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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. 
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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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ID le d wl apatun: whík Potunlr ponUJ ......,.10 be prUIOSacC:UC prc:polleD \1 A hll>) and T N T3)1or 
(l97b) ha.., showu t.hal fL,IVúU LS r>tbcr • final•ta• o( an •odcpcndenl .-oluUOIUr) hncage '"1hm cordanes. 
wtu~,;b bad bcpD from thc e:t~rTJC.!nOU.CQte pr~polko of fl'lufpol~~nt!rt . • 

(.o,Jmtmo pn:-pt llcn prod1.1~o.cd by the txdl Angar.t.n latnJhes or cord.utc:,. 1 e the \-Ojnm· lyaceae a.nd 
Ku!lorlatC".AC. secms 10 bt mCJrc •·pnmdhc .. pch'iC,.,mg a mgle tonh-hle ~ctb v.1th an ultr'a.)tro ture v.hi h can 
be ~nbcd a at&tctmethtdc btl\lottD protosac :,:ate: aod CU$.lc.:C3l.C. But at the ~e Umt: Angarnn conl.uti!S 

pmdutcd another 1Yf.'C ot polkn g.rams y,.fu¡;h could be: dc~tgnated il5 •·tub·hlc .. (:lcwpurrdanna, Clndaiuna, 
Hl'ltl ulnlmn itiOd ntha poJicn gencn) Tht) v.crc: mund tK m--al v.1lh a rectangular dcpresMon on lhc pro:timal side. 
Thc ectumc •a> nthcr thid.. e .. pec1aJI) at thc: dhWI :.Id\: urutatmg a )tngk protosaccus auached to Lhe proximal 

u.lc ( uhtnfraturuu Da~wh.a~.:,anJ Ihbner, 1970). Both tdeA.me ~urfac.e and moer ultrutru turc couJd be rather 
dl\cr\e 1n d•flertnr !:c-ntrill, but lh: genml ab$COCc of d1~tal apenure tn thr> rype of palynomorphs 1ndicates that 11 
1w 10 he a. >1g11cd 10 prcp<>lleD Surprc.•ngl} ,u,·h prcpolléo occurs both m lhe VoJnov kyaceac and 1hc 
Ruflonacc3e iJ.Od e\ en 10 ~ pnm111'\.' An~T3n con1 ler~ (1\ungunwltndroll) suggesnng a case of gcographic 
r•••lkh m 

Almo~t all otha ty(le\ uf pc;llk:n groun., produced b) primnivc conifers can be easy denved from 
Pmomt' J'olltl' 'n1e nwn phylog\:netlc ··~tcm"' of C4lrly corufm le-.tds from the Emponaceac:, Ut:rechúaceae and 
1llucydiJ&.:cae V.llh Pmon'r'PtJriUf·prcpollcn to 1M: \ 'olwaccac "'h~e membcrs ha,·c produccd protobisaccate 
polh:n gr..tiOl iu..,ignabk to 1 ruuil\J'iUa and Alnportfrj. Polleo grains of triadBpora sccmcd to possess double 
¡:\.'munauon dt:monstraung pro:wamal tnlctc mML to~cther \1.11h dJstal apenure located bctwccn sacci. while 
Alhportt'l wa~ more: advan~.:ed polltn Wlth a mgle distal apenure 

Thc: \f3JOOU.:dCe3C IO!;C-thc::r "-1 lh tht cloc;e genUS Sa\IWIIO represen! ffiOSl probably the "la teral branch" 
m the comft:r flhylogcny , Thetr polleo (l.uukisporllc'S of the Majomca eae and Srwaspontts of Saslwua) was 
protoba :tet;ate and ~emed to po~~ss double germmation too, although their proximal apenure looked differently 
lhun lhat of Tnadi.\porn 

Surpn~rn gly Nu.,kouporllt.\ (polkn grams of Orli~eia) Iooks more primiú ve than Pmrmiespnrites. 
allhough Orll.\t'lO scctm to be 1he most advanced (and 1he youngest) member of thc Utrechtiacc.ae. In having radial 
~yrnmetry Nud:.ni.\porite.~ rc~cmblc!l CordattíJUJ ancl one can assumc that all thrcc genera ha ve cvolvcd from the 
common ancic.nt prcdéce-.sor 

Thc d1stribuuon of d1ffercnt types of polleo among early pinopsids s.uggests that the separation or 
comfcr.i from cordattes (lf 1t was a single event) has happcncd vcry carly m thc evolutiona.ry history of cordaites, 
roughly atthe same stagc, whcn thc coriliutes themselves ha ve been divided 1010 thrcc families (Cordaitanlhaceae, 
VoJUO\'~kyaceae. and Rufloriaceac). Thc immediate ances1ors of conifcrs had po sessed apparcntly the 
C(Jrdaaintl · hkc polleo, which rernamcd later ouly 10 the Angaran famili es o( corda1 ICS. Many feat ures o f 
comfemlean pollen gram~ (e g. doublc gcrminauon, b1saccatc condltion, etc.) evolvcd most likc ly indepcndently 
111 severa! parallel hncagc:s. 

Origin of thc angiospcrms: Pa lynological cvidcnce rcvisited 

Zavada, M. S. 

Deparuncn l of lhology, l'rnvidcnce College, PrO\'ldcuce, Rl 029 18. USA. 

lnterprctat ion of fossil pollcn disu·ibulion. and taxonom1c position has played an important ro le in 
dcvcloping hypot.hescs on thc origin, and car ly di vcrsificmion of angiosperms. Bcnchmark investiga tions in thc 
1970's rcporting the successivc occurrcnce of significan¡ fossil palien types through the Lowcr Crctaccous, 
couplcd wi th survcys of cx tan t pollen morphology of primitivc angiospenns. la id the fou ndation for proposing thc 
l.ower Cretaccous origin a.nd diversifica tion of angiospcrms. Q\·er the past JO ycars, however, ultra ·struclural 
invcstigations (SEM and TEM) on e~tan l pollen, :md a widc range of fossil polleo types (including dispersed. and 
in Jitu pollen) from the Permian. Triassic and Jurass ic. suggest that a majority o( Triass ic, and Jurassic pa lien 
typcs are similar to one another and probably have gymnospcrm affinities. however. polleo with angiosperm 
features does occurs in low frequency through the Triass ic , and Jurass ic. 11lis suggcsts an alt.em ;uive interprcta tion 
of nngiospem1 origins. The data ahernauvc ly suggest a Triassic origin of angiospenns witltin the Atlantic rif1 zone. 
During thc Triassic and Jurassic spccics originat ion ratcs may ha ve equaled the extinction ra tcs rcsul ti ng in the 
parsc occurrencc o ( angiospcnns po llcn types from diffcrcm geographic arcas in thc At lantic rift (i. e. , 

ang10spcm1s inilially had an exlendcd lag phasc). lt was not unti l the Lowcr Cretaceous thal origination ratcs 
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F'o il and li' ing zona-apertunlle polleo 

Hesse, M. 

IXpartment of t:hn..,tructur Re .th:h .1nJ P31)nOI ~ •• hbhtur af H IC•D • 
l·m,er-11) of \ 1enna • .-\·10.30 \\ ll"D lAlbl!l.t} 

A !! Une) on ro:ent and r~11Lona-3rcnuntc:- polll"'D potin\ (1 e "•th nng-h._~ 3pcnun runnm t"'ltbc:r 
mcmhonall~ or cql13ton3ll) l "'-'lthln the ng.¡ pcnm "'a un Jera. en '\ ('\\ lindtD~'!> 'f rc,:cnt .mJ rus: 11 f'Oikn u~~. 
pre-..c:-nted. from "hich the foss1ls ca ~ tentlH'd~ atlnbutéd to \\,pJ.u,.ac·c.:c. 4 \ n~c·«·uc ;,au.J lniL1c r. r. Z..~.a 
J.pcrtur.ue polleo has e'ohcd se, eral umc mde¡x-ndcntl) 3.1Tk'Dg tu.~l ln~ _ pnu'b (.\llnph .. < ·Mr 
Euptmld141Uat, AnJUmact"nt·, Atomnuact'1lt'. ~-\lht·rtHpt'nnatact,u) and mon .,.. (.\nur.1,., lfiJJ.n¡J,.. 
Lomnndrm·t'a~ .. 4rt"t'Oft!a~. and Raparraarlt' ), hut n(ll m rud1COb lC\C pt of /¡m~~:mthn \\llh 1t P<':Uti.tr ~ ... :. 

!:.)O ulcale nng, BUCH?\'ER ct al. 1990). A nng-h l..c ilpt"nure nu~ dl\u,k th( pütlcn pottn). m ~)tnmc:tu h h or 
¡(runnmg I!S)ffiffiCtnCall), ll dtVIdCS tht" polkn gmins 10 IWO mcqual h:t.h~,•s lb(' lOO.l 3Jlt'F1W"3ll" f'Otlm ilCn<"fall~ 
d1ffer m omam(ntnuon nnd suauficauou not onl) m the I'CSf"t"=U\'e apenural arca . t:'tut omchn'k"~ aht."'~ rtuhhi th 
apenurc The pol3nl) que uon IS eUICd not for allt;,lJ,3 bccaust• o( the lad, o( tetr.lt..l Ol'ber,·atiOil:\, hut lnllV.n r,v 
l\'_\'mpluuarta~. Eupomatiartat. Atlrtrmpumnlart:at. ~ome Ar"'(J('f'rU'. nnd Rapc_Jlt'üt rat' lltl"í''cr, b) 
cooclu 100 from annlogy o( asymmeuic halves. 10 Arareat nnd lridact~ the aperturJI nng' v.¡IJ pfl'\1'3hl) run 
equatorially. 

Js it oot amazing Lhat a ring· llkc apenurc occurs 10 at lea~t ten e'\tant :m_gu.~pcnn famihr,. n~ 
prcciscly m basal d1cots and monocot.s '-' lñis apparcntl) nai"·c s-lnt~mem pos.ed ... c,crnl que,tu.xt~. f"lr 1ruun~c 
Why in so many famllie.s? \Vhy does 1t occur.a m isolauon " i1hm a fam1l) \lohtre m{l)t pollcn are ~ukatc or 
mapenura te, as in Armon.arrat'., Why not m lhc cud1cots., The zona apt:nurnte polleo I)J'( (fU U) Jon.:ltc) 1 
re.;;; tricted to (sorne) basal angiosperms and ome mooocOtS fanuhcs/gencra. 3nd 1 lad.tng m eudlt.'Oh (C \ C'C!Jll of 
1he somewhat differing case of UnUJantht .\l The rype IS found abo 111 f~s1b fmm thc Crct:tc«~uYfertiJI) 
boundary (ZETfER el al.. 2001). lt migh1 he 3 rehc1 of early ang10spem1S, before O~e nm\'31 r·m,.nuoo") of 1hc 
3·colporate.-conuuon Befare thc advc:nt of cudicots- tricolporutes an aperture nng wa!l pcrhap!! tht bc\t \\'J. Y for a 
targc t·oncntcd harmomcgatluc mo,cment. 1 c .. to cxpand orto clase a large area adJptcd tor JXb~lblc pollcn tu~ 
formation/pollen gcrmination. lñc apcnuml1ntmc. the cndexine (if present) and the reduced d..tC:\10(' (h l..t·\\ l.!at' 1f 
prescnt) form togethcr with an "oncus·lil..c" lay cr a VCI)' clas uc band a.round thc polleo gr.un Th1 band 1 c lasttL: 
hke an accordion or conccnina. In dry sta le, the bnnd i closcd. 111 h}'dratcd condnion xpandct.l, the nng OJ>ens 
widély. and thc poli en gcrminalion c3n takc place every" here. llence. thc h:mnomcgatluc movemcnt of c~pandang 
and c losmg thc ring·likc apenurc is poss1blc by thc obscrvcd h1 gh degrce of cxpansion tn contm!ot t 10 opcrculatc 
condt tions , which nught be of benefit in dry chm~IICS {prevcnLing from ex.ce'OSÍ\C drync;;;s), thc LOO.l·3()('rt uralc 
condition might be a bencfi t (or taxa 10 humid cnvironments 

More questions arise: why does. for cxamplc, thc spectacular zona-apcnurJte cond1t1on occur nlongside 
o1hcr aperturJI condi tions within thc same genus? And why is thc apc-rturatc cond1tion~ somclimcs 1101 stahle 
wuhm a spccies. or evcn wiLhin a single palien sac? A fine ex.nmple IS the case of Rhaphicloplwrn qfricana whcre 
mosl of 1he polleo grains are extended su lea le 10 bisulcalc (in SEM), hui fully pollcn nlso oc ur (GRA YUM . 1992 
"scparating into halves" ). lñe pcrccntagc of full y zonatelb1sulcJ.te polleo may vary betwecn llldl v&dual plants lo 
genera l, with in large monocot familles. Lhc apcnurc condit10ns is oflcn d1vcrse, for mslnncc in Arnrt'nt' 
(GRAYUM, 1992) or in Arerareae (HARLEY & BAKER, 2001): inaperturate, sulcatc, tricholomO>ulc31C, b1· 
apcrturatc and zona-aperturate polleo even within genera can be: found sidc by sidc, and this dl\•crslly may ha ve 
been "an expcriment by the playi ng/ /gamblingl/toying ofnaturc". This hypothcsis migh t nho cxplninthc lacL of 
genuinc zona·apenura tc polleo condit ions in cudicot~ 

BUCHNER, R., HALB RITTI:R , H., PFUNDNER, G & HESSE, M. 1990. l'ollen of Liuuwwlr'·' doug/mii: A 
reinvestigation. Grana 29: 207-21 1. 
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CJRA YU , M U IY'-~2 C 1 ~ atrnta1 polka ultnbtruCiurc of ~ Amrtat' and putaun~l) rtlated ux;a 
Muao¡:raplu Syu_ Rot \IISSOUllliOI G•rd 167 pp "''""'" Bouno.:.al Gard<n SI l.ouJ> 

HAIU.BY, t \1 & B"J.;f:R \\ J 2:WI 1' lltn apcnure marpholog) m Ar«·auar app~cauon \lo11hon 
phylo¡;cncuc analy><s, and • uii'UIUry o 1 1hc fo'"'' record of palm-hke pollen Gro na 40 -15-77 

/.ll·m R. R HI:.S>f- \1 o!t IRO\CH RADIVO. A 2001 Early Eoccne wna-apcnurate polleo graoos of lh< 
l'muz¡urtiUJ ype \lotth altitut~ toA.ratc-at' Re". Paleobot. Pal)OOI 11..., 267-279 

Polleo e•olution must be considered in a pb) logenetic contexl: 
iru.ight!o from tagnoliales and implications for Proteales 

Sauquet, H. & Cantrlll, D. 

Depanmtnl of Pala<OOO!any S"'cd~>h Mu>eum of Natural Hu101y. P.O Box 50007, 
SE-1 0-1 05 S10<kholm (S" <den). 

M.tgrohalc,) . conu~t.mg of SI~ famtlu:~ and about 3000 pccu:s of trupicJI to warm-temperale woody 
2n~nnpc:nt1S. ""trr luog cou~1dt..-rcd the mo!)t archa1c; order of Oo"'t.'fing plants. Tius assumption was based on a 
-ip«l • .il conL·cntr.Uulll of .;:haracscn bche,·ed to be primim e in angaospcrms, mcludmg monos u lea te polleo wnh 
granular t"une unu.:1ure. llowever, all rcccnt higher· le\·el phylogeneuc analyses ha ve shown that Magnolia les are 
nol lhe tarhe.\l-d1vergmg angi<hperm:,. urgiDg revi5.tOn of lhe starus of the putatively printiLive features of this 
ordcr 

llere "'' show lhr omplica1ions of a recc·nt phylogenenc sludy of Magnohales (SAUQUET et al. 2003) 
for pollc:n character evolution, \\1lh an emphasts on M)rist.icaceac (wi th nearly 500 species. the sccond largcst 
famtly 10 th1s group after Annonaccac). which exhiba interes1mg vanauon JO their polleo morphotogy (SAUQUET 
& LE TI-lOMAS 2003). In scvcraltnstan~es. this approoch. using ctadistic scoring and parsimony oplimization of 
c;har;u;tcr changes on phylogenetic 1rees. tums completely upsidc down long·st.anding ideas on pollen evoluuon. In 
p:'tnJCular. columellar e1tmc slruC1.urc i~ unamb•guously resolved as thc nncestrnl statc of Magnolialcs whereas 
grunu la r ex. me structurc evohcd lat~r wnhin thc ordcr, al !cas i once in the ancestor of a clade of four families nnd 
onct! wuhm Myrisucaceae. Other charncler.s. such as the shape of palien grain in Myristicaceae, tum out to be too 
homopla\IIC lo be g¡vcn any phylogeneuc significance. Thesc rcsults illustrale thc crucial importance of studying 
polleo cvoluuon ID a b1oadcr phylogenetic con1cx1 . using hypo1heses dcrivcd from additional sources of data. 

1ñese con!loidernuons will be crucial m a current projec1 10 rcconstruct the biogeographic hjstory of 
another ordcr of angiosperms. Pro1ealcs, a curious assemblage of three very different famílies (Nelumbonaceae, 1 
:,pecie.~. Platannceae. 10 species, and Proteaccae. 1700 species) brnnching at the base of thc eudicot clade of 
tncolpate angiospcrms 1n all recen! higher·lcvel molecular analyscs. In panicular, thc assignmcnt of the extcnsive 
pollcn fossil record of Protcaceac 10 modem laxa of the family nceds complete revision to use 1hc benefiLS of the 
cladosuc npproach and new dota on phylogcnctic relationships wilhin l'ro1caccae (e.g. HOOT & DOUGLAS 
1998). 

SAUQUET. H & LE THOMAS, A. 2003. Pollcn doverslly and evolution in Myristicaceae (Magnolia les). 
lntem ational J ournal of Plnnt Sclences 164: 613-628. 

SAUQUET, 11., DOYLE. J.A. , SCIIARASCHKL"', T., BORSCH. T., HILU, K.W., CHATROU, L.W. & LE 
TI.fOMAS, A. 2003. Phylogenetic analysis of Magnol.iales and Myrisucaccae based on multiplc data scts: 
implica tions for charactcr evolulion. Botanicnl Journal of tbe Linnean Society 142: 125· 186. 

HOOT. S. B. & DOUGLAS, A.W. 1998. l'hylogeny of the l'r01caccae bascd on arpB and atpB-rbrL in1ergenic 
spaccr region scqucnces. Austra.llan Systcmatic Botany J I· 301-320. 

56 Poi en 

Tbe angiosperm genus Gunn rain th \1 10íc:, mp ri n b.:t"' n 
Tricolpile reciru/aJu and polleo of <\tant Gunn ru 

Wanntorp, L' ; Oettmann. M. E.1 & Jal'2en , O 

Wlth lb \n) complete Ant.tn.:u .. dhtributh.lfl ti\ -\tn J, oJUth ·\mc:na. . ,¡.st 
C'.\ Zc-Jbnd~ the 3.nglosperm gt"flu G~r.nuu 1..11 30-~) Spt'\11.."$. l> ~ m.~d mpJ, ~..l( .a liloftdv. nao 

• 

~~phtcal studte::. aJJDlD!! w f"Cl:OOsttuct )Utbcm Hcnusphcrc h1-.1~ In 194 t ( lbni't tl dlin 
nouctd :t remJ.rlabk ~mulant) be1Ytcen thc fK.'Ik-n ol th< H.t\u.uJn GwM( m F<--ra.Widr'iJ d t (. ,,J p..llkn 
>JltCitl Tnrolprtt>~ rttirulat&u 8;bt.'d on ttu~ smull.nl). ¡nd .,ut.,t"\~Ucntl~ •t~o."CllirmcJ t't th< tuJ1e~ t ( lO .·( l 

PlKE(195-I)andJARZE.'\ (19'0).\\CLDO\\ thJtGkMnn>lr'C3d) ·,u¡uedl! p""-<1>1r""J ,,¡J¡ 11'11><111\IOb~ 
tht LJ.tc Crtt3 eou (e 80 m)'). SC\'tr.ll rrp<)r'b of T rrtu ul.liU\ al '\Upport th< prf'\I('IU. r~"''.·a~.c o( h .. MrM tn 

O(bcr tocahues such ns Nonh Amen a and tnJta "heno Grmnrra b almust or cnttrch. itll~l t \ " A r~.: t:nlh 
cooducted morphological srudl b.JSC'd on "::.C'anmng c.ltttron m1~.·~or~ tSE.\n, ,d('~ufiN thr · ~.n 1\f".:~ ~ 
llOllen 10 e:u.am spedes of Gunnua Pollt>n l)pe 1 h.arncten~ b~ an IIDpn1C\.:t rt"th:ulum \\llh ~muc.'l1'\ 

undulaung-<:rcsted mun. v.-as idenuficd onl) m thc South American C1 lu rtc>N Poltcn t~·1x 2. c.h.,lln~¡.,hC\J t'l\ ~ 
reuculum "-1th t.-qui·dimcnsionnl polygonnl lumma. \\.ilS found ID the Afn ;m _ J'C'l~ln, G prT]'ot..\a "'¡ wt'lgcnu, 
Gunncra. m lhc South An1t:ncan spec1es of ubgenu 1t~nJn. 1.' "~11 3..\ m lhc dUth AmcTl~~n HJ'-'211. n. 
ubgenus Panke. Lastly. specaes from subgt:nera ~hlliganta 3nd J'cuJI)~unnen., fnn "-('"' ;t_,ub.m.J/t\u_ trah¡ JnLI 

South Eo1.st Asia, respecuvcly. hase anolher type of polleo (I)'J)C 3) "hu:h has 3 ~tt~ulum '-'lth lununa l'tf ,·.tnat'tlC' 
_-.hapc and size. Wilhm 1his typc. t\\ O subtypes, a nnd h. "en:: dc:tinc:d .. utltypc 1J o..:cur~ tn !-Ui't=c.:nuo, 
Pscudog.unnera. here the lummn of lhe apocolp1n an: of 3 dlffer('nt Sh3pc and :,11e from 1h lummA (ll thc­
mesocolpia, while subtype 3b. represenlcd by pec1c of subgenu.c; \f•lltgdnrd, ha:, 3 n:tu.:ulum "'uh lumma 
•denlicaltn both thc mcsocolp1a and the apocolpta 

Thc results of a comparntive studj bcl~een spc 1cs of Gumlt"ra sho~mg the:,e- pollcn 1 1><"· am.l fc.'h\11 
spccimc.:n of T. relitulntus from thc Antarcnc Peninsula. lhe Kcrguclcn Plalc:au nnd southta,tcm Au)trnha art 
descnbed and dtscusscd. Accord111g to thc rcsults of lhe SI Ud). 1herr 1 :l clear surulanry bc"'t'tn the Amarcut: 
specomen fmm Vega lsland (doled lo1e Campanlln· MnnSirichlinn) ond pollen 1ypc J. found 10 1hc Malayan 
species G. macrophylln. and m the spec1cs from cw Zeal:md 3nd Thsnuma TI1c Austr:.hnn f0\~11 ~[)('CIInt11S 
from Ilcach McNamara and Beach Pnnces (bmh datcd carly 10 late Manslnchl13n or eally Dani3n) a~ d1fferrot m 
morphology and could suppon a complex hisrory for Gwmaa m Austrnha Wh1le th(' Oeach ~·t 311\313 spt.-clrocn 
shows affimlles to polleo type 3a of subgenus Millignnia. the spect mens of Beach Princes art mon: :,utular to 
polleo type 2. found in subgenera Gunnern, Panke nnd Misandra. Spccimens from lhe Mioccne of the Kl·rguden 
Plateau (southem lndian Ocean) are vcry similar lo polleo I)'J)C 2 nnd th1s is m controdicuon to previOll~ rl."'tUib 
which had claimed a closcr Slmilnrily bctwccn Lhese specimens and the pollen of G marropln·lln The comp:anson 
betwcen polleo of extant spccies and foss il polleo can hclp our understandmg of lhe b1ogeogrnphical p3ttcms of 
organisms This study aims to enhance our comprchens10n of the b1ogoogrnphy of Gwmaa o.md opcns 1h~ door to 
new s1udies a1med at dating Lhe phylogcny of the group. 

COOKSON, l. C., PfKE, K. M , 1954 Sorne doc01yledonous pollcn lypc:s from C'aonowic dcpo:.lls on lht 
Australian region . - A ustra linn Journal of Bota o y 2, 197 • 219 

JARZEN. D. M .. 1980. The occurrence of Gurmera pollcn '" lhc fossil record Bintropica 12 (2), 117-123 

Pollen evolution in Amaranthaceac - insights from eleclron microscopy 
and phylogenetic nnalyscs 

VoL 14(2004) 

Borsch, T. & Müller, K. 

Nees- lnstitul filr Biodivcrsitlit dcr Pflan1.cn, Fricdrich-Wilhelms-Univcrsit!H 13onn, 
Meckenheimer Allcc 170,53115 Donn, Gennany. 

57 



\b tr.ut XIIP 

Am>nntbacoa< 11000 peca an appr ' 70 genera, maanl) uopac'OI dc.tnbutaon) and 
( a"""'!""1ucr.ac (1 l)i¡ pp m >ppro• 100 ttntr.l chatO) aempernae) aogether rtP""""' ahe 111051 speeies-n h 
mocHlphyl<tk cl>de (roccnlly eL.> afic:d as Amaranaha.cae s 1 ) an ahe angaosperm Ofd<r Dryophyllales Palien 
morp 10 Armr.l!ltha.;;at:" rnost dJ\crst an..J sorne compl!i!' featur~ su has stell:ue pon: omament::mon are 
f nd nowbac el :amang ang¡<»penn . 

\.\ 11h Lbe 1.1m to prm~<k a robtnt phylogcncuc fnlfll(\loOI"It for analyzmg the evoluuon of polh:..n. Lhe 
complc:!c chlor(l'(' 1 1m/<: uHron (:.700 ch.ara"·ten. todudmg matA') was sequenced f~ all ~Jor groups m 

nwomrh \t: ) s. for rtprc.~t'nWU\Ic frum (.ñcnopodt3\.'CJ.e, and for alhed caryophylhd fanulles Ma>.tmum 
p amony, nu ... mum hkehhood. and B•>•""" anal) > reve:alcd a !xt;al gr.¡de of Boua (Macarooesaao aslands. 
<"n:,ru lfnn.alaya). follrw.cd by Char¡,,nltna Ccnd.crruc to Jla~~~~ and the Austr.llian R1dge). \Vhtlc Celos1e3t: are 
upp.lllcd a, natu.r.al , most c~thct currcotl)· re: ·ognitcd ~n(rafanuliar tau \I.CfC rc\caled to be para· or polyphyleuc. 

W11h1n foutllT Acntn.l.t, an Ach)nnthOid and an Aen01d clade \1-L"J'C reco\ercd The gomphrenoid genus 
l'u>~dopl.mld ~u. hanng sorne polltn and other morphological features wath Amaranthoideae. is found wathin 
(J(lfl'lphrcnoitkac rathcr th.:m bctng m 3 ~ition hnl..ang both subfamliu:s . 

A SEM ur"ey of pollcn m Am.1ranlhaceae s s (covenng about 25':1 of thc specaes) :md selcctcd 
(hcuopc:xJ¡a¡.;cat, ac(.ompamcd b)· TE.~( ,tudaes. lcd to numcrous polleo characters. thc :mcestral states of whach 
v.crc rct:on truued on th~ molccuLr ph)·logeny. According w this analysis. spheroidal. pantoporate polleo wuh 
ttn '~'"a and ~uh~lt~ eltc:-:!OOU.) bochcs that are evenly spread on thc aperture rncmbrane is 
plc~lomorphic.: a u .·\manruhacc:o'\e The receotly dc::,c:nbt:d rncwrcticulate polleo archltCciUre (wtth meshes of the 
rct1culum bcmg ht~rnologous to mtsopona) ~ ~ rtcoostructl-d to ha ve cvolvcd once m the ancestor of :J. tughly 
')Upportcd core Gomphrcn01d clade 1hat compn\CS the tr.ldmooal Gompltrcnoideae bm excludes l rt>lillt' . Hook· 
shapcd aru.J !)h:llatcly nrrnngcd ektcxinous bcxhes (stcllatc pare omnmentauon) appear lo ha ve evotved at lea.st 
tv..1cc: an ~)JrJIJcl Lnhlri.e othe:r morphological charactcrs used in prc\JOus classification sys tems. polleo charactcrs 
m ~enernl rcplbtnt morphotogaca l S)'na.pomorphies circumscnbing many clades rccovered with molecular data 

Olacaceac and other Santa lates: contributions from palacopalynology and phylogcny 

Malécot, V. 

UMR A_ 462 and Départment de Sc1cnce~ B10logiqu . lnstitut a ti anal d' Horl icuhure, 
41)()45 Angcr> Ccdcx 01 (Frnncc). 

Olacaccac are thc mos t pnnuuvc membe.rs af thc arder Santal3les. An arder charactcrised by the 
mclusion of mos1 of the woody hemipar.t~ ilk angiospcrms. In fact thc Olacaceae is the only family in the 
San tala lc~ contain nlg au totrophic taxa. In thc pollcn rossi l record thc genus Anacolosidires, remarkable for its tri · 
diplo¡>Omtc morphology. is attribuled Lo the Olacacacac, in panicular to the genera A11arolosa, Carhedra , and 
Pr_vrhopttalum which share very ~ 1 mi lar polleo morphology with the fossi l gcnus. 1l1e earlies l rccords of 
AnacoloHdirt'.\ are M11astrichtian. Othcr rossí l pollcn genera associa ted wi th thc Santalalcs: Loramharidires. 
Gotlranopoltis, and Ftorsrlw~tc.io. are also abundan! from thc Late Crctaceous onwnrds. 

We ha ve rcvised Anacolosidues using morphomet rical tools in order to idemify fossil pollen records 
thnr may be linked m pollen of currcnt day gencrJ of Olacaceac. based on our own observations plus thrce 
previous p;alynological surveys of thc family. At the same time srud ies of thc phylogcny of the Santalales using 
molecular and morphotogical data ha ve also been carried out. 

Only a few rccords of Anarolo.\idires appear 10 be erroncously att ribulcd 10 Olacaceae, whi lc lhe 
majority may wcll be ancestra l 10 Lhe extant genera AnaroltlStl, Catlzedra, and Phattervdisrus from tribe 
Anacoloseac; but no1 Prychopetalum from lribc Olaccae. Thc particular disLiibution of Anarolositlire~· records 
through space and time allow us to postulatc a b10gcographic history compatible with an earlier proposed 
hypothesis of Olacaccae paleochorology. Since the Maastrichtian Anarolosidites rccords are associa ted with 
Liopical or paratropical climates. The biogeographica l history proposcd is compatible wilh Wolrc's boreottopical 
hypolhcsís. especially whcn considcring. not only a southward m1gration of tropical vegetation but also, more 
prcciscly. the rcduction of the Eoccnc paralropical nora in the Northern Hcmisphere, leaving only the current 
disjunct tropica l arcas. 

An es tirnation of clade ages for our molecular phylogenic hypothesis was rea lised using thc Non 
Paramclric Ratc Smoo1hing method. cal ibr:ued with the oldest record of Anacolosidites. Asan indcpcndent test of 
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Th<>e tuthc apph<d lo cch<r 
pl1) <11<0• pab«lboumc;ol. pal ·b..=tl• >.nd n.tli>l'l":""''':"'lhi'"" 
rcbtkcslups bctwccn eanb """") and ·1300¡! :o<ta< "' t. lo !'""' br u 
dislnOOtions ~.more pn:..:t!i~!!l), v.11h nk.krru.: u~uu m m 
t.he rcsuh ('1( t«tODJC CH'Ubi.. bot ab~J loUov. a lllC'ilifu.·J t.....-

ingle polleo grains to tetrnds and pollinia in \ poc)na~a 

Vemoeven, R. L 

Depanment of Pl.lnt Sc1enc . ÜOJ\'ffill~ of th~ Frtt Statt. PO &\ :1)9, UklCmforU(.'l Q~ •• :tUth \fn~ 

The two famihes Apoc)lllctac and ~kp1aJJ.ceae v..tn: ~roupt\1 ll•;cthcr 1010 Ofh: tanut). t~ 
Apoc:ynJcea.c s J_ (Endn-ss & Druyns .:!()()()) _ Wuhm tht f.mul) \Jl('t..:)UJ~.-cac 1 fiu~ ~ut'lfJmdl l.t rn·~" d 
Rau.,.·olfiOideac KCbtt:l (rnther than Plumeno1dcac K Schum.). ApcK:)Ot'h:.ICác:' Bumcn, lYnrl f'lf..ltilt R Dr e 
Endl.. Sccamonoideat Endl and Asclcpiadrndeae R Br ex Bum ll Thc A~kp1o1JotJc.t Cl-.mpn'e !our tn 
l'o.:lc<:oe H Kunze. Mcvc Lac:de. M !lideme:ae B<nlh . l\n>pcgacac Orb 2nd A'.:lcpa•J<ae ¡R 11!) Puh' 
(Endrc & ¡eveos 2001) 

The Rauvolfioideae t)·p1call) ha\'C the ·oroll.l lobcs SIOI~trtncl~ ctlUtooN '" \'luJ. th .antht.~r .trt ftc.."\ 

from (he style head, and 3· or ~-colporate potlcn gruin - The ApocynOJdc.'3C' :m: c:h:ua tt:n1ed h} h;,~m~ lh~ '-""'"-'lll 
lobo dex~ely contorted m bud, :mthers ndnate to thc style head. and 3-porate gra1n' The Pcnpk'\l'C\1Jr:a Mt 

charactcrizcd by hnvmg tctrads (in most gcnem) or free po1lm13 (four per anthtr) \\ha~.-·h ar~ ~hcJ onto tnn bt('lro. 
Thc ¡>Ollmi::J. consist of tctrads and are not co\'ered by a polhmum wall . Thc tr.ln,l:u r <.'OD'>J~t~ ol an aJh . t\c di~\ 
a stalk and nn ndhesivc lined rcceptaclc (onto wh1ch thc tctr.tlb or polhnia are shed .:tt :utthc.~o.1;) . The 
Sec.amonoideae are characten7.cd by havmg fi\'e pollmaria cach of whu.:h COilSt~ls of four potll01a ( Olht\tmg of 
tctr.tds and not covcrcd by a pollimum \\·nll) Thc polhnia are attn hed toa orpu!l.culum h) onc nr more cauthtle 
Thc 1nnn.ncr m which thc pollinin. are anachcd ta the lranslatar is variable 111 1h1s subfanul) The AsciCfliJ.LIOidCa( 
are charactcrized by having five pollinaria. cach of whicb consists of two pollinm. ea~h attached 10 the 
corpusculum by a caud1cle. 1l1c pollinium cQnsists of smglc polleo grains and is ~urrounded by a po1hn1Um \\itll 
The genus Forki'a Endl (tri be Fockccae) diffe.rs from lhe Other tnbcs in that thc polhn111m corua~ts of tetr.uh. and 
is nol su.rrounded by a polhnlll m wall. 

ENDRESS. M.E. & BR UYNS. P. V. 2000. A reviscd classificauoo o[ ahe Apoc)nnceac s 1 Bot. R..-. 66 1·56 
ENDRESS. M E. & STEVENS, W.D. 2001 The rcnaas ance of lhe Apocynaceac s 1 rcceoJ ad-anccs an 

sys tematics, phylogeny. and evolution: inlf(X!ucuou Ann. !\t.issouri Bot Gard. 88 517-522. 

Phylogcnetic analyses and the early evolution of pollen characters in angiospcrms 

Doyle, J. A. 

Sccuon of Evolution and Ecology, University of California. Da vis, C'ali[ornan 95616 (USA) 

Phylogenctic analyses based on molecular and morphologJcal data suggcst rcsolution..~ of many long· 
standing controversics on the carly cvolu lion of angiospcrrn polleo morphology and uhra!.tructure. 

Dcspite continued unccrlítinty on rclationships bcLween nngiospcrms nnd o1her !.Ccd plants , Lhe 
incrcasingly robusl rooting of thc angiospcrm phylogenetic trec among lhe "ANffA .. groups (Amburt!tla. 
Nymphacalcs, lllicialcs, Trimenia, Ausrrobaiteya) clnrifics lhe angina! polleo morphology of angaospenn!t 
ConLiary to hypotheses thar the first angiosperms had granular cxinc Stnlcturc. thc ANITA rooting imphes thm 
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lntn~ru X /1/'C 

Jobose ~u.k:atc polkn 9!Hh Irregular mtllar )tru¡;ture and J coounuous tectum _wa.s ancesttal. and regular 
!~u.1 """'re and • fo•cobl<-n:tJ<1llat< t<ctum arosc soon afta Tbe old<>t t«ognw:d Cr<taC<OUS 

t th.i padt of C'\ootuuon Granular strut.:lure \\"35 mdcpendentl) derned from 
:r:,m r;:;:,<;:' ";'~=:' 1>la~ohald, and Launlo, as ,.,¡1 as m ··htgher" cudtcot> such as Fag;¡les 
1 A~rJIIIeru.} 1lu~ agrcc~ 'AIIh dc'o'eJOpmt:'Dtal C:\ltc.kn e lhat gri1DUlar ~truClUTC ID ~ymphaeales IS 3 modJficauo: 
oJ colu~ltu ·.Mrurtwc. Th"~c re ult$ refute ooe ot lhe argu:menb for a relatioo~hip bet\l.ten angtospem;s than 
Gntllb lkom:tuuk and Prnwnfun (tlK anthophyt.e hyJXKh~IS). namel) the granular e:one_ structure o ( ese 

é 1 d~ r ·mo,•e obnadc:> 10 a relauonstup w1th ··seet~ fems'' \oVlth alveolar e.xme s~cture e.g . 
r~~~~tLO.~;~~~~n~ :ndlor TniU~I<.: Cnnopolles polleo (v.ith reu ulate-colun~ellar stru turc and thiCk 

cndc1anc) wh1cb ).Cerned lt:.!a~ hldv "'hcn granular ~tructure was assurned to be pnmltlve. 
· Magnohall:~ na,·e bccn. tradltionally cons1dercd pnmm"e but oow appear to be a more den,•ed early 

hnc: In M n,ucJcac. mc:mbers owuh granular exine: suucwre: are nested among col u mellar taxa and thus appear to 
be dt.:n\eJ Myn~ucaccac and Magnoliaccae: (\\ohJch are abo columellar) are basal '? f!egttttna. Galbulmuma, 
tupumaua and Annonaceae, whjch art unncd by 3 sh1ft to granular tructure. W1thm Annonaceae •. grnnular 
mon(J).uk:a¡e pollc:n (as m Altaxagorra) 1s ancestr.ll, but it ga'e nse to columellar monosulcate and dtsulcu~e 
m le ms and inaperturate tctrads, sorne of \\oh.ich under\\:ent reversals t~ smgle tnapenurate grams. e 
rcu~~ monopar.uc tctracb af Winteraceae were dcrivcd from foveolate-~eucul:te monosulcate polleo of ~e 
type :s.ecn 10 Lhetr sistcr group. Canelbceae In Lauralcs, after an early sh1ft 10 mapenurate polleo, the exme 
underwcnt stepwasc reducuon and gr.mulanzauon. culnunaung in Lhe fT3gJic ex mes of Lauraceac. 
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The use of a " o lid phase C) tomet r" for a monitoring ppli :Ilion 
to pollens ond mold.~ counts 

Thibaudon, M.'.; Rabillon, J '-: Drocourt, J. L' 

R~ A. 69930 Samt Gcm~ 1'Ar~nucrc- tFr.tnc.:c ¡ 
" lnsruut p-,h.teur, 75013 PJni t fran~r) 

'CHE.\Il :\E.\ 9~ '54 hl} Sur ne (Fr.!n,-.,) 

The solid ph:tse q1ometcr (Chetru.c;rn .!í.)~tem) •~ n ult.rbcns:JU\ mi ... 'T 1 1 .tnotl~~-r . Uc.:\l~l'rl h.' dlk 
and oount m1crobial cells on 3 solid surfacc. Thc ..,rn;,lhtht) 1 suffh.:lt"Dt to t.J~tect ooe ú:ll Thc whd utt.l.~.'t' "'*' 
be a filler membrane ora. gla.ss slidc! 

Cells are labclled with fluoresC'Cnt marl..t"n- and an3l) td \\Jth J. b .. ·•tt 1."3Dnln~ "~~tcm u~m~ . .1 

).(J[lhtsticatcd discrinunation process that c,3n tb~cnmin.Jtc lahellcd c-elb from ba L.g.round C'tl\li"('CU~t _ ul.."h .1 

nuronuorcsccncc panicles The process of cell Jabelhng and la.::.er scannmg can be.- C\.)mplt•tN '+\lthan une hour (lt 
\amplc collection 

Thts method JS airead) valtdated for monitonng of procc:..s water m phannaccuucJ.Imdu .. u)' Qnd ll'Hlrt' 

rccently for the detcction ofthe ni rbome microorgamsm 
For monitoring polleo and molds. we work 10 three :o,teps · 

- E:uunimHion of the autofluorcscencc of pollcns. Th:n pemut to count th~ tot:JI numt'Cr or p...11lt.'n of thc 

sample in a few rrunutcs. Thc sensibility and thc reprodu ib1hty 3rt: \Cf)' good. 
- Production of specitic rabilt antibody for thc main alkrgcnic or not pantcle that wc want to ~tud) hctula, 

dactilys. parietaria, umca. alternarla. Thesc anubochcs are controlled 3nd COfiJU!!~Hcd \\ith R1'C 
(Ouorcscein isothiocyannte conJugil tcd) 

- Spccific analysis of each kind of paruclcs to study thetr own spcctrom<try (red and g"'cn) 
Thcn mixing two and thrcc kmd of part.Jclcs we can discrirnin::nc cach ~pcctfic part1cle and as thcy are 

fixcd on a membranc 11 is possiblc to count thcm with n vcry high precision (one gr.tln) 
l11e last trials must help us to discrinunatc urtka and parictana. 

M ay the definition of Pollen Season influence oerobiological re ults? 

Jato, V.'; Rodrfguez-Rajo, J .1
; Alcázar, P .'; Galán , C.'; De Nuntlls, P .' & Mandrloll , P .' 

1 Univcrs 11 y of Vigo. Spain. 
' U ni vers ity of Córdoba, Spain. 

1 
Instilute of Aunosphcric Scicnces nnd Climatc, ISAC~ Bolognn - ltaly. 

Polleo Scason, Period of Maximurn Polleo Production, Pollination Season, Pollmntion Period. Mam 
Pollination Period, Main Palien Scason. Principa l Pollination Period, Effecrive Palien Season. Atrnospheric rollen 
Season, are amongst thc tcrms most frequently uscd in thc acrobiologic:1l Htcraturc to define thc pcriod of time 10 

which most of thc annual total polleo conccnl.r.ltion is recordcd. Similarly, diffcrcnt en tena are uscd to dt.'lumt this 
period. dcpending on the aulhor, the palien typc and geographical arca in volved. The period is most commonly 
defined as the time of the ycar in which a certain percentage of thc annual total polleo tli recorded. the m~t 
frequcnt va lucs uscd being 90%, 95% or 98% (Nilsson and Persson 1981. Torben 1991 , Galán ct al. 1995). In 
ot.hc:r cases, the pcriod is defincd in tcnns o( the time clapsing betwcen two days on which spcci fi c valucs or 
conditions are regis tered (Mullendcrs et al. 1972, Lcjoly Gabriel & Leuschner 1983, Pathmmc, 1975, e tc.) 
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