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¡le mega t t $poro re IK.It CIK d m 1ntc umcnts In tlus pmentation '"e WJII f<X.:u on two 
cntJC&J a p«U ftr t. ruDUlor&3.1 asp«t.J ot tht .,porc .... an ruue~ure \\111 be d1· u~.>ed \\llb 5pb.:Jal reference to 
•"l'rod '" biolog) o1 lhc fl\c c1Lllll ¡;cacu of these ftm Sccoml. lhc dnelopmcnl of mega· and mrc""porn 

ed 1a dtt.ul for lbc:se !J'oc gmcrlt .-4.:uUa •• ltlan•l~a. Pdularw. Rcgn~lbduun. and Sa/,mw 
ln thJS t:IUd) v.c antc~3lt' obscn11ll '11 of nnmg da.:uoo rrucnxcop) tSEM ). tran mJ. ~1on electron 

lnt« opy (11!~11. >nd hght rruaooe<op)' (L\11 B) e mbrnrng the ~auoos ob~arned b) SEM ond TEM ~tlh 
'he roult ot hplt-nu u~op~e olbenóaUom~. m pantcubr eptflur~unce Jllununauoo. \\e ~re able to ach1eve an 
•mprCJ .. ed undmt.mdJRt? of thc dc\dopmcnt .1nd ... tructurc o( spores. Elcctron nucro~cop1c methods rcquu"C m 
grncrJI a mnre or les~ complete dch)dratiun of thc ~tudH.-'d maten:tl, v.hcre3..) l1ght mJcroscopJc mcthods allow 

rvauon of Lbe h;drated maten al Ugh1- mitrthcopJ 1:. roda y much more po"-erful than :m )ears ago. beca use 
rcLcnt adVilnLcs ¡0 unagc rn.JDlpulatl 1ft mcluc.Jmg ~.:omputer controlled focos dnves •mpro\cd the .qua lit) of the 

mt-d ubscrv-.tluln~ llu 1'\ cnUC311f ">IUdlcd ~trUCiures are suongl) moc:hfied dunng the dehydrouoo procedure 
nw: UUIC'r pore w-aiJ. pc:rinc, iS ~trOD~:I)" mO(flfied in the fi\e extant genera Thc lhree genem ~f ~e 

tam•ly Maf\dca(,;.eae,lhe genera .\far.ulta. l'llu/arro , and R~gndlidtum~ possess a gc:launous outer.penne wh1ch 1s 
., ~nuca! adapuuon to Lhc rrproduc:uon of a free·. poring amph1b10us plant The t"o genera of Sal~m1aceae, .A::.olla 
am.l Sah inia. have \·cry d.lfferrnt !.por-e "a11 slnH:turcs m companson to MarsJ!eaceae as "ellas 10 companson to 
tat.:h othcr Thctr :..pare: walh are adaptatJon of fr~·~ponng pbnts W!Lh a floaung hablt 

\'cry lmlc ·~ kno~n abou1 the de\'elopmcnt of the megaspores. m hc::tcrosporous f~s des-pite earhcr 
tUdiM tha1 fUO\o'Jded cnucal dJtd Wc can now !.how that the mlcmsporang1a nnd megasporang1a ofhcterosporou 

rc:rm. follo\\< a im1lar early dcvclopmcnwl pathWJ). but after lhe mc10s-.s. the deve1opmcnUll pathway of the 
mc!'<hpur.mgtum dncrge!'> sigmlic.antly, culmmating in thc aboruon of all bUl one mcgasporc letrnd. A pu.Jauvc 
mccham~m of thc tclt.td ~lttUOI'l tS pr~ed wh1ch is found 10 all C'(tant hctcrusporous fcrns 1l1e observauon of 
thc r~taiH hcterosporou~ fern~ are compared \\lth hypotheucal cxplanallons of s1mllar processes m e:\tinct 
ance\IOfS of the Seed plants 

Ses ion b2.1 

J>OLLEN MORPHOLOGY AND PLA T SYSTEMATICS 

Evolution of Amorplwphal/us pollcn (Araceae) 

Van der Ham, R. W. J . M.; Grob, G. B. J. & Hetterscheid, W. L. A. 

Nationaal Hcrbanum Nedcrland, P.O. Box 9514,2300 RA Leiden. Thc Nc Lhcrlands. 

Two main Araceac polleo types exist: l . aperturate and 2. inapcrturatc. 1l1c apenur::ue type is 
plesiomorphic in the family. Palien of Amorplwphalltu (c. 200 spp.) belongs 10 the mapenurate type. lls exine 
ultrastructure (prcscncc, sizc. shapc and distribution of dark granules) ancl omamentation are much di verse. Ten 
mah1 omamcnt.atioo types are prcscnt: psilatc, stri atc, striate wi th psi late caps. fossulate. areolate, verrucate, 
echinatc. rcttculate, scabra tc and striate/scahrnte . Two of the three cchinatc: subtypcs are much alike the cchinate 
pollen of the four closcsts outgroups uscd in molecular work on the genus (48 spp .. 4 genes): 1\risaemn, Filarum. 
llapa/me and '(yp/umium. Howcver, echinatc Amorphulwllus polleo is not basal in the molecular tree, which 
suggcsts that Lhe ou tgroups are on ly di stantly rela tcd to the ingroup. No palien traits indicating Lhc monophyly of 
Amurphoplwllu~ or any of the main cla.des in the molecular tree were found. The main clades are dominatcd either 
by psi late or striate pollen. which occur b.1sally as we ll as distally. The Jcss common typcs are fouod more distally 
and mostly in single species. This suggcsts that either psi late or stria te omamentation is plesiomorphic. O utgroup 
compa.rison does not allow a choice, but thin psi late exines occur more or less basally in three of the four main 
cladcs. 1l1e gencrally thickcr striate type is ultras tructurally heterogeneous, and scems to ha ve evolved scveral 
times. Within both striate main clades, revcrsals to the psilate type occur, which are mostly characLCriscd by 
greater exine thickness , compared with the basal psi late type. Within thc African cladc. thick psi late exines seem 
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Polleo morpholog) in the Ari tolochinceae and its implicutions 
on ) tematics of lhe fa mil) 

Gonzáiez, F. 

hlStttuh.· ofNatural Sc•ences, ~ationall Ol\'f~ll) tlfC"'olnmbia, ·'1' At 7.JQ5. Bo~'\.ll.i lColoml"'ot.tl 

• 

Aristolochiace3c consist of .S !:~ncr.1 and en S<K> :>pp of tcmpcratc hert> ... 31ld twpKJI or \U~th)ph..'3l 
lianas. shrubs. and subshmbs. The famll) has recel\cd rnu h re cnt J.tt~nuon ht1.üu~c ol n tnt\.1ftl pl.tcemcnta.-. a 
basal angm~penn. eithcr as pan of the order P1¡X"ralcs oras stster to the mouoco~ A.n O\CTJll !>tuJ, (ll the pollcn 
morphology of ca 120 spp. representing all gc:nm antl inff3gcncric t.il:-<a v.as c.dmed out h) ~l . ·i·.\t . "'"d TEM 
tcchn1ques. Palien m thc AriMolochiace:~c IS more or less sphencal v.tth a diamcter rnngm¡.! from about ~O ¡.am m 
arruna to 73 J,lm 111 Arixtolochia grandif1ora Sarumn ¡JOJien 1.:. semtteclJtt, pcH·ctic:ubtc. mono:,ukatc. w11h mun 

someumes discontinuous. and lumina >2 Jlm 111 width W!Lh SC3ttcrcd free baculae . .thnrum polkn 1s ponh: (1c~s 
oñen mapenurate or colpate). vcrrucatc or gcmmate, m•croreuculatc wuh onunuous mun and .!!mal! lumma 
TIJOttt'a polleo is inapcnuratc, Wilh Circu lar 10 irregular. dJSSCCIC'd C\IOC ubunll~ that are punctatc lll' JmptrforJh:, 
aud wcll-devclopcd columellae. ArHtQ/oc!Jia pollcn is mapcrtur.ue and htghl) dt\crsc: 111 :;ubgcn SljJ/mm u ~~ 
fossulatc. the cxmc is dcnsely punctatc and strongly dtsscctcd: irregular wnru, amVor free clavae "c!rc: found m 
some spp. In subgen. Pararistolor!Jia it is fossulatc nnd ) trongly dissected, 1he e inc IS punctale, fonning nc:trl) 
circular m~ulae and a long exine ridge, the infr;ncctum JS columcllatc. and free cl:lvac are prc)cnt. In ~uhgc!n 
Anunloclun two types of sculpturc are found. wluch nre more orles~ consistent to thc two .scctions trad•tJonnll 
recognizcd: ~n scct. DiploloOu.\ polleo .is ¡~silat.e or fincly fossulate nnd has a complete or mcomplctc, sC>Ircd) 
punctatc or unperforate teciUrn; the exme JS thinncr than in thc rem:tinmg Ari~tolm·Ma s-pp .. thc mfmte tu m 1 

columcllatc, and Lhc nexine is thin . In the grcatly divcrsified scct. GymnolobJu, cxine is usually strongly dtssectcc.l 
and fossulate: the exine units are mass ive. irregular, "ccrebriform'': in A grandiflora ex me suhunits :m! flakc
shaped, punctae are mi ssing or very scarce, and thc infratcctum is columellate; polleo of A pilma 1s tcctatc ns 111 

sorne species of scc tion Diplolobus. but with small nnd largc puncta Exinc subumb 10 Ari.Holochia subscct 
P~fllamlrae are many tightly packcd, flake· likc, :md densely punctatc. with conspicuous suprntcctnl warts E:r.mc 
m the South American monmyp•c Euglyplw and 1/o/o.'it)'lt'i is strongly dtssectcd 10 Irregular suhuntts that :ue 
scarcely punctatc, anda columellate infratcctum is present. 

Monosulcatc palien in Saruma has rcvcalcd a kcy charactcr that connccts thc Aristoloch1accac wtth 
othcr basal angiospenns. Apcrtures are not s t.rongly differentiatcd in the exine of Afnrum and Sarumo lnapcrturJte 
polleo of the remaining genern appcars to be omninpenurnte as thc mtinc and the exine 11re un1form (üONZÁLEZ 
ET AL- 2001). Orbicules are comrnon in Aristolochiaceac. All thcse rcsu lts wcre mcluded in phylogC'nCtiC 
ana lyses by GONZÁLEZ & STEVENSON (2002) and KELL Y & ,QNZÁLEZ (2003), whrch rcvcaled rhar ( 1) 
palien characters support thc uniqueness of Snruma (with scmitcc tate , per·reticula te, rnonosulcnte polleo) and the 
monophyly o f Asarum (with apomorphic porate polleo with supratecta l warts). '1 lwfltla (wllh apomorphic 
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• dmsch puDCtltle cune- buall ). Jnd llucc infragmcn~o.. uu \ltlthm AriJtolorhio. (subgen 
I'Dramtolo<IUa iCCI L>.rloi<Jbu.r. .nd ub>n"t. P<mar.dran polkn IS more hcterogmcous 10 th<: rem:umng 
rno:mb<n o( MI "~"rlrlo ( ubgm Slphtno. and thc bulk of ·couo¡m:ol sub:.cct flnondra•}; (~) the prescn~ of a 
coo piCUOU5 cAmc: ndge t )1l:lJlOIIK'IrJtuC 10 Arutoh)(·hitz subgen_ Parari.rroltKIIia; th1 cb.aracter was u.sed b) 
IJJRKEAll C. Ul;; 197 1 10 upp<.<1 the ¡;rl'g;!UOO of l'ararutulodua; (3) the dis ectcd. 1113SSI\e exme tbat 
fonns" f late fp1Ure pk onx•rph1c 1n ,\n,tulochia. and ps1latc poUcn c,·olved mdepend!!ntly three umcs, 
<mee •n Kct Dtplolobu • once ~n che ciad< A grrmd•floro-r-A luuln~n·. and once m A p1lma; aod (4) the 
¡upratc~~;W1 waru define .~rHtulor I!UJ >U~t Pt·llfmf.f.fra~ although the)' appear tndepcndently once m rbantm, 
oocc 10 a (rown c.:Lldc ~1lfun An.fltllodua subgen S•pltwa, and once m A burtla~ No clear-cut d!fferences io 
pollcn lflrl<Jl lugy wnc omt-rvcd bch•ccn tbe 1v.o highl} dl\ersified Old World subsecuons Euanfloltxhia and 
Poddfflhrm<~m, nor bclv.ecn l:.uglyplw, 1/olmf)lu, and theu closely r~lauve South American spec1es of 
Arotnlotlua. thc lau~r does ~uppon lht mdU)IOn ofthc:~ genera Ytlthm Anstolorllia 

OO. Z.,\LEZ. F & IJ W STE\- E!" SO. 2002 A ph)logcncuc analysiS of lhc subfamily Anslolochioideae 
An,tolocht•Ct2c) Rtv. Acad. C'olomb. Ci Exact. Fis. Nal. 26 25-5 

<i(Jt'>ZÁLEZ. f P.J HIDALL & C FlR'\ESS 2001 Mtcrosporogcnesis and sy;tematics of Anslolochiaceae. 
lloL J, Lion. '>oc. 137 221·!.1! 

KU.l Y L. \1 & F GO. 1.ÁLEZ 2003 Pltylogeocuc rcl:luonships in Anslolochtaccae. S)SI. Bol. 28:236-2.¡9. 
I..(JBKEAI ··CALLE'. U 197R Poraruwltwlu<I. analysc palynologique. Adansonia sér 2, 17 470-472 

Ph) logcnet ic rclatjonship in Papavcralcs inferred from pollen 
ontogeny and JTS scquence data 

Suárez, V.1
; Salinas, M. J .'; Fernández, M. C2 & Romero, A. T.' 

1 
Department of Bauny. Un iversuy of Granada, 18071 Granada, Spain . 

1
Dcpanmen1 of Cdl B10logy. Univcrsity of Granada. 18071 Gr.tnada. Spain. 

The order Papaverales compnses tv.o families. Papaveraceae aud Fumariaccae. In the wcstern 
Medtterrancan arca the Papavcraccae famtly contams species with two b:tsic pollcn types: colpate (with from 3 w 
6 colpi) 111 Papa1·er. Glauuum and Clu•fidon lum. ;md pantoporate (with from 6 to 8 pares) in Pnpm•er argemone 
and Rot:mtritl Thc Fwuariaane family contilins the gcner.t 1/yperowrr , with bicolpatc polleo. Corydalis. wilh 
tncolpate pollen, nnd Stlrroraprw.~ and Ceratoraptwr, both with hcxacolpalc pollcn grams. lo Platyraptws the 
colpt are fused to form a nttwork and 10 Fumaria and Ruptcap11os thc polleo is polypantoporate. Although t.he 
polleo frum both fanultes h~ts bccn widel) studi_cd from the morphological point of vicw. olllogcnct.ic studics have 
only bcen madc of lhe pollcns of Fumaria dt~n.fijloro (ROMERO & FERNANDEZ, 1999) and Nypecoum imberbe 
(KOMERO et al .. 2003). 

AUempts ha ve bccn madc 111 rcccnt ycars to corre late morphological characteristics with molecular ones 
and thus find sorne phylogcnetic consensus which might solvc sorne of the many questions raiscd conceming 
laxonomical grouping among thc angiosperrns. As far as the Papa vera les are conccrned, imponant contributions 
llave bcen madc towards our answcring thesc questíons, thc most recent being that by SALINAS eral. (2003). 

A comparison of the evolutionary proccsses in thc dcvclopment of the pol leo grai ns between different 
spccics of thc Papaveralcs shows that, in the spccies studicd, thcsc processes appear to ha ve no bearing on the 
morphology of thc polleo. 1l1us thc po llcn of thc Papaveraceae prescnts a common model wi th largc orbicules 
showing no distioc t corc, a clearJy developed ahhough qu ite Lhin endexinc !ayer and the absencc of any onci . In 
thc FumariOf·elle thc polleo of thc gencm P/aryt·apllOJ" and Fu maria shows a similar p<lllem. In thcse latter genera 
lhe apcnures are covercd in fluffy matcri:J.1, thc origin of which is related to thc remains of the endoplasmic 
reticulum, deriving from thc dccomposition of thc cells of the tapctum. The endexine is always prcsent in thcse 
ce lls, allhough it is thin and may somctimes be fragmentary. A Jamcllate foot !ayer can be disccmcd. this being 
quite distinctive in all studicd taxa of the Papavcrales. Although in all cases thc cndexi ne is dcposited in small 
subunits forrning glomerules. in Sa rtucapnos it on ly appears around the apertu ra! zoncs. The rnodcl of thc gcnus 
flyprcoum is closer to thc Papaveraccae, although it docs not show formation of orbicules. From thesc 
obscrvat.ions we ha ve been able tO cstablish threc models: Model 1: Hypecoum (Hypecoum, Papa ver y Roemeria) ; 
Model2: Snrcocapnos: and Modcl 3: Fumaria (Fwnaria y Platycapnos) . 
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R \4ERO. T & FER .. "..'\DEZ. M (' 1000. ll< clo¡>m<IU ('<( n. nd 
from th<: l<tnd "Ji"' 10 rn.uunl) ID \1 \l H -\RI.E.\, < \1 \1 lfntl , 
and spore<: \lorphol<>gJ and biolnll•. Pr .15 ~ó R ) al "'""" • oar~ct'l 1\ 

RO\IERO A T AU'\ ~. \1 J , I'ER'\ ~'\DF.Z. \1 C : 1 P.'lkn ·•D dew rrtml m 11 unbtr~ 
m lFurn.trilccael . • rana .12: QJ-101 

SAU.'\AS. M J. R0\1f.R0. A T. BIA'\CA. G n L·\ fiE.RR.\'. R G HRI ·1<\ lll t. Kl 
I<E.JÓ:-1. C. MOR.\LES. C Rt IZ RE.Jl\'\ \1 l AREZ. \ :?001 CoomNtioot<' lhc ta<OQ( u ao.1 
ph)ll~~yofSarro,:a¡moJOC \Fumaria t.:i(') Plant~~~l. l-:\ol-~3- ~-~ 164 

Pollen morpholog) of sorne plntanoids 

Tekleva, M V. 

Palaeontologic31lnstilutc Ru;; ian Acadtm) of 1c:nc~ ProhOJUl.DI)J .. ~. 11.'. \lo .. ~.J" 1176-&7. Ruv'IU 

1 bJve tud1ed m Jitu polleo e.\trach.•d fn1m fos..'\il pla1anaeL"'U~ planl!s t\rrh,u~uulu.t~ Am.\,:f,,d, 
, .Maslova ct Kodrul (Maastrichuan-Lo"a Palrocene of Amur llrz"o\·¡ncc~ \ta~IO\íl, 1\.C\Jrul, ~OOJ) a;nd 
Chtuwttlau/Ul MOJtluwJa N.¡\'taslovn (L ppcr Paleoccne-Lower Eoccne of Kamchcul.a. MJ!>I0\3, 2002) ln general 
pollen gr.uns of both spec1es ha,-c Si milar ettemal morpholngy and ultrastructure ThL·~ tt :l-~.olpJte and 
clhp11C31. re1icula1e. senule<:lllle. 160-16Hxl33· 153 ~m (Archnrontlu<>) and 110 160\ll 0·130 ~m 
(Cht~nwrnamia). Ectcxjnc consists of tectum. columcllac nnLithu;k loot lJ)cr Endnme 1~ 1\lo~l. )l"rcJ :md D\Or't" 

eloctromcally dense than c:ctcxinc. 8oth ende"tinal layers are homogcnou.s and equBil) Lhtd. all o-..er thc pu~metrr 
e."tcept thc apertura! rcgion The inncr laycr is elt.-ctroni ally denser and mo~ loo.sd~ <lrrangt..-d than tht ootcr one: 
To" ards thc col pi the cctexme shnrply rcduc~ and dtsappears. and m apertura! reg1Clt1 pollen \\..tll 1 composed 
only by Lhc cndexme which bccomes thickcr and is morphologicalJy changcd Thc outer l•ndt'\1031 la er shuv."~ 
shghtly thickened and finely lamellnte morpholog) Th~ tnncr la}cr is granular, _also gmdua~Jy thH.: L.em Jnd 
consututcs thc most p::u1 of thc 3pcnural region In dtstmcuon from Ch~mumaww thc colpt m Ardmramlun 
polleo are bordercd with a scxm<tl string. In addiuon, m Chtm11nwutia elcctrom ally den e rnas~es of ~up¡)O\ed 
utpctal origin scparatc individual polleo grJins in the mtcro:o;parangmm There_ a~ 11 Sptctc of feh ti Platanaccac 
which polleo h3S been studicd by mcans of elcctron mtcroscopy They hne smular s01face mtlrphology dtiTe.nng 
m shapc and siz.e of the muri, columclltle shapc. tlud.ness of thc cxinal layers. chara ter of colpus margm and 
some structural details. All invest iga ted spccics havc two-layercd or simply layercd apenural cndC'(IIlC, hut 
Arrharmlllws and Chemttmauria in comparison wlth Othcr spcctes differ 111 pre~cncc two layers of r-ndcxmr \\<1lh 
diffcrent elcctron density changing thci r fine structurc towards thc co1pi 

MASLOVA N.P. 2002. A new plant of thc family Plntanaccac from the Enrly Palcogcnc rcconstructcd on thc bt.as1~ 
oflcaves and inOorescences. Paleontologtcal Journal. Vol. 36. N•2. P. 207-2 18 

MASLOVA N.P., KODRUL T.M. 2003. Ncw platanoccou tnnorcsccncc Archar.tnthus gen nov from thc 
Maastricht.ian- Palcocene ofthc Amur rcgion. Palcontological Journal Vol 37, .N"!!l r. 9-98. 
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Pho<o 1 Ph01o2 Photo 3 

Photo 1 1•12000) and l'h01o 2 (x24700). CbemumtJutia staminosa Photo 3 (x 19500). Arcbaranthus kra.rsilovii. 
:-..! dectmnically-dcnsc mass wh1ch >eparnto palien grams from each other. C - columellae. F/1 - foot !ayer. e 1 -
thc outer layer of endcxane, c2 -the inner !ayer of cndexine. 

Pollcn structure in caesalpinioid legumes 

Banks, H. 

l'al}nology Um~ Micromorphology Group. Royalllmanic Gardens, Kew, Richmond. Surrey, TW9 3AE. UK. 

f>ollen has cndunng value in providmg dtagnostic featurcs towards assessmcnts of rehnionships 
bctwccn plants. The polleo of over 900 samples, rcprcsenung a ll 161 genera of legume subfamily 
Cncsalpinioideae, has becn cxamined us ing LM , SEM, and (selectively) TEM . Pollen data has been documented, 
described and the range of polleo morphological divcrsity in caesalpinioid legumcs has becn asscsscd. Thc mos t 
informcd hypothcsis of phylogcny available has becn uscd to rnap character distribution. 

Many mterconnccting fal·tors affect po lleo structurc: pollination syndromcs, functional efficicncy 
dunng dchydra tion, rehydral!on, and gennination, recognu ion systcm rcquircmcnts, random mutations, and 
protccuon from cnvi ronmcntal conditions (c.g. abras ion, crushing, dcs iccation). al! constrained by phylogeneti c 
inheritance and dcvclopmental pn thways. Summaries of thc ro llowing subject arcas are presc01cd: 

l . Pcwer or smallcr apcrturcs are associated with s lowcr dcsiccat ion ratcs and longer viabi lit y, highc.r numbers 
of apcrtures are associatcd with faster germination ra t.es. An example of how both these factors affect the 
pollcn morphology and succcss of certain related laxa in Madagascar is gi ven. 

2. A synopsis is givcn of the many variations in wall and apertu re structurc lhat appear to enable efficien t 
hnrmorncga thic mechanisms to be accommodatcd. 

3. Tricolporate, finc ly rcticulate or perfora te polleo is widcsprcad in eudicots and legumcs. and therc are many 
C;~t arnples of rcvcrsa ls from more specialiscd pollcn typcs. Bccause of th is. no a priori assumptions can be 
madc about primiti ve polleo structurcs in Caesa lpinioideae. 

4. The constraint of developmenta l processes are cxplored focuss ing on (a) thc most unusual pa lien type, (b) 
surface omamentation, and (e) release of mature polleo in tetrads. 

Understand ing thc impact of these factors on caesalpinioid po llen structures givcs a bettcr 
undcrstanding of thc evolmion of pollcn morphology in the group. and of thci r use as charactcrs in phylogeoy 
reconstruction. 
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Polleo morpb log_~ and '~'temati t•fBur..era ~ < 

Song. U.': Harley, M. .' & Banl<s, H. 11 

llcpl fernt R"""'cc-, Cc:>lhogc ·\ '"""' t '1>< 1'11 
z l'nn. lhé Ucrl».num Ro>)•l n .. >UJUC ( 

The Bun.<rnetoa< are a llk'Ütum >~Z<d l>mll) o( 1 ~· \ loa rmn pro¡ :t 1 111< rc>llcn 
morpbokliD of ach of Lht tbrrt Y>1dd) ...:\.·q.nc:.J ~ukn~ hvm li t. -. .. "'UUUn e ln."tt'' ¡nd nn 1 oo (' ~."tmml 

mh .. "T ~vr>. tor thc WoriJ Polkn and ~pon~ f-lora h ocmnt :trurk-llt\0 1bt f' kn ""~' t tnlx }'r r 
~ t>«1J publt>h<d tHarl<) & PJI) 1995), ¡, \l<ll ., JD •<•1lUnl ,>f tb< p.: 1 n af 1 • fn ·anta'" 1 fl•. 
( .._ ... on Jt)()C.))_ Pollcn datJ for thc té'rtUin10~ tnhcs . Uu~C' ~ t run t~ rk 'nxn fWir .. ~o.ompkt 

The pollen oi all thc grnen hJ' be-en t"\3.nuoN. "'1th thc. C\\.~100 o( tfk~ re"... tl t.k nl\c:J 
P. , ,,JocltlO'":o(Jd,-.c P'lr:rloc.. for v. IU h thcn- li oo P'"~llm rrutcnal ~·rC' 1' c.\)O't&r-.ahk \.lfU.th."'l'l m C'"aoc.· 30J 

¡paturt..· fe:uures btty,cen. and ().."C35.J003tl) V.lthiD. g nt't2 Tht c.h,tnbullt..ll1: ~ll- f%\llrn c.:h.u ...t<t1'H"' .. lhn P'c.lUI 
t~ famll) 1s comparcd \\1lh prt'\1Citbl~ put'lh~ht.'\1 tnbal Jnd suNnNI tm)Urtn).~-'"• .t.' '11 :-. llh cuncnl t • :!!. c.lf 
i-oentri..:: rdation~htp:) from molecular anal)~ (Ciar )O el ll ~00::! , 

Compan'on sho\\ th3t thfrc can bt! ~orpn. mg ~.·dn~'TUetk:~ of (X"'llcn d.lt.1 "lth motñ.:ut.u ..U u T '>VIne' 

e'tc:nt potlcn morphology i. differt'nt for each of the .. ubtnbe:o. N't\.:rthek~::. . tbcn- are." '"'lmt notJhk c\.:crt~t"CJ'. 
fcw- cumple, the polt~n of Gnmga and Bul" t>llia an: rcnurl.abl) 'anular. ahhou~h Garuii:'J tw. l'«'D an~.:lu!ok..J . 

nlev.hat tenuoush. in tribe Proueae. and Bo~rllhl is mduded m tnbe But:,t'ft'Jr. 'uhtribt R~,.b\\ Iban Jn th( 
rt..::cnt molc~ular t~e of Clarkson et al (~002) Gctmga and Bm,..c-llw 3pJ)<"ar 10 b<' c:k~rl) n:l.ttc-d, Jnd tht 
supports thc concluswns of fiarle) & Dal) ( 1995) "'ho u~'<>t«i h;\S<d on •neral IT\3 "'"''"'l'h<'ll'!l•,·•l 
charac tc~. as well as pollen, th:n Garuga shoutd be trnn~fl'rrcd to tribe Bu.r;.mac! 

IIARL.EY.M.M. &DALY.D (1995). 1Ju"er:tceae l'roueac WorldPollenand 'pore Fklr•.~O . l · -14 

HAKLEY. M M. & CLARKSON. J (1999}. Poli n morphology of th< Afncan Bu,era ·eoe and relat<d ~enero 
Palaeoecology of Africa and thc Surroondmg Islam!.<, 26 215-242 

CU\RKSO , JJ. C HASE. M W & fiARLEY , ~1M (2002). l'h)logeneuc r<lauon htps m 13UNr.l<'<Oe ha>cd on 
plasúd rpsl6 mtron scquences Kc"' llull 57 183-193. 

Pollen Morphology of Acnnthaceae from the El Bajío area 
and adjacent regions of México 

Acosta-Castellanos, S. & Oulroz-Garcfa, L. 

Laboratorio de Palinología, Departamento d~ Botámca, Escuela ac1onal de C'icnc1a Biológica , 
lnstiluto Po lit&~nico Nac.: ional. Prol. Carpio y Pl;m de Aya la s.n Col. Santo Tomás, 11340 - Mé\lco, 1) F 

A morpho logical study o f ¡>allcn grains of !)pCCiCS of Acan thuccac from El Bajío arca and adjaccnt 
rcgions is prcsented Although this fílmily ts dcs ignated as eurypalyuous it has bccn studicd vcry lil!lc 111 Mc,aco 
Six ty species from 18 genera ha ve becn studied wi th light microscopy (LM) and scann111 g clectron microscopy 
(SEM}. Morphological variations in shape, apcnures and omamentauon wcre ohscn-cd bet\\CCn gt."ncr.l 
Ncvcnhclcss. sorne of Lhe diffcrcnccs in polleo morphology corrcspond with the subfam1lies cs ln.b lhhcd hy severn l 
authors. In the scnse of Bremckamp ( 1965). four subfami lics are rcprcscntcd in the arca . Thunbcrgioadcac (2 
species) with spherical . spirapcnurate pa lien; Nclsonioideac (4 spccics) with sphcrica.l to prolatc. tricolpatc pol len, 
with a rcticulate exi ne; Acanthoideac (3 spccics) with prolate, tricolpatc polleo. and a psilatc or genunatc or 
vcrrucate cxinc and Ruellioideae (51 species) wi th sphcrica lto pcrprolrue pollen, but wuh vanauon 111 apenurc and 
cxine sculpturing. Within the last subfamily a major diversity of polleo morpho logical pattcnas cxis ls. Mosl of the 
genera cxamined be long to subtribe Odontoncminac ( 1 O gencm, 22 spcc:ics). Purthc.rmore, mos1 of thc spcc ie..~t cnn 
be distinguishcd by palien morphology and a pollcn key to Lhc spccics has been constructcd 11 is ml.c roung that 
the dimorphism of polleo grains of Stenandrium dulce and of Justicia wmudioi is s inular 10 that fou nd 111 

Odontoncrninac and is not like thc ¡>e llen of most specics of tr1bc Jus ucitnn.c. 
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Tbese cbu uc poo:auially u'ld'ulw a numhc:r of rcscar<h 3l'C«>, for eumpk, 10 Taxonóm~. polhnauon 
blofon &piCUitunlunprinciDC!II nanaal rcsoun:c managcm.'DI, and \cgcwuoo luslOI'}. 

\ contribution to tbe ultras tructural knowlcdgc of the polleo 
exine in trihe Jnuleae Ca . (Asleraceae) 

Perelra Coutinho, A. 

l>cpartment of Bowny, Lno-.r..ll) ofCoombra. 3000 • Coimbra (Portugal). 

The lnulcac ~C'mu .\tnC"tf' compn\C: 38 genera and -180 spccies. nuunly "'1th a Eumsian and 
\kdolcrtanc-Jn dt>tnbuuun (A!'<DERBERG, 19'!4¡ U'mg logh1 nucro,cop). STIX ( 1960) and LEINS ( 1968, 1971) 
tud1ed thc polleo tJ.1ne "al! stru,ture of fi>te genern and 1 1 spccac:.s mcluded tn the /nula pollen type. and 32 
g~era r~od 137 spc-óe!l reprc'ientmg 20 other polleo t)'pc!s The only transmission electron microscope studies of 
pollen e<ine 10 thelnulcae >~ercc.un<:d oot bySKVARLA & TURNER (1966) 
(lnllln brltanllica) and SKVARU et al ( 1977) (Aiagoppapu.f dirhmomou~. Blumt'n mollb). Thesc mvestigators 
pe, oled out Lhc: t.tbtence of a scnec.:10id t)pe wall structure in the polleo grains of Lhc 3 taxa th:ll they studaed 

As a contribullon 10 the l..nowledge of polleo wall structurc in this tribe. we have investigated, with 
trJnc;m¡ ~10n elcctron mJctOSt.:opy. the polleo exine m the following taxa A\lt'rüru~ maritimlls. Diurirhia v1sro.m. 
Pnlltm'i 'PIIl0\0, l.imbnrdn rrulmundt'.f, Naupluu aquaurw, and Pulirarilr pnludosn In sorne cases, this study 
was complementcd by scanmng electron microscopc observations of frac!Urcd exines. In the pa lien of allthe ta.xa 
exammed. a well--defiocd senecioid pauem is notcd lñc spincs are not salid. but have distinc t structurJI 
ancxhficatJOn for aboutl/2-3/4 of thctr lcngth Thc only cxccptJon 1s the polleo of A. ma,;limu.!t where oo ly very 
rcduced caveac. were obscrvcd 

In general our results agree with those of LE INS (1968. 197 1) and SKVARLA & col. (1966, 1977). 
According to IJOLICK ( 1978), EL-G II AZALY & ANDERBERG (1995), and ZAVA DA & VILLIERS 

(2000). thc rcduction of thc tavcac and foramina andJC3tcs t.hat thc polleo of the lnuleae is primitive within the 
Astcro,deae. 

In our opmion, thc unusual dcve1opment of the cavcae of Asteri.w·to· maritimus, whcn compared with 
that of the other lnuleac, reprcscnL~ an Jdaptation to the especially harsh condítions of habuat for this species 
(scas1de rocks exposcd to the action of sun and salty wind). In fact. greatcr cavcae constitute an efficient 
h:annomcgath•c devicc, and are a good place for thc accumulation of hydrophobic substanccs, for preventing the 
des. icauon of the male gametophyte. 

ANDERIJERG, A. 1994. lnulcae. In· K. llREMER (ed.). Aslcraceae- Cladistics and Classilication. pp. 273-
2911imber Prcss. Portland. Orcgon. 

BOUCK. M. 1978 Ta:c.onorruc. cvolu tionary aod functional conside.rn tions of Compositac pollcn ultrastructure 
nnd sculplure PI. Syst. Evol. 130:209-218. 

EL-G I-I AZALY, G. & ANDERBERG. A. 1995. Pollen morphology of Ploagllaioll and Afie/la (ASiemccae) and iiS 
taxonomical implications. Grana 34: 103-113. 

LEINS, P. 1968. Versuch cincr Glicdcrung dcr lnufirwe nach den Pollcokomtypcn. Bcr. Dtsch. Bot. Gcs. 8 1 ( 11 ): 
498-504. 

LEINS, P. 1971. Pollcnsystematische SIUdicn am ln ulcen. l. Tarrhonamhb10e, Plucheinae, /nulinae, 
Buploralmillae Bol. Jnhrb. 91 (1): 91- 146. 

SKVARLA. J & TURNER. B. 1966. Systcmatic implkalions from clectron microscopic studies of Composi tae 
polleo. Ann. Miss. Bol. Gard. 53· 220-257. 

SKVARLA, J., TURNER, B., PATEL, V., & TOMB, A 1977. Pollcn morphology in 1he Composi1ne and in 
morphologically relaled families. In: V. HEYWOOD, J. HARBORNE & R. TURNER (eds.). The Biology 
and Chcmistry of Composilac. Vol. l. pp. 142-265. Academic Press. London. 

STIX, E. 1960. Pollen morphologische unlct>uchungen an Composilcn . Grana Pal)•nol. 2 (2): 41 -126. 
ZAVADA, M. & DE VILLIERS. S. 2000. l'o llcn of lhc As1crnccac from 1hc Palcoccne-Eoccne of South Africa. 

Grana 39: 39-45. 
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Orbicul : inlri~uin ~ atun r Lh Onlh r 

Vine le<', S. & Smets, E. 

In thc: anlhm ot ik:r~mng rbn.ts. ~'mn pc:nn. ... and \«d (cm, un. (~ 1 •. tn) gnnu!n ml\o cur" 
the raJtJI and tnn~t un~uaJ '-'all ot -;.c.: ·a·t :'Ir) ~'tum ~clb 1'bo.c .r.tnu &N' r11l"'-1 '"'bi"'"U -,a. t N :-h 
b:11.hc:> <..>rb1cuks dc!"\tlop "-lmulunec..'\u,l~ \\tth ttM- pu"''"!:! pollcn t\m ~d :ue H"'Dli' of J'lft 

rrular to tlK' poli~ cun~ 
In h•gha pbnts. lhe om.1.rncntJ.IIon oi tht- pollcn t\lnt ~nd thlt or tbt' '"~~k "~11 di.. ,. 

Jn.t\o~"lCS Thesc paraJieh~ms art rooted. m 1M h..."lnl\ ll~ "'f urctum uJ 'f't"C'l'lo-~<Xlt.h· Lv.u .., 1 n~,.-c 
omamc:ntJliOO of the polleo cune: offc.~ U)cful chJ.ra"~tcl"'li for )'tc:rru.th:s.. ,"lf't:\¡.._ub m1~ht ~ ""' hJ., t;t\.~'Ou · 
"-aluc \\'e 'tud1ed thc ootogcn). dl\mHy anJ :t) tcrnath.: lmport;rnct of CJ"t''1 ~u m thC' (~ t.~-ntaan.a.k~ "1th 

·.1nnmg and t.ra.n.snussu)O. do.:tron rrucro.scopy A t~pok»¡;) b.l~ upon the morph...ll\~h.J1 nd u1tra,tru ·rural 
dl\tt'Cóll) v.;l..) \\orled out The propcbcd typol()g) oflcrC'\J a u fultl't'l to c\alwt~ lhc- . ~)tt"m.1\h.~ &m('YUn•.:t- or 
orbaculc charaden tacs m th~ famah of Gcnuanal~ In Apoqn3cnC' ~ 1 and G .. ·nttao.h."C.lt' 01ri .. k chlrJ..:l 
secmc:d to be strong_l~ correlated Y.ithe\·oluuonar')' lR'nd~ m polleo and t3pctum ~~~ ftatwo 

As meouooed above. orbaculc-:; are consi!Jcred lO ~ J ~entr:tl fc:aturt o( Jl'(\'lC chan.~.:tm .. C\1 h\ a 
)(t:rCtOf)" tapetum .. '\.n IDlCfC hng facl IS thal h:i)·fC\tt-C'3US1ng_llngiO:-o--penm. lrt' ~o."hJrJ\."1(0\a.J b\ t.h<- rrC'~CO.._....; \)j 

StCI"C'tor) tapcta We mn~sugated LhC po lble role orbaculrs m:l) piJ.) a.,.¡ \"('CLOf of lller~("O) Thc rmnh.:(' ""'' 
otb1cuks owas stud1ed m 15 tmponant European allergenac sptcac:s ln all BctulaL""e:lc, ~nopoda. ~~.3t:, PnRL't'.tl". 
aod Un1caecae spec.1es, orbicules y,~ anached to thr polleo l"Hne. mdicaung Lhe fkb.Sihlht)- t'lf dJ,pergl ,,f 
orb1culcs into the atmospherc during nnlhests. The locahsauon of homolo~ ot tht ne" hi h allc:r~en Rf"l •·., \\3\ 

~ud1ed :u the ultrastru lU.:JI lcvc.l in Ha1 1 anther.s usmg immumx:)toche:nu al stammg mtlh,:w.h "Th~ re ulb of 
tlus s10dy showed 1hat orbaculcs of Haul mtght actas c.ffccll\'e \cclors for homolog.' of Bt'l ,. 7 .1nd th.\1 lhc." ~.kbn' 
of H:ud anthe~ rcprCSCill anmhcr vector of allcrgcns nfler the polltn St'JSOD 

Session b2.2 

EYOLUTIO OF ANGIOSI1 ERM POLLE CliARACTERS 

Polleo evolution in cordaites and carly conifers 

Gomankov, A. V.' & Zavlalova, N. E. ' 

1 Komarov Botanic:'ll lnsti tutc. KusSHlll Acadcmy of Sciences. 197376. 
Profcssora Popovn 2, St.-Pctcr.sburg. Russia 

1 InstiLo te of Gcology and Exploi tmion of Combustible f'ucls, Ministry of Powcr Engmeering and Ru..,\tJn 
Acadcmy of Scicnces. 11 7312, Va vi tova 25, k. 1, MosCO\\', Ru~s i a 

Modem c~nifers , according to S V. Mcycn (1984). rcp1cscnt the "summat" of cvolut.Ion amoug 
gymnosperms possessmg the most ndvanced secds. lt cnn be confinned by the rea li t mg the fnct thnt they posses~ 
thc most advanccd polleo too. The origin of two main features of modcm conifer polleo grnin'i - MricL dastal 
germination and thc eusaccus in bisaccate coodiuon - should be understood to reveal the trcnd of polleo cvolution 
in thc e la de of pinopsids. 

Since R. Florin ( 1938 - 1945) it is general! y acccptcd that colll fers has ongmatcd from Eurarncnan 
cordai tes (the Cordaitanthaceae). Florin has deri ved PmrmleJpontes, mono accate pollen of the earhest coaufers 
from thc cordaitalean polleo Florinires, but now it is highly doubtful , as Florinitn possesses an euc¡accus and a 
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