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porodenn pattem in sorne lndjan lhen>orts: An SEl\1 st udy 

Nalh, V. 

Bryolog) l..J.bcJtatory, 'atmnal Botanh.JI Rd»CJt~h lnsutuLC, Luclnow • 226 001. lndta 

llryophyte m general and b\t:f"\1.011) (Hc:paucac) in parucular possess a constderable rnnge of 
porodcrm orn.unc::nuuon, varymg from nunutcly tubt:rc.:ul.at~ to spinulate and bmcllatc 10 rcticulate as well as 

nl<'\h hkc Tlle"c ~porodc:nn pauem) are !.pecific for a parucular taxon and can be satis fa torily w.ed as d.lagnosu 
prupen)' . An SEM )tudy carried out on sporc~ from sorne mcmbe~ of thc Calobryales. Jungc.."rmnnniales. 
'Aettgenalc\ and Man::hantlialo f¡urly demCJlblr.Ucd Lhc dcn)Ciy venmcu la1e ndged CXJne m Tridwcolea u nera 
Cd.sr el Stngh whllc it 1s n:rruc~ to pscudoreuculatc- 10 Srluff11~ría lr • ..-allna Stcph S•milarly Calobryum indircun 
Udar (/ C.llandra and Calobf)·um dt:tllalum Kumar tt Udar are d~tincuve m possessing dense round hended 
p.spl llae m the former and a foldcd exin~ wllh mmute tuberclcs 111 thc lauer fO,.mmbmma rristula Aust. F. 
p1wlla {L) Dum and Pnnloplr)llum wdtrum K<bh e.\habited disuncuve membrnnous reticulauons. high lamellac 
and suia t«< reuculauons rcspectn·rly. Sporoderm architecturc 1S easlly distinguishable in Couocephalwu ronif·um 
CL) Lmdb. by an interm1xed m1cro- and rnegagranulate paucm. a consp1cuousl y lamcllate (winged) pattem is 
prt!:ll'lll m Cry:ptmmtrium lumnlaynen.\e K~lt , a rcticulate (rather punctate) onc in A.Hert'lla mu~soorietiSM (Kash.) 
Kachroo; the e:tine is thm and nunutel) mesh- lik.e in i\. reckulara (Kash.) Kachroo. whilc intcrmixed wa rty and 
mmutc projecllon'i occur in Samaia .\po11gw.w (Kas h.) llatt , anda rcticulatc pattcm 111 Athalamia pmguis Fa.lc. A 
detailed micromorphologiculaccount of the ~porodenn pattcms 1nvcstigated With SEM is providcd. 

The morphology and ultrastructure of end-perrujan lycopsid spore tetrads 

looy, C. V'· '; Colllnson, M. E2
; Van Konlfnenburg-Van Clttert, J . H. A.' & Visscher, H.1 

1 Botankal Palacoccology. Laborntory of Pnlaeobowny and Palynology. Utrecht Univers ity, 
Rudapes llaan "- · 3584 D Utrecht , The Nctherlands. 

' Depanmem of Geology, Royal Holloway Uni versi ty of London, Egham Hill. 
Egham. Surrey TW20 OEX, Uni ted Kingdom 

3 Departmcnt of Palcobio logy. Nauona l Muse u m of Naturdl History, Smithsonian fnstituu on. 1Oth S t. & 
ConSiitution Ave., NW, Wash•ngton. DC 20560-012 1 USA. 

In widely scparated Permian-Tnassic tr.lns itional sequcnces, palyno logical asscmblages are 
charJc terizcd by large amounts of unsepara tcd tetrads of Jycopsid rnicrospores. and occasional mcgasporc tctrads. 
Thesc sporcs are assignablc to thc fonn -gencrJ Den.wisporires. Lundbladispora , Uvaesporites and Otynisporites. 
Sporc tct.rads from ltaly and Greenlnnd werc subjcctcd to morphologica l and uhras tructuml analyses. The results 
wcre compared with data from cxtanl and fossil rela1ives and cva luated in the con tex t of the process of 
sporogenes is in extant re la ti ves. TEM-analysis of preserved sporodem1 ul trastructure c.lemonstrates that individual 
sporcs are morphologica lly c:ompletely ma turc. l Oe spores are connected 10 each othcr by interl ocking o f the para
cxo~pores at either the interradial contact arcas or cquatoria l regions . Thts connec1ion is like ly thc result of a 
rcducuon of the rate or duration of polysaccharidc spore coat deposi tion by the gamctophyle membrane. The 
sporodcrm of Dl'llsoispnrite."> and l...lmdbladi.spnra cons ists of two wa.lls, a homogcneous bi · layered exospore, a 
Lhick spongeous para-exospore, proximal apenural thinnings and multilaminated zones. lñ.i s wall organization is 
characteri st ic for microsporcs of extant and cx tinct Jsoctalcs genera Pleuromeia and /soetes. The ultrastructu rc o f 
the laucr mic rosporcs and Oty11isporires. confi rms an isoetalean (Picuromciaccac) affi ni1y. 
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l\1orpholog_1 and ult rnstru tu re of l~ coph) te ~pon: - from th pcrmian 
depo its of lhe 'rat mount ins (Ru, ia) 

Zavlalova, N. E.' & Naugolnykh, S V.' 

; Palyuol~call....JboratDr\ . ln~Ututc- ior <..K-ok ~) .md 1 \\.':k'l(\m<"nt ot" . .,1¡ f\.1 1, 

Laboral()() of Paleoflonstt • Goolog.~..aJ lruutute. Ru.~t.tn .\l·.aJc:-m' ... ,- .. ·IC'Ol."C!o 

l1K' f(b.stl ¡:>CRS studtcd carne from thC' P~JIUD.l kxJ.hl~ of the l f tmllU t R~ldJ 1 .tn ) ,. o,JIUJIC\! n Jr 
PC'nn Ctty. Ru~ta The dlS~ SJ>CIC"b \'oCre c!\lr3t.:tt\l Ir •m J d.t~ . t:n.ltn\. t.'(lrUJIOIR,t! .tb,, o,I('Jru :tnJ rh\ lk" , 
of lhe kptdoph)1C' \ 'iotrh~\lm·10 ' 'orcult'IIJU ZJJesoJ..~ . 3 ch.tf3~h..."n!\U k'p1dc;lph~t oí thr .oh .un L1.a.n ~"Wl?t"'C1 
t ll finuan uge) of the Ural Mount..:uns ~od Ru.s.st3n Pb1form .\lthoo!;h lhc pli)'Dt""~lt''~ "·:a la\.-.cmNa~c ~onu•n, me 
polleo gnuns of \ 'wanna and Cladartuw J.nd spon:-s of r túa!lk J\fJc }m , tt b 0\ernh tmmsh d wnm tc.."\1 h\ thr 
spccuneos of Dtnsouponlt'l . Anllogousl) . apan from \ 'rart·holm·r<l , onl~ a t~"' m mher\ ol thc Pdw .. pc-rm.ak 
Ruflorm. and Sphenoph) tes occur as pl:tnt lf\3(.'T0f0;) 1b \\' bc:hc-\C 1~ nll.~t ahund!nt "P'-Nl"'~ tc1 be- t:urrC'Lttc:-d 
\\llh theprcdomtnant type ~fpl!Inl macro(! ~liS 3nd ~Signc.'tltoonc- p:trenl pllnt . rl't'\.· t~mg Lh<."-\)\ICtn.l lh: fl\~11100 
of th!! d1~pcrscd. sporcs Thts assumpu n 1 c:orroborated b) thc morphologJcal charJ · t(.'n.\llt.~s of thc- r~ .. ,¡ C:P<lfñ 

and tcms provmg theu rdat10n to the same lep1doph)l fanul) Plcurom~m ·cae The 'fl\"lrl' ' v.erc: ,¡ud1N \\tlh 
l.Jo..l. SEM, a.nd TEM Thc) are tnletc. round to subrnanguli.u , v.nh a dJ.Mtnct u•tr:td -..('Jr . nc3rl) reachtn~ aht: 
cqua t?r W1th LM . the .sporodcnn appears pun~tate nnd t"o-lJ)ered Wtth [.~t . lhC" pro\lm;tl \Urlact 1s 
occastona lly granula te, ·wtth an elevatcd tctrnd scar The d•sull surface bcaf) nunb:rou.s grnnul~ \Jf)1ng , 11 \lit: .tnU 
shaJX. Rarc pe.rforauons are presem both prm:11nally :md dJSt.JII) TE..\<t conflnns tht tv.o 13ycrro \tnlcture ol the 
sporodenn The outcr !ayer consis ts of numerous lamc!'llac. mtcrlacmg m a nctwor~ 11Jc.< r.:pt."Jt.cdly thtcLcnl'ti Jnd 
th1n ncd and pcrfora ted structure of ou1ermost of thcsc lamt::llac corrcsponds to tht" gr.1nulatc nnd ()1.).:35-JOnalh 
ptttcd morphology of tbe spore surfacc seen w11h SEM The 1011 r lay\!r ts a smglc lttmellJ. :,plttun~ Jl a ltmH~ 
dtstancc near thc proxmtal polc mto "lamm;Ucd 1..on " (termmology acconhng to LugMdon ct al. 1 t)QC)). A naiTO\\ 
cavuy (supponmg thc cava te n:lturc of thc sporotype dcscnbe.d) C\ ists u1 thc bouom of the outer ~porodcnn IJ)cr. 
be.tter developcd distally but a lso prcscnting proximally. The compnrison \lo llh thc avatlahle d.: ta on thc :,poré 

morphology of the Pleurome1aceae (Yaroshcnko, 1975. 1985. 19 : L.ugardon et al. 1999. GmuH'l!ei·Stamrn and 
Lugardon. 2001) shows lhe sigmficanl ommon fcatures : two-la)cred sporodcrrn. prcscncc of ravtty, thc 
comparable ultrastructurc of the uppcr sporodcrm !ayer and thc prcscnce of ''lammnled wncs" Thc dtffcren e~ 
concem a more d1Stinct sculplure, only rare su rfi cial pcrforations. anda rclativcly wenk dcvclopmcnt of thr caHty 

GRAUVOGEL.STAMM. L. AND LUGAROOr , B. 200 1 Thc TriasSic lycopsids Plr11rn11U'ia and Anrwltpi' 
rdat ionships, evolution and origin Amcr. Fcm . J .. 91 11 5- 149. 

LUGARDON, B .. GRAUVOGEL-STAM ! , L . AND DOBR USKIN A, 1 1999 The nucrosporc> of 1'/rllrom,•w 
rm·sira Ncuburg (Lycopsida ; T'rinss ic): cornparatJvc ultrastruc ture ancl phylog~.:IICIIC unplicalions . C R 
Acad Sc1. J)¡¡ ris, Scienccs de la terrc et des planet.cs. 1999. 329. 435-"-4 . 

VARO HENKO. O .P., 1975 . Morphology of sporcs of Pleummem rosllra and Oen .• \.01\porlft'.\ nr)burgir 
Palcontol. Zh. 3: 101· 106. 

YAROSHENKO, O.P., 1985. Ca vate spores frorn thc Lowcr Triassic and their rclat10n to Lycophytcs Pi11eornol 
Zh 1: 1 13· 119 (in Russian). 

YAROSHE KO.' O:P., 1988. Micro_sporcs from sporangi urn of the lycophyll! TomirHirobu\ ratfirmü euburg 
(LowerTnasstc, Kuznetsk Basm). P:tlynology mthe USSR. Novo;ibir>k: Nau~a . P 77.79 (in Ru>s•an) 
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:\1icro~pore "all organization and ultra tructure in t\\0 species of Selaginello 
(L copb~la l producing pcrmanent tetrads 

lugardon, 8 .1 & Morbel ll, M. A.' 

1 ll 1~c Vt cule. l ni, .. cn1t~ Pa1.1l Sabaucr. l 1000 Toulous~ (FT3nct) 
1 [kp rtmcflt uf Buun) . ';a.tionalllnJ\C'~Uy ofl..n Plata 1900 La Plaw. \Argenuna) 

lbe a• m of ttu stud) t.¡ to bnng out thc tc.1mn.' ) of the ¡x.nn.mc:nt m1crospore tetrJ.ds of Sdagindla 
t omolura l Wal.lt.. Am J Spnng and S l~pidnph\fta (Houl & Gre ... ) Spnag 

Thc ,porudenn uf Sda':lfll'lfn llllCfO§port:!l general!) h~ a compact e<tospore co.nsi ting of two layers 
that funn a prutrudang apcrtural fold of \\h1ch both !ltdes arr more or lcss fused together. 11us exosporc 1ncludes a 
)'\ttm ol pcrfor;tuons .;onw~ung of e1ther three tangcnually cleft small areas ammged bctween the rn)S of Lhe 

tnk'te apc.nure, or ~uucrcd radtal channeb In m3n) !!.peCI~ . the elements of the ornamcntat10n are fonned by lhe 
cxO\pon: nutcr IJ.)'cr and, m lll(bl of thesc ~pa-'1.0. a pen)pore conslslmg of matenal clta rly distmct from the 
CX())porC' poro¡x1 llenm compaso a surfacc J.ayer that 1s usun ll y stuck to, and muc.h tlunncr titan , the e'(ospore. Ln 
otfu:r lc:n numc:r{)U) ~pccu:s. thc- c\o:,pore ~~ cO\ ered wuh a \\1<h!, more or less th.íck and complcx envelope that 
compc.~ the ooJamc:nta.tloo Th1s envclopc 1s genera ti y connected to the exosporc only beN.•een the apenural and 
cquatonal rt8J005. and forms m the apcrturnl art!a two hps lhat extend bcyond or mcrge wuh the apenural fold o r 
thé uosporc 1t COO~í i 'b of sporopollcnin ~tmi lar to that of thc exosporc outer !ayer (and has developed at lhe 
\ame time 3.(; thu. layer) . wh1ch has led 10 mune 1t ··para -ctospore·· Usua lly thc microspores of Se/agineila are 
rdeased JOdJvid ually, wh1Ie 10 a number of ~pecs~. they may rema in groupt.~ sn tetrads thanks to differcnt sons o f 
connet.:tJom bctwccn cxosporc~ or pa.ra·exosporcs 

In S trp1daphylla letrads . thc four microspores are nssembled wilhin a common tetrad cnvclopc. but 
théy appcar ~cpanue from onc anothcr and from the tetrad envclope. Thcir respec tive exaspere shows the usual 
bslaycred structure, w1th sorne! panicu lan ties lymg m the outer !aye r tha t: (1) includes. in its inner pan, very 
abundanl nucrocavi1ies w1th opaque conten ts; (i í) has usually a ncarly umform thsckness, but shows s trongly 
reduccd or cxpandcd arcas sceming 10 rc~ ull from small on togeneuca l disruptions: (ii í) is app reciably thicker on 
txuh s1dcs of the apenu rn l fold rhan in mher w:lll regions. Radial channels tr:l vcrs íng completcly tbe cxosporc are 
rather abundant m thc npe11ural arca. rarer elsewhere. The tetrad l!n velope appears as a widc common coat which, 
dependmg on thc regions, consasts of a simple !ayer or forms a more or less intrica tc network . This cnvelopc is 
madc up of thc sa me sporopollcnin as thc cxosporc outer !ayer and sho\\ s, in its medmn zonc. microcavilies wilh 
opaque contcn ts qUite si m1 lar 10 thosc or that exospore !ayer. 

As sho wn m !he uuual LM and SEM study o f S. rom•olutn ( 1) microspore tetrads, the fou r members of 
each tct:rad are linkcd together through a common envelope forming an unbroken complex system of alvcoli that 
connects thc cquatorial and distal rcgions of 1he microsporcs. In TEM sec1ions, 1hc proximal exospore shows a 
hght inncr !ayer wllh irregular thinnin g!!t or cvcn inLcrruptions , and a darkcr ou tcr !ayer forming dense, mult ifonn 
small surface projectíons Radial channels traversc thc whole exospore atthe leve! of the th innest pans of lhe inner 
!ayer. Díscontinuitícs are visible in the proximal exaspe re of 1he. ínves t.iga ted microspores, but not any 
d iffe rcntiation comparable toan apert ura ! fold was observed. In dista l and equatoria l areas, the exospore is closely 
JOincd with thc alvcolatc tetrad en vclopc through an in tcrmediate zone including small. oftcn radia ll y elongated 
cavtiJes more or lcss filled with opaque material. 1l1e cxospore outcr !ayer. intcrmedia le zone aud alveolatc 
enve lope are composed of the snme sporopollcnín. and thcrc is no trace of splitung bctwcen them. 

These two differcn t types of tet rads emphasi7.e lhe outstanding structura l di versity of the microspore 
sporodcrm in living Selaginellaceae, 1hus stressing the re levance of funher ultrastructural and ontogenelical 
studics on the sporcs of this complcx group of lycopsids. 

( 1) MORBELLI , M.A , ROWLEY , J.R. & CLAUGHER. D. 2001 . Spore wa ll structurc in Selaginella (Lycophyta) 
species growing in Argentina . Bol. Soc. Argcnt. Bot. 36: 3 15-368. 
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I'Of" i.nsights on 11n O\ rlooJ....d cure: th< pt' '1 re ,,r 
~ il and ~ tanc ptcrid ph} t 

Moore, S E. 

Scbool ,){ E..nh, O.. c.tn m J r n m 
PQ BOX 91~ C:>.rduT C'HO .l) E, \1 

Do micro and megasporangia produce the samc a mount of sporopollenin? 

Hems ley, A. R. 

School or Earth, Occau and Planetary . CICnce. ordifl l ' nncrsu; . PO BO\ Q 1 ~ Cardlfl ('f'IO WE. V. al"' , l ' " 

For many heterosporous prendophytes, the ORX'ham~m~ tlut go,·cm 1he dtflcrenthUJon l)f 

ms rosporangia and megaspor.m gia 3I'C unccrtain. 3hhough thcre l!t good C"ndcncc 10 lhal nu tnl1ll uppl) h ;JO 

imponant factor. Studies of model systems sccrns to sugg t th.J t the mc..-c ha01sm of ~pore w:~.ll de k1p mcot 1 

s-i milar in thcsc two types of sporangia even though thcy produce app.lrt"tlll) c.J¡(f; rcnt \lru 1ure!. So, apan fnml 
thc s1zc of the spores they comain. how d1 ffert:nt Jn:: micro and me:gaspornngül'' 1r thrn: 1s hule rc.1! ctuT~nc:c; m 
sporangin. 1mghtthcy boLh produce the same volume of sporopollenin? Thss hypoth s1 ,, lll \ Csttgatcd U!!omg TE.M 
sections of spores from Spt,"Cics of Selagind la and i>tary:.mna 

Perispore ornamentation of Cyalhea (Cya theaccac) and Dicksonia 
(Dicksoniaccae) from high altitudes in New Guinea 

Johns, R. J . 

Royal Botnn•c Gardcns, Kcw. Richmond, Sum:y TW9 3AI3 , England. 

·n 1c island of New Guinea is a major cenrre for d.i versity of the tree fem genera C,vatht!a s 1 and 
D1rb tm in . 'llte present study of 1he high altitude species 111 cw Gumca arase from prohlems assoctatcd wtth thc 
idemificat ion of co llecuons made by thc author during five expcdltions to thc Mount Jaya region of Papua Ovet 
100 collcctions of Cymhea were madc from thal arca , many at elev~uions bctwcen 2600 and 4200 m. A dc talled 
study of the spores of the tree fem species of othcr mountain arcas in cw Gusnea was couducted to assist in thesr 
identification . 

The sori of severa! high ahitude specics o f Cyarhea show a dístinct ammgement of the sporaugi:1 tn lhr 
sorus. Pc rhaps uniquely thc sporaugia are arranged so that Lhcir stalks form a tightly c loscd surfa e 10 the soru!!t , 
possibly provid ing protection during thc deve lopment of the sporcs. Ti te sporangia become unrolled to relcase thc 
matu re spores. 

Dick.wnia is rcpresented by scvcn spccies in the Malesia region (HOLTTUM 1963), of whtch fl ye 
species occur in New Guinea, four cndemic. 1llis gcnus is easily recognísed in the fie ld by thc dense! y luury 
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a:ouurt of lhc pe '" coc1ras.t lll C)at/u'a hcrc abunJant scab occur There are considerable tJ .'t~Orruc 
problrnu atibe spc.:•n k'd •n o., vma 1bcs< m bncO¡ dc>.:nbc\1 and lhe pos;~ble >~gtuficance of pcnspore 
onwntntltlOO n.taprCUIJon L" dncuuc:d 

c~"tJJhla ha becn trtatcd Clthcr ~a tar~e ga~U) of sorne 71.0 ~p«IC::S fHOLTn:M 1963). or it can be 
di\1&:- tnto il sme1 of 11'1.1llcr genera ~.,. uampk ~IEL'\ tl al (1997) o,er 130 spec1es of Cvatllra s 1 occur in 

Glunca pf -.htth SlJmC .t~ )Jl'CCI~o:1 01.:cur at h1gh atmudes Thesc represcnt se \ eral of the smaller genera 
¡(O ~'\Tct aiiC)<JS¡ 

Sc\er•l quouoo wcrc J.ddteiscd m thc prC;).Cnt ~ludy of c .. athl'a· 
1 - 1 )Qe§. thc pc:t1~fk'~'C omamcntJtion )Upport the recogm uon of sevcnll genera or a ~mgle genus'? 
2 ... L:¡ thc pcn .. porc oman\C:ntauon cons:istent at Lhe specie.s JeyeJ or do spccies shm' a marked variation 

bctwo:n populatJoo\? 
3 J>uc- lhe vanauon in pcn\(lC>r'e oma~T~enl3Uon prO\ide valid support for specit"s delioulatiOn m 

(\mhta" 
-1- Doc~ m.: data :!tUpport thc patterru of regiona l c"oluuon of C)atl1en a long lhe mountarn cham of 'e \\ 

Gumc-d orare thc: pccie!. w rdüpr e.~d throug.hout Lhe island? 

lO A~T. O S Raubemon, L A Att\\ood, fl K & tem. D B (1995). The Rclatíonshíps of Papuas.an 
f')alht:.at.:eae to 1'\cw World Trce Ft.m'i Amer. Fnn Jount 5: 32 -340 

t t0L1Th \1 . RE 1%3 Cyatheaceae Flora Malcsiana ser. 11. 1:65 176. 
S'IT : I~ D B CONANT D.S & VALII"SKA. A E.C (1997). Thc ímplícauons of chloropla>t DNA restriction 

" '" •anauon on the da; ific-JUon and phylogen¡ of Cyathcaceae. In Johns. R.J. (ed). llolttwn Memorial 
Vol pp 235-254. Royal BIJiamc Gankns. Kew 

J>hylogcny of Ophioglossales ínferred from spore morphology and rbcL scquences 

Sahashl, N. 1 
; Uehara, K.' & Murakaml, N.' 

1 Faculty or Ph:um.accutical Scicncc~. Toho Um versity. Funabashi , 274-8510 Japan . 
' Labora tory of Plant Morphology. Facu lt¡ of Horucullurc. Chiba Unive,;íty, Chiba, 271 -8510 Japan. 

1 Gradua te School of Scicnce. Kyoto Umvcrsíty. Kyoto. 606-8502 Japan. 

Oph10g lossalc:s "hich 1s a ra ther primiti ve group in the Pteridophyta as d1fficult to classify bccause of 
phcnomcna such as plant morphology. hcmicryptophytes prothallium. etc. Recent ly, thc taxonomicaltrcatment or 
thc Ophioglussales was ba 'icd on molecular data. 

In our latcst obscrva tions of the spore rnorphology wilh SEM. we concluded tha.t the existing genera 
and the ncw genus M ankyua \\'Crc m:ated according 10 a new kcy, infcrrcd from thc immature and mature surfaces 
and general ~hape and ultrasLructurc of tht! spores. The Ophioglossalcs werc dividcd into two families, such as 
Ophioglossaceae s. s1.r. and BotrychJaccac. Then the formcr classificd into thrce genera (Ophiuglossum, 
Ophioderma. Cheirnglmosa), and tite lattcr into fi vc ones (Botrychium , Bmrypus, Sreptridium. Japtmobotrychium. 
1/t!lmimlw.uacltys). Howcver, the new gemas Mtmkyua was included into flelmimlwsrn rlrys at least fro rn the SEM 
obscrvataons 

From our TEM obscrvations . wc found two laycrs in thc perispore (P1, P~ ) in Sceptridium tematum, but 
only onc lnycr (P¡) was recogm7.Cd in Ohioglonwn thermale. Funhermore, at the tetrad stagcs Jamellate structures 
wcre recognizcd on thc proximal facc in Sreptridium ttmallim, while they occur all over the surfacc of thc sporc 
in OphioglO!iSUm themml~. 

We a lso dctcnnined 1,194bp nucleotide sequences or rbrL gene for 37 plant samples of 
Ophioglossales. According to thc obtained molecular tree, two clades were recognized. One dade consis ted ofthe 
mcmbcrs of the Ophioglossaccae. 1l1c other consisted of those of the Botrychiaceac and Mcmkyua which was 
reccntly dcscribed from Cheju ls land . Korca. ll was clearly shown that Mankyua IS gcnellcally wc ll diffcrentiatcd 
from the olher genera of Botrychiaceae_ and its Status as a ncw gcnus was supportcd by the molecular data. In thc 
former clade, Ophioderma w3s distanrly related to OphioglosJwn sensu stric to and its status as independcnt genus 
W:lS also supported. 
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Comhining e• idenc~ frum r 

Nagalíngum, N. S.'· Schne•der , H ·; PTyer, K. .'; Lupt.o R • & *• 

Tbrou~ht.lut lb( C''O)UIIOO.ll'\' hJ_ t 

cn"r nmcn b)' ~terrntnal pbnb fmm~ I.Jht.uni n·lJtcd pt"U~ tn cYdc:r ro un 
lOJrUOO , thesc: rl.tnb h.a\C h.aJ lO dr.tnUIJ ~a_IJ) RX-.bf~ thtU ~311\ IC"(' 
~ h\IDg tems 31'"r aqu.urr Tl'Khl are Certe:\rri.al :md h..: JX'C"'U!o Thc e\c ,u 
ID('f'J'Ih<.ll<lglcally dJ~OOCt ':1--portS proJU('IDS UDJ-;<\U.!l IOC'tl.)rh>lc.:.\ 

Hc:ter-cx-1-''lr')U'i fcms are monoph}ku.: anJ uxn¡m "' C'-t.anl iJ.nuhc.: th 

b 

;tnd Lhc aquauc $;¡1\·mr;~ceac E\t..~t l·or \C'f~• rt'Ctnt rntC"r 1 rn th~ r buoo ... rur -.--e, ttk fi (" ntanl 
hcttnl'<fl')f'Otb gcncr.t. thes~ fem"i hJH b«'n lJrgd~ 1gno~ m ~) ... tCU\.ltl .. ~tuJic~ and tnfrafnla1 ... r b.thlll'h'F' 
uc nrtu3ll} unlno"n Hl!tttospon.llb f~-s are rd:tU\t nl!'\h<>mc='n ttlJt d.t'H.'Ntllñ! dunn tht Cnr ..... · JU , tlh<' 
).;IO'k: u me: 3S flowcnng pllnts The f<h..~ll record h.3., procr\td .1 n ... h h•~,,~ tlK' · f,·m~ m ... th m t ronn ,¡ 
mll.'rf'lf~slls w1th a rem.ulablc diven:J t) of omamentcd )~ 

The pn mnrJ go.1l of our ,,:ollabor.tttve r ·e:u\'h t ud~ JS hl ~'(\O .. u-u,·ta \."'lml('tchf..~tb· I\C ph~'''}!r-n hlf" 
th~ heLero porous aqu::U1c fems ( \ot n.r ~ llca,~cae and Sahmtllt. acl. m.:l udm~ h\tng. and r,b 11 nwrnhc'ro. 
mcorporn.tmg data from muluple gt:nes. morpholog.), and de\t l(~ffi(llUI ~tudlc~ for thc 11\lnf tJ'a ~mJ tn t~~.tllng 
mot pho lo~ICal dJ t3 from fossil ta'la We "'" pre~n t prdimmilJ) rc .. ult-. rmm ltu!t re ~an.:h 

Undcrs t;md mg the hl~lOf)' of chancter t \ OiuLJon m the!><" fe:m~ rtqun mh.·pauon ol h"h\ll t.t\1. 

nec~..-ssarily using rnorpholoro· pcruncnt to thc c:pores. Our stud~ tnl·l•rpor.ues . f"..'lt u1tr•,lrUctur.al ~h.tr3,·tm 
oo~encd "'1 th hght and electron nl1 croscopy and tn\Cst1gau on of sporc: dc, clopmental chlr;:Ktt·n lrnkr undtnl( 
thc de\'c!Opment and structu re of th~ spore \lo ;l ll, prunari ly through electron ffiJI.'nl'ctlf>) ~ a t'nll1.'3lto ttu ... l'rt'JC'l't 
bt.'C3Use the charactcr.ricb sporc " -:t ll 1s wc ll presenedm fos.-;1! tau l'lnd \\111 pcrm11 (¡ ~~~~ ttl N- mtctlr.lttd tnh.l .t 
comprchensa\·c phylogeny. 

Our emph3SIS rs to invcs ti g~ue the morphulog¡cal (.'haracter u te tran~lliOO.) a~...OC I Jtcd \\ nh lhr 
ecolog_lcal specialization o f thcse fcm~ to :tquauc habHJb Our ph) 1ogcncuc hypothc.~u; "111 ~ usl'd to budd :\ 
class lfication for all ti,·i ng and c,'(tJUct hct rosporou fcm . and al an cli: pllcu tr.amc"oc k to am esugJtc.· 
rnorphological charncrer cvoluuon ' umerous morpholog1c:1 1 tn:nds ha'c lx."Cn pmpo<;.ed on the l\3~•~ l)f thc: 
rc lali \ C ordcr of appc-.arance in the fo:tsi l record A wcl1-resolved ph) logen) w11l mmunur samphn~ I S!!Ue~ 
mhcrent 111 the rosstl record a.nd allow thc cvaluat ion of prc\·ious hypothescs nbout e ' o lut ion m thc~t' fe me; 

Developmental and functional uspects of heterospory inferred in extant 
heterosporous fcrns using electron-microscopy and light-micro ·copy 

Schnelder, H.'; Pryer, K. M.'; Lupia, R.' ; Gueldan, C.'; Nagallngum , N.' & Nowak, M.' 

1 
Albrecht-vonwHallcr Jnstitutc of Plant Sciences 37073 G6ttingcn (Gcrrnany) 

' Dukc Univcrs1ty. Durham, NC 27708 (USA). 
'Uni versity of Oklahoma. orman, OK 73073 (USA) 

Heterospory evo lvcd indcpcndently in severa! lincagcs o f vascular plnnts such ns secd plants. 
hcterosporous lycophytcs. and hcterosporous fcms. Despite Lhe phylogenctiC tndcpcndencc, hetcrosporou plant 
lineages sharc various devetopmcntal and structural simjlarities that might be causcd by sumlar dcvclopmental and 
functional constrnints. ·nus hypothesis suggests that obscrvation of ext3nt ta.1Ca cnn help to rcconMruct the 
cvolution of similar structurcs in extinct taxa. Under rhis assumplion, hcterosporous fems are of ¡mrtJcular 
interest beca use Lhey are thc on ly cxtanl lineagc showmg ex treme hctcrospory. 1l1e rncg3~pornngia develop only a 
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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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