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2 DI VERSITY BEHI ND UNI FOIRMIORESCENCE
ARCHI TECTURE AND FLOWERI NG SEQUENCE
APl Ol DEAE

Plant Div. Evol. Vol. 128/1=2, 161=220
Stuttgart, August 20, 2010

Diversity behind uniformity — inflorescence
architecture and flowering sequence in Apiaceae-
Apioideae

By Kerstin Reuther and Regine ClaBen-Bockhoff

With 34 figures and 3 tables

Abstract

Reuther, K. & Clafen-Bockhoff. R: Diversity behind uniformity — inflorescence architecture and
flowering sequence in Apiaceae-Apioideae. — Plant Div. Evol. 128: 181-220. 2010. — ISSN 1869-
6155.

Plant architecture determines the degree to which a certain individual can respond to environmental
factors. Inflorescences of the Apicideae are often regarded as being uniform. but species vary in spa-
tial and temporal arrangement of their flowers and umbels expressed in different patterns of sex dis-
tribution, dichogamy and flowering sequence. We are interested in this subtle diversity, and we seek
to elucidate how much apioid architecture influences sex expression and the mating system and varies
within the given constraints. To show the static and dynamic characters shaping inflorescence archi-
tecture nine species are illustrated in detail: Anthriscus caucalis Bieb., Anthriscus sylvestis (L.)
Hoffm . Daucus carota L., Echinophora spinesa L., Myrrhis odorata (L.) Scop.. Oenanthe pimpinel-
loides L., Trinia glauca (L.) Dum . Xanthoselinum alsaficum L. (Schur), Zizia aurea (L.) W.D.J.
Koch). They differ in their monopodial or sympodial architecture, racemose and cymose branching
pattern, determinate and indeterminate organisation of their umbellets. protandry or protogyny and
hermaphroditic, andromonoecious or dioecious sexual system. However, they correspond in their
modular construction and strong tendency to avoid geitonogamy and to promote outcrossing pre-
dominantly by synchronous and sequential flowering rhythms. We conclude that diversity in the um-
bel’s architecture is less relevant for the mating system than the overall modular construction of the
plant and the regulation of the flowering sequence.

Keywords: Apioideae, dichogamy, inflorescence architecture, modular construction. sex distribu-
tion.
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Andromonoecy and developmental plasticity in Chaerophyllum bulbosum
(Apiaceae—Apioideae)
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» Background and Aims Andromonoecy. the presence of hermaphrodite and male flowers in the same individual,
is genctically fixed or induced, e.g. by fruit set. Little is known about the forces triggering andromonoecy in the
Apisceae, In the present study, a natural population of the protandrous Chaeropfvllum bulbosum was investigated
1o clucidate architectural constraints and effects of resource reallocation.

» Methods Three sets of plants (each n = 15) were treated by hand pollination, pollinator exclusion and removal
of low-order inflorescences. Fifteen untreated plants were left as controls.

» Key Resulrs Untreated plants produce umbels up to the third branch order, with increasing proportions of male
fAowers from 15 % (terminal umbel) 1w 100% (third-order umbels). Fruit set cormmespondingly decreases [romi
T0% (termimal umbel) 10 <10% (second-order umbels). Insignificant differences from hand-pollinated plants
do not reveal any sign of pollinator limitation at the study site. Bagged individuals show the same increase in
male Mowers with age as untreated plants, indicating that the presence of andromonogcy is not induced by fruit
sel. After umbel removal, individuals tend to present a higher number of hermaphrodite flowers and fruits in the
umbels of second and third order. Three plants (25 %) produced an additional branch order composed of 100 %
male umbels,

» Conclusions Inherited andromonoecy and the plastic response to environmental conditions are interpreted as a
sclf-regulating system saving investment costs and optimiring fruit set a the same time.

Key words:  Andromonoecy, Apiaceae, architecture, bagging  experiments, Chaerophyilum  bulbosam,
developmental plasticity. fruit set effect, hand pollination, protandry, sex ratio, umbel removal.
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FLOWERING APIACEAE-APIOIDEAE AND THEIR UNIFORMOUS FUNCTIONAL

SYNDROME

4.1 ABSTRACT

Api oi dea®i lay er eweockgsnti azbeldi sbhye d n € h a rfaesaeteuhrseesh c

ar e, however, Kknown.Ttoo reampyndi tloi n heh@egrsao u,
speciesan@g@pearmi | ar , and whether architectur
l'i nked, the flowerbhispgcesdoatmalsyseembonfclRdr a

SpeoMease dldaddaenndomly and selectively to repre
t ypkor each species, ptanada swabét aodrhde teet wala
systemorphol ogy of t he nuwemhbseblixy graamtdi odiimbted il 2 ts
pattcoefrnksl owanlddsitnid\d ,or escence devel opmand, i
fl owseiQmgnces.

A | ofeatfur efsr egqauicmit t e ,suprf emadddywnttimeg & agy
recoghility of Wenandygsistpmeedreeabidead | 6a@ oms e h e

O0char adtreari it st ilwhwewher , showed bhbtstoombinatic
studi edNosmpeecafest hesaspeot ber sbhambi nat i dormegf ¢

al rat her di verOmilfyy tiwmo many hewaysbserved tra

i ncrease i n mdleeficlyomeedr s, consi

Bec aallsle sepxehciabeesher al i ssy podthcionsacddtuoeh e di ver s
character combinations in many ways <create
respond to the demandses@pfecpradmiys d theu savma ldlain
gei t onwhgialmey hsiegtht i mgmb eWes c¢bakna f ntuhfutisssrpie -, @ a |

terms of fl gpleantmolypthogpaodgly species i s able t
syndracmale t he sagmer etriahe 6f uncshameadi twgymlad rosne 6

which coul da pieoical|l breeeddihmg syndr ome
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4.2 INTRODUCTION

Reca@igmg a member of the Meopebedebdi woumhg!|l pr e
e v e na nbayt ceru rd catya Wil & theev e ip a c jtit thrag wthibnevyeavo hke d
with opediheSpilacddam Vg i,mi gnhthdbe VThaeyssaamni |
andnspeecdi afwerz e aggreaegbpbdegacdédad aaasl d ryi ,satpiii ¢
uni forlemndr eoepraodu@B®eil Ve &unii)n@ B & ¢ mlip&[7e&iesnt ed at
termi noafdrmend hat the branched plWdintths tuhseuiarl | o/f
nectaamrd pporlelseennt i ng fl ower s, they wunspeci ficl
(eVggel ;BaamannLilMd/Be;yi hd84¢y &SBehh &9&Hhakr al
19 9P2®rBeazy - n e tOlaller t200n0 Beytc ha;lIRI0OOMO @ B ki )& ndych 2
bei ng eglofeest e & TOwved nesa,KeRi7h &2 §c hll9eBs2s man 19
20)r8rel Vyike be promiscuously pol s Buniagd etdh aty
alraddy it tfakewapiobogndkeso si?mi |l ar to each ot
Acl oseat | bloé& olni tAeprimatadieradep i o i dsehavewss pehcaitesi nf | o
vaay tcebd@Gkee citations IincOmpalat &ve&vaydbeuadD:é
& Cl 80ek hof. Ar Qilalle canom e yst@Be& ngr an c hrienvge apl aetdt e
t hantb ed fs Er. igpli aace borne i n mon{dwdi;al8o/s4h o &t
Hei denhaAngildr51& Rubat; Rewt M®& r a-&o COBAfpfn 2 0 1 (
wher eashemmmbenllg Koanamerd ulawdl e r ), ALrBt6H0rioi asuccuasl i s
orZi zi a (Rewrtehaer -Bo cCd hacCeftni R® 10 My woodeodrnenh |
smi tWiieitdmann & Wehgeowi mgygmhbdpad®ahtyast Ity the
arrangéel s formedul(Bgroeag 9,iSed8F O tgemteu @as m
pseudowhor|l-er e r dhHfedmeearnes.41m0 6d8d d htdasotn obvi ous
apioids vary in growbhh(¢prmFiagd 4hbpt foromn
4 Aviggrowmwmader i ngB)phRisg.endi hC) (prgendi al her b
shrubs @ F)jdgend4r.oli d per &nniand € Fe gG)t readcsk (tFo
very smalH) @Feg. cdedpli)ngpe(fBimgeiqauiad Bl eodgédt s
and sshacts ,t hleeirnegsiuflfte nafegval s of branch and
bet ween plantseanagidlapediee®rsity ofAli nadifvitduwe
structur al e | emae mtl sy fr atniceh Beli aamtdsgo mimenbgetmerna |
and the underl yiiensgarmeerd sm@®mMmaia@®k plv ot edi nsour c¢

the entire family
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Fiug 41Api oi,dlvaed §e bnd og.raahothhenacker i ami emmud ea plmiptl ant
closely @&adogrteat)Bdral cari gpoepligafri emat her short, ere
pr eisetghtesimbeéelns a commoovegr o0@R@upaleygamacendi hgr perenn
not epd-thteor al , umb & threrr ewl) armd attke dneolrcer tor (I eerscsi, rscd sesdi) |
revealing sympodihalD Biupodeesir um, f evteirgoe®em shrub with
termieaé hoger i.BEBi mpooel | a ,ansangad d evisdurtbosrh r wdmb el or der s
; I, Il smal |l est umielng,i nommalrir ki dgdd dimmes htr tueb  pwii @ thu rsee)v
ot s, not e -ytehaer deebacdo wosr,. &vel eotuesvd mor pha aehsoeastemsdhoo
smal Tahdeéehenomtéhr yownlg.eleboasdgi adicuwem nmespyemmpodi al
otrHecl eum, psmial Um ehreemebtt hp efreewn,nicaodlp | an;arT y= ptrersminrm
el

T
s
t
s
u Sormder .lumbel

h o
he
h ol
mb
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Somer ai h® waervee rk nformenq ubeonctulry amongndeecngst hem
f eatiur ensany doefs ctrh e tg hoeess@ggheer eéh e miadi{césdraewys f | or a)
pr otyanrdKgq.ut h; PLoBn9o8mar eBe 1119 ,6Or7tli n & Npwnoarn 19
andr omd realegceyh r; We 8 B 7;1SThl es smanc o2ndbliOge d d we h h's
(mostly retdweddaomdstlll gbtweaimibred s , Il ncl odmbgr $ nc
of mal eanfd olwewesr i ndeskedi sgtgwermhnati on rat e:
respect i(veeUgulnrbieclBgs alabks 3& ;ISh o gh9 &8 Ra m&EKmowjlamtl 9
al . ;3®814i k & Woloidcehlolg albodelp hiigo | og e @ 8 e0ld @ @&n
show similar patterns of alternating, mor e
phatteg. van Roon goBilleiejte;aole.t gle9i899%ad u | 1e9t8 9abl
199M®met h ejtN®arne.t hl R 7S zRRkweil rya 2eD0elali her2 & 2 CIl a (
Bockhoj.f 2010

AbuloKmor phol ogi cal and phenol ogi cal data on
floras and t axTdireoawicoh otfirpesastanuadveesse.a hf agmat i on
how commohl grescencandar déav ¢ papomensitrasr sreal |y
di stributewdi,i hhotwheeviregrs,® @ putnifarl uFigtr f uelxdaenspphiet, e

| okgown poesdmxc& of aimnetimienaphiledr wdls8 6 0 a
War mi ngTrlo8l716 & Hei)whindda idnsulcd ml nffleat eas ecemde t
Weberl i, i@ B®%8666bloentpel v | ack quantheati egue mdyyr
occuriemnadaehe Hummfodmial .l ear ttahgzeeeeiml e thamaonak
the gen(Mat hi as & Consittmmnheatsy 1 944 n t akaenmy,i nt o
mor phol ogi cal, b,i od todgd YAa I (obouwlte acsFened ieebteg c1 96 4 f

examples of weak to strong centr al promot i
umbejDiehtosr u 1976 f orChdies © pahnylnit thansi psecpli senta r
1977 for the presence oRalteewrinticnhal 1l 985 wiears de

fl owerCiomg aipm r um

A first ad¢anpthweirkl ust rtathe | adredvladiisactusosapii @i d | o0\
sbots and to seardmcfcar rtiyngi dgwji tesnd amnaqgidoad
characteristics,. Ateyg. batsbciabaskmemadaleamnlsy ¢
pl aptlgasi c brangcdhiifnfger pantt ti @il nienl toenrgnaopdeetsif t a o
patt(eeas Endnesese eQp@rcdectadket odoperosteuni ti es fo
posiftorom,ragradnids at poodmpe@uwrpd,bilre mulet)i pslte,uct ur e
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andatbow modifications odanaocpey pbaranhecshi my est
( scaffold'; see Harnder d@&yg flr apamtkii ceuMi acrz  a2t0tle
turned to these.

Furt hewemoarree | ndheareascdteedr sibng negdcoumy a2, spec i masn,y
e.mbnol ogi @nrad hiatne@ct ur al c on cfwerartisuir gpisWinteh tomesr a
concurring Yei.tghwpyedti@wgypye fl ower col our or
Schl essman )AsBsaumii reg@ r2{f0&t tr u c tluir rekse abcrteoot her |
t he sexuwal toystpemni fic, fwe watpleegt ssepgeucerrnecsetst o
|l east tbsemhmlde omonoeci ous, Rieyr geedspy reraald/i tdee samm «
(Reut heaCd&o cClhof)fAdAD L Ower akterggpcikd egnit g s a | and
derived ,gahmadd atcaremibneor es¢ermembgpe8B8ernardi 109
der i radenaocnh boyt hdeerv el opment al pat hways

Therefore iamtdeoha itdtnirtslide quant it atofveflcbhrae acer:
mor phol oainadalt hter aidtesnt i f i c atiino A pa, fo wele aasantptaerre
| arsged ecRPbami wifd. Especias |y with viewhyofeéwe |
species in compari s@reut d ee a-&bd cCldhadCiein wee or yh d\
i I 1 umihdeat eirsitttye whol e @muhpg exsfe alkmir midd eada.ees t i
most frequentl yif otclcay rrveeayl tifryyyadhantsan b g r ar e al
they ®womrawratte t he filnoawgeepiiolidy da ifoyepsiicsala dkdr es s e
common demands of a geneeraltihet iecntp olel -igmreaotuipo

Api oi deace.
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4.3 MATERIAL AND METHODS

Acomparati ve smarwmalgo | coogomtuicke efdl o wea n ch gu sstheolost s
25f | owepiimige @ Appeeldi 2 and 4, )atRiarcshte,d tohne yCDwe

at random, |l ater on chosen selectively to r
habit agr awtphe sfsocerxnusa lansdy st e ms, oitnhcel usdu Bnfgamdii | cyh. o
l i vi rhee rdromha tzeerdi aclo |l Iwvect ed, il Isked4Godbedcaprpdsarl

t hsepedinads ,vi damltl phBbBRbsescence

Nomencl ature ejdrherhd omdoiwp u e IPidNd dsteitanssb ur ne s
i nformation on eacBecsapeseci eosf, sphAlpdpemalt ixe nl) e s e
Api adenawveo |l ving |l ively restrucatlur i snpgescweafse tnhaems¢
rechec REDUBYN Mul-Foamedd OWN| Br bahiadW3AK per s .
commP| ease martee ctohmmtdo nsné ongmes have become
avoi deded eAmpp.gndi x 1)

4.3.1 Sampling and taxon origins

The exami nedmpudid gdwisl all and t axlawhhvaadh eldeen c | ea
det er mt hed slpeevpalldi@h er bospecidmellnose taxonomic
per sonahdokeAdddi,piuorallliy e rMythidendronadl@netsmitbiin

al soformation takandf we bweprbeg eisngcrlaupdnessit i chy t he
as this spkeormsandrawchitecture ha\W eadmamady
& Weberl)ing 1993

I n the ,bedgdatnani megrievipradaeh s Wi henb Hedtrbsr evi at i on:
used in Apperdibdpal mmde akmihreg Raiiamee aGe r(R ny

Mar @b 0idNovenmb®klIr2 8herdard tpexdioaushdr i ng field t
FranAklepsS@ uirrJaPr oviePnt el y/ AugBst+ 2ADpHbYL R e $tthael v  (
Garg&&nbune ;@290dx i avuds gtihae Ca C;clausl uys; 29208t i e s

Secbwydami nati BatsanincdtBeeddosannbei Getenbegr Ya
MIJG Gerkdamgh TNO¥4£ mber5 2elzi;ees) J. WUniGoert fiiet y
FrankA urGer magyst 12@tdd;stpiegrn @B9gt ani ¢ Gar den [
Dahl(Bm Ger mdNmwember 20054d@edCd@md er V2a0t06Gi r e Bo
deMul hoMGERFr anchAepri|l 2606kt ani co fGaMdlsmo w
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State UMWERIUSIStum,e 72s0p0e8cainddhSe bt r opi c al Bot ani c
and Arboret onmnbhdRRuskilmd,m,o28 0 8sipteicoinesskprd di t i on al
takpul tiofata ommr oader .dgiéheg rhaahh itcnstals geapmsgsal anea s
border s amfd woedsv( smai nl yaRda me )(daebsagmekcsi al | vy Ma
Sandyddenddapt adebi as gamounanadns

Basedcur phiyt ogemi enn st recent( esvigd tiRmxfrat n ce ts t auld
200¥%al iRojman et ;Palme n20/0 6e@ e atl j. a r2e0v0aM aegte ea le.t  2a0 (
2000i col as & OBDawikied t e 2Maagle.e 2e0tl,Gaun & 00DdOwni e
201Yu et aVal iRmMmEln et) hadrrbh oM@ i 2friah t he pers
collectid®neroe REBnr Reg( Bocha€Cénand Hans .
(additionall vy, maMt &r iaanld 4 theer eBd tiamD &l B) dMu(s e u |
were adductedersgstewmati a baongd of the subf e
clades aflomoguwsi deélei ne s)Tleheboemnyhe g@éeoagil apRRiOdd
t he swascxiteesnadedover all five continents.

Th e di ghdrabar i um on UMBELLI FERAE, avai
http://ww2. bgbmrovihgdlgdr braesipdmyiit rmesgwhi ah e

recomanenemgor some Apreaen:.ckisko(BPedd MAGE] [)D.

4.3.2 Taxonomy and geography of the selected species

Our spedieeds i on comprises species (fFi@gm t4he)
Al t ogeldgheenre 7 83 52 Bf3) 4toHfe recently descri bed maj
(see Appesetduakle 8 )1dPe¥% monot ypiecs omd smadér iand 2
| argeenera. Another 16% belong to thé&eveéeherl a
on t heHegeonsucswhdchbhmwas repeatleilymnoe p arnattehde f
s p e Balamsaea fontanesiGasparrinia peucedanoideendSeseli webbiany i nf or mat i

concerning cl ade af fisi laivaatiiloanbloer. speci es numb

Representatives of the most bbhsehtehshdsismiamai
Andr ,Satneag a n,oHed eerioaammiga)nonnc | udCamga (ARikeesy da mi a
|l ati)Tokei d ew representati vesaeo ftBhwgelr /a1 pbesssi aels ¢
pl us -tlurraeamd an toHMeemnaekemrm@@arnmi ng a single
Bupl uarndim | oposper mum pferloonp otnlhnee ss actulmer n r e g
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and Centr@pecHuersmpadie rtihvee dP ycrl aandiedso pt er e a e, Pi
OpopaGlaaxBehi nophoreadc€,onC@lnd hen,d Ceamg@yesde and
over thesmwalrll dt o Llinkrealybti S@géobénb& regi

Api ¢ampellr

sslRERRRRRERE

[ ]

Fi gur®d udy

—
L

Sspecajgsr

Apieae (9-10)

Cachrys Clade (7)

Careae (6)

Conium Clade (1)

Coriandreae (2)

Echinophoreae (3)

Opopanax Clade (3)

Pimpinelleae (12)

Pyramidoptereae (10)

Selineae* (71-75)

Sinodielsia Clade (3-4)

Tordyliinae (12)

Cymbocarpum Clade (0) TORDYLIEAE
Lefebvrea Clade (3)

Aciphylleae (7)

Acronema Clade (3)

Arcuaopterus Clade (0)

Conioselinum chinense Clade (3)
Artedia Clade (1)
Daucinae (8-9)

Ferulinae (2-3)
Glaucosciadium Clade (0)
Scandicinae (29)
Torilidinae (5-6)
Smyrnieae (2)
Oenantheae (12-13)
Erigenieae (0)
Physospermopsis Clade (2)
Komarovieae (2)
Pleurospermeae (5)
Diplolophium Clade (0)
Chamaesium Clade (0)
Pleurospermopsis Clade (0)
Bupleureae (6)
Heteromorpha Clade (2)
Malagasy Clade (2)
Annesorhizeae (3)
Lichtensteinieae (1)
Saniculeae (0)
Steganotaenieae (1)

i afA g ihees(dite pe& r e n tehxeascets

SCANDICEAE

HETEROMORPHEAE

EUAPIOIDS

APIOID SUPERCLADE

PROTOAPIOIDS

number; of spe

furtumerdentpds emdbsagyrl ad&dd:xyppGd e ptbavapioids (after Ma g
additi on&lhloy iitrmaeinucaankRiMay ¢t ot wbekhpaee
see Apioi )i sopedic aglea @er, e nEnidaelmioc Arher i can C( REMNA)and

smal |l er dobuesinoad.igi edr

no Sreegarcded

Dowh@i e et al. 20

(
f
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1 General geographical distribution A major part of the investigated species mainly occurs
in Europe (20%), the Mediterranean (16%), America (18%) asid f7%) specieddr
the geographicainformation on each single speciege Appendix 4)Corresponding to
the relative pauperism of local genera, osdyenspecies (fouAciphyllaspeciesScandia
rosifolia, Gingidia montana and Anisotome aromatiga all of them belonging to the
derived clade Aciphylleae, appear in Australia and New Zealand. The second least
representatives are 15 species (6f6m Africa that also include the Canary Islands
endemic herbaceous perensi@dlthamanta montanaPimpinela anagodendronSeseli

webbiiandTodaroa aureaAt least 16% (42 specieajewidespread weeds and crops.

1 Distribution of life forms About two thirds of our selected speci@® perennial herbs
from all over the world. Only 4% of the study specaées shrubs and (small) trees or
woody perennials. The gendreteromorphae.g.H. arborescensFig. 4.1G), Andriana
and Anginon(e.g. A. difforme Fig. 4.1F) grow only in Africa, Myrrhoidesin Southern
America, and the dendroid perenniRimpinella anagdendron(Fig. 4.1E) is endemic to
the Canaries (Tenerife)Scandiais a New Zealand endemic genus, addpleurum
fruticosum (Fig. 4.1 D), the only shrubby European Apioid besides the Madeiran
endemic, woody rosette plaMtonizia edulis- is found in theMediterranean aredlost of
the remaining monocarps (28.5% of the species) derive from Asia or Europe and the
Mediterranean, or they are widely distributed herbs. None of the studied annuals or
biennials occurs in Australia or New Zealand, orlyo of them (Ammodaucus
leucotrichus Astydamia latifolid in Africa and 5 Angelica hendersoniiApiastrum
angustifolium Cyclospermum leptophyllym Spermolepis divaricatys Spermolepis

echinatu3 in the Americas.

4.3.3 Data collection terminology and symbols

For eacld Pslpaencti easn,d uhbabaA-ARareaecdo(rsskea Appendi
dHandgiaxddi ti onal s peci ABA ihnacrl auddticezirtes afaTiarbl. y 4t. al
from theSpeteahbht ate.ention 1 sflpawerhibrog ¢ het Iz
arrangement of | ater alndbrtairedhre satricehi tt ke w ana iiem
numeri calnumherr amfchlees and f | devgeoabse borraaincthei nsg,e
presamcsenrdev el opfmect bf gapat andSedterct @etdursepseci

schematriasvanl I(¥y od sy mb3o)l.i sm see Fig. 4
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Table 4.1 Variables of concern=characters) in the data collection on ApioideBgeycan be grouped intimur
subject areasPLANT HABIT and FLOWERING SHOOT CON$RUCTION (11 charactersA-K), UMBEL
POSITION, FORM and ORGANISATION (22 characters,L-AG), FLOWERING and DEVELOPMENT
(6 charactersAH-AM), GENERAL SPECIES IRORMATION (6 charactersAN-AS).

A B C (] E E G H L
GROWTH HEIGHT OF SHOOT LATERAL BRANCHING INTERNODES BRANCH BRANCH LENGTHS
FORM THE PLANTS ARCHITECTURE AXES 1°" EXTENT Fz CLUSTERING CLUSTERS PROMOTION
(cm) ORDER (N) POSITION
J K L M N (0] P Q R
INHIBITION TERMINAL TERMINAL UMBEL FLOWERS PER UMBELLET TERMINAL INVOLUCRUM INVOLUCELLUM
ZONE INTERNODE UMBEL RAYS UMBELLET SIZE FLOWERS
GRADIENT
S 1L sex distribution Wi i e Z S
ATTRACTION PLANT SEX u Vv ORDINAL SEX DOMINANT UMBEL DOMINANT UMBEL SIZE ,
FEATURES RATIO FRUIT SET DIAMETER UMBEL GRADIENTS
UMBELLET UMBELS (cm) ORDER
AB dersiy AE AE AG AH Al A
UMBEL AC AD UMBEL PETAL COLOR PETAL INDIVIDUAL DICHOGAMY FLOWERING
SHAPE - - CLUSTERS CONSPICUITY GROWTH SEQUENCE
UMBELLET UMBELS DYNAMICS UMBELLET
flowering sequence
AK AL AM
UMBEL UMBEL PLANT
ORDER (I) (FLOWERING
CYCLES)
L3 S X
AY ’
k4
7’
s
A B D F
FigurS mbowBsse,d in the sAlSermat iwd tdr dwiarf gaxnids i cat
(branche)di c(ettdremdi nal ) l ower wibhbrehimeradraphi ogi t e;
SELDQMnbel) . b ucd Peduncled wumbell et or umbel (here
filling: mal e; with bl ack fialcluilnagitifvemalmb)el! |Bt Ba
F. Lacking (ter minal()mafrlkoende ra | suombien tohre upntbeoetld gerta p h
To account foratnalt@®@aatnmo-@drypyabievmern mwere i ndi
compared in the wild popel eera saattteef dPrueb | wes ha
and a preliminary versimdk &FAMiEtheES amNDy GENE

VASCUL AR

PPANTIRet t

et

palov, ded

by e ®¥ unvdaest t |,
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al ways consul tneids stion go odmaptiche toennts et , t hat wer e
pl ant materi al, or to reassess our observat
i ndividual s i noculzteidy antait e mdare | s wreereb onl y i

or early (rbud)uiositeaagaesswhioc h TIpnmaaritn oafx itsh eorp|laantt:

was on hand.

Coll ectedr €hair alt ¢ ecrosvogdaedhaoftrividiretisessbl es (as shool

and architecture, val ormatber dcohratgh&gmg p eameah i
repetitive features as numbers of umbell et s
umbel | et . Ot heplsgmitzdicentpei nwit hi arnode propor

promoti onve cwanpeélrumshetet et r & Oweromg sequence

Ter mi nmaioglyy foheow&-BREe & ROMND Woiutlicomenment ed i n

t hdee t aciol netdesxete b el oow)ew of recent isfudrescanc
ont o-gadignf | oresce(oekenné&e@iPirmennnel 9% hal . 2
umbel as a real i nflorescenagdr é patceonits ast :

ari se fcaiml ead sfol or allCl a@wiw k mefrfi-dareeBu) 12013

Regar diergc it mhree mth e scho mphoeu nd wmbesli ng from a si

becomebstTihcearle.f or e, we follow umbketgrentthal ampisc
umbel s, mamdtee Julpahadf refer to the odsifmplwed sym
umbel |l ets. dAset menWAatetmsr edi emt o the nagture
ands fas gal weafginowd umbel s arissewd rmpme fdernt eu
the tepedsdrdé umbel s (r epecauavned ly 6 stieodbbe |ul mebtesl )s
(repectivelwyt hmbellmetna) umbel |Wet sus(er epplee t it e
0infl orescenced6 in a general way, nosti negxlcel us
infl orescence meri stem. I f so, this is speci

1 PLANT HABIT AND FLOWERING SHOOT CONSTRUCTION (SCAFFOLD By
growth form (characterA), we describehe orientationof the floweringshoos. Height,
however,characterizes the size of the entirenplaVe distinguish very small taxwith
inhibited ¢ems (dwarfg, from small, medium and larggiénty. For each specieshe

branching systeraf themainaxis (or sten) and laterabxes (obrancheysis examinedor
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monopodialor sympodialarchitecture, or transitional forms apleiochasiacharacterC;

Figs. 2.112.13, e Pilger 192). The number of lateral branchés counted and a

ramification factorestablishedfollowing the branching extent, i.e. the number of umbel

orders that the plants beavye further charactere the flowering zond€alsoseeReuther &
ClaRenBockhoff 201Q Fig. 2.11)and evaluate enrichment patterAdthough internodes
were observed t@&longate in the course of pladevelopment, certain specisgecific
proportionsare usually maintained after all lateral branchesehgrown out. Because
branches may develop highlgmified lateral systems during flowering, hindering the view

of the main axis relative internode lenghs or gradients of the flowering zone

(character, if more than twolateral branchesre producell are assesseth the plants
shortly before or in the early flowering stage. The absemceresenceof branch
aggregations or_clusters( voh o rol resétte3 throughrhythmic internode inhibitionsi

determinedcharactelG) andlocated(characteH) in the lattercase

As ©6thapfe the i n(ffllocvaerpipyyrceasf ected to a gre
d ongitudi malofsyrhmmetf d pBvaerrti N&l &nyo o&; Reéart aglri o
& Cl 80ek hoff 20dmri dchge nte. A@Attthmeanhsoni henden
t hheengths of théchat)acielertohenmchesgp| aotdescri

To characterize the | enathh bot ( olaa @eaantedpr op o
t er mi nal (d maref)atoedre ac h sepseean gge ner al ofsutblde vi
annuali ndthho @te e@pal RepanthsdBoc&hGharCd Oridhceo r d

relative dPhéoppudt ®nst ess théaonpa Flpg Hd2thke
@r edequatbhout & odolyi redk,t e ndmeod ee ¢ thaatnesa t hi r d |

the main axis

1 UMBEL POSITION, FORM AND ORGANISATION Each speciesiexamined for the
production(and if presentsize of aterminal umbel (charactei., Fig. 4.3 closingthe

main stemlf the flowering shoot remamd n d e t e (NOIT seast Brénner et al. 2009
who usesndeterminatesynonymously taacemosg i.e. the terminal umbe$ absent, the
stem is referred to agpen As we hae never observed a terminal umbellet within apioid
umbels before, this featurs not considered a separate character, but kept in view during
the observationsUmbels of different ordersare viewed for size gradients of their
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umbellets (characterO). Several individuals and multiple umbels on a plarg checked

for their closedin contrast tapennature i.e.the presencer absencef terminal flowers

(characterP; Fig. 43; see Fig.2.25) in their umbellets and of terminal umbellets in their
umbels.Bracts (characteQ) andbracteoles(charactelR; see e.g. Fig2.25) are counted,

as described for umbellets and flowers.

Speadait t racti oomhdre&@dtueereg.affigedal oomg,ahpodsairbly

s h a ppisnegu d,onctohb bas @fn p | a arte psaoretcs. @p tl iymanloit ye dt wi «
during flowering ahldower & hwe rf & ug di(z lmdgre abct tfasgrre
T,corresgdgboBetr nbut ilcohna rgddeVtegrr n €s.2@ HaRamdi nal
serxatdhmar Wgt esreg. r@t a o estmie en U mb e oa sdicemdge

di st imgluemahlfe and her m&lphwprde d bbanifriygo weé asi n a
mal e, dXhiweintsiyngtyl es andnadvdidioaver s,ae afoevina l
recor thed maphrodi te Ttheasms sekRatl morphol ogi ca
mal e steraaéepbsoweryg countnedd fal so whee reammadpi htrho dr
femal e @rteg udcdtuerermi ned her manpohtr odde vteel oepv evni aibf
As a consequence, the full spectrumomwf sex
fruiting flowers with cleaanlyeaedudedi ng &
and idtedliyw during,atdhecduntiegd nags stfagkeot icasal |
obeamunddhpd rema pfhirowe nt éwi t h rudi mentary org
ordehs plclnas swafsided masnoeci ous ( bpd3. Pattain p
anal yssiese Ap-pelmEILORSSIEIX RAFI @Qitvlmma dhisent he

numbaefr mal e fl owersf, d .mBpadihadsncsexasembigo s f |

of mal edebk owerl stehaes es e xa nstad & sot& r g masd nreenctor de d
to be The kmaign r e prisodduecstdrviebeodutlputmeans of
orders) bfeasg(ich@ rXpwhtitasrh subj ecti vely esti mate
t me

Th @ s sneesnstumb &€ | asjda €arh ar ABweét hi n and beiween i

based obpenvfartamen sl ar ge s t-f, | omwoesrtil nygvhfeimmdaetd rs .
speciesxshems umbel size decreases with umt
or few umbels reachitsubBe@eahighepstiadedvea matsd rhe,
cat e Ghoal iy a mécthearr )otfert he umdbaed amewh sil ethasc hi
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a ei adgndsedo mi nat ouwdieb &r d)dt edef i ned bmbeaelhe |

di anseGreadi enmmd el nch aredAtaee subjecti vieheg ass

compar umbal ofl.i anadtdey si ncreasi nq@arwemkkedlel di armhe
deor i ncreasing number.dhefedlyyevelrpwehs pDsH
of increasiangeddatetbgr decreasing ,at ewanot nu
i ncl.udTlehdebye cparnev it ed hangi nigf sfelxo weadye poesm d 8 n v
on tsheei r

Whenewegrr egat esr eofdiusnpblealysed si multaneousl y e
(s e 22 6ab, ). 20hey racambed &«@ cusda rédagcsR etr a |
conspilchiarAEGdadcdras svi t hed e fare r evn@r@maogemal | 'y pr es

relative petal size of the graesatwenmbeds ty o

frame of. reference

1 FLOWERING AND DEVELOPMENT Shoot systems with completed, differentiated
inflorescence regits at the beginning of floweringre described byow or lacking

individual growth dynamics (charactetAH). They remairmostly unchangd during the

flowering seasonDynamicsare assesseligh if plenty of developmental changéesthe
shoots, asnternodeelongationsand branchovertoppings occurredduring flowering If
additionally, augmentingand fadingcolors are exhibitedin the floral organs or foliage

during developmentthey are included in theattraction features (characterS).

To evaluate age anddevelopmentof floral primordia, especially living plants are
monitoredduring anthesidor dichogamy (characterAl) and the order of their flowers
opening(= flowering sequencgin the umbellets (characterAJ), umbels (characterAK)

and all 1°-order umbels (characteAL). Synchronous development of flowers, umbellets

or umbels may indicate their joimheristematicorigin which would bear a meaning in
identifying a commonfloral unit meristem. Thus, & focugd on g/nchronisationsand
acropetal(or centripetal starting in the outermost flowers of the outermost umbellets and
succeeding towards the center of the umbdiasipetal (or centrifugal starting in the
innermost flowers of the innermost umbellets and succeeding towards the periphery of the
umbelg or other flowering sequencesAlso for the herbrized material and species
screened only once datee collected by comparison of younger and older individuals and

different umbels and flowers along the branches and within the pButsecause m
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manyflowered and highhbranched species, flowering sequences cannot be easily and
clearly reproduced, we pass on assestfieg),from second umbel order onwardss the

last plant variablethe number ofreproductive orflowering cycles (characterAM) per

flowering shoot(and usually seasoing recordedlt is described as the numberrepeting
flowering sequenceof synchronized flowergor umbellets orumbelsof different, i.e.

usuallysuccessiveimbelordel).

T GENERAL SPECI ES | Nhra@Raov oThés®3® charactemnmoregeneral
data (6 charactersAN-AS) on each specieare provided, gatheredfrom the literature,
mainly from regional floras, printed or online (sedferencesAppendix 1).Concerning
life forms (characterAN), we discriminate between Imonocarpic (hapaxanthous)
annuals or biennialgseldom perennials)2. polycarpic (pollacanthousherbaceous
perennialsand 3. shrubs or trees (woody plant®speciallyto interpretthe reproductive
cycles whichare or are not repeated over yeard.o map the observed species, the
anticipateddistribution area (characterAO) was split into the 5 continents. As a well

known center of distribution for many Apioideae spec{ep. Fig. 1.1) and often
comprising two or three continenfor one species, thdediterraneanarea was added
separatelySpecies were either classified to be Mediterranean or temperate Eyropean
both To provide an idea of specific life circumstances, even though colonisation often
stretches along diverseokopes, we allocate each species to a certairabitat type
(characterAP). We therefordistinguish open vs. shaded, closed environméoitgdand,
coastalandmountainous habitats, and dry vs. humid locations and wetl&aa$ species

is characterizedby the particular combination dbcations of theiroccurrence, e.g. by an
open, dry, lowland or a mountaineous, closed, humid halhitetrmation onflowering

times (characterAQ) is given as the months of bloomnere irrespective athe effective

season in the habitathe systematic positiongcharacteiAR) were determineanainly by

the recentwork of Downieet al. (2010 and pers. comm.; assembled in Appengipa@d
more specific literature (see sources for each species, A@@peries belonging to the
clades 111 are subjectively assumed to form a basal granul the clades 238 a more
derived one. All other species (clades23) are regarded as members of central clades.
Species numbergcharacteAS) within the genusre usedo distinguish monotypic, small

(1-10 species) and large (bD species) from vgrarge genera (> 50species).
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Whenever a c¢ haruancdteetre fr mu sheegouneesrtaii ains npalrakced 1 n
tablsekppendi ces 3, 4) . | f It was seen in o
unconfainrdgqneel s t i oins npabrekbh mdid bseovedost presumed
Al l char acit@reer isntdaitsetsiwgcdtlalt yo rdaerrpemitt mg@rand par ent h
Ot hers (especially those with ambneguauwmde. r d&ro
vacynsi deid-albbleyg vwdma i viad wea Inayr, kaesdt elr y s&dr @y 0

contr i &supteecdineksp i f t he character occurred in

4.3.4 Data analysisand illustration

Col | ectacead ambttayhpee dt fclegueaob(peakms the distri

gr a)pdirso u painndgpsmb i B@ici@ocnc ur r e n coef psdit@attedrsrtsmiclt ar

mor phol ogi cal Stpyert ad adhiummoc eplasr.amet @er shamhad @&
many t o mosdt etsaperti iecn@rhr oparhmnégué ew or singl
shoWemanuaht glhps g e @igeas nst eachcloahacetsdsyi rsghatr e
the sorti My CROSOFTo®OFIFh CE EXCEL:@@etdiing usamiga

(e. g. systematic posi,aindn,pagamgrt @plsi od!l odivs 1
the Dbr eedasigdiscylsageamy, Isiefxeraflorsm,st@ent al cons,
ist o detfaurnmitne nal s y & mpl | oanmets  oorfr aupniebeer Ineese rcahcat 1 n o

mor phol ogicaltranéseecli a¢gil yalin view of ;the po
Features found in the mrag oadarnsi doefr etdh et omobset
basi c or gaaxrmiag atcAtmindiesdtel ci nf |l orescences

Fr equefm@aiaecsh clsdradred ewea | lcsuilSESesd 15. 0 ( SPSS I r
Chicago, | 4 nadrgeo v spne ratSeAn)b a g € tFra phid-45. 8 )
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4.4 RESULTS

We foud& htaheaowmt & efsrtoemib It daen d sMadl. AAAM)Re ac h
compp®-8p chataTtTlemar pholdagiearmd t he gener al i nf
the s(hebilrNMAI2Z s®r ded rather precisely with o
study (specaBppehecdx)CD

4.4.1 The modelapioid - frequent character stateis Apioideae

Regar di mige remlcdhgmocraplh odcridpir @aa It e r( cspd pga 1-3dt el .y
Appemdi xontsainemi oo 0 f or maeta cohn colmamda xsiteavteest i gat e
speca en® sftr equent | yhepgdlayccarup( 6pe @dwilns-padl Osc

84 . 0 %; both chal3a3xtepisegjceoaibteméaod!l i owi agdar chi
dy nami c (sfcehaetnuarteinst ail n yFidg.a 4. 4)

PLANT HABUHTFLOWERI NG SHOOT CONAFROCDI ON (
- erect growth$3.8%) andmonopodial shoot architecture [23; e.g. Fig. 4.1 DE, F, H;

(2)3-10 lateral (' order) axe$71.6%] branching out to the"2or 3% order[53.7%;
- 1%order branches tending to be basitonously promd@d (-51.8)% cp. Fig.2.13 d;

UMBEL POSI TI ON, FORM and ORGANI SATI ON
- an obligategerminal umbel [9@%)] subtended by a short terminal intern¢sié.6%];

- mostly compact[45.5 (52.1)%] and rather flg65.3%] than globosaimbelsof diameters up to 10cm
[49.4 (57.3)%] producing or lackinfeach about 434%] bracts with 10-20(30) umbel ray§58.8%;

- umbellets of amore frequentlycompact structurf49.0 (-57.6P46] with 10-20(30) flowers peumbellet
[59.1%], subtended by-22 bracteole§39.3(-60.3Y%], lacking a terminal flowe58.8(-66.9)4];

- white petald63.4%] which were mostly spread and clearly visif8&.3%];

- umbels rather scattered than clustgi&i4%o], their size decreasing ordinaly6.4%];

- an andromonoecious sexual systg#.0%)] with a gradual inor decrease in the proportiof5.1 (-
49.4%0] of centred, (functionally) male flowers in the umlbets [72.3%] and umbg[72.0%];

FLOWERI NG and DEVELOMENT

- centripetaflower opening[93.0% in umbellets36.4% in umbels] protandrous [79.4%] flowers;
- more or less synchnous flowering of the umbeis eachumbel order ffresumptively62.3%]
- dynamic growttduring bloom (with clear internode elongati¢g®.2%], and

- 2-4 flowering cyclegerflowering shoo{= multicycle dichogam\67.3 ¢82.104].
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Tabd42&haracters and detected states, or further explanation see text
Character Character states Character Character states

AGrowth f oomiemthatoi

B.Pl ant (or stolon)

CShoatchitiecture

(based t he
cpRig.)2.12

on mai r

D. Lat’®raler naxes (
EBranchinmg extent
(noumbel prders

F. FIl owering zone i

(gr adiFing..s) &4

G.Branch clusters/ w

branch
12

H. Position
(whorFisg. ) 4.

. Length: promoti ol
(YorderEpg. )2.11

J. I nhi bition zone

K. Ter mi nal internct

(cPig.)2.11

O,eredtgreep2 mg;cend3d,nghisb

4 procumbieagt) 4. 6

0010(150dwemf( 155D 10 0)s mar
26200 (crmedi;Ziymdre than gd’l

O,monopodi al st em 1amod olpo

stem, overtopping (or

br anc2hseysmpodi al stem and

0012)L( 218 (1235)10.
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V) .
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dilspersdad;l vy (
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Tabd42eonti nued

Character Character states Character Character states
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1oor A. Growth form B. Plant height sor C. Shoot architecture
70F
60
60
50
a0
30K
20
10F
erect  creeping ascending dwarf prostrate 0-10(15) cm | 60-200 cm H ? monopodial changing  sympodial ?
(15)20-50(100) cm more than 2 m
g D. 15t-order branches (n) 60 E.Branching extent F. Internode gradients (FZ)
70F
- E
60 =
40
50
40 30
30k
20
20
10
Eée10 -
£ 0 N N T
- . distally | distally ! ?
0 1 1 . L J 0 | decreasing | increasing |

minute

0-1(-2) 2-10 10-many ?

G. Branch clusters (FZ)

- absent present irregular ?

K. Terminal internode

short

present long ?

Fi guBle 4.

100

only T T&l Ttolll Ttomany

H. Position branch clusters

median distal
or repeated

- basal

L. Terminal umbel

present absent

irregular ?

?

facultative

equally dispersed  divergent irregular

60
I. Lengths promotion |

' 5 0 1
- | basitonous | acrotonous | ?
homogenous mesotonous  irregular

60 M. Umbel rays

1 L (3)6-15(20) !

31- 1)

2-5(10) (10)16-30(50)



4 6And yeitSpateiyamlvargld di versi fication anapitdied® uncti o

Figur2e 4.5.




























































































































































































































































