Fomlis 1’ Femabks '
Femnles Females o
i v
r e

g = |

analyses, all ©, migeriensls samples were recognized in the
discriminant analysis as belonging o the group of clengated
Fommae,  with  postedor  probahdlities  in the  range
06004412 < po< 0905]50,

Fhylogenctie irees

The parsimony analyss of partial chrysenseline rrol sequeness
(54 characters: for asalveis; 204 parsimony  infermative)
proeluced o very high number of equatly parsmontoas trees
of dree length 22101 (1 0.289; BRI 0.8463). The sincl
consensns rocled] in Terarshe showed a menophyletic Oere-
e within o clade incloding Ambrostoru, Oerpsaling ancd
{hreima, s expecled Ffrom morphodesy; boodstrup suppoct for
the cluile was moderately high, T8% (not shown . Following
results ire hased om the choice of Dwe divergent notgroms,
Tivarche arl Ceilimaphe, for which homologos sequences
are iviidlable lor all morkers, and provide a clear separation
with Ceriame wathnut affecting in-group estimates of diver-
PETICE.

Bimmury siatiztics of the saquences incloded in this stoidy
are reporied in Tohle 3. Thess wiloes are within the expecti-
tons devivid for cther nscets, iochading a ligh 4 + ¥ bias foe
e muitochooddal poacs (over T0%:) or balapced ouclootide
cotnpeaitions for the owclear nboseasal pencs. The auost
variabde asd fermatye macker 15 coxl-lmwaleu—eos? and
Ui nuost codserved 15 LSUL L the case of suclear vbosopmal
g, aites affected by leapth vanstion are very bfosmative

The pardmeny apalysis of mDMNA  markers combiued
rsaltcd o ocoe Eland of 24 owees (1494 seps, O = 00500,
Rl = 0.7 The conscnsus oz is shown 1a Fig 3a. The
DA markers prodeced a peocally well-ssolved and
suppedted phvkegcoy, except for & polyiowy from which foar
nlti-apeoes clades sten. A pardmoeny analyas of the nudear
markers combined found 5 smgle island of 24 mrees (333 vleps,
[ A3, BT - DLB5E Fig, 3k, The nuclkar pordmony fnse
wis well m=olved but the soppon was penerully ow, An
ircomgruence length difference test for congruence hetwesn
mitachondral amd mclear markers was highly sigmifcont
{p — O with gaps us a Gfth churocter stute; p - 0008 with
gupped positions excluded), hence the athors opted fior na
combining them in a simuliarecus analydd. Topological
ircengrience betwesn hypotheses indaded the postion of (1)
Cyotamus parefiveps, which wag hosal o o clude comaining
Cyrraruy greasd, Crrfones comractis, Cyrtonus Surmred omd
Cyrfamuis poardnl in the meDNA iree and 10 the remaining

Mean w fllean w2 1=ynine df pevalue
1. (Rcr ~0L0AES fi.6H12 MG = Q00000
{1, 1&XD ~0ai A6 pat | = (L0000
{2013 ooz 6. 52H) 1Tl < QLOOO00 |

—Li245 —L 3450 4444 a5 (LG
e ~0L305 50273 113 000000
L1 [ =024 T2 [ L] < (00000
{233 -0 130 TN 1T < (1 (0]
=03 ~03450 .62 165 = QL0000
{Lazin ~0L Ay 43745 164 = O]
AL 078G 012 1112264 2] = QLOO00
. 1214 =0 Il 131630 48 < (Lo

e majoriamany pomshifered a roanded spocics.
i i e i considered an elonpated spoases.
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a1 1 E—
-z " i 0 "

i) Eardar i el Fig. T How  and  whisksr  plets
[ i comlrasting width  redduad  (wyp)
1 az valnes in el in ket versme

i femnles (o), romncled mnls wersns

t . OB T — Females (B, elongaied males versus
-1 . — 1 fomnles (o), ronnded versms clon-

a - | . | [, rom

G- | E_::_ guied speckes (), rounded vemsus
s | E —_— clesngated males (ef and sonnded

—_ - -3 . versus elonpaled females (DL All

04 14 commiperesnins show haghly sgnifi-

=% -35 cand dilferences. Legend - m:

a8 ; | - - - dinles, B females, v ronnded shape,
Sender Chupw e elongaled stoape

Tabl: 5. Seguence summary salmsics (4, ransitions; iv, Lransversions)

Marker  Lengih  Aligned length  Daformentive s’ A O vy Overall deverpenes” Titraspecfe range”  Interspocfic mings
rrnl Sir-510 514 20 (&5 s 155 @0 07 A5 = 000G O-0026 A 70, 103
oo l-goxn?  EOO-EOD A TR (a0 AE1 les 00T 1.3 W3 = L00G AR 03S R0 NET
=2 AFT-45 (15 158 (44} 144 250 MT 14 0048 = 0008 LRI (b S
L5LI TOE-TII TH X5 (6] 234 2346 3T 04 AR = 1000 il L4

"valnes are Erven consadermg gaps a fifth chareer sinte and excluding pops (wathin Bracks),

Maknes fir uncarreened p-detance

gpecics in the nuclear one, of {21 Cyrionus efegans sgler 1o
Cprtenes sp. and  Cpriorur cumolpey @gter 0 Cvrtoney
Phonbeus 1n the mIDNA nze, and the reverse relationships in
the nuclear one and of (3 O, orajericensis sster o Cyrfonus
ehlerst and O rodwndatar @ the mlDNA ee and o the
elongated Cyriomay in the nucear one (Fie. 3).

The evolutionary model best fitting mi DN A dola was a GTR
[ = e, 07 = 14, ) = 0008 A-C) = 202, §i -
G = 1266, ffA-T1 = 246, ffC-G) = 343, /C-Ty = 180d),
wilh a proporiion ol invarant sikes (F = 0.45) and vamable sites
wilh rate heterogeneily (shape of & distribution: o = (L6T)L A
gingle ML treg of <In likelihood = 83045193 was recovered,
topologically compatible with the parsimony consensus tree
(Fig. 4a). A GTR + [ + I mode alse fitted the nuelear data
(as selected based on the AIC criterion) [f4) = 0.24,
FO =021, FG =038 fA-Oy= LB, frd-G) = 380,
FA-11 =373, FC-0y =086, FO-Ty=4620 =07L
o = 0.63]. Four ML trees of <o likelihood = 3083 3337 were

revoviered, diflizring m the position off . gibbicalis 2 related 1o
other members in s clade. The ML tree topalegy differsd (rom
the pardmony consnsus lor several laxa, butl the onaly
difference taking nlo sccount the supported clades was
C. pureticeps basal o the . areast, C. contracius, O, fairmairel
and . pareoi dade in the ML e and 1o the other species in
the parsimony consensas (Fig. db).

In the mitechondnal trees, the species of dongated shape
appemred in a clade, whereas mo the puclzar genes, the
elongated species were paraphyletic with © majorioensis
fidentified as mounded by Cobos 1954) in the parsimony inss,
and monophyletic (withowt supporth and alse closely related o
O mafericensis in the ML reconstruction. Interestingly, in spite
of its inclusien in the broad-shape group by Cobos (1954,
O, miajoricenss is rather conspicuously cengated {as confimied
statistically, see abowe section) and, in fact, constraining
this specics to be monophyletic with the other clengated
spegics produced  nop-significant LRET results for miDMA
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Fig. & Parsmony trees hnesd on
rml * eoxl-imaleu-cenl (@) and
2 + 150U (k) Munshers ahove
branchis are boolslnp values
higher thon 5% for the dora scts
muluding paps as a (Wb charsoler
stnte, and rmbers belew hmnches
{in brackels) ane the comespondimy
tostrnpy vnhies exchiding pnppes
s Thacker hranehes i the piha-

lopemy cormespend lo speddos o

clsrgated shape
0 apkinckias & amreoveans (1]
Bo sl o rufras
et 1] i dpphawkivas
L] ﬂ g ] = . cupreovvens (2]
o qbdbvioods 1)
G eilibvcriis [2)
i
S HivEr
005 —mlr_:. rofunciaues [1)
- =3 mi_l#
I =S T
1 m’:'ww [l |
_EL{-L'\. ohombees (1]
O plombows ()
i G ahgas
STHNDUS
B, 0 Sy (1)
a1 L. Aximmasre ()
O fakmoainnd (2}
i O Pl (4
| | & ek (1]
| G ol (2]
[l -
= parcion (4]
. amae {1]
G avmas |2
gill |G mecas i3l
[ awcaua (4]
CORTIGIAS
G pondrioans
C oot
T Balsanca T hwaascs

Fiz. 4. Maximum |fkelhood trees based on miDRA (2} and nudear mhosamal (b} duta. Mumbers abave branches are boodstrap supparts higher
Than 50%%. Thecker Branches in the phylegeny corrapond 1o spatics H‘mn&ﬁ[ﬁﬂ shaps

[Fla  likelihood = BAD0.51272 &32 df = 119870 p =
0.9994] and nuclear [-ln Bkelihood = 3093.372%; &31 df) =
(LIETIE; p = L8RS markers.

Molecwlor clock

The ML amalysas of miDNA dala condraining a regular rale
aof evelution producsd trees with —In hkelihood = B412.482%
(g% rees only differing in the relative branching of O ereasd
and . pardol sequences, the rest, topolegy and branch lengths,
identicaly. The difference with the unconstrained analyvsis was
non-significant according to an LRT (df = 32; p = 0.2%). Omne
clock-constrained tree s shown in Fig. 5 Two different
calibrations, one based on a kiopeographical event and one
based on an average cstimate of the evolutionary rate of insect

matochondnal genomes were calculated, showing a rensarkabls
concordance, which deviates shightly only towards the root of
the tree (Fig. 51 The Cpriomus clade appeard o have an age
around 12-17 Mya old (Middle Mioceme), with a phase of
ey diverafication betwsen T and 15 Mya. Several specaation
events, including Cpriarur cylinadrions-Cprioms ruficomis=Cyrs
fama, sirigins, O rotwadaiu-C. efferst, O arcani=C. paraod aned
. camtrocfr-C, fairmeires, were very recent, in the s 2 Mya
{Pleistocene).

Trait evolutlon

The kind of comparative results deseribed bere are entirely
dependent on the wnderlving phylegenetic hypothesis, bence

i 2007 The Authors J Zool Syst Evel Res (2007 45(4), 317-128
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. 94% confidencs Intensal

CidsaEr-ZUrima, (arsenis and PETTPERRE

C. rufcoms

j . inliliicodia (1)
G, phbkcois (2)
G. CLpmowirRes (1]
. cuprmowinems (2]
C. coon

G, redundtans {1)
E': rodusdalis {2)
. iarsi

20 18 16 14 12 10

Fig. 5. Clock constramiod mavmmim lkeldood rree hosod on mal 3 A for el The tree e ealibrased usang o Paopon prophscal event 53 Myn
[Jdushed vertical line) resulling m ihe allepsd vicanance of Morih Arican Crrfomer gubdicoflr and southern Tberan Crriowas relalives (2), and
ndjmereng the arandard mrIdNA avernpe dock of 235 snbstinmione Mya (k) Girey hars are the 94%, confldenes mrernls for the age estimares of

branching evenls relaling v or moTe species

thi readier is cautioned about thelr Wedpretation (Pagel 1997).
The M. tree topology For the set of comparative annlysis was

onhtained implementing a0 GTR + F + I [f4) 035,
Oy 004, Sl o 008 A DY o 354, A G 16,83,
ffa-T =38, OO =42, FCT=23017 §F=05%

n — 0.83] (Fig. fu),

Repurding tree-sculing parameters for [, whond both mndaom
und directionn] models of fruit evolation, » was significantly
different from O (p = 001) and nat significamtly different from
Ly, & wos not significently different from 10 amd & was
signiticantly different from 0 (p < 0001 and not sgnificantly
different from 1. The sume sculing purameters for §fw resulied: &
not significantly different from O and marginally significantly
different from 1.0 (p = 0,10, & significantly different from 1.0
(p = 0Ly, and & agnificantly differmt om0 {p < .01 and
nob agnidicantly dilferent from 1.0,

The random model was nod significanly different from the
directional model for {f, w) (p = 0.0%, usng i both madels
the pammeters stnmted lor the mandom madel p = 0018,
usmg the respective estimmted parameters for each model).
The null random model was repcted aganst the directional
model for fw (p = 0001, wsing the parameter values of the
ramclom madel; p = 001, using the optimal parameler values
tor sach modelh. The ML estimates of the parameters lor sach
st ol data uneler the prefermed trail evelutionary model are
shewn in Table &

The: morphelogical traits ! and & appeared cormeated
(0215301 and covarying on the phylogeny {evoluticnary

regresdion cocficent = 060178, p = OO0000L) Fig &b shows
this correlation with the evolutionary irvee plotied on the
morphospuce defined by these variables, The clade of elonga-
ted species plas O, majaricensis appearsl  Clastering in a
purtivalar region of the morphospace,

Although the genemlized least squares madel used for the
uhove annlyses does nod rely on estimuted trait values for
internal nodes (Pagel 1997), these sncestral stules can be
reconstructed, Tahle 7 shows the ancestral reconstructiens of [
and w for selecied nodes in the phylogeny (Fig. Su), as well as
their predicied shape class using discriminamt analysis, The
gruphical representation of ancesiral nodes in moerphospace is
shown in Fig. b

The comparisen of mesdels of continusus evolution with
CoMET applied o sch morphological vanable and the 5w
ratio identified as the best model Ging the data a Fooe model
of punciuated avernge clas in every case

Bectle shape and systematics

Here, For the Arst e, analytici] evidence 15 prsented (or the
exstence ol two morphaologcally disinguishable groups in
i, dilfering by ther relative widths irrespective of total
beetle length — o group of roumled and a group ol elongated
specics. This characteristic can be simplified as the ratio of
beetle kngth and width and constitutes a non-overlapping trait
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l;;_,____h':u- =
L1 8
i 3
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7.0
[~ TS0
4.3}- .fr'fw'"
Width (mim)
(=} o)
04 8 C. cyfindricus
AEEEI afnchs
3 C. ruficomis 230
. clprecwinens : T
4 —_— . chealoman BL T I e ! 1
- C. ehlarsi AP
C. relundatus ] 3 50 5
3 . majoricensis — i e S - =
d C. arcasi o) 2
10 €. pardoi b N S O LT E}
) g9 C. contractus ] L) ss0 3
C. fairmairsi Ly L Lt
E C. punchiceps L ﬂﬂc'bz i
1 I: C. sumoipus L ! "
C. plumbeus Fi
C. afggans 3] 3.0 g
Cyrfonus s, Width (rim)

Fag. & (2} Maximum likelibood miDMA phadogeny of Crrionie species wilth available morphometnic dotas elongaie-shaped lineages are aden-
nifled wath gres-shaded branches, (31 Plor of the phatopeny on the merphaspace defined by the varsbls length and width (sandard devinmsons
shown as an elipse around Lhe species averape valuesk clongated species, with o common phylogenstic origin, appear clearly separated of
rornichid spaics usmg Thess two Traits, (6] Parsimony recorsirnelion nsing the linear cost pssumption of aneearal s values af intemal noddes

wdemisfied on the phylogeny (see methods for details)

Tahbe 6, Magisum Bedibood amated sealing parameter valne for
trait evodumon in O rreomas (1, length; w, wadth)

& [Hamps) & Iphylopgendtic inemia) A (i)
il i’ OLBASIT 16535 (19 20)
I 0.3 1603 132562 79379

'Random evedutionary model.
*Directional evolmnary model,

with two categaries, with thear threshokl around 1LB7 for males
amel 190 for Females. Interestingly, these chamcleristic shapes
mapped enle mdependent malecular phylogenies reveal that
they are excluzive of particular clades. This Anding confirms
ihe intuitive thinking of Cobos (1934), who speculated on the
cristence of natural groupings in Cyrrerus defined by their
shape.

The elongated shape appears ina group of dpecies lormaing a
supported clide 1a the parsmony nucksar tree (a0 solution
compatible with the unresolvad ML tree Tor these markers),
and a paraphyletic Hosage 10 the slDNA e becawse of the
endemic species of Mallorca, C. maforivensis, clustiering in the
sigher elade o the other  elongated species  {although
the monophyly of these species s nevertheles  supporied
statmtically )

The trail reflects phylogeny, hemce i1 15 a good predictor of
natural groupings, which can be wsed for 8 much nesded
refinement of the svstematics of this poorly known leaf begtle
gemus (Cobos [954; Bastazo and Vela 1985).

Fhyviogeny af Cyrrorus

According to the melocular cock calibrated using two
different strategics, the origin of Cyrromus and the separation
of the two main lncages mentioned above can be dated arcund
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Tobde 7. Reconstrocied ancesiral trait volues o the phylogeny of Certosss [Fig. fn) ond ther predicied shape dass (§, kengths w, wadth; r,

roamdeds . elongateds p. postenmor probabiliy)

Made i war(f} SE(N W

1 61059 00871 0.2952 1aE0
2 T 11273 1135067 E R EL]
3 G5 0.1154 0.3397 L3671
4 59157 0.0717 0.2678 L1555
k] eR L LI ERE] MLAGTH B
f 58071 0.1321 1.3634 20052
7 o Ly L3574 A.245%
B GEIRE 0.3]12 0.5641 1a810
i ST LU IER] L4 A5NT
10 G5 04147 0.6440 LM

Predicied based on discriminant analvss.

12 17 Mya, in the Middle Mincene. During this perind, the
miin part of the Therian Peninsala was separated from the
southenstern portion, corresponding to a large Betic Riffean
islimdl  hetween the Fumopean and Worth African plites
CAndewep 20021 The curccat range of Cyrionay nchadcs these
two rogions of the Iberian Poninsuls and the prescnt phylo-
penctic knowledpe of the geonus doce not allow to paocise a
peographical origin, The proporiedasally higher species fichibess
i the Betie arca related 1o surface (over 30% of the spocics)
may sugpecst an ofigin in this region, but uotl focther
plstegenctic evidenee s gatbered, the authors prefer 1o leave
this question unanswened.

The main featore that claracterizes the phylogeoy of
Cyprtevies 14 the weparation frem the base of two different
clades, one consisting of O, arcasd, O corireciug, O, Jairmoeined,
O oporded and O, prectiveps, and the other of the remaining
species, Roth clides indude rounded species und only the lotter
comiains elongated species, But there is a distinctive charac-
teristic betwem clides: s homopenesus korvodype of 2o - I8
chromosomes in the larger clade, and 2r - 40, 2p - 46 or
I 2R (the lutter with clear structoral differences with the
other 2o — 28 karyotypes; Petitpierre and CGarnena NH03) in
the clade of O, pumcticeps und relatives (Petitpierre et al, 1993
Petitpierre and Gornernip 303), Although the karvotsype of 2
chromosomes hus previously been sugpested as the anoestrul
number for the genus (Pefitpierre and Garmerig J003), the
moleculur phylopeny with the sumpling available does not
suppoart this reconstruction of the ancestral stufe,

The elongated forms pppeared 10-14 Mya during the Late
Miocene, derved from the rounded morphology. This Goading
contrasts with the epinion of Cobos (19548), whe based on the
species distributions consdensd the elengated forms prinotive
and the rounded ones a monophyletc asemblage o more
recent origin. The dsland endemic ©, majoricensis 5 of ancent
arigin, perhaps from the conmaon ancestor of elongated loms,
But 15 inferred age (8-10 Mya) 1% considerably younger than
the g land connection of the Baleanes and the Betie—Raillizan
promontory, some 1518 Mya (Andeweg HHEZ), medcating
thit a trans=-marine dispersal would explain the presno: of the
genus in the dslands, The dsjunct chorology of €. refurdaiur in
casiern Spain and southeastern France has a recent origin
gecording te their high genetic similarity.

Conditioned by the current sampling available, speciation in
Cyrionivs appears as a gradual, constant process with separ-
aticn of lincages carly from its erigin, suggesting Litthe lincage
gatinction, which typically would resuli in a convex shape

vanu'} SE(w} i Shape! pevaluc
QO1Te 0. 1545 1.75 r Q50T
omsIT 112444 (I r [HE. Lk Y
QES 0. 145 1.B4 r 0598
Q0s: 0. 1165 1.E7 [ R
OdE LAy 1.5 [ DU TS0
Q0 z 0. 1555 2040 [ R A
[N i r [k 1.H2 T 05T
(IR eLr i) 03240 1.ED r QETIZ
oomiE R 1.74 T oxrIT
Q070 04549 1.74 r 09121
. 210
™ 4
.
] +8
. T &
. " 16 i
M o* 1
. 40
o T
L +2
| | | | | 3 3 E]
14 12 10 i i 4 2 bya

Fig 7. Lncagethnongh time phor based on the loeardzed rree m
Fig. 5. The dlope of (kos plod & Gy regoler, slzghiby rismp in Lhe Last
e fmervnl owmids the recent, possibly indicanmp an inerease m he
rale of spocialion cvends

(Barraclough and Mex 2000 Fig. T Intercstingly, during the
Plestocene (<2 Mya), there 8 a perocplible inercass i
the brapchiag rate (Fig. Th which could be interpreted as the
result of mew specintion evenis irigeersd by climatic condi-
ticns, pgnin sapporting that the background extinction ruie is
niot higher thumn the speciation rate (Burraclough ond MNee 20010;
Hewite 20041, The isclation of popualations and the reduction
of effective population sizes may facilitnte differentintion
processes lending 1o taxonomic segregation in these cases,
hut these hypotheses remuin te be tested. These recent
speciation events include the sepamtion of three species such
us O, eplindricws, O, ruficornds and C, serfefvs, currently with
clearly allopairic runges — in the south, centre-norhesst and
centre of the Therion Peninsula, respectively, — suggestive of
peegraphicully dispersed refugia. Something similar could be
gaid for O, elders and C rovenddoris, in southeastern and
castern Thidan Peunsula, respectively. More intenssting 1s the
case of © arcasi amd O parded, sympatnic in mountamous
areas of the Spanish southead, with incomplete lineage sorting
for mlDINA markers, bul probably reproductively isolated
instantanscusly, less than 1 8Mya, by ther dilfersnt karyoiype
and chmomosome oumbers. Cyrtonns eroed has 40 chromo-
s (Petitpierre et al. 19930 and O poraod has df chromo-
somes  (Petitpierre and  {rarnena 20034, wath  the latter
karyotype likely evalved from the fommer. The separation of
these speces based on genebic grounds 15 nol possible, whoch
perhaps  reflects thear recent speciatien, with the chosen
markers nod capable of resolving 15 howeser, with the current
Encowledge, an unjustificd taxonomic oversplitting cannet be
ruled out.
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Exsluticnary meaning of shapes

Scaling tree parameters wsed on the contnuous character
et including bestle Jength and width are compatible with
an evelutionary modst of gradwabisn (& and & oot sigmficantly
different from 10 and trait change following a Gonstand
variance model where phylogeny  predicts the covariancs
paticrins amopg specics €4 not significantly differcot from
1.0%. In edher words, these characters covary on the phvlegeny
in g pradual manner aocerding to Wred topobegy. propertion-
ally to branch lengthe Thic is expecied, as neither of thes
trawi s shows apparent segregalion on the molecular phyloge-
mies

A different, contrasime piclure emerges when the mdwe of
these twie megsures is osxl, as 0 @mplified estimation of the
melitive heetle width, which is expected from mupping these
iraits ontn a bree relilex] to morphaspace. The mode pammeter
¥ i not aemiticantly  difleremt fom 000, which  refecres
purctmlinnal evolufion, a il specilic nof a neage; the
marnmeber § s indes] sigmilicantly higher than 1.0, indciative
of late trait chimges on the phylogeny nsnciated 10 lineaye
alaptatinn; and 4 G5 not ditferend from 14, which again
melicides thot the variation of this trait is correluterd with the
povlogeny. The evedution of beetle narcow proportions sacms
1w have ecmaried woa derived luveage o the plvlopeny, pechape
memEpoading to adapiation (but see elkew) A compatble model
aoff cvolution was sclected with CoMET, recopuning change 1o
oocur W& surghe desecndant lincage, but with tran changes not
cgaivalent to tree braoch leogths.

With the cacrent poos state of knowledge of the biokegy and
ceobepy of Cerroras, it is ccally difficeli to bypothesize on s
Biedogical meamng of boetle proportions, 5 ay. [0 would b
possibde o selate boetle shape and proporions Lo covieded-
axental pannscters and physiolepcsl adaprations such as
femperatune and  Uwrmoncgulation, Fer mstance. Broades,
mre compand hoelies are expected to thermaorepulate betier
thun the narrower counterparts, and could be an sdaptation
Tor more exiteme envirnaments, such os high altitudes {equiv-
alent o Bergman’s rile in warm-hloaded ammalks), Flowever,
both shapes con be found in a range of elevolions, sometimes
syntopically, urguing ugninst an adaptive voloe for this truit
Since the besiles pupate and probably refugiate in the soil,
their shape could perbups be correlated with soil chomcteris-
tics, wllowing more efficient burrowing: vet sguin, symiopy of
alternative hady shupes disogress with this interpretation, The
evidence 50 far sugpgesis that the evelutionary segregnfion of
ihis druit is tightly linked to the phylogeny of the group, and is
nat affereed by convergence because of slection and adaptu-
o, which relnforess 118 systanatic imporiance.

Cafferecoos in bevtle propotions may represonl, howeyer,
somae wort of ngproductive  wdation mechomism or allow
ceologicn] segregation. Although most species and populitions
ol Cyrtonns wre allopatrie, thene wre ax reportéd inslances of
local sympatry for some species  paied {Petipaerre J004].
Bemarkahbly, in five of these wx coses ol syaipatey, the costisling
species wne ane of gach morphological groop, which is a highly
maprabable outcome assuming & randem mesdel o species
paicing  odepeadent of geopraphical cdistribution [piroun-
ded) = L5, plelongated) = 0.4d;  plline speces - pairs
reunded ‘elengated, one pair of rounded taxa) = DAKHGL Inter-
cetingly, the only eperted case of rounded species svmpatry
corresponds 1o the above mentioned case of O, arces and
A parrcod with C, phasehens, specics which differ radically in their

i

BT

chromosonee numbers, with s = 40 25 = 46 and 2o = I8,
respectively, which alse warrante reproductive isolation {Petit-
pacrre: 20044, Bome of these sympatric specics pairs have bien
documented in the melecular phylopeny, including Cyrromus
cugreeoriFens and C. puretiveps; and O, cpiideios with e,
. peerckd’ 2nd for O plesibens. Inevery case. these are divergent
tana separaked over 12 Mya, sugpesting that their nmorpholegi-
cal differenccs did nof evalve insympatry toavoid competition,
rather they becams: sympatric sceondarily and their cocxistencs
wils pasible because of elfective reprodoctive barmers ancd
pzsihly ahsence of competition.
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Hesmmen

Frlepenta mofeoinar 1 awdiicy erolmtre o &2 fovasa en o sonero
Uyrrenme (O akepiter, 8 pediatiikor |

Crrioms Latreille {Cheysomedidae, Chrvsomelinge) es un pinera muy
chversn sihendemion de by peienenda |, con npeias onng s
especies en by vecinas Froncia v Mormoeees. Todas los especie son
agaerns § prcfereniemen s holstan Fonas psniniosas. Fl oo
RGN Slie S0 Bmpsn of sntiemadaments saldc v a0 st -
fign praciicamente incxdstende. En esle imbaje amlizumos v carscie-
renms mdinnge andisis medfomgirees N cATICTeT  BETGTATCE
promeiedor, el perfil de los adelos desimpuiends enire Tormas
abargaddine v redondenmtas: Avngqee & monefilin oo gdiers e i
chscusion, combraslames esia Wpolesis vsunide secuoncias miboondn-
ales ded pon rral ¥ Bas homologas parn edsomeling. disponihles on
Gonflank. Adensis usumos cusire marcadoress genslices, des mdbo-
¢l::'l|l.1|‘|$.|¢'|-!|' e Aich=anes, para geitenr Ung hijuslies ﬂ'i‘tllﬂiﬁl [T
i maind de las especics reccinocdns en el geners v pam esiediar B
eylncsin de Ou Formn, resimida comoe doa varipbles corenuas,
langmud y anchura, v su razén. Edes atributos covanan sgnificaliv
asnenbz et 10 filcaenz, wostmnd nna foerie asocixan Mlogencic:
ks copecies alorgadas parecen consiiue un clade en un grupe
marafildice de especies redondesdas El arbal de ADN maocondriad
B usn tambsan parn ins@Elear la cohslancs e kb tass Jde evelicson
mars este marcsdar v ose colibeg tomo nsando evidencin biopesgrifica
cotse In s de smesion promedio O genomn mwoeendnmd e
misccios. La hipotesis del redoj nealecuder se uso pama dador eventas de
eapacEcion sobre In o pania, mconsirryande ol ergen ded pendna on
Miocene medin, con um s de cspeciado relativimenie constnnie
Fasra fiiabes il Plocone ¥ uit daparle aummdnba diiraile ¢ Plissto-
cona, pasiblemente asopiadoe con el ofecbo de comshios climdtces
dramaticos dubenle e porsode. Pos wliimo, @ propess el elecad:
vador sislensiticn de b fooma en Cyeeonoy detedo o ln pusencin de
evidenEis nelacomndoln con acloplaione
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