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Rnogm1~ble microftY..~a~. uc.:h as polleo. spor~ and algae. in palynological slides ha"e a long history 
o( w.c ran~Oi! frum -.tr.mgraphac marker~ to tnUUe!l. that provide palaeocnvironmcntal and palaeoccological 
tnfomt..~non lo most cac.,cs,, thc mam undcrlymg reason ror thetr presen auon m Lhe fossil record is th~ fact that 
thcy a1c pres~rved as Jt.:Jd·rc~istant orgamc enliu~ Ho""e,·er, th1s laner character may significantly affect the 
lo 11 rtX:ord as differenc~ 10 the chcmical composn10n of thesc microfos~•b may bias against thosc tha t con1ain 
lcss r.:SI\IJnt organic con~muent"> In ordcr to undentand and, poss1bly, correct for such b1ascs. dc tat lcd insights 
m tu tl.tt chc.miCa l composH10n_ of both motlcm a.nd fos~il ~pores. pollen and nlgae is needcd. 'Tbis study prescnts an 
o"erv1ew of thc l·unently a'atlabh:: lnemture infonnauon m combination with new molecular dnta fro m modcm, 
~ub·fos.,ll and frn. ti micr?~oc¡~•ls. includmg pores. d111oflagcllat~. and other algae. The new da m clearly revea l 
th;u thc chemJcal compo~umn of 1hc {Q:)sJI nucrufoss il'i is in most cases not rcprescntalivc of that of the original 
bao~mcr~moleculcs prcscnt m thc mcxkm countcrparts aad that sigmficant chcnuca l t hangcs occur during 
foss1ltsauon. 

MALOI: a new technique with the potential to solve the sporopollenin enigma 

Moore, S. E. M.' ; Hemsley, A. R.'; French, A. N'; Dudley, E.' & Newton, R. P.' 

'Laborarory for Experimental Palynology, School of Earth, Ocean and Planetary Scicnccs, 
, Cardiff Universi ty, PO Box 914, CardoffCFIO 3YE, UK. 

, . · Oepnnmcnt of hcmimy, Cardiff Univors ity, PO Box 9 12. Cardiff CFI O 3TB . UK. 
B•omolccular Ana lys1s Mas.s Spcctro•~etry Centre (BAMS), School of Biological Scicnces, Uni vers ity of Wales 

Swansca. Smglc1on Pnrk , Swausea. SA2 8PP. Wales, UK. 

. In the ~orty yc¡¡rs of rcscarch llllO thc chemical sLrucru rc of sporopollcnin, numcrous chcmical and 
:ns trumcnta l tcchmqucs ha ve bccn brought 10 be.1r on this complex biopolymer. Work using salid statc 13c. and 

1-1 - NMR :md show~ the prescn~c of aromatic, ali phat ic, and oxygcn functionaliti cs. Recently, pyrolysis and GC­
Mass spcctral ana ly~ts ~ave elucJda ted a numbcr of structu ra l charac tcristics of sporopolleuin. This GC-MS work 
s u~es ~s that two pnnc1plc co~pon~n ts _of sporopol lenin are fatty acids (CJ4-C 16) and oxygcnated cinnamic acid 
denvauvcs. \Ve are current ly mvesugaung Lhe use of Matrix-ass isted Jaser dcsorption ionization (MALDI) mass 
spcclrometry ~s a me:thod of structurc elucidation of sporopollenin. A relalively ncw lechnique, MAL DI mass 
spoct~oscopy JS a ·~ofl' technique uscd to ionize molecules up to severa! hundrcd kDa molecular mass. Jt is 
espcc~ally va lua.bl~ m. the de teclion and charactcrisalion of biopolymers present in mixtures. Wc hoped to use tbis 
techmquc .'o gam ms1ght on the ~omponcnt polyrncrs of sporopollenin. Sporopollenin samplcs from Selaginella 
mcgasporcs wc '<: an~ lyzed followtng a numbcr of lrcaunent protocols, using di fferenl matrices. Addi tional ly, we 
attemptcd lO denvattse sorne of thcsc samples by acctylation, fo llowed by MALDJ MS annlys is. We rcport herc 
our cffons lO date. 
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nt taiui proct'dur• to idt·ntih lkn¡: in 

t-luon:.,..:C'Ilt;C' mh. w ... ,op) ts. :~pphcd to anJ.h.Jiml.'al J.nJ C:) tol«"ll:!ll'~\1 "luth<."\ ot nt.ln) Vt~ k)~~~·¡l ,tru\.hlrc-... 
hc.-cau-.c 11 1 tnU(.:h n~ stno;;ii.J\C' tha.n Jh \\hJtC hght l"\lunttyplrt ;&~ J n'\Uh ol the nhan~~"\J 1.'4.\0U,t't ~l'lh.·tatct! 

"'hen a. llght (t~je..."'1 ~~ \lC'\I.Cd agam!lt a dark field \1ort \C'r, "lfll.""t" t1uort..,l.'c-n~.:e- OliCrthL:t~ :.re- •rnrnll) 
l"\.lmhm~J v.ath a tr.m~mitted wlute hght. the ... ;mtc lield nf a SJ\C'C.'Jmcn can be oh· n~d ~ui"\"C'\lU("ntl\ \Aotlh f\t"lfh 
ntc=lhncb \\ lth Lht~ lt:,:hmquc. IOfOrnl3IH,lll .... ;m be' gathcTC'tJ fNtn lhC 1"0 ntiC~~Op<~ \Aolth an 3JJ¡IJ\"t" rf()!.C"'\ Jnd 
m a \CH shon tune 

· "fbe atm of lhis !ti Ud)' \\a~ 10 c.·ombmc: t.ra\htional mclhll(,h uf polleo ht\tC'II.:hem~ ~ 1 suunmg "nh 
nuorc:~~..:encc micro.-.cop) technique in ou.k1 to obtatn dca~r mlages of 1he C"\lllt The methodoklg) pm¡ ...... "'r.-la.l 
hcrtm prondcd 1magcs \I>Jth cnhanced contra5t "here the ole t'"(lflt' l'i evtdencetl w&thuut the mtnfrrcth.~ t'lf 
C") tuplas m and pollen~au, allowtltg lhe unamh1guous detcctic)(l of fine tktntl of thc." e.\tnc 

l)ollen wa~ colleucd from anthers :11 dehbccn e and sc"cral tests wtte pcrfl.lnna.S m onk-r to find the 
bcst stammg and mounttng mcdmm for slides. J33.)tt.' fm.:hsmc- taut m gl)<:crol JCII) (DAF"\1, 1992} "as ~clc...:tc:d 
Jñe ~lides "ere then t~scn«< through an cplfluorc~ccncc- IIIIC~~ope 11tc band pa.s filler, thc du::hroln.llll" 
mirror nnd the barricr filler of thc nuorc~cu\:c microscopc we.rc appropn•uely (!;tlcctl!'d 10 ~"'' clcar new ni 
nunrescent cxiucs in dark background With th1s method thc possible prescnce of fungt :md dcbns nn the ~:hdc 
()()C'!) not interfcrc \\'lth polleo VIC"\\ because thcy :tppear not nuorcscem 

Our resuh.s o;howed that the combination of staming procedures \\tlh nuorc~ccncc microscop) 1\ a 
straightforward melhod thal adds a clear vicw of fine dcuuls 10 thc tradiuonal ob~crvauon of polleo mOJpholog,\, 
without rcqucsting complex prcpara tion of Lhc ~amplcs comparcd Y.ith acctol~ís or S8M proccsscs Smcc tlw, 
techniquc i ucithcr costl)' 1101 time consum1ng. its use is very promising 111 the labor:uorics of meli~ opalinolog). 
palcopalinology. ncll)biology wherc routinc analysrs for pollcn classification are performcd 

I)AFN I, A 1992. Pollina tion e<ulogy ·a practi<al a pproach. IRL O'ford Unov<r>it) f'rcs;, Q,ford 
IIESSE, M. & \VAllA. M. 1989 A ncw luok to thc acctoly;os mcthod Plant Syst. E ••ol. 163 147- 152 
KEAR S. C'. A. & !NOUYE. D. W. 1993 T celuoiqucs for Poll lna tion lliologl<ts pp. 77·151 llnovcosoty l're" 

of Colorado. Niwot 
LANUfORD. M, TAYLOR, G. E & FLENLEY, J R. 1990 C'omputcriu:d idenufication of pollen graon' hy 

texturc analysos. Rcv. l'a leo. Palyu 64 197-203. 
RON EBERGER, 0., SCHULTZ, E. ANO BURKIIARDT, 11. 2002 Automatcd pollcn recognotion u"ng JI) 

vol u me images from Ouorcsccnce mil.n'Scopy. Acrobjologia 18 107- 115. 
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Poll 0 grain lran formations aftt>r se' eral e,LJ'aclion treatments 

Calderón, S; Carrasco, E.; Gómez, B.; Llergo, Y. & Ubera, J. L 

f}q><UUrncnl l'bnlll~ Lw•cr<H) ~ Cord<•N Cordobo 1 painl 

lbe c:\CCpllonal poflcn gn•n "~' stru "'" :.nd comP">II""' makc 1hem hoghl) r<:s~>tanl 10 ph)~ocal 
cbenucal d '&uOOnc H.:Hed 10 uch blht). pollcn t:~we ha'i been u~C\.1 as 3 tool for st\~ral sct_ences. gweo 

flk rhc p¡ lynolt )' fu 1 .;appl on V.'a.'i poi n uknllfl~atwn m cruck otl t.Her amoog lht m:un apphcauons. one 
could aunnwnn: p..•llcn morph•>io¡¡Y and W<onom). a<roboúl<>g), mch sopahnolog)·. palaeopahnology >nd 
uc:h.aeupalm~oy .\JI 1 t: "'al es are b· d 10 s~~di~. poUen spectra mterpre~uon from cr~de ?'L fresh or 
dncd plan , 111 umphng.. huoc) 1¡ or an:h.1coJog1cal rcmnan~ Through thi.s 1nterprew.uon. tt could be 
rccon trBltt•d l.bc ,cgcl..llJI.Cllh<tl produce: lhc e polkn gr.uns and dcn\ed fmm thJ!) knowlcdge the clmtatc nnd HS 
dun , 1n thc pa t Oc: p1tc !he h1~ cA.tDt: n .. "'ii,Wru.:.c. it can be mc.xhfi((i de¡x:ndmg on the prescrv·Juoo mode and 
c.ura~..uon rncthW from )pcúfi ... amp~. l,oflc:n gr-JJn coultJ be d1sturbcc.l b) a.ltemauve dampne s and d~es 
pcnod1 llm~ot·\·cr pollen llJiiiD~ v.-nh a kJw pc:rcenLage of spotopollenme are mort susc~puble to degradau?"· 
Bryant \: Hollo"'"ay li')XJJ. lta~1ng.t ( 1~' anal) sed ~,·eral chemkals a~ C:(IOC degra.dauon agcnlS. conclud1ng 
ttut hase art pc~o:tally aclt\t Alllh~ facb could af((X;I to final counts and St..1.hment mterpretauons as Lopez et 
di (21~Jl)IW\C >l,ll:d 

Wc tu. ve carried out a ~tudy m l'llltOl)' ample§ bclooging 10 dtfferent pollen 1ypcs These sample~ ''ere 
taken Wrcc.:tlt rrom flu"~r), (1u-d and "uhmmcd to clas~Jcal ph}:-. lc·chcrru al lreat.ments used fo~ clea_mng or 
cxtro.l·ung thcrn frolll 1edllllCOh l..ater. v.e ha\ie quabfied thc morphologu:al changes observed In exmc and 
quantafied the final polleo concenlriluon for tach LrCalment 

A wc suppoM:d. ~omc polleo t)'p<"s were h:udty affecu.~d by sorne treaun~nts. othcr werc scar.cely 
affcctt..-d. ant.l finnlly. ~UITlC pollen gr.t.llllio V.l~r.: rt."SIStant 10 mmt trcatmcnt.s tested S1mtlar results were obtamed 
frorn t¡Udlllllallvc Uata. rang.lllg from the los~ of a !ruge numbcr of pollen gra1ns toa vcry fe\\ d1ffe~e n ces frorn 
«.:ofllro ls In .u.:cord.Jncr: wnh our observntions. we prop<bc severo! methods to reduce polleo degradauon through 
thc tl(lfacuon lrC:Ume:nt. 

IIAVJNGA. A J 1964 Jnvcstigatsons suto the differe: ntial corr~i on susceplibilily of polleo and sporcs. Pollen et 
SporK 6 621·635 

lli{YANT, V M Jr. & HOLLOWAY. R. G 1983 ll¡c role of f'alynology in Archacology. Advances in 
archac<llog•cal Mctbud and T hc'O ry 6: 191 ·224 

LÓI'EZ SÁEZ. J. A. LÓPEZ GARC(A.I' & BURJACHS, F. 2003 Arqucopalioologia: Sínlesis crftica. l'olcn 12: 
5·35. 

DEX l , a protein required for exine pattern development in Arabidopsis thaliana 

Paxson-Sowders, D. M.' ; Dodrlll, C. H1
; Kostlc, E. L.'; Owen, H. A.' & Makaroff, C. A.' 

'Depanmenl ofChemislry and Biochcmislry. Miami Univcrsily, Oxford OH 45056 (USA). 
2Dcpartmc.nt of B1ological Scienccs. Univcrsily of Wisconsin · Milwaukce. Milwaukec Wl 532 11 (USA). 

Wc have charactcrizcd thc T-DNA·tagged dexl mutation of Arabidopsis that resu lts in dcfective pa lien 
wa ll pattcrn fonnation ::md malc stcrili ty. ln itial light microscopic observations of semi- thin (0.5 J.Un) sections 
from buds prcpared for con,~cnuona l transrniss ion clcc1ron microscopy (TEM) suggcstcd a wa ll pancming defect 
smcc irregular dcposits of wall materia l surrounded mutant microsporcs following rclcase fro m the ca llase wa ll 
instcad of thc regular paltern of tectum and bacula sc.en in wi ld·type (W11 microspores at equi valcnt 
dcvclopmcntoil stagcs. Mciosis was unaffcctcd in mutant plants and sta ining of the ca llase wall by aniline blue did 
not cliffcr from that observed in WT microsporocytes. Tile muta nt was namcd dexl . Qcfective in g ine pattem 
fonnntion . 

An ultraslructurJI comparison of WT and dex / a.nthcrs from meiosis 10 released microspore stages was 
pcrformcd (PAXSON-SO\VDERS. el al. 1997). Po llcn dcvclopmcn< in !he mu1am para llels <hat of \VT until the 
carly tctrad s1agc. In \Vf plo. nts. the microsporc plasma membrane wi thin thc ca llase wa ll assumcs a regular 
p:uten1 of ridges nnd vallcys. At l:uer stages of devclopmem ini tial sporopollcnin deposi tion occurs on these 

36 Polen 

PAXS0:-1~ OWDERS. D ~l . 0\1 E:-.1 . HA ~1.\KAROFF. CA 1997 A wmparnn'c uhra.,luduralanol~"' 01 
cxinc pimern de:' lopmtnt 1n Y.1ld-t) re -\rnbtdnp.w nnd a muum d fC\.'"11\ 1n p.att<'m h.Ynuth.>n 
Pro<opla ma 198 53·65. 

I'AXSON-SOWDERS, D. M . DODRILL C H. OWES, H A & \IAJ..AROFF. C \ cOOI DE.\.1 a n •el 
plnnt prote1n ~ t'§ rt.4utrt:d for c~me pattcm fonnahon dunng polkn dev~lopmcnt 111 .\rrlbd''/''n l'lant 
Physiol. 127; 1739·1749. 

lm ol\'emcnt of ER cisternae in the patterning of the pollen cxine of Beta 1•u/garis L. 

Majewska-Sawka, A. ' & Rodríguez-García, M. 1.' 

1Pinm Brceding nnd Acclim.uüation ln!-.hlul . J>O\\StariCÓ\\ Wtci J...opbktch 1 O. 85-090 l:Jyd~O!!i' 1.. (Poland). 
'Depannmcnto de llioquírnica. Il1ologfa CcluiJ.r y Molecular de Plantas. ~!aC IÓn E\pcnmenlnl del Z.1tlhn ('" .. IC' 

Profesor Albarcda, l . 1 008 Granada (Spa 111). 

·n1c fonnauon of thc cx1nc: JS an imponant event of pollen b1ology. Sporopoltenin 1s the pnnc1pnl 
componen! of thc cx.inc, wh1ch is synthesized by the t:~petum and tran:-.fcrrcd to thc de\dopmg nucrospore.s 
(HESLOP·HARRISO , 1968). Thc main qucstions conccrmng thc detcrrrunation of pattcn11ng 1n lhc polleo v.~ll 
~re open dueto thc diversity of the rcsuhs reponed. dcpending on the specacs and thc pollcn cxmc typc 11 has becn 
reponed thnl thc callose, thc microsporc plasmn membrane, plnsmn memhrnne glycoc;:ahx primcxmc nnd 
microspore orgnnclles (smooth ER. Golgi vesidcs. and microtubule) m1ght be m volved 111 the p::tttcming of th..: 
cxioc (ROWLEY & SKVARLA, 1986; PBREZ·MUÑOZ. el all993; FITZGERALD <1 al. 1994). 

1t has been postulaled that thc dctcnnination of cxiuc pattcmmg 111 ang10~pcm1s occurs du11ng carly 
microsporogen~is, when the microsporcs are surroundcd by thc spc lill ca llase wall, and thc primcxine has n t 
started bcing deposited (DLACKMORE & BARNES, 1990). In somc specses. howC\1Cr, pattem detenninntion has 
becn reponed 10 be presem already prior lo mciosis division, late 111 1hc mciotic prophasc (SHELDON & 
DICKh SON. 1983) 

In this communication we repon the rcsults of our studies on the paueming of cxinr in Bi!ta \ ~tlgari~ L. 
during tctrad and young microspores stagcs, starung from Lhc ¡>aint whcu four nuclci ha ve fonned after tclophase 
11 and are stj ll sharing commou cytoplasm. Wc nott'.d that the fi rst determinants of thc cxmc pauernmg are present 
m 1he posH elophase tetrad cytoplnsm, whcre thcy are vis ible as thc nrrays of RE cistemae laying perpeodt ularly 
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111 { t MOtU.,~ ll.,J<S!,S ~ H 1'1'.10 ""b'""l'<'m polleo ~•llt•no¡;•"~ In S !llaclmore R ' B 
Y.Jl '(edu. \hu1~por~tn _ b: onlajt~n~ and l"\Olutioo ·"cJ.Jcmh.: Pre.s.!). San D1ego, pp. 173-192 

IIESI 01' IL\RRISO J J 1%8 V.all ok><k'f'OlCOI wllhm zho tniCTlhf"lf< ltlrnd of !Jiium longiflorom 

CanotdhtnJ . 84ltan -'ll Jl,..S·IIIJ2 
Jl IY.(JfKA!IJ ~~ A !HR !:.S ~ 11 ,~oc 8L-\CK!\.10Kl-, ~ CAUlER D !\.1 &. K. OX. R B 1994 8.m< 

fornuflon 10 lhc polltn&um t IJ.rll .. lo~rrum ProtopLisn1a 179 1 :!1·130 
\llr!IMJt\ ¡.,; \1 IJI Kl. SO'o ,tl G 1%1 lxzcrmznauonolpaUenngzolhcpolkn~•IIOfi.Jilumhmrv J . 

C tU Sdtncc (,) I'Jt-20 
1'1-Kf' Ml S(JI. (' ,\, J!'R ~IEDl J A & WEI!STER H ll 1993 l'<>ll<n ~all dn ll•ptiK:nlm \ 'islla t·•>ti/Ula 

11 l'ltrd.,tru<:Utral ,tuth \ ok:ricun J. n( Botan} nO IJ93-12U2 
ROWI.EY J R & \K\1\RI.A, J J 19~1> lk,clopmenl of1hc polleo gr.tn "all tu Camta Nordic Joumal of 
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lerging concept : the role of •clf-a»embl) in thc development 
of po li en wa ll structure 

Gabarayeva, N. & Hemsley, A. R. 

Komarov llt.n..dn&calln~tltutc 'it Petershurg. 197376. Ru~~IJ 
S<hOOI of t.anh Occan and l'lanewr¡ S<t<n<e,l'Mdtff llnl\ersuy. PO Box Ql4, C'ardtll 0'10 3YE, \Va les, UK. 

Thc: txhc:f that !><lf a~'>trnbly uf ~.:omponent... Jllays an unpon..tnt m le m tht: p1oduction of exinc ~tructurc 
aud sculptuu.· ts nol nev.· Howcvcr. m rc:cent )Car~. J numher of :lllcmpts have been made to defi ne the 
nu:chamsm~ that rnay be mvOI\'ed in the gcnL'r.tUon of spcc1es di~unct paltcming 1ltcse mechanisms must UJlllC 

what 1s Lno"11 about thc: ultr~Lructuml aspc.·c.ts of ex me dcvi!lopmcnt \\ nh an undcrstanda ng of thc 
m:u.:romulccular mteracuons hkcly at the scale considercd Jlcrc wc anal) e cstabhsbed dctru ls of exine 
Ueve lopmcnt from a pc:rspccti'c that fa\·ours the mtegr.mon of sclí-asscmbly. We isol:ue those intcrva ls in 
dcvclopmcnl in \\lh.kh genom1c control tS exerciscd and offcr a numbcr of scenanos \\ hach show how self 
a_¡¡scmbly can bu!ld upon a genetic basis 10 gtve nse 10 the basic polleo exine structurc 

Conventional and novel modcs of exine pat te•·ning in Araceac 

Hesse, M. 

Departml.!n t of UILraSt iUCIUie Resea rch and Palynology, lnstitutc ofBotany, 
Univcrsity ofVienna. A-1030 Wicn. Austria . 

Ultmsu ucture. chemis t:ry and ontogcny of 1he. angiospe.rm polleo wa ll , i...nown in a ll de1a iis for many 
taxa. follow genera lly the same modcs, which are report ed in practically all botamca l or pa lynologica l tcxt books. 
However. it '"'"35 to our high su rprise thnt sorne angiosperrns, especially various mcmbers of lhe subramily 
Aroidcae (Araccac), do not fit lO Lh is commonly acceptcd, convcntiona l scheme. bu t perfonn novel modcs of exine 

paucrn ing. 
In many Aroideae princi pal features are dcviaung from the con vcn lional modc "'l th rcspec1 to the 

unung of the respecta ve developmcnt;.~ l stages, of the chemica l oute r wall composinon. and of the fi ne struc turc of 
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u ..,.. .. 2D<l '1' al " leprt>C!tl 
011 ud pa muJI 

la t:ltutl 
lbc hclllh:tl <ompas!U<lrl (1( lb< ·<tlllilSI ~ la 

pre'SCDI, .SI k t :U a thm li'\CT ~ \.'C\C'Tl.n C!lll) lb poi 
...... mtdc:a< bct< • [l(>l) .. lwid> (proll'ID) b <f ~- !Y<=• 
1'199). 

Callo 1~ ( .. u.att~ r~t ID 3.U an~~ll~~ but 
¡ASGER ~001) 

,:\ .. A pnrnc-,mc nuun rc\parblt'-' ~fe. 1 '("(~- kn1n t 1 \.ID<,. t ~~ kft .&lit:\ 

ulmf<Xmd poJlt'n lhc mncr ~o~.an ... •rr lacL1ng a.n nin ). but :t~l at k tan \ ( 
J Tnne ul'lle of lont\.1tll'ln ol d.tt:\ICt' ~de\IO(' .tOO tnhne 1n -ootn.." tl' lhc" :'ID\('\l[JOII,4) b 

tn .. "runr lhr: outcr t an Ll)c:r b fonntd .aflcr tht coJc'-tut. ;md 1)(JI f n. nJ <''"~ 1 1 

• 

l.apt'lUm \\.lth,'lUt an~ pnmcunc m.llru Ul·n"e· .1l ttK ~ntcnd.tOil uh lhc u.prtam JJffc'h fh.1111 ltk'­

C00\('1ltl00 1 mode 
5 .. Th~ cnde:t::ao . ao thc pbt Oftcn 4u . u,-,nC'd f,ll' m.:: t mon ou.. 1 .:a rC"gubr ft'.aturc ID \ro~Jcx 

MorC<'l\ tT. n LS lo a tug.b c:k~rtt spon¡Q. and n01. \'Oillf\1 ·t c. JI N-~t b.nxlbtt .h tn othcr an ,.,, 'f'\~ 
¡WEBER <1 al 1'19 ) 

() • Thc prO<o~c of a haghJy rcgubr omamenuuon pattcrn 1 ryr1cal hv n t ¿11~1 rcrm r-: lkn, ("\("'ft lll.\D~ 
•·p..,.tlat<~ pollc:n shov. under high SE.\t nugmfi~,._auoo .t )mmcltlc path-"111 Hl'"<"' r u ... h ¡ )atmctn\ 
p.lllcm t ab,ent m SOrtll! •to\1. r'' Aroadca lt' g .at ka~t to AnubUJ\\ lHF 'F l"l ¡l an rn-f') 
In ~um. the l'l'l(ht l.'turncten ... uc dc\tahon froll'l the con\·tnuonJI rnodt" tn Al'tliJc.t~ .uc thar h D<' 

l.'allosc formauon. no pnmexme matn:-.: farmJhOO anO no 'J-lllf'pPOII~nin t-lte\me Thc l.1d. of ~JlklM' 4.DJ th<" La.: L. 
of '3 pnnl('~lllc maun may be thc!' reason for thr: nmcl p:anrrmg TTk'Xi rathcr lh~n tb Olht"qut"n"c Thh '' 
~upponed by thc la l of a sporopollemn C\101:' in moer monads ot compound pollrn, '"hcrc hkt~t't \.JIIn\<', 
JMenl c.lunng tclr.ld st.ag~ 

llo"C\C:r. the fundamentnl quesuon should nut be on~rloole:d Wh) do ~l g nera of l\r<'ldt..3r IJ.d .. ''" 
elaborau~d .. common"' ~pompollenin exinc::" \\'hy tS cven the most common muer umc cherna al. ~11(\f\lJl')llcnm. 
abscnt? 11 looks that a maJor changc in :anltd e:"oluuon IOOl place at the pomt when the farnil)' "'"-'t'DI unl~'uat• 

(S11non MAYO. pers comm ). Thc hypolheStS "· 1ha1 ephemeral >palhes (al le.,, lh< uppcr póttzon "bzch 
correlat~ with the malc portton of the spadu.) and absence of sporopollemn art the consc~.tuenct ot an ad..1pu'e 

yndrorne for a short polhnahon ''u me '"mdow"', '"heR shan-h\'ed polleo, rap1d gcmunauon tlf pollrn tut'lt- mnd 
bnef rcccpliVIt) of sttgma all work together 
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