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h.s wnh I ni8lrlr .ndd.d Ji*idn. Rkrc'brhn ir e
drccd b $. P@pkridills. rrlBqothrton, c4L4ktbn, rnd Pntokrh'rord, rE disi.d b lh! Iinily rhi..p[ynec B^r.
NiD & Lorc, sidilc phi. s ir $c [hdr rnd of x. crdr,4'tD i! drL-i!.d { .n h(ipi{r pFIMd i4r or
rcIlid, rrd rdtonridr ol cprcelEitr prioB oI .h. nin'drr.r.d bnrd a,o!.c illunhd.
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Iron Prcbctb,hpktt to Rhr1tblbt , .

Ttiol@ic drhnilr
F6id trvoluiio .

Introduction
Rbaothroa i: in Upps Devooirn (Iamcnnirn) lowcr vsculn phnr rcporcd n6'n Bs. hlidd (n

niabilit ot C. phrloptei), ne)Eirn (R. .o,*ata tn, R. zrsorrarctdal, Nw Yor!, lhc Perry ! inofMiinc,
ihe Donetz !$ir md wc{sn sib6i! (R. incutrn), nd v.s virsinia f,R. a&id,xtu-). Tbe mo* conr
plstcly known lp.cis ue R. ,rsopEtoidet \Lr ca 1911, 1954) an' R. cetutdfltith lANDRrys ̂!d 

!ErL-
u6:968); ths $udics havc e6ph^.iz..J nhacat)httat's fe$like (zysope.id) and prog/mn69sn-like
($europhytdl6n) nolpholosy, ,Rrd.oprrb, is 1 paniculirly sisnificant ges jn the sudy oI frcnd.vol ion
from baich sy$cms bd.us ot its Upper D.voniin .gc, its n.n.idonil morphology, rc?*nivc bmndi o.dcrj
of similir .nitony {includinB *cond.ry xylcn), and bdh bisqi.E and qu.dftri.e pinMc bnn.hins.

rf Rbacotbrton G not ! fcm, therc would sl6 ro bc no knoNn Dcvmian fo6 .r pr6c.t. vih our
odst tnNl.dgc of Upper Devonim and lnwr Crdoniforolr pGidophyrs, rhc @ognnion of lhc 6r1i6r
fdns is dcpcndcn! laally up.n 6b6listins the evoludomry squcie of fond norpholo8y, h@^!s of the
appfnt hdr of d.tindvc rpoEtrsill d'ar&ero in 3udl plants. Frcnd morpholosy should rcp.nt. f.'is fiom
oth{ va<ular phns Gx@pr pEridospems) of the Upp* DevoDim-Low€r crbonif!.ous. Our rcinvsrisa-
ti.n of Rhdcathrtas c.rdt aiLn \s mphaizcd th. brh.litrg panenN, ron.lJlc norpholosy and their
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wirtions i. orda @ ccvrbat. lhc morpholoSisl in@pd{ions ot Rhd.o?hrton ind is natur.l .ffinidcs
*nh f.r.s, prosydncp.rms and oth6 lovcr v.scuhr plan6.

The revked dB.ription ot lRrd.op')yton (Bk"s n is b$etl on 40 sclcctcd rpe.inens, mrny ol shi.h
siow lilsd intae polrionr of lhe planr thm plcviously rvrilablc, ind oi a cex.mi$doi d fuais dF
srsi0s of soie ecci$cns de!(ibcd by A^_Dnirr L ?H".L'A (1960. AU sp(in€Ds.rc from ihc Uppcr De-
roDian (niddh Fanm ..) ofvc$vnsinii.

Ar in previous d6..iptions of R. ..'crz,sixz (A"-bE$s & lrnj,rps 1968) the tc n5 : rens, vcgc-
, . r iv .  f rondr and f  $t i lc  f 'onds i rc usd, blr  i .  shotr ld be clor f t . t  thc bnd, rysentr  l id<
clci..ur dkrinaiotu of nn ix;nl-|pDcndiculir synm ar thc nm-fro.d lcvelof diffcrunrilrior lr,.otr).o,
r.tr6cnu a putarive p..Jro.d nagc. whid is pMic!1arly ,ignifi.rnt be.lsc of the .rolui@"ry devclop-

'nenn 
vhich hid alrcady ccr.red, erpe.inlly id the serile brird sy$ens i.d, in r!h, [e.!Dse of ti€ n]

sighr thcy s.m ro prolidc on tfre evolution of onc typc of frcnd,
Thc ajor baidl axs .otrdpondins mo$ closely {irh r hdlis or pfiyl]optor i,l thc $crilc and fc{ilc

frond-lik. ponios of icrd.ot r/o' .rc intc,pret.d as Lrdnch sy$mr, \'!icl cxhibit indctcrninar€ ipicll

sowrh ind ssndry sbNih- The $qilc trcndlikc podo.s cnn dFnse rrm N.o-dincn5iom! to titcdi-
ncnsioml brrn.hins, .nd an b? rhrcc diNnsionilly $crilc or beconE fedib dn6lly. Thc tcrt;lc frodlilc
blrnd' sFem k e$drinlly lodolosous to n nrnin .\is or stem, Tlerc n, thcrctorc, r nrons brsir t6r nreF
prc, ins ihc rhrec de$r ipt ivc !nni ,  stcms, fer t i lc  r ronds ind vcsetr t ive f ronds is hoNolo-
sotrr brandl {ynens with the a cscttr ti v c !rond ! showi.F the sr6!c$ dcgrec o! rp(ializition towi i
pl$itcd frcnd, whilc $ill retaiiinE t|t potcititl for inddcmriulrc srownr, threc-dnno*ionrl bFnclnig iid
fadh nrrpiolosy. lt *ricdy qulin€ .nd folinr n&rprci.tioN werc ipplicd b xrd.oPrlr.,, \'niour fuF
rho an.omic^l irformrtion, thc mdt likcly foli.r portiom Notrld p@bably bc tu rNo to thFc ($ndih6
norc) ord6 of di.hototously diidcd nltimftc rpFndrs6 r,hi.l' @ur ririosly .r rhc bi$s of br.ndK
(iphhbiil'kc ind sqih o. tdilc), indi.lons pinartc hand$ of bdh *dl. .id fcitik f'oid3 (phiuls-
lik.), Th. inferen@ is !ha! thc sporinsii 

^rc 
folidFbornc, 

^nd 
thc plclumptirc sinrnional $gc of prcfiond

nolpholosy cxhibncd by irn&tlryro, pi.sd$ i dose plrilld *nf pros/mnorpernB ii the porenrhl cvoh-
tion ot n frond from pinmrc [rin.] sy*cns wirh toliir .ppcrdag6.

Matcridl and Collecting site
Fofry lddnion $lercd sp.cidor of /irdcoprrb' wrc sudicd frcm hundrcds coUad r a rcid cm on

thc north side of Shrc Rourc ls, reo miler $c* of vrllcy H.id, W6t Virsinii; rhis i dr sDc snc fiofr
whid R, .erdd,si!r, and rwo speies of ,,1'.r,0opreli' hrve be.n rcportcd (A\Ditss & PnrLLtr! 1963i Pxr-
Lr$, ANDrDres 3. G!"_siL 1972). The zonc ir iD rlD Hrnpshitc lornniion 

^rd 
thc 

^se 
is lite* CNrdisi

srisc !o earlic$ Brdtord stigci nr luropcnn terminolosr this is drc niddlc F.hcrDiin of rhc Utpet Dcv.-
nian (OLrrER c! al,, 1962, 1969),

'Ihc quarry aro vhi(h sc collccEd w6 nboui 1.6 x l-l m id wri p:ft ol ir #sinnlly expo$d cx-
mvition m.de wnh dE coopcRtion oa \v'!!'^M H. Grlt-tsp'n ind thc \0d vngini. Shte Rmd Com nsioh
in 1970. Thc fo$il plans wcrc.xc.v{cd laycr by lay.r th'ougi i depdr of ibont 60.n. Som. rtein.ns
(Phrc 1, fig. 1), whi& covded up ro 1m: ir6, vcrc remov(d in piecs rnd .ei$enrbled in the hborlrort.

Tle qu^fiied depdits of plant narcrial dppmr to reprsem i! irlilhd chinnal lhf conBincd $vdrl loss.

!rcbal,ly of ,4r.r,zoptdri, md supporrcd tish populdions oI adhrodncs and co$opterysians, bns.d on
rc.ord.d oh,mc cd boDs rid f.n {rls in ,hc,.drcn.

riBurcd .nd dscrib.d speinc.s :.d llidc prcpasrlons irc ir ihc Paldho$nical collcdons, sy$cnr3
rics in.l Evolurio. Sation, Lifc Sci.nccr, Univenity ofconoeclicu! 51016, Conneti.ut.

Methods
Dcs^sing vs extenrivelt usd !o obrdn dctails ol rll ardea of brrn$ing. smnll pic.es ot mud*olc mlsi\

contriring bran.hos wac kdsfded ftom pan o counerp*r h ordcr to ncnd baiks ind provid. .on-
rinuily ol nijor are on a sinsle expo$d fn@, Bodr pd rod counterpan were d€sigcd, .Lthough only one
pr( is illu$rtrted fo. r r!rib.. oI speincns. vrer 6106 N€r. emplorcd m e$in c cosrn( ol i tc\
nakly $ained inp6ioN for photognpli. pu.p6 (Pl,@ J, fi8, 7).
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1'N fis. 1. Hrpounn. rxflL.' l  rclodjoa oI ttrtblt)lh, dqbtEr,, shoviig d(L o! $ni rrd @io ixir ($n) iboN r n
neo. 
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rdrifi.d.*6 eeic $udkd wnh r.$niqucs dcscribcd bj/ AE.( (1955) nnd tl^lJrN (1966) for linonnic
pcdfictions; Pc.doun! w.s subsirured tor Hrrl*o Synrhdic R6in. Pyritiz.d rxer, cmb€dd.d in pli$i.,
were sudi.d, for rhc Don p.ft, dndly from sw .$. Ground fiin siions of linDniric p.rifaaioN wtre
dd,.d nr oxnlic i.nl .o cnh.n.c dehil vlm wcri dricd setions v.rc menEd in Pemmrnr or lfl,rm,

Descriptior of Specimens - ccrd,l Morpholosy

Rhd.b?hrtah .(ntn,sran (Tcrjig. l) Ns d(r ro smi-dct, vnh thc 
'nrin 

axis or $cn i$inins
more than I.s Dr in lctrsrL nnd !p b abour 2 cm in Nidth, Thc long*i recovtrcd non spc.iNns wqc 7s
/7ch $d iDconrpkte (Plrtc l. fiK. l; Plrk 2, fis.5). Thc rppard* spi.il pLrllotuy ($csotixy) of indill-
d!.1 seilc lrcidx q)oftd by ArDRrrs & ?d,.rrrs (1t63) n adurllr i iahc spirrl of rwo vsticll rowr
of lioids on bodr sidcs of rh! $mj rhe so rcws oi mo\ ridc ne fomd by ahcnrlely 0tr.rscd pnirs oi
frondt Each plir ot *sllc ftoids hs I donnon Lr$c with an .nglc of lbour 90' bdwen ihc two rdis$
of . trond piir, I'hcrc is n dichotomously briNhcd iphlcbil-like rppendrsc larerally or ..d s c i! (hl coh
mon btuc oi dd, p.ir ot ftonds (To{-fis. 5A)- tic $cilc frond a!.^nsemcN on d,e 

'nri,, 
*o! i1 d,dcto,.

quidrircrirtc or tcm{idlols .s nre ihc $crilc pinn.c oi drs fc6lc frond5i fcrib fondr hirc not b@n
found dFd dn(rly to i hrs( sen or mri', .xir-

Thc $erilc o. rcs.'r'irc tmndr wcrc prcdominrnily tvo<linension.l Nnh drFdiio\ioiil odcicid
prnn.rily;n unin,itc didptornou dilnions; bh'd,n,s *ar.cpo.&{ by A\DxLNs & Pfln,.rls (196s) r,6i
pn,nitc ind bi$rintc tor frcidr up to rocn, lonE, hur !q&..irc fronds 40cm or lo'lgcr, sndul to *enn,
i.c tripinflitc io tripn,n.rc, rnd mry rko cxhibn dnrdiy 

'lnc.'dim$ionil 
seilc and/or fc,rilc $orpholosy

'rhc,izc ot ahdrcd ssih tud isol.ed fcitih nohdr dillcn.onsntcntly. Rrdri, dirnucB ol vr*c,r-
tive tronds lrc up to 4-5 Dn, wl,ile dro$ oI isolitd iertilc {rordr & np ro 6-8 nnr. tlo$ fcdle trond
poftioDs cDcourtcrcd irc eirhir a 20c narihun lcngrh 1id i,tronplcrc (ANDRL\9S t{ l||r.r.rh 1963), bnr
spdimcns rp to 50 on loDs sitlr prnnfiy pinnic !p b r5 cni lons hivel,cen obtrnrdd ir $h $udy.

Amons d1c fiond lpcciNcns wi& rrdhcs 40 c or Norc in lcngth Me fou. nnersldi.ionrl rrp.s of
f.onds, wl,ic! hivc 6ccD p.utinlly illu$rrtcd in Trxt llg, I (l-lV): rypic.l svo dimsrsiddil eeFonrivc f'ondr,
Ij vcsctlrirc liotrds whidr disrilly.xl,ibir quidri$lir.c rcrilc pinnlc, II, vnh thc sidc r|f.d-dinrcnsionrl
.oNFudiotr s icnilc {ronds Gcx.ris. r); n rcschtivc typc of foid whi$ din.lly cxhibns in ibnan ransi-
tion to qnadrircriitc funilc lrond Dorpholosy, llh,or i rhnrnion In$ to scrilc qu.drilcriitc iDJ tl,cD ro
f.rilc ltund Norpholog) I l lb (Tcxlfis. 6) rhk .ypc of fnnxl .lso pGs6s I frlsc didbtouy ol rlR' rr.$is
dr. to cmndly 6ipn,n.rc sruwth.f r pnn,r orisin i,rB iu$ b.los thc kriNnion fro'n bisdixrc ro qu.dri-
$riitc nrdrphologt; itrd rhc typical fc(ile fretrJ, Iv. Nhiri nrry bc$rilc [iillybut n q(rdrk(ii'r rlr.ullr
dt - no bi$l .rdhrcnh of thc r)picrl fcrtilc frotrdr hnv. lic.i 6t^blnld api( fro r r.Dli'ionrl
for s IlIl in lllb. ln suDmirv, drcrc irc:irid io.il fo!$ fron $vo, ro ilfeiinrcnsionrl brinchir[. ird
fro$ $ailc ro fcitilc mo+ndlosy. ,{s pr*-ionslr monioDcd, !1)c kolftcd lirs. fcdle froids ippcir to !.

The lr*i. brrD$hs paren ot Rhu.t,bttan ttah,girn \s oD. ol pNircd or didroiodro0s briidli,r[. ic
conp.triod bi{lly by 1 h.cd p.n ol ipl,lebir-like rppcodqjei up @, bnr nor includins, rho uhiffitc pnnrr(.
orde., rvlli.h b.in iniilrrly dichorononsl).br.ndrcd rppefd.sq\ dw rniy bc .hlrdcpriz*1 ar pi'rnulg lit. bd
non-1.'nidite. Tho p.incipd dininction bchyccn.phlcbii-lik0 d pnrnulrlikc.ppendlges ir pd\nk[, r d b
some lrrcnr nudb.r ol divisiotu rnd size, bur n sccnN li\ely dDr dEs aFhdrses .lJo dshibncd rr.yin*
crpncni$ io.xpind nro norc conplla pnrnarc brrndN, whnh ir rurn hiye icv{ilordds oI dors. s.d6,n"

Pcrhnps dE nD$ impodant speci of d,c pnircd orsiniznrio. sm 
'lrolghout 

Ar.turrtlo,! nrr\nlJ:l
n tle pririns ot. fn,n.rc br.n.$ (prinmrv pnna) $ith !n oppGnc pinnulclilc ep<ndis. i'1 rltr 

'"*.!:,.-Jonal $4ib nond (Tcxlfis. tC-E). Thn piir ot unuquilly d€rclopql divniod lcmr io reprq.dD! rhq ! i:
ficini rcducrioiil $cD fmo r rbrednn.nsior auadri$rirre sErilc fio Da $o-dinrcn5ioi.l binrli:.:-a.::
by dre pinmr dcr l lofrcnt  of  only onc pinnrrc [ . ind of  a porodal  p.n in i  su ccer s i ,  s]"  :  i :  c : .
Drt ins rcqucncd t lo.s ihc r ichi \ .



Thc dcailcd b6idii',8 of !h.e typs of ultim.tc, nor-lnninate piinnleliLe dido@noui divirio!. of th.
s@ilc fMd .r. lhowr in TexGfig. 4. only onc rype ol pi!,nrlc has be€n found on a givcn froDd, i oily onc

ryF of frcnd on . giv6 *m. No h.ric dilfc66 vcrc oth.Bis fouid h thc *qilc frcnds tha. borc

R6B 1.5 mD h dili.r.. 
'ith 

a c6ral priniry ryl.ry trand su(dnd.d by..dhlly digncd tm<heids,
ecur on rhc o.in ii6 (TcxFfiF 1, Plft 2, f;s. rl with sr.nb frcnds. Rms o. r@rlikc *ruduc dso
oc.!r nlons .nddw, ve(icd bn6 on ihc $m, dos obut not on rhesne sidc$ (he fionds, $d.lldct n-
&l ii lhc $n. diKlio. and vd. in fi. Rft conpftsimil plan. s th€ scm. R@.likc $ruciurcs ile ti*
bcwai !od. rin, ol $rih f6nds .t rh.n co$mon b.s.. All of th6s mlr or @like $ructlEs.rc iner
prelcd 6 idventiiiour &t., and, wlilc $dc k do eiL^.. .h Rhdcotbrta" had i c.nthl Mt sy*em,
nrnt rooFlik. ry$6! *dc cncountded fiar .ould hor bc rer.r€d to any genur,

T[. fcnih $rcdics of ,R. ard.,,Bt,, htvc ben dFdibrd in ddail by ANfurws & !F,,.'.,ps (1968).

Mah Axi' o. Srch

Thre ftm ,peincns oI 75, 77 a.d 37 cn ld8rls r6pEtia.ly serc onpircd dinc.s;ooillt GGm widrh;
i.renFd^l hnsrlt ii ordci to r.o$rud i la.Bcr scsnc.r of thc nain asis wnh relitbh spsins, .id ro
dcBn,inc .hiis6 ilons thc o.rlappins ldsrlEi dD nod..!n$.ft Birei i, lhc fi@ IiBus indi.ic rpp6xi-
h.r mrde ot hos wc rl'inl c re speinrhs vorld olerl.p ebrc I, Iis, r; Phtc ?, fi!.5; Pl.rc ],
fiq- 7). Tlr r*o lMgcr rpa.immr appe.r ro b. qunc sinJl.r difrdiionrlly ovs thc Ln$h fo nod6 6-20
rnh f i .  h iE rcndr for  i i .6e a.d dcss in lcnS (Pl i ic I , f i&l iPhtc2,f is.5);6orhcihiuni .v i -
dc.cc of 29 pitu of fbnds; i'rprnod.l lcnsths w€r. l.l-,|.s(m with an .vcnsc of 2.t cd. rond F.ns irc
noft dsdy rpr.cd vdrnill)i ii .he diddh ponion ot rho $o nehs. Ip *cn diimot c irc lo-t3 nn
nnd 7-lI tun ftsp.crirolt, The thnd, shot( $om spaihd (PliE I, fie. 4, n.ilhcr i nD( ipi.nl r8ion
.nd/or rcpldhts 

^ 
young* Fl.nt. Irs *efr dintu.tq 5-9i1fr Rith 11 pan. of fords lid inlrhodal

lcnglh! of 25-4,ton $d db rvdage ftdiodil lcnsdr of 3.4cm, A$rnins drdi rhc ovcllipping potions
of rlic rcc speihcns sivc a hi.ly i.curi& i liclrion of i i1oi. .oniplee ind lllstr $on, .lrcy would i.-
pre*nr r composirc lcDsdl ol 111cmiw r rhe csrblirh{d rlrc of tapering (1Drn pcr l4on), a*c$ l.3cn
in bisil dirors *ould ud, a hcishr 6f lppoxiortcly !-5In, Nn[, termin.ldiaNccr of.botrt2 mN.

'Ilr oaurrcne of p,i$ or $eiilc tond' on dr m.i,, ixir tu unexp.ced. sin.c pndic.llr dl irformitive
splirs of pirt ind counrcrrrd spcindN rctcilcd dr miin ixir vnh rhcrnarinB si'|glc fronds. lans of fronds
it $vcnl nod6 bd to funl,r .lcsisitrg of pr$ ind countcrp.rrc, .onfirnin8 rhc rcgllif c.utrcn.c of pan al
fondr or rhc miin axis, !$ally {oud nhcrn$ly i. drc pin and rhcn rh. .ountctpr4 .t tucGivc nod6
Ncrc exnnind. D.gnSinF of thc $rilc typc ip<iscn of l- ..r.rz,st/z (USNM ,12317, rig. I nr AxDri:ss
& PhrLr,rA 1968) 6tabli$.d thc Fnr qud.nc.iit nrdnscn$t formcd bt s\. rots of p.nd frcnds (T*F
tig. :),

ah. rwo rovs ol p.ned fFnd5 in thc typ. spcimcn cxhibi. i fnlsc spial, whi.h ippr.n y coi.cid6 viih
th. intc'n.l lviiins o lishr .o6tion of lhc bil.krally symmarical \alcn $nnd of tu iBin $cm (?hb 2,
liB. r)! this woukl losi..Uy pl@ sucesive tfond pins n.xt to thc priddrl looplikc ietu $ sd1 .nd of
dr br'like pdniry xtlem, This ryp€ of lpiril ir not r ouc phyllo.i(ic pattern Md should bc dclisntted
.s i fik. o! psudosphil.

likc spnillins is snd!.] .i)d lenhter! in somc li€. stoms (Tcxr lis. 2) rnd vifui.,{ i'1 dllc^, oeur
firrs ovq rlDfr dntin.es. ln tic 5psiNn shosr in Pldcr, fis.7, drc priDr.y xyl y [r. ol d{ $ch rot^t d
180' bctwecn nodca 34 .nd 37; ihr spirnllcd posi.ioni of the frcnd pais in rhc s^hc ciion rvatu @nsistcnt
Nirh obeNi.ions of ,he retatior of rh. bilathl rynnctry of rhc pciricd xyl'm.

R@15 .nd Roorlik. App.rd:sB

R@tslilc app.ndagc mlr Gu. in lso ir6 on fi. mrin ri6. Rm.like irucrufts 1r. .k.hcd to the
nai. sh (Plntc I, fi& 8) in a @lum, o. in evdl soups, cl@ b h nd on ih. r.n ddc of rhc $cm
rs th. fonds. All ndiatc h thc smc scncml difldiotr, ind moc rhan Ncd.y nly @ur in n 8rcup. Rm!
likc lppcndisd *o irie Lqwen r pin of fionds !t.hdrMod btue (TerFfis.I, Pl.ro I,Iis. iiPlat 3,
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T-!fis. 2, Di.snm 01 p,ridn of Daio lin th)
uI lhc *.nh eec leftin.' (rs^v {2$/, fis I io

^Dr.$ 
& rHr.,.Ds rec) or ru4@ttttv 4frk -

!r!,5r6ii"3 rrE frr'. rpinlu4 or uo ieftal |wr
or Fjcd re.r ir. ndi* *nh ! ffitr tee rc-
st lct jbyd!x; l i ' ' i 'sdrt I fdn!nh(d.nn.Nr.

INTERNODAL
DISTANCE

fig, l0). The r@llikc sJ!.ture in llab 3, fis. tO is 2 mn wid. vith ! ccnht ri.lg€ 0.5 n wide, ird n has
irrcgllarly .rringsd unbhndrd l.EhL, *hid, ,E I mn {idc nnd sinihr to_thos mclitic sdctlro bornc
diKrly on tlc *m in s.oups.

,{ niU hain axis, s mm in diadcFr, rnh frorids hid pe.ifi€d imMy in .hc hain lxh dnd in somc
larer.l app.trd.gB (Plare 3. tis. 9; Pl^e 2, fig. 4), whidr c b. rtsudcd ir n o$ a @s, Thc xytcm
of rrc nain !xi! (!ent .xhibiE in fios{ection rtE typical oloielE br. of prina4, irl.d whl lwo prcro_
ryld srolps, or psiphcnl loopJike am:, strounded by abundant *coldary *ylm. * p!dio*]y d$nibcd
by ANDRlws & Pa'rl'ps (1963), The .trad'cd loos drc 1,5 mn in dianeer and appar io dcp.r in I snrslc
!o* vnhout rcellrr rclntlonships ro f.onds. Crc$ s(ion.l xylary anardny of rbc rer 6i!i!* ol a rineh
giorp of prito^4, xyleF rndlcids ruftorndcd bt ddhlly alisned u&\eids, probably $cond y xytcm (ptlle
2, fi8. a). Thc hlin tuoB rilh sud an.tohy h^ye nunerou, unb!.idd, l.rel 

'ood6.bour 
0.1 Fm vi.l..

In flmni4', rhc !@s .Dd r@Llikc appendrse! .rc int.ryd.d ns .drenrnioN @ts, M.ny .rlditionil r(s
of lndd.rdincd n^turc v.r€ toond ro havc de.$lt ddi ing rod,lile $nKhres, as hrvc b@n rponcd hy
KRiuscL & VEyUND 09al) lnd by ANDxEws & PTILLB (1968),

Morpnobsiql V.ri.rion of Vcsct tivc Frondt

'rwedincniionrl !nnd,i.s

v%d.tive frondi occur in pairs on opposiE sides of thc nai. rais, dd ihc adaxial andc bdsen dd!
Lotrd n.hn .nd rhc *cm i..'€.s doqnsrrdl) rcm th..pcx oI 

'fie 
qm (T,qr nF, lr lla!. I. fis. ,: ptr..

l \
-1...--:.:.
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;  - -3rd ordel
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^ b.i.d, ,y!*a ,h.. '  .r i.- l ro'n. qunthrirt th'c dirdsi@rl

bnndii iF arm s odry i l &siu,nit inlly cl.Fvdrcid vnl, $.uirv lvkh otu bllr nitu@l rlr '  sPdolo ir iLl0ih ! ;

Phr r, fs I i i(L durdpirt id Pl!! 6, rig5 :r, 1r. fu!|. dui, I r r$i



I iig. 7) vnh !.glcs ot 10-s0c in lhe uppcr td of rh. slen a 4o-7oi ;n rhc lowcr p.!r. EidI rcse,
ti,ive rohd (bmn.h svtrm) Ias a larcr.l rphlcbialikc *Dctulc .t nr base s nm r6e @mmon basc of 6ch
frcnd Pln is tldk.d by a prn olpl,l€l,ia lite {r!c.ur6 (Tcxt fis. 5l|; Plar 1, fis. 2). Tlt nphtetJir,lilc
*tu.turc is 2-5.d lory iDd is l.s ryomctri.nl dritr th6c rublendins suhsquot bnnch ordes, tr hs an
elonsitc pri'niry .xis vih iltcrnarcly arranscd sondrr' btnnd6, didDtomously divi,lcd.

'Ihc rljor b.indl* otrs $c radris podion r.e.h.nnrcly rrtrnscd nr No rcws (bis*iire) wnl !|t
tollosins scqucne of dinges fror dE b6c of t]t ndii toward dre dnd drd (Td!lis, 3): 3-4 .ftfuoatins
Eroups of did,oro'lously diridcd latcrlh, thc fir$ of vlidr (llaE 2, liE. 6) is ii a citidlo ic posnion
Grdmidc ot hd,i!), rnd lllof dur EEnUe llt uhiirtc rinnllc-likc divisio.s on pinnae, crccpr fd. ilen
orlcdly thrcFdimcllionrl form; ncx! arc alteiDating pimac of $cccsivcly i'rrasd lcnSrhs (p.*icuhny
thc bainl mo$ I o! 4i Plxtc 4, iig. ll, 16) up io I nrixnhun hngth, vhjd i. drn iinhi'Bl h nc.i rhc
eftinarion oI the vegslrivc lruid o, ro n{r t]t ridrltiovorero ih.&-dimcNionrl a.d/or fcrtilc horyl,ology.

Undesrindi.s ,hc siBrificinc. of diior bnnd,kts or didrotomo$ly Lrrandrd hrq.k (pinfulc-lilc) on
tlr t*Gdimcn$'oMl, bissiae vcgelIire bnn(h ry$cm i\ Rhdcothrton ..,d!d,si!, ir dgp.ddont upon fc.
cosnirion th.t rhc lc8aalive rrcnd e\hibi$ thc porurial ot hins quadriseria,c and thftc-diftnsionil (Ter-
fis. r). fhsc ncwly disov(cd, miior bnndla f.iturcs .r. nrcrprctcd a. yc$iBiil. .nd ddiv.d from rhe
qudrneriirc bnndrirB D!(cm nrdimrivc of.ll tlE $.jor bRn.[ ordqs ot Rh".otbtto" IioD ricn b
pinn a., Thc innroNy n not lm-n for iny oI rhc pnn,ic or JiduonolJy di,i&d pin.ll.,liLd nn'crur.s
otr tlE lcsctnilc trutrd, rnd rhcrcforc our intc.prchtion of ni;or bmdnors n dcpcidonr l.r8cly on ihcn

Ar dr h:c ot .nd oppGnc io Rd pii x (In$ od scod o er) is r snrll didDrotrNusly briocld.
pimulc-lilc dcvalopn,cnt rvhid, is consistctrny cnhcr nbolc or bclo\r tic pl.nc oi lhe ridri! or prirnnry
pnnri (!htc 4, fi!. l2-ls)r dre position ot diis n,dr bnnchlc! n coilplriblo ro rlit oi I xccond piNrn of 1
pinDr pin. Virious dcsks of .ttiincd-JcvclopD,cnt of tlt bnichlo ob$ryed ni this p.snior (Tcx.fis. 5,
B-E) rub$dliitc ruch d i'roryr.rltion, $pe.hlly wl,orc rlF lwcdinrdsional ycsctrtivc lrord baoffs rhrN
dimensionnlly qudrncriiE Nith un.qnrr sizs ol nrclwo mcmb€s ot a d,ma p.ir (Tc*Jis. r.

A seond rype of nrinor brsxl bnnchld on .he fiN i,rd $cond ordd pjnnr .lso o(uB, bs h hrcnL
ktudrcni4t rhis dnnotomously bdn.hcd {ru.r!k s{cns coDpioblo to thc ipikbh-liks sn(iurs d ,h.
l,rsc of fod pairs ('lcxcaig. 5 A-I).

In both c.$s df ninor brinrhlcc (r[o* homolosoN n, porition 
'o 

oDe pinni of i pit itrd o trphl.bi]
likc n.ucrurer rc{pccrirely) rhc di.hoionous divkions n.c rin,ilnr o ullih.to pnn,ulc-lilc divi,ionr. \{hil.
dislin.rions rmons ill !hc pinnulclile, didotonroui ultin,rtc dirisions rrc posnion.lly h.s.d lor rhc Dur prrt,
and (hct hit nor h sisnifi.nndy diffcrctrr in rldr.r(cnnl morpholosy, mEc d;ffcrsnccs h.k bcn norcd.
Tlrc l,nsrl rnd dpposnr br.nd,leh compi.rble ro tlE s(ond pinnr of. paii drow sr.d.rioillly hrse formr,
posE$ivcly up ro dislin.t p;Nrac (Terjis. s D-E)t tu r.n,c m.y bc qid tor rphlcbia-likc sn'crurcs, bui
usuilly ihn is rppliciblo only to $ch $rudurcs ir rlrc bsc of r nchk ird nor r! rlt b 6ofri ric.,^pllc-
bhlilc Gri.d,unic) diviriom are usnall) syinnedcil di.l'otonns wnb I 5 ordcn of di.luoilics, Nl IrF
qncnny differ from orfic! pinnulelike diliriaDs of I pjrni by d,dn rc.d.Tcy rowrrd notomo$ di.horoft!
and nrcn lilga nlo of dilisions (ToaFfig- ,1, t B-I; ll c 4,lig- ll, l5). Thcrc ire e\clprions.

It followr iron tlrc.bovc d(cipliors .nd lnerprornlioN drni borh rh3 prinxry nnd thc sccordiry pidn!
ordcis of l tvo-dimcirionnl bn(irtc fro.d in,tra.otrrlo, .cpresni noJification of r priditivcl), pxir.d
pinnl or3rnizition, d thlt thc bhqin@ condition is nttii'red by rhe hdkedly unequrl rnd sreir.r d.vclop
m.nr of oic nonl)tr ol c.& potentirl p;nnn pih, virh rho dclcloped pinnxe ilftrnliins alons th. rldris in
rhc $toc pl.nc, ln vicv ol *c apprciinrrc tO'_ inglc b.sv@n tho .vo menbcB of i l.oDd piir, o. r pinm
piir on . th&-dinrcnsioM! {ctilc or f.iiile fro.d, rfic F(co in rhe bncriitd portion of i fond $otrld R.l
ro h."e b{or .nrblishcd ftrousl, smmdri.rl rota.ion ato from c orisinnl plnnc of bil.tdrnl $,r,ncrr oi
r \ (  ( l . r rydonl  r rdn..  AnJonn. ' l  d,m on rhb.,(  hckins.

The J*4 dternrti.s s.oups of didrbmously dividcd l cnL Gtc fiN bcins catadtum;.) i l*brlL.ni
of thc vcgddilc ndlis (Toxt-fig. r) ire l-t-2.5.d lons sith 5-6 ondcN oi didDrooy. Eid: ol ihcsc hr.-
nh 'nry bc intcrpr<cd s cNp.rahlc to a potenlial pinnr prir, rhe two mmbm of sijdr iic rcFr .J 6r
thc fn* didrotonly, bDt Dot .t!.inins derelopDrcnt cdn,pir{ble to tbe progrssivcly lrrscr piniac lbovc thd
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on tltc odis. Th. dis@.nnEnt of .phlcbi.li[e bnn.hls virhin .lddr dicho@mddy divid.d ban.hl€B,
sudr is r56c b-.lly on thc 6ctis, n hrsely i dbrcric.l cxercne, hut is p.siblc in . rrdb6 of speincns.

Pinh!l.likc Ultiddc Diviriols

Ulin8rc, notr'l.ninarc, pinDuleli[c didDtonDu' div;ioos or the pi ]rot $rile fDnd! !r ol thre b*ic
typ6 (Tcxtsfis, 4, A-C), *hidr irc rc$ri.tcd .ppaletly to s.pirrre plans- FrcrlucDcy ol *clrr€nce oa
tlc6c basic rlpcs diffred n.rkedly in thc upper ntrd loqcr poridns ol rhc 60cn dri& Rratothrtah z6na. N.
bsic diltorencs vcre db(wise iolnd in rhc v.ectitive fionds !h{ borc thon. Typc A is rhc mo$ rlrcdi-
ffnsional, with rccurvcd lips on all ultinrtc divilions, 

^nd 
wrs the no* frequently cn.ounlocd in ihis sudr

(Platc 5, Iig, 17, 18, 20), Typo B n Dor fhttcned wirh $nisht tips and lcs divcrscnt brird,s (l,h& s, fis.
2l)i thtu typc wir No* lbund.nt in dre $udr by ANDRtrws & Pn!.1'ps {1968). Typc C i sr ric i I y two

rtrb'.{rr 'rrr d$ {nh i dnDls! uli i \rc pinn b!$!f t{o rdrioful. inr( divi ' ios:
d.! ol rl i lL djlfcrdtr L|l* of wsd{irc pil lul$ {r-c) lN r !Fn,* f lI tr rudr 5}nnq.i6l tur.shipd q,hLd,ii l j [? t,n i
otr,ri. Lw(,!h, mJ ! sf s iDhhbir l ikq 6nod, or 16.ld*q ld, Ty,! r pi,nruLA ii! rtr.-, l iN!tutoiJ vn[ Nuvld .ip,.
1r!. D k dsdirLLr Nc.rin!*io'rl lv bmodEJ r !(iBh' 

'  
D.'rr nd. s( rtk lr Llfri i lr

dihcnsion. l  wnh b! .dr6 ind uhimltc div i r ions f l i t tcn€d i !  a s inslc pl tnc ( ! l . tc  5,  f is .  19).
Type C *.s nrs! r.d u$r.ill a$ftiftcd vith planr spccimh3 barins Trpe ! pinnulciilo Jivnions. Phn6
vnh Typ6 A d ! uhinr.i€ divisims wcre l.rsely conrinsd i6 $p.nrc zon6 vnh Ttpc A b.ing in ihe

Thre-diNnsioml Br.ndins Veget.rive

Threedimnsiotrdly br.ndied, acgd.rive fturd nD4tDlosy n €xiibned by sft ntrndEd vq4Iivc
iiondi di$ll, (Tes!fu. r), !d rbn moryholdsr ni). .ho bc prsm! in a frond rcsion ranskionrl o fedle
fiond moryholo$' (Te*-lis. 1, IIIA), Dnhlly, r]t disljic! dev.lop.rcnt. Lur rnequrl lengths, of drc so
prim|ry pi.nrc ol a pnrna pin oftus oi the rudft of soDc weseEtive froids (Plae 6, fic. 22-24), an

cBA



-ophlebio- l ike broich

rs!ti8. 5. r,qsr.ios of bsl p.nims ot w.*, iwc bnrd, ry$qms oI 31 n!li5 pi;5 itr i
mdrcdb*.oudsl iosl /dcydop
Fn or .pitlbii-tirtc bnidi€ it rh. tsc oi i r&\r pir vn[ .hrc $i (i oi i6r ]Nd por

hEodrl.c c, hlqu b dcdoD.d lit .f pdnry piii.! vrh tf. rh

r( oi r.r., L&6 $6rcid.d 5t ipH!6;-1il$ 6nn&s. Ttl Fd{iomr r ! do6q of r pimi



aphl.Sirlitc b6nd .t a.ud lae..lly o ci.! sidc of thc connDn bse of i$e tinnt pan. Sobsc4uoq .16-
n,rc !.nr of iub-cqu.ll' ddclolcd pinnae lom . quidris.daG br.nd syn m- 11. .nslc bawan rh. t*n
pirnae of n p r i5 rbur 90' wh€r€ b.th arc dev.lopcd, blt not nGs;ly rle shc l6g!h; ficir pinnule
like !l aE divkioN fu. $ill oneDted in a siDglc planc. Tle pinn.c of pinni pa;s tend o bc lonSd rhrn
in bnori.rc vcgctalivc lrond! ind rhe dnEncs bchv*D altdn inB P3ns ol p.in.ry pinns.id bdwe. .h€n
secondary pnh.c .rc tr:udl/ sre"rer ind les lnilo.B thln in bii.rift rcget'nc fronds.

Id onc spccnn.n (l,lrte l, fig. 1! ?hrc 6, tis,23-24) di*ines bcissen se.ondrry pi i& progrdsively
incre$ed lrch r-4 fttu ro 6-7mm nar the .erion of quidr;eliite developnen. Distan.s bdwer .eond-
ary pi'nrac ro$ to tl-t2irm in rhe quadri$rirto poftioi of rhc frond, rbd didini$cd dl! otl$ dimdF
sions n1 thc dnlil-nios pair ot tLc frond. Primfr liinrc ixd werc 1.0-1.5 nrm in basal dianrotcf, r.pcdrs
gnduilly. Ar$ of thc di$lmo* paned pinrie *erc 0,5nnn maximunr dianetcr. lcngihs of prnnlrt
pinnre were z,oc'n ro ibout 10.0cn nr th. bicriirc poition, ithincd crin.rd longlhs of !p ro 16cm in
tho qurdri$rirrc poition, and dnnjnnhd in lcngrh down b 2.0cD in thc dnrrl-'ncr podion,

In ! sond vc8ctnti"c fiond. Nhicl exlibncd th. bi*.ilr.-qu.dri*ri.e .haigc (Phrc 6, tig. 22), and
whid, vd.$chrcd *nh rhe spcincn rho*n in Pl.rc 2, fis.5, dr prinry pi'rna.rcs sc.c l.s-2.ohtu
in b6il dhncreri pdmary pinni lenBths vcre lbotrr lo.om in rhe biseri.te podor, l4,0cm in dr mnsi-
rion.l re8io., d !p io rn Brin&ed 25c h rhc qMdri*r:itc ponion. Dntinccs borwcn r@nd.ry pnrnnc
in.ren*d Dorc lnilortoly flm the bnoi.tc (5-6 ro 3-9 toh) m ihc qrid&ediie reBior (t-10 to lo-

Tie piNnc of the tsedihosionil {oid podon .,c lonser idd.diarcly bclow dr r|fe-dincirioMl
po(ior, Md thc fh$ p.i^ of pinnnc on rhc thrcc-ditr'enion.l poition .rs markedly ucquil ir lcneth *ith
rhc ine.tuality lc$ ind 1e$ evidcnt anors succ.$ivc pinnl pritr, WirI orc cxccpiion, vegelxtivc fronds sho$ing
lhc ohrnsc ftom bisqia@ to quadrisshrc aho cxhibn I prcDoriccd bondins or lwistirs of thc li.his ju*
belorc or ifts rhe rinsirion irom rwo to throedinqFiordl florpholosy.

T h r c c - d i ni r i s i o n i I B r i n c h i n { - F ! r r i I s

Onc uni(ldlcd {tuud llcciDEn, predonrnriDily v..s$n!ivo.Dd bigiate, had r liijo! diyision !ftbout
i$ n,idlensth. Thh divisio. i. apprr.rdy r fal$ didrotonry sitl, onc nrcDbci, lhc npplrctrt ridrir ol ntc
tre|ld, cxl,ibniq 

^ 
trmsitiotr io ,tuldri$rin& ssilc, nnd dlcn ro dr fodk condiiion (l'qrtis. 6! Plnc 7,

fis,. 2t-26)i drc odrr n$rbcr @nriru.s Nnl b;e.iitc t\.o'di;rcNiotrrl rorpholosy. Pirnr lcnsds on dr bi
scri e brrnd, incMs reidly freN l-r DD ncir rhc ba{ ot rhc b.!nd, o ovc rr cm dhtilly. Thc nhi',
rxs df bodr nrmbm of dE fals didDtonry m taihr unifohrly rmr $,idc drrcushotrr thcir ptusrvcd
lcrythr, Bclos rhc frlso di$oronry inrer pinm distinco nrc l) Izmm, sbil. in thc qudrisrii.c ponion,
di$Dces bciwccn pirnn pii6 incras. rlisnlty (lt-lomd). Axcs of prn.ary pilnnc ot thc qui{lriscrin.c pot
rion rrc up io:,5mn sidc, ind somc pinnic c.n bc ncod for r l.nslh of 17cn, whilc rxc! oi prir.ry
pinn( below lhe rnlF dichorory iG coNidenbly $nllc! (1.0 sm widd.

The ld drt thc hf! bis*ht. Lflffh of lhc rnbc didotony is not thc conriruntion of dre lichi ippors
to bc dono!$mtcd who, lhc fislrt .luadriscriitc brrnch is ofliced. An niypicxl liond is produccd tha! h6 r
disorg.nizcd imnscn$t o{ prinnry pinrrc t]t lorlldl oI primar} pirnac suddcnlv dccr0is6 jus nbovc
lhe {ihc dichotoNy, irld threc slccdsiy. lpp3dlgcr lpplrr on tie srnc sidc of thc rao\is nt dr porilion of
lhe f.hc didDtomy. lI, howcrr, dre bische brandr of r]l f.he didrotonrr sere re.iovcd, i typicil biscriatc
frod Nould bc plodued dD. bemnes quidris€ri ..ferilc distally.

Tlt lo*cr $crilc qurdrisrirtc pornon oi lhc nbolc fiond sp(nncn is idcnticl rd pEvioNly desiib.d
thredincnsion.l *oilc frdJr, rnd thc .xis.ctre of rcrils modq (Plarc 7, fig. 25) 6n fc(ik fo||(|, hd Lrai
rcEd pEvioudy of n.,,rnrririJ, R. zr,{opr.,ztlB (L!c!!Rcq lr51) and R. .c'atantirh (AnDkr$s & Ptn
Lrns 1968). Thcrc is alo i dificrcne nr .h. morpholosy bctwccn prnnary pinnr of hi$ri.(. vcsdi.ive f dr
and !h6c ot qo.dr;crirtc vcsehrivc ind/or lcnilc frcndi The primnry pi.r. Fns of ih. thrcdimcnsionil
Ircnd! are mor dii6.tlj, sprced r.d individual priniry pinn.c rrc ddcr, ld'gcr and hivc rhcn $ondarr
pinnae.r pinnrlc-likd diyisions, d th. carc nay bc, mo.c disindy spaced. Sierile rhre-dinrcNion{l vdg({ilc
frond poaioN sccm ro be quite homolosos b ieril. loid it$ems, bnr dilfer by l.cking lporlngin on thc
subtending rphlobia-like stuaus (!l.rc 7, fig. ?Z),
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Tqr-fis. 6. Dirsr.m idd prnial rcbqtiq ot D qnrhdrd bdod, r/n 
^ 

$ tutcophtot <Bh"sh'r ,t'oqiE r( ?jr .a :
d lhidr n dnorrr qld'ndi c rnd Iqritc {nods nun[ccd); r ttt$ d

oqr bdv$ guidi*dft iiJ 6irift p.nion; *n[ 6irin . J$ddpnt.t ol lcft dnm (ndds b!.rcd)r t!r::]c rrijit.
p6€Gd by olrrq ndr; rcmii.r oitdDly r nn widc. r 0.2,



Djscut'ion

I /orptoloFical  In .  p er i r 'or .

Iivc morpholosical rspcch ol nhn.aiblt, renbnsi,n halc ben emphrsi,ed jn lhe precedins desdip-
rions: resetaiive frond aiiansendtrs Gtcgot.ry) in prts, peviousl] obscu(d bI lalk spnrllnsi quadri
scriitc pinna dcvclopmdnt ditilly on ftger.tive fionds; llt.inr1c arruscncrs of pirrmc on biseile yesF

ird'c fronds virh brstrllr sr-irted minof brs.nlesi quadiisiat strile to teiiih develop:nent distally dn
reseriti 'e fronds; and r6t iMroDy 

'nh 
roo.likc $ruclurer a$n.hcd to {os and ai frod bascs. Tlcse

drtr permn r nrdre colcrcnt inidpr$rtion df the vlriors {xs aid le$s ban.\ sy$cns wl,ich have bcen
refercd io d€scriprivelr a3 s.ns, .nd veg{*iE .nd fcrtilc fron,Js vith their atcndrnt teminology.

The brsic inatonri.rl oiganizit\an ol Rhacophtton uatd"silu cosisis of mljor bnndls Gt'ns, rudriss)
snh clcpsydm;d primart xylem and $condary xylcn {nh r.ys (Kn,i!sn 3. W},yr.^ND 1941, ANoREss &
?!|,Lrps 1968), ind tbis tlpe of .narony nay be infered in thc p.inarr pinnrc of quadriscrirt. fmids 

^sesiLlirhcd in n. ztsotrelo'r'ar by L(rlnco (19t1, 1954). Tic occurrencc of scco.drry xylcm in all dr mrjor
axa sugges tfie ouline or arid nauro of rdris6 of botl *aih Md fetih lrcnds as sell as some primary

Stcgor i r t .nd Qnldr iser ia!e l !a ichinB

Rccosnnion ol thcrtwGrowcd itr'nscmcnt df p.iftd ndrne! on opposile ridcs of dr nain senr, {irh
i comnon brJ attachm€nr of,ichn prns, now losi.illy rclnEs rnitoiiy ind $csot"xy. TLc tilsc spnilnrs oi lhc
rs.o oppdrnc ors oI pdEd rrhirGlis, in tum, been corelalcd with rotrtion ol ar. clcpsydrojd rntony ol rhe
mlin *dm. lrriiculdrl/ inconsiseni vnh thc bihter.lly ir.nfreri.al rna@my i. d,c n,xin stcn was the cts
prdrtion of closely spi.cd frond n.fin6 is bcing ipinlly ar.nsed (ANstrnws & Pt'LL'rs 1963). Thc d-
curdcc of qriddcd.ro (t*o ro*r of p.ned n$ns), ahernrle brnnchins on ihc nain *enr ir id€niic.l to
rhfi ;n rhc quddseri& f*tile frond. Prcviously, dr pdrcd nmrscnut of p.imrry plnnac on fcnilefronds
$ood out d .n exceptional femre ii tu ordall brancl p!(un al Rhd.ophrton.l{ihcinorq {nh supptr
cdly spir.lled ndi36, bneriite $crile fiond!, nnd quidrnriie fcitilc frcnds, rhc i$plicd morphologialllevcls
of distinction amons rhe $em ind i$ dinorphic iionds scamcd idcqurtc to prtued wnh leriiled honologics
ia f(n oIlanizdion, Ho{cvcr, tl1c repotd dcprydroid in.ton\y in $cm, rachis rnJ prnnary pinnao posed n
pcsi$on! problcd in fcrn comprrnonr, xnd tho pftrllcld rhe typc of rcpctnivc ditomt nov ltnown in

Discore.y ol the occtrdene of q! rndi( dkml portions of orhorwisc bilcriltc vcsctltilc tronds

o$ablnher lhe samc quadrncriate GNo rosa ol paired pinDac), rl@mitc rransencnt as on ihe $on .Dd
i.nih lrond. Thc loenthl iD bisqiarc frc.ds lor quadfttrinE GhreFdinttulonli) brancbing of thc nchis,

onhq cxclusively *olh or {crile tirnsniontrl @ fcnik, .mphrsizcs rlc b.ric rihihriLirs bc$ven bjssiatc rnd
quaddsrj.& bEidr sy*cms, and providq iisishr !o whar have ban intetprecell xs bnsil sclilc portions ot

le.ile fouds. Tlre $esohxr ol mlio! brtrnchs rhcrclore.onriss ol opposile dndchous os( of rltcrnatins
palrcd brrn.hes vnh r coDnon bre Gidrlss or prin^r7 pinnt) and r6uhs in r rcpctilivc qurdriscriatc
morpholosy of succc$ivc brrn.h ordcn with clcpsydroid primrry rrlem sumuidcd l,y scconduy xykm.

A iscr i i tc  B r in ching

Irrc nxjor aeptions rlid iov $!id o$ are the bi.ftine lrimary pinnxe ponions of vesehtivefionds
a vell as all hish* ordm of divisid of pri xry piturr on both yeseBrive .nd fenile fronds !p to the diclo
tono0! ukinre division5- On.clhc quadriscifc potmrial of lhc serilc lrond vls Gtablisled, rocosnition of the
fundan.nt.lly qlrdriseria.c phn of lIrc biseriltc primlry plnnr. of vcsetrtive frdnds 1nd Jlhishcr pinn. ordcB
clafts to the coosisently altcrnale arunscmsr ol sinslc pjffae. Minor didrotomo$ brtudllc$ (or ultinatc
di{isiont r lhe b$c of aid inmedirtcly opposed to .a& ol drc alhmitely de"eloled primlry and rccondary
sinsle Di rac rugsslcd the vestisitrl occuiicnce ol sruciures nhi.h onstitutod the s@ond, pdcntial p,nna of
r pri.. n6e nlrimrle-di&obnous divnions rre sepaaftd fion sinilaf b.sdly rda.ned aphlebiailkc stucs-
rs by th.n basallr oppGite iftad\mnr, not hicul rnd.atadrchic, &d by dre lNt drat rhcr. lre mnsistody
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aboye or bolow rhc 6.hiJ-linnac plrnc. ln vi.{ing ib. bis.ia@ frord lrcn .bovc s in ponio.s of TexF
tig. 3, th. plsern of si'rslc pini! develolddr ibn . po@ri.l p6ir appad.ly rcquiB @.sijr6! devclop-
ment of, tor cr.ftplq rhe lwd pinn. nembeB or rhc lppr pimr mmber, bur no. alernnE d.vclolmd
rboy. rnd bclow rhc plane of rhc froil as mishi b. cxprctcd; rhc oppqed 

^nd 
pdpcndicutar minor b6i$ler

rcprdenri.g lhe lsrisill s@rd senber of a pnr.a pai. vill bc @.rincnrlr iboye or bclow dr frond pl.nc.
'rhc stungG! suppo(n? {i&'u for rhn n,Erpredtion of rlE oppoed bisal band d.!: vetisid reond
mmb4 ol t potontiil piD'a plir k thc dtanse froh bilcriale to quadrneri& whcrc dE proximal mo* pinni
piis rrc qui@ unrqurl ir ,levelopnent, and i pln of aphhbia-likc stuaurts dcur r thch omhon br$.

Aph lcbi . - l i t  e Stru. tures

Aphlcbidlile *luctulcs ncu. ringly nr car.dtutuk posnio.s sublendins dch ords oI bnndrirg flon
r.Sis b lltihitc pinnnc id a'e $ricdy $c.ile exccpt lhosc bclow lhc prima.r pinnac ot le,tik frc s. Thoir
ldurl n.rurc is probhmatic lnd prob.btr. in p1ft fotirf, bui !h6c at !.obn bs6 ddrty h.d thc poenrhl for
pinnslitc dsvelopnErr .nd ,o thoy ro ik bdmiliic in q\arictcr. Aphlebir-likc $ruc(rs occu! in dhdnc,
P1ns, whsc bmnrl$ dcur i'i obvions F1;ssu.h.s ridrila ind quldri$rinte pinni., ihus iddins ro rhc ovcill
rcpefive pntc.n of tlf bru{i syscn ot Rbneotbltoh.

Cofrp.r i rons of  Stcr i tc.n. l  Fsr( i lc  Po ions ot  r  Common Dr.n. l i  Srstcnl

Thc nDrc cxEnsnrc bngfts of d&i*s o{ $silc trotrds, up ro 44 cd, rnd tho$ oI fcdile fiondr i ex,
c.s ot 5ocm vith Fmc piidi.), pinni. of Dorc drn Itcr ir lcnsth, couplcd {nh oinsitions iionr bi
$riilc !o quadrntriia sedh .nd fcrtile bnnd$, ii'sc doubt cotrccrnins crcn rlc dctei,ninrtc lnlurc oI 

'l]tIMd liko bmndl sy*cns, \llile Llt cddcn( is Dd d6r cur, dara on lory sradual opcrins ol rrdisc, ind
pninls, d,e nc.r rcnnin.l pofriom of $me fiold speiror (Tcxlfis. :r), dd orhds vnh scondry gros of
primary pinnac (T.xFtis. 6), susss$ thc likelihood nh! drc rlchk6.nd perhaF $mc primiry pinD^c ol dr.
liond syscmr *crc not delenninrte in srcvth, o! ir lci$ $ill rchiied thc pccnrhl lor i'1d(cnnindtc srosrh
under ccitiin coddition!,

The mrkcd diffcrene in size of qudrileile fe*ilc p6rioDs, padcrlarly radis ditunct4 idd primrrv
pinnnc l.nsth cosp.rcd ,o biseri.te fronds, ftfl(r $mo sisnificint diftcre.ca in srowth of rhc rwo ,y*cms.
Fe.ilc frondr d, itr Bcncrnl, qMdrisc.i.re bnnd' slsreni $cd to nr.io lirscr di.nrte* ind norr cxrcniiv:
.pic.l srewrh k.drh ind pinn.c) tb.n do rhc bi$ift vcrc..tivc potrions. TIG ir funhf cvnhnt in iiond
rpccimcns oxlibnins bis.rinrcnridriserii'c .hrng$, sqilc or lc(ito I'r borh flilile .nd *erilc brnnd, rr$rms
thc primlry pinnnc in thc quadrieriae porion .re nhrkcdly lorsd !d e'icsh.t lMscr i. di.nlqdi oftcn
thc primrry pinnic iNmcdi.@ly bclos rhc qu.drier;.tc-drigc irc th.lonsdt on thc Lrix4irte parrof'hcftond.
M.ximun dii$ccr fo. s@rih frod rldiss ir {-6 m,n, wlih ih.r of ;$lircd rcdlc knti'dy q!(dft.fie)
rdrisc ir 6-8 Nn. ln arc ipccinlm drorins reondnry bipinD.c srovth of i primlry pinni (lc\!lis. 6),
,l,e ftd,h .ppars to dividc (fils didmomy). Th. ixi, of ir bipinnac pimlry pinDr h dE sm dhftrc'
(3 

'nm) 
ar th. 6dris of rho quldrhdiik ftnih ponion. Ho*cv-, tho pjnMe on tu ferilc eonion of tu hl"c

di.hotomy .rc nrarkcdly loDsc! tnan c pinn^. on dE$4ile poitions of thc frond.
The orslni. indnrrr ot cnti.cly quadrkcrlalc fonds to thc turin $em h$ nor bccn c*.blnhed in R.

rdk,s;!r, .lthough the dn{t iitrdmcnt ol a qu.drilcrine $cile podion of I frond is (do{n in R. zrtop-
krcrlls G@ dk u$i@ larc4. vcsct2tiye poaions of th. brnnd sy$cn lre bneri.re and/or quidri$rii'ci icF
rilc ponioN occu ndr. dhtnlly in romc rth.h.J .nd lolitcd frond sysmJ. r.iltre to dn.ovcr i(:.n'n.nt
ol le i t i lc [ rond'y$cDsdi f tdyroin.nl ix is1mongth.nunc'ousF. ineex.din.d
rhar rhc rcnhrivc .rdngodnr.f fcrile tof,& 5hovn by ANDrEvs 6. PErLLrrs (their Ter!fi!. L le6s, n
16 likcly, d.d dri! n;cr dimorphnm of ihc $crilc ind fcdlc bnnd' sysem n :n ovcciimpliiilInh lsrLj
otr rhc .suspiion lhit thce vd a grdrer desre of forl dilfeEntii.ion rnd dimtrpni$thin r{!trl1' rJ:
ed. Tftc bd.$ sysois sere .l@rly c.piblc of d'.ngnrg frc6 bieri.ic ro,turd*eriatc, cirhcr s.ril. ir :.-:::,
rh.re migh [.v. b6 dhRl rcversioff b rerile $d bi.crirtc url6r narurc fcrilc brard, 5vicms rl-!. a-]r
tivcly .b(n$d or by drcir diffcicnr gon\h ..iB bc$r (ansforded into whar we misht liipr in:.r:- :
miin *etrs qi rso ro*s ot dlsrlln,s Daned radi,4.
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rn Rl6co?brro" .erd'Ms'n'n it $.r snl, lincd rdis, € yesctariyc nd'is qnh pdircd o. ah.m.!.,
sinslc, pris.ry pinnac, and th€ r.nilc 

'id'is 
vnh Fircd prihary pime (e$ wnh .pl,lcbialilc $ru.tu$)

- all appa o ba honolo8os b6nd sy*cm3 by .vidcne of rcpdn;re r.ncr.s and, i. tlc csc of Ircnds,
b), k nrfom.rion f6n on rrp€ to rhc o(h*, Rtc.otbrt'i 8* 

^ 
rcl^tivcty conplc\ .nd .cpdiiiv. sysh ot

bandr ry{cN, cldly p.€ll€lins posynn6pcrm br.nd doryholos/, bu! in d. v.g€ta.ivc frcds . lignifi
sn! cvolu onfy hvcl of bisiarc ddclopmcnt .nd plinitioi h.d ben ad,cvcd rhrolshou, c$c.riv. poF
rio6 (up to {ocm lons). ll,c dcvelopncri of only onc mhbe of pccnlill pion! p6irs w 6.ri€d dt
wnh phn*ion up to the didlotono$ ullini& diviiiors.

Pinnulc- l i lc  Ul ! i  i rc Di" is ions

Thc ljnnulelilc ulrinate dnisioDs ol !h $crilc tnnds ol Rhncatbrbn ct&n 8i,t difter lirgdt ac-
@rdiDs !o fosjlifc@$ zonor (Iext fis. 4, A-C). Th. Darkodly lhrce dnnc.sioDal p in n ! I c s rdd io hrnc
more dp rccud{ioi, rs$lins,t t'o.a ttd+ypa ol t ltim.e dirisiotr; d:is iy9c, dBignai(d A, @us in
thc lowd ,oN. Tyrc B is ftorc fla(cncd, ind .lE uhi'n.rc tips are fairly $rrisht. Tl'is lord dirdc@ri7-cd rhc
.yF nN4i.l oI i- ..rdrd,rt'r lrcm the uppdr Taic, llc rhird ind rnrst, Ttp. C, ir nri.tly t$o_dnmF
siodl snl tu flisdrd lltinire dniiioni in i rinsh phnc, Thc dc!rcn c oI escniiillt rwo dini.Nionil
pionulctilc fohs in rhc uppsr zonc .nd Drrkctlly rhre-di$enrio..l {orN i! thc lowcr $ss6c a.rcdl
po$iltc intcrprctrtio.t - dol!!io.n.y plnnr(ion, dioDrthnn, urn tliffcrcMd or j$i iitur.l virii on vf.
.rc inclincd b (xird tlir $que.c. as on of viria.ion vhidr is.ritially neded for othcr rqLacotbrto, :pe
cis if reil dl.in.!io.s irc to be miNrincd nnorB sp(ic! bscd on pinnulc morpholliy.

Pintrulc ridihr b lyp. c rrc commotr in Uppo Dcioninn platrr iscobl.S.s Sod. fofr rh. UpPer
Dcvoniin of Bclsiun hrvc ben idcnlificd N Sr'refltdn ,o&oetrr Sroc(Ni^Ns, J ,'i[.'?'ri Stn:aM^Ns,
ud 5. llar a CRrir"_r R. co,.ra,o'jl', is fron, thit tLoh (ShckNANs,1t48)

Advcnr i l ioux l l  oor Systc 'n

E\idctrce IrcN il. ..',rd,str, nd R, ,rroflcroiler (Lrnx.'*ce l95l) ndiclrs lltt qit itr ldrsntnious
roor iyscn dcvclorcd frcft t|r n.in $eh fld/or bdwen tl$ bas of €.hnesr mclikc sruc\,c hive tur
b.cn r.poncd lor ollu spei6. In rt. .arn!2,(4, drs lir8cr'@s lrc 1.5-2 nrrin di.nuc wnh urbandri
Iftr.li o,t-l,onn in dirncrcr. The cr6!ktio..l initony ol onc rst nnid'd ro i Pdrifhd D^ir ax;
bsrn'B trondt cyhibncd a .iqlc sroup of lri fiy sylun tridcids ruroundcd by rnditlly nliBNd Gdcid'
In,{.,rsorr.ro.Lr, L*!,rR.a {195t) rcloncd dilr& @B up to 6-7n in dilnFrct wnh $il.ifod
(rdridr. onc vcfy nou! onc s6 rou i(idtrd ro thc (c.,, ind uG nqc de.ib&l is unb.indcd ci.cPt
lor onc bif"N c spei'nc!. Thc d.uiic.c of .dvotnious @rs wis P.nicdlrly rctcd ro 6crri R zlxop'
!€1016 spcdFcns whi.h cKhibikd cohcRni in$s ot vcgd.rirc ftunds nPPlrently cslcdnls fiom . 

'n.in

Conrprr isons vi !h o!hc!  Sptcic:  o l  Rhacatbrtoi

IloD $oe rcem d*djled $dics ol Xrd.dlrr&t (Saoc{MaNs 1943,L!.!!Rca19s1rArD(r$s3.?nrl-

'.'s 
1968) 

^nd 
our dgdpdois, d,e scn{ic conccpt ot ,Rrd..?rr!o, h.. bccon,. u,o!c .ohcrcDt, i$un,n s ccf_

tair *pes wc I'ivc dAdbed are i4D.Uy .xlibncd by rll drc oth.rspai$, fte a4urlb!6lor lpccis $pa-
.!,ion l,.vc l,lsmc.,orc rouour baru*of insificicd .onirr.nble dlta or copha,ir on rchlirc dnDensions,

Fiiculrrly of pGcRcd lensds of {ructurcs. Di.sn6cs of rhc 8.n!s .nd dre speis sill lmrc rc bc revi$d
whcn .ud' infohdion b(on6 rvilahle for od'd $cnblt36 of Rrd.otrf,o' Dq.ildd odpir;sois rnons
rhc rp{.i6 h.re bccn nad. no* ro'dy by A"_Drt$s & PsrtFs (1968) rnd, wirl llt cxccprioD of R .o,
.l,,ora', (Cr.r\_ 1375j Cn,x'n.'r 1922; St.c^$._s 1948), da^ihd s{nmrri6 ot 6d lp€ias is gircn in A\
Dnrwr & Bou* u(1970).

A conp.nrirc falurc prcvioudy h&n,g ifl R. ..ra!/,stt .!d drducd in R zlsolt.toid.s is $e
qundriscri.ic $4ilc mo.plDlosy rppar.ntlt found b.low drc fcnile poition 6f fie tond. 1.ltL tyPc of mo.

?bology dds occff in n. @dratgtf dirlnlly in n {ricdy vesetative fdnd, in a td nioi hon bishk to



qurdr;erintc f.dlc fiond Dorpholosy, ind at rhc bM of.pdohin.@ly f.dilc, {ompl.kly qurdrndrir(c
rrcnd. Bec e qurdrj$tirlc ho.pholosy wa5 pr.violrly lnova i^ R, ztsott?.oi.ks onty in rhc fe(ib iond.
r!d.t.ca (lr5l) dcd!..d dnr tbc h3el paft of thc f.nil. fmnd w.r lrobibly q!.dri$riik n.rilc, i! hnd
b€eD briefly nBriord for X. rirzrttir (N^rtroRsr 1902), whcn rhc dncovcrcd rh. toa,er Doniotr oi rn
.f,rdrcd fbDd rl' *$ ncnlc;nd quidri&'ir'.. Thn $it 

'l'c 
l,nir for ink,p,dn,s rtr rtridnc,t of i"

ssocnrcd fsiih fmnd b rlt mai\ stm ol R. 2reot!.6i.lct wl'id' qa, clrcfuUy shorvr dieonnNrral rtjc
ol_re, rcprcduccd rc$ondoi by Ltrc,.!:x{:o (195t), Conrrrt ro N^rHoniir (t902) suggGrior th^t rhc towe.
podon of tonih ltu s ol ,R. r;rn,t/ir wre qladrik,jiBly sEdlc, ScHvdrzir (r96s) lcpoflod rlhr r| ttr
5pcc'trcn, hc hid cxiD,iNd weB cnhd $&llc or fc^ih, bu hcn diDc.sioN vm not *iri. our dNi i,xliclu
ihrt qMdrncli{c $oilc nDrpholosy can be uihritiondl to lcnih noryhologyr l,o*cvcr, thc cxix(rco ot
{ricdr dinolphic liond 3ys0s i! no! supponed,

Thc occutrcn.. ot prircd lnhieJ on tk *dn of tt z/rorrdronl.! c.n he sc(tained by fulh.r !l.srsc-
Dcit, bd oi. Nions tc urc dircerncd by LrclrRi:a (,951, p. tl), but hor nrludcd in hcr rcsro.ition, w3 rtr
cctrrr€nce of .n iphlabiilihc or cdadromic pinnu[ i! t|t lxs of ihe ves€iitir€ lrcnd, r! i nor cl6.

Ethq ,ht wri u irhkbi.-lilc {ructun l.cnll, $btctrdins tu nd,is or lhc c.sdrc.,ic r*tiliit "Dinm
p3n', both of whidr oaur on vcscnri*r Imnds of R. .araLrse,,.

sicns (|.ry- ixc) hirc nd ban Jcponed for )q. Dndbili' ot R. .o,,r,ro,,,J hos.rci, rlr {l,rir.
dimcNion.nJ suptscd ripinDnrc bran.hing of R. .o,/turoun $886. rhar tllc ra&L whidl is l5.D loDS,
I cd in diimd( wnl primnry pinnac rocn lon6.trd { n,o itr dhtu.rer, nish l,c thc imin non NnI trcNl
nchncr inn id (lNDtrr$s & PdLUN 1963), In !i.r of our ruinrc+rqition of lulcolrlron aturhsnn $
r rcpctitilc brntrd, sr$crD Nith simili' Nh! (uli'r itr{o'ny i[ rhc Driior bhnd]6, this is roncrlit of I
moo! qlc$ior 

'io\', 
6ut rhc rpaimo ii qlation (SrooxM^Ns t948i llitc Il, fis. 3) lis rpicjDs bq*en

$cce$iro 
^hc.ri61S 

hicrnl bmndB quno simihr to ronic $ons of n e knsiun (P\ar. !, ti{.7\ i nly
icpro*Dr !h! nrdr iticll pollions of rhe sdn-froid lyscnr ind dE uppcFnros pair of ,,n.hs$,, ippeir ro

Scnwflurr (re68) h( rchdd Lftx.n(e'$ ssisnmo,t.l ccphclot,t'b nrdbjlit N^'noB !o thc sunLr
Rh.totbtto\ i(l whilc hc prcri@d i rcsromrion ol thc irond syr.cD oI C. 

',irnri.,6, 
bisd otr nuvtr dis

!olcrcd rpcc'Dctri lnn, nor hl,rnd, r d{ril.,l .lcr nprion ,Nl ,lduncnrr"on h.,, no' yd b$ prLlnhcd.
Thc tusifon rpo.nnFil of At'.orr:r!., spcris irc qlitc sinril.r wnh fic dongrtc sporingirt rip bci,r*

m6r pronounccd in .Nr.rud tpccimcns of X. .crdk st ,. Honspory for rhc genu n dcd!*d t.o ,ltr,
r;lcic sporc wirl r p.rhpo.e . diimctcd of 40 \ 51r, ro.i2 r zon in x..rr,rnrrtD O\Nonr$s & t,rrr.-
r.rps r9r,3) rnd {t-63x nr R. tr.'kxr trom 

'lr 
Uppcr Dsotri ltoid', $nc) oi rhc Rnsnn Dh,frm,

aIs.HrN(o & SoroNrN^ 1963),

Co'npir ison N i r l \  Proto.r  p l )Alot tar i t

Ptoto.?tbdlartuit I' eeot (AoE.) AN^Nrr! frum rlc Middlc Devonirr ol Spnsbsscn (tjoB: t9,t:,
s.nMnrz 1963) .rd tho MinsinsL ssii of ss@r Sibdil (A!^!r!v 1960) ha bccn conrDircd wnh ,(rr-
.,prrrio, by c above llrhos. DIa from thc rcnwc(igltidn .t R, ftratjn+ n bins dE coffpMliivo sor-
pl$lQgies ol Prctact],hrlopta, 

^ 
nhd.ol,rrton inro closg b ic rimihrities conshrcni with dr rroeosld

ph/oe.netic nrorplologi..l Rnds df rhese senen f.om Middlc ro Upp!. Devoniin (A^.'^rrrv 1960,

Ho.c s DiscoYcry

Horc (rr{2) orisi.illr di$ovaruJ Prcto..thalo|ktit (Ctpbat.r4,n) (f) ,/a..oJ .lons 
'tr 

td.i oi
wijdetjordcn, Spitrbcrgcn. .id illurr .d i l.Bc bipinnaE fru&llih. speimcn (Horc 1t,12, t,li(. ri) \,nl r
nd'; 18 cn loDg and 5-7nn sid. 3r rhc bas., T][ pi!n!.c, 2-r Dn wid., Ncre ah.rnfldy imrqr!. ii,j
the ,urfr@ of all E bmrd6 trfu n.rkcd\' srri.ed, i dmn.rcr oroborftd by  x^rrA, (le6a) }\l i,r
scH$Eattu (1963). ftc pintr.c, in brn, borc cith$ $crilc or f.rtilc pinf,ulc lile dirisionr; rhc scrilc rinnl
dirniors w.rc .hq..te .nd dr lowcFmdr *qilc pi,,iuh,likc rrueuB oeurcd on tho .l'nxiit sid. oi rh.
prinrry pinna. Non-lami!,rE lhin.E *critc dilliom qcrc diljdcd Lltre inB {i!h tuurvcd tiesrud, {tuc
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rurs w.rc 1.5 cm lol8 aod d;domndsly to psddo'nonopodially brincbed. Tbe fertilc divnions scrc oprosjtc
nr Dlift a.d d.urrcd 

^t 
Fsrli. nncrvrls of ,bou. 2.5 cr,.

Fcr i i le Branch Sys!cns of  I '  t  o t  o c t  t  t  c I  o t  t  z r  i  t

,\"-^N'tr (1960) hs dcsrib.d ih. f.rtilc ponions of ?/od..rrclor'k" h srqtc. ddiil fiod four la.ti
ties nr the $nthe!$crn pln of $6i..n Sibcrii h rhc llomorovskiy Fm. whid' n rmrisnphiMlty nr thc civF
ti!n, 'rhere I .pparendy no identifirble mrin $cr in t|t a$.n1hlas6 ol Prcb(prtlopkris rid rM spccnncns
ol  bnndr rr$cmr dscdbcd, both r ic i t i le rnd $er i lc ,  

^ ! . .n i i rc 
I r  q urd r i5e r i ! tc snh pi i rcd ind oncc

or !wi.e didotonxNsly lividd ultimarc divisiors (!0c rc$ohtioN in s{xNrrzrR 1968). Tho hypothcticrl
fcitile rc$oraiion of Ar^Nr.v (1960, lis,2) d€pics n rrdis vnh altcrrtrijns pnirs ol opposndy rrtrnscd
primlry pnrntrc Ghu nrcmtrcG ol 1 pair rre Rprrltod lioh ddr odrr by rbos 90"), vhi.h Me sbEldcd bv
i prir of catldroDic, di.hotonously brandrcd (up !o 5 ri'n6) sphlcbia-like lcitilc *rucrtrc, {nI rcijninll
spoRngi.i ir rtrinsen:enr b.sicrlly sinrjlrr to Rrdcotrrror. Howcvtr, tu nunbtr of divisioN $d ibuDdincc
of spor i t rs i r  nrc h^rLodlr  I6s and r l l  rhc brnn. lcs of  rbc cr t .dronic systcf f  sccn ro
l,c in o.c pli n c, R. (C.tlBlattti') ,,t?ril'r crlibnr lcNer divisio.s and rpo(nsir rh orlu t?rn.o
prrb,  spcch.,  Thc uhinR@ rppcndrscs or r l rc pr iD.ry pnrni . l rc r l t . rnatc in pnirs.rd i l ro fcr
ti Ie rvirb qd' m.iibd of i prir tcflnin,rnq snh I piir (or smrll clu*cr rccorditrs ro  

^-^\n*) 
of aloo*

lssilc, clo.sr@, cxrDNliic sponnsir {r.a 2,0 Nr) \yl,irt ire idcnricll to dDr. i[ rl[ c.tidrun,ic le(il.
$rlcturcr brlow rbc prilnry pinarc. Thc lhiD.rc dirisions oo dic prio[ry pinnr.virh plircd sporinsii ipp.i'
rd bc b d.viwid. l\ 

'n.jor 
disrindiotr bcN@r Ptoto(pbalophris and Rb(opbrbn h rlc qnidri-

scr ia! .  br i ic l  ing of  rhc ulr i ' r r tc nppctrdisc!  vhi . i  r ic  fe I  t  i lc .  & i r  [o!  ccRir  yh6h(
nll su(l1 ultinlrc ippcndnses ol primrry pinnnc wcro fcirild, rnd rhc dhhl dremitie. ot pindry pinnle $
vdl 1. d,o inii hrli: rrc not hnow.. A"-AN | dlrsiLd tsicc bifLtrcxtcd bnmhla' qhidr rR iDDir-
Lr(y ier i lsbJrJJforcr.bl  l ' , . i .Jr( . ,1 I  r i rh 'ncr$.  No di ' r . r . ion L- r"ro,  ,1. l ryr ' , ,  i 'c . i '  

'

Sicr i le Brrnch Sys!cns of  Protar.  thalopt. t i t

Thc r.hrionrhip of leftile branch sy$e.$ {o rhc $crilc bnn$ sy*enx dccribcd d rccorntu(&l by
scrNn'rzn (1963) *c uncctuin, bm t|t ddrils ot *dlc b6n h s),stcms irc h.scly dcrivcd hoN hi, $udt
lnd rre co$i$or with df dcrripriotrr oi frrsNcnr.ry rFinrcN r.poftod l,y Ho.. (t9a2) i.d by Ax^trr$
(1960). TIrc $eilc $h..6 sy*e'n or ]' /,r,c.ox is b!{.d on sp€imor frcm the viid. Diy sqi6 of no(lt".6r
SpitsberBc[ N[id n, Europ€n r.rmnbbsy ir rpp.oxiN@ly Middlc Eifcli.n r. Middlc ctdiin ii i,lc
{S(rnv'rrzrR 1963). Thc akrilc brrndr sy{cn is idoic.l in orB.nirari.n td th€ fe il. ons wnh dr inpor
iinr cxccptioff rhnr the ili€rniinrs piired uhnD c rpp.ndnger ol prifr.ry pinnr.r iboui l.Jcm lonA.
uictrvcd, rnd r{icc bintrsrcd ynh rhc shoft lips G!rucdr rhis f..M. is rls crhibnd by lhc ultimar
rips ot tlr $dilc, c.hdrcnric pair of .phlebi.iile snLcturcr lubtcndins 6dr prioiry pinm pnir. t slbuld bc
noEd dr! rll knowi piircd, ultimatc, $erilc.ppcndie$ on prioirr pinnie irc id.nrical, ind subtcndiis.phlc
bialike slucturu o(ured otrly r! lhe bise of pn;cd priF^ry pinn^c. Radrh lcngrh. rvorc up to 2.1.tu rith
r bas! widdr of LO chr dse vere 7-16 cm betwc$ pri.,iry pinnn pri6 which were I $n wide d up ro
18,5 on lorg, Ths nd iil tusle of prinlary pinnic vilh thc 

'ichis 
vtrs 35-500 ind boih piru$ of a pln,ci-

hibied rhc sanc sizc wilh nlxinun diahcE* .bout l/r thfi of rhc rrdris. Tle subic.,iins cllrdrofric, *c-
rile iphkbirlikc $llcutre vA uD to a ctu lo.s .nd crfiibnld 5 succ.sive ordeB ol didrdtotr1i.s, Ar imce"ins
obenarion idc by scH{nfrzB cmph,sizd drlt lhc trclilc prinr.y p;nnae of Ptutoethqloj'kth wcrc cah-
sisr,rly lil|i$ in diindcr thm t nilc o.s.

Morpholosicr l  D i f fc r .  !  ccs and Hypothe t icr l  Changcs of
P totor.  pbzlop tei i t  ro Rrdco thytoi

'rhc frcrdlike brin.{ ry$c ot tuotocetbnldrteit ie qtad.i$ri.re ro dic dreor th.! they nre kno$n
rnd rhis bdic itutr8eto.nr coiDcidd snh th{ ot Rr,.o?rr!o, .c'lrcrst r virh rhe imporhni exceplion. oi
rhe bi$rialc, $cnh bnn& sysrcm ind thc secondary $erilc pidnae of borh sftrile hd f.nil. bdnd ry$smj



i l l

:;d.nce his Leen giye. to supFod an inErprciaion of bisefi.te plannion Ly rhe rlicrnrte dcvelopmenr of
,-:t onr ncmbcr ol a pinna pan in Rhnta?hytar 

^ 
ihc totcntiil for derelopmcnt of both has L&n dF

=e"!ntea. tuatae(P,aiapktb is an idcrl repra?trarile of !. ancBftl condirion dint is lribnivcly quidri-
s;.re thoushoni rn the hrpothdical ddvrdon of n d.otrrro, morpholosy fron nfl .l Pntaetbalal,
:rjJ, 3n iddniontrl pinna ordcr har d.vclopcd, .,.n pinnx or,ler h.s a subi€ndis iphlcbir, nore ertensire
tdotomies of tlt ulti 'nrtc appcndagcs have dcveloped, rid onl/ dnc md6cr of xllcrnrdns pinna pairs
a:i pinnnle-like sruclu.es devclop in lypi.xl LJndatc frobds. The ncurieDcc ol sorE quadrkeiiaE prinlrf
?innk dr iciilc lronds xnd on rll ftnilc frcnds n in close agremd. N]th Pfotocetbdlatki, rroqe\e\
Dsngir-berrins htr5 baomc rc$ided in ,Rr,.o/r1ro, to cahdromic dr.Fdincnsionilly bnndrcd aphlebir-
lile inctDres bclov pnnrry pinnac, and ilL prinrny plnnre a.e serilc. The dilferences in sizer of $cfilc an.l
aenilc primrry piDixc ni P/o?d..?hdlapt?it is F,rille\c.J ;n Rhncaphrtan by thc gcnc.JIy la.ser dnnensions
oi all *erilc primary pinnac in qurdriscriatr Lrnndrins compared ro prin,rr).pi.nae olbi$naic frond poitioos,
br thc main 2xs tachn) of lcnib pon;o .f Rhdcatbr,tan rre lrrstr lhli thoJsof $erile podions

Thc 
'norpLoloBicrl 

similrrilhs bavcci Rhdcothrtoh and Prcto..phdlotr.,tJ in rhe cont*r of acolosic
rinc sronslr sugs.$ phylosenetic.hanees bet{cen rncsc Dcvonian reDrcsenritivs rvli.h hiv. led to emc
Bth6 Nbdc 

'nodift*ions 
of brirli sr$cms tovlrd frond-likc fuucrurcr. Mu$ re ainr to bc kndrub.u

rhe rtrrtoniy xnd tl,c sro$ horphology al Ptatorethaloptcrn {wcllxs Rbd.otbrtah spe.ies.

Conprr isobs vi th Coonoptcr id Fcrrs and Prosynnospcrors

Thc conccps of acnoptcrid fcrns hrvc changcd consid.ribly over d,c pnr lnlf canMy but iheir tr\-
onoDrr ddc! not s?e'n ro hrve kePI plce vth cuirmt ider. Thcsc snrill Permo Cxrbonifcro$ fonn reprcrnr
Iisuhtively thc cro$ loads oI lae Palcazoic fein eloht;oi (lrn-Lrps 1974) lnd rhey should be scpirtcd into
f lc1$ tla mli'1 soupsr thc Cocnoptcridile scnsu rrricro wiih drc Boriyopr4ida.mc, Crinrn[ro-
ptcridaccic (), aDd A.rdDroptcridicc.c, $\l(:h do not.ppcar unril Viscan (aorlotiert, cfttnhdtottdi' 1),
Nrmurirn or scn lrtc!, and vbidr appfcfily sndc inro !|t lil i.rlcsi rnd dre Zysopreridnles *nh thc Clep-
sydroide.c.nd Ehpterdidcre vhidr consisrendy rppcir orlior in the Missi$ippian 1nd ih sreiter dir*.ny
rhrn nrc C@noprer id l ler  renru rr l icro.  Tl€ reognir ion of  r l re zrKoprer id lcm.s rc i l  {ehs in the
tulks sctrsc rnd tu . lniqle hle P.hozoic d.d+nd phyloscny is approprintc in dncu$lons of po$ibk
feaFrellrionships vnh Rbdcoj,hrton, Pfttaethdlaltctk ot any DeroDiiD prccuuor lf one.ons cn what r

sfl,cral molpholosicll coiccpr fe! i is .long wirh ir Iower v.scul.r plrnr life cyclc, ir ecns dhr thar v.
nruld co i|uc ro hive diffnulty rop.rating fch-lile.nd ptusymnospcrm-likc pln.$ ii rhe D.voiiin Mn
sissippitn nrita. A fern doos in ecncril h.vc motpholoAi.ally disrin* *c,ii, roo$ 

^nd 
ftondr *nI sp.

rrnsir rnd, wnh rhc cxc.ptions of rooFj uy ol rhc $ crtres may susgdn i plinr of fc like dMrd.i.
but none as dccisiycly xs d1c con$inlior of frcid vnh sFransi.. Vith su.i scneral $arrdcn n sccns dcriF
rblc ro 

^&nowledg. 
rhar rl]e concdpt of , l.rn represens borh . lcrol ol orslnizltion is vell s r lilc cvdcr

lcf n should bc 
^D 

icccprxblc polyphrLric coDccpr rs rr. th. synndpchr ind by inferc.ce rhe prosyn

\0hile zygopicridliLe phyllophore sp(inens (cl.prrdroptr) have bcen rcportcd fioDr rhe Upp$ De
vorian df Ii* cerman)'. drcfc is nxrlricicnr dah ro .$es rno cxistcnce of distnrcr trcnd norpholoBy fo.
tuy purftive Devodtu lffn. The rep*ted occurrence of clepsydroid phylioploreiikc spc.imcn\ ii Lhc !fu
Ist kno*n Mnsi$ippian plant lo.ihics rcnds b suppoft rhc llklihood of i markedly cnrlier nppcxranc.
of zysoprerid ferns. 'rhis is $ronsly suppofred by drc repon ot EatM (793\) ot ltdc.b!'r lropitJ likc spcc
inhs ftoh tbe bis.l V;dn (lycicdn* horizon) of ihe Mont4ne Noire of Fnncei rne spccinrcns fixv. [ccn
descdbed in d6.il .s Cl.trydtupsis leclctc|ii 

^nd 
Caq\rR (1966) hs enplsized ns trtrnsitionrl or jntcrnr

liite norpholosy L{ven dre Clepsydroidfle and ltaptftoidere vith dcprylroid xylcs, pcnmn.nt pdiph.
ral  lmpr,  c.q.mF$atcd pinnr ra.cs dd quldr ise! i r re wi tb quire a lons undiv ided pinm rtrcc
l,elo$ the diclobmy !o . |inn. p.ir. Sohe ot rhe c.rlic$ knovn lftn sporansia wirh imuli.re drose tr$isned
to ,U,rdtd (Crrrxn 1963, CB^pHEX.!R 3. ALvrN 1972) fon rbe visea. ol Fnnce and S.otlild ind aitri
bltcd !o tho capercid gcntra Ditlolabis and adcletsldrcpJn. rrond brm.hins and the .ftrhmcnr of
M"\d|d,l,pler to Matd.lepttdlor'Jn has b@n vBllshblibed in rlis Vivnn tcm (CEETHE{aR & r\.vr--



1972). 1!ere ii no evidcnce of disinct hnlimie foliige rnong ilcsc cany fcrns of the MississippirD period.
In $nnary, zysopt(id ferns do dcur quitc orly in tbe MissnsippitrD. Vhile earlier rEpoh of su.b fron rhc
D*onirn trrc loo hlEmenhry ro 3vrlDrrc, ihc scqucn.c of occurrcncc of P/ora.epbdLopteti: anl Rhm)pby
,o, are no! inconsnftnt {nh an ancc(El rolc to zygoFcr tcrns. Orc imponar .spftr {hidr should no!
bc orcrc'nphasizcd in iu.h a tenhivc phylogenr. is tbe occuirencc ol secon,l.ry xylsh in l nricrlr. rcdudionnl
sequercc. \ hile $coodary x)lcnr is r L.rurc of Zrrol,.*, rhc o.curencc of $dr srowth in Tysoprc.is mr),
be qrne rarinbl. and otLer susscsions tu to d,e dcvdopmcnt of sccd,dary sroqth in rhc uBptc.oidcae should
bc coDsldcFd (DINNN 1974).

Thc repcriiive brrDd, sy$cni norplolosy .l Rhtopbrton, vtholt t tcasonabiy.krr cut iioDd, relc
sates lhn gorls ar well is Pr,,o.gtr.lol,,erij to a lcvcl bclow drar of lcrns. ln draw g conptuirdns betl.ftn
RLaaph!|., nl rhc Zygoplerld $ n siould be n.red rhnl Rrrcoprro,s turin rxes, \vhidr coftspond
no( closely {nh i rrdris.r phyllophorc nr Rrddotrr.o,\ ssilc aid Ic.ilc frohdlihc portiors, .re nkF
prct .d iJ l , r rncl ,  systchs.  Sonrc of  rhesc vcre $l l l  i rdcLcminate i i  Dxtufe,  n id conscq$nt ly Rra,
.oPhrto" r.presc* 1 putrtive prc fiond sasc morphlloBictrlly. Rrd.opr),.o, could be rcsai(led as I prefero
in the phrloseny roud biscrh!. and qqidrisoiate zvgopt$id Iei,N bur n d@s not ncd thc crncria rclui.ed
oI thc zrgopterid or coeooperid tein $rtN rftributcd by A\irN 0960)or S.lwDuF (l963). Iire h$ No
xrrho* Nould,l,owcrcr, prob.bly igrcc rynh Lncr.nRca i95a) rllt Rhrcoplryton ftay be represenhli$e ol
rhe ancesnl sroup fron yhidr tlE Zysoptcridib hdv. crorleo.

Detliled comprrirons ol Rhr.ophttot lnd ,ysoptcrid lens ha{p llmdy L'ecr nide (L(r.D{o 1951,
1954j AN^Nrr! 1960j A^_DRr\ys 3. PHrLrls 1963i Scnwrrzur 1968). Th. ihpofiri! poi'B of rlnillfhy
Serveen nr..otrrro, an! vario$ ?ysopftril fchs dc th. comLn biseriak and qurdrisrinrc britrdnls of
rhc phylldpl,orc or n,riD rxis of drc tuoDd-like brrnd srscD, irs clcprydroid rDatoDr),, the pre{ctre of rcc
ondiry xtlcnr, thc orienulbr of priftary pinnae onlers lnd rp[kbh o! rphlcbh likc srusures

Rbr.btbrtonls proFynNospcrn lilc char td^ hnvc 6er gircn by AND{iss & Pnrr,rps (t963 p,6t)l
"thrrdi'ncDsionrl brrncl, sy*ciN rcflninrtins nr di.hoto,ni2cd uhirn!!c rppendlges, nesnrdl proto{ele, rc,
pctnioD ol drc aiDr pri'n$y srind ilors vnh secoDdnry xylor iri om or $vo ordes of bnichi'rs Ml
tcrmnrxllr 6oDc fusilonn rporaisir oi i highl)' dividcd brrndl sy$cm. Thc diflcrorccr b4wed ,Rr,corrt
rd, lnd s.ncra of drc Atrcrrophyttrles lre hrscly linritcd to rle clcpsrdloid prn\rry $rrDd wi psipher!]
loopsi th6c .rc draraccn dra! o(!r in CodropruidaGs d Clndoxylahs."

Tl,c inrpLicitiors ot trd.olrJro,! wirh i$ ptuFvNiospcnn-like chrracrcn, as in rDcc$rl prelcrn rc
presentitive iD nrc phyloscny lcndids r.zrsop!.riJ fcrns rs (l) r rctum tu nrc phylcric tuus cn,bo.lled by
rhc orisnrll !roioptcridjrlc! or Hurc (t9,12), (2) r coDsiscndy cxrlier scologic appenrnnce ol 2ysoptcrid likr
fosils conprrcd ro drc onrr Inrin sro!$ of Clrbonif.rou\ fcns dd (3) i relromble expl rrioi for dr
unique nrorpholosy ot cenai', Penno Crboiiloro$ zyljoprcrid fcrns bcuusc thcy veE probably dcrivcd tioDr
qunc . ditfeicnt cvolL,tionary linc ol Dcro.'rn phns d$n oih( frns. Srdr phyloguriic alisnnrenr ol ,{rr-
.othtlon 

^nd 
ptub^bly Ptatodt'hdlolrbt vs anc6v^1 pt.fdrn rypcs lo.dins ro thc zy8oprorid f.N vould L.

consincnr *ith derived cxplanitions of drc pbyllophors, saondary gro$dr, biseri.ls rDd quadrneriire pirnae.
nphlcbir, c1us6 of spomngir (bui ndr rporansid cotuplcrity) lrd r thc sanc lim thr. ir vry closc Fhllel
wiih thc prosyn osptrnrs in rhc porcrtial cvolulion of r f.ond fion pinn.tc brindl ry$eds.

Tixonotuic Af t in i t ies

Rhdcopblta", in repro$nring Lhd2ctc6 6f Mrh posrmnospcrnx rtrd prefedu wnh sme demss oi d.
Timnophyri'i (Blsxs 1963), shduld bc retuncd to drc Pmroprcridirlcs wnh somc 

'nodili.aiioDr 
ol rlo ori,

gnr cncuhs(iprion of ilorc (19{2, p. 173) and vnh dre .ecosnirion thai drere is ned for r 6xon ol 1r
lcd o inxl  nnk lor  De\oni .n Mi$i$ippian lowcr vasculrr  p lani  IorDs rrrnsi t ional  bc
Ndn rhe deial ind genenlized Trinercphytnra 2nd the hishly diffcfenriaied tixr sun\ s fc!$ nid sed
fcr vhich cxhibit fronds. This apparendr. r.tu dre motiva;dn !. the est"bhhnien. of dre iro.op
rEridi.ler as {ell $ rl€ Ans(opfiytils br Ktrlusrl & v.ylai.'D (1941). Sincc rbc ph}losenctic rccognirion
of progynmospcflns (DECK 1960), the lrotopteriditrles have be.one enrirely €cated by tle nrnslc. ol rll
gcncrl ro ![c progyn.orpcrm!, lrgcly !o rhe Anturophyr.lcs, Md rhe oDL/ cxccption htu bem reperrcd



sslgnnrens of nr,.,rrrro, td rhe ZysopEridales or cqlivalcnt, lo riev of thc hiJtorical difficul es in disi
ringlnhins bftween ihe lrond foliige of ferN .nd prsidospqms ln Carbo ferols $rat," rhe Faonomic pro
blems in Middle Dcvoniin ro Mi$issippi.n frond lile bnndr Jyskms sen* p.dicul.rly rcute $nh Inde r(
rouse io prosrnnospefn rs isnmenb excepr ne- tuonorypicorde*orrsrownrEircerrres.dis. l re
gon. There vill no doubt be sohc.onllictins ovdhp lis{ccn a rcsufccrcd lroloprridialcr and rhc no$
.erirn Anenrdph/tdB (!tusynnospennt rvnl plaha sud d xrd.o7,r1r., rhi.h erhibh se.ondry sro\ ;
however, rhe P.otopre dirles olfer i nece$ary t.xonohic option for phns wnb frond likc brandl syrcms or
iroodlike *nctures vhose inatony re nft slfficiody tnom o.llow preise norpholosical inrcrprcbrioir.
Thc Protoptcridixlcs
icn bui rre apparcnrly not i'r r dncct line of gymnGpcm cvolution; prieitivc mce$on of ptoidorp(nn
ntry v.ll tn rhis 

-ir$ia. 
Thc ?rotoFdridirlcs day prnllcl lhe lrosymnosperfrs in N.y extenial niofpl,o

losical chrractcrs bur probrbly hrvc dd* fen}lile rffinilics ro tl€ Zysoplfidialcs, cocnopxcridtrlcs, clido
\ylak5 or other snps (se ScmcxLDR 197+) whicb arc cilhcr so hctcioscncoui or poorly knovn it pr6.nt
as ro be roo Mguc io rrognizc 1r i highd tdxonmic nnk,

?rotopte.idirhs, HurG (1942, p. 173), emended.
Plnnrs of  r  nor.  or  less fern-1ike habi(  wi th br.nch sys.cns, l roDd-l ikc,

bu! wi ih s l ight  d i f fcreD! i r t ion bo!ween nxcx !nd l rond l ikc LrrDch systcDrs
The ul t iDl i rc r imi l icrr ions of  tu bnidr sy$ons f l^y rescf tb lc pirnulcs 6ut ro

brord l  n inac rrc fonnd. Sporrnsi{  nrc bornc tcrminnl ly on tr l t in l tc nonl i f r in. tc

Rhrcophyh&.c, BrtrrrrD & LoNc (l9zs, p. 240) cncrdcd,
I'hDs nnh r.p(ni'e rlttrn^r.ly airrnscd qurdriscrire to bircrhtc pinmtc bhncb sy$cnl, subtcnlerl L)

iphlebir-likc *nLctrr5 *ciilc or fedilc, .nd wih di.hoto ousll diridcd, Donirmirte ntin{ie ippendrscr.
Axirl rniionrr clcpsydroid r.ith periihsrl looplikc rrers; s(oDd1ry xylcn, p.csmt. SponDgir clong.t..
cUipiical io f usildm, exrDnul.tci honlosporous.

Root syscm advcnltiouJ.
Hrbn, scmi-crccr b crcct brand ryrtcm, rulfrorclcenr,
ccnerr asigned o the Rlffophyt{e! (lDon {ritignplric rinBc-Mlddleand Uppor Ocvoniln):
lype Genns: Rhd.aphltar CRnFlr 1375iGencrirypc R..odf'3o mC*r.rtr.

C?rrdloticrir N^'rorsr 1902; Gcr(itypc C. ,,iftrlliJ NAafionsr.
Pmlo..pr,lotidrn AN^Nrtrv 1960! Con(ny 2. p'dror (Hou, ArnNrv.

l rond lvolur on

the ahcrn.Bly pinnltc br.ndr rysans .( Rba.a?trtan cctdtansianl prcvido nsisht inro tho cvolutioo

of i pl.nmd bnsilF molpholo$ susse$iog a sisriticr0t prc llord *iso fros . dneFdinrensionrllr
branclred qridrhsinrc iy$ctrl, our sud/ his clerdy renrorcd rc frond lilc ponions .f Rta.ot'hrton han

the f rc n d ..tcsory by dding !o the rlrca.lv csiblirhed tcpstitivs arlal anrro.iy wnh sccorJary xIl.nr -
the rppfc.tly n,dcFlnnrtc n ure ot some axirl elenErts (ndislikc), thc hd< o! di$inct dinrorphi. (scrilt

$d fertih) bnn$ sy$mr, .!d dre srme L$ic mmscmsn! ol {rond like sy$e'ns on thc lrsst r\s Gtcmt
lrcn in rhe trond Likc sy$cms ihcnsdvus. \(nh x clear.r u.dcnmndins of thc brsic .lutrdriscrinc oreini'

ztion in fi^r ord.r bnnchi.s (rrdrisiikc elmeD$ on the mliD $qn) d scoldi.y order brrndring (pio]l.y

pinna-like den,orts) thc dcdudiotr ws nr&le rhlt rhc rcmni'inrs ordcB (cxccpr ulrhrtc didroromous rli ' i

riont rc also drncd lmm a qDtdricrinc ors.ni?nrior Nith dcvdopncnt of only onc orember of er& p.'

renrial pinm prii The aftcsrrl, conrplerell quadrncriatc arransenefi is exemplilied by l'fbto.cthtrLaPtei

Thc c$cntidly plnnrted pinnt sr*cd of Rr,.otrtio,, priiicnl ly in the biscri.ic brindr iy$!m5, in

dic.s dilfcrotirl dcvclopnrcnt in 1 very sy(emxti. p,itci,r. Thsc mry have *olved u.der seleti\e prer

r!res oi cbrrshs htrbnat rnd hibn, and/or r tcndcncy ioward dereloping spcci.lizltio. of vcliaalivc ind
f..ilc portions ol dre bhnc\ sysctu whio\ arc inprc$iyc ir thcir diff{enc$ but arc not dininct enLnie5 in

rhcn occurrcnccs $nhin tbc pl.n!s orsrniTnlioi. Tic laryins deFre of three-dincnriooal to svo-dimensionrl



t )6

rnnsenenr ol pinnll-likc uhimate divisions mry ato refled the rendencr bvard pldation and sp.cialized
phorostnlhclic tunclion. Tbc lea$ endcncr to'ard planation is found in 4hlebia-liLe *tucture dd rhe 3-
a b.salmo$ di.horonoush bnnded units on rhc aescarivc Rdis. Thd dogrec of plinarion of ilc pritr.ry
pinn! o.dm in biseria.e bran.hes ol RLratbybn Allfea itn the con,prrablT posnioned br:#,e ot Atba.
o?rer6 whicl rre ir opposnc pans and bcar hminft lears in a spnJ or deu$ate u$ngden.

Smc of rho lcsisrs! problcns in rmtomical norpboloBic.l interP|ctitions .f lhe bhncl rysctu of
Rht.?brta, M rhe lai{ al a,atomical ilfonmtioo fc. sone hisher oden of brlndrins to .onplmrent ihe
d.B of L!.Lhda {1951) ind thc bilaterrlly synmeEiol. clepsydrdid lnrthl of all dijor bn|cla ;n-
chding lhe hrse$ Nes, Ltcr'in.a (1951) brs ftportcd r *c)lrtc pritcrn !n i pafrirl dGssection of dre m.in
*en ol R. zlsotLetoi'tur nnd rhis apptrrady dillerem $em rDabnrr hd not ben rtsol'ed wnh thc an.ioby
of i, cdnrd,s;,z, Tlrc cvolution of f.od! fom brtn.\ systcms in itrtu md pEidospdnis gcncnlly rcsul$
in .n onic.l diflerenes bdven s.m xnd lcrf whidr arc G,cDriilly of rrdial and bilateral iymn{ry r6tec-
rirelr. A{iil rna.ony i,r su.h rhylosenies is genenllr rcsardcd a prinnively ridial (Rbyniophytina) rnh

^ 
@ndcncy rowlrd nn cllipticrl shape in sdne Trinrcrophytinr. In rhc l.$ grorp, BrEREoRsr (197r) has rlso

poined or rhe llish irdicrtion ol ridirl ilisnment ol nchxyh'n racheids in rhe Ptilotltb, desffibcd by
HunBnR 3. !^NN (1967) d morc r{atly by B^NKS, ln.Lutca ind HunBn (1975), 1a Rhdc.l'hlh, thc
prinary rylen of all mrjor bnn&s wis bilrtcrlllr synmfrricil at rhc pt-frood st.ge and this mi) be ex
ccption^l in thit bilarcral rymrnesy cl$rly precadcd puhrivc lro'rd difterenti.tion ind t|at bil^@61 syfr
nnry ni' al$ bc evide ii l*c $em diileren rion whrc fronds 

"rc 
bo.nc Iater:lly in rwo rons dong i

pro*rate rhizone as in a numbcr of Dtiperoidmc gcncra.

Adrn6{lcdgncnb

ror ih! $naiffd q[P{iiion a Nnhi!. ir coll.dns hy
D!pmn.!r ol Asrkqiurc iid v.$ vil[i],il UiNrrn:/. \(c xla rhmk Dr. JNr

d dnsrd s b ir, ud D'. JdN Ll
iiitij jmlhi. diii oi *! vnL.y H.i{ lo(lny. for rn ii,l i ', sLL{

Dr F. M. Hu* iidd itr rfu rc! .s. Nrioni Muoh. t(( wilh rhiil rrr. A'.nrD
N$i. ror aidins rtu nrrGqipt oa tq rhtn dnicism,.

tnr, rc!,r$cd .hc corpdnc d;dor ii rqr riE. r.
Tmld tuBk lor oll!(ins 

-@ 
rsyidei bi NsF cnrr 0104, to,I

uiilsrny oI c.i8(i.u acqd, wr sppq(d 
'i 

ps. hy N

AJd.ndum

utEn t lor !!ui.r'ior
LoNo 0t75t, soNiMo 11e75r {d }'c( (1176). All ii.; s{d;l i8(srii ,lh,

Rr(o/,rle, rhould & .xdsd.d ton rlt Phayniospqmopli& lod r
Rca (le5rr r. rK.aco & BdNA!

BoN^Mo'I97' j "n,4.ol , , rc, ,P|abI |halo,x|niacbiuanap] ' 'hnaw
(c@!opeiJ+r) 'aBq6.re76,p.0odui ! t roorornr4FrrrJoib,nrrrcophr 'hcrt in.mrD^Rtr^cD&LoLe(let i .
p. ,10) rlns tidc th! ztsoprid

h .1,i6 nl"uqrp! ee h!,1hx.lvs, ruiRrArD&LoNcllo75) ii procciis i rv rioirr.
iniLr mn., Rhiloptyhrtio How!
iio! oI dhq sssr, i thc RlNoplryh.* vG phed ii t|[ Ircbp

litcr.turc Citcd

A'sw, A R. {redl n ot 
'|t 

Ah.isirqi Md'fiir R!!
0 6),641 66. Ih 4$ian l

Aror{s, H. N & Bo!*!, ED. {8rc) clns d$ c&@ptn,rop..idi
DoLA,rcR,t&L'oR.a,s

. (116!): x]]i@rr)b' Ilon lhc Irpps Dcroihn or v€t vnsiih - J. Lrii sc (Bo,i 6'



.tt( ts. P. 0e6r)! 11. uEh rnd 
^s, 

E. a EJnon rF3, lvddion $,1 rnlirdnsr.
. +7o w tJ,, 7J-to/).

Bu. E M (re75): 
^mt6r 

4 rcrptot'sf ot ,likthtb| d4vE i 5o r lM $! l?r
rord Dsdiir dr Qucb€ (c-pit ild omnic cr,d!. - PahMrrBphi€ Anqism 711o: 77-r?7.

ru\$D. n D. & L8c, 
^. 

G.0e7r): Ttdd;oxr/otr - i rv !.N oI r!v4 cllhniflds Frrifd n N n,r Ftjdrq G
Krr( rnh r (ri!* oa .hc duir,qti@ qf qnr PErcplvri,E_ -

3Fr. c. D. (lett,,\ 
'dniiqB 

rq o[qiri": polih.i ! {.\.f sdorr of py'nirJ.hit tq$ili - B!ll- Tdcr nd,. cl!b. !,

-. 1rt.0),1Il id$ny ofl'.t!.areal in,l cl&)J,r. - ll!i!Mi. D: x1 16r.
, (1e76) Csrcr n*s oI Lltr rloByDrspqNopiiri. - \s, Prl.lobol PrLyioL.2t,5 

'r.nriHotrs, D v, (1tlr): Mo?holosy or r$alr phnis li{,.Bilhtr Co., Ncv Yqk.560 pp
3iEN R. (res) Urud. rr h tLor ,l! flo,roi I lrJiliid J. k hir Ju cftlioiiflrs dc i l\iodrBN Ndi,L. - Ti!1. rnpri

3oxr0, P. M (1e75)
cHr?H': \ M. & A'.us. K. L. l1ez) Or trrc {c"ih p$R of *{ cocnoprrid re( ,r,4(r,prrr,crrn l,rr.' (}/trhMroN).

Rca. lili.o6or. lnyiol. i{:6i,76.
ciny, r. (1375), or,snrios sr qudqus phfts fqilrc (]c dirots di$ 4 hr!ft.& Fi Dlnodt t f,nqq iuiivsdniQ\

;nfirnr il. si synlnc ciGlicD. Burl. soc. R. nd, Bdx. r4, !$-2rd
Ditjs, R. L (rez{), sodni of hrw!tu rum: ztsorkr Ircn rh. miJdt! i lir porll! ill ol il

cr''8 ,. 0e66): obsnid, 
'osclh 

s' l. rdrt c,.,l, rora'-
-. (re63): ur ,na!q ,rts d. fodfiqiotr firhincir du G inifirc i' &icoi, c, R. Acrd. s.i. pr
cn.rrEr, A. 0t22)r rjlorc {ojil. ds Psnnah Ju cmdru: (Drvoni{ srp.iftq4. Mrn. sn- sior. D!rB. Lils. r: r-:r.
Hofi. o. 1. (rr1?), rlr Dw, @i{ Nd Dqd frq! ol spn/,!r@. - sk. \r.s. s!1r6.is khi* uidd..3r, r_?:3
Hfir{r! F. M. q !iis, t{. r. (r%7), lli lorrr,bi prii.F:,|reiid, a6 o4!tric .ModbD. - Tron 16: fi-05.

. (rs3)r trudifirnioi oI rh! ri& D.!o r\ lcr" Rladhrhtbn kaaru. - llid.Din Drulr
SsSR, !il.oi,olo! cl Joutril , ee-tor.

Krinb, R. & !(tr,ka,, H. (rq'), prioltrrcs! rus dcn D!vo, lor Nord.^msirr. ]t. Dic oLqd4o,isrn flo,s lor tn!,
'!(stvtBjiin und Psry, M c, n t:ld&5idnisuis oiii{{ srid( yotr d$ chiksbii! cinlJi pJtuoi.osidki

Lqrj(a, S, 0rir), D.ud. nqpholqiquc s iioniqu. duic fonsr.c du Drvoinn suptd.(.1! Rr(ofrr
+. - AruJ! S( !lol. tul8.,Mfl ao,t I 62,

-.- (reja)i An uels Dooini zrBoprd.l dodi!.hprydrcp.did ind s!p?6iJ l.flur6. An.J, sd. {r,43-{12.
Lmi ca, s. & Bos^$, P, M. (1e71), 

^ 
$udr of ,ic nd(ili.riod ol ttilt!,i4 (Prchptoittus) thofllo,ii t rrc {rcn 

'1. 
Mi.ldl.

M,na4 L. c. (re66)i rnp6d &nt rmt pqifrdoN. - J. Pnoircl. 10:2:5-!16.
N4n,ok,, A, c. (eo?), zd ohcrd!,6iJo Frm d( Brimri.t-
o'vEr. v. A., J..r n:v'f, w., Ji; DrNrso!, J. M.: ts6$*., D. M. & Huol4 J. If, (re6r: D{o n dr r|I( 

^eanrdr;trr flnidi synpdiun fr ric Dc k. Dd.or4'n ccolqi*, cils'r,

(re6el, c1{rchridn of Dqoiiii Roa uii,5 in ftc 
^perr;d,h 

Brir - oil itrd c$ rorn
cl,n. oc.64, u.s. ccol. sum.

PH'd!,,, T, L. {re7a)r lio|uridtr o sid f.m5. - 
^ni. 

MilstriBo'.clra, fi:1:z-1d.
Putr $, T, L,r ANDrrw\ H. N. r. G,irs,r. } G. (rr72), 1,o h.{o,poror $*i6 ol,a4@rr,n &dn tu lrfDs D.yonhtr

ol \t/st vk[] . - lrlrtobsnphicr rreB, {7-7r.
srrff\ s r. (tt74), sy*qntk dr.nqs of Dcyo^hr icni - An
trrur,i*, H -.,, (te6t), lrki4Me{e !u drn Dlvoi Nv/.spnzLi!4s] - rrlIofto*rprl* 12rB,4l-D.
srosd^xs, r. (rt43)' vistuNx du Dlvotriq sspl ur ic h Bdsh!!. - Min. M6 r. His. Ne. Bds.1ro,35 p,

Explmdrion of Plares
Pl.r. 1

Fi*! '12'M' .o,hJ|ui |dh4i

ghLlirhlJ noJ6 or fo,kt *Ldtds. l1c tovc p*, or rhc lo rar rr@d or dc und(ridr of rc& n$.

^16B 
iidiqr ldd Fq{ruccd h T.{Jis. r Md q,hrgd io phrc 6, fis. 2r. sriocr !ci67. sarc i!

P;i! of rn l,sn rphlcbi lilc bErd G'd il&id .radonic pinli at htr ot r@trd) toqd !(drd !o {en
!)Drr iD tLi. a, l ig. 1J, IX. posii id of rhc..sdruni. piinr indias . lsi l lc rl*i6'hip b 

'h. 
rplJ.!i1-rik!

bt.id,, So(inro Ucrolt^
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Phte 2

I \* . ) .Rh@a|] \b,a4hl

o ?li ic 3, f is e, lnh dspqd@id lrdsnqt or prinil r l lqn. sico st

h. u or Ldh looF, b( n n FrpFJi. ' l{ ly ar4ed or brh Jdcs of ih.

Pl.t. l

PM or r sm ns$rjoF r/.n i i  lqsrh wiLh lr ru$scd rcJei TIE

sio' of thc n{i. speinli Ucroo3. sqle 15.6 o

sale or nrii 16. sliovn ii Plft r. fis. e, wnh r@dsr ryLn Gdhlly rn"sd i@u a $ L Panxt ir€

Pri. oI r *qi mlluri ir 77oi l i  l$sth. l '&eiir. Bods ir sho'^ iJ ndisrcd by Nnb{s oN Nrly
.mpLG, Lo! lrotrd tu rhJ Uo.lc nunbc! L i i 'ows. r@rlikc r
sp*ihq Uc 100t, snl! 1t6.ir

ic pi^m r !h! bis. of r to lr bir or i E@nJ hhdrhic pii i . (Mor) n

+Podi!c ' l , rmd!Jrcs!n 's ' i [ iaqdcJrcv'AJ6
li[. .pp.nJi!*, spc.im.i Uc-r017
A n,roD.likc i!n, s, bariis frosdr oD thc lnddsiJ! i i ! !oo4
tui! a* F.l iJlr p$${r (DllR r, ris. r, a) add doDor?iis i dnDdior rft*$ 16 3{d !@t ia Rt(o

rrrbs. ur llqdq hto,il loos ir6N ton rhl hlgs u$
Atr idki.niolr 

' i ih 
rco, MR, wi , I l i ,qal rcd, R, rroD ldrq i pin ot foidr {uh 17, rl r 1, ris. 1)

o, rhc 
"s,, 

s Ttr rtu, qr{n'l l  b.lov ons trdiJ t.for. b.in8 brole'
rtmord .o rttol i, 'roh$ olh

l ' lr ic 4

Itrt or i 1i4. sln ,Lovii! r i. iohbbn-lkc br *s ( r]t b s or lro 
' 

Ih. b*il fos i iFrf on orc
iriooil pinort & predylJ hisl$ oi t)! @utrc'pr. oN riord (lovd l!tt)

ippiiLmlr Lild ro J."dop ioriNllr, spdn$ Uc.rolr$. x 0.3.
o ,*inF ti! t-o !!ri$c 

' l .plnii,s 
{!oh i lr bsc or qd

pinoi. o^r bnid' i! hrd ni 
' ! 

sl 's; ,1. rnilhr 6midr ir !!! r
(t i$. tr, 15. nrcy+ The u cvdopd pin c hiyr rphlcbia-l ik! bh'$A r. nvryr di!(cd latally iDd
{6$ li* undd rh G<hk. Nfr .11 of !&l lndLvrloNi pi,m n viiblt
u,i!r.op.,l piu3 io rhr $m. !! i(L Jns oi s lhc dcydopcd
pinm (rjF. rr, l{, irowt,

lElopd piDmc Br bl !{ 6! old-reppcd (iF. rr ud s), a *r&qi$k
vhidr !* t.llus.lr dntrmq.(l w|!i 

'1. 
uiLlllqlop.J pinrr vdc l!

dE p&r d aud{Ft (riss. 12 ! 'J l{), i id did rc' .Lrna( rbn. iod bdoq rir

udd 
'o 

d{ ba* ot i pi'm in fis. 12 (rfnd iql. Ircn brcn).

^ 
pinm l{coid ndn bi{) of a rrcid qnh q.i l j . l f of tu Ini

hEnl rfrlqbirrirt hfl idl i , l in;suirldl! rtn tL! ldc or ad, falf, dEwr : r.e.

Pi$qla oI Trpe c vnh flarold hrudr riF rhqla rhdrcd o t-o p

bdc oJ dc oisft i5 $Ni arcid;r lrds th! (novcd s{bk poio'

PLt. 5

oI1"pr ,\ pionulerik. diykiod rhosirs Ro henl bnDLjra neir d
pin lc i i ia -ric bdid r d. bN dqsJ or qdL."elocrd phil l. (ri3 13. {.
rc$). 

^r 
rr cbh l ikc bGffh rd $nt bBndr appha rfs m$irs boo

$ rhg dcvrlopld pimule ni'6 dish.ly hishs o! (lE piuul, sk (fis. t4. !.(I bsi& ir pdnioltd diBhJf
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^ 
raac pirDulc ton rhe tdd in r Gu*d ,p5 oI Trpc

(le@, lhr ,, Iis. r!)
6asd ps. sp(inci usNM {2r{2. orhq, lrrcen in Phrc 4, fie 11. x r.4

?latc 6

nri.,trlrdr e/4t,3r,! Amr s & Pnlqrs
2, fiB. I rhoy;s i bisiriotr to4 sirslc b prkcd

dlyeloped !ius. oft ol rh. fi6! p io! or 
'his 

Imid is rlnd .omplcrc lid

oped !im4 okuft bJort tllc ddir be&, tr!o", sFdEco uc.rors. srk otr phoosrryh.
24 ot rhc acD ii ?hrc r, IiB. 1. Thl qd of n,j! Ircd i{ l,e! renod.d ht

siss 1 (K.cd rhobsdph of llrc .olirdriit (fis. 2a), scfrion of rhc no\i' lsvc he' rcp d. r6rc piifu
of rhk Irc , thowiiB rh.

uiGrd "pNiriic of pinirt * ,h. dist.l .id. spdh.d uc-r007. s{lh i 15.6 co.
1, lhoens r;str, thqn Plird JNdoP

^pfirlbn-lkc 
b' dn $d uide*topL,l pjoras {c

ahibl.. spsino uc,roo7. scil! t i .m,

ptat 7

!d or a 6oid *owins r nfsnidi noh !iid. $ pnird rhd o i lcnilq codiion.
T]r ld lipin.d" pl r (trcv) i, orhqcd . prcdued oi! norc trnnJr o!dc. No rle didomny of 

'h!i,rii3. Tlr frond yo tu loutrJ r(idd !o itrl *.m, A Frtial (!d o of
llir illudn!.d ii Ts!fis,6. speimm Uc.1o13n.s*1. j! r5.6 qn.

ridid ii ris 25 *owirB in ndrt dd'it tu Ifiih idir M'l rhc Sipirtritc pirE n. uqios
ot .Itr! No bliidla' is iot plscir or *r orispirt, rcnilc iphllb
,h4c md4 hndyd *irh pancd, dw.rop.d pioo(. or {cil. iphl.6if-lih 6cnt ynh rv.! Ji.hoihi6 hr
b&i cilsed ii jr8. ?7. oily 6! piiil of i p tu d6rl/ vilibl4 Thc &cod pii'r is burird ir lhl nnnr
Grtsmrly)ii rhe pin d dwrenr 

^ro3 
rilh r]t.quit d.wdopned ot borh pim$ o{ i!.inrtrIk*pilldr

rhitrs dc. to I sildrcnic aosirion
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