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AppxoxlDatel1 r1t~ upaQ~'no or CO~FrOlo1on. ot Clo3&optarldaan 

leaveD, a et~~, ana oevcral 800da O~ eeed-liko ~1ou, rro~ the tr~r~vasl 

and Cauthorn f.bodoa1a, are cle4Cl'1bed and CO:~,*J'C4 w1 ttl pruviO'.l81,y 

4eeorl~o~ sFaciao tro~ Indi_, Austra11a, Atrlca nnd Ar~~nt1r~. 

In \h& ttGr.u.s "t;r.c;l'lr.oI!t~rltt teCo)' (lrfTS), one exll&ttnu speelfus 

and ena nev IfOotes aro douorlbed, and teur furthor taxa nrG described 

tlUt not r.4~d. 

In tho ,cr~'WI ,{l;lptlnol,tt)r!t5 nron~urt (1020) t t\'fO rut. spociea 

are d~$crlted. throe taxa aro referred to O~ 0100011 e~pnred with 

eXisting 0;.oclu8, ar..d throe· furthor tau are ~ •• onbttd but net ri4WlQ:1. 

rltty apuc1,t'.cu\1 ot petrified .cod from f.bodesin (md South ~cat 

Attica l"4SVO boan oXLt11nod bJ' &Han. ot SlGtrclojllcal oGcliona. tleht 

e~oclu~8 aro ,1ven apocltl0 dOllgnat1cu. 1r.clu~ln6 two now .~alou in 

th. £CinuD l:r'dsn1t'Jtl b1411oh.r (1841) an,l on. nllW 8v~o1cau in the tonus 

!'tl~~~l~r19:t..ilmt Stnr&\r4 (1~19). 

A n •• cor~. E~lj~~:lo~. 11 pro~cDwa for woed provlouoly plncod 

in thu Genua !~plro131.c.1l (r:o.l.1:o.n (1925), ~ " Goccm4 opGaloD i8 aDaleao!· 

to this now Gonua. 

the GtratiSI11i'hlc.al 'Valu{i and pol.lUlo 81'01u1:10na17' lIicn1tic£nco 

of ttouo "c~i) aro dlGcuaccd. 

, 



1 wish \0 expreAa lOfT thanlta to Prole.tor P. w. rJ.charla, 

~ ••• , So. ~ •• r.L.S., in .ho~G 4ai6r~t this wort .A~ carrled 

iv 

out. erA aleo to the !~fUtumt or t-011n\1110 e1".4 IIldWiJ'rlal Rasearch, 

.b1oh Frov14ed'mQ with a n ••• arch StudentahlP tor three 10&1'0 er~, 

throusbC'.&t, hAe Given .. ''''17 .1.lataItct. 

I am TOrr aratlM '0 Dr. 1'. s. taco1, tor tntr04uc1n& 1!18 

to the •• pro'Uou orA. tor hl. cO:ltlnuo.:1 iAtOHltan4 'DaoUHt.~cen' 

c1ur1ng the pro;;al'&tlon of th1a thoal •• 

Ilco, rq .!nun \ha.N;a arc 4ue to r:;r w1t8, who haa cunectod 

the dratt or tho ent1re thaola, au:J _ho haa h.l~.11 in lnf'.u=Jrable 1IC,7a. 

<Ii • 
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I' ~. 

·l'J,wr t 
• J •• 

nto'r..arroo \tbda ~re ,t~ 1n itO.' ~~.rb of All'loa Gouth or 
th~ e.hara. &M aro CQ.l:lSEO&t:4 ot 'hoth Tclc~e a.n4 JSa{u.un~l".Y reclus. 

T~. alate: 1u lu:'.etlt1 frQ= SoUth;;:.:.t Alrica ar.d J.n&ula in t~. "I~ 
. " 

to lto:;c.:2t.1t;.ulJ tIl'..4 !c.-:e~ltu. In.f.illt tl&at. aM fro;: Cap. Prov1."!cil 1n 

tho south \0 u~~~ n:4 tt~ ccr~~ L~ the AQtth. 

In tho'l!alsh3:1 da3Ql"t roalon a:..d 1n rort~\UlBO 1:ta.' .&trIClD, 

t~~ t:Orfl or ,10:11 hQr12Qrrtal }:alTOO 'hQ.1tJ haVG ~een covored b7 10U1l&el' 

cretacoous an!! t'ertiarT do,Poslta. 1)st"t1culat'1". to t,1ut vest and to a 

lQB80r ulent to U~ atuth G~ e&ut or tl-.1a reGioll, tor..o1derable 
~, 

I. 

~rns1cn htll cccul'nm. eXf:)c1n8 the IctrOo beda tlf'..4 ~ot.O of tho ttna.r-
111ng I'Ol3ka or tho C4;u and. ottor oldlr r~atfm4. fhu.. 1n southern 

Atriaa, out4rQPI of thft Y..al""l'(:() S,ratlo for= a :ore or 1080 e~ntlnu.oua 

\:;4tU1 tollow1~ the c:.:aatl1na or \l:-.4 contll:Cn't. 

tor c:cnvee1cnoo 1ft dencr1pU.o~t A.L. 411 Tolt (1"4) arb1trarl17 

cUv:1chad. tile tattoo ~.ta= tJlto A t~uthlJrn Ind Northern Ara., elons a 

111'~ throU£b t'ir.¢l';ctk 1n flout}, teat .Africa to r.ltAS\ 1n U'A Tr:r.lUl'f:1al. 

It 18 In tba touth4rn ~rtA, conprlel~ the Capt of Coed UoVO, tho 

OtAll;iv liJnG stata, Natal. l la:uiola.nd. and l:ofta or t;cuth ft.' Atriea 

aM tho 'rrcUluvUslt thAt ·tho f.,18tl1r.: IhQl'u lt3 CTtJAtOlt And t:.ost co~pl.to 

dlV'Glopmtut. In th1s area oro \0 be i"O'AA;,j the tl'pD lO~811t1cfl ottar 



'" 
!hOGO are, in ordcr or 4811001\1011, tho D\Vka, toea, Ieauten and 

the stormberg •• ri •• (ratle 1, Page 5). -It thee •• 'rata vere all 

denlopGd to their Eaxl1:a11 !n- a-q on" locall\V, th0l would Sift • 

total thlckMao of oyer' ".000 teet. Each toriea 18 8.£:f&ln DUb-

41v14.d. tut in t.h1D cae., the _tnta haYtI been elvIn different 

lccol nacua. 4epen,u.ns CIl\ _hen the 'outoropo occur. ~1. sout.ham' 

faclea aho .... oomplete luaoeoalon epannirl& parto ot tho Upper 

talBGolol0 and the Lent' lre.olol0 II'D, •• n~18Qd in the lorthom 

Ucud8 1Jlero. 'nla baaal DlI'J'ka tlUtt •• and ahalea (1l'hlcb rtat 

ccmtQrtQbl~ on tho o14ar ,laciate' roOka ot tho'Cupo t1.to~) aro 

tl.ac1al dlpoll tl lald town 'dUrlna'tho tbe or the Uppor Carboniforous -

Period of Europa, ~h1la' tho storm~J" tier! •• 1. approximatol.r " -" ': 

equivalent in 8£;0 to tho U;>}Ar ~1 •• al0 an4 Lo •• r Juras_l0 Periods ot 

turo~. 

!ba 4opoalta are almoat' entlrol1of CCIltJAontal or161Jl, Lut ' 

thore arc oooaalor.ol 1J!CUX'Glcma of marine 4epoa1tl 1n50ut,h 1;lIOt: 

Af'l'lCll, "'hleb have proved to te or Gl'oat iJ;.;Fortanae 1n 4at~ the 

adJaoent non-Ul"ln. ~4 •• and in •• tavlll1b1ng corrolat1ona with tM 

Gond_ana ~.dD of India, Douth Atierloa an.i ],.uatrolla. 

In tho llol'thoI'D aroa, which lr.olu4 •• , rdlodoClia and lSola.1 

(l,aaalon.:1), Uti:ola. 'tan;;uq1b, tho COfll;O.· U,ar.4a a%l4 plr\s or the "'." . 

. ~cnayaiil. I<4Ghuanaland and Goutb teat A.frica, thG tan-oo r~.tea ia not 

alva,yr, cam~l.to. '-'he Dw3ka tillite, are WN.:1117 a:wcb roduca4 or cbsGnt, 

_0 Unat tt.o :;cca bt4. IiB7 rea' lin rooka of pra-tanoo '4$. the 
'" 

})oautort an~ :Loca 001'1 •• mar &l10 1.. 10 reduced that tho Stombers 



~i,\. nat en tcon or eren .arl1or rooks. 

FOld,l plant" are kr.Q1m from 'Various •• d1mants17 l"oclta 

throUbhout tho "holo ot tho larroo tlUCc3llo1cn. co~nc1n4: with thu 

~. 

1':' no ll'smt<Jt&! tlort\ which CXt.ecdll fren tho Dw;u to lbo cidllo l!Ioautott 

801'1.11, and f4t:td.ng into u t1ero\ctt,1lF: flona, 1Ihioh 18 &;era 11k. tho 

~oDozolc flora. ot the ~orthern Ucntm;horo, cnd which 18 toun~ 1n tbe 

Up;er !e~urcrt en! the ntorn~r~ :erl~u. 

In South Atria::. 1:no"ledto ot tho ClUte.cdo!} ot Eorrco tloraa 

10 d~. chiofly to tho ~Q~~ C£ Z~111or (lC96). SoWArd (lCSb - 1919), 

Loa11. (1921), XrUwurl (19~6), ~!Alton (1~'. 19z~)t *;.'ho:.aa (19", 1950) 

ot~ Du ~clt (1954). ~r~ rac~ntll. P1UQatea4 (1952. 195G a.bl 1?50 .,b,) 

baa c!do4 ~~e~tly to our ~cvlQd'G ot tho ~lor,onter!! flora 8S deYelovod 

at foroQnlc1r.e, ond hAa 4.~crlbod an 1=portnnt ._rico of CloJao~tar1~e8n 

truatlt1cat1one fro~ thla lccnl1~. ~o1xo1ra (1941 - 1954) bus 

dc~c:lbcd th4 ~lo~90ntor1! flora or to%A~blqu" _hile' Pant (1950) an! 

Hpo, a:c4 1;030 (1960) hnvo da201'I1'.o4 that ot re.t4{,rt.rt1ika end tho C0tliO 

reapectlvel1. 

In Fl;0<~cc18 &u:d ~al&lwl (1l1".alarod) thtl s:.aln contrll;utoro to oar 

kuo.le!,o of t.ha 1'oa;11 flora bvo bClilll llcltMux (1~'. 1909) r .Lndnw 

U~d.laUt:l (l~lO), tlth\roo~ (1~14. 1929), Db .• ,. (1937), T:al\on (197,'. 

1~2~, 19,6), Dcnd (1952, 195', 19C2) and Laoer (1959 - 1961). 

the Gut-sequent par\o or t.:118 thealc 404Cl"lbo recent collections 

or 1'oG&11 plan' aat.or1al froa oQvurol lOcUl t1el in tho Uopub110 o! 

tcutb Afrlca, 1n l.h~oalo. and !.tolauri (B.Yc~l'.4). =nd in south "ea' 
Africa (aee ~p 011 h'1.e ' 4 ). 
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Fig. 1. Map to show the approximate distribution of some major 
Karroo Deposits in Central and Southern Africa, and 
the position of localities of particular interest. 

Key: A. = Main collecting areas in Rhodesia. E. = Ermelo. 
v. = Vereeni~ing ( Plumstead ) D. = Doroskrater ( Krausel) 
L. = Lukuga \ Grambast ) J. = JadotvUle ( Near ljIeg,and 
Bose's locality. ) 
Stippled areas = Karroo Deposits. 
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8. 

1 ~, , '1' 

r~Ut.~~p. or thft :rroJi.f4Tf\J11 \totorinl • 

. ~. ttalu 'HJrk l"o,tortod In tart 11 1& the ll'lvc'.Ueptlon or' 1'oG811 

}>lrUlto 'TO~ r..lle'Y'Wt CoUlo%7. ·'f.tt.olo., !:rar.8vDol,t in tl14nerubll0 ot 

South .Africa. 

nUt sJ,4l'ch.an~; \'#ore taken tro~ ,t~.Q reot 8h~o l=edtatolJr cLove 

tho: r.o~", coal ,aec at tohe ~l.~ ,C,o,lll,o,t:"'. 1'hl0 DOU 18 tho tddU. 

ono of 11vfit. wbich tOt;ethcr .• 1~h ,tbo, ,~tc,"enlna ohalco "1"0 r8~rde;1 

ao roproDentlni tho ~1d~1. leo. ~Qrio~ ~ ~hU Trnn~Taal. (A.L. du ~olt, 

1~)4. ;:00 TaUo 1, ;~!~. 5.a~ ~iav .(~c:Xt-f'l,lt •. 1) on f.8t& 4). 

~'ho col1eotlo;\ tria lJ.:l.1o ~ Dr. ~,., ,fotrr.rov ,~r \ho Unlveralt.1 ot 

rt10~Ot twd 80nt to :>1'. U. S. LacO]' for oxn:lnatlon. l!t tht:.nks Are 

dua to \he :uana,tct'Ont of' the Ddlc'fU.J,) colller,y for £rantlr.; F~m18alcn 
- ~ " .,,'.,...,.....,. < , l " .... 

to colleot thQ Mtorial, ttpd \0 'Cr. ToYnrow for t'MJ.nc the cQllootion 

cva11abl0 and 8GrQoing to ita bel~ plcoed in ~ hnnda tor lnvGBt1&atlcn • 

. , , :Co90l"l;et2PJ' <'t:.!!.!tCi,rip]" erltl"nl)~olt'J}nllJ. 

Ute t~n::ol.o oollocUon ,coruJi.at.& of' ,i.1W6flt,Y ;)4lt.~ 8pooll:ona ot a 

dark C%'Q1, bard ~loacw~ua.Ul~lu, .1n~hleh,pArta,o! .O~G rlr~ loavQa, 

coveral,ate:3 ~nl .ecd-l1k~,boUl.u,aro.prescrvG~.a co~.=lona. 

Accol'd1r~ '.0 Dutolt .(1~54) .t.hCl .only .,lewta lr\ollfn Mtherto frcm 

tho l:nAlo locu11tl I1ro r!ll'1e'Of~Rt~Tt!'l ~bl')vl!1t.n . (carruthuro) \1-;1\0, 

.~ordntttl'!(~.Q'p'~f'tlJ'!th1'?l'!oJ!) ,hhlo13i ,(,tunc.) G1'l.i f.I~On()p~:.tU..u.a sp •. 

'!'bo OPfO.rtunlt..v' to atudt c n~. collection tina that'd'oro, l,nrtlcular1l 

o\traot1vo. 



several DOlt recorda tor tho '~.pu.bllQ of, South .Africa, but alalo 1n 

71a14tns wall praa.rve~ cutlc1lo. tt. 4!~ or thaaG outlcloD baa 

rrovldad addltlcnal 1nr~tlon resar41na tb. ola881tlcatlon aDd 

identlf1oat,lon of tlm2f!JlI9Ilt£W and .suQPI9P~!da leavG', alld ba:s 

rOGulted In tho disODYo17 or Boyeral epoolea .blah _ra P"Y1ou~ 

unknown. 



12ehnl~u.~3_!'ttla !n .. thff In'!.,Qt;\!mtto,,pt"tM 'tma1q Col]t.'st!m-:. 

(1) .l~ACr()fcool"\j.C l'Z~rt~~.!..t! en 

10. 

ltOI~ 01: th •• 1-4c~na 1Ioro e1poted with" the n14 01" Q vanot.1 

or awl cold '*"10810 arA Cl-<f£Qolo;;leal ha:r.or. It Cl o~-oc1mn VtUI 

14rtloularlr 4011catct or 1t t.his t;4thod. unD 11kv17 to ~£,;o 

nelshbourlnc 14!sv't. tho over171JlJ tJhnla wes Z'Ocar.4 by dlG3ol.VJ.r.t; it 

in lIjdro!luor1c ~c1d. .A i=allwQll'o: 1:U w •• tu11t lll'O\l%U tho nrca 

cf the rook to to 1'",1l;1Ov04. ond rUh4 with 40.' 1l1dronuor10 aoU. ThO 

Acid 11)$ lij;1 tCli;o..l ... 1 ttl a cu.r.el-hal" l::nush. npun' 4014 cmd 40brlc UD 

rcpoato~11 .Beho4 uouT w1th dl~'111~ wat~r &n~ trG~h no14 UCD placo~ 

10 Ule weU, until tho tlptaciuon 'QaG OXl-O~t~ to tho ex\ent dQ~Il'Cd.. 

CCQoalor.a111 t.r.Q 'tal ton Canada 1:;41a= tr#&sfer ::&lthod, (ror ,"view of 

tochnlqu$, aoo taco1. 1~5') 'aa ~od to expoJ. the O\YO:08 c1d~ at the 

Ol:QOlt:.elh 

~&tal1ad tLventl,:nt10l1 of luch features ~o 'th4 V.Nl.Ucm of· the 

l.eavo; 1"0'1u1rod tl"..o ~o or otront; obll1UO lteht1n$ at' the 1.=.ol"81o.~ of . ' 

th41 o~o1c.en In 01t.M;, .a1.ol' or 21101. 'rho f4U'tlcular t1Othod. t:GLJl.01ud 

do;.ond.e4 on \1\0 at-tite of llX'CGorvo.tlon or thG mated.Gl 1..a1ng .t.ud1c~. 

til) I.l'~r"uttfm t:Ot l!1"ro~~()¥19 .... !:A"':l!n~ttS?D. 
tho t~Qh1l1tf.Wii:fJ tattd 111 thl) lui:hl~uon~ ~,L'1atlen -ore ttl uri 

l~r~~ thoso ln ~c~n UjQ in tha .tu~ of C4r~un1=ad co~~regG1~= or 
lOQveiJ, th.a cut1cle. \\t: tthloh- fil'O atUl ,r..r09tlrveJ.. 



II. 

(0) .t9:'(mUr.~~J!l.tml.!)\! tf}"ok, ~7.'i.St<Ulna.1.PA1.mtbQ;.tltt. 

lu IIC=~ a:u.CUlt the ct.r~onacQou.a llQ'or 1laa 1n tl'. ton:t or larGo 

100$' tlakcul. lYhleh. oould 1;4 orusllT det£1cho4 frera thtl rock b:r ob1pp1ns 

tho .:pecltJOn w1th A ~ll. Cll1nul. or a na(J41c. ,tr.e collw.oQO pull Mt.hol 

(tMe. 192G) W08 tr1r.d out on thoG8 8l$ch:cne 1n _b1th tho cul:ionaoeoUD 

lqar e,4hQro4 tlml,- to tho 1"Cck. l.ut thl =tho4 ,'flU. loon nb4n4cnod, 0.0 

it invarlabl~ ro~ultel in tho cut1cle brouk~tG up into VOr.1. lcoll 

(b) .kh~ttlo.l'l· tlOtl'jc!l or 'r1J~O"1i .. fltt .. ci%:rl;on,tlo~<i~" t'lfthrJ!,l' f'!.Sl!!, .. 1h~ ,,'reek· 

tz'hQ tol1c\'d.tlC a:cthOt\ tins used nucceuaM17' to rUccvo' f1nU7 

Dth4r11"-H c:1l'bOnaCGCUD' r-.aterlAl Irot1 tho' abal.. A c.~iuol w3e uoad tc) 

~~vo tro~ the upuotbnn,a &Oflll'flaka or teck .1th·th.c~ronaaooul 

lqor ot111 attechol to' 1t.· thu rock l4cid.nS w:aa then ftt:OVod by' 

dll'lcol';lna" it ',in h,y\lronuor10 'acid t>.rA/or Ii ~1xt"ro of ouch tllneral Ileitis aD 

nitrio ac14~cn4 h,ydrochiorl0 I\c14. '.tho chonlc:ll ~tbo! provo4 to bo tho 

s::oro GAttotaoto17t lUI 1t)7101d&d In:rt~er pleces ot'outlo1o thnn tbo purely 

tiocbanlctll r:.etbcd t ' e.na tltltl, thorofore, JltGtorncS, unloao it wall part1cularl: 

dot'Jirod'to koep tho haM ar4clmn \.Ult;n1';;e4.' eYcn .hen ttul cutlole 'Cl1\U 

ch1ppc441roeU1 trc2 tha rock. It 'fins tourA to be .,.dvMtaceoWJ to U'ft$i 

tho cattriu' with h)drottuorl0 ao1d. u i.hltf H1:CVCtd CllJf' Grainu' ot, 

111103 vh1ch adhorod to th~ cutlelt. ana .bleb l~tt.aO otoouro4 fino 

40tal1 .hon t.bo ~tot1al.· .'8 cXlUa1ruut rdcrOl$C01'llcaUl. 



\ 

I~. 

Ito wtb'l' ~hlcll U1thol .lUI tu10! t~ GO{:flrota ihe car'tonnoGoWi 

t.uttrlal f%u~ th., rock, tluJ ~rttJnACoo:.uJ le.;t8r 'Sma partlall1 c,x1dlasel1 / 

in a aolution.ot PO\o4a1~ chloratD in nit rio co14 (tchulcoto lolutlcn). 

Tbo%'tl:Q1n1rl$ atatu1al. unl'S th~ tl'tu.otoned tu &l oircular cover oli}') in 

Q durnlu:1n cuppor' (oee t.low), wQlhad with 41~t1l1Gd wuter LrA th,n 

trcatoll "lth dilute aU~nll. Iiiluto ar...~.onla 'fiaD found to 'to plrtbulcrlJ' 

a£tooUyU, Gru1 tbJ taot that 1t oculd ~ 00.0111 h:tQvcd £rc:.a tho 

proparation bl' 'Ifll&h1nG wlU~ dlatUl",l v4t.lr '01" ~ eunt10 evaporation 111:18 

II cr"at fldvanttl~o. !a8 porlO"l or o.x.ldntlon 1n nCl'.ul:O'D Dolutlon varied 

£rOtl about t170 houra to Git;ht or tun dqll. end. tho I.uteoquont troat~t 

with alkali varied frOQ Q to. oeocndo in ver,y dllute a=ccn1o to aeviJ'cl 

days 1n Oto a=onia or 20;; potaGh Goluticn. Tho addition or a fa. 

4r~p3 Qf Et~l alcohol to th~ alkoli ort~n Geo~d ~o cako the tarr,y 

roalduBs trou tho OXidation praeoua vaC8 corD 811111 into colutlon. tho 

tUlG ot Q8ch troat~mtt vnrlo:l troD apoa1t.1en to Ipec1:=:Cn (and indoed r~ 
a 

000 part otA loaf to I.tnott~r) an;1 coull! te dohr:liM:;1 onl7 b,y A prOC50G or 

trial ar.d orror. tho application or alkali aO:lou'ulJ 41 •. ~clvt.ld thQ 

tam roclduo rav1dly. and caw~ thft cuU.clea 1Ib1ch n:.a1..~~d to noat 

apart. !Zoro erten. hOliOY~r. tho cuticles hlld to be oo~aratt'd 111 th fino 

no~illctJ. 'rill0 opernt1on WISU tucUltllteu 0.1 the uao ot a pair ot 81mplO 

=ioro-c.on1pulatora (Fig.28. pa40.3) t which I dOGi&nod .. trod ocnotruotad 

wah tho luusiJStanQQ ot J!r. J .0. t'U1111.m.u ('rochn1obn, EOtBrJ1' V4;aX'ttJOnt, 

Ul1iYorultJ' Colleari, ~or). 
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IJr. 

l!oVQII:;on\ ot;'the Mcd,le 1n'tho horl.aontal plane 1e control10d 

b,. the j01atlok (A) which 14 attachGd \0 'tho lulU c.nl Becket joint (ti) 

Wld can. tbJNfo1"C. be I:4OvlAd in 1lrt1 dirllotlon. l!,1' lil!lcir..g tho pivot (z) 
.~. 

aD cloao 8C poooill. to (b) tho ~VQnGnt trarJWQitted from (A) ihroueh 

the brne. tuba (£l) to tho r..coUe, 1& reeluoed. b.Y a ratIo or apprcx1tu:lte17 

20 • 1. 'lh~LnQQtl10 1s held.111 a propriotaQ' 41aaoct1nG noodlo hollior (1.) 

_hleb pt1llflU froo17 'hro~ t1'.o. 'ule (E). t.ut 11 he14 .. t1ttU1 in tho slil! t 

GnJ or \ub.(~). the tu1e (t)can evina vDrticallr Atout plvQ~,(I) and 

hor1zontalll about sd.yO\ (I) .(tee cldo v1rur.lls. 2a and. en4 vla1l ria. 24). 

1$0 that cavo:ent ot the .n"dle 1n o.lV dinotion 18 Illo~od tor. Vertical 

~ezont or th~ nccdlo 10.controlln4 ~~ tho vornler cerew (I),whlch., 

thrc~ the conmactlnC rod (U). fl;ovCD .. "hQ plat.on (F) up or dom within 

tho br£lGo tu'bu (0). ~ ~II batl ur.d aockot Jour .1$e~bl1 (!!) 10 DGcul'o17 

bol ted to tho top of. tho picton. .~. noodle cnn to be1d in a:y dQ:1r~d 

i:os1U.on b7 t1Ght8n~ \he acrew of the ball and aocl:;et Joint.. 'rho 

d1Asro~ or th1. cp~~ratus are not .%aQt~ to 40a1e. and the varlouD 

dJ.unalonQ ~ bo VClrled. to cUit tho huigbt or tru. doroaoo,pG stat' 

oM. the longth' ot 'tho oparatol" & to%"i)-8rg. ' " 

Tlul ."",grAbd. cutiolos troroth,n r.ount&d (uuu.ull111thout ota1nlr.g) 

t.t~Qen two clrcular'eover·cli~8, u,lno 6l1cartno J.l~ aa a countftnt. 

the cover elucao6 ware ttun u~nled with ahollaatn _ 4urol~1n cur-port, 

khiml 411ow~d totb ~14om ot ~hu ~~~ratlon \0 te .x~1no4 ~1oroaooploal11. 

uslrol: 011 '~ritl(Ul obJeQ\lVtuJ. 'Jia. (2b) on .:&o.1G 1318 a cl1oGrll~tla 

ced1au lons1tl141nal. ;ooction or !mllo! t.heca aupporta. !hi) coval' 61a~sGD 



I~ 

reot on t.ho uhol! (rr)., tho durnlU!l1n 10 cut cwtl1 abow Ilr.A l,.low to 

411011 the objcctlvlU to IlwiDc in iUlll out 1'NOl,r. 

!!oth hiGh eM 101'1 tw.g:n1tloatlon drt.t.'d.~"1) 1:01'0 ~do vi tn tho 

aid. ot Q oacora luc14a. to en.fN.ro that UlQ 1~roportlcm8 of th& object 

'Ut'O &lccuratol;t reproduced ~ 'that a constant ue;n1flcatlon W4U 

obt{l1ne4. Vet",)' tine ntr..tcturom tend fro t. obscured. by the efl:lQra 

luoldc, sud ouch dot~lla ceru cdded aft:r thu 1nQt~\ W4B r6cove& 

freta tb') n1croDoopo. ~e od~1nal IOli Ini hlih f\)'ur clrl1d.n£8 Totaro 

r.ad.e .-1 t.h black 1ndian 1d: en 'Ills'to C4N'to04l'd C1 t uf.,nlt1ca ilono of 

220 % and 2,200 x l'Oapectlnl)". ,\11e80 were \hen photo;:rrafllcd en 

IlioN 140 ple\t'll uain,z lDIJ ~a cltlveloper. Mf1 "are t1nalll printed 0."\ 

cirmal1 papor at ~~ticaticna or 200 x and 6;0 x ~apec\lvQl1. 

'the cutlclol1 IitlrQ ~otoli;l1lphe4 usino an tuJcta 3; = Cafr.Cra. 

!bo camra lena 1148 roww4 and ,tho 11041' clw;~d to tho Yortical tu!lQ 

or thll m1croacopu 1:.7 ,a l1j)Oc.1tJl c4cptor. A l ~e O1t,p1000 and 01 th-Ul" a 

1011:0::0 ,,45.1 o'bJoot1vo were w.e4. ' th~ 'boa' rUta ter thlu purpOltl 

wn" found it) ~ tillford :l!crCt.lta", vblch hlla 0 V1r'f t1M' &nln GtruatlU'U 

~Ul4 1';rO\tuuo3 a b1p)\ .i06l'tt of ,contr .. at, Gvon 1i11..~ CI tina Grain dQvoloror 

tUGh •• Ii.utler'. developer. ~b~ p%'inta .are swdl on a1.I'm:l11 parAlr• 



16. 

'the t1:~l $:i3uJ.f1ea\1onl:.G1IlGx 15~ tor thQ 10 .. ponr'photoJrilfh- ~n4 

x 650 lor tho 'b1!h power llhot.oi'!'afha.'· 

l'hotOt;l"alb of thu o::cternal feattlri*8 ot Uli. 8I4~c1l::um$ woro , , 

taxun with tho F.xaktA Wllt"4;,JOlcro1lOC t1h, tut 1n thin caBO 1. t we 

dov81op~d in ~Ilrord U1£h Def1n1tlcn" deyolopor. UnilatorAl dnyllCht 

'ai, •. u:utd , in th" photOll'Dfh)- of, -chole, CpeOi:lt'll8, e.a thll«avQ pertoct11 

ev~n 111uainutlon overn 1&1',0 arua. For lhotocrurhu or fino 40ta11, 
l' <" 

extan~lon tubaa WGro fitted tu tho c~ro. end .trons latoral 

111u::1r.aticn he l~rovlded by a Dock 8l,otlltht. Prints ,.ON tlado on 

Alr;al1 vu,por. toth liilcro tlncl1t1ct'o-ihotCl~till.h. ~oro l'1Ou.~1;ed em .h1to 

card to 10m plate~t aru% thaoe WGfe ra-photoarnphod on Kodak ~40 

plntos lihlch VOnt dovulop4d ill roJak V61a develoi~r. Frinto WQ~ then 

U!1do on ahootes o! lOt' :Ie &' Ai.:n:.al1 ~aVGr. "All th1. work ... ao carried cut 

b;y thQ author, but ho 1tishea to Qclato'.vlr,u2Cf} tlH) ."'vico, hQlp c.n.l 
~ ..' , 

" In tho' foUa.f1r" 4e$cnVt1on or thacut1clse or'sIoel'lUll ct 

r-rlTltttn01lt 'ilr1!'c.t«i !!1!,o8optorJ.!, 1t hue lIaen fourA: convaniant to use 

'O~G tor~ 1n a ~Gr~8 not utr1atl¥'appllcahlo to rocGnt plante. the 

cutlcular pa.ttern lLdlcat~1I tho .1~~ uld.&1-.ape 01' t.hu' ctllo ot tbe 

epldort'J..(I when loon In plan via.. tho tG~ "CtlU" 10 WIld to descrflo 



e",cn \U1,1\ of PAttern 'hleh hae .,LolI.ln 1=l)(.)~ad on tho out.1alo by tho 

~tdr11tnS·QP1del~ cell., It 1~ rQad1ly nd~ttGd that in ~ut CODeD 

no collulur otruQt~re 10 p~au~rYdd. but {hGtarm h~a ~aen uned in thin 

8Gn8.~ ~ oth4r workoru in tho fiold (~o111'r, 1696, Sahn1, 192'. 

ltpac &.t1t.l D041U.t, 19Co) and 10 etUIUy ~un.!Qratood, In dO(lor1b1114 tho coll 
/' 

l'Btturn it 1s ott_n l".90.S$ftr',y to cllot1nGu1&:1h botlieon thoue An40 wld,ell 

'Icc'rtf over the volna CUl4 ''''.oao lihlch 110 \:cbeen tho ,vaina, ~o tema 

"veIn coll" or "calla ovor tho veinallt
• rmd tho t.3n:l1l "MGh ,clJlltt or 

~coll. or l.ho moah ro,lona" 111'0 u:scd. l'USi8allvol1'. 

tpltlortUtl cell. an often fGpUlato, ~. kUPI11.a r:.s.y 00 or 

a) nolld cuticular thlckcnlntlQ (Text t16. 22). cnd 

'b) bollow cellular outarotltha with or without od,11t1cr.ol 

cuticular Ulickonlnca, (Text rlg. '1). 

Salls'bur.7 (1t;21) haa chown ocnv1~c1l\';:11 thbt it 10 ~ealnU. tu 

\1:& tho atcr;urtal 1r.J.u (1. e fl +:J X leO, ~ilN 0 • at~bl collo, 

• M epldor~ cull per unit ur~a) .bGn co~~rtnG tho ato=at41 41atrllutlon 

of different l.~vcu or or tho up~er ond low~r &urr~o~u of l~AYoo. aD 

thlo 19 lea, variable than ,tbo otOt""At:il f'rGqu~.nCJ'. II n1uo whIch do~n.i1J 

10r •• 17 on ecolob1oal o~ndttlcnD exp4r1enc.~ durlt~ h~owth. 

Uo,aver, thoro 1& cono1dcroblo tnh$rtnt varint10n In the .t~tAl 

Wu or ltf,lVQ8 of Cl".o spoclo8 6'TOin un.1er U...o CClZtl ccndlticr.a (e_g_ 

occordin(: t~ ca11aturr (1927) S.I., of l~aCUt! alva,!o.:! baa " rtAn13;o ot 

7 - 27). and it 1n n$oogu~J to oxAmin. ZOO or =0:. loaveo ot ooch 

Ii~GolfiJa and to enplO'J f.ltatlatlcul tochtd~uefl tororo roally UZHlJtUl 
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cotlpar1sonu or S.l. can to &:.ado. thin 1n cl&~l"ly 1J:lJozall;lo In col1J" 

S.flvoo\lcaUolUJ of rOGell cnt.~r1alt ... bon onl,y a tew ;;oor1:1 Iiresn"~ 

lca:yca fll"O ~vt.'<11c.'ble. In Op1"fl at" ttlia It 1Q \.u~u;)ll,y possible to 

obt&in ao~e Got1cato or tho J~lQtlvG atun~ca ot ato~teD on tho 

,upper anA lc.or aurtecos or s1n£lo Iftayc~ fta elual 01£&4 rloeoe or 
both cutlcloB aTO w:u.,d13' obt.r.lnod t.ot.thor trolt n 1'4rU.cular ;art ot 

a lout. 'rho rntl0 botwotn thlJ nW3~cr of ator.it(1' on tha u'ppor erA 

lo"ar sul"1'aoo4 of a l.~t· r.w:r to culltd·· tho "Sict:atal ru t 10" , liud I 

hllvo tufJct 'th13 to%"Q in t110 OOJtlftlrloon or sovuml locvca in this tho8is. 
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!to .~c1meJl on tiMch tha £t1f1Wa liAnttll0p\otia 1. tcumed waa 

Ol"18wll1 de=crll;.e4 1:1 ).tcCo)' (1647) Be htP\Rg$'rl g Al"QVdlt91u. 

UcCc.r (lOGl.) utea tiha conene na.:no Qaru-;UORtrr1ft \0 41acrlbe the .au 
" "'. 

19. 

trond. 'tout 414. not publ1ab either Q IPlclt1a or sanarl0 dlasnc:Jia unt1l 

. 107'. 

Pert or fill GaMed 41asnoaia 'b7 tolabantal (18798) dllch waO 

tollowed b7 tewar4 (191Ob) 1. hprod.ucc4 below. 

• bLllvea aimplo, .t.,110, Y4r.rlnu 1~ .hap., obovate or apstbulat8, 

broad1, hnctolato 01" rc.rtl,y l1noar, tho .pax 1s ubusll1 \)lu."lt. 'tut 

ocol1ulanallT srNual1.Y taptnd. In tttlOral app&Arcnc(t G ~~'tamt'tlJ 

104t 10 el~lar to that ot nlQ§ao~t2tll ~Jal. the chlet d1ft.rence 

to1ne tho aba.nee ct a ~d.rlb •••••••••••••••••••••••••••••••••••••••• 

......... 'rho =ld41c or the lultua. GI}lCc1aU.,. in. th. lower f.erta, 1. 

occuplod ~ ate. Yir\lcal vulnl, tro~ ~lch branoheD curve Up.4~. aD4 

out.ward. towarda the .4to or tho 1.1tuh ill. loco."ldar.Y v.lna tll'e cor.noto4 

t7 tr.Queni;~Dtamoae. and .~O. vtr,y cloaeli .1~ tho,. of ~lQrioEtOtlD. 

~. la.una becoueo nattoWG~ toward a the taas, flhlch 1e elthar ouneate or ••• 

ellthtlr c~!oulatG." 

J.oooN1n& to Ar'tel" (190') the lO>Jcr ~!11Ul Vtins ere "oralle1 and 

fho t;enua hee A "ido gooJ;t'Bf,blcal 41atrlbutlon. hanna been 10l.iXld 

In U1Q Ant..croUc, AWltl"tllia, Ci:14tru W f,outb..,m J.frlca, Ir~1a &'ind sout.h 

Nt.rica. 



In all theM f.l'Oao, .Li.PlW:M'U.1~!ti, 1. ,tound. OtU1 in the 10'lor 

CarAwana dOpQalta (l~Q •. : tho8a. ot fomo-e&sboni,l'oroua 8t8)., l' 18 

. (Table 1, paso '). 

20. 

'ro date, 80M twontJ' epee!e. or SCID&*RS!ri, have been 

deacrlb.d ~ varloua au\horl, but .Ule,outlo1. etruc'~ 1, kno.n for 

onl1 su of theae (Zr!:~o..tava, 1756, BpeB end !c .. , 1960). 
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thla Q[.-eclccn 18 a 1:r~d. obOToto leet 12 CQ. lor..s arA 6 cc. 
, ii-

1114". A G~ll pArt or til, t1p 18 .ase1ng end .tho atato ot fNo£rvct1cn 

in poor (Plato 10). BOWGver, caroful examir.at1on revoals t~.dt tho 

central rOt;1011 or tho lacina 1. oCC'..lp1ed by elt;ht \0 ~cn parallcl Md 

e~.to~aln" volnoDpncod 1 - 1-, ~_ s;crt, rr~ ~llch, tho latoral 

veins cu.:rvo O\lt tont11 to Q!lot the t\f1rCin at en ".nelt or 45° to tho 

lcnel1,udll:.al axil; tut in the uPl-Ol' part of thla lell! thQ lateral vaina 

bend rathttr w-..al'ply aftar l'Gv1ng tlu) centrnl rot;1cn. DO that thtl coet 

the Drlr61n at. au tIllf;le ot {roa aoo - C]::J0 to tho lcncltud1r.ol u.ia (text 

f1g_ eel. fhs latoral vains are spa cod tro~ 0·, ~_ to 0·75 cu. ar~rt. 

(\\Uoln_ . ... 
'!he tJar'bona~eouD 1a,)'or 10 vOrl thin,' find co 'bDdl,r vorn that CIJll¥ 

purts or the fipec~n ero ccmplotell 4enudod. tho statoot preservation 

or tb., Qutlclo tlAkun fro~ ~U.tt6UUlt pario or the loaf variGd accordlnt1,. 

fr~a ~er; poor to't~c.lltntt al is :hown in Plato Yl11. 

Pr.r4)r_.CUt!o14. 
,-:" -

Cut1~1. tuken from tho res10n occupl~d ~1 tt~ Qod1an pArallel 



va1nn thow.'" fic) dlft6rentlatlon into 'Vein 6n~ r.oah' af0:10. ' All tho 

colla aX'iI lrnsularl)" rocttU''';Ulu. u;:pro.xll1:lto1.r ~ lfida, tree 60 .. 

to 15P.,l lc~~ and tilth DtrQ14;ht coll walla about; w thick (Plato VIII.). 

No 8t::zot~U' haVG boon foutA in thla reGion. 

}'tuf:.arnt1or .. a of cu.ticle obtained trc.tl othlll' Hi)lcna of tho lact 

OhDfU:d. a1JnUnl' arr~tlt.:~811t. of x;erollul-aldQd callo, und. 11tt,10 

dl!'forct!tlr.tlon botween tho veln ~tl(\ Ittsh I .. re48 (l'lato VIII Is l. 1'e:z:t 

fiG· ,). 

'rho cella oval' tta VGino arc eo:sU.y J-ectbr<i.ular (~xt !1t:.' 

Illnta VIII D) wasurins opvra.x1matei,. 5Ct1 \1140 and f.rem 100;. to 2,C;!.' 

lona. tho eoll valla Ire tltro~Q.t e.nd "taut 2'~ thick. 'rho tlOch colla 

ore a.1=oat ident1cal to thouG ovor thi;! 'Vaina, e10$;t thAt c«118 tilth 

obllqU3 eM "Q118 orA lat'gu bQ~tl,cr_'ll cella up \0 ,~ lona c.nd 75,· wida 

are core COj,';f"'''¢U in the t:iuch re£:1ons. 

6tcc;at.4!D (Illnta 'rill B on! U A) flro rara. itnd. .r~ onl~' to".lM 

aCtt~t~rca 5~ to 6OC\l D,art, <town tho contra or tho ~ah n&lCt'.a. ~a 

OtO::.ntC8 do not hav~ • "£Ower or1cmtcUon tn.i1 U/&1 ilN t:onoc.'fcllc. 

':1'.01'0 'UJ.Y be tour '0 IU Gut.lldlarr cella, e~ch £l4l8auring o.l.out 5:M t'j 

7').', ~",; ,..hleh cro thorot'orc clipnclob!y r:;:nllGr tr.an tho aurround.inu 

r.csh cella. 

In BO:i.G casoo, the poa1Uon ot tho unJer-l,y1118 fl.uard calla can 

te clecrl, Goen, as cho~ tn tuxt !le.}, tut unrortunatol1~ too fow _ore 

.1I11 Qno1.'Lt~ J.1roaorvl'Jd to allo~ an nQcut'Uto (ut.1::.ato or tliQ .1$0 rllnbO to 

bo obta1t:td.. 'rho "airo 9f tWlrU cellG ceauured. £omod ulliptical IU'oga 



l?>. 

'1'1"= 40P to 9~ lc~ Iln~ trt'C ;,c~ to t~ 'lido. ~e atot:.atul pero 

Yllr10Q in 1,nttb 1"roz:. 35t' to 4w •. 

The lOlHlr cut1019 18 t.hlnr.~r than the U~;¥(U" cutlclo an! tho 

colla or. ecalllJr Illtl "oro re,ulurly arraneed. In pnpGr&tlono t.ukon 

tr~ thu ~edlQn reSlon 1t W~D no; pO~Dlbl. to d1ut~~lch botwocn tho 

vain ~r.d ~"ah l'Oe1en6. ~n colla ero n£Ul,llrl1 l"Cct4lngulu, rarel,. 
. . . 

cUatortQd. into olor.[;atcd houc;ons, 3Q.. to 40,. .-ido m:.d ~ to 9{..);, lone 

(flute VIII e.). ~h& cell walle are etra1cht ~ ~ to ~~ thlokl 

l'1'Oj:artl ticr"}) t~kon t'r~"t othol' s;nrta or i.2ltl ltuU.fla nhowoJ th; 
.. 

colla avor tho veins tobo ruota~~art ,a~ - 5~ wide cr4 5~ - lO~ 

lor-e. 'lho oolle of ti:o tttleh reftlofj,n l'Il"iI ld.bllar 1n 01t8 at~ CMl:.e, 

tut obll~wa on4. .al18 era Er.o~ c~cn and ~li1 Q~llll "1'0 1nodu~trla 

(Plato \1'111 n and. f,'xt t1c;. 5,,). 
. . 

~11iJ stomatol aal'9 %'(ls1:riottd to t.ha naah ArGon. '{heir crlon.tt.lt1cm. 
. , 

. Arid. dlBtrlhuUcn 10 lrrof,;Ulnr. und tho,. aro c:.uoh ItOl'O cOQ:;.On than on 

th, ui;~r (l'utlclo (tllt11.o VIII 11.). 

''htre ere trom (pUl" to IIU au'bcld1arr colla "hleh nh of about 

thG 8f6J:.C oitQ 81 th. fltlrro\alJine l.i.och colla. 'lbe ~tr or ,uard colle 
. . 

1108 l..cmeath. tho Gtlbddi4f1 colla :'·,nd fom. l\ clrculnr or .n olliptical 

area U,t.w:len &Iv. D.."l:.t ~ acrean. fJ:ho cto~ttll J1oro, therefore, lilts at the 

l;ottoIa of a plt, an;! 1& trv"£1 3~ to 4~ lotl(; (fIatt) 11 Z •• Ilt~{l 'l'o.xt flg.4). 

p'ncn.HlHIC'1n f:'l'\.~rt!!..'l!Jl:!rhwn. ~ 

• 101' dltcu~ni1on Ii;n:! cc:t.pt.'U'laon. cZ' ~"!'!rl\roftc!,~~ ap.A. "lth othor 

; sP ... e.% "{""fiX !iA0,l'!.I!.,t";f c:r",.I.~"Sis "0 ''':r 11-5'. 
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Figure 4. Gangamopteris ,sp- A. 
Detail of stomate from the lover cuticle of the leaf. 

( X 650 ) 
Note the circular area of the guard cells and the 

rather small central pore. 



Fig. 

lower cuticle 

(I 200-) of 

Gangamopteris ,st- S .. 

Fig. 5 a. Gangamopterif! IS p. A. 

lower cuticle 



Sreait'.<:n n.7c1 10 npr.a~ntl1 tho tatu po~t1on of Ii leu!, find 

18 1\ ca. lone tlrJi '-5 0:;:. vida_ 'rho atato ot J.rt,.natlon in (.."00:1 

GO that dotallD ot tho VQrulU.on cm txt ciearl.r aeon (flGto 1 D.)_ 

27. 

'rhaN) in a c'io!ntrnl i~t.rA. epx:,rc.::.1I::o.toly 12: ta:n. tf1~Q, _Meb 1n 

OCO'U}i18,1 by _1t,ht to tan i.urallol ar.J. fll".al3to:.ains veins_ L.ctu'o1 

vain. rQ~14to frcm tb~ bale of the l~.t and aleo .rico na ~ar.cho~ or 

tho tifl41c.n \toina. 1110 latoral 'Veina nearoat tha t,O'-8 ourvo out. £(lnt.l.1 

to 1:l4ot thu c:.:zrG1n or "tho leo.! at Sl en&lo at OH4"tlXb:rotoly 45° to thu 

lOf.;.gltud1:ul nxlfh f'U.rthur Up, tho 111teral vo11'1s curvo rllthGr lU)ro 

el".arpl,y ~o tt.n t. tho,!" nnol: tb,) l1uu'e,in at M ancla of 9J 0 to tho 

lcr~ltujlnt:l EUlra, (TCtxt fic. Co onl PlAt.O I V.). I.naZJt.C~O:lfUJ o.re 

t'nqucnt, 1om:lni; clear il1do &:loulu.s iroa 0.5 t:lm. - 1-0 c:.: •• ldo and tro~ 

1ho cuticles ern 'roll 1)rcst'lrve4 Lut tend to frar,mont Qlo~ tho 

line of thl.l v~1n3, #0 tl-..at or.ly plGc-Qo about t!UI ealUl rl1:o aG tho a.shall 

betweon tho VD~ could to obtained. 



walla orc atm16ht 11ni! frot1 ~ \0 ~ tb1Qk~ 

colla wido (~Qxt £1£- G). 

Tha collu of ,tho Woiieh roelona 4U'O Q.tro~l.,y lno(tUlar 111 t.oth 

.,1a& dnd wh.til;{t. r~n&ln~ trotl r:.:lro or lons lao41=.::otrlc u"uara or polY(S:0T.61 

0011a. 40p to Gc\ .. ucrOt1G, to long,narro. rrcl1t~.Al coll0 4Cj.t. wl;!a ar.d up 

to lGOii lc:ns (~x\ f1s~. G '" jllct.o X A.). 

'lba oto:..U1toa tire d1atrlb\l\9d lrTO£U1nrl)" ttUb1n tho C4s11 (arellG, 

lout thelr er1antotlon 111 usual17 with Uu:. lcnc:; ruia of ttoo vora eitt.el' 

at risht .. ~llllu to, or J:\u:r~ll.l to, tho "'\tina. (~xt r1'1.6.). 1b.la 

fleuro also ahOiiD that. tho ato:.Ul1toa ClrG, .c1\h,or ~ctloo'yc110 or ~:Cl'tly 

41-010110. ':hero sre wnmU,. flY", tut. "«"Gt~IJD four or olx cubaidler., ,-

collo which an ct',Allor than tho -cth'cr coUa of tho moth tlnu, ~3neu.r1nc 
; . 

~ """ ' .... ' '*I.; " 

tro:li 20~ to }~ w'1du ,m.d trOt1 ,r; .. ' to ~'lon:; Tht oU~lldlnr.r calla are 

circular or ol11ptlcnl DrOa ~on$ur1~ trc~ 4~ io 70~ ~croa9 \ha lone 

Ill,10 (-rC)xt f1€fJ* 6 £. 7 ,na,Pluto U e.). Tozt. fig.1 Im.d. Plo.to II C. clso 

ahc;r thQ cat1uicll'4 lips or tbo .t'~atQl ¥Oro, whIch 1& About ~ long. 

":i'ho 10'6e1'" cuticl. in uloh thtn.'I\'Ilt" tl"..:m theJ uppor cutiole, and 

r.:as rapidly "cleIJN4"" by thu no mal ftjQuntln~~ ~dlu:l. (cl,cor1r~ jell,.). 

-nlrtl c'-lt1IJlo curled up ..mIl\. tK)uatGd in f;urcrol or C&m4du 'l:.41cuta (md \Ino 
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'I,J Fi~. 6. 
I. "Gangamopteris ap,8. l---

1 Upper CUtiCl" • 

~(X200) 

·C.,,, 
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[.!gure 1. Gangl!!!!Qptori s :sp~ 8. 
Detail of a single stomate and surrounding 
cells, fro~ the upper cuticle of the 'leaf. 

Note the vell preserved guard cells and the 
cutinised lips of the pore,~hich are seen 
here from the inner surface of the cuticle. 



I 

for too 4ellcat.o to unroll wlU. noodlea. 1 liau thiJr"fore ur.a'blo to 

obtain a Good khoto«ra~ or tho lo~r cattalo (fleta IX D.) but ea 1a 

el:10'Ul b7 eOt::par1ne 'rext f1Ce 5b end Text tit •• G, in the sit. end fl~L\pG 

of tho colin and in ~he dlair1but1on ot tho .t~~tua, tho upper Q~ 

lo~Gr cuticles ora vrnoUcally identical. 

3\ 

J'or 41ncasa1cn bnil cor;;p4r1t1Cn of' !!nl'lrrr~o12tt1 d! ap. n w1 tll other 

npco1oa, aoo under .,".qne.",tmptorlJl prr:l'!lQAnule em pnCO Its" • 



1) 

L 
D 

!L ~ *\ ! 

f 

L 

Key 

T-T = line at a t~nBent to the veins at margin. 
~L = longitudinal axis of leaf. 
D = distal end of leaf. L 

, 
! \;; I 

'. ~ 

• .. 
:tig.Be 

I} 

r~.8.ll1aa:ramm1;1e rp.presentation o~ the vein curvature in 8) Gangampter1s sp • .l, 

b ) GtingaIOOrteris ermeloens1s and c) Gangamopter1s ~. 
~ 
~ 



Plato 11 .A, n, E ~ Jr, jllato l: n to D. PlntQ nAt.o 1), l'lato 1-11 A to 11, 

text f1C.' Ob, 9, 10, 11, 12, 1" 14 & 15 

fl.e.lctlr~. Sr,*c1.t".un 11.7(h ,!.if"UNd 'f!!r!lt'flllJ • Sloe!J:;.tn n. 14 

Unft~"'lr0d t'ar ... t;fIofh SfCohi • .mtl n.Ge, B. lld. n. 1:;0. 

Ltnear-lnncooluto leaves with elliptio a~lcas. Contral recian 

cc:uplc~ ~1 6 - 10 ~nrDllo1 _rornd1cnl1, ~nautOQoa~ Tolno Wh1ch 

aunt.1nuo tu td.th1n , w. or UIO t.ip tarer. tOtU".1r.e cut.' Lateral brnnc."tea 

(0.1 - 0" ~. opart) ana1.rl3 fro:.:. central "Gina 01. ~n aauio c.n&le and 

QUrVina out c;antl1 t.:> &',;ut Ute edtu uf tbo ladna at. an ~le of GOO to 

.!!~1.Or: cutinl,,! t~l1n. little 1111·tert'Jl'lCe ~"'eon .,c1n on.!., UlG$h o"ao. 

C«lltl of 'fein areas ~.ote (lr leau ;X'Gcrt.an.;;ular, 2;'" - ~ wid. and ul> to 

lSO¥ lcatt. l!oah c~lle ~;C~ - 4C4- .lda ta1d "';I< - COli l~. ul)U;lllJ' tlore 

. or lell~ reatnnii-fu1ar tuft aotAtimlJl 1)011£'tI101. lCeab er¢eG , - 5 cella 

.lde. atO:1::Atea 1CQ.~ to ,~~ a;,urt, poro );,,,ra1101 to tb4 wints. 

lo",,,!" (jntiol.!, tl~ln, vu1n .nd SI'!OI/.h Ilreft3 olt)crly dlaUnt;uiahAbla. Voin 

0,,11& J:,Qr\t or 14100 rtlcbl\iu].nr, Gllcnt;ate..1, 25t" to ~ 1lide lmil ~ to 



IGr~ lens- Call nlla ntrllol(:.h \ rIA up to ,.,. thick_ ,'tell}l cells 

1rrGt'Ull1rly ,~O~1~o!!Jil~ ~ - c,t'V- w1.40, liM inn,. l~(I~ n.nsa ,5 - 12 

colla wide. nto;atea cot.rlr:~4 ~o l:l.OGh i.l.I'ouo, d1flf4"1tutlon nnd 

~%1Qntatlon lrro~ul~r. tutn141Gr,r calla 4 - 7, lrre,ulor in nhnpa, 
. ' P 1,,- \.. t .ca.-tft al~Q or s,t:.&llor than mesh' collo, Wlwill¥ fuinilJr rEli Mite, ... u 

A 
not Imrkcdl1 ovarhmio1ne thlj) at.omfttai pit. 

j:(\noa 1 ,dt'lEl,ct;.!nt,t...£!!. 

n!-'Ocl~n n.14 (rata 11, A, n_) 18 tho lurtt-at emil apQolt.en 

B.1- (Plato II, t, .'.) 13 tha tl01Jt. cotlplo" 01' Uso leaveD that have 

t,CC,tn 8Dlltnod to this no. OffiCiOth 

tl}>Qo1:.;Qn B.14 18 lr.cotAplut.. AD 18 flhcnm in tlutCi II A, t:.Ost 

of one oido or thu loot and ita \lp $ro Qicclne. 7bQ ~~6' 1. attonuot~d 

nrA.' only on!l cQnth~tn ~ldo. fho l11cina GXF~i1G t;r,p:!u.alll to ita full 

width or ~ .. G C.\!l~ (ostl:ulted) in il d10tance of 12-, cm. ~o ohaptl of . 

the tAso t'lUC4;"1lata tM~ tllO (tnt-1ra leat' wal u.Wlar 1n .hop" to the 

B:J.'lllor 1:fGo1J:.ona l1etcd ato\"~. SffJQ~n n.1" (Plato II r;, F.) is c 

11ne'cr-ln1'lceolato lea! (17 =. lo.ne. 2-5 w. br04.t) narroil1nc sJ:Outhly 

to C tlt'.ull olliptl0 B;ICX, and tnpor1flt; t~radWll1.7 '0 it. lone narrow baso. 

In tho basal part or .. 11 thD apocSn~na tb~re 11& a ~h.i111ol'f 

tutdlrm £Too,e t.hlch 13 oocupbd \11 noveral ~iel trulDtGltlQ:d.nS wina 
, 

wllloh tun ~o within 2 w. of' th~ tip tororo thaI tun out. 1.t1t 0 l'ul 

brlLnchGiI nrlee £rcn the centrnl velnn 0.\ an &leu" Ilr~lo arA oU",O 

8Q(;othl)" upwards &1f14 outWalrUD "W Q"ot tho ~et."Q of tl~.fJ la~1na at .an 

o ' t..n;;;;lo Qf 60 to tho tl!d1lln yelna. (1'lato II D 1;; F). tho tranchGtJ "re ;', 



1:ot.h cutlcleu' ere 1..'U.n. .Al tbouch the cuticle t'z'c~~n'$ 

obtn1n~d ~oro a~&ll, thuro woro autflctont ~lGcoa trou different 

r~rta of the lOAves tor a cocploia' pioture. of tha'flllol. to to bull \ 

up. 

i'be upPflr cutlo1u 10 1n comtrol rutht$l' ,"001'1), presorvod •. It 

",rio I tHOU;y in th1ckneoa froZll ono ltU't of thu leat:' to nnotller, but 

thla OOC~3 to ~e tho recult ot dQc~ prior to foasl11~atlon or o~lns 

to ~~$te tuntnlnoQ durlnu tho roeoval ot 'ho c~unto~po%'t.. rather t~on 

to aiv lr.horant voriation. 'lha cell pattorn 1e ,"ary l'Ob;ulor. ltoat 

of tho colla on roota~-ul8r Nld thore 10 11.t1.le dl!terenc:m botw;)on th. 

cella over t.hea veins and tl-~()UO ofUua mo~hoo. 1b.e lat.ter CU'O uuuclly 

the 8:uUler. nnd Ilra alao not DO ro£ulLU' in eho;:,. ~. YI1n cOlls aro 

2~ - 50t1 111do fonl Up to l~' lorlC, tllll1"t tn. Mnh oella ant 2w -4~ 

'ldda and '0tJ. - CO ... lc:te. ~I.f atO:Jateo aX'G oonfined to thu CQab aruas 

end QrQ l~ao3d lOG;a - >C~ aj:s.ri do¥cn!1n& en tho 81:. ot 'tb(t opttcir.:en 

Thc1 arc or1cntftttA with tho pOlO paral101 

to tho v~lrJJt. ~t) uuba141ar/ colls arc 4 - 7 in nuc'.ler enol nrQ ~ -

5~ lo~. Tbal aro fuintlr pop111~to una ovor16p tho ,~rd 'colle DO 

that the ~t;). wh1o!l io l~ - :~ lonG' 110$1 at tho tOitom of fA ilhalltl. 

pit. '111& Ir.Qu1.h ot the ~ore 10 clo~rl)" lUrked b1 8 thin r1di:e or cutiXh 
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:~f-I.j " ..1 1" ' 
'llg. !L!. Upper cutic~ 

E.!gure ~. Qrulgamopteris ermelo'ensis sp. nov. 

Fig. 9 b. 
lower cuticle 
( X 200 ) 
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Fig,: IOQ,..Lowe.rcut1cle (X 200) 

£;!g.:.lob. UfP'-'" cuticle" (X 2(0) 



· Fig.lla.Lower· 'c.uticle' fro~' the' ;edge 'of, the lamina.'(X1 200) , 

"". J., 

I 
l 

I .. ' 

.., -- \. , 

ig.llb.Upper cuticle from 
th~ edge of. thlllamina(X 200) 

Figure 'll.Gangam'opteris ~rmeloensts 'sp..nov. 



tho pair of tuard cllll forma an elliptioal nrsa .1th a ~ean d1~~otor 

ot about 5C+1 (to)'.\ fl€. 12.). 

';l1g call wallo It" etra4,ht or slldltl¥ cUJ."Vod, aM oro ol;out 

2 .. , thick. In tClOt thfl thlckncrtkB of th~ coll wolla 8PJ:'OIl:-. to '00 
,~j: ,~'. . ' 

- '1 •. ' d1rootlT rolat.4 to thQ otat(,\ or J:%'<iGtlrvutlcn or arq part.1cular pieco 

ot cutLel.. In ~Gll ~,grYQd cuticle tho cell _alls ~O" tho1r 

wuit;w thlckneulC. lut tht'1 ON oxtror.el.r thin or even lnvlaltltJ 1n 

poorl¥ 't:nrHU'VQt! pieoe:::. No fttO::.atcd luno 'belln O'b30tvOd. t.otwoen the 

coodb.n ya1no •. 

1·,tttrOr. QtlU9U· 

'rh~ lO?lor cutS.olo 11$ in Q it.Uch botter atate of ,1rGasrvutlo:l 

than thu upper cutlclu, !,osol'U1 becuuao tho lOll:Gr cuticle haa IlQt 

been d~ecd dur~ tho ;oFfirutlon of tho ~ar\ DrA ccunterport. 

nte cellu ot tho lau1na ahow cl.,ar dltf'ercntlQU.cn into 'Vain 

In tho nlta or thtao cella, 4o;ond1n8 an'tho oiza or the apao1Con 

£1,;_ gb.) An 4(+\ - 00.. ~iclo arul lC~ - l~ l~, tohcrtlau thoao trc&:1 

o~:(lcitlQn U.1a- atro 2$ .. - ,Q.t rida {ml up to 150''''' lcn~ (~xt fig.10ce) 

ntClt =00.'1 colla GN 1rl'OLul~t'11 pol1l£onal. LlOOIi1J1na ~tl'loon 

,~~ erA OO~ naroos. thor ~ to 1nQdlQ~tr10 or al~ate4 parellal 

to the ".1nu. 'tho at:",'t'<.4te; I1re found in tllQ troud l,ando running the 

full bmztb of th9 leaf. 'ena o~ &1thar 01dll oi' tbe ccdian CroovD' '~iid 



) "-------- -------- - ... -

lltm!! l~a..~amopteris ermeloensis sp. nov. 

A single stomate from the rather poorly preserved 

Upper cuticle. The cutinised lips of the pore can 

be seen and the area occupied by the guard cells 

is represented by the oval of dense stippling. 

F.i!). l"l., b. .0 'CL~ro.. M &,",0 w~ "'~ Q. p, ro')(t"M ~te. po~\h·oll\ 
of ~toW\Q..t,fer()\L~ b~~ch~ ~ Cr. g,cMs...\oe..!loiS 

'. ~IIIII/;;III//////////////i///III//////h ~//////////////////. 
tllllllllllllllllllll . i'//////I'/~ 

-. .~ '-I! (111111 ~/III/ lijl (I 
- 3"! ...... l'"" ~~< 
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$xtcnd1nJ about tva thb48 or tbo t;o.y to th& ~r,ln (TDXt f1t;. 12b.). 

';he ato:::.o.tea Ortl rCll:ltr1ctad. to th4 tlSsh rot~1omJ linl &1'Q u.thllr 01030r 

to€;other thr.n thonG of \hI! ttPlitJr cutlclo, oft.on to1nu ccn\!tuJtW. ~llo 

Gu1tl1cliaq oCtIle ~r. CO::t'iUt!GD ta1nU1 i,apl11ato ('r.rxt tiio. 1" 14) 

and are Qicl1ar 1ft o1:~ to,or so~.hat c~llcr than, tho &dJaoant calla 

or the IUlch r.~ton. 1hQre Of". 4 - 7 .ubal~lnl"l colla ror otemtlt .. , 

lfhtch tiro rrtor.oc;cll0 elr tortly d1cycll0 and. ov~rlnp thQ t"W'lr4 eo11& 

(rCl,xt t.1ti;u. 1, & 15.). 'tho !tWlrd colla ar& 4~i - GQi wide. ~01 

are tlell p:'d~arv~d' Cl.tlil t,hG cutlnltezl 1.1~tl ot the utcll.ltal I;()ro C£ln be 

cleor1,'aGcn (Text fibs. 13, 14, 15, rlnta Xl. n ~ C.). 



Fig.2. Gangamopteris erroeloensis sp. nov. (X 650 ) 
Stomates from lower surface of leaf, with cutinised 
lips of the pore and pappilate subsidiar.y cells. 
Also traces of guard cells can be seen. 

: .... :. ' 

I'" : " " • '.' 



Fi~re !2~ Gangamopteris eCIfte.IClI&"','S' 5,.'-Ao". 
; stomate with five subsidiary cells. The outline of 

the gua~ cells and the thickened lining or the 
pore can be clearly seen. Viewed rrom the inner 
surrace.of the upper cuticle. ( X 650 ) 



,.. 1 4' : :' 

ng~16,,'Gangamopteris Cr""~e.."'S:$ ~,.~." 
St,omate with seven subsidiary cells. The fine-structure 

of the guard cells, and the stomatal pore is, very .well 

preserved. The subsidiary cells are thickened slightly 

on their inner edges, forming a broad, shallow pit. 

Viewedfrom the inner surface of the upper cutlcle.(X 650) 



Tho lG4\vaa (.\0001'1\;.od GO 1'81' ahow a atrJ.ld .. ng :s1~116r1ty in thQ 

t,;GI:>GTal llatU1"tI ot thair cut1clGDt DO tMt Qn thia baaia alone 1 t in . 

clear that. the), &ihould all t;o placod in 'UUt gaPO tunua. 'their 

VfU~Qt.1cn. o;;11u1u\1%1.;: of c8vorAl,u~dltm,~ar.llGl)Cln¥lltO'wOGinC viJlna and 

a nQtwork ot lahral veins 18 t,,:1cal or th~ €Gnus (bmprll~'io£taJ"J.! l!oOo=," 

(1875). Ow!nz to d1!torer.coa in thbU' lliler Gr.tJ}o, in the ~t.\.rn or 

thoir I.tore). vElin. l<ln:1 in tl!. 40t .. 118"- atlUotura ot their cuticlo". 1 

iW hi no l!fJllna oortuin tbat thor Dbou.ld u11 bo .,1.cClid, in 0. aintle cx:;ec1ea. 

for this reBncn 1 hava In3titute~ 0 no# 0;oc1e8, OAntP;'0Eter~~ c 

,5ITf:'tl,l9!..n.!2.1.! Ip.noy; tor eClAt! of the uJ4\c1r.eZl:l lind' cAlled t'.o othara 
• 

To avoid tiood!otua ror-oti lien til;! thr8G new 'tax II crG conpnred 

I 
w1th. ono cnuthor, e.nd thon each 10 ccr:.par&d with fnv1ous11 desoribed 

basad obovutQ leAvls with 0-10 parallel cnastotQal~ L~dlan veins. In 

Loth, tho latoral veins ariao 0' on acute an&l.,tut 8C~~n! ahartly 

to ceet the uruin, Ilt an .nt;le of r;'ll to the l.cneltudlr.al axle •.. !joe. 

erQ even reflo.~d. In th6ce charQc\era ~Q1 differ fro: ~ho Dpecicena 

,u.1ul£I1cd to ptm'~ftmoptor1,! !-~olr.o.~dl!1 1ihlob haT; lS.r.ca~ lcnooolt'to 

narroay-'baaad loa" •• , find in 1ih1ch tho latoral "01110 curvo out t;cnt'l1' " to 

lar.'!ot thu 1tar61n at tm nnel. of 60° to tto twdlari axi.,. p~n~l'll"J0Etorl1J op.D 

hoa a 'hin r-atbrn of relat1volr atort crood r::.oGh •• in contrnot to tho 



lottt:,narro'llf r.1~SllG8 or p,mrn'-'-or-t",rl!! ,!!,",,.If){l;npl~ &114 !'tntf'filo.£~er!!. ap.A. 

In nd41tlon, ~g~r~~oEt~rl~ P~.» 4tr!GfU fraa qn~r&morjal1~ err,ulr.~~~ia 

in havlU$81~oo' Identical upper and lo~or cut101oa, whoreas t~oro 18 a 

alear 41fferencG l;;otJt~Gn thl) upper and lower cu\lcl~ul of the latter. 

Thu atox::atal 1'£1\10 (.09' page' g ) of r:I'rtl::!\i';1opt~rl~ .f'l:l"12~na1(J 10 about 

1/2 111'.4 th. ato;:ate. ata cuntined to atoutl£.rcuo t.cnda4o'm Gach 0140 

ot the'ltaf, whllot in 9~T.f,~ont.~1~ op.n. the .tc~~tll ~&tl0 1u 1/1 ~nd 

the ato::atca are Itoa\ abundant \,Q\-.:ecn tho cc41an n1na •. 

Mvlnc ~.urtlcult\f'l, lnrafi col1. _rut w14811' "facid GtO".t8. on tho u;;~r 

cuticlo. altllouth the loat 1. net :particularly: larso. " 

Doth par.£!~nrtQ~t. '~.4 end n~nt~eoutOtid op.n hava .to:ato8 in 

uhloh the cu~aldlar.1 coll. Uf$ ~ot papll1at.,.hl1.~thQ1are fraquentl1 

" '4-

. r.A~i~l'l0P.tQ!J..!! IIp.ll dU'rlrn ·troo'f~ftllf~R.~.()RtGrl.! ~p.~ in hav~ 

ahorter broader maahol' "ni in, h:1vl~ iconU.cal uppar .n.1,loHr C"'~UplGa. 

'l"bG oto=tal l'atloot,P!·n .... r'ORhr1.tt Gp.! 18 1/1: lind that or !i~ns2rr.0t!tcrt!l 
8P.A.10 1/,.'Uta::.atas 'Q):'tl COi.:;;cn bet.40ft ,the Jl4dl&m vein. ot ,t-oth 

cuticle. of r.~nfa~o~tftrl!,bP.~t t~\,t~ol ore a~8lnt tro~th1.rc£ion tn 

It eU:lina\!cu of' further t-otter-pnlurvc4 "~.c1ana DhoWI t1lllt 

th~ ditlorence, tet.oGn th.ua taxa arc constant, 1t would luppert tho 

eroctioA of iwon,,, spicloD, \'ut 1t int41r..::.odlate t,rptUl we" 411!eovored 
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it tdt.h\ bG ncOtu11U.t17' to IlQriC ,,11 or (lJlY t.o or tho •• taxa. 

All thru., tna Olin bet dlDt1n4~ulal"$4 trOll the D,PI!QU\ons c1eacr1'tcd 

by nrlvaatave (1~5G) and. t,7 UpoG Uld. t030 (1%0). .:1 .r-tH~t'&I'.,!0I)tE,r1! 

(11)('VB~.!" 1n which the atoQ'.at .... c.ro raatr1ctQ;i to th. lo~er cutialo, 

n~fle5~'optol"f~ ~rM.91nf.!'nFJtf1 elsa diffor. tram. P.r,nr,n!':lo,tBTj,! btll';)val.9. in 

bav11lt ft 11n-io1" l&nCtolato 19ti! 1notot.d of In otovato llllt, 1M 

,!;.~ntPtie2tf:lt:.l! "llP. It.. onJ t. differ in ttl. archlr.,g of' the latorAl 1'01na. 

'tho toacroscoplc featureo ot ,9.t'U'lCflt:ophr18 Ip.4 nr,d f~nfrt'tl;,:opt"ri.! 

IIp.n Dl"O VfJr:t a1=llur to thO$4 of 2p n.,·;or.topterfa .clllabllhnoGU. J,.rehan£;elaQ' 

(1~51. 1950). a a;eolGB ~hlch hUD uo tor cnl1 teon recordod tree Arcontir~. 

/JchfUlt.olaq (paruOf'.8l co=ur.J.catlon) agroea that. tht6Q .fGC~CnO aTO V.ry 

01080 to .r."u.t'anonte.r1.! ,e,fHJtollem.o!,i!, 8inea tho Archinl ot tho labral 

'foin:s to "'!!lot tho &:arGin at &n analu of 90° to tho lcn~ltw.lnal u1e 1,8 .. 
the D:illn 41tlgnoat1c feature or hi. QJjioClelh 

cuticular r8~ln8, 00 tlAt It ~* Ge;~ratlon ot r.an'@Enpt~r!n sp.l and 
, (, 

!/tl!",C;pmollter1N "p.! 1. Gupport.ed \),1 later work, it waul! .,piiu that tho 

form apooles ~t.r..fP!N)r-,tGrif! .9!l.t1,to,l}.!ltnoftl! c:.nalata ot 8 t leaat t'IfQ 

diflerent .~oclGo. It la, of courll, impc4altl. to a~ it either "A- O~ 

"1." 10 identical with Arohan,eolalq' .. 81];)01.",. 

tho r~bn~r~e~optarSg cmn~alln~o811 £nat ~ retained tor lOave. 

to.:lllch _eree '111tb thQ 410QlWala Givan by Archtl1ij;,cluky (1957. 19sa) en~ 

hutch do not h~v. w$11 prolervod ~.tl01G •• 

toavllil .blah DeNO witb .tl'chanceluky"o dlainoela end which alao 

h:lvQ woll ,noorvad cut,loloe tihould bo fUI!S1gno(S to u dittoront. p~'e~:108, 
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PO,tl\ll1 to c:no dCf)crl~!:d. in this 'lboal". 1'hia prnotlca 1a .u;port~d. ~ 

11)" Put (19'5n). lrJ Up~g Ilnd t·ot.\a (19(.0) fU"..d \7 .ua!.t4,U!;olol:3'. (porsOuu.l 

oo:;:u.'l1c!1tlort, l%.:!) And 1.atn ACOQr"dMCG wIth tho :tlco;::.-:,on.1at1onLl or 
the Intul1l<'4tltrrial COl!. of liotcnlQt11 Nwar.olatu..,. r.'Oco,:,~n4utlon 

p~~~~r otat •• Pfal.ocbotaniata should exorcioe ~oa' cuution 1n .Ppl31~ 

to fltll rrolhu'wd ft,pccutona ncucm llblch MYO uan orlc1na1ly attached to 

footl, pr-aourVt.l ar,4)ciunl or to B;~cl~4ntt t.t.lch han bo&n 11l4dequatel1 

doca:rlbtd or fiGured." 

Ifhe c.t:allor al>ccit:llJftn 01' pon.,)on::l0t!tol"l~ ~rnnlc@nn1t11 bOar .. 

Dtr1kln~ rOlo3~lAr~. to tb3 leat dC8crlba4 ~ Sflv.~tnvft (19SG) ~8 

!(n~"')(I/;,012tot1.!';.n,(U('l'.-; 'Ule tip ot nrl.,ul~avata UjhlCWn la-not proa~:VQ4. 

tut tbu rQ~81ndor (1~ 0=. ·lon: und 2.~ ~ ~lde) 1. 41200t identiCAl in 

chare to tho carnulf\'hdin: Imt1Ctl or tho prOL\IIlt. GI.Qclc.u~. sriv.,attoTQ'" 

decc:tvtion or th¢21 lat,ral veinD arilUna'troa the ci&dlan veins otA 

rort'11f~:"lon8,nisnc~i~$~ho& StlOS$· II leo.! CBtutlt,ial17 ih~ .~. as 

.!r!ntf'lS'lo~,g!:t.n firro]oonst~. lha 10:;(u:- C".1Uclt .. ot the so two tlt-0cloa 

aN nltloat. ll!.oJ~t1calt \;u\ f;.iUV",!'MI;tol'.lg 1r\dS~1 d08$ not nho.., such .... ide 

J"M\t~ Iti the r.u::i'Gt,."of £u~=ld1Ar.r oella 68 1. fou."i4 in CJ'r,cr~0I!ton!!. 

, ... rr.l)l~n't~! iJJ".d tile nu'ti1Jld1tll"1 colla nre nner lillfillnto. n.tre ere 

Il:ortl Atrl1dn,1 c11ttenr.cotl' \;ottfoen thoir uvpcr wtlclcs. aa that of ", 

!H'\~r~i::!l;ptobr1n indica ahOJ8 !to dlfferenco l;..otl'ttn. tho vein tmd ~&h 

nroul aM th~ c'0110 nH atriatl,- rGc'a~.,u:- "nd. lwvo thin alnuou» wallo. 

il'o:a thair o:l:dla.rltloo 1 to 1t1 cleo%" that thtrll. liltoll's "N C10BcU1 

relatod. In t~ct,'vaf11~-ucolo81cal oor~ltlonn could ,Iva rise to such 

dtrrDTQn~G~ ~4 do Otour w1thtn a minelg Ifcclee, ~ut thoy oould c~uDl~ 
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vall be YallJ.epeolflc A:1ft'Vl"Ol1CQS. (See ~n.u·.l dltJcu~lQn. rn,a 137 ). 

I 40 not lh1r~.thfit thero 18 auIf1clcnt ov1denco p~c1tlv81y to 1dentlt¥ 

"he 8flfj1c1:cns,Geoorlt.ed blre 88 O~r.,£St':O?t.9rlD !,rr"~lObr\Clil1 with 

.t:!1fl .. t;!HtlO:etOr:1.A ,1nd!c8 t.Srlvaatovs., l'1,rticularly ill thot ')lecloD 1s 

tQundod 'on it. .11'~lo 01,ftoll'1en., In tho el.aQ:100 Cif Jos1 tlvo ev1dence to 

tho c.;..nirary" othor ~uthcr. hAve osa~d 'tli.a\ n~ch dUtc.ronoGa are at a 

ap~cltlC) 1'1''101, VJ",J not acral)" thod.tlS th4t Ctxlahnco ot flCQt;POI wi thin 
• 

a aplcl,,, , (Sriva=tava, 195G, Pant" ~S5Q). In tht.l\4G o1:rc-.matanooa 1 feel 

1t 10 juatlfiablo to CDlntaln twodl~t1r.at creel.,. 

J.}jart froa ~ U..o o'bvl"u~ tUf'tennCD in leat .hapo, \;oth C.nnP'lrJOl:ten.!!. 

DII,A on4 i"itl1l01!Aoptcf'ls ap,Z3cnn 't.$ GUu.UI dlaUnt,ullhod: £rotl r,~nrtl~<lptG'tlD 
, ' . 

indioa e8 ~rlvDotava.o 8voc100 haa £n upper c~t1cle aho.ina TVotar.£Ular 

c~118 with clearly ulnuoufJ walla. 

Au fnr a8 ~croccopl0 tuaturoa nre c~r.comed. ;.~nc~~optori~ 

r-r''Olt.ena1n ul,80 w14r8 eO;1FQriaon U'1th threo 8 • .ocleo .hleb hc.vo no tiel1 

prc8srvod cutlcl ••• 

,f.l'IY:£fl,r.oI!torld ,",u1"1f:'.dlc,! folat (107ge) .'lltJ !!.rat dOBcrlbed 80 

J'art of n pinr.ato trend, lfut Arber (1905) did not think that this 'lfas 80. 

~,~ leat 10 t4cro 8;-;atulClte end it" baoe 18 ltl .. at.tontuated tt:1m tho 

pX'ouent 8,p,c1t!u. '!hi! 1atoral velnu of ponf1 litlioJZtorl,.! ,!.>U1'1t,dtc~r r&dlato 

frt.'Zl tht baae l/hUot thOBG or §8],£n,r..o,ehr1.!f ~r;uloonB!~ ericQ CIl \;rareh48 

of tho tt~41en velna &rod then cune out Gldootlll1 to tho odS. of U'J:' leclfltJ. 

Th0 lar~ellt "v,tcaon ot ;'~t'I'1;:g,;r.0I!brls !tr.:"eloenhtn foould clIrta1n1.y 

ce place.! in +il!tfi( In.S!i'tlitT1,! fflllhr.;tJ1ln..t!l\ t01:Jfli (SaNl1ril rm! t\~l th •• oodr;ard. 

1905), 1t it. cuticle atruoturo ~UG not known, 



fJl'.e coller aJ.'lolc1cen~ of' !!!ll"l'l'!!":O}!tfJM!. ,rr:.e'lot!l"!rl.! ore rnUu;r 

t:l~l'O cl.tl11tJr to ,!J.fz"f;'tlI"'Optorirt ftnJ;:tlnUf,011ra t!aCe" (lc47). ltcCoyte tYl4 

014c1=tn ~C4 rt4eacrlbod b.1 Ar~er (l~J~) ~nd further o;~c1eer~ oro 

11t,-ured by Aroh&r.ccl.k¥ (1957). 1he Wlrc1na or thlDO leayeo are 

FDrailel over the «realer ~ar' 01 th~1r lenGth. and both ,lr~er und 

Archaneo18~ ottach ~rca\ 1m~ortanoo.to an acuto apex and 8 c}~rplJ 

cotl\raatod bato al d1&f;-nO~U.O chor&otodatlc8 or tho Gf.00le8. 

; "lUi tt.@! ltti1yea placed in rt!;n&·o:~oRt<)rl.'2 errol,ocnai" do net have 

parnllal Q4rb1na. tut do hovowoll,preaarve4 cU\1cle •• attoLUAt&4 bAOiC 

and, .hero pnaent. en ol11ptic;!1 a.,ex, thonG South African Ifoc1ecno 

Callt.ot bq referred to f'Mtpr,10,Etor1., eTl1'llntlfpl,10." 



!!;'Ii"irl'nopt~r!.n "toyatn (enrmthora)n. ~;.hlt. 1906 

Pluto It A and n 
!"lI)ctnq1'l!l.' 'If.,s, Il.Do, t1.10, n.17. 

53. 

In -~n I1rtio19 far tho'" CQ01061c81l:illo~zino, Conutb0l"rJ (lE69) 

f1if;ufcd 8 l~at trot} tl..o llr:12111an cool.fleldc, nnd~oallod it 

f!ooi~t·'ttnth!!()'tov~t!' ep.nov. IUa d1o~no31a 1/;a. c~r.olao nnd clGnrj 

"lrat~ 80QD110 tlat. entiro eloncato oboTcto, a,\Qnuatcd ~Qrda Ue 

'tolDes narvil'C 41.,1d1uj; dlchotctloualy". Frc:.'l hio drawins tl'Al"e dOll-a 

not QP;~al" to 1:0 6 cid-rib, but the central region ilS occupied by 

Dovoral ~rall.l 41chotam101~J vo1no. 

Arbor (1905) utatqo that bio exrurJ.natlcn at ttlO 't1J;D B~c~n 

rovQaled that thu control unit la tQnsl wino Nlcu.to:;ouod treQ13. 'ihln 

olearly &howl that tho opool .. ,.m bolont,a to tho £onua prmrllr.onteM,!t, end 

Arter D~tc)dtc4 that it fi'UI probabl1 tho &a!40 CfflC108 nD t".tln;y t'ro."da 

dGtscribed co .r."nfJlf,to~ttri.~ .ovclortl)~!deg by folatu£11tel. 

Carruthora t UI.ficu:'en 19 wrr 8iwUnr 1n rom to nflnrntr.optoria 

cre12phn'oi(lnn Faiai., v"rlot~ ottol,Uftta (rolat. lcc6). ~ls end r.u~ 

ott.cr veri.Uc. or Cgnr;tlf.'toptarJ.! n,·.olopteroi,!oR docorlbed bt Fo18tr.antal. 

aD wo11 nil CQrruthoru t Il~trearDtht.! ,obtJVnt~l, .art) ell 1nclu:!o;2 in ,\rber'a 

11st ot a..;f'1l0~"eIJ tgr tt'...o speoies .r:Br.rCFo~t~Tl.!! ~olo2terolde!! (Arter 

lSlO~). thito (l~.ca) nattGd hla £r-stUion leavoo ~o::;:nt"oRtet:t!:l .p~m.1ll. 

tund.ulat, (l~l') ccco~t8d ,Jilte's doto~~~tlon. t~d ccr.e1~urcJ 



.Otlnl\$:'!lOEtorlc .(nclouterql,~o!. 1" .. 1.t., tm4 pt!nl,;at'!opttu·i! .O~ov9trJ (Carrut.hors) 

~lt. tolo ¥jnonY~I.Dollanltl (1954) bolleved Ihlto'o a8al~tton . 

to 1;). correct. olthouah be' c~dtted bnv1n4 U.le! -tl~t'lror:,0Ebrtn 

-" Aceo1\11ne to tba rulo. an~ reco~nda'lon8 or the Inhrr.aUor.41 

Coda ot Eot.aliculio;;encaturo (1956) thaovld,nco available 01.'1'1,' 

ahc)t'., that'.f:l-m;",:nr!Ophrin. .!'bl1vS!t~ (Carrut.h,,!"a) D.- lhlto. 1" the cornct 

doalr,natlon ot tt~ l_avos dOQcrlb.~ 88 ~~rnm~ptet!" c:clort~roldc& rtlat_ 

-, 

at:(lcl~Jln 1!.10 (l,i.to I A..) U 1ne~pl.t... It cor.()iltu of tha 

cont.rnl nr.tl rlth\ l1&M lartu or 'tho lo::rl.no.. "b11u iCtlt or tha lott c1:1e 
, I , 

at tho leAt ond ita tIp a" tila.ina- !h4lr ahaI'o ot tbo enUro lear .. cul:1 

DPFI\l~r to 'ba ~lf,pJI·~:orovflh. The contrnl fart or t.he lOll! 1s occupied 

liy 'behlo.n fivo ,"nil 1.On parallel tma ar.assto=irdnt volns. tthlch a%'O 

0-, =. to 0.75 =. apart. l'ro~ \booo. ~ro.nch" flrino at em acute 

.melD al'd C'la"ve out coothl1 to tht ~t'G1n or the loat. 'l'hc8o "~1n" 

tum8to:.7lOIla troquentl1. faJlln.) long'r.arrow ..:osbea about 0-5 z=. "ide 

aM 12 &:.rJ. to 20 w. lor..:: (Plat I 11~. I'l",ecwn 8.17) • 

• ~~ttelctg. 

JJ.tt.oUih tho c4rbo:}~coOUG ll\'1er .. as ~ult. thick, o..~17 two 

c;,ua!.:ltt%l:a (ai~oit'.on4 It.10 end H.l?) 1181404 atJ1 cutlalu at all. and in 

tt(lOi$ cnG(Ju the outiolo IRaa GO' tfc~nta%7 cnd r,oor17 pnoQlVcc1 tbo\ tnl1 



c~eaolonal 1ndlca\lon8 or c~ll oatllnt wore otcervod •.. 

" '%bo coUa a&:tittll"od. to to b.alcu17 reotnnculcr 1n Ghare, nthe%" 

l&lr~or than thoso of th. better pnulorvod G-veo1r:.ona dOlcrlt.cd 1n this 

!alea18, end not unl1ka tl1080 deocrl~od \17 r.rlvaatava (1956) c.n4 by ItFeo 

and ~o.o (19GO) trom l:l'Co~na callod JU!r'iJ1<'r:t0t'teri~ clc1oEteroi<!e,j) 

(Q'. obov~ta). lic oto=tUB nre oba,ned. lout thin 1anot, curprlulr.g 

cond.:1erina tho ai" And thtJ conil1t1on or tho cuticle tnt;;.t:.Cut. o'ttaSLod. 

An tha1r Qutlo1oc _bro e~ badl1 praocrvod. or~l cucroscopic 

featureD 'iON col'.JJldul'w4 in tho 146U'1U.tlonUon (.!t tl1080 ul.'cc1t.cnu. 

Although incc=pl&to, th~7 COCQ to ~. identIcal alth ~nnt~moptort~ . 
,p,foloptcrold,!!! var. Jlou~Jfc.t~ Folai (i'lat() Ca, fiB. , or rel&t~nt"lt 
lanG) cnd alaa verI B1c11a~ to \htl VQ:ie~ Itt~n~,tg (PlatQ 13a '1£.6 

of ro14tuntol. It.e6). I tit.4 in tact wlA't.l. to d1a\~1oh ~tlleon 

thOOQ t.o va.rlutlcmc of CArV;f\I!\().nt~rl.! e,voloaterot.4na 112. !lcurCl,l by 

relutcantel in "Tho toaall Flora ot tho Coalti.ldu or taotern Dent.1" 

(lae6). ~. 8010 dlGtlr~~lBh1ns featuro 1. tba ullchtl1 loneor lent 

t •• ,o of tho "art0v ,f!thnul.lt! flO that t.be varlety ~R.w~1nntQ c1tbt even 

lA &Ul lncoeploto specimen of t~ varlet,r .$1.'tenn3t~. 

Felabantal t • :uul1 "4lrle\lt. ,.oro ~r1rJ4 by Arter (19;5) lUI th01 

.ero ~Gtl1tcund.d en vCr,f L~ll frc~ntl chich £Dve no olaar idea 

ot t.b;ir f011l1, or.d Co thel wen> in &1\1 c:1oe practically 1ndlsUnsulahnblo 

from oacb other. 

As Curruthetfu' opcc1fl0 rl4tuJ clGarl,y tokGfl pl'ecodenQ(J over that 



of F,.l_twmtel. tho prooent -1-.. oleona are deacriud a8 .fr'HlJ~fte.Opt,,:t!l 

£to~nta (Carruthera) thlta. 

~acroQooJ,'llcal~. C';nh['lWoptor,i,!l Ol';OV!ltg can to d1at.1r-l,;U1ohcd 

from ,Pllnql?:oI!tprl0 ~f\fltl)llnltODU'J, Al'c~ulu1Q' (19570. 1950) end. tho 

IlI_ol=lJna de~crlt.o4 here on Cc.nGW1u;p\Oria op.A ana o;.n CiD tho lateral 

volfUl do not curve tD ~Gt tbo s;nrcin ot tho loa! at r.n an..jla ot 9\)0 to 

~o longitudinal' oxi •• 

r.Al'cnmt)~1:er!! .~bOYnt3 can a1_0 l;o 41at1nt:.'1l1sbed from £,c.ru;nl"npterlo 
, . 

!"mftloGniB (hll0 3'?» on ~cro,colil0 rOiiitUNlt aa tbu lattar hall rGlotlvel,:r 

lonu 1Inear-lane,olate lea,oG with en ollipt1aal tip. 



· S7. 

c~nras¢et~!i! .p. c 

rltlto II C am n. Plata XlI t, Pluto XIII A - D, ~oxt t1p. 16a, 16b rma 17 

~\'~ 

T:~.HS e r 112 t1 oPo!. 

( 7-' ca. lens. lihlch would Iwrdq be worth;( of 4elorlrtlon 1t the tUn1 

or the Yonation onl tho cut1clec ware not wall pronirv~d. 

!rl:H» I1be~'o or tho entlra lea!' cur.r.Q' 'tv detcr:linod fro.l1 th1a 

np"clcOll. tl1t thl'.il tIlGD ta~4rD sr4idu.n.lly !ro:\ oLout , c=. to 0.7 em., in 

b. 41attncQ or a'tout 7.5 Ctl. (rlatiit II c.). Frou thi) bean run six to 

elsht widulT G¥Goud parallel veina. ~h1ch ar~at~oae 1nfrc~uQntl1_ 

tntorul veina realat~ fro~ th~ tUDO and aloo brnncb out frem tba ~odlan 

vuitta at 4fl acuto lltldle. lUI amcn:n 1tl Platu 11 D, tho lateral vein!) CU"' 

out £Q%1t11 to t'.IOot tho Wlr,1n of tho loaf' at an ltl1J;lo ot ;00 to 4~o to 

tho ~Jlnn Tolna. tach vaIn ~ dlchcto~lao once or tw1co, tut 

onaato:oae. nrG nrc, {;artieularl)" %l&l.1r tho baoG ot th* leat. 

the O~tbo~uaooU3 la1cr broko into atoll tr~nta .hon rcaovo4 

tro~ the opoclmcn. co thut it wua not posuiblo to ottain llrL~ piecls 

of" outlclu. 



sa 

• I .. , '!, 

tba Uf"'~ CUUcle). bOder~~~17thl~< ~nd < ~' ' , " ' 
'. ,; < , ',' C~OW. ol.arl1' U •• 

dlttennoQ between th£t vein.!J andl:Kfshos' ('%'ext f"~. Ita) ~ u .• ' 
r~.pillato nat~lr8 ot tho mn.1orlt,r ot t.ho cella (l'latexnI V).' 'L'btUl(J 

111ustr4tlcnn Glso Dhow that the colla over tho nina ~"po~conal or" 

roat~ulcr, end. oloncatod Rlo:rt..;l the VOlnth 'lbe lc..~<Q' wallo &%11 ~O~ 

or 10CUI }:Qrallol. nt.ratEht, ,,%1;1 Atout 2 A th.lck.' tho colla at'Q troll ' 

'O}\ to 50~ \tida, and trw 100 A. to 150A. lone_ 
" 

'rho caUa or th~ i:U)$h l'Oh1ona 41'0 l-'Ol.Ytona1 or qua4rA~"Ular 

end t:.O.;: \'0 looditili4otrio or elo~a hd. CCODur.1n.g r1"= 50 ~ to 100 IA. 

acrODO (Text £16. 100 oM Plata .1111 11.). Tho cell'wttlD aro otrni{.bt 

or cll,lltll eUM'tad, (1.0. not o1rf~o) cn~ they" ant about 2~th1ck. 

'111. ateootcD ~N e~nt1nod to th(J Uah rotiona, 11M ere arrnnccd 

in one or c.'lore rowa J:&n:.t.lldl to t.ho \'alna (rax~ lit. lWa). tho nu:.;l~r 

or rolfa bo1ns dajotlllcmt on till) _14th or tl\{t ~Gh artaa. 'rho ato:..t.1 
, , , 

ara tulno- or d1C1011C, (In:! tho 4 - G Gu'b,ld1nZ7 ceUa to;;othor fOnl a 

r;.ol'O or lelO o1rcular arCA 70", to 100 M,1n ~Qtor. ~o atotlatnl 

pi t 1'0%':04 ~twcon tho nubald1Ar/ callI 10 up to tv I'\. lenc. And 1. 

ortan h03vily 11nod 'with cutin (foxt f16. 11). rho fOro t4tweon the 

undar111nl: £UArd collD 13 clao hGavily cut1n1:c¥l, ~nd 16 r:oout 2'.)"" 

1006_ !n~e t$uba141uq c~11n ilro 11lvorubl1 papilla ta .rd tha cou. or 
tho Yr.t1rua and tl<Jm fU'C~U' foro ueWtll1 aWhrl,y tl;lri:ed or thickenod 

(P1Cito lIn n & D). tl--.cro this 18 no~ clear, it tPtfrafu to b, tUG to 

r.cur J;l'Qoonotlon rather U~n to &1n or1c1r.al lack or l~cpl1h •• 



..... . . . .. -, ..--. , ~--
~-,""" 

~ 

ll~re l.b. Gangamopteris (';\"1" sp.-· C ' .. 
.. 

1" 

a) Upper cuticle • b) Lower cuticle. 
( Both X 200 ) 



", 

Ugyre 11. Gangamopteris,'Sp', Co- '.',. Stomates tram 
upper sUS'ace or leaf.Noteelongated pit and pore,position 
or the guard cells and the papillae on the subsidiary and 
neighbouring cells. ( X 650 ) 

bO. 



1,ml'er ential._ , ., ,,-

:., ~he lO'Jur cuticle 1. ex~l'acol~. thin. 80 \hat on ~Jl1 

pri)J::&raUol1a U.o ahuiAl f.1l:\ all. of tho colla cs.n.."lot te a~Gn_ n01i8ver, 

freD tho rCl'Ucna of' the. cutiole 1ihlcb oro ", .. 11 Enaolvod, 1t 18 clenr 

.h_~o or,~~a oalls 6n4 in the ro~ ~n~ distribution or th~ uto~ataB 

(n.a to XIII At.. C" imd. Tax t tle- 16a l. b). Tb~ 00110 eyo r tho wlna 

hnvG n W1X1.t.1lQ w1<1\11 of about 35).-, Lnd " l:.n,sth of 7Ql to llt.L. tho 
~, , , 

collo ot U10 l':Qshoa t.ro 0100 ~ll.r U-tn thona ot tho UJ)ftU' C~\lclo 

fond J:j~IUJaro 1"rclil ~ to 7~ in o,ch dh:~nI1on {ruxt fl4!-, lGJ. 

A pucullar tflatu:rfl~t, t.hG lO~Gr cuUcle iii thnt the rOlfa or 

col1: contal11~ IlM inoludlT.{; thu Gt~tQa art Jt.OrG hoavUy cutin1sed 

(lind .\horelol'G bot tor preaerve4) "than tn. othor Cill~Jt:t.h(J mQah 

r~61ou4 or th~ colli ovur ~~~ viina (Plato XlII C~&nd ~oxt lia.16b). 

In controot to tho upper cutiole, .bpl: the, Gul:,nldbrl colla a~~ar to 

't.a ,SicpUlato. 

'fi.; Dl-ttcictm 1$ l'eallr too at:Dll ter cCtill'Qrilon at 1 U 

J:.acroscop1oicntut'ulJ '.lth t1-10;0 'Of otJ'lQr "IQole~ t~ to ~u~thv.hllc. 

':1.0 abler.a, of a midrib !lrd th; prfilQnCG of MU4utCl:.oats cuclud •• 1t 

trom toth gl?~lonto~l~ ~nd Pfi~~!2V~'t~Ti~t lu\ it Should to noted tt~t 

~6 e~.t",",Q~GD tar-Q no rot"', thu 601')01'£11 apl8!lranCO o( lJ;.cc!:;on H.-.a is 

or a. frut,'lJt:lnt of l'nlf\.ovUtArl!l rather than r.tl·'~~litl0I)to.rJp-

tho cuticle. ot nt:l!.lru'f!ol?t~l'iq sp_C clo$Ol1 rtHlol1'ble the 10ulr 



cuticlo or Pc1eeoylttnrla hutll~'as d~acrltod by nrlvsotava (1956), 

ierticulGr171n UU' ohal.Q .of the s\OtlSW pit. the pnt8enca of 

papillae on the autolcUo.ry colla onlJ' or polr.tlov1ttarl~ ~-unU, Its 
, 0 

01",11,,1' to tho oond1tion fowldin t.he lOHT cuticle or !!~n~at1J'.ptor1.! ap.e, 

tut y111 .onl to cu'ot1n&u111b lxtt\iGon tha 102;"Gl' cuticlo ot InlA~ov1 tt~r1.n 

.rA the upp\Jr cutiolo of ntH'!tl'l1r"OR;tot"t!! op.C. Tho Upl)(lr cutlolo of 
.. ., , .... ~ '. ' 

l'..,hHtovl ttllti~ !?urzU. Ct1%mot be confu:ed with aro1 of U.eso, flO 1t 

constat. 001011 ot a!t.lUll, 1:sodla;:.,trlc, I.\)lJ'&:onal colla. 
I~ 

."lesiloPJ<tr:1.! f'1ontOtHl, erlvaatayc (19,G) baa a clilla:r~ol-.s14a 

atom:atlll pl t, but in th1. can th4'! 0011 w411a oro 81nU~uD nntl tho 

.tomltes fU'9 oontuiftd to the ~ low~~ lurfeCI or the luete' ",' ,. 

t:.oept tor t1.o cOtl;:loh-aboenc.,' or ~Di)11l" •• thi. l01uJrcuUcle 

or pl.oauopt<!.I1.fI! Jp,t,9.ml tt~fl~, Crlvaatava (1!156) 18 ..,er1 e~11t1r to totb 

cutioloc of thf'pruaent' urocu:'Gn. and val c~t;1der.\lo by b1:l to be'veZ7 

id.::il"r to rnln8o.vUtnT!! ~urzl.1.'· the rOl;ular i1rriln(.~ ... ntor tho colla 

on U:e uP,Pezo aurtcCQ"of' ploL~~opt~r.tr! J.!:..!f,D;lUwn! •• hich'la devoid or 

atc;utea, '10 autt101ent to c11atlntl1iDh bohcen this 81{JoleD anti 

~tlpg-pD!."I)tel'i! .-ip.c. 

1110 tOnJ' of the atoa.u.ten is qu1ta 811:o11ar to thoal) or pfln;~1toptarlB 

9rrl'\&loen~18 (1-'11:08 *1. -It"t) tut t.'8 Qtur.d$nt Jiapl11ao end tho poculinr 

Variation. in the tl11cknao8 or tho, lOller cuticle 8UetOa~ that nl thcu(;h 

poorl,)' knusn, . .r.tH'fl)re.ophn:l~,. ep.e. Dhould. be taft, uOfaru te. 

o rhua it toa11;o enid Unit.tho catlcl, st.ruoture ot Ot1n,.~'j!\tapt.,d.!' 

a~.c dCQa not t1\ clour11 into ttl1 on. or the 1'011 .ltubllphQd c(mera . 

.G).A3···p~'I·\. §los soptWl cxr hlurt1-UAM, tut as 1 t 1; ISO ~r"er:fectl1 

known. I do r.ot thlnk it 18 .. 181 to Greet a now taxon. 



· . 
rlate VII I: &' V. l'lata nlll li: &', l'lot'l lXIV D. 

~hlft apoolun 1. a aull part or a loat and 111 5." c:::. lOnt! 111 tb 

a t:ox1Eu~ width of 2.1 e:a. ~8 TIU18 radiate cllthUr trom it. boeal 

en1 (Plnto. VII 1:) emd o:e.lolcnall.,y dlcho\o:1.,G naar th. u,VJ:or er.J (::eo 

rlato VII rl. 

rutinlo • • 

J;{nceruUcn 119lded ollly ontt cutiole, "bleb waD very 1;011 fl1UU)rvtd. 

nt9 colla aro tlOt.Jt17 l'ecttu'-£'Ulur, clon&a,ted f4rcllo1 to tho vellle, 7CIJ to 

a:;~ lOI1i) and. Cu,u\ 5~ .. 1110 (Plato lllII r). So:.e ot thIJ 0411a nre 

, fol1c;on41 cnJ. "tout 5tli &lerona (Plato XlIII E). ~w=o oro fAOl"O cQ::cn 

in too tle::h rGclon", tut. Sl'art tt'OQ thQ ata1ntn:; ot thu vo1na \.7 tar 

reslduua thoro 18 1',,0 clear difforenco botBeen thfJ vdlna on! tho c,ashoa. 

Vo .tO~t00 1:I'el'U Goen, althoUJ}.h tho cutiole trct,%:lento p1'o1'lu"e4 _on lcr~ 

end .,,11 proGQrvo-d.lt 10 tb;l 1',,1'01'0 JilOre 11ke17 to t.o tho up;. .. r l' ,~~. ,,: 

than th(J) lower cuticle. 

~1tbout preiaratlon# or tho ato=ata1 apraratu», 1t 1m dltt1calt 

to ~ake cr~ ~~c.uat~ coc~arluGn .1th rrGvlcusl1 d08crltcd areolae. It 18 

notGtfcrtbl that thn cuticlo 1-. &lh~al\ lden1:ioal in t.ho DhcpG r.nJ abe or 

tho call" tl1th th~t otJal£1uhi bt alas Gm\ r080 (1960) to ~O"}i'l\rnt"'1op~t8 

bJJtlopt. i't~e donorlpt1cn c! thu vvr.at1on of Ulat GpeoifuJ tiloo 4(TtfQ)& 



nlo$'~ with tho pro8~nt Q;ecl~an. 

tho i",r.aral appoaratlOO or the cut.iale 10 aloo ftr:r a1z:11ar to 

the cuticles of .tJ9ntft~opto..rj3 dllaor1bec1 in thIs enl.,.1. end tr 
ar1va"tava (1956) I BO thu ak~c1.c.~ is IlrnJ1~od prov101or.a111 to thi. 

Gonua. 



.. ,~-

~ gonun plo#t.ont$11! ~a. lnstltutea ~!ron£nl.rt 1n lC20, ~l~n 

he d~Berlbed. an Indian £Ina f.n I.WJtrnl.ll1n leat tihiC}~ hQ recorded ... 

..-nrieUea of: .rlof1t!ort~rl.!. .'t;roml.Dn.~ (noft c~1104 .~. l:ro\tltl1J. I inglude 

hero his 4iutn0a1a or thus. Yariati;1 111~ \l~t of ~loteoptor1a 

,ent"'\ultJfoH!! au wall SG Qxtract:. trallbln ted frog t.M. dGlorlpticn or thcao 

ar-ocleo g1'Vtm in l:ront.'nlart.t II ori£lrdll fIll-til'a. 

~r.latolrG d08 V;gataux F08alloo. t1 A. trcntn1ar\. lC2B. Fa60 22~ 

folio 81eplloia. 1nto{;orlr.:.&, Qubltm~eolata, l:oolaonc1r.t Mt;untata, 

r~rvo g~dio valida apica cvansGounto rorcurac. norvulls otl1~ul0 I1rcuatla 

fA!f,W11U;UfJ, plurios dlchoto:do vttl b;tsl qUtmdo>i,uo c.nnat(.;4t.olWltilJua at. 

rottcula1ils. 

o. toll1s·1anooola\t8 vQlaubI113thula\10 obtuaia.(1-2 pullicltua 

latla) I ce%'"fO cild,io vallda lIu;:orne canalioulatol norvull0 bSCIl 

obl1qu18 re\lculatla. ftFlcG tlnt~ .~pliolbu. vel !Ureat1., ~r81nl~U8 

Gubp.1rpcnd.loulerlbuo. vlx obllquls.·, . 

Var. ~u~trnlaoloa •. £01110 =lr~tltuo .u~8¥atbul.ti. obtuals. 

Vat. lndlca, toll1. WlJorlwa lCUlCOolf1t18 acutlu.oculls. 

Abatrn~i and trnnalatlon tro~ ~. 224. 

1'1,. {~ in en InliUl Bf.<Qc~.n, tho 1:11ddlo ~;()rt1on ot "hleb 1. 

~l'$lnC. It In t~~h b1b6er And aliibtlj dltforont in .hnpo from tho 



~uctralttn etocl~Qn$t ~u\ ,the1%' 8'Nature 1a aaUta to aach a de,". 

that one c~~ot dOUQt that thlt loth ~~ve tbe e~ lert ot fruot1tlc~tlon 

on:! tolot'~t tbilret'crc, t.o t.ho ~ pnuo, aUlv8 1111 1fh,n, enG obs.rvo. 

CI::&uall,y {;1"oat variationa tn alzo ml;..\ aht.pe In tho ,1cproD81ena lib1ch ara 

contain~d in \huc~ piocoD of AUDLrallan rock. 

~ha 8indle Indian cleclccn whlan 1 hGvw drawn dlfttrc tr~= 

thot:e or tho QubapooloD (8) (1.0 • .!!.!ro"~:llU.) cruy in ita blUd1" allG, 
1 ~"' ~, 

1ta t,;C%'e ret.rulcr11.,lnnoQoltlte rmai:e, a.r>d -s:blub appear. co U 1t CUDt 

end.in Q IbQXl~r ~olnt. 

r,on~o~t~r1p' 'pnj~\l"t1t:ol.!!. :(1'.224, 1'1. la. £i,.l.) . 

c. fo1118 ansuatla }Gultllnoarlbua (eex-ooto UrAle lat1a) ,. ntZ'Vo 

~edl0 ~al140 plana, nerYUlla obllquia plurl •• 4ichotomiot basique 

X'Cl"lWJ crMIotO:toanntltwh 

Abat. end ~rnno. P.224 

ft.~ 81nele .~.cl~en I PO&DQOG of 'hia plnnt contDina onl7 leave. vh1ch' 

area VOlT 1ncocplotOt cif..co beth C1xtromotioa aro m1nalllt1 in 1111, h().evar. 

their l1ilear thDP4t flarrow IJ,rul eloncat.Cld. ani their voina lthich are 

cCQ.~'17'.n~8taaOGO~ at the baal, d1utlnGUiuhea thec troa 011 th, 

~precli~nl co varied in ,i •• aud'ahapo. of tho pre~louB .peol •• 

(n.rrq~ni~n?)t on tho o\har ~nd, \heir ~naral ehape. the .11th or 
t.lltlr ':1d-rl.b l'mll thO' o.rr8~e~n' -or thoir Gtconda:7 veina, placto theQ 

\t1thcut eTJI df)uht in thla tenus (mon_aptor1,-) ... 

1'bt Variotio8 ~l\l'ttrrbpolc.n und .!.r~Uco ot ft- protrnJ! ."re 

l'nl.~d to 8i80t1'lo ronk 1'3' 6chb:1per (leG!]) ona Gre now mom III 



'7 
~ •• brow!! and. n. ln11el, reap\)cUv.ls. !rcAltniart' a original drcwlntZi 

wore crltlalved b¥ r~\:.l.U'1.rQlottl£%ltol. rAUler, trter tu".4 otU:ra. 

In,lDS6 Zeiller publ1ahcd Ur.winca or tha yona tlem or.2.! hrowr-~!. 

r-.Jr,41en ana ~.ftr.Qi~t~r~}~~. ~hlch _oro ~tat~l to ~Q &CCuTato 

ropr&I~r.tatlona of tha t,pa .I~ci=ano. ~~ ckoclca of 01oRooptoris 
~, 

W'ill'O au'ballluentl1 4oaClf1~ed W varicuG el.l.thora Co-C- l"ilatl:antol, 

eohl;:;pG.r. tunbuf'1. !;a!!.Q" :eUlll't 'lenlaon.;oo-lD, ttheddr;o Ilpd naward), 

tut this 'fllUlt e,at~'bla~ waD re4uced to onl; thll'taaen _.0010, \I: 

Artor (19~5)-

S6YOrA! or thalo aU,liproacod tlf,.QCl~o han boon rOlufrGctca b7 

Srivastava (1956) on dU'ttlroneC)I 1n cutiolo Dtruaturo_ I 40 not au;'.crt 

not kr,o~n. I belloVQ thAt yoll proD3%'VCd, 81-ec1f:,cnD w1 th cuticle I 

ohculd tu duaorib@!c1 u."l.1er now Of-ccltl0 nar.ca. this f.olnt 18 dlocuaned 

In eraatar datu11 in UJO dcccrlptlon of aayorel apoOlea of ~lo~Ao~torla 

un:1 .~,\N~g~pt"r1n :\:J llptl: filM !$OSGtll~O) and al • .., 1n tbla fh&alu_ 

~o ~tlo1eu or t~entl-ono Droclea or ~lossoptGt1§ have teen 

teocr1~o4 bf f.eiller (lU~6)t Sohni (1923), srlvaatavu (1956), Pant (1958) 

and npeEl cn~ f-oso (19CO). ,"ih9 cuticles or two new Ifec10a and two 

Gxlat.1nif of001eo or ~l~~UlOvt~::ii!. Iro c1evc:rlbtd 1n th1n ';hesta, and. t~o 

turth~r e.rMcieu ato "CJOCflbod, \out not n~d. 



Plate 111 C, 1:. ~:f & P, Pltlt. IV ..\ to £, 1'1eto UV li, Plate XV A 1.0 D, 

Plate XVI A to D, Plata .xVII At 'rext f4;urea 16 to 22. 

A 

1f.19. It.llc, E~l'b. 

1{rH'troacc>,p.i,q !~ .... tuN.!. 

LAncto1atQ-a~uthulftta or linoar leavos with ftttenuatod boa •• 

lad-rib atron.::l1 tlDrk.cd. up to , t:n. w140. L~t.ral VdUus 010001.Y 

0fiH')()J •• rllinl~ at I'm GI'.cla of 15° .. roO to U.e m1d-rlb anj curvir.g 

all;;ht11 to tho c"lr~1n, d1chotl'lnlo1r.s onc~ or twlCG. J.r.t.ate&:.oaOB VOl:)" 

rare, usuall: at •• nt. 

Upper cutlclo thick, littlo or no d1f£oronco bctwoan th_ .Qlns 

on4 J:IQ&hoa. Cull. root~ulcr/pollGonal,. thick-walled (It.li). ~-4(l! 

.14' .... r4 }'~-12Otl lor-c. ';0 IltocatUL'l C~ this Ilud't;oe. 

Lowor outtclQ thin, valma lUll t:OOMlla dlot.1~"U1Dhable. Vein 

calla rCCuut;ular/s:oly,oool. 2u..-4~ .1do ~nd ~ .. l.::tl* lons- ltoch colli 

irrol;ular, riotafij~u1ar/polygol!Dl, ~-4Q1 acrona, raro17 I.iGp1llate. 

ntOtU\t'l c;;:;ntlnoo to ~-::Ilh ArenD. 5 - 6 rarel, 11O}ll11oto Gubo1d1ar.1 collI 



(ldQr.t1~1 to nurmal =oh co110) av~r171nil i,,"UIlrc1 calla, lih1ch fOMl lIl\ 

olliptlc!ll ana tiIJ#,I'Qld.uto11 4Q.i X C-<iP. Ste&at.al rore Ii'bcut 20+1 lQr~. 

l1p:. th1nl7 cuU:Uee4, ct tho l;;otto~ 0: D pi'. nat oV4uhurl(: b: Bulta1durr 

coUas. 

t~~eral_~~r.crJ~~. 

Jar~o &.IG01t:;,oZlG oro aaale;nod t.o this aiec1eD, anii t.hl0 allow. 

uo.=.:8 eIUtlat.,a ot tt.u vnrliltlon ooourrln& t:1thin tho IfJ':eclchl to \.0 r::a10. 

In Gavon of the: upac1mll1nu thfl laot ohapol :18 lfl.no~olnte-cl.athul~to, Ilt:.d 

t.ho w1deet f«)int C2-:Z.S ca_) 1. II~OUt. two-third. 01- the l€t'.gth of the 

lear fro;r.. th~ 'btlGa-. :'rcn this 11)tnt the 1vCl1" narrow., treduu111 lirA 

ovenly to 1.he t,tUlo, ttbn:o the _14th 1s 0.5 to 0-7 em. (Plato III C ~ r). 
" 

In nonu at th~ leavou 18 tho enUre tip ~rfu)Q1'"nd. tut 1n c~clt.en 1I.7b 

thlf tip 10 oleadl' q,ulto acute .. bilat that of' apeol1:en lI.3b 1a r-..ueh core 

obtUbC. ~ 8otu~1 aI~c1~~U8 in ~ r~~Dcoalon vcr,y 1n l.t~th fro~ 11 ca. 

\0 1, cc., tut th3 .hr.,.. or tho w14dat tn£1lt(ln~ sUi.';c;cats that 1t tolo!!!_ 

to Cl leat at lOll:at 20 em. -lon£_ -

avecU:en: It.lle nnd 11.1,r (l'late IV 0, D l'l ;:) arv rolativel1 

lO~llr ,mol llD.rrottO~ than tba typical fo1't1 or 1e at. ~e first 10 IJ.fl 

a~out co=plot8 leaf :ro~ ,bleb on. to t.o cent1:etrca or tho t1p nr. 

-1 U. the lu.ml.na. tl.lt 10 ~o8tl.Y ; =. wid. tlLd DUg-ht11 C:XI6r.dcd at tho 

po1nt or &ttachaant, C1V1r.u tho tipf,-6arancc of a distinct ._Uole. Tho 

\'tholll ltKClf 1~ 14 -5 em. lon;;_ Sr..ecir;.en B.I,! 1s 9-5 C:i. lone "r.t! cen;lat. 
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101",,01;/'01' tha', mtSCl.l:ll.!:trt' oftl. ~1tt11ti.r lent. 

l~l tbouch',. 'thtlrU 10' iso .. ~o vt:.ri:n. tiG.."l in: tho eht!fA:. of tbt:t> l.an! J ihe 

ro~;:;· o1':tl~ vanration 10 l'ot:a:rkubly couotllnt.;' 1,j.'h~l r.~ia-l'ib ia strongly 

. t.:mI'kcd' on thu ubt.i.)d.lll 'flur,ftuJo of tho li.lltl!' t~r..ol."i.\ it ill nbclllt , ~. \,'1.110, 

tu,t it iu ~10t ,uo pronouncod. Oil thu tltiLtXi£tl ~Ul'l"~ca (!~lntll In c l~ t·;, 

l)lute tV ... J.,~ l~).. In both CtlGOtl tho cia ... rib r'.lTlS riGht throuzl~ to tho 

tirl of thn u!l{jc1tllJuu. In t;lul t~pathuluto lObVOG 'i;ho tnlconol;\,."y veins 

lCiLWb'tJl(} ttio.-r1b llt :..n ul".,r;l(l 01' ~OO, llut Cu,i'VU ituflodiu,t'lly to cn D.n~lo 

or ,S:40"FwhiCh in tuiinttlinod ~~t to thtl tlUrtjin of th~ lOt'li. 1n tho 
,,,' < 

rUl%'l'o'W-lcuvo{t. r~l.·CUl tlitl coaoudtJry 'Vtlims lCJuvu tho m1.d-l'1b at nn ~mE;ltl 

I J ...... • 11$' '. I ..... "'41_. ....... $.'. 1* 1 j 

~;ljliio1men Vain d~nt~i ty " "Zotal l~ o. of v.:tl1m 
_ • _ ,'YJ:l.D..Lc~m! 1. ,. , _v~_1n .1lj"/)0Jr.mn 

11.19 12/01). 204 D 
U.ln l-i/om. 1'7 -
l!.~b 25/C.fJ. 460 ... 
H.7b Ui/OiJ. 4Ge ... 
n.ll1 10/CU. 150 2 
B.1 l'/ct!. 206 ... 
n.,d. :l4/~. 6; .. 
U.lla ll/Ctla 04 
It.l,r l'l/c:n. . 96 

*1'111,. I. t. .. • _ ... If' I ... " ...... ~. J .1_ .. r $A III 4Ioi' .... 

1;.5 t;.hOlm in~~bl(l ~:o.?i., tlw:o iu CO~13id(~:rtk'U1C1 vlu:it'ttion iu t.ho 

vu1r. d&ua.1 ty. ~'llt') tl!InuurcDC:~tu \1\,rO trJtou {~t thu r.u.srs1n 01' thQ loaf nml 



'It. 

FiEUre Ira. Upper cuticle ( X 200 ) 



Fig. 19b. Lower cuticle. 

Figures 19' a & b, Glossopteris transvaalen'sis sp. nov. 

( Both X 200 ) 

I 
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aro olearly l~f!Gatet1 both br tha dUBl'oe ur diahotop,y' GhOtill i),1 tho vou.a 

tUlU by tho .a~lu nil ,which theV l1l<le:i; ,tholtOUl't::in of th~ loaf. In etJntlrul 

it cun bu auid tlult thO'YUitlB era clouCI tOf,:ctb(.n' Mid parallel. 

!TEI.,or cu!1e1&,. 

~o Ulil71Jl' cuticlo io 'tilliel>:. Alld llholHl 11 ttlo or no cif:t\:l"lH'tCa 

lmt\:'lonn tho v~in emU. t'l<Jah tirctlf.1 (~ext fluo lOa & 194. l"luto XV J1>,a). 

iTho l.otlc!:tud:1uul, wt>lln (U',;1 corD or louu f)'-ihlllel 1-iU.t th" on:! tiilllo r:.tJy 

bo at l'it:;ht ~nr;lea t() thou, or obli(lUt:. <.t1m thtc:knoco 01' tho coll l1>~llo 

in stluurAlly conotpnt ut ubout ;LOj.t. lie ti tOt:utCUI 0,1'(., p1."Otumt on l.hiu 
I 

outiclo. !iL11>Ula-liko tr.al·kin(~o Ourl hI;!' coen otl tow at tho oelll.) :from 

-tho 11.01'3:'0)'1 loo,votl a:rcohwnn. ~h~no 111Ul.'ku coy lln oontX'1.11ly pluc:od. in iho 

oell or nttuclilJd to th(.~ cell' wull. 

l.ot'wr cuticln. 
r ... ... •• 

.fie_. l~D. J'llnta Xi'! C)t tina the crra.ns.u~(jnt af:' th(;! veinu and t;.,:II::hoo is 

clourly v1oilllo ('1tox; f'iGo. lOb s~ 19lJ. lllutl'lB !'.V' 1), j) ~~ XVI J.). 'Lho 
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n.llc imd H.l3f Gl.u" d1~r\)r r:co~~ tilt.: typ1ccl i"orm of this l'lpecleo in th~tt 

l)~villae CI'.~y to pl"olJuont llUur tho outtll' (1I1X;o 'o! '<tho ltl.cirm, whor~ thoro 

iu u ttc~t'6ifia.l voin nm.nine I,arullol to thO' Etdee of tho loaf (fJ.'cxt 1'1£;.22, 

whare 1,!tlrt of tha vain frou' r.~ar tht.'l torn cdS&o£' thu lo~(tl" outiQl~ fro:! 

o,r.uOm2l11 II .15f 1u vhmm). 

dif.41i:nnit:aw in tbu orelar of 20',..: .. 4tip. !ihe ate:-:atus era utw'le.tmt 'Cut 

r4iutrlotod to thu llltluh ,.rOtii'J (!i\l~t :t'ie:h lOb M 19lJ). ~lijy nru ~uite 

difficult to '1oc~tu LU). tbo uUlisi(.tiarJ> o~11o ar" la."aoti~ll.r inatatil1sui~h!lble 
I 

frO::l tho llO~11 lnGeh calle (l'l'""'ta lS'l1). 'l.lu:!l.-a :]]:0 1'1'10 or uix Dubsidiory 

calla ,~h1ch Ul."\"l X':>l'oly INlIJillato (Toxt·:ri80.l~b, 20 - 22. l'lute XVI ~tn). 

'lllOY overlap tl~o iiOOrd collut ,which i"o+:'i.:l ll.n ollil>tionl craa n;eUGurir..g 

nbout bW X 4we ~h() r;prti (tl'plu',mtlj" liou at tho cattoll of u shnllow pit 

and in nl)t:>ut ?Oi·· lons ulth thinly cUti~liD(ld lipa. (T-uxt £i6a- ~:o - 22 .. 

I)l!.ItoD 1:1:V 1), XVI !s,lJ, .1.V11 A). 

In tll!> LihClPO of ·tho l~.llr lmu tho t'well) of YOTlllt:1on. tho O}.cciDl.ma 
, 

aooorib~d. el:.ovo U:'o vur:;- 01011u1." to th~ fcr':'D of !ki!'i.d~Sla dCDcribali by 

!'lu.:~.ot.~{<d (1952) Ul1~~ \:1' AX'chutu;oluky (19,·/). lu:·ahnt1h~lol:y (r.:~rGonol 

f;(u;<.r.;Ulllcutlon) .siut{Ul th~t a.llld1cLl (Schitil'ur) senau I~lU=tltond, iu 
" ' , • " qq. 
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Figure ~ Glossopteris jr&n,Y.l.l:1cn.js =»p.M'I. 
Fig. 10 .. ( top -t Upper cuticle ( X 650 ) 

Fig. lOb. ( bottom) Lower cuticle with two stomates, 

showing pore and guard cells. ( X 650 ) 
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f1g~~. Glossopteris transvaalensis sp. nov. LoYer 

cuticle from the me~h areat with group of contiguous 
stornates. Note the position of the guard cells, ~~~, 

stomatal poro. 
, {, X 650 ) 



Figure 20. Glossopteris transvaalensis sp nov. Lower 

cuticle, showing vein-cells running parallel to the 

margin of the leaf. Note the papillae and the pair of 

contiguous stomates. ( X 650 ) 
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var.sdJoO::1~ (t'iOlwrd 1910b), flO u(lll mr tho t.Y'!1il cO::J.1only krur.m us 

b ~.l1.u!.(,:.!!, \ihic:n~;Cio tiGur(.d, byZ€il11ol* and 'Which hUll nu=tn'OU9 

una8t.atlOn~u.'1, huva boen iOl"tuf'lnt<! 111 80eins !:l.'onlS"ti1art' 0 or!einul 

~up\lr (lC2a). hiodenoril,tlcm. f!nd dran'intts'~Qt:l to be 1u(mtic!ll' 

'\d tb. tho t;:rliC: d(JC01.'11~od 1;.)" l~lUl~tond. by /Xollb'r.L;\.'llill!y Bud l,. co. 

'lllla uuvrortn thu 1uoluuion of 1J':B utaculi,OjltoridU tl~e: in 

tho u £,(;i o1e n it- irHti..OJ.l. 

UOl.ovtlX'tlircn.:::niurtt u dru..-;u)£o "U1'O' or1-ti CiBOd by Da.nl.ur.:r 

(lOC1), Fuiutm"ntol (1&D2), ~Ql11Qr (1096, 19J2) and Arbor (190~). 

on tbo t;.l'Ounna thnt thoy mlo)"!'od -vat':! i'{HI nxulll1;olloauo. ~U) \1it1a~Y\.\ry 
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of so uany s,pQoiJ;::onf' in South .l\!l'ica nw.l thlJ .!\r{,;ont1r.e, alouul.y 

ri:tJu!Jblins lroilt,"1l1prt'o oriu:tnul tYl"C, eue50o.t;l thut hin dmnn£;s 'Jere, 

in £not. fll,COul:nta, t1ud thQ up\Jcm9u i'i&urad b)" Ztl110r I!lf:J.Y not have 

'huon Er-oncnlnrt t G tYl;i;! ~~x<cl~ .. m. il.ltOlTc£ltivcly,l11U10U,t.lt this .oee::s 

u.nU.l<uly, Zo111ar' U ul'awin£;G l~ be.vo been inneoUl'fito. 

ZttO cuticlo utu:liuZ) of !llo~!son~~r.i.! tudo b.Y fulhni (1923), 

t.'riv~fJtQve (1S}!}6). I!nn.t (1!J5S), UpOs s1'l.(l r,bsa (lgWj. Qud 'by co Dhow 

tl1r~t tho t1taen1op\orld'1 tl1Xl ot loaf huu U out1clo utrllotl\t'\! clearly 

dlfforof,t ;f:;-oL:l tbo;;,o dcscr1\,ad ;frou lcuv(!u o~ tho nOl', .. wl "1~:d.i.~" tYi·o, 

:t.n ~hiuh 1;hu v<lino' &ll£IRto:.:'ooa i'l'iJ~u~nUy. Bu;;.~ oi' thQ lnttor hL.ViJ boon 

d~u(Jri'bc\l .u!'li1or f1\"bW "looi!ia nnr.G8, Uti the cu.t1clu of tho t..11Xl t'lI;ooit':Un 

or It,.~!\illp.n il'l not lmotm. n.nr:t!'.tl. !lrivaotuva (19~6) t ,!l .... (m:ul9:'lt.l~, 

E..h_iot~id.!!t ruld .F.t:l~'l"'r!!t 11~llt (195D), ~md .!?.Jal.;o~~.! 1:,50& nnd!~se (196:;) 

nrc (iXU~lilua of uueh Ul::(io1tHl und all n1(1"o1" J:.l~ll'}:(Jaly 111th011' .cutieule;X' 

rui,d lltO:.lalUl otx'lotufuu'1'ro:'1 louvufJ w1th 41 tllgnlolitcr1d vcnntic.ll'l in· thu 
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l~ftlo oollcatlon~ . 

. -... Uthouch tho e1)Qoiccn of plof:ac;:ptcrio .tponlo1dotl doocribo{l by 

8r:brllatavll (1956) iu inaOlJplcte, it cOtlperce cloiolyin lensth~ll'lli 

~icft11 with thonarro'~ leaved OlJC~Uil:io.U3 of E,10!i\~f)Pt6tl.J! ,tr~l'l5vs;81Emal~. 

iJ:ha d.d-rib hau th~ 6Liz:.e \'lidth lllli tho .... oinu :lriao, at i1 stela,!, anslu. 

Horwvor, tIlt' lnt~wol VQitUl an~"tOrJooo f,J.'(.Htuently~ UnlU;o tho' ," 

dichoto:.asir~;;. vainn of .Q.l2!t!!2'RtOt'U ·ll·um,~7l!lglf'!nilUt. 1.100 tho upper 

eu.1zinlu of n_!!Bpioisl,o..! io JJot as thlck UlJ that of P._ tri:.n,.,v8al!>.noi~!h 

uml it olm:tl-ly nho\':tJ tho litlttCl'fl or tba vein~ and t4ui)hua. !rho lOf ... r 

cut1clotJ liro more ldr.l1ul" to ouch othti~~ tut tito~toa Ul'a rure: itt 

!~.~,~oni.q,j,d.o(l atutho Mape of the 111t and pOlia diffare fr~ thoso c£ 

.. G.tl'f.lnn~~!f!loria~a. Jl.notbol~ D1r.ilar' altln~tod f1J:ooUcj with mmatO:"locillf: 

voino 10 t:1SWPmfl121wr:i.l gJV·u.s~:1f.p.lli !lro.n,rrn1o:l't (1620). cutioloe dene::'1 Lad 

by Sahl"l1 (1!)2,) froe 5Ii6oi~enu It!13iCtlud tu thin ot,\1oiEls. d1ffc,lrfrom 

thonG or f:.tl'nnsvnultmn1rJ in that both U'PP01~ 1l1l:1' lowtlX' out101o~ uro 
It biW •• 

til;.; ueo~. OOVilli~ cello filth very olnu.ou3 ~Lllla rmd otocatul cubsid!fll"'.r 

cullo ,doth otX'clnt;ly oarhou J,lap11lno. 

It iu ltu(~;oot(fd thut in thu li8ht of thn oVid-enoe o'btllinad fl"OIU 

out'iolo otud1cn, tho louvoo with (Uchoto:Jiu1n~; veins v;lth fO~1 or no 

tmostc.I:lOOoo. ba IlOI}U1"&tod frau UHt t;(I,U £1i:;urocl by ZeUltlr (1096) liS 

11r;Olir-ulluthulatt le~f t.lhil~t tl.o luttQX' nro eoro otrictly lnneoolllto. 

It lJOQt!G 11~hl1 Ilrobablo 'to w thnt the uI~cC1tiOllU dlUJoribed bura 111'0 

1dorlticul with thouo dEiDOriued 't.::t l'lw.a:;\.,Ul (1952) tlB g.i"ntH9A. ?:hi$ is 

f:UI),Portot1. by tbo t-rent f.iil::iilar1 t3 In tl}() OhSl<O of UUi leaf Gn~ in the 
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farm of tht: venation, nu vio111l0 by thel fuct that tho localitiou in 

1rhicb tlley ~C:t'O !'clund bro only UUO"t 125 milQu !1partl Uo.,cvor, this 

hypothoa1u cunnot ba l}row(t Wlt11 tlpooittuna with t'ruct1!1cution ..!l!!i 

outiculor rctmina ru:.'U d1:lcOVCl'OUt t.l}c tlf,-~o1men~ dUtlol"ibod hare lwvo. 

thOl'OftJX"O, boen Given .u no a' GIJOoifio l'WU;z. 

As hua ~ecn atotod. covoI'Il1 no .. a,1.'Ooios huv€)' tCUiltl created. eu tl 

in macrosool,1u fcaturos \1'1th toillflrts dcuoription of Q~1f'i;U.CS. f,l'hilil 

ohooo olearly th~;it tlH,l l'O.:rt,1 Gj;¢¢i(lo !=,-Arn1:.u.:1 (Sch.1t11~~r) Ze111l'tr io 

4rawl~~ by 2Gillol~ of .!!_ f.11(H~ Gchir:.rr.u· und C.llt'owxdj, SchiL';puX". e.re 

co u11i:t> 114 thl\1 f~llZi of tho V()llut1on tllllt i:t 1~ CU.i;~~$ted. thnt theoa 

n.indhlll should 
.. ' j 

tbtll"i bo l:'otldrulti1'or th~j l"or~tJ if;ith ta~m1opt'1'1d YQriation, ua coeor1t.ed 

by, 1:roueniert, I~lU!lWt(it1d tmt1 .JU:chMl.."tlloli:y. nl-~eit"lina of 01 ther fcru 

1'J1 th outiculur %'Ot:ainll ul.auld 1;0 d0ccrlbud undor tba ill,!;rop1"into a,r,001t1c 

ll.amtl ol'octud 1>.1 !.J"l'1vtifltuva. hl11PeG Ulld. !!OO€l 01' by t'l,Youli'i or a. now 

ul~oifio r~o ~uat bo Civout if tho outiolo btruoturo dOCD not U81~O 

t/ith thtft of Imy of thofJO arocl<lth 



. l?luta IV I', I~l~tt.l V it,. - C. :Fleta }:\~ t - D, llluto XVIl! A - 0, 

i',,;xt !:1euroa 25 - 26. 

1,'mcQoltlt~ eX' lif\oar lnrlcooluto lGavQD \:1th llcuto apieoe. 

cgl 

-- - .s 
U:l.d-l',1b .f-oriotant. 2-0 m:J. ut tho bUDO to 0-2 ~. n1do at tho tiy. 

A - . , 
La:toral v~iuGl1U'lnu at an c;n:;:lc o:f 10° to 30° to tho cdd-rib chane;i.nl' 

-, 

to 40 ... 650 uithin 2 ... 5 t:l.Ill. VoiU!3 cU:!lat~O:lO froquontly. V~1n 

e~nn1ty 10 ... 14 'Vn:J./c~. ncar tho l.t1d ... rib. 20 - 25 vns./cm. ut tbl.) 

.!.U.2r2!QpI'io r(V~turOl,~. 

l!ot~,r .out.!ol!,. 

~'h1n, 11ttlu uiffer-vuc:",\ buttlcon v~in t..J:1:.:1 twab orCU6. t:ouh 

(lalla !J::"\l .. 12(,\' X 351~ - 5Cf~, voin 0011ft 70tl - lDCll i: 4C~l ... 5C~t. Cell 

wal.Ie cinuouu. 1 - (5 Ul'uutu IH:r vmU. !{O'lltOl:llutuu prosont.on tbiD 

eurf'IlCO. 

,1'1Iln, oleu' iiir!'GrollC;~ UQ1.iiiHm 'luiJl3 .tu'ld, fl4*t1hus. ¥elin cells 

Ol011i::~t~d r(;lct'in[~luc. rOr~ - 11'O~; )~ 2C.' .. "SOt; . with atrl1i,f;ht or Dinuoua 
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lenE {~l~a. :!~ ... Go,; 'tJit\Ot call \'wllu oinuous. 1 - G creato Fur wlSill. 

8tO:.I.lltl10 c;l.lfiuod 'to ill£! l.1unh urcaB, UlJuoll¥ ¢riontn~ad with 1:10 1"e 

-.."- " , 

JiOl'i1 lfJr! - 20tl lema, in 

In.'1c.c:olt:.to u..&'r~;Hc.u:l. lGLu', 16 m;i. 10:)3 cn~l 4-0 Ctl. Width 'ihu ::Wi-rib 

t.11:;1;·~IUl:'U uo L1 nhallot: eroDvu 2-0 :;),f.!_ iJido at tho buao, but r..urr\lcdnS to 

of 10° .. 15° (mt~(lto;;!otjin~ :fl'uqUCXltly (Pluto V Jl.). At tlpproxieutoly 

0-5 cm'~ fJ:'oc' tho l:.titl-14 1b tho un,::;lo tl!~o.na!lHl to 40° tmd tho ononto:nooeo 

nro rcplonod PI td.1'<lil.u d1clloto~;d.eth 

nl~o1s;+on tr.Da iu Cl moro linour lout of tho hLt'mmiX'typo, 

(l)ltlifol V ll). J.lthauL:h tho vvlno do not; nriua at suoh un couto t,;nelo 

trlii tl1(~ vein dunuity 10 a11ehtly lo~r thrut in a.voQU::~n n.Ga, tho 

it ilI\I" ••••• ,.., ...... _. I. , • 

--,----,-.----_____ • __ ._. _____________ ,_. ____ • ______ • ___ ._._,-, __ , --______ ._. _______ ._._ ... 1 t 

Inti .aT! • ...... 

" , 



'l'bo out1clotl fl·ol'!!l~othtmr.fnoiJe w.s:,c '\"Ury thin, nnj thOt;!Cl fro:l 

th"1 C~;SCHl(la. lllu'ttlCa:i·or th~·lQ.tiv4)ff 'Woro oi):O~r4nt1.Y nt"fectod by 

,£allth(.)rll1J~. !Chia cOttle 60COU.tlt for tl\C :Caut that the pl'ornt:ftod U!lf.or 

cutiolo lU,Ul t!:n th1okor of tt~o t~o oLt~1,ftaJ l'ro1il fJlJi!C~On £!.OEl. tut 

tho thitl.um:.' in UlJ.(leiGn It.Ga. 

,ll~p~l.E...s~t~.91.2· • 

Tho <-utlcle rro~l·Lrt.i'm~ ~h:1.f!h cllvtHfJ:d no ctotUltul 1l1jl;U::(~tUD 

'Uvl"Q tHjO\\:;;.u~lto tv t'l'Ot, tho u,PlXlr nUI'fuca or tho lon!' .. 

~luJUO u~c)'mJG va-f.:; 1:1. ttlQ t'li:ffo.t"t:ucit botuiwn tho vo1n emit ,;.o~h 

!ll"Onn. ~ha· Vltin COU*~ a..~ 2W - 5ui.~ tddo, 1C~ ... lO('tl lema and havo 

tll.u!lc;.t att'tlif;ht or ~n1ntly c1nuouo eoll \.1'0110 uith \.1Jl to i\"iu.l.· croata 

r,c:r w~ill ('.i'eJ:.t t1t~.a'tt).· 'jjtO ~!lLih ot111a llb.ow tho ua!.!~ ~atlt'U 1n o1~c, 

Lut 1;Olld to to bl'ot1do~' in llz"Or;ortlon to 'thc-ir lont~th, thun tho vein 

001113. Uo,;ev()r, thv !,~aV1.n:ationt.t U~U."(l :t.'l:ucuontm:"y LUld liUorly precorvcti. 

00 tliot'it iu not COl'tninthttt i.hlu d1!£Ct'(,iitl.QO 1u u conotunt fl1Citu.ru or 
tho UPPi)r outlo1a~ rh() uullu u1.' al,,·cci~iln H.Oa 1!1.1.'O olichtly 10:'[;0:- and 

r;loru uinuotu~ly y.~'\ll(!d then thotw 0:: 6fco1:!lon U.6u (cf .. ~'OJ;t fi[;0.23u (.; 

24b). !lhuro 10 tu.oo u d11'!o):,dnco in U1CJ th1Cr.llt.lUO of th011' coll ~~llOt 

tbotlc of D1Hloi~;.tm n.on bo1nc Pl1Chtly t.hioker, but thin ~it:llt W duo to 

vilriotlcnn in tho quul1.tj or th(;d.l' jJroaorvut1on. 

}"P110 t' cut! .. g:t,!!.. 

!~Qth. 'l¥Od.o~:m y101d~d outldlo~ with 1'flir~' 111.111 dofil!ild Yama 

ttll,l i\:11.b t:llu:.arou~ DtOtJatttB in 'tho ti,,Qun l'i.3ltiCina. ~hG outiol{t !rot:l 



fl.~ 2)&. Upp.,-c.:..t;c.lt.·· 
Glossopteris Q,f,-ic.Q.KA ~,Sp.n 

( X 200' ) i' L.-.L--"""~,,---..... 

E,ig.dJ.P.. ,.Plossopt~·ris .f,-;·"", a;·'Sp.t'Aov 

Lo~et:' cuticle shoving stomates • 

.. ( X 200 ) 



. , . . . . 
.'.~ .. ( 

' . 

.- -

~g~.Glossopteris 

~ f f" c.a.", '- . .5 p. \,\oV .. 

~ower cuticle (x 200) 

'8& 

E!g.:2#tb. (belo\-I) Gloss'opterl.·s'~ a.fr'c''''"a.. Sf·no~. 
Upper cuticle ( X 200 ) 



to £ihOt~ that th~ uiza cn:d Ub.~llf::l of tho collI' c.ful tho diutri'llutitlfl of 
. 

the utO.':ltltce 1£1 ~tl6ontiully thtt cutu.O in \}otb: UI'901l!10.llS (~i}:tt fil$u.23b 

thick. 

, ' 

'thttt ti£ voirl ooll(! aru ulcut;ntod. r~ctun.slf:1l nbout 20J.l tr1du ani 
-

tt1.~ - 150'~ lone (:'\I,xt 1·i;;::.23b). tilth vary thin, otl'ui!:ht (ll,· fuintly 

ainuoUB 0011 lwl.lu. 1.1i.{) muah (lOUU ni;juoont to U1U v>l1nu nre np~l'o::tim;ltt.!ly 

tbc ellC/O u1zo nml Gho~ co tho vfJiu colln, but the coll ttnlln oro coX\) 

~o ltmr.itu:1innl lmilu hnvo i"ro;:l tl:u."CQ to 01:: orauto 

l."£lctnri!l"Ular, tut {i lUl-i;U prCll'ol't1Qu ,01' tho ccllu nro UOl:"(. or lena 

1sodill!';iotrio, li:uiiourit~ 2~ - t;o: .. n(U:'Ol#/.i Dud IiO:.!t1Il0BiflJ ona or tvo Ol"03to 

let" \'.,£.111. ~''Hi otO::luttl!l fmVC 4 .. G uutHlitlinrycall& l1hieh nro 

ir.a1ot.irl.£.tuiuh~blQ i'l'OO tho nlinhbourlnG {.1o:Jb <lolla. '1110 oto::mtnl l)it 

10 ob.r>l"otrtariHtioully t~IU WlOFr.a (~oxt ri!.~.2!i) end 1u normally oricntutod 

~J1th itu lat1tr1tud1n~ u%io el1.h'l1" llnl''al101 to or at l'if~ht. nnclu::; to t~u 



Fi.gure ~ Glossopteris a.fri C'""" sp. "ov. 
Upper cuticle showing stomata in mesh area, and 

neighbouring vein-cells. ( X 650 ) 

... 



Fig!!!:!~. Glossopteris arc-°'ea.n.- . 
Single stomate from the lower surface 

of the leaf. ( X 650 ) 

as. 



I.lora' 'in 1&.4' ;...~Wi;,. lone M1U" in 'OluUl'ly ~url-i.e.d by tl cutiu,l'Sod ritl &1:-out 

2i thiok ('tuxt 'fieri. 2; t.,. £6). In buly' e rail ClJ.aOf) can tho guurd oello 

, 00 (lfHmtiu U t'!bre 01'" laa~ u1:::oul!u' Q.t"4ttl 50iJ 'in ditlttutor, lyin.s llQllDath 

the 'trtltill1d1ul'Y ollll'ts. tIhe nta~mtalJ tIt(! tl~attrUIl, l'Ul'C~f COlltia'Uouot ami 

tbtll"C ill no Ol}lJm."<mt I1utturn to thd.r· diot1~ll.-ution. 

eutiol(itl of no!.thur of tho t.YJ?(} UP]Cl~(lnll of ~hin G~c1(lo doncl'1'beu. by 

i'X'Cnbii1o.rt (1028) t.:lr.it :!or.impcl' (1069), lltlvo teen tlooor1bod, and that . ' 

i''ic,u::'od hY' ZO.illor (l(;~6) nfi baloliairlt~ to ~ClEt~f!ri~J lr~ 'lanG not' 

a{1D:~u.nt.oly doocriuod. 

t::uC!·Ot~cal)i.Q !cntUl'\Jo cnJ.yt F..ay, in i'uot. tJ r,o~rf.&1;.G:c1i'io or Qvon 
r 

t,ltht'Hli;l': in1l1o~uutoly uU30;d.'lod, .tl~\) outiclo ntu:Hod by Zo111or 

(1t3!)6)1ao~vi()ugl:r dl!!'ol'out fl'01J tlUlt of r~l~!'~OII't<;.~i_ll J!i·ri:.!lJt~. no it 

:In "Ol~J;' th1tk tm~ hon roota;:t:;ulnr £ltru1sht-s1dflit CG111l. 

On lUlcroacopio r,mturub, .f:l~nuol!!f:r.t! .j!!.p~t..lj1.1, l1pu£; tlud ~OGO 

(l!)6.o) <11.£1.'ora only oli,clrtly i:''O;;J tho I:l',u:wnt f.;:t'Jo1(11ll ir~ huvinE; & 

l 
I , I , 
I 
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:rounded louf' tip_ 1510r0acopic{llly ita cutiolca di!!or in &Qi~ thiol::or 

end hnvifl,t; ulsr.cot unti::ely i;'t~llisht wulled. <:011u, 1Jnd in POl!lotHlCiub 

otQt:;D.ton thf.l.t are: of ton arruntlt'd in contilS\1Qua gl'OU1Hh ~lOl:~ io, 

ho~ovQr, (lu1tu'u stl'Slns ait:11ul'ityin tho ahulia of their utc::.ntal pltfl, 

l:hich Ul'C iJcnerally tlIft ::;hf;;,t;CQ or dudb-hell Ollt<J)CU in both 3.i1IJoioa. In 

thin !cutUI'O, i.;oth urll.ioi~~ oro Vtu-y uls;ilul.' to l~lon~o1!~in.·i.l'l .orhm;'l 

nr1v~ntava (1956). .r;}.oJ?,o.lLt.,!r.~.s !l.l~ht;r! iu Val'S oicllar to !,!lonooptorio 

llfl'icmn,t:. but di:fiuro in f..JI.v1n.C Q thick Up,P01' cut1cle \d11ch dt)u~ not uhcw 

thQ aJ:l.;nlltct,1f;:ut ei" tho v'o!linu unci lronht~8, snd in t.hich thtJ: cella au'o 

l~ctful.;~ulor rond l;al),Ult!iO with thin hiChly Uil1UO\1.O \inllD (10 .. lo! CNots 

l~or lonG! tu<U.nul wall). 

~'he t;!ocroDcopla t'0uturUG of: c,t:co1tum l~.Oa (l:late V D,a) arv eol'l, 

01tuilur to !:lor.o~n.~ lWfIY;1:'i.i. rl'ontsn1~rt them to Clt'l1 othox' 0lAioioa. 

ft~rticult.rly .in tlitl 1:ora. of tl-;'\ll 'nut~'Ui'k of tbo'lnt(U'ul voina. it in 

111ilifftir.(;uiihablotroU' thu up'~oir..:onu ot" f"br~i:n1~ !!l'on.::;niol't hjOril), on 

d~corih~:l .... y .fciote~ntol (lOBl - leOti). Arbor (l905), StUl'~rJ (1910) tmd 

~rivoutilvn (195G). a1:ffcrir-..';. froo thot! only 1."1. havinc; ott l:lcute l"iltlu,r thUll. 

on obtua(l orroullucd tip. 

Ci:rculal" nr"a urou.:u1 tbo IIto:JCtul pit. 

Othiilr ll~diuu '£;llOCiu3ltbicll art: m.uol'ouOOll!cully o1tl11ur to tl~ 

l} .. Ql~):';Goeteri;: u.!1.ffi1.llt·i:t:o.li(~ l}.rcH'lWlinrt nil deaoribau by nahl'i1 (192;) • 

. 2) ,.q1ot:B9.pj!?.rj.!i },,(1t;.I<n"ti l"'cint. tiS dGucdbad b.Y St'ivnatava (1956). 



~ 

t!lO ;t'1.i'!l t t.ltly tu d isi.iilQ"Uiuood :fn:.tl1 ';:,.1.9..~J!"~ p,f!) mdl~i {;eC':';UOO 

the call N1110 ot: thu UPZ1(>r" cuticlu nx'v :;;uah mora hiUhly ninuou:;;J h~v11ts..:: 

:> - 1, Cl~t.t;n lwr \.1tlll. ~lflO tho u~llz of 'tbt: lemur. outiolE: tira t:iore 

l'o.i?uli~l;r l'ootun.:;ulul' in tihL"pe then th<lllO O!,' !;!?gpoJ;t,\!l'·,~.fd !~t:l'it)F.r~~ t.ml 

tho tiu·:::u:1d:l.ury coll:ti tlx.'O d1util1etl,.v Impilluto. 

ytl.t::ilurlYt ~,uth (.ut1t:l~u of PJpmmn,tt'JxJ.!! 'r''ltH:~l;'.~ HllOl: l.l 1.rtrint~ .. 

rO/iul/<x- :lrriin,;:;u~;m.t at rootancular cillltt. tm& th~ c\lll \\\'.:;110 ~.Iro }'inely 

o:1nuulUi 01.' toott\ld. "iho &tOl:..otus lwvo ul!:. uu"\iuidiul'Y coll,; tihieh {'.ro 

l:'iuch t.uZiallol" th~l th~ n01hh~ourinii: lt1i.HJh 0&110 am! hl.lvu VOl'S thin eli;(.htly 

-a1r.uliUt;! tiallu. 

fl.'ho cuticliiU of !tf'?!!t'!.9.P ... t.!1.l'A~1 .!.!.!!!:!m.! u1'o .. ory thin, eM tho (H!lln 

IU"O in·c,~ult.ll" beth ill uilm tlnd uhaliJ. rltt» otOtJ!ltoll tiro not pref.lervod 

troll flllCUfb for u u!:o:ful con,rllrinOll \11th thoc'~') 01' £,lth!oop,t.0.!.!U £'1fri.<H!t1.tt 

to ·tu uou{s. ~'hv If,:ui' ot;- J:'}(HlSOVh1r-1ti fllllmii 10 tlu()h l;1X'c;;or thun th;;lt of 

urc UI.iOut 1.0 ,;.:.-:. lon[. und , t:.lZ:. 'rJido. tinu thi: Vo!rm uri:.;.o from thtt 

.t:<icl-l'ilJ o.t l'1i;ht tll!(ll£lth 

l'(mt (1950) 13£\0 IlIJool'!l:cd 1.\10 Dl(!oloo 0::: £1!~.!H1,oFtori.! (r..hispl~!h 

.!It..col ~\.oUOf.) !1'om1'ui;CIlJi,YilW \11ri oh }u.:uu Il.ucl'ouco..rd c fo;.~t\t!·(W very ciJ:;ilo r 

t() tlCh:..O variutiGll of !11.02:fJoJ>tod!t .!!.}~!iCllt !~.l.i1'Or;r~.t!. tmL! !!.:.9Eft:.un,itl, tmd 

)j,h1.oh h!~ya cut1Ql.tw \'I1th oinuowJly w~l.lcu onlla. !'i.h1I3I~i.t!£. j-'lJnt C:ln to 

dlutiut;Uitll,od rroz P.!:tr.4.Rnn/! 'UJ tlle 0(;110 or thu uPI;or cutialu h!~v~ 

01.riolit;lrlt lnlllu llnd thoil' auto. aUl'£ficas t.o{.r mt::~orOUG 1:lir.ut~ }::opillnc 



.S!.l'i,:r;r.i~mnf! ir, that th~1 ·coll'O of tlH.;) t.:~tJh r",si:mfJ hcrve r;oro hi~:llly 

1iinUQU!1 \%al1a (uJj to lG ('u'{}stn .£,0);" wUll) ~ma thO:l n~ oftt'm su;.tl'kod 

r-~t;.2!r.q,d.<.Lq hU1l 'otr~}ir.ht )~vlllla 0011n :tn_d r~G no utottllt(w. 

Sriv{\stuvc (1956) htiS d"moriOOtt ti.c o'Utioloe of (ir:rtlen,qo.ntcr,i.:? 
.' 

,flo):'~Q!,!!,;. ;dd,(ili nro V\ll'~' lii~ilnl' to tha:so 01' 'plm)nEI~t~.u l.ifri.o!!.p.:~. iiud 

!.::!onapP.l0rl0 ,!rrtuTl Ql'ivaata~n (1956). ~he f.rt.o;~(lto~ h:::.vo tho atstlU "tti 

sh!.lJlad lilt ~Il 5!lpf,u0l!tm::iF! ,!lj!:ipl'm.~, but the. c~ll "aIls tlro lliflll:t 

uinulma or toothed (upto lG craots pvl' vmll). 11lo colll1l of £Fnl'!'D1'~0E.tlll"in 

i'lu}.uofln t-01U" tr ... i ceara of !:opUluo nb-J.ltll' to ~hoo{jt slla.m 'b-.f !n~i1;!mEti)~tf!. 
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~' ... , 

!lnnnurod t1jltwirL1(Jna. a.llf f n.il.s, 11.12 •• fl.l;sd.', 

t.!\~.:;iO(J.ot.u trn.t thQ ¢Otlpltttf.'! 10n1' ljiUJ avon lnt-liar thu24 uI;(JoiJ:;:cn 11.110. 

!he: t;::nllaat Ie:;f is (11;13011;.on II ;lGb, t,h.1.oh 10 14 -0 C:.1. long oml 2·; c!!!. 

(I'll,). ~o VI! l .. ). 

1-0 '''''' ....... On tho 6Laxinl uuriooc of th€l: l;,uv(lo, tho 

tin ... rib 10 ijtl'\)I~nly Luukud DUU COl~V')X (.I~lu.to \1:1 It)' \rhil£st OIl tho 

n~Ctld.nl ourL'LOc it itt clon.t'ly LtlJrkoJ. l.ut liiHlfJ c:.nvax or flnt. (l'lat.e VI 



q I.t- .. 

. ' 
all}liJuru 'to l'..aVu urohtd. Q,~!ty l'ro1.'1 tha Qid-rlh and ourled f:lliehtly nt 

, 1 

L u.mps on mid rib 

/ , 

np,f:uur1n,;;;'i'lut; or t}liL,htly uunkon on th~ adf;ixinl uur£ucc (Plt!ts VI. A, 11, 

C) Lin! d1at1nutl~ l"u1uod 011 th~ ~tOX1£ll u.urfnco (111nto VI C,1). '1"hio 

otl'onu1y t1uvclOl)~,t. til1a l'~;fJitlt.od uucuy t!f'.i' ... co,;apl'bfluion t!ur1r~ fO:lG11i"utio:.. 

~hi; vtlinu oriuc .f:r'O;a tl!<J l41d-r1b at tll'l t.ui:!,lc of ucout 3:)°. ~'.i t.hin 

0141 tll$ vGlnB th¢!U cu..""Vo vcr:; omtlo. 01" l-url r...o~ or llJolJ atto1[~ht to 

thtJ ,::mrt;in af tho lcad'. f[h~ th!oliau tend to to ahort cmd 'Uror.d. %lonr tho 

1111d"!"1"1b, L-U\ l;eco~u lou,!..'\lT nn~l nnn·o.Jel' tot>'£inln tho t::U1X'cl:1n (l'latnVI). 

'Ak1t if} %'l'1!'lfJut(!\! itt thu vaj,tl c1unoity in tlUl vnriotlU .r(~i::iano of tbo 

i,l'ho 1"11flSO of s:1.2:o of tho t..O:Jhon varian 'iii til tte 



Cut101Cth _IF .. _ .... ~ 

rhu.lIrasC'rvtJ-tion ot tl1:Jc:u.t1cleti Vlll.'j,CS • .,.,mtly 1'ro.t~ ono l)(lrt 

ot: th{) lout to cnotlwr. 'but SOI::.tJ \iGll 1ll'~ccrvad 1:l'ai3:t~ntt) Imvo b";cn 

Qot!d .. f'r{':il irolJ each leaf. 

Upp'Jr cutIcle· 1u (July o11Ghtly th1ckar thuu tho lOltor_ 

In .rj;ht;, :"(1"itln of. 'th~ tdd-l':'ib,tho oolla uto ecntlI'ully VQ~ 

l'Ocultn:1y e.rl"'.;Uli~:od in lo!:)Cltudinal .rilc~. «.r1\O cnlln {,Tit q,undrau[;;'Ulvr; 

COt' - tlOIl lort ; t~ntl at,. - ,;~ ",ida. ~ll0 oul1 \1ulln (:1':'0. ntrl;2i£;nt (lrU only 

11Pout ~ tlliclq thu ltUli~1tu.ainnl wtllls aX'Q I~urul101, but t.ho Gn:l \lulla 

of tho oalls aI'\) 8o{t;etitlcu ouli~quu (I'late h c. ~tJ);t ;t'ic- 2Db). In 

no:.:..o r..rop~ratI0ni1, tho <:clltJ tU:'O POlye,Olllll, 'u:u.llor 1;oun th$? rcotulll..mor 

collo of the Nat of th.! f~id-rib, uni !:rro[."Ulurl~· tll:rnnsod (.Pln to .x!X a. 

T~xt 1';1.(;_ ~8c) eo' f,L'hG'y uo1nc1da \'lith tllU wZlIrtl:iOl' luopD tlhioh hllve r.:iro~dy 

bt:Je:l uonQ~ib~d on tho l:lid-rl\;a of UO;;Q of tlHllu~vf)s. It iu notltwo:r.·thy 

'JUi;50ntu that tho cullo (.It tho lWl'tn titU"O ~o.t·o thiokly cutintm/d thtln tho 

nOll!<ul cella oJ: thu %1/1o.-1'ib, or that \lIe chccl\:ll11 C~l;c{.liUo!l of th,:;, 
, 

Cuticlg rullrlolod l.h'-lPU oolle 10:)$ liable to d(l;cet:!. 

~'hc; outiclu fro::. th~ uPIA1r iJuriocu of' tho lat!ina dw;i£\. nQt sltO'll 

tJWt.ll.'l'Ult:(.\tl(mt of tho 'Voluu tllHl ~tJcllO& "IUr,)" olo.:;rly (Text i'1s_ 29b. 

l::luto ;~n: Ah but thiD it) l:iu'ily Gnu to tho i'not 'tht'H. c.mJ..y,eeJ,;ll i'l"v£l:cnttl 

ot' uut.1ulo \',€Jx'eobtuifAhU, uhlah .fallo to .rGvoul tho Toil tt.al'n c~uuofl by 



E!~. Upper cuticle 

from the edge of the 

leaf. ( X 200 ) 

rig. 'lI,:h. Upper cuticle, normal cells 
from the midrib. ( X 200 ) 

, : 

Fi&!.2I.£.(right) 
Upper cuticle, 
cells from over 

~ "bumps" on the 
midrib. (X 200)" 

Fig§..~3t b. & o. Glossopteris sr. fibrosa Pant. 
a 



.,. 

1'u1X'ly 'tiitln t;;O.,}~t'i. ,.In th~'a:('illlt:i::uau, _ thQ calla art! ar:'tmted ill ::,o~;a 

v .. :-,"" _. 

!Jol.vcOtlal, and tlll~" bll i~oditu~tt10 mcidtm~~11)t\ a\.out 4~ ~or.!)I;C!t or 

nlicllt4" fJlollJjutot11~tJrHJUl'iT;i; ;S:>j< - 4Cil r.iuc ai~ SC'~~ - tOil lanl;. n(.fl'Qly, 

v{;:;t!:; anol .. t tlalla -ol'llJ~ nbct\t 10;1 lcme. tu.t ai' nOl'Clttl rtldth, oro into:rupru'strd. 

td th th~ nor~l calls' (Pltit,~ ;ax .;:., t.:.>o~t :riS_ 290). 

OV€lr the Vikino thu tlullc t.um! tu ba ulichtly 101".,£;0:' and nni7()uor 
~ 

tlHm 1JlU calif! Dr thu &;1Ou11 rcgicnu, but tbu.'c 1u u V;!:,ietion_f\ oell 

dit:;GzmionCA fl',:r:'l ;(1 ..... oeM 1n l~rij;th touil fro;l 30j,( - 40~ in tndth. 

~o lt4trt 5 or (,} l"u;ru oi\collu at tho 'GdC;~ 91' the loni' tll":'O 

oiwilllr to tho cello of tbuti!tl-r1b. 5.'hllY ora blollrly o~ Ol'lt,"U ted IlsralJ.el 
.--

tu tho ~uin ot t.ha leat,"anil tlwy' c:rG ~ra 1'Oh"Ultl.':rly 6rl'utl~d than thu 

tm:'~. 2t:;L - ~oi. ''fJlio. 'but ill. tJ.'1~ ltlat :ru~ Pi: 0011$ t.'louC -era over 20th..: lone. 

hut ti.J.y at.out_10~~ ~illo. . ('i'cJ:;t f1:.;. ~eo.. llluto 7J~ E). 

HoitovQr, t~'j oulln or tho 10;'C1' cutiolo of' tho 

I.lid ... rib oitt.m n,pl){Jcl-' tulmvo bQon CO!i..p:rlloued ltitenllly, ~ut thin 1£1 

uud(nf!.:todly dw toth'.l ub'ocoos ~hiob w(Jult1 u:.-.1uo tJh::m tho l):'roc.l:r.ont 

f;tl.U"'l'1b \'luiS ao;ulTJ.'4!ciDOCl. durins·toQul11!l.utJ1on (i~alton 1~,6). 'l'hu 

lU"~m1.:,(;t.:{lnt or i..\!a "0110 in ~ui t~w\il~oro. ~l\Qy o.ro !:lorv ot' lnsu 

~\'iQtu'n~1Jlm.·t GCt4 ... {)~lOll{J (mi! 2i;~ ... 30~1 wi{i.o. 'Fz'Om '1"\1\'09 'l.'ilich h;:lve 

l\l::iPIl on tbo 10ilo1' cu "all nil ti:~ ll . .plfur tlUl~i"ncu of thfl mid-rib. 



bn 

• • 

" . 

rig. ~. Glossopteris .s!. fibrosa , R~nt. 

Lower cuticle of mesh reg~on (X 200) 

Elg. ~. Glossopteris Qf. fibrgB&, Pant. 
Upper cuticle from above 29a. 

( X 200 ) 



· ' 

!!g. 3D. Glossopteris £!. fibrosa Pant. 

Stomates from the lower cuticle of Specimen H.16b. (X ~50) 
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j::l\ijiarnticnn uho~1tlt; n;..all IJol.yeomll colla, eitJilnl' to thoo(l olworvccl 

i'1'o:l tho tJU1'ty rcniot::O of th~ UPIJOl:' cutiole, r.illVO 'la:Hm obtoin!i:u (Illt: to 

J:IX D). ~o lOilor ~l;:1 upr.or outicles of tha :r:t1d-rib flay be cl:ltitlCttis!lnu 

b;t thufact that nto!.:stu occut', thoul~h only SllOI'12dically, on tht,~ iQrll~Cr 

:thu 00110 OVet!: tho velnlJ ere l."oL'111ul" in th4"ii:r Lu'runsemcnt md 

!1h~I;C. tJ1l0Y (i.:ra br.aic.mlly .t'\!ctfHJJi,;ulnt', olthollch oecuai!mully tl).f) {:ml 

'ijullE;; uru oi.;liquo, ~md n.x'o 4~,i - iQV. lon£; ~nu 55i.' .. 45;.; tiil!c. 'rho colls 

QI: tho ~i,H~h reGiena ttn.,Y bo (lUtidl'unt,;ulnr 01· 11ulYt;Ol:iUl, und iooditJcotrio (;1" 

ulontatud. )1UIY l .. OEHlU!"(a 20.~ - 41Cf,l I1j.(10 uu\l 20~ - G~ lorog (1)10. til XIX j;. 

~;oxt j.'i;;. ~911). 

~'h0' otc~"'tUt t::h1ch Q~tl diutributoa U} 11:rcsular el'OUpo. arc 

oocunionnlly L~onocyo11c. but U!>\Uilly they (:f;O i.!lcyclic (1'Cxt ii[.u.;O,31). 

!filO oUlJl"\iUl:'rulCQ oJ: tll!} 6tooota 1~vn;y divo1"Go, und do~'..ond.s on thO' ototo . 

of l~l"otorvatlol'i 01' th(T cuticle. 1'bo (}xtent of thin Vtll'!aUon ia cht."llm 

in ".fcxt fiLj.31 und Plata 1:.1. 1l,l?,D. 1;0 ~dian pOllilluo hove btlOll Ut:H;;ln 

on llllY 01' t'ho 00110 fro;J ci.thQl' tho Ul;IldX' or tho 101:01' ollticloo. 

'rho c~t~>l:n(ll foaiuroa of thin lltiBcUlulnt."O o~ lo&veu (trevor.! 

111011u~ (8) to thoo14 dcguribcrl by !,~d.attr.Antcl (1601,lC(6) nc 

.Qloi1no:pterJ.!! ~~rr ... unio, (11) to tho 13PQo;l.QOU dODorU .. ·oii by SriVAstuva (1956) 

tiS .!!.co:;u:!~Ii!l ur~ (0) to t.hos~ acted.tvd 'by Pant (195S) ~m ,!l.=J'i!}fi(m,O.fil~ 

..Q.. oolIleltlc!} nf4 a.up.l.. 'ill1: outiclu otruoturo of' rt;i~t::ontolf ~ t,ypo 

arOQitlou hao not boun (luoorico4. 
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EJg~. Showing the varied appearance of stomates from differen~ 
parts of three specimens of Glossopteris cf. fibros~ Pant. 

Figa. A ~ D , Specimen H. 16b., E - I , Specimen H. lla., and 
K - L t Specimen H. 4. ( All X 390 ) 

1t:J1. •• 
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E!g~. Showing the varied appearance or stomates from different 

parts of three specimens or Glossopteris cf. fibrosa Pant. 

Figs . A - D , Specimen H. 16b., E - I , Specimen H. 11a., and 

K - L , Specimen H. 4. ( All X 390 ) 
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~nQ cuticl~ of' tho fJlli:cit£.'~n thnt Srivuatnva oallun .f~loQsoptGrJ.!l 

~o::':'t;;~n..h~ 121 vary ait:;ilur to tbo pl'ouunt ulx;c1mt:lm~ in euch !'oltturos l,l9 

0011 siz"l tttld nlm,l}€'fa HOV4EJVer. the voinn aod tluuhas Qrc r.l0l"£)0Sl1l1ly 

diatinguislliu. nnd the subu1diury cello of Glg~H'!SU,tQt!!! 199i1i'1~Ji! V03S00S 

ll'ia~1(m pup111uo. ~116y do not t;oaU6Bi the'lorifi .1011011 pUl/111lilo whioh 

ovol."lmnitc e.ml px'otaot th~ etoJUlt&l l'Ol'(! Ctl in t.lli fJr6'i:lIatlt s11Qc!mttrls. 

According to ~).riVtUrtloiYa (1956) DlQ1rlffPtfitlJ. SlQW.lliWdrJ! htl~ ntof~ata (in both 

CU1'!~QCUf oi thQ loar. Althoueh nunc huv. 1.."11 obl&l'Voc1 on the UPPi)l" 

cuticle of .tholJreaunt 't.lpec1mcnll, till) cutiole8 prepared \iie:~e so £rnZ';m&nt~l~ 

that 1t oannot lHil said o{,rt"E.:oriuall~·'tl1trt.!!2 RtOfJ&ta tlX'li e\'Eu: prccant on 

in diotr1tution, and it doolS not IlIEH\Uil likoly tl'k~t BtOlitilt~ are· n nOl''tml 

feature or· thO' UI1llQr ou'tiol(~ o( t!H~ prceellt 'DlXlc1Jnon8~' 

to tho ,pX'oBant GlI1lOu;'OlUil in Jri~al."oBco'pio tcutu.rsn t"J1.;d 1n vosua'olllna DtO&i!l:ta 

1i1th ovc:-haus1n8 1'6p11100, coy bo d1$tineu1iJh£ld fl~Ot1 the::::, tiS tho l.otltir 

cutiillo altoNc tl'uOOO ot nWlct"oua }wi:.rn, emu the cDll wallo uro uinuoua. 

J;l().tH~P~to;·l!1 .sulW~tUl 1u Illcost 1tlontical with m$$IQ~~e"it; ld,§piS~b tho 

only cloLlr (u.r~"e:ronca t.eln.f; the ebaonoo of ·lu.l1:re in thu foJ:":tler UI·(/ci('Hh 

~"ho oto.:u.tu of both 8vnoio~ ul'O uonoo1'110 • 

. .p;te:'Mf.~l?t~ta nbr~'!.ft nnd pl06so;eterl.!,M11.1\ ofl'tmt (1950) nX'll 

va1'¥~ uirililar to 'ttoQ l;ronellt 31}nolueu, (a) :in extll:rnal 1"'i1£i t urou, (b) in tho 

D1.~(J,UhIlI;6 rtl1ua:ran~otl.cnt of the ool3.6I, .mel (0) in thu t(;r.t.~ of tibil 

titc!1aatau~ v;hich £:1 .. ~(Jno tlr d1c'yolic,~'1l3ve, tungtmt1ally ~lO~Cltla 

. f't\ci,.di~~ c.,,~, a,,,,c& ho."c s",,,.,i"'a"~ c..U~ ",;,", ''',..,t..hoUow ",illa-t.. 
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ovorhs.nuinz thu $to'~tal vii. In both thi:iau fJl'l¢C1~li> tbf.l celIe may bonr 

u oltfC1c. ~oa1t\n Wl>:lllne, tl61v~t'al t~1111 l1up1l1tlo. or longitudirml 
, 

an~ of, tho JIUlj'll'" t'U"acnoiliu'o !CtltU,l'6f) of' ,UlflfJg211.:au~ii Jl.l,1'9SBt 

1tJ thu' 111"U5CmaQ 01.' j"ibro;;, between tho vaims. 1 11a'\l'o been wUlble to 

damomst.rntu l'Ihethor or not 'lic11ttl" f11.ll"lUJ ex;1$t in the Enelo aFUo1t~CIU't 

00 ~ it in tlot pOl}o1blo to lUHf thin £tiutUl'fl 111 their iclon1;1!lcati!.on. ~1l0 

uUhl102 o!' papillae £.t'O~ thfl q,.l.inur ,"in (mu tuUdl cells ot the l~'eoent 

tllJt1cimcnu ~ibbt l:tu oOllf;'liuf}!rfJd sul'tlo1\mt to sOl)ar.aio thoro frw 

G12fl!2!>tf)l'U IilltpQJb \.ut oo,n~1dol'~'1.e 'their crfllnt 91r;~11fn·1:ty itl lloth 

mioroscopic whl ~QrQIJCla.pio f'eutun.t I h ... ltata u1thu-r to ereot Il nUl: 

B~ol~CJ or 1;u i(tOllt1fy them aa th~ u~o until !urth~u," work hua clad.fied 

the o:Uuutlon. ~ho ll:l:'ftolo "PGcd.u~ O:r;G tberc1"'o1'0 l"erfu.~r.;ld to a& 

.COL11un.'itle tho ~tJ.grQSOOllio £(lat-u.tful or th.~ ltU~vu$ :tiJ#efo\blinS ,Oleunopteri.~ 

f'i~ro~.u~ cllO~S flU1.tilt u lnr6i 'VarIation in suoh cshura.utEll"t; us vein t'mala 

8UC! vo1n density, loIlthcu6h tbo &tmu'al cll.GX"8oter of thii: vutmt10n and 

't·h~ vcr1utitm in tho :lhUl)Q nna ab~Q of thij< lfiQihou 18 u1tiiltl:r iu all 

'tha s,tA:I01~i:ltllh It" l'urtioulur, T$l~l\t 1~(). 5 $hcma tl1ut tha V1'':H,iCnCO or 

&baOnO;9 or lW:vG 01." wm.+ta on the fl1.d-rib is not, a ral:l.ablu d1a£,'noDtie 

oh"rnot.~r. 
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rdmlo.r t" those of tho IjrC~6nt Gli~o1J;;:ena. 
• f"" 

~noy arc ~ono- or 

cull wal.lo in '!!JO!!i:lCllltc.r~E ,fonwaa Ql'C 7 - a ~11;eCl (i6 tht.ck (iU tboso 

(If Q1RHlfOPI'Jr.1J! 01'. fibT{)f!.~. 

U1ou!tlilnr. 1l191(\$1.il19rl~ t~orr:,p~ 1a 0. u::all nal'row lilDf rmd tho 

'V011lU lo~va the: cld-rib Qt n VGl".1 ucui-if amele, . ::ld.cll io =1nta1ncd to 

tho u:.:Jl'cin ot tho l(:u1'. ~ho "Va1.Uu e.nauto~o~e fo {Ott lLlr~ brCiad 

~i\lS, tiEl 1,\ at.urld:l, thu 8vitlonon uUC't-(lotLl that J,!lotlJJo,ptS1l':i! 

.tvl·t~PtJJi "n:l thu l.ll'OSCI!1t u;:aclJ;.uuc 111"0 clo&oly rolatud. but thQ D11.sht 

01rl'Ql'i:ncClll in cuticlu stl"ucturo. nna 1.ho tl"OtlO d1j'f(ir,mOJO bubaoZl 

thl)i1" tlo.rliholoQ "~i;out tuoy 4!"i1, in ::uat. tilO GO FarC! til C~ICQiOOt 

thouch of Um tiaJiaa ,lmUll. 
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;i'-bil:J Ul:.ooitum in ft i'rc.e,tumt .from n\S{lr tho bUG~ of'~ r+lll~ll; ltSaf 

(X.tltlto VII .n). 1 t in " om. lent' t.nJ lltul €.i mOXikllm uid th. of 2 c:;:. tfb.o 

unZltl of thu Yitlna tmd the ahnl'tlot£1l:' 01; tlm'l:<uah(:It. arC! 'Vary niIi.il1arto 

thea\.) ChCii'ucteru £U.i cho';:;:-l in tho la~lllal llut't df U.4. O'lnto VI 15) ~Ihioh 

huu ul::uuc.y P()Ofl dO~lOt'l'b(ld nu .!!ld~n0t?t9r.ip Qr.. !J h.r..o_~~ l'iant. ~he 

t:;\joho~ (!l"O :H.,:-uller them t:lOSfi of. f!.th till;} tbo vain duuni'ty in aOn:lu~uantly 

h1(;hl:l~·. but. this lnny \;l() dUG to. tha {lin'~.r~lluo ill v1co of the ttrO leave!),. 

!.thu vain uonu1t>, (mtl s1:~u or 'tho ftlJ:iJ,hO:l of If.l,s nl'O tho Il/..i~ fie in tho 

cl1utin£;uinhed o'iCtino t.a thoir diii\1l'Ont th1ukmalt)tto. ~uo uP110r cutiole 

10 trj)ll l~.tonnJ'vQdt 1;lli~ thu lo~er utttloln if] l;oorly llrouol'Ved. l30th ure 
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U P1.;(! r eu t; i 010 • ..... . ........... .... 

iil'bout 2.i* thicl.:" 

c,fcuticlo uhorJ C10t-;1'1;t wall j:rtl~j(u'v.Hl t.rtt:ll.,utU:l (~i'tlxt !lO~. 32u, b ol~d 3.$. 

f'lutu jC~l lit 1.1), tut ovan in thytlo t':rOJiel·~tl1)nO no 0011 iUllJ.o OM to GiJon 

1'r{H:. tim wnh nl1JOJJ of thO' lOlior' cut1ulu. 'i'lwt they nl~;;~i,ur to lli~ urrtUli,;.vd 

in i;l:'OUIHi #.11hl tlud. roll r:;OTilbtJl'U of nnt) f'.rOU!i Ul'O ol'inn't.utoli in t;n!,c or latl:l 



l1g~. Glossopteris sp. "Aft. 
Fragments of lower cuticle with stomates. 

. (X 200) 

E..!.gS.;'21c'-d. Glossopteris sp. ItAIt. 
Fragments of upper cuticle~(X 200) 
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'" 
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Eig. 31.c. 
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Fi@re .23. GlOBSO teris sp. "A". Lo~r cuticle with 

(Tracing from original free-hand drawing, X 1300. ) 

~------------------

stomates. 
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tlw tlf.ut,tJ dirootion, is all that C~).ti t~ tu~iti l"Ct~ill~dilli; th~ oricmt~tion 

,nr.d diotritution 01' thu' otc~uta (Taxt fil;.3;). 

~'h0 ~touatul; iU'G elon{~n'tcd.. ~bo ~it 1j.1hich it!. dUwb-b::lll Slu1l)(}d, io 

en ~uoh aide. of thtl ,t)onll'. '!bOilO tbiokonill£;1J coy 00 equivl.lltl:,..t to tho 

11c:nin\). lCitlQll~o ~csf.u .. ib(td by hmt (l!)StJ) in h1u :J1Jiloi~Uf Cit 91-0M~On~!.!s!.. 

!iliO fmbtlid1tl',Y collu up'pl'Jal~ to tluwbor btlt~cQn 4 cmd 6, ani their inner 

'" \tulle coot! to ovorhi'.ltlg tho etofJlltul IJ1t (l'(;xt 1.'1{~. 3,5. l'lub Ii:! F) • 

• ~1l9B90ptu::h: sp.!.. d1ftcl't1 i'roJ:l -- !U..o..t;~f',oJ~fp'·i~: librono, runt 

{mil .fl'om the ar,f:01tMOll hUra callod .(~l.o£1,.!.l0:etn~iL~ cf •• f1bro~~, . in tlult the: 

utCi:llittl, ''i'!hiob fil'(il ecn1'ir&d to the: lO'>Jor nurfnoG. nro cuch 1.u'6'flr, £Inti 

ovol'lums1n;; the fjto~\ul 'pit, l\X'~ nut 00 olenrly r.npUlnt.e an in thQ 

Vnfar tuus.toly, thu U126 unii chcU:.a (Ii' the oull.o of 



tbo lower out1011':) (1l"u not knolm f<'1l' thin u,Weci~jh 

Alt!H)ULh thib Dr/ao.ir.~wn iu olcurly d1f;f'o::<cnt 1'r0.:1 tlhY 1;}Ul t 

~tt.c lJoon 11!:QvioutJly dUllc:.'i1:f.:n. thlJ lowt:X' cutiole in not tluffj.citmtl;y 

\(all knmm to ~u!.l1Jlo thli1 smtht:rr to 1J1'Qot {1nothor tl.'lW opeo1ew, tiD it 

~:tll bil x,*f'er:;::\1u to au Clonnollt!?l"'j1! c.p.l~. 
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l ,"t""n ""'11' D : ..i&.U IIW ......... ./\ - , 

. !\nnQ r.ttl:.:.Jl(1I!lS&:lr.~.9ll. . . 

or 'th(J UhOVif ax;(;):oil,:ono, t;nly l!.llb 1!~ co.:,plota. It :h1 10 Cl:.I 
cd b . 

. 11):;,,;; m,ul hlw '0. r.t:.,dl:W~ tddth uf l-5 c.t~ (l'.ltJto VII .A~ 7'O,1;t fiC- 34). 

1'ho otr-.er o~5{H.lio"'1l!j ran£ii in uidth i:z'c.t:l l.~ to .3 C1:I. in tl.'jjd,~ \'tidth, 

,01" tl~ latLt' ,cat I"ol'tlU D dJi;!p!;Qllaicn un Um u'pP!JI' {llU',ftlOO. 

'.ft"o l(tti),u.ll veins l'LJ£!'vo tho dd"r.il.l ut un t!nelu of ct:out 25° 

'lho vtiin density ov~r 

, ,!:!it{oltt. 
, -.- .. 



" r1g~34b; 
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:p1g.34.D1a~ms to; ahQw) .. the Daoro8oopioteat~e • 

. ' 'Glo~s()pt&;l;''' :31JD2,,:e!,. .a),~·Spe01~n', Itb tI,·.····~··~' ':.lff: 'Sp"o, ;Lm~tI •.. J:~~ ~',." 

~,;!n:!Q!:V~~~bQ~=e,:~l~:£r:~Q:b:tt~:i~:~~··~~~~~n~~. 
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, :tl10h;,iLif£~rilnt 'thicl;noauo&tt by tlUl ~;(tr~1.·cil ... ,bu(tiH1cof' ntio~4t~ 'in thu 

" '," 

:t!Iwd~)llrs t.WQ1~.'th\') rdcl,:"i'il(tn"o 'e~oflt,;uttld i:~l\{l.PolYi;O!,.,U{~l .ulu),Pt)/,>:; , 
, " 

'Uo.t'r;iull'fF ,thu' coilst:,~atJur.o \(0,; ... 40+~ ',lor;'J";4'1!d' It~iA ' ... i~!;, \'Jithi'(F1o to '.\';,; "l~ , ~~) " 
., ,,; ..... ' ~ '.' 10 "', J~~ ~ ",' .,," \ ~ "':"~~_ ,~, c ~'. ,. 

, ;~~t;~"ticlrl "f ItJr;·oc,~)1.1i.,':x:.ttYb~1 5Diilon~;' nnr.l2Cp" :N1do. ,; ~'b'u 'ooll.':;.ril:;lln,' , -(. ,I:' i J. "., ... .., : ",., .' ' ' , " :'" ;_, ., t, _ ',~ _ , "' ~<" 

,{U'~ '. f)h<>n1/:;b't 'tlud l{i,,:'~i; thiok •• , '. t~1mc~11~oViJ~, t}~l:~ 'VI;ill:~ ';1';:0 'l~nt~ '41~'~d'~' 
"'. ' , ,", , " ), ' , ~,~ ,: ~ " -:' " ','" ~ ( , 

, Dn:rrow, . ~tO~ljU.~jl'lG ltj[J~,~?'\)l,t,'lonJ ,~nJ tlR~~l\(, ... ~i~~t{11;r,i35;~ ,:'~1(io: '~';l:\~y~'u:r\J ' 
r' " ';', ' '_ "~ ,'_ ' r., < ,-' ( " ,_ ~ " ' ' " 

r , "', 'i 

'i;Ur;'ll'lc).,>'l.·utth~~:t':n;l',WllliG tiro "~~l't~'ri' ()l~li'l~(;:' (~o~t!·~~(!)" 35~~~ '3G'~)':~Qvc'r (: ".I 
, '. , , ,~ " '" - '-' . ' ' 

·t1<v r.,>uoi.;w, 'tho ,collo :u:o'tJl'rimci(,!~;rof~ltd~'1$j,1l1' ,iiioil 'l)uinlioi'toAh~' . 

,~Oi~U." '.!1'io"~hlit*'ti:rf.F~ol~ci' ~)r. 'i(;~ar6~tuni;\llal'~ m~,l r.;at~nv,ro4c~':~t:ti;~ ,~~i~a ::" " 
" ,<' I " 

,',t' ',::, 'I,,' "",' 

"uid'45;,., "'14(J.~ l~ll£i;" ~lHi;O(tll, :r.allu tll'C! iitrl.lif;ht ,ol~Ynii:G·.ti&i'l.tl:t';.,· oinuoUl:~.,· 
,," -, . ',", - ' , , " , " 

~".- ~ 

(;:i:;~f."i'i~~~,,' )5u,:,60." ;Plrito· i'~xn:,I'A) J" w~d~~:i:f.}~ltou.i ,~\th1,:~~~' ,·l~(nir:'~}}~~·':' 
.' '. , • i I ~ ) j,. ,,', 

t.lcl-rib, ihn.' c\)ll~ \I.m'a. to bu S!MilloJ.° ;ut1(l '6orc'vr- i~tiu1tH:A.i~t:~tl~iQ;< imn , 
, -;-" J " " .... ) ',," ' ", -',' , • , 

,&0'4~Tti~UQ ·111iVO'oiof.trl; 'n1~tU~~la '\1tllia-'(th1;;$lnut'!o~'tUraaay.ia:;' du6"to ,;,' 
",,_ I,<:"::;'\~, '>', - ,':,~"",' ":',' - ,', ,,' :' ':~,> .': ~'. ,",;, ,,',l -":, "\'>,'_'~,' ,,_:: ._ ,i" :,"" ~,,';' 

. ci,i.at{):t"e;'Qfi 'du,riiie ;,i'o,flr4iliz~at:1tl~u};, (t;oxt 1';1;;;. ;stu, piG to'):XI!! 15) .... 

~u:'a . tiOn~l:ail:r{j V,~~l}tfr(,)::~.:t,tWUPl)tjl~., c~tiole.·t"t~:m; I)l'Ollflr/lt!ont;hoiltJ"'-
.. '. ,'; 

~ ,~' ,'" 

',,' - ' 

,", >., 
"" ' 

_', ".' - -1' ,c'. r', ' 

'!.oior.' r:ut j 01 n. ' 
., -,"'fl' ... ,' II <' 

'~'hu ,ee Uu; 'PV'\J1" • thG': cd (.\';';';1:'0'. rill~ ve;inn. #Jie~i'it:d.lt1:' :'1 11 ~:ri~.~t~ 
,,·:~h~~;u;~··tri ·~l~UU~.~{ill~~ciUJj~b~:'~,tt~ci~;,(~i~.~'i;t~'~'" ~~'~)','/;:~~t:, ~l\Q, cOllo 

>-', ",',- - -<::,,", -."~ t~-''''' _;:_{~-:- ," ',- -,-~.:,'_., .,-~~>_<-~":, _',~s, 

, tha<imish'; ~rQi.w m:'i) 11r;~iiQ;~ tm:i- :ppt ,ao';~~~~i(:(rlr; el~:n:ineiii.;)j'h~~'m~cl\ c?lfci 

, ['-



l~ lr;{ tc ]~,~ II! C) .. : " IEhc'c ~tor~:.~t~i~ ll~O'-
," . '" 

liOt1f)~yolia ena: bro tl.l'i-ane!'J,t .1n grouptl, but 'tl1,1.h 110 ;:'()I:u1.t:%· o~iontzjtj,r.m,. 
" i " / '~, ., ' .• '-, • J'; 

,' .. ~rhjj,: C~l)fd.di.tll~T c~ii~j, tll:'C .:I;;tl.'Uy'u1~ilvr in ~i~~ (,ud,' t:;hu:pa:to :tJ1t-i 'ctho:>' 
0:- ,_ 

"oulla,'or tIlt:;, tlOO~tl. 'rtlu!.on, f1ndthis$'~!ll;.U't.\:it vOl'/'iii::!1,Qult to ,lccc,te" " 
, " , , "","" , 

, \. -,',<-

tlw 'ri~fa;.itLtiu (II:luto I:~i.ll 1),' ;S;l11 O).:'l1U;6ttlluital:pit itl,401'';' E,(ij. loiiJ~ 

't;H~11~~ ~ ;17~ ~~'ld~ u!td it,.i~t'eut~nh~fir'Q~'dm.b~b~i.l;#I"t:1111i~dA (~:~ti," .::' 
:fit;'. ' ;;1. l~lll'tO. ;:J;l:l.ii.. n),.., ;;i'ho: fJ~bG1d1(l t;f ,: ot:lln ol .. ",-::lt, fi'tt:o, t~UD,id , " 

-. - /" - . ," ~~ :-- .' 

" . ~b&atoi.>~!tnl l~or~ i tt;'oli' itl l!:~\< .. 2C'I~ l~n(;' ~r:.d, hl.~; c~tin1nQd " :riclG{!~' on "'it : 

:. '. '~r.'lO :,d~tj(lriilt1bn;' of tb .• · ~xtortll~l !\~U t~~f; Qi',:tl1i flsr~ill; ():!.·'l~L\V.Q 0 

lujtl!;tClP:plitot'~l\!l' 01', thtt 'J:£'~ll,~r;:Cll~!:a ',~;, 9.1~~!t."l?.t:.U.l~~ .!!:!!s~ ~tW,. " 
< " '., ~ , < , ' 'r - - , _ , 

, <10uOr1bt.ld' ,1~~t ;:011101:', "~ut!~r lOL'l;;;tJl.uulroildJ:,1l1:1C~t1Ud~'i.hi$'·bP~oli"io 
<;. t,' _ ' ~ - '" '.. - .- ~ .' ,< • " ' • ~ ~- _, ;r, _, < -

oplthat ol.nnot :l;~ OP1~lii)u to l!!'t~\~~Oh~V~~~;f~il:fiI'!lalUrVJd ,out1~1!HJ~:lh~>' 
" ' 

- ;, > " • ':" , : '; '- -,' '-"', ,',' 1'!- 1", "" , -, _"~_ "', ';.",' ',_, J_,:~ -;,; '~J'~"_-f)' ',,):,~. '~_ > ~:~ ,~, 

, ,oxt~l'n[\l ~i'Ol'·¥.i io, ~llt:io llilrtiQ:ul~l.'ly,. (l:J,O~lflt.O,,~hnt Or.,v.1Run~nt.£.;,.~,g .j,H!~\.itt(!.!t;, 
,_ T , ,_, _', _ n .', _"_ , 

~tLtln~oliib~d,"l)Y np£1t ~na·r!~~,~(lf)GO).', ~h~'utructurc Of'th~'cuti:()l(,lU itl· ,> 
<' ~. I " 

,~lll:;,vm:'3,{lic~ilt.';·1fl ~Ully l~o!ntD '«J~~; ~ Uw ~~htIPOO!' tllO '~~il~',of,botl;" 
, J -\ : ' , ' f .' " ' , • I , ," _", ~., I • '. ' 

U.Pli¢l:t" oh l:1,' lOt;8%' cutioloo tln£~' tho :Lort.l.' of, ,the ~tomu,t;';") •• 60' th!Jt; tlle' ; 
, : , '" :' ,'",,,' " ""': ' ' ". : ".1 " , ,,1, " , :' .,}, " ," ' , ," ~ ,.-',~ ,; , 

, ~-)..a::1GVaw.untl,. C(m(;o : "!;"Qb:~onun~·QUn~\.Iuuttilul:r' vor;,~<: alou~ly,; xol~ t~ld. 
, , ii - " • " - • ~ " '" ~, '\, " \ ,,', ~ ~. , • '" 

': ~ll~ ral·tlOOoul·!."U:~OO,tlr "tOl:iatuu on\houlipln.",:cutiolo.(,~t!·;ij~, 
, , "- _ -10 " ~:' , • > < '-, •• ,-,' ' -0 ' , , 

,~)"--" ~ t, ,_._,}"r._<\ .,_', ,,_ ';:'~"--r ,_,~: -",'>, »'.. '. 

,!lOmHiG310flOr:C';llltf, \Ilhich',QO!::iJtit:i..!:Ju, hc'Vo''t>1uuQu.ri "'\~tlllo.,(l:t"~,£o~ ti.l~lf,l ~ . 

'~~~i'~h' ;~~n ;~JllYhOtfln ':O~~~~VCd ~ lli'~'thU:Z~~:'l~~~', U;~tli~ci~~.~ ,'Ati~~~~~;~Ji~~~j:~'l:; 
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'fig~. Upp~r ~uticle 
.from ',sp~cimen 'H.13b. 

"h~. (topright)Upper 
cuticl with stomate.H.13b. 

Fi~. (bottom lef't) Lower cuticle 
.fromH.13e. Note stomates. 

, ; , ,:<:'''' 

-!g~jl.; . Glossopteri.s·jainott~i~, . 
··HI~g&Bose.CA11 X ~OO ) ' •. 



E.!g.;36b.Upper 

\ .' ( /" . 
"'" . V"""'" 

Fig~. Upper cuticle near,midrib. 

E!~. Upper cuticle 
from over a vein. 

1 
Fig. 36a-c, Glossopteris jamottei 
H~eg & Bose.All from H.llb. 
Oc 200) 

/' ,/,7. 



Fi~re 17. Glossopteris jamottei Hpeg & Bose. 

Fragments of the lower cuticle from specimen H.l3e., 

showing stomates. All show the stomatal pore, and the 

outline of the guard cells can be seen, bottom right. 
(X 650) 
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of' tho Cont;;o tipeoi1:lons "ell'S 'YO'.!?Y :r.i)in~ntlil:X·.r .. it 1:1 not ul.trl)rinif14''J tlUlt 

the en u};a~lJotuJ:a t'J"renot CHum i~'t tho pl'(;ijfm trtitlUo c)!tlt11t~(Jd ty npeS cmd 

l;:otliG, at4(1 it 1u dQubtful i£ ti:.{:) oraot1on o!' tl llOW l~r.coiou (\.'In tbeca 

1'QLlturOU l.'li3roly nu Dil oxtemJi.on of OUl' kuuwlcdeu or !3JO~IOOP.~:2! .. i..!! 

.j,nr£!~.:t~!, im:l Iauco tho Ex-malo uJ,~eh1anl.l in thin DltOoiclu. 

It it) \"u:rthy of noto thf~t in thel ainc) tn .. l Illlopo at tho nt~tlateo. 

tU!,l tho. liVre oxtreu:tf cxutzipluo of QuIlu rJi th o1nuoun \1(.tllo, tho cu.t101oa 

of tho !:.-:..ola IJj'JccUul;lrlU oJ." !!10(!1:,ol?~nEE. .J!.l}(jott~~ \;ea.r u ulisht 

l:'04Ja:..~bl!luc~ to tho~rJ of El2!mtlp~{'::::l.u .!J1l\iuf!.!i,.:f);;.l.tJi (llror.a.) un Cicocrl'tod 

t.y SClhr1i (1!i2~). \"ho u",dn ,Uffcroncu5 vTotho ll'lawr.oQ of hairn or ha,1r 

bosoo i'ra::I tho Du1.s1dl,&r.r collu of ~:J.~m),oEt~l·i~1 ,JtlIr.lptt.!1: urA tho i'act 

l.hu t cuU \10.110 OX'O Ol'\ly t1o:~ot:tmlltl n1nuc\l!l find, tht'm not ~JO rd:IrJ~edly ClB 

in ,Ol0"2u?.£'!Otj.!! ,fl,Dttw.tJi'oHl!. 

It 1u p{iuui'blethut ooco rclutiollUh111 oxilita lalt\tuon ~hOfjti D!Xlo1(.Ul. 

but t,".(} ditloO"/e%'J' of turtlJ.1!l' f'Ol'tiO "Illicit nro ini.u~diato, both in tho 

Imtu::-o or t.h~ cmtitllo u::td in 'thuir oxturnul i'oliltllrcu.is roquirad lJOfol.'U 

th1~ cun PO Cl~:;lrQotu'l 1401'0 u tronr;lj. 

1* _11 r.rt.lo8l"V.:;d plocop of outiole, the !'orm Of tho utomatoa 1u 

$1milul· to th(J~lQ 01' Q.l.QGHoJ:~G.:r.t.!! .efr:1oflrtl! ep.uov (lt bt;;O WI. ). 11 OtlOVClr , 

tho o\1,tiQl~c or .rloni~oJJtcl:.!.!! ..:lm~2itDl uro aAlolch thiokor than thona of 

.nl.ogl1o:uto1"1!l> ,{!i"rtC!lln tmd ito lower cuUcl<i hao 110 'd.l~UoUtlly 'fulled col1s. 

:;'V4i:U i"hore uuob collu do OQuur (noor tha mId ... rib oS: 'tbtJ ul'pur (lUtiole) t 

thoy exa not 1:0 ~kQaly fd.nuQuG Ct(1 1.hoGO or !JjlQ8u9Etcu"1,tfI ~rrie{u'~, nna it 

in i,O!1Diblo thut the Dinuoo1ty if.} tlu:) to diotori1<m LUI tl10 cuticl.e wan 

\' 



, l.D. 

t'oltltll amI cl'Uulwit in ·t.b1fJ l'{I4:ion d.u.rilla f'ol3uililentiort.. I do not thinl: 

t.h~t thoy n~ nuffioiuntly u11ko to ~ placed in tho tStlO Dt:Coi~Hh 



, /2/. 

l'}odulr.HJ ci' Fyrito6, it in uncurtllin wbothtir 01.' rtot they ure il i"Bture 

of' tho 11v1.n~ pltlut. 

or c trcu tit' tihruu, ~r by !olll.111,;.; of th';4 tiat;ul1tJ Ut),iul' rjr~i1uuri}. durlnt 

iCUt:d.lizution. (Pluta V 1;). 
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ell tl:lo{)ration, th\J cf1rbcnucaouu ro.!.u,u1uu of thu ux1n yielded u 

thin luyor of ('Hu~k-liko mat~u'1ttl, 4 - 12 (loll£) thiok. (~xt i'lt~ .. 3aJ 

})10 tl:t ;'~Vlll :D). 

UI1auacocaful. 

1'}10 th1cknou$ of tho wdn, cn:.1 th,') :prosonoo of u c~rks loyor 

tl"{4ntlV(ll'lJU t;cnl'C "ho'ifn in Illata }rllV l;;. It 11.1 l!ow'liblo thut thecG &,')rko 

tu·u tho X'tur.Lt1uu 01' l.outinolu, title! thio 1" Dup}1ortud by tb.d.l' 1"li1ttcned 

lo;;:onso Ghupo flith .u ... cdiilU sroovo, whicb 10 'VfiJ1'i/' uit:lilnr to tho 

}1Ol.'i!&ontnl lCllt:i.o(j"ln ()f D01:'.;'; l'tiC.lOnt tJ1ootylf.'!(lunO\lli tl'tltlU, ..,hi01J I buvo 



'. ; 

'-.:E?~.'""'-":' :~ 

Fig.28a. cork cells in sectiQn 

Fig.38c. Top 3-dimensional view of cork cells. 

Figs.J8e-g. Fragments obtained by splitting piece 
of cork shown in 38d. 

Fig~ 38a-g. Cork cells from Indeterminable Branch. 

123. 



£~MOUJ:Gr",a';',' 'Jaf/1.:ey nnd'1i:ut:''lora (1926) ,1<tocl',U,;..ad 1.;mtlccl-11k(l 

l.'It:r:uoiw'eiJ ill tJ~ ·.il)~~e,tj.!l:!~F!" i,tWl' OOiJlllil1.'Od thot'l with tho parlchnou 

l'ld~da (l")uco, tiJ;) in VOl"$' oirdlUl' to th~eour~ ehotrnin the 14'uSelnt 

Gli':H.d,IOOU. liort~vor.:t bnva a~il1od\)rt:U'1chotJ of caVcro.l raQont 

eYl::Jl<.l::n()l:UU, l~ut round %1U bUl:'1zonttll l'mticol ... li~;o Cltruoturas. '1'bo 

rMmltu "#'thill' invauti£J;titioll ttr~ alvca t41or,. 

1. :\t"ij't.il* l~Gl'V t1n~; t1tUJua of cortux cow"u'uicmtoQ Wi th ~~tl:l1011Ibol'a 

'thl';'cuGh ~orsiE:tont loai" buuoa. 

(It't:! l~:rcslmt. llo;"I.:l'vel:'. tho pOl'"aiutcmt 1c£11' uauou Dnd 6CUX"ti on 

ol-ilar Gt~:::;tJ h<ltva u c;hUl;O ,;cl:r,y nitlil(J.:' to tho :fo;iJuil r;~l:·ku. 

12 ir. 

5. ~jl!ni.T'!r~rU!1: AOl"utin.:'i tiouuc,t con:~ctfJ 'With nboBI.:ho1'O throU,t:h IJ~rail:ltant 

leu!' bGIUI£l. 



'" cere cicl'le l.(tuticelfJt e& tlQro.t1r.e t1~Ul\liJ in tllu (Y1i:tloupero cl:utlir;.od is 
A. 

et.;&,;ociutctl lI:iti1. vertteel ojllitc:: in th~ ba.rk, o%'with I:eru1atont louf 

It itl aLso 110oiJiulo tlmt th13s0 hOl'i1.011tnl 1001'1:0 Ul'fl lc~d' 8';:11"", 

In thin cnca, tho,y li';UZt h.uvti) beun CUUOud by tho u\)oo1lu1on 'Of l~avoa with 

tiroovo c,m 'be o(muidfJrecl no t::f.1rldna tlm l,oiut of tintry into 'tit;' ct.lrtm:, 

of nuu%)rpuJ loaf tl'ocas flIJr./or uorntillU tinsuo. 

In l'uct tnt: n:arko be~n.~ n strons l'a(~ciJbl'il1ca to thQ (learn on (Ill 

i~). u clmlo, rf3l~ulLlr spiral, GOO IJl!ll irref1uln:r, if sp1rul lU'l~Ill\!;Ooont of 

tho l::Ltrl:'aJ en tho I,raOitnt arc Cil:.Cl1, d(l{t~ not scot.t to GUPllorttho 

llYpothea1D thllt thoy tU'il. in illot, lord." DClll"$. 

On thu oviuonc~ l1vulla\;lo, '\.ho l:ilrks C<luld bo oithor lontlccslo 



'.rilO ao(;\\ .. likIJ l:.cdy dCI~critad. IUll'a in rOll'G1Uc1lltod 'by 'hath fi&l't 

t..t.d OOUIl tlu"IlUl't (l}lDto I;n: At ii) _ It 10 U COllver ovcl structuro tSCl;::O 

3-4 C::l 10r1l.:; ti~ld 1-9 C::l. bl'oad. ViIl1n-liko utranun crm 1;)0 !Jeon l'tHUutit\i,t 

l'ro;ii tIll) Lc.ua (l.)lnta III A). froth l:oz't cmd counterpart hove r.atchc!l 

M.i{lro~ootdo 1\'loturUl.h 
...... II ......... .......... 

(jn~ poor lil'61~:ll~tttion rJ£ tnt) outicloa hUG beon obtninod. 'l\m 

eictinct t'"J.£l';?Q lll~(.t prouont. Or10 if) th1cl: t'lith str(£ight or curved coll 

'Htll::) (J?luttr 1\IV J:,A) LU1d 10 r:watly d1utol.'tea dUtt to lutoral ~om11rcsaion. 

!llha otlm~ 11l thin mi.! huu lUl',Nl' t:(.iUa t.1ith thin uitluOUU \"lulls (rluto 

t'iIoe1t'wn i6 u lnrt~O iced. Ot" u tiltioll s(utle l~01* of tl g0118ntIOl}tCil*ld t~ll;C. 

The a1nuQun-riulJ.o{i collo of' the lcmsr ouUclu oru un11ku !J.n;f 

dUoorlbQd fot' a alL:: 0109 of Cmlrwaophrln in thiS) ~\I:loin. ,-;hioh nould 
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£luceast thlit thu aptlciWUl docs not b81onc; to thet 6enuu. no .... aver, 

flriv.ttata.va (195G) hnti G8siCr.J)(.\ aouoral tJpuoiou u1th aurvod or sinuous 

walltl to til;) fionuif '::£rtr-8tt;oI?terln. 

~bo outiolan descril)¢;u could equully 1\(i11. balons to ti a~edJ but 

'U10 i"rbSUl<Ults arc £10 emll Ltnd poorly 111'4.werved, thut apart from 

cani'i.n:1nr. tlu;lt tha Ul·.eoh'len,1o. tl i'ouLlilized plant otruot.Ul'e, they add 

11 t U(I to (')u,r knowlud(;o. 

Tho a~iloimon 10, thcre:tOl"0, xe!errodto &Ot 

8oed-li}~Q uO·a.y(1J:luOt.). 

-~, " , 



\' 

,An '\'roll un tho oo:-.:praositJl'la frotl t'l'lllolo, ulrutldy dEu3Cl"i'bou, 

I mWQ blQZ\ ro.1.ur'~ut*l ion btd..llG able to exoJ:doe com CO!llp~!lo10Jlts mltl 

wprouu1ona :f'l~01:: thu sabunUt\e inlier, ill thti ~ebunLt'W9 m.vor Velley, 

So"bullgti'e District, :fouthOl'U llliodou1u. 

of It;;uven nnJ. n::ol111. 

to 1.31 unl~ar't\U\lltoly 0:11y the :first yielded cuticlou. 

Ul-$o1r:.:fJn 1.1 W!lG not nino flitu". It \HlO coll~ct.'Cd in tho bed 

or thu Sotu..'1f,-w~ Rival', u tow hu.."lircd YfJ1:tlu dow-nstl'CtU'a trou:" U.s onterol? 

or l.(hH!l" U"dUtUlbltUI !llialQ 'io'uich y101d~d SlJiicleetl I.2. 

!ilX'!omrm I., cu.r::.o 1'rOlZl. LIn ou.tcrop of \Jp~et' Meduatuc1ea Shn 10 

Clf tho ~>Ob~'"Wil Hivet' llrua. !Ul'thol' dormutl"fJtlo thon the looo11t1ea 



fltJl101'Hl donorhrtion 
.. ..... b. .. ••• d 4. 

~utitr;uu ' .. :id th (it 1· 5 cm. 

tho rutin v~ina ~:Ol'~ x:.ol'tl or levu rnl'tlllol. to tho lOllcitua1r~1 axis, 

lm,t in u tolf plucou irrlJCulul." lilluai:Ot;OUllO coulll to coon (Pluta VII n). 

~ho etipJ:lc:u tlrQfjt) em; the: c1r~m1n~; (Illata ,VII C) ro.p~·o1'Ptmtthtl. vury tlt:all 

fl'uCfU':,mta of c4lt~b\)nnQ#oue WJ to!'iul whlo}<' riH: . .il1nfJa. ntihol.'1tlB to tho l'ock. 

uull l)rQn~'l~Vu'l cu t1cl~u, l,hic.'1 ~'\'or('l i(hm ticl:;:l ill tb(,l o:.£t];'u(lr.d l$1.z(J ot 

theil;' colla c.~<d in 'tho I,'tintl.'il;utlon of tho c.ttl.'!41tu, tut ~hi'Ch d1ffol'tlU 



,tip.E.OZil.fJ k'ant tmd lt if.:! aUCh~atod tl~t th~ 21;;oc1mt:n :l.u not U cUlLlll 

11r.our leaf' ,£Jut (1 I!l~r¢ r.-aSr:iiiilt ot' tho lFJ.;1111~ oi' Il VC1"Y 1l'iuch lur(;or 

'l!!td'. ~£ha na.rrow },;ortiQll \tould u?fllur to ,hovo boon nG!1r tllO aid-~lb 

of ths l~lirt ~hllet tIlt! brC~idor "tx,pG.tt t4UU olouo to tho ~ul'e1n or tho 

leul'. ~buo the wholo lea! mieht bnvo tEton os lauell 1J8 12 em broad, 

dov<sndiui; en 'thG uni~l(;; batwu{Jn tim v\t1r~~ uncl tlid-l'ib. 

:1rro£,"Ull::.1" £:l.'cu.po \11thin tha lCJ)oh nr~a.a (Plllttl X}:r,i! ~ .• /~). Th~ collo 

ovo~ tlw voinu m.·" 001'0 OJ:" lose rcotan;3ular, tJ.I!OOU1"ine leO,; ... 120u 

long and aecut 20~.· ~ido, mid nl'a nrru.nsnd 1'0'6'Ull.lrlY' ¥>'ith their lanS' 

n.:d,u j:ul'ollul to tlwt or th<! V'..Jin (Plato x'zlV .n). ~lO c~Jl1D t.'UlY 1;e 

fnintly FfJI,:111nta. 

,:\Ij\t! Clollo \)1: tho ~ID8h are$ uro poly conal tln'~ nr~ :tocdia::.otric, 

or clor~"t'lt(',d '11th the lone u:is fllrallel to tU'l3 vuilla. f!'hey ~t:(;itlUre 

l.1iJ.nt.i14re Qbout )Ol~ - 401~ tt:.i (31'0 l!l')';'anCod in olt'ulo~ or !;, (; or 7 around 

thu utor:.:.rtnl l}oro$ .ma. overlie) tho BUt'..ru colla (lllnto )(1:1V (1). ttlui' 
~~AC.t. 
I·J·I .... at dit:..on;Jiom~ Qi' th<: b1.\OrJ e~lls; o{.)uld not 'to 00011, tut the otoQ~ .. tDl 



tl\o\tnilu m;'O not ,quite 6U r.vll,lfrof"iorv.:u.. tn, {~ll rm)..turo~, l.1uch O~ 

c~~,l :lhjJr~, 4.\wl nieto, i'tt th .. ~ diut.:tibuU.on of thn ot~im 1.l1W, in 1he 

1:'1. 

l~tll."ticulnl;'t thu lioaitlo:1fS o.r tho ut(:~u ta, (;In thl) Ull~:(il~ sur!m,}i.~ alti!4.ya 

~%Pii;:;:/;1X' t\1 co!no1,!o e:;t\ctly lJ.'ith 'th(Ju{'; on tho- lOller nuri'ncl:} •. 

llCAp111c.ti) cllfl tht1 VM1111(l~ of th~ 6UiU'Il coll~ nra not eo- $I,Ur-lilw. 

!¢th cuticlvt) 6~O~ 1::UAti.col in bll f\lat'LtrCG to tn\) ioolutod 

fJ.:'N;;:;cut" u!;Jr.;oriUtlll l:.y HpoJ:: cud 1Jvl}tI (196:.1) ou cutiolu ~~;po !>1. 

Un!'Ol:'l.Us'1,':.!.tolytl:w.y 11£"-.. 0 no cl.u~ l\U tu tlHt ~~tor,rlhlfcnturou \')1' it£) lo~d' 

'. ; . r:'O*~ thiu 3.t liQuId fjOO::i th~ft· thQ C"lltiolu t11tl~l:lt COl'u,:lnly 

, , . 'Colvi\lu to u h~llf of thn p.!'{'}lumr:tpr!~!l t.n~j). lmt it C::.u,U10t tio £tiv~n n 



io of llel'tiuulJJ1' intoNut, CoS it ia tho t'irot Cosu11 '11th outiculnr 
b 

roul1ina to be ucuori1.:od fro;u Southam nhodesia (Lacey f 19G~) .. 

,.3:4. 
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m:'(t typ1oi:11 of th" l(:{\Vcn clouoribtHl in thio ~lloaig no nlo~H1optOl"j f') of • ...... ..........-... -



I 3'1-. 

plosaoutorin Dp. 

~ 

a xr;axil:.Utll width 'Of , em. (Loth 11:'0 itlcOOlplote). In t£E:Ill!lltlt1t th.c: aha,FrO 
,. 

01' t.~tr::'lO 1(luvc~1 io OilJiwr to thoca <lClOOI'ltou here tin OlmHH)..p.t.ii.~~u ot • 

.. !:ibf2.lill' Punt. but ClP no cuticle wus ob~1ned fi'aki thec:, tmd. thu ntQto 



~p,,!}r:.~_ti91.·f~: Probably ;t'ro: thu top of tho LO\'i~r CBt1Wftabie~ 

Ebuleth 

. 
t 

apieul or ~loro»lur notQh. 
A. 

I .3 S" .• 

~~OAUDC or thoir 

win[S¢u l1&tllra, I 1nolud-o thoUl in tho itt.·nu~ .sf.ila~r.oPtli~ UOCi-P01"t. but 

baQ,lltwa ot thuir !loo%" p:rU:lorvr..tion, r {I£l llot ,pX"!:,Pllrad. to l}ll,lce tln~m 

Ul n upu.cios. ~~(i.t4 is, houivur. ~Ojl.e 91Llilarity but-bunn '\lH1&tl Docila 



!l"Llctumtu or only hzli' u It'u;ld, f:.'oa. t.lt!ol mid-J:ib to tho Satio of tho 

lctlina. 

, 3~. 

ll:p lilid-r1b1u lu·ol.11uont (4nd .tho vc.lj.na, tl1 thouch fnintly 

tlurJ.:ot'i, Otln be eDen louvint the pid-l:"ib .1l:::O~t Qt an tJu~lo of 75°. 

!rhey lil"a w1dol¥ U.IJ.Ucud (sl'Out 0-0 - 1 t=. upartj Ulln d1choto~itle about 

0-75 ~m! from th@mid-rlb • 

• '\.1 thoueh IJurta of tho foua11 liOstHlatJod a f":lle brown loyor, 

t,hich tmu tbou.;;ht to to or ori;~~flio orie1.n, no prOpilrutionu 01" cuticlo 

f,01'o olitaifU~a • 

.£.0t"4t~ri80r. tlnd n!n.c!!!\U.~ .. o.!!. 

On &l:ternal 1'ouiurcti, th~ al}4Jois;,;.e~l olOSl~l1' uolOllgU to tho uomw 

!!'l~~I!on~t:l\~"!. b'on&niart, tut owina to tho If;.cl:: of kl1owlad,!;o 01- tht: 

,uoiu!"l llhti'pG tJnd siw;c of tbo l~nr. lmd of. thu cuticlo structura, I cunnot 

lllucu tlitU;l 1n u u.p0oies. 



,37. 

JfEPfJrtal, p11Jf.W.!J".iot\. 

'IhG \gOl'lz de~oribcu\ in l)Qx.'t II or th1u ~llOuila hUln. coou:1(hll-nhl.y 

iJ'(J.rcu~ed ou.rkn,wl.::u,;.,o o£ tha cuticlQ utl'UcturU of r.0pP:HpoP..:!& .. t?l'l u:.d 

.y'~pSSbt/t~l'i~ lc:il.'iVo6.1, tut it c.ay. t~tht'\llly b3 lwi<t. thZlt tho utudy·l"..as 

served to Qopllaal(,lt, thu d1ff1ou1 tlou of fll'run~ine n lo.::;ioul .eml tJututC!l 

cltwoificil1.ion or tJ!.coe tn)(UJ u1' lUtivEltlt rut,1iQr thai to olcri£Y tho 

"itur..tion. 

tutbn~o nhd. SriVilutavn (195G) u~l ):'ll~t~nd (195So) .. luwe. Mown 

<lu1ta cleal'ly that tho cU.v1t:,ion of tho r.J,()!U1p~!nr.idlttl.o into only thrao 

eerloral (qftntL;t~ml}ttn'i!h !.!1.()~].ll~l:~i,):d!J nnd .1'nl!!oov:1..i tu.t~J.l)iu tin, ovel .... 

aiLlplific£lticill 01' tho ISttu,,1;i()flt :.wd 19 bucoa on i:u,Jui'f1oic:nt kZlo~11ed£o. 

Tho, lll"UDunt lltudy lltHJ atrcllu&d tlmt'1t iu Ul11il.fH: to atteopt to eroct n 

"nntur'ol" foru of claosit'1oation ~ololy on the dnto "hich (lcn 1:e obtai~'la'i 

'fl·O':l Uie llalOrOGCOl)io t'C:.lt1.Lt·€Hl of GlcG.!JOf!.te-rltloD.n It!uvust I;rauc1'Ve;d un 

cO::lpr{HlOiono und a'pl"{.i!:ltjlono. 

~1Hl tiUlt11Jlic1ty oi' olJ.;oat ind1u1.in~tl1uhnhlo urcoieo ".Ihich woro 

tI.l;'Qotad by early \H)rk¢l"S, pClrtiQulHrly .fe1tlh~htul. una which tiUr0 lutcl" 

lal'g~ly ruol'Bod \11 ,l\l:'teT (1905) UiWWioi UIUt tho dtut'ttion is oO:lVliot'itcd 

not only by luok of J-mo11lod£;o, bu.t by diffol"OnOGU bl1tweOil authorc in 

ttu! tG (lUbjOotivfi (H1000U~uHta elf tltO l'0'1~t1vc 1f;ljior·tonco of dw£no~tio 

ol:w,l:'(.totQro. 

Frci,:roou .ttl thcr OllH:iOiliuiltlon ot tho ~lt~lfloptot'i{l,(W.! f;;0Y bo 

uitia. to have tnk(m pl::c:u in titrc£) utti~our-

l} \It.rh on DBoroGcol}ia icwt.\U'oa ot: It:!uvoa on~Yf 

2) wor;, on t"wcroucop10 l'o,,~tt:r~" of lofJ.voa. m;:l outtal.n ntudit!Gj 



., , ,) WQ::::k on 'tr...o: ~cra$QoJ;lio' f~u,;tUt'Cl6 of' l\lIlYil$ in or£'~nio 'cO!Uloat1cn 

with 1'ruct11'ic.Hticms (but -.lthout kntltl1oolr;o 01: tha.1r outiole 

lJtruOtur4) • 

~l(;c1mona ,tiith both i'ruotl!'1oatlo'll.:'> (m<1 outiclen. 

Inll},1i to of li.U\1ing no i:lf4>l.7lUtion ret)lll'il1nlJ tha un tUl'~ of' their 

fruot1f1cntloll:1, 1 }l&VU UGed· tho avidel1~ "rf'i'ordcd l.q thoir llUloro13copic 

and ctlticular fcatUl'O& tu ~l·l·an£.u tll& ul~c1ou (leGorib'ld in th1p Thesis, 

in !OUl.~ ~P:OUI)Ot t:.oro in: lfJU~ in the: t'.tlnnol' 1"cl1Q~lod by ~'Ur.a:tlUO lmd 

S~lvuotnva (1956). 

Ol'OUl) ,n • 
..,. .I,*,~ 

l'iPCl'onool,1q fa"u;z'csh 

1.oncoQlato cr obOVl.tto lt1r.v~a. contrcl. rer;1tm ()OOUlli~d by <lovut'cl 

reu'allel uru.UJto:Joatti.ai v.;,ino. LutiUt'til ,'aim.~ :t'£\d1ntins f'r..:.t:l tho baSil Mel 

;.11 tb,1l cells Ul'U lhl'eti un! thin ttollod.. 



k\lrorpCpOl)i'p fOEltur~q. 

1.il1our or linoti%, lemaaolntn lOCLvi?s Tilth a thiok. i1lid-rib er.d 

vary thiok. 

emU, (tuoh 1u eWlle in u. shullou IJl i. 

J!lOl1GOH.tor! n of.. .fi.\Jl'\~ttft. !~l t)J'P~l) tori'1 ()t1F>lZ.1lt~i .. q l-"elet •• 

.QlotmoI?tox:,l!. up.A •• ~n(mGor,t(}rl0 up.n. 

~FroncoJ)1c i't)uiurl',a • • 
Lam.l&ohlteJ louVtls with tt Ullok prcmillant tdd-rlb tmd oletirly 



l~otll QUtiOLUU oi' t1.od,iw:l thicJ...'110UG, tho uf.!per :oott'.ol.ly bo.1F,s 'U'm 

thickep ot" tho tt.'O. ;tti~.ns ,~td menlumt.d .. l:'ly ~Hall ~rkod.. z;onocyo110 

()~ dioyclio at:O!~t9S car.finad to the Ul!:oh ~lr¢ius o£ tho 101:'81' cutiolG. 

1!cd1t.Ul pttpil,lno ulIu:.lly c(;n.i'inod to th.o 00110 or thQ lOflHU;' outiole. 

, 
r.lour:ol~(11:~,!1 !fdctm!! 81). nov. • fil()g!t.oJ)~l;!r,l~i/~ ~.fj~~~!! f1pO(~, emd tloSQ. 

UJ.,q,F..OB2,OEio fnn t~rtl,!!. 

CutioloG Ir.odiul,l tliicknou,o {)r tltin. Vu1..'1t1 vnil'tlOuhaa fairlj 

tfi)llrmrkod. with a11lUouu ot" atl'1l1tht 'f1ullod 'OOl.l.Jh GtQt:.a:tcuJ with uIu 

.mal:"JJ. 1)1 t t nOl,ually cM!'iood w tho lGauh nl'aa.n ot th·J)lo"Ql.~r cuticle. 

tiuonit'licry cUlls idoiliictil to eurrow4::li%1S tJl;iuh colls. 



I 

5?bo 41Y1111011. of t.r...c 'P'lo~;,s0l:tdr~de~ .. ~ into tlIb70 (;l'oupa bQU 

boan nd\'Oollt.Ua. b¥ Sural~ee lmd nr.1voutuv" (1!J5G) on tho onoin of 

cutiolu ntudllJu. tnd \;y flUl1at~ua (1950) Qrl rroct1flcl~tions. 

14-1. 

Ii cO:lNl.rison oi' tlll;uJ<a oyatel1U with thut fiiv\1n in tho pxeutJont 

.. tuily, dOOD l~ot )"iQld n Qlfi~r. out basis tor cl.uotlii'icnt1011. Lut th~ 

81"cUr;inB:l vrolHJ&at! l;,r tho variouu cauthors, tAS net out in 'i\~lbl\t lto.6.l P.1Ct-l) 

£botJ acYuX'ol possible QOI'xulatlo',ul. 

1'088101)- tilt) tioof; c(;mv1m;lnf; iJ$ thut btt;t-eCll Croup 1) 

(r.-UlittfJD)t Grw}la I. l:;~lltP.a awl II. !ll.rl.utw;f (l'lw.1.Gtaild) und 

eX-OUi) S tmd t~rtu or crOUllfJ '1 tlnJ 6 o! CUl·,mc;a lind Drivasb.va. 

Uetn th~t ,!,1anrs,,{!t€ltiJD tiV.n otGr1vllstllVU, inoludo:! in 

Group 4 of SUr~r~fi) fJnd Ur1vaatavu (195G), 01:i,}i't, to juu(.'U f~:l thu 

original Uluttrr£tion (l'lute 13, Fiii'UI'O 89). c,*l.Utlly 1mll 'bo :1 -&P'~Q!f16 

of 01o~!g~t~r!ft. 

~1u.1 uiUor:oucopl0 !'f.:i(ltUl"~'~ 01' tho leu" •• bccr.iltt 'ir.ntwoln1.11Jl 

(croul' III ot Itl~otBud) l¢l'Q a11;dlor to th08U of GrouF 2 (Surante 

ond ariveat:lvit) find ru.'OU1) o. (tiilliul.Hs), ana to ono epuoir:rm i'roZ;\ 

Group 6 (Gur-tlnGfi "nil llriv~.tav.). ~l'" ourl."ttlct1tm bOtW8UU thuce 

.ltlot 'ha LZl'CUi'l& 1s alllo uupjJo:·tml 111 tho pllGt'al a::1u11&ri\r ot thG1ir 

cuticles. 



, " 
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, 

~here are rather-less satisfactory grounds (on the basis of 

inac~oscopic features) for suggesting that a correlation between 

Groups V & VI of Plumstead,Group 1 of Surange & Srivastava; & group 

D(Will1ams) .'However,a rela1iionship between group 1 of Surange & 

Srivastava,& group D of Williams,is agai,n more strongly supported 

by an examination of their cuticles. 

Cuticular evidence would suggest that there was also a correlation 

between on the one hand;Group 5 of Surange & SriVastava,& on the 

other,Groups l(Surange & Srivasliava) & D(Wil1iams),although the 

first group consists entirely of'Gangamo~~is 'leaves,&'the other 

two groups consist mf Glos~opteris leaves. 

It is perhaps possible that these leaves of Group 5(Surange & 

Srivastava)forms a connecting lime between the species of Gloss

Epteris given in,the table,& the species of Gangamopteris'in group 4 

9~tokaria,(Plumstead),part of group 4(Surange &Srivastava) & Group 
\ 

.A. (WilliamsJ.The last three groups seem to .. form quite a natural .( 

aS~emblage of broad leaved gangamopterids,with,so far as is known, 

rather similar cuticles. 

As well as the difficulties involved in classification,table No.6 

does appear to snow the beginnings of a grouping of 1ihe Glossopter

~ which is supported by three quite independent ~nve.s,t~gatiens. 

As Plumstead(1958) states,a major difficulty in the ,erection of a 

Sati~factory sys1iem of claSsification is the fact tnat many species 

are based on Feistmanters 6riginal diagnoses & drawings,the latter 

Often being misleading.It was for this reason that Arber(1905) waS' 
, not 

tnore succesful i'n arlanging a olassification based on secondary 



. rA.1U:£ 110",.·11' 

.f;Mgf1"O!!Fd e) W: rl~gGt~ng (1250) b) ky SWnr-rfL?: ~vfmtrn 

.!l956l gpn.he l in th1 n • !illeQilt.· 

.~ ..• ,.--. -.~--.- --~-.~~~.--

_....:l'::..::~..r~~!fjld U·.25J~} fiY!7lt'crJ~~_f..r.1~',I).!Q,.l::1 US.SG} , . 'lillJ.t[~O (tJ~1f .. 'r."lc@;ip) .. 

II. liil'9Utur; ~.9rne En I Csn~.~!Jjrtorla sp.. B. 4 CrOl1~ D. 

plonnoptcrin in1ic~ x 

6. 

Clontlo'p'~ori.!l 1ntor.;'.lttonn 

1. !1,cutirn torn1l' tm : 

.\11. pn$pt;to~l.R AA~ai ~ 

.. Qlo!'l90ntorj.,!! eonorl..smct 

~lon~op.~ortn 9§91~1nYa 

01o~sopt~rin tortUoF.a 

rtloncopt,cri., bro;mU. I 

lIZ. ~ncuoletu~ boma on. 
E 

J"e' APart 1-ttn~ t;nr;:;11 

Clcn~optcrlG e~~~la 

Closnop~> • .:r19 =n.Y.l!a:!t 

v. ,.qintolln l)om~ on t 

p.}.O!~§OiCt~r,t~ attlcl;.l 

VI .. ~ borna on 1 

(110!J8 .. o'p~eri£' 'lonZlcaul:!!. 

, '-~'y',,,, - • -' • 

IV. O\tokaria \:.orne on s 

~,nr..n.oRt·~i--ic obov~ta 

. psnUl'i'"oEtorla. J,u:rl~diCf! 

.Qlont:!opt~rl..!!. tacmip1deu 4 

ffi.oMopter1.!l .tJ:H:m1optcrole~~ 4 

qlos~oEtnrltJ .!nt~rr!lttons G 

n19tU1ol'it?rl.ri §.rmufl~ 

nlpn,no.n,tc:rt.a ptmsni:&"ug 

Sll or.t!9J!.t!!r~n jnl~ 1St 

91os~optcrift bro~n1i x 
It 

~.tJ.it;di 

GIOlmopteri.~ eor:r.nmin 

Glo!!sopt~ric forl::cna . ... .. ... -----.....---.-

.m .. O~HtOlth:!t1 t'l rit{71cn~.llTA 

ltJJ2ft:iPptt'Ur! s.tl?9.li. 

nlos~optar!~ E~bnli 

.. GlO!'!S('Jl,tf'rJ.Jl 1lMtlnti!·ol~..1\ 

f:2n.r.ul!'.oR:t~tlc fns:UoA 

,!,':'er..t'r.nooh:nj,jil' fl~xu,ol'i~ 

c~n&~opt~rl~ ooovata 

G , 
, 

2 

6 

2 

2 

2 

2 

1 

1 

1 

1 

5 

5 

5 

S 

4 

gls.:;.!H,ontorS f> trnn~naJ.cnni~ 

CroU1') C.:-

!ilt:a~novt~l':,!. n cl~t:Unio 

GJ.Ol.1ppnt~riG af. H i;roct! 

up.,; 

r.J.Ot1E1ont(("xit:; =p.n 

proop, n. 

Olonooptnr!g Jo~ott~i 

.Grol!P wJ"J:. 

pnn~~optcrip obev~te 

(;eT'tBF:r.optr:>ri&a ~r~nlocndft 

r,;3!.we~optGrl.~ Dfir- A - 1) 

(Eot~:- It t!cnotas :;"nO!~.nlun tlptlclc:;. or more probably, difforent sf-eeicn 

tfhlch hnve benn siv%'ln the ur.r.o epoe1!!c name b7 different fiuthorn). 

-
~ 
• 
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VGnnt:ton. A110t).(n." st)u~ce 01' u't'ror if} tho prllO tico of utd:ns ~itititlc; 

UlJOQifia r.J),l'!i~u for uJioc1tlfm~ lFUh oou11 d1fJcov~:ro~i Qut:f.olo GtruoturGiS, 

"ih~ln th~ Datialo of thu t;U;{l UIlQCU:fll). io :not knoml. ~ho Dl"£U)t:nt utu:1y 

tina tunply dCt:1tmatratod thnt lac.ven ~1.th idrmtio~ll t'l<tloroscOl)io 1"lituturno 

:.:til:! lmvo qui to (iifl'flt'l.:lnt cutiolua. 

It ie, thorcfOl'c, tluita .po:u~i\':;lo that D leuf r~1th u fruotitieation, 

rl "H.HlI'! btu ur4~r D p!ll'ti C\llnr vuo ciria Jla£i:Q by P1WJpt0r.d. !!liGht ~ in ,t"(lct, 

1m qUitll unl'olated to a lent' duucl.-.l1:oj Ui'luUl" tho SUl:l(i name by SriV'tllltoV{l, 

I- ft)ol. that thi3 t:l1eht !i'4lrtl;1 ~!Cplnitl tbl.l ll.~ck of eorrelntion b-~trH'i~n 

nnd 17 l>ltWuteud 011. 'the otlwr. 

, It i.e };:o:::.uiblo thut too 14tle};o al-)ort~nce hus b<'lcn attached to the 

doereQ of tJiriUVtlity ~f' tho oell ~ti.jJn lum P00n uoed ns a nl~e'yn cha:ruotcl~ 

by r;:tmy IJalaoobotanista. (Sntmi, 192!1, Drivu:rtavEl, 1~5GJ Fa:nt, 1950). 

tut it bnll L411Cn ,:.'llt01t"ll in l:Lvi:nn pluntn thnt tb:Ls oharuotQX' is extretlOly 

. VC1"ioble. l'!ot tmly within thO' epocloe, 'Lui; on ona l;~ant, ~nd 1tl influenced 

by u nW:l!;ll)r o! ollvirOfa.lUntal 1'nctora. 

or thu cliidorual coll wnll:; is u.flcctud dj.roCltly 'by tho rata of hordon1tls 

01' tht; cu.ticle. and tb4\t thio itt at£(toted b,y tho a~ount of: 111u~inutiQn 

thu leaf roco!vuli ~ by the h~1d1ty of tho (ttuc~lphot·(:l. 1:0 ahCiYD thnt 

lOutu'rft t'Sun lOo.vcsl ;hl1v(l rillbt:tvoly ~l.Utll Qal1£l~:Ltb alinht1:;-oinuou:.l 

wella,· tMhol'cntl tho l1.u;ht ~nd hGnv,r sh:::ie ll.ltlVUS htivO larc:;or cel1u \uitll 

t4tlrkcidly u:1.nuou;{j 'Ou118. It 1lI~6 also douonlJtrllted tilut young It,!{lV06 
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tolloginH ,intGI'(Hst1nc Il~;~lll(la eiva:m "t-y ytn:iouu uutt.Ol'itithl Ul'U quoted 

!r~ ~vtGO~ (l942). 

J,ukQ~a8'y ob~\l:t1{cd V;O;Vil~\Hlll' ill tho epidel't.!al collo of e::.orcout 

l!.alvOS or .r,(lHWICU~t:il'!UJjit.i.lis, l,ut nat 1uthQ aU~ilrgod l~nvos. 

BUJ1lcrly, th~ f.ll'(;n~nOo or u'b!iH;mOO, of attlh1l.1l(.t on OlIO Ol~ both 

oUl.'faoes' of tilt! .lonf is. uootl flU fA "V~r.Y ifl'port~mtU ditl51loutic clml'eotol~; 

but tr.l0 chat'l.!Qt(':r iu o~trol:r~ly vuriablfl \,11 tbirl tlltl llleO!&LJ. £.Ifl is Ghowll 

b:r tJl;! IJar,y . (1064). 1i~1 '1 .. a:r (l)(lc.\!~ 49) utatcs that in a}:.vo1oG or 

&irtl.1.~.~~, ~lt1~~fl::':lf1. J;:olt?onUhl, P.if~,1j.tTio)~2. r.l.l.:ior1:yl~VJ~1. .lli:tJtUl·~~~ 

ttruj, iJiMi?W.J'.t~) ,'~wlw~"Q nU:::Ol'O\.\tl n1.cJ.:C.t~ nrc :toU!Ld on $lu"t'ucou davclcl:sd 

thu .float1ne lSLwo(J ":'-0 )lot de.v:'(tui>od., ~/1HJ:rattu tllo!lo 0: thallCl'iol 

lOt;:vfJG tlru. '. 

An. intOI'cot:UJe- u.);ru;plo or ,1iffttt'\Jncua in -tllo chali" <Jl' tho utouatul 

l)ita trithul G~~oi~s 1'&1U \:oou,e1vul1 lJl1l?11'6~n(1959) 1.n 1,16 (rtuliue en 

diploid :mil totraplo1d Vt.trl.'*t1t;.~8 of 9tWbrl.t}f.l.!.!l !.??c!'.~(rb:J1 t+ed. .Qnol'r;\tt:rh1~, 

<lOQC:.'1bOd 1u vor,:" uir.J.:U~r !n tihfilJe to thg etollctd. I~1t ot' r-l~£I.~.9..il.t~!.1!. 

.m~'~ol~n~h kut. ~t d.t'!.GHJ OQrvu nu U lfisrn1ns tlu.t tho l;CbtlQllS fer c11f!o:t.'unoae 
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in outiole atl'llcrtUl'e ure. a8 yot, i~llr.:r.fOQtly unde;:;'stoQc.. 

OO::le plants ehow 1::1.'0:16 ,U.!£ol'onoeo in the ullope ot juv(millJ and. 

one oA~J'plet and Hichru:da (1957) nhontJ thDt ~r~ plants vi ill lc!I.VSU 

'tOo.ritlt: l011iJ IlCu:nillllte til'S, l:.nQi>u DB dl'.ip t1rlfl. illao hnvu u r.nu.turc: 

lcmf for;;:J ~1 th tm o1.rtuua ,or oven indonted tip.. .t1G QJ;looica \]'1 t11 drill 

tipu 613';0 6onoX'ully 1'4/2.1h·10iad to lorelitu in hot J;;oiut ~8ior.o, ond ulac 

to tll!l lOt;ut' utrt~tu of auub iorootQ, }(io}u~raZJ tlUI~outa tlllit Uw SUcooas 

or rnil~ of & l~af to devolop a drip tip is ccnt~olled by to~~~rature 

w~d ll\c;J.di ty. 

Unuoubtcdly. !()(Juil plnnta W01'O tlubjucted to uirdlur vuriutiollB 

in., ollv11"4)014Hmtul. co~:.d1t1orUJ. and pri)~U~u4r thGy ro::.ctud to the8~ 

dif.forlllloou 1n u "fl~ c~pl!rDbl~ to tho reuotiona of l,)l'OOClUt dUj v1uuts. 

It is, hOliovur, var.f difl'1cmlt to tako iluoh Vll1'Wtiono into 

aocount in tho oxtlminutl(;m at i"Qiio11 plant!;. !lilO only 'fwy to nPIJroilch 

th1u 10 10, O~ru\tillC . tl large n\.UJ.bel" ot a.r.~cimor.~ end to det01"l1lino lihothcr 

the 'ChUl'UOtI.U: U.tlj.'i01.· ill..,uat1(;otioll variau in a cont:f.nuoua 01' ditlcont1nuouu 

t!anno);,. A QUnt:Uluo\w variut1o."l tlould sueccst thnt thtt plamts uxaw.nod 

bul{)n~€Jd tu tl siuClt! taxon, ~hOl·OL\. d1seontitlUOUS Vtlrintion. would t.)UC£;(Jot. 

thut C01"ff thW'l onE! l.axOll 'talCJ involvod. !i11itl 80rt 01'" analya10 is 

IJal.'Uoularly \Ule:!\ll ~.hl.ro dll'feronooll betwaen lI1·e-::aUl}.vol~d ul~ciea (.It' 

Vtll:'!otiQa nro W'1dtu,· invastl(;ation, ar~l, wlau.'o 1;0:"6 annrLlctoro Sl'C vury 

t;)l~ilflr in tho lilants' tlNilJinud. 1 »:L..'111nr tiPll~'cach hna bg(ln uood. b1' . 

!rotlnrQ\1. (19t;n)Ul ldu invostleution c.t" tho l'olt8o,Po:1:acao • 

. Iin QLi\CIJle in thin ~hna1n ",horo tluch eill UPlJl'oLtch would luivo boctl 
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UGo{ul. if UlO.t~C tlptlOU;f,W£J WElro Uvu11£ttlo. 10 in thn cOInl}aricon totr;acn 

the IIliOoil::en daacriood UD !;lonopE.t(:ri,g .!'!ri.F,rrqp tmu .fi].(.)£;.oO})t.u.~'if! £lr .. bot;! 

~:rlv!luto.va {195G}. 

t;:.~ll! chupo of thtl culla I.~nd thv i'orr., of tho utQ1;ltltn (ira VOty 

aildlur in thoCQ t"i,) ""foci\l~, but tho UHK<t' cutiolo of ,PloIHHUJto.r,i.l'!. 

.!dbox·i hnu Dora h18hly 3i:~uouo; Qalln a.:~d tllO 0011u of thtt lOt>or cutiolo 

a1'a Pllpillr:t~ .. 

ntw<t l:;t~en ,",xUmin4d., 1. t C:~tl{~Ot b.: de tOr1.l'.iillQ;l who thor ot no t in tarll1r::Hlintc 

tJ'l1un b..titlt. or if 1n .t'i:tot UrCua lOuvIJIj UfO us clooaly rulotod .7.S 

Ou,s'i,:<Hitcd hure. It in foJ.~ thio :reaaon tll'Jt thn f:."l'Wolo ul;eoi~ollr,; hay!;) 

bQen «otlcr1bEid W1Uar Ci diffl;\~nt epua1£10 lltu:iO. 

In CPMGotlon u-ith thiu, 1. uould liko to l'ul'Ul' unct: to the 

tlt)Giratli11ty of c:(Ollinir4! ltu'6tJ uwaoorG of ol'Goltl.ionc of u taxOlh 

~1t:Jra in U()'ju!.>t1!'':'out;lon f(lt lUlOlJ.::llrlt1 th:lt a:ny uinl~o fOuoil 10 

cht\ruotol'is tic of {4 'tk.t11a tt.l.Xon. ,m~l 1ndf.)ucl it ia u..>u'ikoly tha. t thiu 

it! GO. In t)lli tn of tId.!!, ~l1.my nok' 4lI,,;oin\.\1lf;l }WVI: hIJtm Ul.'(.lct\'jd. on 

111adu(J.Wttn kno;'I"ltdoo of (.only o.no upaoicun. It tJuuld (Hld;tlinly bo 

in tho 1.u.torautG of coionf.11"io uC(Jurllo.1 to 11r.d t tht'it"QQO£;l.11 UOl1 01' 

t~U'tll ~l,~o1t1o to thoDe which ora foun~toit ontnu exotl!nl1't:1ou 01' tin 

ercitrtil'Y tlilt1r:ux.:. c:w!1i;er or 81'~ciz;:.ona. fiOWOVQX', thu cdvuntuf.on which 

14culd ncarua t'rou tb1t1 i!I'Oandul'G mieht \loll bo tJat.liGil~hcd by the 

cl11'1'1Qultlou lvbiali 1 t illtI'()!lUQUU into quooticna or !lrUCOUtillCU of 
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nCUi;;llcl.14tlU·O 8i)noralJ.y, ana ~Z:lrticulut'ly in n::.tllinL~ ~.ntiJ:rcst1.rlZ but 

lt$olnt!l'd t;1:eo1~lln. 

I Mly 1"O(111uo thot tb~l£HJ Ql'1 t10lt1!:ub 6!)P11 to tho p!'Gocnt 

'n'i.otiie GO \701l tlU to otbor publiohatl yrorlm • 
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1) ~~ diotr1but1on ~~ Str~tiB~n~hy pf ~arruo de~oQ1ta in CQu'ral and 

fJOUthuX'n ,.:\fricn aro br~,ufl.y' tiWttAt\rlufJd. 

4) :S:110 t'l140r08copic I:mil ouU(lulSlr otl"llcturOQ£ CtljllrOXlt.tatoly fifty 

leave", cm~ at.ra lAnd ontl (Jocd ... lil<.u bodYl lih10b wG.ra ,lJ;r;!Ht:8rved U$ 

C0.:4l?X'us~)1oma, W01'6 lnvcllticnt!fd. ~llQ 11Ulqr~800IJ10 f·c~tu.ran only ot 

d furthar tour leuyon ar~ thr00 SQUaB ere deacritod. 

5) Onlil niSltl tipoci<cu* ona (t,d .. stblC upooioa una fOUl: un ... ntlitlo;l tlllOolceJ of 

.Q,l!inJ~fi!!oRto:r~y ltoC()y a~ dONcr1bed, 

6) In tht:s GOUU$ nlCUlMoptori.$ !irQn~niurt.' ·:fl'cilthe ,sfeo1tiffnl yisld1li£.t 

Qut1c16S t~jO %Jaw IlHltJ1(H,\ ami two oxiotiuc; erH)clct4tl.'4l 4eaorlbac1, a 

numbGtX' 01:' Npeo1Dions '&it'O COt:lI'tlt'ed '\11 th 'an '\fxlwtlnl: epec1Q:a, llnd e number 

or 1r.11~rtoQt11 kn,of'k'n GlWc1nun~ (it'D' {ic.u:ilorlbecl but not fH:~51l~nod to 11 

Sp!!U1tHh ,f'rou tho l'tpco11ll~uu ulthou.t cutiolos f , .o~~ Qx1sUns opaaioti 

i., dQ~cr.ihed. [,rod tIlbfAQ br·QoiJl1Ul\u if{J duacu~ilwd ,'Lut not plueod in n 

~.PIc1tus. 

7)oo~e lao! fru~anta aro pl~ODd 1fl tho cenuu jti.ntop~~r!~ nrontn1art.'an~ 

,GDatt ;Qoorly l l rQij(tn'Oil ~fU.ialS uto pluood. in tho cenuD ,lilf'f,:arOl;tlj E OoepDort. 

U) A tentat1vt cO~'olBt1on 1e aUSSfiutNd b.twe~%l tho C1UDGiflQat1on ocho~~a 

for tho P~Cl!qbl!tel"idGtlS 1l1'OPCSQ(1 \)), mu:ange and S1"ivufituvn (19,t;), 

l:llumstf.llucl (1953) and: in thtl' presont ttlio£'tiEJe 



Plato I D 

I~latQ II E, I' 

Illata 111 l::, )r"' 

l'lca to IV A., Ii 

,Plate VI 0, 

To.tt 1"3.6* 39 

.!ll.o&.u,ol)~!lrl.!! ,trlm@vlle1.ena~ 

, 9J.S1eo0l?~~1X'i!1 :t.rFnaYJiplonr.:u 

012P'!~PJlhris or. t~b:to6a l:'l1nt 

Sovurul l(:u11U$ of dU'£'(Jrol1t u~ci(,J. or OpnEEIEoI!tm-!£,! :ma 

.!;108:l0n,tol."ip' bl.:ur ono ()~. ~ore l·ai~od. f..lArkrs un tllt:d.l· ~auxiril our!"UCZh ' 

~l:llJaO e:t'. fJI;'.'nlJl'tllly circulur or -ovoid in olltlllm, \d. tit Ii tlinmntor of' 

ul>praxil.'l!l:toly 1 - 2 f;!O, 01' 1t'r.ot;ul~rl;:r ulonaeted alena' thb lntortll v.:!inEl 

ot thu lou!, end. up to 5 l:Ll. lona-

ruit.wd. 7:1ro uu,l tU'1LJ <iuite cll..!tu>1y an intol;ful 't~"1t .. t of tho eor!ly gatl'ix 

Of tlll~ £'01l8il. Xt wuo qlli to 1tlliO~"1blu to, r~ovu theta 1'rOl:l tho curfuce 

of thti :fouail, 'i1ithout rca~cvit1(; tho ,,~holc .or thy ou:t1oulor rOOai1'lD. !n 

3p.-~ciofJu. 11.l0, ?lttto III F unfi Flu to tV i.. ... D. ~oot or thQ bodice t.u:'e 

DrrLm~t:!~ b':ro8ularl¥ 1n WZ:ll1ilo t:;\I:'O at' lOGU llUrt411tJl 100 tho tJ1.d .. rib. In 

thf,l otl'.Ol' O!IQU1tllmU, tho ~£lrka Ul'Q not un nUf.l.Qr<,)uu, tmd. thair nrronsoIilOn't 

10 TH1ulCIll. 

Jtcpnutod ,f},ttct:Jr;to \1iJra t.tado to aetom1ntl th~ notuz'o 01' th(H10 

bod.ios by r~~ovin8 tha couly iiUitrix £rol!t tl\(l rook und ~oQrntine 11;, an 
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pruviouol1 doncribod. I~1 all but t\lO' OtUHfO, ~hl;l cutiolo'l'rolu those 
. I " 

reGion:) d.15i10V~d. or brok~ uJ) into vary ·t1uQ 1'rlJSilJ::;fmt~, nlthoua;h 

" tluoccHJniul llI'"<Ill,t;Uwtlt1onil w~rc ()nal1~· obtu1nad 1'X'OQ athol' Ilurts of" tho -

leni'. 3:hiD in 1t'lilolf ,m~;~'"Gatfl OOItEI chl,j,llGG 1nleof structu:t'U or cuticle 

at thoDO po3.ntu. Iu thoU ~umninintl ·f.1I'o!J:'(JVorut:1onu t tbo eutioltl ims 

ver:/ 't111:t1. and l'roeil~, "but Ghob'ad a 1"~w circular or .ovoid 1l1..tchoa 

about 15Cr,l in ditmlotar. One 'Of thou" !.Ivoid ~1;rUilturao \I·ut) tJa£:ooiatf;ld 

with wn;J thin-wullllll, brllllClltid tutilU, z,J..- ~ in di::l:i.1liftcU·, (S'il:tt £1£;,.%), 

~hiah fJi"'U ;,rObtlu1:r tutl~ul 11Yflwoe en alOt~O QXUtlitud;ion, thin o\'oid 

otruatul'o 81'lii)Vl'OtO 1.0 an iiltEli;rril ':purt "ot' ~tbo (lpiu.ercj.o. It Dt;~mn 

0:'0 llOt lu.J.'i.:a- tmOUi;h to Dhow this, it if:! lJrobabl,~ tliut ·Ute I'nieod rb: 

of tho wbolo funetll allot iu QCi:po~rc!d (It ~:tm'y uuch uarty l'ogiona, f..nd 

that it ,-\lao tl£1:['tCS tht'J l".eicn lIh('fre tho opidul"t1is of tho lou! baG \H::en 

:ruptured. h.v tho ltyL'hau.. '.this· tYj:.(1 01' nomt rouctio.n 119. 6hown ty :r::uny 

roul.mt lutintn t;hOll in:l'()ot.od t'Y amy ono 01' u laree variety or :pnreai tic 

;tunci~ 

l:a.'Vu all doocr1ct"Jd le»nvun of aond~'ltma 1,111'1..-10& tearine otl'UCtut'I)J) of tho 

aumouizo. shupe and In'::~Ull(;Oll:ant us tlU;H~~ ,h.mq:r:i\';fHl ~lbOVQ. 5'huy Wt!l;fQ 

l'.'Gcurdod au {(lim :;or1 ar .gJO.n1H)~tO.1':l.!i tn.totU":lcmt1onu by [011 thMJC nuthoro. 

};vcm a pi'u11w.nllr~· ~.r..nlt.J.t1rlt1011 of the? t.nlulo ti.Uto:rial t,uetDl)'~i}d et-roncly 

thut the titiX'l:u WOl'O tlU!l':to uttflClt.U by !w'iC;it rather them tha provcnoi: of 

..f.lom~optori.g t.ru1tinl: bo;iien.' Cnrrctt (195G) lms uu.~~r;~utod that tht; 
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!'~.tt(:rn 01' niton of, prUnury inf'o~tion 'by <rrirjl~yllQuG fungi mi~ht bo 

¢vtttl'ollod by tho (1i~trlbutlon of . .uVorou ~ .. l'!iin i'lo'dnG alanz ul'1.Ul-offtt 

ohunu~lu. ~t:iu b.YllotbGlsip'·:~.oula o~l'tulnl~ Qx)?lub: tho 1)I~ou11tf:;' nd .. "ttul·n 
c\.. ar ac.tcr' s-ti c. of 

of %'lUIUOt:JtOttu and :runularity v:.hich: itl"tr.a tlrl"tmG~nl:.{,m,t of thaDa t:1'tl'UOtur00. 

t;ltu OutJbEtutiC.Ul. that tho:/, nro c!:.Iu:.md by !'unei iu &r~!ltly 

tiUPll ortad by thtii do~uatration of t}~u1t" naaooiut1on,lith M(lt a't'tl thott£.ht 

to be fino ur.mclltid hYr~u\e. 

1'!oton1u (1£9}), uho also' l'e!orr'i)d to Z"illar t 6' ilil1St1.~Ll:tiono 

(16;12), augi1ot>t'aa. thnt ti~it1 uurt of ru.::rk 'i'!'ao cr.uso.lby &."l ep1~hy1loun 

nuoooyoot~. ~~"U~t'd (lfj.~O) tl[;l'uod thnt tho.1 ~¢lr(' proljnblr fu.."14;ill in 

na,·ture. but (U"1tloisod tltQtt aCai~!lt to th(q ;~.noo::::yc&tul()o on th~ 

Cl~unua of in~u!rioicnt ovidoncc. 

l'lUt'!utood (1958 u, ~J 19(2) 'jJoli!ini~ on f51otm.?l?~,cr1a £l'OO 'tho 

~l"anUVUfU ,,-,uil from AntUl"CU.ca. oluo d8rsol'ibud uiI:l.2.1tt1." Ilh'tloturcs 00 
" 

ron tox,'lul, \IllS uno 1::1u ~(J L<Ulll}()rt th,1a by 0 td .. Ol:oGoopia cx£!minu tioo of' 

tiU.l cutioluo or thouo lOi1vDa. 

In y;iow of tho bunul'ul 11'rai.-ultu·Uy iu 81zo t 1'llu;'illl ana 

c.1utr1.l:nlt1on of th~ bod,1(J$ do~or1b(Jtt by t,hO' QUtl101.'S lint.ad ilUOVO, ilnd 

by liJ,o. und of thQ fnct thut tlw21J ~lJdloe tUftar t;rrclltly in, 1"Ot':;1 froI.'l all 

tho kr..owr. 1'ruotif1cat:hmu of." !i~o~H'I9~l;!1J:i."., !:npc,t\ll~c£~.t'.r.i2. tmd. ..rfllu~)ov:.~..tt!'l.tl.!h 

tlaucr!'bod. 1;y 1'1Ulllatoud (1952-62), Uam.nhaw 'l'hOlZUa (1950). LnollY (19;9-61) 

UltU !liC-by (1900). it 10 olttnnoly unllk\lly that they bra Olp,mo,Pter.i.rli?lt;! 

l'(lPt'oduo't1v(t ntruoturuti. It iu b1t111;; pl'ol;nbltl that tUuJ uro all, in fnct .. 

cuuoau by Q !uI1S:l1 tnt'oation. It is. of cCl:roa, 1tll'po~5iblu ttj (lenten 

tbuuo fu.~e1 to ar~* partioular alu#$. 
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Fi~ure.12. Dinr;rarn to ntlCW presumod fungal hyphae 

nnd cellular disorga.nbo.t~on from cuticlo of 

specimen H. 113. ( Jlon~>opteris t!AIlSmlc1\si,:sp.nov.) 

IGa • 



F1u. A •• G~nat:mol)t~ .o\)OVtlt,f.l (alll"r.) 'al'l.ite. 
SIeoin.en 11.10 (i~ 1.) 

c. no.nr;ut:loetari.~ sp.A 
SlXlc1t:lcn u. 9 (x 1.) 

D.. f.nl'lf!"Atl10Ett1ri? Ull. D 
tipttoililon H. 7d eX 2.) 

l"iB. J. •• ,Pt'lP.t-:opop,ttJri,l\ .2Ff501oensia all. nov. 
1JrJOo1t~on H.14 (X 1.) 

1) • .annf~r.lorit9r!;,~ !1"1ll91oendli up" nov. (X 2.) 

o. lUmKHl:.1optbrin sp. o. Sl'Qcimon ll. 2a. (X 1) 

I). C:un.f:OlrlolltorJ.!! (1). G. Sli.;!!O!.Il'lOU n. 2a. (i: 2.) 

E. !i£iltfctltllOptorif! ,ol."mulcensia (1). nov. SllCoi1U81l H. 76 (x 1.) 

1'''. riallr·;tllU()rt0I'"i,! (.trr.::nlouprd! till., nov. tll:ocimen II. yo (X 2.) 

:Plute1:11 •. - -.. ... 
!1a. Ii. ;iClcd-likn body (indQt.) SpoQ1t:cn R.l!) (J: 2.) 

n. CClwtter"'llort ot' l"lG. /... (x.2.) 

c. ~llown0.21;(jr!i tr:mBVtlalpp~i~ 8p. nov. !JIJ8oil:len ll.19 

D. qlOt.JDoptO':ri, .~.ntlluve.alGndn °lJ· nov. i~.f'Joirnen ~l.l!1 

.t. frlt'moopt(}rip 3rlftlGvenlonnin Ujhnov. bpooit1fm n.;h 
,,~ Glouaoptcr1a tritfluvaalullilis up. nov. i3}Jsoit:loll 11.10 x. 

f ...... ICW ...... • ., 

(x, 1.) 

()!. 2.) 

(12.) 

(R 1.) 



P'lpte 1V: + 

l":1,g. A. Gt,¥!OptClr i }1 ,tr{1I1IlJvtwlc"m9i9 PIJ. hove llpocitlen H.lS (x 2.) 

B. G10lH~~)p!ori1i ,trHfmVt~Blftr'Jji!f sp.nov. GI.<Ooir.an H.1U (A.;) 

o. (Uonaoptpri,t! t1"rmMVd01E.H1td!l ape nov. ~lX'lcit;on n .110 (x 1.) 

n. $U,2t1 aORtQ;~iB :trAti(.;v(wlanoill 6.". nov. §r,.i}Qill.i.on li .110 (i: 2.) 

t; • • aJ~IJPon\<;r1!! jl"im~vn1.l1u!!!1i.o up. nov. Sr...aoiman U. 1; (x l.) 

l,'" .nlos~petol"i!! !!fr:t.,~t'frlS; OPe nov. Sr.eoi~cn n.6a (X if.) 

G •• t:;tO!Oo,lltori...u 1!L~icano op. nov. Sp;!cioon 1£.Ga. (x 2.) 

A. !~~o:wol~~~:r~~ llfrl¢anq ap. nov. Detuil 01' vt1nai1on naar cia-rib. 
. SpeCblfJll H.6a (x 10.) 

B • .f}lOU8(»):aterip ,!t'r1281Ui al)" noy_ S,l.'ecitram H.aa (x l.) 

c • .At(wpaptor!! teff'!.O!fllS fill>. nov. nl»oiaen n.Sa (X ~.) 

D. IndeicrauU1ble :t.TMOh. Speoiwm 1I.5. (X 3..) 

Plate VI. 
I 

• 401.. JL 

Fig. A.UloBUS,Rtllli8ot. fibrool, Pant •. Spooi.Em. R."'. eX 1.) !i:.JG.WW'\O "el 0.."1 D 

n.nlo!!oRter1n of. f1brqo!! ?~nt. ti~c1men 1l.4. (x 2.) 

a.(l1o,il.()pj~r!.! cf. fibro!! l~t1nt.. f'1)(lcil:JOn n.lii .. ex 2.) 

D.Glonpo2terir. of ... ffbt'OH! Illmt. 8j:ec1t1len n.16a.(X 2.) 

.l)~tat. "'III .. 

Fig_ A.ClosQoptoriu cf. £1ht'c.lsa I~e.nt (Ur,ecltnon n.lla.) 
'1 .... I 

n.010!!Doptar.1." :Ulh;\ i3f.Ooicen ft.l; 8 (X2.) 

a.Ul~i'I",p--Et(:t;i, .. p.D· £S140it.'ul'ft 1.1. (x 1.) 

D .plo!.lnol~o;t:ire OJ).!} ;lotall ()1' v(linG (x 10) 



!:'1t$. E • .u~rli£!1t!~u)'t:a~i,l'I ap.]) Spocicun l!.7e. ex 1.) 

F •• vJm~fl.eloptor:1fJ sp.D Sl~cltlen n.10. (>: 3.) 

15G.. 

Fig .. .li • .E.,n'";'Il:.-;oet~rilJ Sp-;\. UPlIQr cuticle :from aid-rib ,reaion (x 15C1.) 

,!l. Yfillar cuticle 1'l''!m the la~nEl. flote st~til (X 150.) 

,0. ten.er outicle from tho lumina, l..,j"th stoNatoa. (X-150.) 

D. l,o_~ cui-tel. l'roo 1;h~ lamina, with stO~Uttt8. eX 150.) 

3:"1.8. A. J!!!l~t'lJ,!pp.teri! ap.A. UPl.101- (luticle. stOitotu. (x 650.) 

,D. Lowcr ouU.cl€1. atocato. (X 650) 

c. r.Dn1f:~eOl~'t.£jr11! fUl.B. fl~b~n,to trOl\ u,ppo:' outiole (x G50.) 

D. LawaI' cuticle with atoimtas (X 150.) 

l'lntc) >:. 

l'i,u. A. 5lmlrr{Ir.!0l?t('~rlG lSp.B. Upr,ar cutic1u '11th otO;;tfitoa (X 150.) 

D. ,ripl1j~llm'!RtrJ;r1£J pn1o}.oonoio up- nov. Lower QutiolE:l, 00110 over 
w;l(l1nn vein (X 150.) 

O. l,okier cuticle tJ1.th £1tOLlt.tislh (X l50.) 

D. Ul'rAtr uutlo1u, woh ~l1d vain a1'O"". (r..150.) 

.F),ute II 

l"in_ lu .~at1ga!402tf.~ri~~ !)~!*J.OGf1pi!J IP.no.,.· stomuu troM upper Qutiolo. 
!>l~(jcd.n~n 11.14 (X 650.) 

D. storr .... t'" from 10fitr cuticlu. GfAci!non lI. 14 (X 650.) 

c. sto~ttJ lflth 5 Iiubald1s~ CQlllh ll.rcm tl't~ loue);' cut-lela. 
$pctoltt.(Jn If. 76t- (4 65Q.) 



!)lato ~ 

Fit. I). i5tomatQ lfl:th ·.u)y~naub81dioJ'Y clilla, alao troml.h. 
lo~ur out1ale. ZI~oimeI1 B."(th (K G50.) 

Plato Xn: .. 

IT'ia • .rt.. plmnmn.()j~t~1.1,~ er.Joloenui", all.nov. Up.psr cutiole frot":. lniddle 
l'Oe10n of' lect, C~01IinC sto~ntoa l.lttti10i&f1 tbfi vains. eX 150.) 

,};. Lemar oai1cltt i'r~tA tho Uat"lO rOSion, 'With tl't.OfMtQ8 (I 150.) 

t. Upper au'Uola from tha latdna., \,11 th otcamteu botwQQn· tho 
voinu. (X 150.) 

j). Uppal' cuticle from tho outQl' elise of tho lQlnina. (X 150.) 

t:. ,(!~mam.,;os)t'!r1~ sp.C. ):,0,,;(11" out-i.olc TJith utOQatGfS (X 150.) 

Pluta XIII ' .... . ... 
Fis. i\. :'lmr,v¥tp.!!..tO .. l'iS! ilIp. o. StotUti!) "fi'1l41 tllu lo~ur Qutiole (1. 650.) 

1). t)to~ata i'ros tho uppal' cuticle. (1 650.) 

" o. LDl'ftr cuticle w1th !ltO'UdC8 (X 150.) 

V .. U,ppUl- atlU.ole t11th u'olJftiteu. nato papilloto oal10. (~~ 150.) 

pinta XIV 

ii~. A. ~aud~lik~ body (indat.). Cutiolo fr.tm~nts. (X 1;0.) 

Ii. f~e4-11kQ body (indnt.) cu.ticlu !.::'{.tK4~ontB. (X 150). 

O~" se.a~11kQ body (indat.) Cuiiclu froGuont eX 650.) 

v. (;10650' t(l1"'iS! l:Urtl!tl.!.len,$!s $p.tlOV. utO.i:.'m to froa tho- lOt/or 
out1c.:l~h 1~ 650.) 

lh (alHltHlI!torif!t t~·tltlo"aotomda SF.nov. 91it101.!:!.Un. H.l. Lcw4.U' 
cut101Q. :lbo~d.ns wull Itttrkod voin oallt:h ex 150.) 



IS 8. 

1i'it; .. c~ !:l.9~t!oJ{te~in }rEm!tvtlo~(t.F.!IU~ r.,p.nov., ,UIJ1~Ol" cmticll;.t. l1~to very 
thier.: c~ll 11ullo {lull il!.',rGeultlr ,SJapl11n ... liko tlu!·l~inell. 
Slliloimon 'H. 1;£ (X J.!iO",) 

D. pl.~i:.~L{lB~cCI:t!! .. tl·!m~.V:'jlAr.g!~ sf.nov. Ii 0 t:OI' outialo ahow1ns 
v.)!nti on:1 tlOt6h rd.th sto~dtaa. Stoo1tlan 11.110 (X 1;0.) 

'"",' 

l-~C. 11~ 'pl~~~~02.tft:ri.q ~!~f81enrd.! .p.nov~ . SI;Soian U.l!j!;-. 
Louor catlalu ahowiue valnu end l;i.ot:ll1 ,n.'OUO. (X 150.). 

n. utO:Llltuu (Iru! pil11111st~ c\lJllu, lor;or cut1olo mmr eat:e 
. ot lQa! ot: Or1OQlll(lt:l1I.11c. (X (.~O.) " ' 

C. UliJ;l Ol' outial€S fl.'cm. uIllJcitflen li.13£ ahowi,U[j the b'l'Oilt 
th1ckntmu or tilO call 'YIloIllG UM I)ap111a"1~l:e t1Urkiniiu. (]: 650 .. ) 

Ii. l~Olvol.· cut1clo !ro~ tIle! aut'iZJ UPillO~Qll, t>lu:nd.nc oto:;:mto with 
lmpilluto tJubaidia,ry oella. (0 650.) 

FiG. J.-. rrlor;ao~to:rin tr(.lnav8ulen:du a1)' nov. stoJllO.tea from 
lirVoi: oUt1olo-or Gpo·oimollli.l.1o. (J~ G50.) 

n~ .r:.1ppnpJ)toria !tf'}'lc!1nu.op.uov. tOl-wX' outiolo, uhcm1r-t;; , 
ainuouu oull· 116110 und ~tcr;.\ate. in tlPcl1 retion. Vein cella 
Ct.Ul no soon on tlXtraUG Id ... S}ht. 61)(:oicon U.Ga. (X 150.) 

. O. ntot:.:J.t~ frOIll 10tler ou~iolo 01' Ul.lOCUlen U.Ga. (X 650.) 

D~ nto~to £rou.lo~or catiQl~ of npeoiwun,n.Ga. (X 650.) 

GI0t~D0J'I'\;o.rio ul'rit!lil.na up.nov. UPfar cutiolfi f.X'I:)O 
l;~ oltl(~itir.ea:-ii '(;t'C'sinuous cell uDlls (): l!jO.) 

13. '.Lol'~cr outiole frClo 'tho OUUG ur.ea1men, nbolling stOl.UltOG 
tina. einuouD (Jull 1talla. (X.lSO.) 

o. utOI:luto .trot! lo~cr outicle. (1 65u.) 

11. }:Jldotor,f,~tua~l~ at.~. lii'ar.1(lar", oOllsiatine ot tl-aee or 
~CUl' l~1erD of oolls. (x 1;0.) 



1). lJo~uJ.t' cud.olQ trow the Ut,UiaJ p:eparat1():n1' ehowing 
fitO.Mtoa in tho pooh rogion. (X l50.) 

C. tIpl'or cut1cla of tlI'lc1mon H.llu. t fro!! a p~rt or 
tbo t"Jld .. rib ~ouseau1Jla ulum;pa". (x 150). 

11. LOiler tlutiolo ft04;l tho St;Cle pl'GllOrtltion. (;;; 1;0.) 

l:'1e. J~. Olo.F.lsmrtflrin .!!~. :!itroea l'tmt. Stomute l'roti lor-or 
out101o or arhcircon 11.4 (x 6;0.) 

lJ. stO~ltQ £X."'Hll lOilier outiolo or upoaimen n.16b. t in tl 
uut:hbottor stata (:If prosorYCltionthun thut cl~cr:n in 
riG. ~. (or. Tezt £1£.31.) (x 650.) 

C •. ~,10fl!H:..I!t,()riu..2.f.. i~.n·,ruen ll£mt. Lower cutiole of 
1ipocit:l'lm E.llll., 1'1'0"1 a X'o[J1on of flw mid ... rib \'Ihero 
n.o lUJjl>n mn.·(: I)rOuent. !l.hii oull£) ure lons and. hav~ 
1101"0.1;1.01 uida flails. (it 150.) 

Ii. l.toph l:'b~;ion from lwairw of U.lln. ghO¥1inC l'lUlilOrOUS 
l)oorly jlruUf.u'YQd st(;mat.us. (}~ 150) 

1::. U!llic.:t outicle [1'00 trtJ iJdliit ot thu {lll~Q lClni'. (1.. l5{',I.) 

r'ig. ,(\. 1:t0(1UOl~,rtet1.!! o:p.A. UPIXlr outicle of Ct(.lC:tt1G11 n.13e·, 
uhcn.1nc; '~atrlaetr. (x. 650.) 

D. S1.cullata f'rO(;l lo."et- cut1ulo 01' tho "e~ lee!. (x. 650.) 

c. Uvper Qutiole (x 150.) 

li. LQiiOX' cuticle \vith ot:>~ta8. (x 150.) 

t. Ul}l~U~ cuticle (X 150.) 

15'1. 



" , 
,'. 

Pltl tQ r.xtI , .. ; 
FiS_ Ju 010 0 Oopt!1."ri tl ;1amott~~ Up6g end l,oso.' 5tcnnte 1'1'0;;) lot;or 

Oltt101o vi' up;;io1~en fi.l;.. (X.GSO.) 

n. stoz:.:.uto irClt:l lo~er cutiole of f)'p~o:u.1on n.13n. eX 650.) 

tI. utOt:,£{to :t'l'om "}'llmr cutiolo of ".r.~o1mtJn lI.l;b. ex 650.) 

D. !,oworoutiolo at apecit:Gn 11.13e. (r.. 150.) 

J~lfl~o Xli,!!l 

Fie- J •• ,t~loR..r!U!hil:!l1 ;'l'ms;ttei. aPe" unO.' 110£10. UJlfOl' cutiole oi' 
H.l,b., allo>llins uinlS1Q etcmzto. (X l50) • .. -~, . 

• f J"" L ..." 

.n. Cutiolo fX'Otl ~ld-ri'b of !1.11b., . aho'tdne; GC)l:IO sinJlouolr 
yDllcd colla in tho lucilm %Wur tho tdd-r1b. (X 150.) 

c. tOi"40r cutiolo !~Oll.l specimen lI.l'e, ahC'Jwine ato;;!Utos (X 150.) 

"$1. ,nanr,·t:1r.l0l}t.2~·.1B up.n. cut.iclo eX 150) 

F • .ronfi(ir.i?pt(~l:j..ll spin It t"Utiolo (X 150.) 

:?l.tlto }!:<:rv • 
• If • • t • 

1'1£;- ;.. r.lofl,flo12torio ill).l'. UPtlcr cu.tiole \fUll atolJatoa fmd 
, vupillntu colla. (X 150.) 

D. Ul'l>er cuticlo shouinc ol\lta vein llud .u.aeh CTtHU) (X 50.) 

c. lltOI.Ulto from ullpnr outiole. Uott! aVQ,t'bLlT'..aillS' rnpl11ao 
or aubaidinl7 culla, vrotooUng tho ator.mtnl pit. (x 650). 

SII Ind~tnJ:'t!dnobl& axiu. nho\llu{; ioprtlsoion of' horlzontul 
,,'cara in iuiKol"lYiiii alwlo. (x lit_) 
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PLAT VI 
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PLATE XII 
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PLAT XIV 



H I ~ C .. 
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,I ~/.n'i' III -,..,. ,., ...... 

f,SO\1t'OO of' iJltl ~turif,.l '.'.;.' ..... ' •• '.'.~' •••• ' ••• ' •• l'oUe ,l:,3 

De50ripi;1c;n o£ the OQllooUOll .............. " .1>tl,gG \ (.3 

SutlWUry at' thu Faua!l lruodu nClco~~d from -
l1hO~\R01!.f tffi~ Ufll.llwi (ll;ru:Julnnd) ............. • lloSt) 1(,1:, 

.L:u::t01I1Q.ll all.H ••• " •• "" ...... " .. " ... "" .......... " .1'0(;0 

\'3 

r7S 
17{, 

18~ 

I <f0 

l'\'t 



I..dftitic.mul, tspuoit:.e:ls fro~ nho;'{~oiUt 

not uuf!io~~ntl)· ~~ll »~ooorved 

tOl' ;"uu t::;xonorJia tr\')utu;unt ...... til". .... lluS!' 'J..'3b 

·))1uouoaion ............... ". .......... »" ... ".......... lJtli;O ";l't-o 

tlw::i~r1 ........ "' ................. ~ .......... l)u~ lSJ 

£::':I,lllll1Utiun oi' .tho Plnton " ........... • -.... 1.:880 :2 SJ... 

f'llitaa ...... " .... " .................... ,1 ..................... 1.!t1il@ 1 S'- a. 



Ib3. 

loar17,ull t~G foaall woods doucrlbad hvru have liQCU oolloot(ld 

troZl loculi tics in tioX'\hcrn and. Southem filiodfusia and. tiro oJ: P~.rJ.lian 

Ot' Trilusoic ui;c. ,An ad!ii tlQl'lul ollcoim!)u frOt) 0.11 wl1;no,,'ll locality all~ 

hori~on in {jouth \'loot ~t!'r1ou io (\lso deuoribed. 

~'ho r;rautor purt or thu colleotion \iuS mudoby l)r. \;. s. tuooy, 

of tho nor)Urta~nt of Dotant, tInivoralty Callese or North'ji'lilcUl, durina 

n palacobotanioal c7.;r.oeilition in lthodoala ~nd l!alsfi1 (tiyasslund). I am 

81'eatly indob~ot1 to Dr. Laoey for pl'ovidlnu ttQ with this mo.tuX'1al, ond 

talea to PrOCO.BOr Ceoffrey !;onu. Der.tlI'bont or GtioloGY. l1n1vorLlity 

Collu£u of llhcaeu1u end ~ula'fll (UYilsellmd) who uUbtlt.quant:ty Bent 

additional spocl~un., (A4. 01-; Table l.) \0 Dancor, for me to exu~tnc. 

~tt whole aoll(Jctlon ocut;1,ta of 1'ifiy Ul)Qc1cel1u ll'O~ six 

looa11tiGD in lrorth and South fJlou881s Gnd OUll in South ~'(t.ot ,,!rica. 

~~lCtilO ho.v.1l boeu {'1'()upcd u:JcH)!:dlu,G to t.bo loouli t;y. tach l()o~li ty 'fIns 
I , 

~1'Vo~ no lottor for ounG or 1dt.mt1!'ictttlOfl. bod l'Iaoh t:ll)/iJo1~cn "ithln u 

(1~¢UI~ Wt13 elvon a coda nwu1or. ~10 uptJc1c;QXUI era cntaloau~d liO chofln 

ill tho fUUOlii1le tabla. 



lJoaoript:Lon of Loculi ty Ourd indox no. 
Dl. tlWlc ;filnnn .. t. • .IIM," • • ....... 1 • " • • ........... 

A 4 . ( , ,South T:!out j~fria~ Unhno'iI'n (,Poouibly 
!'M7:u1rm or Tli.au13ia) • ~~:r{J~.~r.'t lQo.,~ot. i~u)\'.:n) . , ... 

G 1 - a , 1ocsl1ty 40 or 1.{1C~oy (1961b) /' 
(").e.~e......bCJ,d~~(.\,!~ UcrtJ,tlifator uroc. of Olill"C lIivor "-i ""'" <!.\.!c. 20 tdleli l~.N. w. of Qol:wa, 

]) Q.f .. :J .i.:t. ~.'i -G! e~!!= s •. r~!~d.~.o~?.".~ *1 II UT 

,/ If 1 - I·' 9 Locality 49 oi' liuelt¥ (1961b) 
FOboil Yor,lat, Cld.ru.nd.u-l{'u!'ue 
road, 10 t!i1t1G WQst of Ch1rundll, 

N. l!hoclDt.lin 

Pl'(iln~bly Pebbly Arl-:oco 
(U.t'll{ll' 'rrlfUi'lic) . 

r . 
l!.$c"jl:.;:ont OM. t or 
l>ebb"iy Arkoao 
(UPP0r ~rinnD1o) 

_, ____ ._._J,_._. ____ ..... ---.-•• -.. -~-.4------.~,-, ~, ___ ._, __ .~_ .. _. ____ ._,_,_,_ .. _. __ . __ . __ .. __ ..... ____________ . 

• blli. "41.' ..... • • J r 

Locs11 ty 42 of' lucDY (l~Gl'b) 
B·eol' !!.td., ),snny0111 t~'V(J" 
Vall(.l:!. {'..Gntral 111l'.1Uur.B\fti. 

s. l~hotltluin 

Probably r::oot!rl'w,!(mt Ox"1 t 
[L bOVCil bU£lUl eOH,olot1o l'a ta 
(~tll"ly ?art of UI)p!~r 

'1~iUIl31c) ,~ ~. 
• ,...... I I .. ' I •• 41' .,,:be ~ ., 

Locality 4;; of l,uoay (1961b) 
nQtgO~~ Uoas11 For~ut 
1:anl-:10 Ctli:1{1 f~G~vl"VOt 

~s. Uhodoli;1n 

IJrobtlbly Uocar,Pll'.(1J1 t 01'1 t 
o.buva bna~l. oOn£:lol'.'llll"{lto 
(r;urly ,lJnrt of Ujll,{tl' 

'rriosu1a) 

It 

• , r ..................... , •• '. I' ......... 1 • ... ., w... .. jMI •• It i 1 t •• • .IC.. 1"", .. " .... 

./ D l - 1'0 ltlc~lity 9 oi' Lao01 (lS61b) 
fmet 141U~ or tJltidor.la EU,11. 

J>!*,'('~,I~ -1\ le~ t-I ~~ ) Ii ,t;~l;:~ ;irh~>ie~f41u~(b1l1'adz1dOl!i 
~y._. .... ,.!It j ,....... ,.... , •• '" •• 

~\ 1, It. 2 • .l 3 r.oca11 ty 11 01' lucijoY (1961'b) 
)do\(''IlO1l\ ~f"-f\t...U~ r:~l..ir Guny£tnku' u ala X11util 

I ~.! 8. lthodoaia 

. ............... -. --------
Uiddlo l~lldWlifl·bit'la t:hnlfHJ 
(~ll1rjnOCi'>!'b,.\lUn 20m!!) 
(J~cl'l:l1cn) ___ ._. ___ , __ .. _._ .. ~_ .. ~_._._, __ .,._, ________ 1. __ '~_'_._~_*_1~ ___________________________________ , 

Xbo· Olr)~ciu"ms l'Wlt~tld er:)utly in slzo. i'l'ot;! 3 or 4 oul:1¢ 

onr..tir;lnt~·ofJ. to lnl'OJ blool~8 lJonaurina aU tluoh U;':f .20 Q~. x 10 01.:_ x 9-5 co. 

'r.loy f;GrO all: ii1ehl:/ aUicil"j,cd. ttl tbout;;h t)CW:U cc:m't.:titlod u i'riil'ly h1{;h 

l1rOpCil'tion ot OtU,'bollat~B (tlQr1~8 0 1 - c 7) tlnd t:nny of tho htlrdur 

BpUOU:lfma oonhd,nl1d larGo yoino of iill1ttt q,Utlrtz (t~rJ.ao 13 1 - 13 11 



Iron f:ttaitlifi~ lUlU eiltcultu'blo in ~0fR ·of tho upcclr. .. ons,and tluo 

luay hllVO plqc4t;l\ imr.ol't:mt X::Ul'~ in tho- pru.orv4t1ttn of thu ~te::ial 

(W1olW'lii, 1941) • 

. , 1be bill.lt liri.1a'·l'y,,4 apuo11aiu 'lifer~ hiittly IU leU'led. *;,hoy t;'Ul'a 
• 

\:hitiuh en tho Ctrtlltiu,Or11nt; to lIloathorinCt Lut broken gr out 8u:of.£'lllOD 

wars brown ta ua~p &ro~ or hiaok in colour. ~n1~ ~ab purtly onunod by 

tha:prOtHl~-v~a _hr1al, but lariJe1y b.J' iron staininG of th&f.lo tincWJs. 

the IMtrl~ botr.'afu~ thB oell~ WIiS qUite ultlar aDd trtmlvar(mt (Speoit:::~ns 

1.1 -A 4, U 1 - G). III t}IilSG 8!illc1rM:nl!l, mlT luc!: 01" dotu11 'lUlU 0.110 

to deeny uufOl"G vreeQl"Vt&.t1cm '\:le.o cotlillotc. 

!i\i,it) U~ll flU:! ttl'll f:lu~i(JfJ 1Hlt:;O of UViJn 11erdQr cor~pOaltion. ~. 

'rock 'Wtltl lwrd. ural gray,ubtot,t gr:unittc in t:illpon:,,:moc. ~bt.r eurtaco 

upl1l'kltid, nnel Illol tho aactionu bhcwod, this~8 dua to tllo h1Shly cryutullinu 

nat:uZ'o or tho l-'oak. Thiti, t:'J{ioth()l' ",d.th tho n~l'OutJJ 1nh'UdofitJ of \twu.·t~, 

QClalJl(Jtnly ooucUZ'tI'd ttll o18nt1 01'" CQllulol" atruoiu:ro in twny of th~nn 

tlpuo1mollo. 

nO~mYG'r, the lJcll l11"tloorvdd tJutarinl 11tHl IIl'O'f'.ot1 to be of: 

c~l:l~idlJrabltt vc.lutl' 111 1rlCl"~llilin€ Qur knot."lcd{tQ o!.' the atl'ucturo or 1'03611. 

~QO'lat p,uriicul6.1tly ()~' tho i'inC:! detull or tho tr.ccho1dul fmel croulltlold 

pitu, emd in ovaluotinu i1:1o uoufuln~il3 01' Various i'Gutur,ou 6a d1tll;.'TloGtic 

Ch£ll".HJiera •.. !.t!hG,Y hew ttlso ~borm thnt 'l:(Qll IJl'OacrYed ionail ~oods elm te 

of' (fl"Untal' atrntierarJlticul YilJlua tiHlll hac hacn cu..:coatud l,rcvlou:ll.y 

(t';'urrwn, 1912, 1~A1ltvn, 1956). 

It has l)titfl o(.fl\!ir~nd tht4t llooiltJ with II Qh~\U:'o Of r(latur~a COiU:Qtl 

to the f;raug"ri1l0ij~ ,61..11 tho .i1}i.~~ apIX1uX" in l~rt;;(t nlmtoril in Com.\liGnu 

dez,oi1 in, tltuoh ..,,,r11a%" tbnll tb(f siMlar \foode (thfl Protop1nnceaa) in the 
Nori~crf\ H~Misfhu.c.. (Kri"~ltl "q,q " C,riJrtba.'$t 1",,0). 



Of tt.Q £1£t7 lJlluaii.lona, only air;ht ll.nivcd to be tluf.t'ic1sntly 

well P.'NoCl)w{Hl to (11.lD1gn ucfiui t<Jly ,to ~~ &peolun. ~l1'lO not/' fJIlfJo1es of 

ltt.1l1(l);11t!n una cnu of f;!(H~n!:ll~t;~qr-l";'su nro aesol'i~d. A now llnmo. 

!r~'rl~"o&"lpn it) !~ro'poGc(\ tor tho :llJ~o1tl:e~l ar;siS:1ml by Hulton (192;) to 

biG conua rmiror.llp.ll. uinoo th11l nn~o 11-) l}l'Cocn::u}1iod, (lIcu-tiC. l!l40; 

Xl"'Uuucl. nn1 I!£tng-et 1920). In odditim, n llUlt Dpao1uu :to tl.!ltllietlCld to 

J!qli~o~~~lStl. Tn','livu al~ciff.o:13 U01'0 l~rilu3~rvt'd 'Well (ilnoueh to ploCG thoo 

1n it Gonus, ana two otllero oo~.r.n:t'Cld c10::o011 on t:\ncl'Gscov1a fOtltUl~Qa, C/1th 

Ol"JJ 0.1" tho nOlJoi(m dOGortbod in thicr !fuetl11l • • 

• ~l'r3:t.:U':t Qf ~l! E.oflill .. E.QSl(1y J"!2PPIClod ftOtt.nhR;l~!l!if\ una.l~'lJnr1 (nnplll.ru.:A). 

1) .Fo~~.U woo~ huu b~ul'1 rooordod tl'cm 29 loculi tics in ttlr.%.'OO bodn of 

all. Ilges (Leeoy, 19G1b), but il'om 'ViJr.:r fGW of t]1Ct~e have &~o1fio 

dotol'1ll1nutic!1u beun ;poasi1llti (wulton, 1956s l.ucoy, 19G1b)~ O-tr

..Eh!L>;.2~:!lQn •. .!!i:r,!,!&,imt~~h !unorott (~;ul tent 19~3~·· 1956), !'rO:!l loculi ty 

lio .. 57 (Lttocy. 1961lJ) .. 

Jihnr:0;(~l Ofi ... BV_ {',til t.\:i%l 1$5G) t'rO;!f looali tiOii GO. G9 mld 75 

(Lac~)y. lSvlb). 

]lll~l0N.+.?n lfi£pl~1 fluwul:d (t~u~io>;]l.cr f.u':b!rj. 50trflrd) i'ronJ 1·00311 ty 65 

(taoey 19G1b). 

llnd,O&lOY. n1 .. oo1 i~ toward (nota:'uinEJd by Edwtu"dn. 1931) l.oculity 51 

(Lnco.)" 1961b). 

J1ad0.!l.lon!Vl!'x:.,!ii~ t1alton (192S) r\fcol'ded b¥ l!lhvbrd,u (19'7) 

1oca11ty 61 (Lacey 1%10). 



J b7. 

2) ~ho .roll(mit~ ufo oleo hovo lie an rac:ol~dod durint; tho l?l.'ovant 
";.., 

inveatiL'tl tion: 
, ,/ 

/j}lHlo!,;llon .. l;!{w:h~yJ. GI'. m~v.t fro::; looality ;;.. (t'fiO~1961b) 

/rfMh~~YI0U ,bOll,,<liJ tap. noy. frau lcoul:ttiou 40 alnd 43 (l/ocoy 19t::lb) 

c/rmc1o"~lpll tip. 11 (;it'ill'!Y.:;ylon ot. l\lopl ~i SownX'd) 1'1'CW'; locality 9 

(Lt~oey 1961b). 

/.nf1d()X;Ylor~ nl1.n !:t'0i41 lo~nli ty SI (rlooay 19Gi'b). 

v1{"e~n.llJr~Q!.zf91t,fjT.'fjVf,~n.§!l GIh nov. loonlity 40 (l.c.cey 19tJlb). 

!rho tll~DOit.:ctl £l'O~ flouth I(.oat .africa (A 4) bm.lcoon dooor1tcd as 

VF,C!1i(J{l~1~!l ~n!.! i~"n. at ap .. li.Ov. 

At til'ut, nttacrpto .Ul':O .aGdo to lJX'tipllro- SQctiona from 011 tho 

l,l1fJoit1oml by'mouna of tho aolluloou l'ael ~otbod (Joy. iilll!n .undo l;flcaYt 

, 195G). 

i1l1u anttll1ad (n.LtU.nt; 01' ti1:'ind:tn~ XVi1't of eaoh DlJElou.en t) o1t:lin 

It vorfucUy tla t aurtucu, f.hiah wun around ul!1ooth \.luint! 0. c.1diwu 6'1"lldo 

CarU01"UlldULl ;power unil 'flatcn·, on {.1 a;-;t'oumi cl:tla IJlato.Fallol'ins 

II tborou~h wtJ~hintj tit thttip ~lltGr fo:r oG:vlJrul ti1nutcs. tho uurfacG wan 

l)olishvd \'is.tIl Grado "DO'· l~lox1t.:t una. \'iatul' on fAtloth9r Cl.u::$ plute. (noto 

that if. iu abnolutel¥ oOLumtial to avoid the ocmtar:dudU.on of i.h.'UlC pluton 



£01" aOYQ."el IUllUtQIS. ~ho aid~Q 01" tho 'Opeair:.Ull v;ore Pl'otocvJd with wux, 

flnd. t.IVil 1)o11uhed curfuoti lin;) plnctld 111 n Gh!l11o~t bath of l:vd%'OchlOl'ic 

at:iti (O-21r) :for ';1) mifluttHh 1.0 ~hiu cl.curly hnd no u1'i'oot on tha 

t'.f;~:io1w£,tns, they "tet'o tl.·~.m.n~or;t'Qd to anotllilX" \:ath OO!lt.ninitl~: 40:; 

HCo':me.ro',c.l G4"'adaH hydl:o!luo~.t(l ucid, :t'or bQtWfCtll cm\ll tina trjiJnty mir;u.t(:i~h 

l'h1e tl'(la.t:lllH~t uuu !oll,moa. by (j. tbol'ou,eh, bu.t e,fl,utlp, l100h ufloor 

n tllv• :.nd ih~ n.l"ocitlon~ ¥lora loft. to d:r:t in e ntratu;Q ot 'r~nl':'l air. (~n1s 

can ba twat-onad 111 the addi'tion of u £a\1 1':".1. of ulcollOl attar tho i'it,gl 

\11.104 1n lJ·att.)1 ..... TbO' a(;Gcirl .. Ol1 tttw \'/odswl WJith pl.uot1clCne co tht:~ tho 

(itQh~d ~w:'£UC/i;) 'Wt!tl naE.l'ly horizontul, lind th10 tlUl".f'QOO 07UU them flooded 

with acatono. A thin filt: of colluloiiltl acatlttc flUO appliod to thil 

AootOl1ttl. iJ::~at Claro. vtlinif tuknn to o:l;Qlulu aU- bub11os, ond to kC(II~ tho . 
rille .!'le.t. fihu '}"UC~Oll \1OU then loft until thu t1tuotono hnd eva.r.o:r~t(l)d 

r.m:l tha f,i,lla of aoutata W:1S ,por£(lQtly ht.r 4.t., 'Z'b11l1 wan l}Qolod orr carofully 

(U'ld r:.ount(:d 1n Cunnun talunta 1"oT nzaminntion. All tho opoc1c:enc prQvocl 

to 11l..rvu too litUfI o~:GQ)n1c rsJt.uilltL to yield uoublo 1'}001 cootionf3. 

llr(li':th r1nc;a.Howavtl~·, eV4m this vaG aaul~od. 'by u d1i'.i"e;rcncG if I tho 

compou! tiQU of tho tlll'tQrial 1" tho :r~.ttion ot th;,~ 01$11 ·wa.ll~, and tlUi t " ~ . 

oooupyiuG '1,;110 cull CtNitien. ;rhe 1'01'titOl'" \,;::t~ di.saolvila Ir.Ol"'tl X'ol}1d.ly thon 

tho luttCl", ao tl;attbo collulo£ilo :rim "hO~Cl:l l.'C\1soc1 litH~u in thO' l)ouitiQll 

ot thu coll 'Wf~llu. ~'ha w£ormation 1.1110 l".rivc,tll~d Waa 11ttl,') ;:.01'0; them 

could 'bo ohtOU1Qd troe: v.f.(sw1»~ th¢; 1.o11ahou. 6l.U'ftU)O of tho hrultt fjI_tJcmol 

w1 th £I. lU!."l:. lottu. 



Vt rtX'uloL,ticol scction!!.· ~lhe prillWtlury inVOUt1elltiUll!4 l:Ql'e carrledout 

in l"bor~tor.toa or tho UAture COnt'.i0l:'Vt!noy, Brul801'r but ccra dntailed 

fior}:; ~as qn:rriQd out durinG tiH) viul ta· to' tlllf)' (l<l:ology dGl!tlrt~;}nt or 
thCt Un1't'o,t'clty Coll(,!G~ at t:&dO;' Ateryatwytlt. ~. tl1tl%!1:.a arodUQ to 

!Jr. n.· E .. lluZ1HJG and to J.a:'. tlevid 11a11 or thtl li'tltUl'U COllservnno:t, fe:' 

puuunoion to WH~ ther 1.'001: out-tina SJacbinc;, t.Uld nlso to frofuonor /\lllu 

Wood. of' tho Ceolog IH)l~al'ttl~llt, al.a.rrl.rt~tht for rJU1:n)lu~io!l to \luo tho 

1'ocUit1GS 1U biu dcpal.'tuUllt uurwn (lllt~n.o1va ~orio';u in liOvc<tllccr. 1960 

nne! 't.aoo.t:tltEJl't 1961. I tUtt cluo oxtrar.ol: f~l'fltof'ul to Ur. Corder: ,Rattray, 

fhlt1f ~'i~,*U1101£W. ill thci Ccol()£y .i1oJ)artmQut, ,.-\Ulltl''ystwlth, J..'or 11iu kind 

irltCl.'(USt in mJ" Vlol::'lc, lind. hie; cdv100 OIl molly llointu of I"otl'olo[;iool 

toohnique which 1~03Ul ttld in a t'"%'(alt 1t::P1"OVQttl.fmt 1n thO' qUQlity of th~ 

oect1one l>l'orlucod. I'n tIlls etcZ'(' 1'5 l'atrolot;icBl Gl'>oUOuG 'gut's Pl.'OFfJrtHt. 

ropras~ntb~ U10 QXPQndit~o or a ~ood de~l or ti~q and labour • 

.Altbough tllO pl"OL!srotion o1~ potrolo[:);,i¢al U(lOtiollD i~ b(lU1onlly 

a1t.ll)la, it in lnborloua un.1 requireD crout llutiouce tmtl uttontion to 

detail to producG ~~ bUat ~eaultu. 

Homully, elitos or rook t4,t'O Qut frop tim o~d.r.:.en in tlw dGGil'~d 

lilGllu. atld 011U !lido uf tlHl: "1100' ill tlround nnd polillwd uoi)·lG pr\){~roooboly 

finer erm1uo 01" ttAlorlta tf on crol.L."lll alUGtt l,lutou. AS dancribQd lJl:'Oviouuly. 

11 thol"Qt.t;;h trunhlnt; undet' 0 "b'one jot or wuteX' is rO:jUirod betnllon. L1tase~. 

Ilart1culllrly tift~r tho lust, Uti nU t~i1aU6 or Grindin~ compound ougt un 

rOt:!av"t;.i1 r~utarc tit(()' alien 1~ aia! uni f'i:.:ed to n o1c1'06001=.9 {;lidar 

Qthc:r~1oa the iluutiQt.lU ~.;ill fluke off. Jidhu:.ltm iu 6,'Tt'atly improvad it: 



~hl '11103 "()t r()uli; an.."'\ it.!Cl·O~QO~ olide nl'U pro"'Matod to 7uOC, 

IJ.~ tl~an. tho, (1110u 10 !,ixcd to tho alidu t ,PblitthDd £uce do~ni7Ul'ds. with 

a thoraaoplnst10 r{Hd.tl known uri uLakwd.d~ 70u • ~h1l'l ~£i1n lilQlt::l ttt "(OOO~ 

and bo11u eta i'ow daGrc.;,a bin[)or, so thun an Cllcotrio bot plato with 

a VU1'inbl(; tl~:t1!IOUtbt:LQ tUtilJU%'atut'u contl'ol ill 01scnt1al for thiu In'ccecD. 

"1.ul.'1l;/ii1(lu 7CJll uots ftt1rly l"t)p.i.dly .at room t~:illltll"L\tUt"i}f lmtl c~n 'be Ground 

wantus 1(J~1l mtlt0rwl J $Ind i:tWGU n lot of tilllQ in hl'.lrlli ur1ndiD8 fmu 

po11Ghit!.S. . }loiV8var, th.o th1claloGG oX the vlic:atl aut dC,£1Qnd,a (mUraly 

on the ll~tUl'() end Ju~rdnol.la at' t1YJ rock, c..nd Q(I11. only be cletQr~inat), by 

lt~'iuLl(; llluttu."iol Cell 1,,0 t)tl'encth"Jled by l~oil:blS it in Cannde 

u~laatl ,UlltU it in l.horou,shly imprciPfltud. On ccolincit thu Cannda balcw.w 

t::oltdU'ioa. o;'elltly str'mBthen1tl~ thil' t:Ll'o:lal. In addi t5.UIl. v. 

~l(Jr\)uoo,Pe 011<1.0 C~ lle f;Jj.;ed. to the 1~olish0d uur1',(~ou of th~ fJfOC!ttUl1 

f'.ra~Jfl~ont.a 88 '1 t 1:1 cut .. 

OnoQ £i:\ed to a slide. tho slicos Olln l:() l.'oUSh t. urouml on a 

t'1i;loin-bom.1cd ¢.1azwor..,1 ",'hool, cut onoo ni.ia:1l1, thn atiount of, r.:.ntor1ul tllt!t 

Oat.} btl rUlioved in this wnrJlr dela:ndfJ on tho nutUI'Q Of tho l.*ockJ and 

({t.'OQt (lura iu roquired at tlliu OtuZ0 if oOt1pl~tQ louu of the Goeticm 10 

to cO,a'Voided. 



/11 . 

. m-.Qn tbl) l!1~chtulio.ttl· gX'indlnS 1::\ uo;iplato, thu section is furthor 

ror.i~OGtl· in thiciknUUU \71 til courtJu ll,T(u1a n Aloxi toll i~l 'I'ltltill' en ~ cround 

i~t.mu il1utO.. I hr..vai'oun,1. thut Q twrw~ (i!~ tH.'t!lll oiroulDl" cotiono 

io !:lout ·cl'.f'101ent in thie lUlu,l erin~U.l'!;. flQ it ir.: it.~liorttlnt \hnt ouch 

t{1rt ()f tIlo (JaoB 1'(){!e1vQn oquul ,.ear, athijriii~\l thl! tlut't'll:OG C,U)Oll . 

bUC01.1CleJ 1rl.'ur;;ulnr; l:.n1 :to then u6elouu 1'or th(l .Pl'-oJ)lll~atioll of mUlt1ono. 

The pootion cltciuld eU ~.xm:inud f).·e~l\letttl.y to (lllsurn thnt tho seotion ill 

v1~1blo, tho t}l'tt!o iu 'WuGllod thor'ru't~luy mldthc..'l 1)o11uhod on ti DClOOllli 

erounl 811.+:1,:) plato, ()bll~X'v1tlS nll th~ lA'tiOuu-Lioul;i L!~ntiomJd ut01(<1. This 

&tC.'f<l} it'J lijoat lp.borlQus, but VCfl.:l' irtpcrtp..nt. JI:n:;< tiL1£): ap.mt Oll poliollin8' 

1~ ~pl.y X'E1mu'dod by ·th~t it:tQX'tllUJi). in q.uo11 ty 0' thQ naotiO:l. 'n1.t., ocction 

oan thou bo f100.:10'- t:ith OanSclLt bttle~iu l;Y10l end C:,}V01'(id ~ith b cover 

t~ltUlU. E-attsX' rtluult~ tal'6 obtein{td ii' thu all-du in heot;fJd to 50°0 and 

tlolid bulBrul 1» twltod en it. ~fhin tlothoa is 1000 l1kt:11y to produco 

'bubbletl under tho cO\"Ol:' £ltUlU at {& later dato, O~· to ClIlUCiQ th~ 6ootion 

to oauo ~wlii,}" i'r(J!l:: thu ulidQ" 1:.1; !'1:r:;t it. t"Uft found cora UCG.ful not to 

~tf'u II v&rmallont coven;' alil), us tl cora 1~1Durol:r c:rcI!l1r.Ation of tho nlitlQ 

cftcm rpvac.~led ar-Ol.H'3 ot trr4~t 1nt~r(;ut which \"/ould l;onoi"1t fro;: !urthol' 

lJol!nh1.r,c.. FOl' thio tYIHl O£fJ);l.mlinatlcn, tho: {'lillen \~Ol1! noo~lcd with 

l'I{tter or ~11utQ clyenrino. l'ert\.G;nunt cov-u::, 011130 tIOl''' G:ffuod. 1m foro 
. ~. 

tbo f!lm4 :photo{)rophu '17":-0 'tal!:Qlh 

fJ..11fJ 1UuuU:at1Qna ~.t'O pr~l):ttod llifill~ thtl a!!u~ tulteriulfl nnel 

W3thcdl2 na dtu:lcl:'l1;od on Ptl5~t 15'. for eo a\) of OOtif41rinon, cmly four 

Qt~ndsrd·~8ni£ication. aru uaad tor tho ~~roduot1on or pilotoBrar~O 
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8110W~'l t1iOrOfJOOi,iO 1'(Wt;l-Il,"'Cl.,r,rh(};~!i .tH;-loctnd. tiro 1.) x 50i II),,; 125. 

11'I) x 470 (mil IV)' x lttmO. ;~o for ::lU pantIJ1111t.1, at~nd.tl.rC. tnQenificut10mlt 

wore Wlad rOll (;lt~ch l~Ul:'ticulur £oo.t~o ,eho1;n in tho tu~t fii:,wOIl, f.t.g. 

£eno;r~l ti"l.U'l~Vi')Z"se flOCtiaUBt t~n!;ont1al lonaitud.ir.nl uaotiuua and l'tlys 

iu l"mUcl. ocat1cn .cu:O, o:l.l ub'H'm e;'tl x 125. !r'hurrr.tlli[:i,Ui1.c:mt or tri!cbeidol 

p;ltu ls u.hown tit x !3t}IJ. unil d.o~Ua ot tra.oli~idul. amd c!'ollnfiQld pits 

:in l'llsn find fJuat'.on nt x 1,100 •.. 



17 "!:> 

\ 

.. ~e aiwUU:" J1~~~l;gA 'l{t~~.ipber 10ft 

'Xho uonuu .~)o(t()}!.Zl(!!! ;tli UQt1d for nll Q.ptto1rJml~ of t'oDsi11::eu 

6YIm081jll"AtQUD 60CO!llllJ.lj wood l.h.1oh buve })l'oao;jinnntly ultornnta Cll' 

fiat_eno\l tlntl cwntiguouo bordored p1t.0 OIl thQ tt'llchuit'ia, llt.:.u 'Ghich 

Iltl.vO flU oontr:illOtul Booondur¥ \100'1 or woll prafJervud Ilr1ma:t"'J tiODUOfJ 

(ii'ndlicber. 1847. SUfltu:'d, 1919J Krlluu'Jl and l'iungo. 1928, \1al ton. 

1925. 1~56, VbG~11chnort 1~G4). 

lIorievar, isoln'toli 6t;OOUfonn or nomul cent:ri1'uiol ~~:lOCndDl'Y 

l\'OOa of tho J;%'DUcUl'ian tYliU havo btlOn dctooribf.:n1. under Q !lu:l't41r of 

,r.onlni tHO, ,t"t:BUcnX:10!;llon. 

Proal (1630) first Ullplitld t.htt UU]t.f) Aroupnri t.e, to Ull';roaoiono 

or t'l"atuihou Dud (Homess, eo this l~O eannot be uUDd :£'or woo::1. up.lcir.oona 

\'lh1ch do not have Ot'sanio oonnuoiion ~1th ouoh broncbcp CJr conca. 

Pin1 ton io u. "notlen dubiwr." as it has been uuo-d by difforont , 

authorD for u varioty (.Jf pla11t organs (V()St;Jllehner, 1~64). 

In tho abf:HHlc.Hl of oannuotaa lenvfUJ or l'ruotH'iostione it is 

, 

011 tho i::t"OUli.i8 0.1' geolo6ion1 .,sa c.unnot bo oUJJPortcd (S:!H';tJrd 1919). 

,Cor<lflioxylon and ilTfluon,ri22S}'l,'m are thel'oi.\.U.·c z'ClGurdod 00 synonyms or 

!)ndoxylvn r::ndliohur 1047 (Voeellehl'lo:r 19(4). 

1111dmylon iu olcnrly !LU 4-!rt!1'loinl aenus and -pr:obi1bl,;r contnina n 



lurBil nUL1b~J.~ c! tU::'fo.ront eonSJ.'a.. !lllio wc.lUld ttooount tor tho:: fact thllt 

woodu of 'the r:E.~$>)i;2.~~(!!} tYl,o ll{;ve boon do~cribcd. irOti rocleo e:.J old os tha 

Uiddlu l!ovon1an (tnns 1929) 'riGht up to thG ~~::mllt. 
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III 190!:i, i .. :r.i:;(tl' dtwct'1l.H,1;.i a. Sl~ooic.;Gn of uEloouc1£.ir.Y fiiood iroo 

.I~uotr-ulin 06 .!'t:\do~~~ !ips,t',al!!.. erie' (1889) hGd al.raDd;t \W~dt.h~ 

tJlooil'io naIiW iJ,t.lu!1tl""l.!,u £ot" tmotbol:' UPCOiClS ot !!'p,doJSl"lo,n. ~ni5 !,Ima 

~v111t(ld out til' n(l~;ul-d (19rr) \i}10 proI;ouf.:d tho nULlO ]nd.o~J..0!l niooli!' 

In 1,19, Seward, without Givilla tln;{ l'CUnOll, vrol)onod yet 

unothar nlZl~O J'lpdoFl,lor Jl!.~Jmr1 fc:.;r thil tUlt:O o.p~o.1t'.on. ~h1u \VlltS 3uPlJo.rt~l/1 

by ;;alton (1925) l;ho [lUeBuutod t,tmt tim nrur.a l1ad.oy;;)tl01~ llfcDl.!! ehould 

ba nhnndone;d au r.(jr~"UthDra (lt1DD) llud Ulr£JCldy u:::md the nut:..O At·clUcHriox!(l0Q. 

!11coli.1. );u Carruthors CElVI:1 11e1 tho:- n doucril>t1on nor ti f1[;Ul"!.: of hie 

apuoitlcn, J'\;rt!tl0nrior;rlon 11100111 ia ~no;:cri l'iUilWJ. 

lJr(le'W~llbly :i'm' thin retwon, fiulton (1956) r6vCtl"t~ld to tho UGO of' 

1!!H}OF;t1on n!cqU .. i. Sor.nrd, far tllli.! tJz,\l!cias oi"iL)iuully dauarioud ttY .t\rb~x· 

(19~)5) tiS ;na90i;t1oQ lIlmb'nl,o. 



!~,?~£!li t,.lt lieur Gu~ankaf a tranl, '1;U01 lLive.r VullGY, Southorn FJH:.Hiatli~ 

(Looalit,; II. 1~0\1.Y 19610). 

!;f,e en~ )fOl'1z0Y1J ~iddl(, l~ud.\IIUlbioa ~$hal~l. Tapluoo.x;hulUtl ZOUa:J. 
; , 

Secundarj wood &ynwaI;er",:ouij in l.l;Pli~artlnci), bomo-xylic and PYClloxylic. 

Gro.th rinuB fairlywids, containing narrow b~t ~all ~urkQd zonoa of loto 

7.'oo~. 'lraahtlidu uvorar.:irl£ 2-55 c.;Jl. lona- llitt1nt; on l,'lHHal walla of 

o1rculuI', not l;C;&'BoOll~ \'lhu~Cr) itull prl'J:'H~l"Vtjd. Eiccr1nto OllpooH~ pita 

~:md, l'i!!.l.u (l£ lJ,anio ra,.-t}ly Pl-Uullut, olao ljODUGUSliUJ 1ntaeu,lur ioolutod groups 

nud l:lopurl.lt(;, un1u,*ritd,o pitu_ In qElQtion, p1ttl lik'i} thoaa of ~Qltt Il.:.OdQrn 

conift}l,"a. fuz:rs llcd.u(u"i(li(i or l'lll"el,y partly biuGl'iutu. 1 - G6 coll.a bleb, 

t;.OUll value, 7-; aollrs b1t;h. l'(fAY 00110 thin lHtllf~d, pittcu, cl:oou1'1Cild 

bulf"pl ts 2 -, G par i1iUd, border circul.ar, para oirc111u:.· or on obliqullI 

e11t • 

.n(l.~ori;ption· 

thu (!!,eCl!~~110 (U~Q; till ~.p8nte of IHltioncr.nry lrco:.i.1llofafiouriwJ 

~~iipl'cx1t!utul:r"{'5 or..!. tallomtltlliy. S-5 em.rr.ol:1ally tmd 5-5 cu. \1ortitilll:r. 

In trat1eV\}1'~G uootiC!i (l~lt! lo& lA, 'Xc.r.t i:1C' tr) thQ traoho1dn cu.'\) lSoatly 
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rcotnnr;ular or ounetbulG hOXs.tJonlll in flhupe. ~hd :arc e1"%,",.ttlt~cd in l'ud1el 

f1106. ~no t~11i~~nt1ul' dlmension o.t~ n fila o!' otallo io conutant cnd 

vArlGs Lotl1bcn l!j,t und SCn t 'tho avorllGo taGuaurtJt;ont ooing 27J.!.' ~o 

rc.d.inlt{1dth of thu aar111';Oocl tracholdn ill UPlll'oxlirLUtcly 46~~.. Thore 

it) nOl"tlull,y U \lido )';ono 01' thQtI~ lnr£~ tl'uoba1du inn 6'l'O~fth ririB. " 

follo~Gd by ~ Lttnd of tucnt~ orao a11ehtly o~all&r oells ~oaDur1ne 

'Lotttcon 3C};t.. arA;5t~ r~d1eUy. "'ltlcre LU'fl' tllo~ o;i.ly2 - 4 la to .IOod. 

trttohci~dci liid.dh Uly P(1~1' lWnauro as little aa 5:~ rAdiallY. Tbora 10 

u et'o~t 'oontl'ulJt bot.':10Elll ;those oollu end tholl6 of tho auoecodint;; ollrlJ'" 

\'foed, tlO that th4i erowt1; ril1(;tl uro wull defined, ovon thout;;h tho' :ellO 

of lntQ wood i. 80 nnrrow. 

lIorco.llY tha erofJth ritl88 arewido (6 - 7 lU:i), ~lthouE;h r.oar 

tho cilUG tit Dlli o1s:.cin .1)1 l.bCll'e 13 u ver::r r..c.rrow ring mouDur1nC a,nl:, 

1 ... 2 r.u:I. naroou. ~lG ~ l:'aytl aro woll marked, but tho cel18 

aro o:f'ttln obnour6d bY'u: hoavy dClllos1t of i'errouo L1atel'iul. 

lt1 tllllt;Cntiul (.aotion (l"lato It, roxt :fiG. 1£) th~ rayo ore 

Goon tObo tr.alnly unlueriuto nnu nOX'Jtiu.oa biseriute in ploool1i. ~lO 

COlloral 1mliriHlulo11·1n that tha reytl art) hiSll. indeed, rny:.r os ttuch tats 

CG c(.tlln hit~h haYu Dt'lCHl Doon, unc! :In %tout fJoationfJ l{f;~ at thu' rtiyo 01'0 

Over 20 collIS hiGh (Heo 1,VJ.:endUt l)uga :lbl.). -.rh~ ray 00110 ~ro vor;; 

thin walloo, 'GI,proxicnt~l' 27 ... h18h tiUa 12tt - 2411 \'lido. lf1m sections 

aru rellt:ll'twblu 1n tl:mt l.horo are oot:o rayt) in ~hicb th() croua1'iald l)ita 

L\l.'U nhut.n in ol'Jct1on. ThiJOO ara trall shorm in Flutu II!: 0 una II E:r..i in 

'rtIxt tic_ 2 .. 0. l:ro~ :thin it in olaar that tho pit in tho trnohQiu 10 

bordel'od, but thr.· l1u11 of tho r~y coll 10 not 1)1 tied. 'Ito tl'tlchaidel 
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l)itu au:a t.tlt1,o well uhcwn in "action O)lnto lID ,and ,ll'~e t~ InD. t~lco 

~fu~t!·ic.2c)~ 'lh<l :!'ar.m of tha pit 1n ~(lct:ion 10 'tYJ;lical of tho,l'QCant 

1;l"o.uac.rincae. ~lla ti<i(ldJ.o latlClllu fmd pri:i1~ry wull (UH1 pc aOfln.' tt'he 

toruo 10 llot \lf~ll dcvclopod. ct.muioting ot .0. elleht ~r,.)11in6 of' too 
i • ,~ 

l}r~ir¥ "mll~ Isolato,d oX' 'Uiseri:Lte .no. ult"l'tlato:ly nrr~Gd borderod 

1)1 tlh ah~ut lGiJ, in t!iUft~",t(U.·, cum bQ aaen <)n tbo ta!16Qutiol ttall or OOt!lO 

0:£ tliu tr.achold$ (~~x.t :fis.2.c.). ~o £yltlt'l l}al:'el~(lhyQu (OU1.U· tItan th~ 
. . ". 

rti.Y cfilla) hoa b~Cln ob:;Grvou.. ru'..d rer;111 duct. or, rosin calla tn.'c entirely 
" " "" i • • ~ ~ • , 

11l(!JJ:ine. !i'lw ~::da of tha tra()huic1~ tal,e~ gruiiuallytor;ui tG a GiH~l~:p 
, , .. .. 

r.oiut~ .. c\fid tho ~~nn t,l,ltohaltlul .lcDl:ith "lUG found. to bc 2-55 C1.th (l;'or 

tlothod 01' dotrnminai.:i.oIl of tI'uclHt1d leneth.auCf Allpilnd1x. rl~tlil ). In 
, , 

~Qt'ltb arQ -2 - G oroap;f.'!old })ita. In the4tirly r.oo.a, thelic IlrQ 

ciroulor l11th (1 diutlOtttr of 51! - tJ~~. !illfi poro 10 CCll'tl"ul 01'U\ 0100· 

oiroulnr, IlGut/ur1n,s abuut 2il- ~ in ii1mT.fJtor. In the lato tlOod tIm tlito 

atO oil'(:ulur. 5.1, - Gil in d1a.t!utor. tfht) pore ill bl"OUl.!ly olliptioul m}.d , ' 

Ob11quu 111 thu £Jrut at tho lata \food trachei{1s .. hilt char>,l;oo to n nur.rou 

ou11qu,'S alit in Ull.l lust rowof' tho oolla (Pluto In null 't13l:t :i'ir;. 2f~ and n). 

~1lV; ltUl1n traclmidbl 1)1ts uro eJ.~.all, S;.;; - It.J;l in di64!:otal'. \'11th tl 

nontral ,VOl'a -~ - ;p in diutlij'tOl.'. 'l1l{) bo:clorti uro oi:t'culnr or ovul. in 

QU:U:llie. oucouiounlly ,dth .1.l.+1fl\1:1y i'l~ttanod i£lOOU 1l"hur0 tlwy tr:t·~ 

oont1{;,,\\OWh Ule piti:! vtl.ry (;o%'l!lidot'ubly in Qrr£tl~(jt$nt, depnndine on tte 

pooiti,ufi of 'tho trAch&>ld in thu 81'Onth l'!nu_ ~u trl- 'OX' uvon qundrioor1nta 

.nl'l:'lttlGsa.nt 10 thta.t;40IJt oo~on in thQ oUl'll wida tracliU1dG, urd in tbin OtlSO, 



81ie.htly llUl'rOWfJr t:tnohoitla, tho pits l4re Ut'l",tmeCJd in ene or tr:o rows.' 

)lillure they f.l,·O b1aeribte" tho pi to nru uauolly nl tti::rm~ftUt but tho: 

vortical rowu of pi 1.8 t.ra often ~\,; or 4iJ. nport.' Bot.us t1tiQS tbo l,,\i ts 

tiro oppoai 1 ely tlrrnUllEld unl1 bars of Stluio tire' J}rommt (Platt) IlIA. ~). 

'3:ho.ro tbu li1tu 61'0 unisor1~ta, thoy !'f4i:/ bo cont16uOUU 0::''' d1tlt::mt, or 

~ttanG(:din Imirs Ol'ld. QcCaU1QUlI1 clui!ltara oi' thl~ce ari'our pits. fJl1eeo 

dittoren:t;. 'llrrallg~llr;,onta nre ahovm in t<lxt; fig. A-C.)~ \;hore tht! pits 

bppuUl" to ho cl~urly h(.l~asonnl (T1J:x.t fia- lA) C&l.'\:l£ul uxu);Jintlticn showa 

thtft tbo nort;tul oirculur outlim.l or thu border lJaDd(JoLlyud rcvaalius 

the lit.ita 01" thu pl'itn...'\l',Y llit 1,'i01d, lshieh io hQxug(.mul in cb~:p~t. 

1: b~~vo t·our.d £,"rout dif!'1cul ty in c()i';.i!Jat"in5 the OllooitnC'l'1U 

deoor1bad ubovo 1;itb the Vl.1::.1t nUtl&or of GOnd'itt.U1U 1:oDa11 'ilouda -v;'h1cn 

bt1W b;::fJicnl.ly .:\rnuo&rJ.~n fonturGD ~nd \'lhich, :for tho i1lOSt l1Crt, Ql'O 

pool'ly douol'1'bod ~:.rid illuutr'*tlld. f!o~Qv.rt of '1h10 llUoFlbor, I baliovo 

only tho i'ollo::1,ng beat' u cloue cOtll':ar.bon with l:,sdo?'llon bOU£ht:y1. 

T!lf;;i nQ .tll',U'" 

a) ~Jr,clox>:lolL.!.!.i0olli:l. S~WUl'd 1917 (£ls'-uQsoribou by Wol ton 1925) 

b) l;:at1ox;Yloft.l)t!~r.o;1 !~o111~r 1U95 

0) ,Pm.l()&lon ~)qtienU{~ li&\U 19'4 

d) J}h4()~:lj 0:1 ,1 uk\tf,'l)nt;U.~ Grll~ba8t 1960 

A oo~paritJori. with Arbor'lJ orininal dtUJC1'111tion (1905) of thu 
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f 
an.d ).1pd0!llon,<~,rp~r~t ,jeruld S\.liteaut th!lt thoro iu a littlf.l 4l~itllty ll1th 

DadoTll0Il,.,bouwaY,1. put ytulton f \0 lLore 'a~rtu11ed OXHmUlZltion (1925) brcH.\sht 

cu.t -t)t)'Vcrol fuaturoff \iib1Qh show Ii sim11u:"'ity to thin species:. ,In both 

tiliiOC1tlu the pits orl 'UlO rmUul tlUlls 01' ttlG tl'llchoide nra 1 ... 4 Barlato 

mninly with typicll1 t.l"llucorinu el·l"r..nt;Cl~ontf but nl130 u1th bisoriat-l) 

oPP£)llito pits and. well 1uolatQd piia. WUlt011 not!.1u 'thu prS/llOllce of 

horizontal bars bGt\10An aome ofthu pitu, l.Iut attl'ibut~a thcm to the 

()1~.foots ot doooY.!ilt.:tUar tuuri.:o' U1:'8 pruaent in .TiEt1.o&l..onbouflhoy,:i;. 

'but I think thay JW.iY W9U bo, ~:ruo \:nira of Sunio. In both, tho pita 

{l} 'l'ha t.ulli}mtiol walla uf tbo tl"19hai<1a 0.1' ,:ncdcx~lotl 

p0l.\jJh0y.l ~lrQ pitted, but thou; of .ru:cl.<:..~..l.En It,icoliJ. 

tlro not (Viul.ton, 1925 p~tt£. 3)· 

co:;.:tltm in ptlrlO).:l~~.on niool!! ihon in .i1t1doglo!! 

. 'p0H£hoxi. rile 1'6.111 of J)~do5t~O,.?r.. .. J1!oplii aro 1 - 20 

coIls 111gh nnu 'UlO,lJQ at.' l1al.lo&"lon houphoy!, fire 1 .. Gl 

colls ,hiah. Alihou<;;b huieht, 01' rny iu not lloruu~lly 

taken to bZJ U eoo-l \1iltsnout1Q:cburaaiar, (indeud,~! 

hu.vo llhown tlmt thQ1"u 10 oc.ma:J.du1'ubl& vill'iat101l \31 thin 

• J\ ki1nSlo Ol;uo:1t:fll1. cao App~md:Lx, rssli'lJI:t) t no a .. l~; 

of tIm ruya of ,11tla~!.!!lon ,lmH.i~hg11 arc ovur 20 0011$ llleh, 

thiu differ'enen Goe~G to. cO' 'Well outa111a the r6n(H) of 



uitlplo. 

'(4), In x'adial aelltiDn,' tho tr.IJohalufo.il :pi to llro ~lli8.YO ciraular 

in outlino in tho'well'11XlilinOlT.:id liortitma bf }Jcllinglol1 

,bou!{hClYi, tui; oonU.j;UOU8 IHuceaonol .l'ittl oro thn rul~ in thtl: 

Ctil'ly vtOod ot· ]jlftlc~"Yl.?n 'niopl:.!1~ 

(5) ~·.hti rayooll~1'ilcu8ut'u ;only 50'~ - 120ii' t,mgont1tilly in 

" 

I S I. 

hOight ot the rayo, but d1i'.f'ol'u ill tho ftlot thot thil tl·Ci.ch~1dal ,pit£) ure 

clt:lurly bcxl.iconnl, and nt tf:G! t;,C)3t b1aOl'intu. laolntcd IJ1to nro v~'t'3 

l.'Ul"e, at: Q.l"'O llincrluto ;X"IYO. TiH: r~aturo of tho oro£Jnfield 'iii t:; 1n not 

oleurly s}lorm. X"1ta llro not proS(lllt on tho ttlu£(mti.t~l ;ml!u of the: 

tr~Qheid6. 

Ptldo~JJF'11 bu~io.r~m .. '~ltl~ lmo hinh' rliyu, tut tho trl1chtddnl pi ttl 
/ 

~hoy 0 ro only 

Q);cnpUtmtaly tl'il1cr1uta, und they .tiI'O U1WDYO Vul't orowclQtl und. hO~t.le;ofJal .• 

!Lhil~:a 01'" uo tLUlt;tmtiol l>1-tu on tho trDchaidaJ, una tho rnyu nrc of ton 

triwor evon qu~d1·18oriatQ. 

S1mlltirl.y, PJldotylcn lu!ffi.N~mHl frail tbo tf nsai):\! de traDQi tionH 

in thO' DelB1ili.i. Conto, lwu Tclya au ~un;y us cO collu h1l;h, but tho 

tl't.lcbe1dnl l>its ure norliiSlly bl$e~iLlto, only raroly tr16~rintu, r;l1d 
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alwLiYu ve.,.:! oro"ilad. nru\ llf;xaeonul, or :fluttonQd nbovo tmd bolcm .. 

Acoord1ne to t:l'tiltlbunt (1960), tho lOros of 1lul bout 1,roGe:rYod t::'~cllc:!.(lB 

m:'o el111)t1(::ol, ob~1(lUCO, u.tan u~{:~a to tl!030 of tho Q.p11ortint:; tl'~chaida, 
..;;: ~ ~,. < ' ' -.'.;.~ 

Liud ,t;{;mm.Hlt:J a narrow bi,ll~·Jtir. In nddit1on, tho t/:~nef.!ntitll, ~t.ICtion ,,11o,:u 

th.nttllo tracho1ds uro uuc:h lnr~or thun tllom'l ct."~..?i":t~l?;n R.2Bn:hl':~tl. 

'11101' ratiOn u maxu!U!ll td,d th ot' 90~ in tho ~ur.-l.Y wool ~nd arc IlOl'l!lt111y 

-
.Vadoxllon boW~hoy!,ia clo~rly d1!:.t"'orcnt !rorJ thos!'.) four 8tH:'1oi09, 

and I think tho evidonoo I havo l.J""1VoClll ~ur!'port8 the oroct1on of i;t now 

QICoiaa tor th1u intorou"U.t1a i'oaB!l. l IJXOPOSO to 11lltln i1" a!'to:r 

1'1'O;;04UO:O l30Uihcy f'onao:rly or ttl!) J:.otall'y tOl'Jul'tt.Jtmt, Univi:l'oity tollQl;;e 

(If Rhoduula w.d t'.1(uJalund, ~~liubu17. 

r.o~aJiuly tho 1<1001; iniu.ruatinG fil~tura of tllin new el~oit'a iu that 

it artor.;ls pOeitlvc ovid(3no~ in U 0IDCWG or ~<?!Il,ffi1' ~lIt.t th~ ruy 

churactor ;.,hioh &DY '00 \lLlnd in th~ oluUlJi!'iCttti.on iJ'£ thin dii'f1cul t 

c:;unuG t.l:tld lends UUl'port to thlJ 11.Y11othGoia thi~t Uliilg!Gl1I of liado,!.v+on hove 

tr£loho1dt11 pita in uoctlon "oul~ i(.JGri:! to' to. uf llOt;Q tWtonoruic UOill. tltll,l 

p,b ~c. of 
thin :1$ llrouar.t ou.; t~ora ut.ronely 'ii:hc'l1 the.'!" nrc cO~l'nre'l ~11th tho~ SJ:eciou 

dcao.ril;iod lutir in Ud.u Thoa1th 
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f"i8. lA n.l" .• t'1* l!jooriute UltOl'ruttO pitt1nt;, \'I1th .pit bordor8 
IHu'tly docuyed. (): 5CO). 

1(; 

r~.L..s. Tri~orillta(.l.ltt:!"l11rUlle ii1tn with wall l.ll'oscl"Yed 
oit-aular bordot'a. V;;OO). 

n.I,.S. tJr"ioo.rittto am:t 1;iuOI'1'~ttl Ol)lloldtc l)it~ with 
occaa1onul inol~t~~ piia ~Im ~~~ll nroupu of pits. (~ 500.-) 

2.C. TUfl{I(mt101 lonaitu:Unnl (Suction, oho\litia or~aflf1eld pits 
and trtMJha1dal pita in Vfa'tio~l tlIootion, rmd biueriuta 
al tOl'%H!t111£; pi to 011 thi:! ta..'1GIi.I11tlul llsU.l of om; of th", t~'t;.choidu, 

(X 1,lOO). 
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Pluta IV Jv.'·ll, fl'O);t £if;uro , A .. E. 

l.oeali toll Ohidomn l!11J., fJoutlmrn f(hcd,gtd~. 

1,oQ(.11ity 9, Laooy 19u1b) 

" 

lliddlo Uadumaois& r~~lQQ, 

(l~ld'othicdon' Zone) Uppul.· l'tJrmian • 

• .,l-\,,' 

I Sb. 

,~ . 
~ho o;"e9imcna ~ro tllJ wal~ weatherall ·fr'\R;utmtu of Idlioi1'iod 

'\1Qod.. ':rhQ lnf>e~nJt ht,\d Ci d1.unotol' of 10 00. 'tnti ':IUS 7 <u.l. thick. '.Lit a 

Olltlll(lUt WfJl"U t)nly ~ w'. Tho otato of pl~Qoarvl,tion \*.1:.0 fair und woult~ 

llavc baan ndcquuto .tor- tr.:.xo!lon;io l.ur£io~(tt!, 1f tho tlaGuos mel not baen 
t 

tp:oatl)" 4:1-ptol,'otl b~· cruohir.s (Illato IV A). t'Oouun~ of thiu. und tho 
1\ 

of'teet of \loc,thcr1nlh I oiutnot uns1an tr..io t.'Ultoriul \.'11th cartllil1ty to 

any lmnwn nr~ o~,e fl. (1,'10 te IV ~) ohOW'J ono of tho uoat pt"&COl'VC.a rO~:10tlU. 

>' 

In trnnsvcrGtt tmot1cm, tho n1'owth rinGs urn qu1tt3 di~t111att 

utroliS~' ,,1t:b tho !olloJ;ln..t; curly \i'uod., but tt~r£'Od Crlldwally lii tll tbr; 

lJr!lcOGCiin~ t.rc..clla1do (To.:;. t £it;- ;S Ii ... R). 
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o}.l1IJtiool undnlll.lt.it.ll.' to 11:lVO a bOl'db):", ·thoui;h thuy (U.'Q not 'Well ~~nouel\ 
'for one 

l)X'Q.uorved
A 
to tu cert.ain of th1u.. !r~u yoy collG no~uur(: 551~ to 1401~, or 

~Ol:O; l:'tlai&lly (TGxt 1'1/$ • .5 .. \). 

~hOt:iO ulloaiuunu ono'li( uc:m:d.d!31~ablG uit:i11ttrlty to, both l1ad,oxlloE 

nico+l.~ StitvUl'd t:ma. l'ndt.it~rlCfi~ .E.,ou.cbff:l!.- l.'h{t ,PittinS in oimilor to both, 

but the Bl::e or thu truol:.oida, tb~ proportionu of iho ray ocl.l.s ur..d tho 

hc1eht of tho riCYu ,wcm Dore D1~11.!lrt;o thu fOl~orthW'l to tho l.atter. 

tilth fiuch dlfticult ~utCtric.l it \',Ciuld ta un.wiG6 ,to Uut~~t:tDt u oloser 

l:"Ol!ltionah11}. lltlii 1 thc~'ufol'a doa1E:ll~tD tlll,)Uo U!.JU01.UCli!;1 (ttl ]i&doxvlon ap A. 





, 88. 

Flu- '.A. It.lnD. (.>: '75.) l10y cello oroiJDiuc ~OI1& 

oJ: trnno1t1on b~.i't'l'reon ate tind olll'l.y \ioed, 

t.hol1irl(f ditfQ,t'$.muas in tho shupo tdld. ..aitl;o of 

th~ Ql:·on~riold. 'pits. 

t~.I •• S. (X 50th) 'Uniu£!'riuto pi to in tho 

lnta 7it~d bnd (lUsdr110r1at¢ altotrmtl.nc llitB 

fl. tht! ~Jlll'ly "'iod truchalds. 

J:'ii'$" ,.0. ~.L.(i. (X '15.) Uninoritl.te rnys end jJh~ir.ply 

pointed tr,cQlltd.d ·unde. 

Fie- ;.n. rx.s. Cl'cmth );ins. trurialt1Gll trotA lot-t.t to 

varly WQod. (x '75) 

fl,~. ,.l!. ~I.r.l. ohowillS :rolnt1vely uncruuhud trncho:t.dc 
1'1'O:! the u1dd10 or ~ eror;th rins, (x !W5.) 
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Chidota. U1l1t '~outlllJ:rn n.hod~t.l1a 

tOQolitl 9. Lucey (1901b) 

.NJ£J fe,nt!, 11pr~t1o.n;:;}addlO £t:ldu;'i.td~iua thtile~ ('j~~laoth1()do.ll Z(J:1u) 

'·~UPi..el" P~m1nn. 

i 90. 

'rlilU luu:d, ilt;!ooth uml ~olourod l~lllo yello;,; or yttllol(/'1ah orlUll,."tl. ~'l.o 

at.hor ,~1dti If£~n fibrou!.S iu tlJxtul'~ nnd block. ~ho fill!: oitlltmn hud. to 

be cmbnddo<1 ill C&nada bnlsau in order to obtain l'ibolo sGct1onu. !rhe 
" 

truu8v£lrao noot1(m 0llpo.urQu to o(m1'irt'1 .qy fix-at 1t'lll'OoDion that tho 

PI;eo1r:lo1'1U hi~d bOiJll uW'nt on one oiilO. 1111'00 di&tlnot racior-a could. ta 

d1ut1l1Guiehed in tho llfsot1on. A blaok luyor oontClinod tracho1da t;hich 

\\01'0 Durrioi(ll1tl~ mIll IlreJDO)",,"cd for their' rtltltm\Uulll.l" outlin~ nnd 

nrrUl1dol.'!;Out in X'ud,1l;Al !'!.lUIJ to be det~ctcd. 

!tho oulla in tho na1;t (tar!, urown lS'yer t:.1ii:re cOt.ljtlo tc:ly 

<l1ilorgun:leed; tho ,,&110 hud rra£.4n~nted tind no idea of tho ohull" or 

urrutl£uJ;of,Ul.t of tho colla ouuld \}e obtaimld. 

~l1c bi;lot ltl.Y'u~, Y0110w 111· aolo~, l)au. lWBn 'badly u£t'ootad Py 

wasthar1nG and otul,h1r::lh but oven ao. tht; prouorvat1on of tho collD wan 



o~Qin quito COM, ,unti tlUJ l'nd1t!1. £:llascl' thIS! c;Gllu could bo fJocn. 

~VJ l,'l}~¢ioon& 'f1~N' too et'lull to l:~oY:ldo UQfJ{'ul tmll1tillUaLl lOIlBitudi~l:ll. 

uQot1<mo. ~lQ r~l.dinl "Socticmu 6.i8intogrutod, uj;ur1; i'l'OU till! nurrow 

strip of yellow roc1:, ~nd he-1'U nn -Odd Iltltoh o.i~ biDerl:lt~ ttl tarnuto 

l}i tt1ne WilU dinoov~~rad. 

~D u.,tJj}()Oi-DDCU o1~ tho cnlla in' trtlWlvtlrSa =uotion waD quito 

~i1nilat' to thCHJO or J')f:ldo&lo~l sp.A llnd ths pntoh 01" sltonl!!t~ pittirli! 

SQan ln tho n.1.u. ~twbl(.lll 0(,1 to 1IU£g\lst tlu~t tho apaC1t:l'fmu nrl;ll 

.l?OiH3j1. h11. n 81='*01.0 or ~a.og!o.,!!. - no t::.O;t;'U Oi~n DU llH.\ld on th1n point. 

! uU$uost tha fol101ling as a ponatbla e:xplt.mut.1on to account 

.ror tilt) uppou'X'onoo ur thO' tr~nnvnrao flOO timlJ 

1) ihc (iu.tl;Jr black leyo~ bud. bean vcr., rapidl)" carbQniood imd tho 

calla wore, thoroforo, qui ta woll .f1"OSCx",od. 

2) TllQ tloxt luyor of ct>11a 1i£:rc cnly l,t\rtly oharrEH1, llUt tJubjcot-Dd 
owin, 

to iutonso hl;mt imd vroooUN. ,,;.. to tho vspourioAt1on or 'tIatQr inDido ,. 
tlHl tl~aQhoidD tU1U co~l)im.al :1n their. llull a tru(;lturtr.. '.Olio would accoU!\t 

for th~ turutina of the otlllu end the frai~ontut1on at' thoir wallo. 

') ~110 laut ~ono rmuld hnvo been Pl'otoctlUd flt.u1nut tho hont 1w tbe 

(jutor laYDr~ of TrOOJ., {mil Clonse\l.uontly W&\U not cburNd at .011. 

lllla bypoth(u.ln WiUI t{:utea by liu:m1n..~ 0110 151de of £& pieo" of 

Yodoc!reutl t1il,t'lpJltin~t-}, a \lOod idtieh Will vrsrl uimUar in baaia utt'uotura 

,to this f02011 uood. 1110 burnt tlood Wil~ th~n sJUliodda(.\ in \'tax and 



,q2,. 

tdoroto.u\. On .xamirtution, tho fJaatitma tibowud tlwilO d1otinot ;omw 

"tlhieb' had almont lfib!) 1d()nt1cal elj)l.luaratloo of those nlroLidy dCtloribeil in 

the !08u11.· 

c ar bOO,~tc{, . 
portion 

partl J Co ha .. recl 
~--+ _____ -'- ells ------,f---"'f...p 

·u.t\do.WW\Q.~&~ ccU$ 

( not c.~~r,..~cl). 

1.8 £I·as#~r::.untD ,or thin type u:ro fourA. in iair qus-u'titioa at 

Cb1dom3 Hill, 1t 80'C.t:lG 1"GuaOtu,blo to ~Um.iest thut they 81'0 the rouult 

ui' c :fcrout £11'0 - in r-o:t'11liliU t1tltUl. !I11U fl-sLlic:.tmtu 'Waru preaUtll.llbly 

la.lrllt v.hilfJ in tdtu on tho troo tl'unk~lld uuboo,i,uontly fluk~d ott 

cllonu tlla ernot.: 11nG!o which srisa when burnt woad cont:L·::aote. ('1'£110 

CUI; ,be UGon by (Jxl:mining lU'W pertly l:.w-nt lOliu Il!tor u ban1'1rc). It 
" "'" t " • 

in iIltnrout1flG' :to·<not." that tlH1 lcmBth ,t. \;rel.uUh rctio of the tJl:ocit.CflO 

i!&oorl'biHl l.{;fre :re.llu vOtthlSl1 1-0 aud 1-5. 'J.'hin cotll'tlroO olosely Ylth 

thoao Yuluoti t'our~ ;''Y 11orr.1o (195'/ t 1956) 1'ut" fusain 'trut;tJcmta 'beloI1lJlns 

to .Qt8ir~~lap1~ •• !!:\f1n·i!t,!r1. flnci ttxptr1muntnlly 'burnt Ein,lls. ,ttll,vG~trl! wood. 

• 

'thtn- llllE:c:;ent1cw. of " i'oreut !ire in Por~ltin t1~us 1~ of tlO:l!Q 

inte:rollt, but uuch 4:1.11 oucurronoo is not cmtirtJly \m~ll(lctud. Barrio (1956) 



1mB nlroud.y pro:luood (widonca '!rorJ ttidel;r sopal'ute loca11ti(Hl, ot; 

td.mlltl.l" oauurr~nou~ ill JurD.9!.1io t1l\\~u. 

t~oulrtluso i'CJrt¥ut tirQO buva bf.:!an an 1znl~ortor;t (lcalotlical 

{(LO tor in tho pust hil'St~l·t or .,\l'r1Cilr1 VOb"'etlltlonJ &$ thOjJi stUl. 

avo ~i tho proaent (It\Y. 



CA ... E uud. 7. 

1..oq,rlJ .. ~x' ill, Wtulkic (.;01.:>0 noaorva. nUtlr Dotcema, 

02 ... G; 20 :u11otl W.ti. W. of COkfiG. sou.thorn l'(hodaain. 

Q "M~ "dl..~ , 
.1f~O ,o'nll tl?..t!rum& E.l.', ~()bU:"lj' .i.OC .... ::;t::ii,.;;.,j·~' oc.rly l)nrt of UPf/tl':t' 

.ll~ ~us.np? 1 ~,. 

G.2 .... (~., Ul'1?j~:r lrox'roo. :i La" ... ··1;,.- ?o1;:bly .\\1'1:000, 

Uppot' ~i(.\t,:rb1a • 

secondary "'iOod lW~iox.rlt():. lwcHo;cylic, Cl'owth rir1~O 71ido with 

lontte Pitti.llS' on ra<u'ol .mlls or tlll trtl.ohuiclu, uni .. nnrl b111erintf), 

ArnucW:"iun ;J1t~ p:x1Bcnt on tnncontiul 'ir:l;tllo of luto wood trllchcida. 

Iiu:ru un1.uQri~t(1, 1 - l"r collu Jl1~, moun vtilua 4-'. lOll:! colla. thin 

"lulled. unl~i ttt:ld. ~.t'aoh\:it1fJ lmur 2 .. 10 hnlf-borllero<l pi ttl 1J01' cro5ufic':.1.d. _ 

thllsQ arc oiroular t11 th tin ohliquo olliIltlcal l10nh U'ood. Q,mt£lins 

~lwl'l vmctm.~! r;ho~led. 1'1tl:l in yaunG ltOoU. (if l:.rGnont) tm.all. unitwriutl: 

'Uidely Bpu(mil. 



Of' thu thrna UliO011.lanU fl£~tdt:ni.fj to thiu t1l-"Ocias. t~o C02. G3) 

show 010££%.'11 II 010].;8 8pirul 8rranee~&tlt oJ: tl"I'~UPS or two or tp.,reo 61Lnll 

1'1 ts un thu deCol"tiaated DurttloO (Plate VIII U i' Ii uud I·lc to IX. A, 13)" 

Zfiitlh~n 02 10 9 co. l()tlS. tmd. io from 4t tt'(Hl trunk 9-5 em. ill 

.. Untlotor. In trun .. vorua auaU,on, tho a;.ociucn iti n little 1(01) tbrm a 

somi ... oirclo, lJut it, e.PllOurB to contain tiOOO of tho pi tIl. 'i:ho aCmrtlD on 

the vuri"l1CO ~ tlOutly doublu, OX' {lO~G1.itlOb tt'ilila pits, but oeouaiontll.ly 

ool1tars- In):{!Ol' 'GoarD (2 U::1. in die.tU~t\1r) con bo UOOlb Groupo of pita 

lU'O botwcl:U a tlt't. em! 10 tl!l. npnl't. 

" . 
ill dimlotcr at tl~u OOrl)hol,\~oully lor;&r cnd_ f :rripl(~t or ~oril ttliuully, 

douhlo ceara cn'c abundant on the flU:-i'UCO, tut thoy 01"0 Ilu.:lllnr ami 

marL[ clonal¥ tJp.tlood than thos;;) ot 1.l111 prov1outl uJ:lflc!l'£,tln. ~1u.l apirttl 

~rclUct;s;.otl1f :La equally clonl', l.'Ut tho sraupa of &OLlra 01"0 only 4 ~. or 

oi rive subatontlr.l bl"t:1:lohull. eaoh bQiuc elli}lticul c..nd tli!auur.illC $cr;;G 

16 m~. Yo. 2,1 :=:u. (l-luto Vln, r-lntu 1i: ~\, :13). All etm to ou~ll. t!~Mt hnvlJ 

Ii nhQrl.o~. or ni lanai; ,t £.t·outly oo:l,pr\loflGd up1ral orrtltl{~.munt. 

!JI;aeiwon 11 1 ifi (l l>ioUG of soet,mdury '>HJ('Hl tlouourltliJ 5 CfJ· 

\'0 t' ticall.y, 6-5 OJ.::. tutl€>~mtinlly tmil 6 ~xitlur.i of 4 ctl. radinlly. lro 



ril)aI,1Ul.'e~Jnt 'l~oti'iticn tJCI;l):."!5 .. ). Ctl. in Q.2. and 30m. in '11.1.). Fro;::;. 

th1u W'a cv.n· CoHllQulnto. (t\l'SuUt:l1tlf; lln (l{lWll !ncrcullQ in <lix'ClUz-:ltuxllnaa) 

tbat iJ:H~o:lt:.en l~.l. (umoe fro::,t a t::unk tlhich ~a.tJ, utthiD ~oir~t, £!Q.t:.u 

9~ ... ltHJ C:Z. in cirau.:;~fo:tonc~' and tibieh, tt.o~~.('o1"'a, lmd#i uiort;(lter 

at ab,mt;O' OJ;. '" 

~';rou a trflr1a'Vt1:t'su acction cut flour thtJ top 0:1;.' i;ho iJI1;H~1t:\!n 

a.5, tho pith wt':lHi'ound to bt! Qvul in tbape, .ooe8ur.1n,s 1-0 .tz.I. X 1.Sou. 

Su, Ui' IjO;tJs1bly fHinren growth riUSG \\\llru counted. thoae bfl~l1i) 3 .. 4 Z-~ 

l!IH7Il-t. .At tho tlLUH.J ot: thf~ iI;(fOu.um tho pith wuo U F;:\. in'd:1.ametor. 

'l'h~l'Q' .pJ;(!£al'ud to, bu abt}ut tl dO~Gn priJl:nl'1 qlcm t~roUl)s, but tho 

.pX'eservation ttlltJ tao poor to to oertain of this. Unf"l'tunllt~ly. ot/irlS 

to tilt: f'rl'JSlfi,ontury tu~tur() of tho roak, B Qai:'.il~lot4J trQ.n8v~rao anctton 

or ojlUo1mon G. ,. Clo\lld not bo Ql$tu1nod.. In a 1>101.1£1 ':i\,HlOur1l18 2 em. 

rUilictlly t olUVlln qui to du£ir~ito t;."1.'ollt.ll ~inua UGl:rc (JQmttod. !l11CY .. ere 

~o~tly 2 .. .5 t.Ull. Bllurt, but ut tlnQ POiltt. ~ quito claar oontinuous 

rinc;a ~'(U~1iJ oount~l(l \'l1 thin ti nr-a(l& of 1-; M 1 &\.h~ (;roi'Jtl.t :rinso in 

'\;llf:n 1.ho uootiona ~Wl.·Q oJ:QWir.nd Q1crouoopicullY,t tha }Jl'OUE\fVtl ticm 

l'ILifl found to 1;13' seUill'ally r-oor. (1~oe.p.t for scattr~roa I;atoh~fS of ;-:011 ., 

hEixna\'Jnnl. or I'tJotfinaulo.r 'in ~.t1 .. '~\nd. til'O al'1'811£,;od in ,,~'dtu'ly rt'ldi!:il !i las. 

!L'heir.'wnllrJ f1r~ bQia~atJn3j.i tmd 411 thick. ~Utit 01'> thtl colla &1'0' 



lsodicimot;ric, ~{J~.uJUl"lng b~b'$4Ul fl;.t tlrid 40~'" UOr06S. KIiw growtb l"iU{~tI 

U~ carkocl by a aolible :OTt "of' 00110,. eauh 01' t.hiohootIBU:r(JS 5,; - lOiJ 

t'L;.d:1.al.ly, £md up to 4Cfl ttln6G1ut1ull;r (Plata L'C C, ',;:tlxt fie. 6 A). 'roe 

rays ·4\l"CIOopi1l:'utaCl b¥ 2 ... 6 :f11on of trachuids. rlo rosin ot.msla or 

~71 •• pa~on~.. 0011a werU .tan. 

!f1l'1f9..ll!1,!l,1 .. *H9oti,.0)1t!-

l?rOi!l 6poo1z.ona 13.1. nnd 0.3. aO!:llllotl:l COl'ltiSUOUu llor:1.ou of 

tnuE,'6'l'ltitll long1tud1nul suotions wero obtuinod.. fTO:.l oliC?o1men 0.2, the 

aaotians \)oro taken f):'ou tl1ftel~nt llQ:rt~ 0:1' neiE;h'llout·:.tns tlogn;.ont& ot' 

tilt) ntt)c 1n two I.WOUJl5, \;hioh ovel'lalll,tid to uiva fl cCllJ)loto :r~dial 

asritiu. /,11 tho 8£1Ct1oIlO chowed a d!l.l.mond ~btlltCd r:uttOl'll or trcnsvGrtsGlly 

out valtoulnr bumlltw •• 3 rAiSht. ~ CfxpGctod t'rt'l:: thu npi:rully errnll£!od 

OOllZ'O on tho tluri'aao of tho spooic;on. !J'ht;,lau trDCQ~l (taro clearly visible 

to tho untd,dud ayo tiro their l,;~h&v1oUl· has bC(Jn tollo'lrod in some ddiail. 

All. tho tl'UOUD £l.X'1$o us DiniSlo ooncantric:l vtlBcular l.;undlt'lv, not later 

thtm the ~nd. or the tirotyCtlr' (1 grotlth. (G.3 ~.L.e. no. 11, 10). 

~hoCQ continuo us lJuch for t\lQ!jQ distuuop (a.a T.L.n. No. 10, Band G.S. 

~.t.g. 1;0. 9, 7). At thit) j}oint, durini to Oit;n3 at" t.'Ul t1plQ otructut'& 

bO'l)in to up,pcar (0.2. tr.t.s".rio .. 7, G (lnd u.,. ~.lt.s. llo. 6, 5) and seme 

of tho bundlus aro notio£}ubly' lu%.'(!or than thair ne:ishLours. In 0.2. 

[,.L.5. }'o. !>t 4 tl.nd ill t.,. T.L.&. l1(h 4. ,,2, Q.uito dafin1 to srou:po 

or two or tlll'eO OOPtlr1ltO 'bundleru eLm be sc)~l1, ~hich tloetly continu.o to 

tbtt cl:ior101' unohnngod, ~'horo their deoay rooultG in tlw i'Qrcntion of 

tho ohlU"aot(~l"1stic l;uttul'!4 or soa1"a. {~,hroo etucoa in th3 dinvelop:mnt 



o! D "triplo tracelt nrti Ghoit'n 111 !£,(lXt fies_ Go ... t;).. In wood which 

:l.f.t ftlOl'C thun apout ·S ... 10 L,"1'owtb l'.1n,.;u !1.~0!11 tho pith, ot!ll 1'UI<tliO:

dovolopiJonta tll'l,Y taka p1000. (G.2. ~.I .. n. l~oa 4 to l). One at: u 8:t'OUP 

ottr:,oas o.ny {Juudonly inoron"t!CJ 111 a1so (up to 2 t!Zl. in llitill'iotal"). It~ 

t:0£1jl811ion(u) may oontinue with.out chOllbiJ olong:t1«lo. Somoti:::oo they 

aJ)l~{jal' to pater out, oX' boootlQ illlsorbatl into or ob11to:-atEid by the 

lur£,ltIst bundle. !J.'tlUO in ttm tal"l.t;(lUtial soct1onn of r;poc:1ctHl 21.1 •• 

l!iQut of til", tI'tiCeS uro biosltt atl'UotUX'QS find lira ubout 2 tltl. in diatl~ter. 

l;!icl"oiicojfiaally, tha tans~ntiul 6oot1onUliDre equally rownrdins, 

fllthcu.eh the patcb1noBu of the l)reU(u·V'tltlc.1rl &lad a it vfJrs dU'tioult to 

fir.a pnrta or IU)(ltiona ahoiTi:l£j lmportbl'ot OhCl'tlot!1l'a in tl'lU dcrhil \!cu1rud • 

.tB con be etlcn in Pl"t~ ~ 1) (tlnd !text 1'ie. G.D, th;: ruSt); ero 

unitlftrlata. !ills:;, :.".a~rij;Q in hn1Eht l'l'OItt 1 ... 17 c()lll'J, th\} nvel'A8"O hoieht 

in oucb of tho opuoilr..(ma \1";;it16 for 2;.1. t 4.4~11 :fer C.2, 4-106 J tUld for 

0., •• 4-12, (!lett Jtl)P(itul1x, li~.l"S'" ). ~hQ rilY ocll~ Dro cxtrilt:;.Gly thin 

w;#llod (1 .. l-Stf ) tlnd. ara VOl.';!J' d1tfiaul t to pick out \illal~O thQ.7 tlro in 

ccntnot 11i tb tb~ tracheitis_ I hr.:.Vff again i'OUlltl buth. truol1aidul ani 

cruS:lu£1e:ld,Id.ts in vilrtioal suction. Plnte X F ahows tl :Y~rticul Del'ina 

or CiVil ot' theuQ oronn:Ciold ,pits. l'lutu X a OhOfllJ only two pito, but 

tba (;Ixtl·oa. thinnt:J~a of the re.y oull wall iGJ \'1011. ~hcnm. In (1oction, 

tbu mou.th of the pit is GiJ. or 7i~ u01."oou. It vary Goon narro\'iS to about 

2,f.. !l'h1u ld.di.}l 16 .tlnUttainnd ter 2j.ii. tlwn thu \1u113 ot" tho l}O!'O c~-vo 

,outwal'cln to thQ inner mouth of thu pOro tv1l1ch 18 ~~ or 4ft (lorona. 

ll"rJe~aljl thin ltlllt Bee'tiel! of tho pore tJOf.n:n to. b~ve tOGl'). widolled. 4Y 

UGO£lY, (dill th1u 10 tJlu:Htrl in ~nxt fiB- 5 C. '.£he wall or ttUl, ray (lell iG 

not ,t;tiJ:lo::u.tfJd. 



f)lH.l tl'Gohaidnl Vit of 1;hu rfld1ul 'Uulls ~h1ch £lx-a out in aootion 

are not VOl,:! 'Uell Pl'ouervad ('l'Oxt fis- 5 11), but thr,,}" ore probf.lbly 

1d~lltio81 in Bt:rUotUX'C to th\} pita Gn tho tUll&onticl walls or tho trlJohaidu, 

noma bettor prttHll'Vod {}x~pl(m of l~hi()h QX'O uho~n in (~lntG X a tlnd~oxt 

!1c;~ .. 5 F, 11». t£ho plan vicm of 1.iNt pitt) on the' tflllBIlil'itittl 'lWllu of tllfi 

tl'tlcho1de snd UXi u.'1ifJeriate pits on thoir X"ttcl1al \liullti aI'" ident1onl, 

tilt-hough tbo fOru.ur alrQ alif' .. htly lUIIa.ller in diecotcx- than 'tbo latter_ 

llgsU,gl...II~lt}l§imtl fjtiatipWh 

1.be pittinu' on tho m~U(tl walle of tho ttaoll~1t1o in C)tinarally 

\ull$a:t'iat~, the vits bo5.1lg Qot.1tinuouu o.n1 fllltton~d abova mlA 'tftloif 

(Illuttl I. Ul ~ext !iG- 5 11). lJilfJ'y til''' l(.l:r~Ot (l&~ in diutluter) and 

the pora 1$ aontr~l tintl o1rculur (; - tip. 1n d1arUJt(u:). I'llrticultU'ly in 

tho largi!:t' troohoid" or tlltJ Cfll"l,)r wood 'tho l>itll are otten biaoriute t'llltt 

.nlt€JIX'.I.lnte. l1.6ti conticuous ft1oe~ or tho 111.t u:t'(i flnttt!no(l QUa. tho dlnt:otur 

or too pl to 10 only 8 .... lC\.i. ThO' lloLe itt otill Oi1:DU1&:r: una ocrt.) or 

loes o\'int~llY 'plncod (Platu X 13, T'~l=.t fic- 5 :£). In well pl'Gflervol\ 

" rOL~iontJ, th(! lirJit of thu ~;ot·d.bl·a of both un1auriate und 'b1. •• n,'icrto l,ttfl 

ia marked 01 n distinot doublu rine (Pluto X A + n). ~e radinl 

lonSl tuuinol ooutiontl ul~o ahow t1CK.lB of ttle pi tG on th(.a tt.mi~'Uiltu-tl wnlltl 

or tho tratlhoida. In thil ld ts shown in l~lQtc X C unA in Text flB. 7t) 

thoro ill 1.\ 11l'ojnci1on into tho :plt cllUGlber l'wom the \,;0.11 ot tho tl'tlcho1d 

in a lKtotlcn of tho pi tl io in ft.ot n COP:111flto rins of r;tatal~inl nutlr 

tho outur rim of tho lIlt cllIltibar. It \UU} !It first thouaht thnt tllis 

~leht JUlYO uotl.l oonllooticm ld.ih th~ doublu 1"10 of thu pito 1:.uen on 't}Ui 



~oo. 



n.t.s. (7. '15.) nAY a~lls una orouGfiold vito. 
~.I ... t. (r.. 1,100.) tmtoil 01" orouuti(;)ld pits. 

~.!UIS" (x 1,100.) V¢irtiaal aoot1on throll:;;h 

croel3i'iold pito. 

l?'i~. 5.1i ·n,lJ.~i. (x 1,100.) Vortical l!I8otlol& thrQw.;h 
poorly prccllIrvild 'traclleidr.tl bardored. pita. 

Pig. 5.11. R.r,.:~. eX sou.) :S1~1:r1at\"; (llt~t'nlltillg pita, 

ohunuitlG to uniser.1utQ III tt.1r1lZ. 

l:~B. 5.l1
.. n.L.~1. (X SOO.) Unitta:iG.te pittinu (tioto doublo 

rirn .. ) Vurtieal uoution thl'uushbordort:td pi to on 
ttl.oti'J:rltinl \>1all or traallo1d .. 
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T.t.3. (.4 '15.) Un1oe:.':tnto r~ys unti tX'ucho'.d 
~nt'tB. 

riG' 6.c, Xl &: t. ~"brCB ntuSDo in tlHJ lUI10ll oi\ mOlUlera 

of u mutlipl~ laot traoe (x 50.) 
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·i··~ 

rad1tll walla o! iho trt!o1u.:d.dDf out ~~. ll!Jt:Oit~;:;:l'lU tl:t\~ too poorly 

:,~,", l'l!"ooilX17ed. to ei'VG furthc;:t" il'l:t.'Ol'lllat101lt Aloo it vhoulli 110 notoc. 'thtt1. 

mCln.1 ::ocant O~·tltoaI;a.rm:l ahO\1 a tlc.uhlu x'1r.l t? thl$ border of thall< l)1tn 

ll3 tavn in ,t:-lttn 'Vielr, "butthe<y lie not .{iOCDOao u :-1..'18 or t1a!lu,~ intha 
, ,~ ~ ".:'. ~~ ~~',}" 

p.1. t onrWpOlt (;tJ nhtIWl'.io in Pluto X C (l'hillipo, 1940" . ·Gx.ctiU~·D. 1,,5, 

lw.r.t'iaj ·~l.~ootD.l oot.iwli~4tion' •. 
~'-~~;~ 

~ '¥-

:{.n ~ll~a £oan~l', u~o pi t~· DOQn ;111 ccatlOZlul v1c'l'1 do npt;. app.?tll' 

to llUVO U clucllo lcuol1n i!.md tel'll!::. 'In view of thin it aOIlt;u tlOro 

likely tl~:lt, tl1f.1 :d,ftS. of tlo;JUU io noth:1r.s rnOrfi than tho ~'C~1tlB or tho 

l'~idd2o. 2em{}llo. which io<d.iDl:laaall W"A. ltu:~el:l du<.tuyed. (:LI(lxt.riG_ " D). 

As nhorm ill l?lcta X Il, tho l'uy collo aloe l'M.rly cbot ... t (OOt" ... l20,:. 

);·~ld1al11)· tuld. tnll (20r; to 40~t v<I;'tiofIlly). !1~lC wallo tll:1) thin c.u(l no 

Il:1to tirO p.t.Jtlc~t on tho t~mi,{jntial or llori~ontul uul.la. t.l.fH) oroc~ i'iCtld 

p1tu(Vlata X e, Taxt.fig. 5~, n) era 'Cl11Ptipnl or oi~cular, with a 

cloarly elllptic"l t'O:r(h 'llJu poro 10 ob11qua in \11:0 lute. Tlood, but 

almost hori::ontnl :In tho ol!:rliQr flOod. ~"hQ ot.'l:dtu:a (l!70 8~~ Ol:' lOp. in 

ur!:} l'rom 2 - 10 :::it.e it~ the rield. 

~110 yount; tititniQo of ~lm bl'utlohoa or 0.:;. (~Q in u ~11.elltly 

lmttOlo .. ~.rtLt't(~ Qr l"l,·vtmrv.tlt!.on tlum ar.o thone of tho t101n a:.tis, but 

tm.tprtunutoly, t);a Jic.tlJ.al prir.lex'y 1;001 nn:':l th~ pith a:t."Q .not ,Pl.'iliulrvad. 
/ ./ t-.. 

I . . 

!:bb·.J.;.o:rdClred. p~~a()n the trnoholufl of th~ 'bTnnQh ut'u only 6:1 - 7rJ in 

dim:.tlt~r. i'ht,y Llr~ oirculHt' Ulliaor-:l.ntn \il.nti fY..oatl~f GrOOed botwitvn 41l (in::! 
',~ ; .,,/ 

15~l Ul-"{lrt. 1lo::;'G~!t!ou thoy tU'i1 fHi 11ttla tUl l·fj1tl ttpart. (rout fiG.; a.) 

tho crUUDl'iOltl:/ttn M¢ vary owll (}:l in llit>1.lotor) with" circular bo""o~ 
anel a btcw.als/ellil)i;ifJG.l 1101'a. 
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• I • • , 

:Jl9l!Utm:iJ.sm. ~IJ!~ ,,1';1L\.!!.RWl..1.sm. 

Of·.U'!'t~ w",V' WOO'Jtii'1·Ot4CO.!ldW~llUdUp{)Ui to 'IThiel\. huvo,busiC6ily :'< 

. al>adwc/1sm 'typo oi' OiJCCilat;~.!ood," ~Ul'~ifi~Sly fe\ilJ~"((O~l1y'f:ill.ri"2>' 

.' ','m}~i~~'(Jl:"1'1 tu' im' t~o' '~lHiit3'l'1iU~l~,Of··' ti~~',:trtlCh:(d~da,;im~ihn~6:'r~\yri );hiC~; 
'., .;'; . 

" )U;d9xl J.()ft 11\l?1l.u1IirJ.lil I'ihito (19J8) h!!~ uoth l.mi- ~nd bi~e:r-lt1tf! " 
~.,., ''::",_ ',', ' _ ~_;.:' J. ',,' ,;"" e~ ; -, '<~',;~> ',", 'e' ,,: _.~ 

l:ittill£" tutthe\Ulit4eriut~ Ij1~G. Oro. UO\lOlly<WOll!$~lit:~'tlt0d;'md}th~,raYll • 
,,' ,:,' ~ , 

.';" c,:J \-' :'~~i.~ ~ : ~~ 
" ", 'i}~do!l1on :~l~(ti.~WJ Hoiden (19l1),::,h~"'~:t:l~': t;Jltl:biDcrietoiartluCl.i;ir.~ri 

I " ,. ' • \ " ~. :. 

1)1'ti.1D~, but tlw ruys nro ,<mly' 2 - '7 oalln ~,iBh" '; ,",. ',: 

l1e ii 0&1 on {m.l.o.~~fJll~J \~j'll ton'( 1:925 rh~iB, ~rn~~eid.al:'l~it~'~:,\J};i~h arc, 

•. Y~r~~ l;l1~ilt!r '1u ,01ZG, flnd .• 131m}}!) \ t(.);;tho~~ eli'. ~lH:/:yrofi~nt ':u .P~c lm.oli·;:t;~(i:" ":',, . 
~;~ul t.on 'lu;" ~HlUn' i11lelu i~ui'.Jrac8B:, l~~fv'irtS th~'ciJlitl'~ir{)t;icn' orih'{~t~~" 

, ~. ,-."' , , . ' ,., ", ' .' • , , " , 'r - .... ~. , 
" "' :<, :,,~,,~, 

lioi':&VQr,t.iiOtud8c~lt'101 \1alla ,0£ '~hc'traohoids, .Ul~~'unp1tt~d~·, !IhOrc"tJl::.i::,,';;::: 
. : ' , , ., " ,', ~ '- : ;' .' 

'~nlYl - 4.o:hlI>lo pitu1:n'th~fieltl. '~oUl'l(l pnr~dch~'mn 1,:lJ l;.r~a~~t.; tltla"tb\:: 
' • '{" -~ _.' .'~ ,"';'\-" 'O'."r~.~· • _ .' ~',-,~ '_.' 

height .0£ :tll\1:,ri1Yu i8"1'-l~:culir.h .,f.rhO',pith:cont»in~ aOl(lr;~i(13 .(not',:: 
GtI01'L 111 thQ:pith o~nn(i'o.;Ylo~'lSmdii)~· 

-" , .. ' ~ 

",' :- 'i{UOlm.x';i(l11':;cwiin'r~i£riipoel(195:Gr~i~ o:~MtolJOGaeDo' w;i .. Jul.:' 
.'.' '.' ,11!:_ '," ',' . ",," •• ,' ',:",'-', ' ,:'-:";';<' ": .... , " ,'," .:: 

bist\tr.1ut(.) I,11ttini; £lila th~ wli8t!r111.t~ I'.tiyn Ill'Co: 1 - 20 colli} hi~;h. ; Ij,"ho . 
. ", ,. I,. ,,' ': .:. ' 

_0 •• 

pi tb{wu1n 'c;ntuinu 8~loroi'o (Hotti.i:r~ut~'(Jl inol\\de~ .!111Cloxylont;olfll-o;'lUtl 
.,,', ,:>.ii,j:, ~~, .'';',;' ,,:,.>:. ::., ... ,"",>",'. ,,"-:'.,,:"; ," '; ,,:' "", .. '."..... .~, 

i;'ultall"; : in Raokexylon)].;ut KrUutlol' c illuutri:itiO!1!J~r.ut(JOP9(J:r.t·OI'~ tlY1 .. v, .. 
, ' ~, '( ~ " " . ',', )', " "\, ' " , . 

"dotuil~d ,compurl£loll,totU:~a(!. " 
,', '.~- - - '-,,; .-, ~< _'~::'< __ 'J-_'?;"~-_- ' 

.",f::,i2bi~~XYl,b~:1~~ok~;".ilikr,~~;iJi~Y(195J;).~1as,< trachu1d,al ~1 to;~n: on~ , . 

~~~~~~~~~~~ 



(l{ Ci~1::r~ua,.l. (1956), .i~clu6:e8 '.n,r;!,dOl~;tfO:} .. ~,s:.4i9J. Zcill(Jr 
"~'~, ,0, " '>' ,-_' '_~, <l_~ ,-"~,_ 

in th1~ nuw e(i:nuD,"whhlhj,e,qn1~Cld'oll thu*truatur{l ot'tho])1tb and 
, _1 _ • ,,' ", .. _. ') , 

pr1QtlX')~ t1~t:u ... a whioh :~ll~e not vraael'VLlQ i~ l'/'::fl,O:K.l,lpp,\,o¥!i). 

, !}.adC)'tl.oiPlJ.':i~JJ.' it-uel!' lltul pita iJl(lUO or two rowe, lIut thD l'llYJ'l 

, oro: of ton tlore 'than 50 oalllll hiGh. rctw of these 8J;4ic1ea compare: cloGoly 

~11th l!pdo¥i).~n bOf¥lii ~lld ii'ith Uleoo t.hat 4'pI<'enr' sa· thOUgh t.hoy micht 'to 

• Dill11lar1netruaturtf, e. detailed· Qompar1aoll is randcl'odimpoonible by tl 
- '~ . 

lock of odoquato illuritr~t1on~~ 
, ',-, . . 

tho ur::tu'ij;'O~ntt dotnll.tidatruoturo and bor..aYiour a:C leef trnc~G been' 

,dtuJo,rit:cod. t;,:hPDC :t.~Uota. ~rO:t I think, ~ur.f'ioitrnt to Ju'ot1ty the G;"~t1on 

Qt, yat ~rutOtl~Ul' n{Sl~ lllH'Jo1en ~f l!!d()ql~~.. ! tlloroi'oru l)rOliue~ to ntt.t.Clthc 

, 'Dl~ ai-tiu J1aa9g1.~t t:.9ndU' aftel.' 1'1'0108801" Q. :tond or tlzo VOliiU'u:on t of'" 
. GeoloGr,' thEl lin:). vuJ's1ty c01io(;u' ot' rlhodcMizf undo l~'yafJnlwlll.t fi£tl.1sbul'Y, 

'whO 8~1~t tho f.lpGOiC;;flO tu lluuJ;0r tOl' lnvc~t1Eution, and. rillo lllUl oontr1 ... 
, , , ,. " ' 

b~t~d{:;r~u'ly to 'our' knciwl<lttlau' ot tbtt Jitrctla",,,pliiot.\l flucoQus1on in 
, ," ,", - . , 

~. _\: 0',., 

r~bod Ctd, •• :>:' " 

-lhoSL<t:tll OhiOO!' tb'J l:UjOI·1t.Y~ftlle Iloars Stallh.1n 8octiOftll ' 
, '," ,>-, ' , , '-

"'i.'l".iD' thtlvu:d.ou. :.ulfsc1t~t:n. ot:, pqdOe)';lO(~,\mmlif OUUGGutu tl~Q:t thcry ora 
~ '" ,. '," ." c" \ <, ~ , , 

• " li.Hd.' trea~th l?':r~1~hmt lo~1'. ~ra~ll:aoi~ thin ~uture orc ,r;re6ent in thn ' 
-i ,. ' , " '-".', " ", ' 

,I" 

liOCQut l\l'a,uuarloflt! ana Qre bo11oV4d to bo oh4lraoto,X':lotiO of tb1u fru;dly 

,(~)o;:.et)n l;Jl~;;S(.i~ard. 19191 ,Pl:llll11Ju l~4a)..·' . 
~. , ~, , ," 

In liruijoj!l':l.fi,.ho\'tav~l·t ,tho' louftrlCu::e lC1W',iU tbe cooomlul.j" 
<, • , <',' "', , 

',: iyit!!i~ ~~'pai}~~~ 'Ul)j1al'd~'thruUi~h th~, r.h,log~, elwoot,',1+fl1-e.lle1 to tho" 
, -',. " ' " , 'T ' " , 

j)\u·g:lO~~ au 0: 'l!1ne}·ol.l~(t"lt la'an.obor; into tbl~Q in thu Qutar oOJ;tex • 
.5-,'-",'.:' 'c" .',:, '-.- ': 

S:ilu~ad1antr,io~: ~:r.~o~lna"ts1;ielo,tl1t the. outo~ ,l1uir branch 5t.Jvoral ti~~U, 
~ " : j ~- - " , '~: ", " : - , '-;---. - .' • 

,I'~ ,., " _, __ , ' 

, " - -



co th~t e~eh hUD 6ivG~1 1'1!\6 to SQVQn 1;1'8,0.08 by thEj tit:lo th\1;Y cntor 

thu 'ctlS$ of thu leaf' (porttonsl. 1nvcst1~ticn). 

In ~IQ~}~:l.~, the leu!' tl.~llC~ lOD.'Vt.H~ tbo pI':riaodullo.r.r l.'cs1on 

')..08. 

nil a dQuhle. Gtrl-ma. (tlH:!l::U~Ol1 191;). 'l:llue it aoor.lU thut bifurcation or 

. the 81ilt'ttiu~; into th~a oj" tho leut' traeo 1(1 Il co.::w;on OOCU!"l'Ollce in 

tho ~i.ro.uoa:r1nCl". In I1ndoxzlo,n P2D!J.J. tho spl.1tt1nG 1&$ 1:r:re6."Ulw.- tiC thtlt 

both doublo nml 'triple bundlou urn found, though l.loth ,arinG u.s sin{t;le 

u.truotUl'(Uh 

It 1£1 pOflo1blo that tho lal·ts."tI!lI.~ tracofJ 1lhioh I bnvlll dGucrib~d 

in thu older ,~cod of rl~(\C!&].£,n t9Ad~.i llaVi: ur!Uurl lWOQUllo enG Qt' tho 

erOUll o1~ tUlldlos in lJupply1ng 6. Lu1 (in t11e c.x11 of tho lonf) li!hi~h 

hut;' dO'l7elcllctl td'to~ a r.-cr1o;;1 ot dorc.unoy. ~'hio would lu.!c:;!ooituto nn 

1ncr~st3o' itl the fWaount of v6uc\U,rr t1o~uu £>uPluyiuLr tho bud. ~i th the 

l·o1.lul t ue~n in tIm tandontial oactionu, 

lateral ,bttlnol.lDv in Ol;Qoil:V.ll1 0.,. !!.houe hnvl.l a 1~r80 pith whioh io 

couti~lUOUU w;.th tbnt ai' 1:hu till1in 1l.X1s, and ~ttut luz.vo utnrted to (!row 

durin:! th~) t'.;b:ut Y~f!rt s erorit!l of the ~lh 



ioGt . 

~1B aGnUfl tJUfJ orc;otad by Siiwurd (1919. J,:-llgcn 113 ulld 2C>3-212) 

ttl inoludo ronoll i!YtmOb!"cl"'.:Joun uDels ~hich oor'lbu:.c !catUl"i)G £oUl\d in 

6GY~lrtll ;,ocout £,llnOra, without itiplylnC thot thore wall ll."ljtt'nlntionsb11? 

III Ilt.u-tJ1w!Ul't r~r.tfl:rd intl9nded b1u now senuu to 1'Ol]lu(;o tho 

canora 1)o:.l~~'.t:.ES!!11_on Ootbun. Jllld l'!1l11og1udox;tlon Oothi'tu, Ylbioh not 

only WI)].Y, U rult.l't1011Sh1Il .~'itlt recant Generu, but aro. in prr.otioo, 

virttuilly 1n:.l1st1l1nuinhnblth 

!rho d1~noo1s eiven "by :!eward (1919) 1'01'" j.{e,so!D,l:.tto:zlon 10 vory 

uis;1116r to thtl t ot !~.\.tprp,001.no~lo~ Goepport. In both, tho l~nys a%'i} 

u3uu11y uniutlr.1tite tmll I)1to al"rl co.n1:illOd to tim r.udiul wullo. Tho 

orooofleld 111ttil1t; in tlw £Ull!l::*lr wood iu iudist1l;'l(;,.'Ulahaulo in fucae 

L"tU'l(~l"a, und in tllu Ul.!l'i.n,g wool1 tIm ,lJlttina only d1fforn in thut tho 

l)orol) 81'0 oblitlUU or vortionl in t;c{!p.!-th~iOfj"ll1n tmcl hori~ontal in 

J1.t\11,l'<;tl9,1n,o?,ylo,n. In 'toth e;cmora thi2l."$ 'IUY bo ocv6::'al oC" .. '111 l'ita in 

tho f'i-uld, 01' OHO' or two lUl'et~ emu". 

III Mnm·H1'I1;r.l0?t;~l.9.llt l'.ylom }:It,..t'lOnobywa iG :luid to be ,t!nm4mt and 

nCflttUl'.'odll \,ut not 0;;) ohni':.to~rilJtia Ii !'iUtture ~tl in ICUp:Nm,tdJ.1!!.~llc..u. 

little juutiriCcl;tioll tor tlulntain1nll it tUI n vfll)Urntu G~nuB. '1h0 

dln:Qroncr: bo tftoun thutl 1f.l tho oooL'l8icnnl I:JrQflOnUO or pit tine on 'the 



~,o . 

untt 'tllo ~"t:striatlon of vt:l'ticut lJIU:.tlC)l)~ to 1.h~ U~f~:l Iilr(j~. l~~r.al:'d 

(192.9) stuton tilut' tIm nO;'-l:;.al Y/004 fll,;l'QOB IHOut' cloaolv with 

.ru~E.l·en&if,o~ll$l.H t'il'lt! 16ee!l!,UJ1.io?&yJ..sm It 

SOla\! UllI)Q1tH~ 0:: JlN~ro~n lr.ntllrJ, t~a:r havo t:ont:J.uuoUDt f'lt::ttcued. 

'trliocbe1dnl liits, tt"oohuids in t11u 'rtiys end reuin cUl1ulu ccmfillJ3d to 

wounuod. rc:nirms. XylcXl IIt\rcnch;>"t1i.t 1t IJr~u.lont. i~ .faw,d, clill.y in ll>tu 

6ur;~r \.ootl. 

UP'l'C 1'~contlYt Krliufiol (194;» ll.JHl ontul;lichud ~ tldu Bonus, 

.c1rool.:o!.o~1.eJ1 ;t;:r~.h.l:lol t fot' ~eacndar.Y wao:ltl#i tit c;d,t\ll,lo *' ciroul~r 

¢r¢tlut.i.t.!flu. 1'l1tn wl:li)h arc Otht'Tt1ill-O it\ontic~l tel ,lllW'lJ901pd.2?iV..2!!. or 

~oq$.~.,P.Q&lr:!l ( • 11~lirJlitTl9£l1~t~ sow). l!r'~u~lol h£l(~ now pl.e;:.ced. ~ nUL'i!:ior 

or tho Dl)oaitlU ntl.!lcri'bod. by $0WA.td. (l919) wldur 1,'9s(mlrrtul'zlon, in lda 

own ~"nug .O:i,t:<l.oporo,?:;;l.sm-

t1hen tillOQ1t;.(tns pCUt(l~a bONarau. cr.""G1"leld 1,:11.8, it 'tiould Doom . 
\(',1 l,;g ~orrnct to uuc tho t,lln'Ua !rQ:J6ml~r.!£MJ.£U. but om'U)lec:rs'~l.tl: dU'ficulty 

ariQon \'\hcm the croBsfiald }}ltD ttl't) bAaly affeoted b.1 dacu,y, when 

box'derad !iit" lUtly npl;eaJ' 'to be sitMj;tle. 

T..'l0 Genua lf~flt\'mb£i~~l ~ 1$ ai~ withl G'Go8t'uphleal distril.lut1oll. 

~~U na.t;1Q ~~ltu Huou.thllrn l','oodu • £W:1 lUamy Ullooicn have b\)~r. dc&crluad 

:f,x~"m the ,ip~~ratiO. Auotru11a (celiaX'd. l!l19) nnd Ili.dia. (:Ullfl:t'dvinj, 195',. 

i16t:4lllUj8l'lt 19,4, SBh. 1'59). llollt;yot', noverat Gp:01t;n h!w4:.l bocn 

doocrihod ttluu 1'1'00 tha nort-hern hetu1aphtl1;'o, a.f.'_ £1'01.1 Oreonland, PolBl'..tl, 

.. ~uutria ~nd f'rOJ,1 ¥ork:lh1r~ tina }:;$lUordf.ihlru in :t:n~l;nnd (GGward. 1919). 

'~~ &ajorlt:r 01' tho Dp~o!e~ (itO of Juraun10 Utio, ltlthoU$;h 



are 1;otb ur 'lorUsry 8f.,"et tmil 'tho G!,oclofi deooribed in th1e !l''hoa1a 

(ld8sembl:1oxylon pav~na{jl) is 1'ronl depoali}l; of Upper 1J:'inurd.o :.\6t>. 

~\\. 



Platcs IV 0 ... DJ V A - D J VI A .. D, VII A .. D a VIII A + n and 

Text fib"tt1'Oa 0 A - F. 

L!l0a.,lU:;':!. lI('Utd1'mtorn of' GWIJ,VO niver, 20 miltilo W .. M.W. of Gokwo, 
, Soutbam nhodoaia. 

l2!!im.9l!!! • 
neoondElry ,mod bO{;loxylio, pyon~lie. late 'tleed ve~ dif!1cul t 

to doteat, croi1th :oinC£I wide. Pits on rlldinl walla of trnoheidl! onlyJ 

ler.to, oiroutur., u.."iserl~te li:r.'rnngei;lDnt. Pita havo churoctoriatic 

Cl:osaficld pi to 

lorge, o1.rculnr or oval, ~! .. 11 1)01' oroso!'101d, bordor narrow. ~ibcn 

aoon in naotion, trache1dal llortion or pit is us uOl3criocd for norlllQl 

p;Lta. RQjfl w'}:t~o~'1ato, 1 .. 2, colle higll, moan vtllue. 5:pe.:rae vertioal 

rosin pnrencbyron. Weod nurfnoe nhO'fl£l lerBtl. oireular acora - af.ton 

.~}enor,il?tioll. 

SpaOiLlf.ln G.l. 10 U cs£t1lificent IJieou of' silioified treo trwlk, 

G .. 6 oro. in diameter llnd 12 .. 14 om long (I<'lnto IV, C, n). ~ho extornal 

aplloaranca io quite strikint; us tho whole B~to.ce 10 cOllered with olosely 

upncotl mOl'S or loan Cil'oullir aoara, which aro from'; - 8' W'lh .in diorooter. 



Theae saars are apir_lly arran8~d ~nu tlled1stunoD botween neishbouring 

flccl'a is , - 10 twa ~'ho lloliollod ourl'ace of: a tranavareo cut guvethe 

1mpross1on tha.t the a:s;eoiJUCn \"/S9 very Viell pruaervod, and twolva (,"'rowth 

r1ng.,var.ving bot\~een 1·; Wld 5-0 IUl in width, ,'jere counted. On 

Clxaminution of a B:round IJection wlder tho miorosoop,o.tho wood WtlB i'ouild 

to be of very unlfol'L'l stl'UoturO.· ~lO 1101tso£ tho f:rowth rinGs ~lere 

VOl';! diffioult to pick out. cs thero 10 Ii gradual reduction in ebw or 

tho truchoids from early to late \'load. UowQvcr, tho trilllsi tion from 

lute wood to tho :f'ollowwt': early ~iood is quite ubrul,t (Plat" V A, C). 

Plnte V D Ghons II doublo arontb. ring which was ,ulBooiuted Vii tb a wOWld. 

This hed been covored \/ith ctlllufl and then overgronn by' tho SUQcooding 

yeuru Growth. ~10 traoha:l.do ore th1ck-Ylallod (about a - 12V.) unO. f .. Hlusure 

between lW end 3211. in diameter, tho uvorDca sizo boinS about 20,1. ~G 
a.S 

outlino of all the colle \'ISS indiutillot 1\ evidently moat of tho orlSunic 

teattJrinl hQ(l l;fGCn OOOll>lcte17 ropluoed by the 1nvud1ngmi11uralu. !a."1lis 

we. 'borne::9ut by un examination 01' tho longitudinal aeotions. 

wne pith (4 - 5 rum in diametor) had woatly deo~~d baioro 

t08ai11zt~tion WllS complote, end tho ca.v1t~ fiaD fUlod with extraneous 

mnterlal. Un1'ortunnt(9ly, tho rernainitlg' pitb collo and tho surl·OU.nding 

pl."lxlInx-y tluuuoe haVQ loot all uif;.'na of thair original 6Jtl"UUtUl'O. 

In tClllcent1al .action, although tho l:1;Jy colla \101'0 quito tlell 

prcuerved, tho \llillu of thO "traohelt1a warD very :Lndiutirlot (oxcopt nharc 

they were incolltaot with the rUl's) (1'1 .. t8 V D). 1'ho rayu ilerewlisGriate 

or ~e~ rarel~ partly bisoriato, and run"od in heieht £rQ~ 1 - 2, calla. 

llow0vor, only 3·S/~ of tho ruya \iOl't) above 11 oalls bich(Uee APpandix, p.:U,S. 



~U+" 

~llo tat16t.mt1aloeot1ol'lo also sho\u)d the t1aDueo loodill8 from 

tho oiroulur aoaro' (Plato VI A '+ l'J). Typioally thoro l1na a oont::'Lll 

pith rOsion .. 1 JI1lIl in ditu.Jotor, then (1 nQn'o\v btmd of', tl'ochoida vih10h ' 

had baon out transvorsoly. Tbcs~ were ourrounuod by a bond (1 - 1-5 ~ 

. aoroaa) oi' traolwida whioh 'U&l"O Dl'X'An~ud rud1L)11y about the' oentre of 

tho 'pith ·oavity. Thoy \701'0 intorsper~Gd with un1seriate rays 1 - 10 

oel10 hiGh (Pluta VI D). It ,iv uvident that oorllO of" thooo tiosuoo -

~rtioulnrly tho pith and tho outor \l~nd of trachaiuo,hnd decayod before 

ai11oification took plUDe. 

'!'his arl'61'1£!,'"etlOnt ot tiasuoo is q.ui to common :in 1(:01' traoes und 

in short shoQtsand bxo,:;mchea of many recont conU'ors, 'but compared' \7ith 

thoso I 'hnve w:{lr.linod U~'bi09 vfbp, ,,l}l.'8yo8ria all.'8UCann, Uit)li:eo biloba, 

LrlriX oUrOP!O~>.tC 1',:1.008 o::l;tcrcmo,to, ,'I'aXU,a beccnto), tho amount of' trocheidal 

tissuo aut trruulvcl.'so1y is ruthor Ul!1all. 

The siza and ehuI)O 01' tho ocarD on tho outc~ ourfaca of the 

spoelman oueceate more fdtronsly that they al'O brenoh or short ohoot aouro, 

ruther thun leat' scor.h .Thia io nupported by the :f'not that smaller 

traceD - 0.1 ~~ - 0-5 mill in diam3tor'· but of the Game bnsic plan, Bra 

ol't<.ln fauna in closo prox1tdty to tho lureer onon. It is rJoGI3iblo 

tbut thooo led to tho loavos orooula leaveo wbioh oubtom\od tho buds 

.: Bi,,:itl€i r1Bo to the brcll1cllua. Bot;.ct1mos i'union of those tracCD ocoure. 

: ~'; ~, 

A J1Wllber of 101'60 oiroular traooo lUlI.l been seen Yh1011 oontain two quite 

distinot bundles of vauoulur tissue (Plato VI A). I om as 1et unablo to 

oU(.rt;et'Jto.n cxpleulition. for this, althou8h it should be noted that Ludell 

(19(j2) llan d&OC1'ibed the oocurronce of a louf Bcule trace in Ceraican pino. 



il5"o 

1"~ 
whioh tendo to arlAdua1l1 i'U~I''''' with the ,leaf trace. lli11 (1906) sum;eata 

~ -

t11«1; stru.oturos analosous to tho par1chnoD of' the Lepido(iendraccll& occur 

in, som. mode~ pl~lt8, but in tpis CBBO tho struoture 13 paronohymatous 

rather than wood7. 

In op1te of the poor preservation, aOl!l~ information hus· been .. 

o13to121od. about tpaorollsfiold ,pita_ In Ilootion (Plate VIII A, Tex.t fia_ 

o 0) tho tr8ohai~al po;-tion is qui t8 clearly half bordel'sd.. The ID~~th 

ot' thep:l.t ,i .. about ,)4 in d1llmeter, but tbero io.a narrow waist about halt' 

thut81Z$, just befure tho, wit'l.e openinG' -of the lUlUen of tho border, \1hioh 

1a uOt.'ltt 81l in dlamote.t'. Unfortunately. ,l' h~ve 110t boan able to,mak~out 

the form of the pitta" in the \1,',11 ot' tho ray coll i toeli' - or indeed to 

deoide wh8th~l'·or not it is pitted at a~l. 1.>ito bEive. beon soen'\ih1cl1 

appoar to bo ,i,ll :the tSflL)91ltial wall:a of' the ,troohaida (Plate YII A). ,FrOIIl 
, 

the Ual.iIU sootiorl (l)lnte VII D und Text fie- a IJ) it Dan be BElen that tho 

traohoid walle ax,°u v(Jry' thiok (12tl) and are piorcod b,r bordered pi to with 

a moat Qhart.tot.ri~tio shape. ,!Olin wisht be deaoribed S8 like a ~!l1r 0'£ . 

ohort fJtullilIlod wine, &180,,08 ploc~d bilse tp b,uJtH ~lls is lIimilel' to the 

deecriptlon,ulreudy slvon for tho hplf.bo~er&dplt8 in thecroBsflo1d. but 

in thin case. tho "yestibule" or tho vlt is at 1'lrot some 6 or 7 11 in 

d1otaOter. ,?llis narrcms to u w€dut oul)" , or 4 11 in dUllueter, and then 

GXl>l1nds to tho full diaI:loter, 01' tho border - sotJo 11 or 12 Il.Thie is 

repoated (in mirror imaao) for tho other half of the pit. Tho lumen of 

the border 1. about Jj.J.I aarOSB. 14e1 thor su1ddlG laT,}Qlla nor torus wel'o' 

8&~; but-thairabaenoo is unlikel7 to have been an oriGinal feature. 

In the radial eeot10na, most of the traclleids were so pooriy 



prf:lDorved thut tllO relatively \'Jell preeorwd rqs- appeared to be "floatinG 

in spacalJ (:elate VI 1». [llCJ crossfield pits 'lOl'e easily Viokod out, 

thUl'O boil18 2,' or SOl!Ct1moS 4 larSG circular or oval pita (6 - ail in 

d1ometor) in ea~~orossficld. ~GY waro mostlT badly d~eeyed end borders 

wore rnrcly ViBiblo (Plate vnc, !CQxt i'is. a A). illO bOl.'izuntnl and 

(md \'Jol1s of tho l'l.l:/ calls did not appear to be pitted. 

The »1 ta on tho radial walls or tl1f:l trtloholdu !\ro qUi ttl larce 

(12t1 11't dialOOtar) (r'lato VII, At n). !Liley tll'e oiroulen' or slightly 

flatteued abovo Dnd below, and pre alw~B uni~orinte. ~ley ara normally 

spaced 1-511 :.. 2t1 tlllart.. !1tl11 "pOl'o :Ls circular in outlitlG nnd oOUlotimes 

J •• consists or two conoentrio r111[;s. T}leGil ara, 110 dOll}>t, tho wide mouth 

l' Bnd tho narrOtl WQist Qt~ the }lOr~ which 11(U'0' secn ill tho tausont1al sections. 

III the ~ te wood, tho IJoro uq btl o11t &l1aped Md oblique ('l'ext 1'16.8 E) 

und in thin somo roe1on. largo pat"onollYflW. ·oalllJ witll dnrk contento hava 

boon ~eon (~lat. VIll II and Wext fiCe 8 t). ':Choaa colla aro very x'ure, 

end it is unoortain wl1athe~ or not they aro~Gstrioted to the lute wood. 

, , .' Uo rims at 'Uan10 weru Doon, 'Lut tho preservation is 80 poor that thoir 

aDasnOil 00111').Ot be tttkon as u oharaotar oftl1o living plant •. 

. COll:I:nrioon Iiinl1, pi.99u~9.ion· 
OF 

Tho abocUlcO of t.cll l)rtlOoT'V'Qd l,-l'itia1'Y t1eaaou of .!\l'D:uQol'inu pitting 

£1'0;:; tho truahoida, emil ot' ,t~l~1atineoufl pitt~ 1'ro~, tho roy collc, 

tc{)otbor with thcprusonce ot: vertical rOl'ifJ orp"reno~'mI. cruol)&at tho 

tl'uohu1ds sassoc,,'. that the OFo~ll:4l.m undQr dioeuaoion should be 1naludod 

in oith'fX' ~prilt1s1no?&ylon-aocj)pcl't (1650), or inliesc&lbri0!Wl0J.1 Seward (1919). 



The lattor would 8Uom to be thQ r.ON ti~propriaie, as this rrhodeaian 

slleolt.",(m has only Ul)Orae ~lem purencbyma. whioh is oher£.lcteriotioally 
.il'· 

abundunt in ~JZraaUt'p"'0Blon. Apt'!rt trolll this, thore uppoara to be 

little dii'i'E1runoe betwoen t'hcse BOllora, and au wa htwo no woll preoarvod 

l>rioary tissues, lrooe~brio?illon is to be pro1'~n'od as it dcan not GUU£Eict 

any 010n8 ul'i'inity with rooent tonora. 

1)1l£8oe~r,o&lor! Sinnot (1909) is n genus vihich dif:Cers :from 

l!ooom\!rioor1.,?.!: only in the l,raoonoe of vita em. thO' hOl.·izontal and 

tangcmti111 walls at tho l'OY oalls, in l'eSions affeoted by woundiilg. 

UOVI one d1N.'erelttia.tes betwoon ltil um,oundao. specimen of Jlarooodrox'Ilon . , ... . . 
and. a apooioa of ~~otH.u:.br1oxxlon iu not tl tall clcorl 

,£!dr~l~n KrauLi 16 tltutOtl to differ from ,qu12rco8il1P&1 ... oll :itl the 

uaarol ty 01' nUSGllOe ai' Yf6X'tioul retJin :pLlroncllyt~a froD tho wood, end ill 

thiu feLltUl'fl it is oimilar to thQ proacmt 81.eoiu.:on. 1!o\\'Over, in 

.¥£ldrofFl1on all tile \111111a of the ray coll~ aI'll pitted in the DbiotinSiOUS 

manner. 

" In tho ccmo,:£;l structuro of the ~()od. thel'O !IrH a llWAboroi' opocleu 

ot 1I"ft.Ho,mbrjo,!llo!1 \'11do11 uhow QOI:.& nimllar1ty to !le_B(~[Jbrio!ylon mvtJvonns. 

Uesonrari0N:;lon uvOCiOsuIil)tLHaanujall1 (1954) hau uniooriuto ruyo up to 16 calla 

hiGh. ~10 pita on tho :r~dilll wnlls Ql' the tx'uahc1do are oimilnr in Gila;) 

and ohupa, but tho,y llre often contiL1l0uS. Double rows of opposite llito 

are quito co~ont end well defined burs or Sanio are preoont. 

ConiferoCllulonlatiaulotltUlU Sah (lV59) would havo Dilen inoluded 
ill • • •• • 

in ~f(180k1l)rigglon 11' pith ond pr1JtU~ry tiuauoG \101'0 not wall ,prGc"rvad. 

It d1t:fel'. from H&8ombriox:lon ij<7aven.!J! onl)' ill havillC uhortct" rays 



;t 18. 

(l ·"8 cells) and only 1 - 2 circular orossfield pits, which have on 

oblique olliptioal·pore. lilardwaj (l95;) d(uJorilmd. a new epaoioG, 
" 

UJaombv,PR1QIl ~ruU.2lW, of Jurausic ase i'rom tho Uajmahal Rills t Bihur. 

Tbiu llOod differs ill' havinG widaly o))uoed pi to on tho radial walls of 

tho truoheldl.h ~'ho orossfiold pi tsore larce and thore is only one 

l)or o1'088:£':l.old. 1'he I:UyS aro only 1 - 5 oells lliah. 

Noprev:l.oua desoription of any opccieo of Uosombri0e:lon oontains 

adotllilotl account or tile txacboidal und oroUili':l.old pits DO Doen in 

section. 1'10 llllaoio& (to my knowled~Q) POt)SSS8 olotHlly plaood br~mahcs_ 

or OhOl·t ehoota QS dasoribed hore. Indeed, consi(lori1l5 this lost featUl.'o, 

~!e,el!JbGOliJdRn GWA!l)f1!iW is more aicdlnr to m Uoprlo121tvJl Jeffrey (19:>'1) 

Ulld V:oosh:Qr'!hig JOrrl'ey (1910). Jb~'iMq!tiol)!ty8 is of Middle Cl'etaoeouG 

age, Dnd 10 deooribad as showing tho sours of' ahori.ahoots on ita 

decortiouted uuri'uoo. ibn "700d struotUl."o alion's It mixture. of both 

,Abletil.Got.ls and l.rauoarion footuros. 'Illa traoheidal pi to ar~ often 

oontit,.'UOUB and flottanod, but tho pittinG of tbe rey cells is nbietineoun. 

'Verticol resin oonals' ooour :l.n \1oundsd tiaouu, til thouGh not in nOl"Gml 

regiano. fl'h() ahort UhOO~8, ao uhown in tLll1Sfintial scotion of tho stem, 

aru snid'to 10 aacol1lpanied b'y the truce of III Gubtand:1.ne loaf. 'rho 'main 

difforenoos between thin conus und l,fpQolAhriox;zlon eWBYenlC £11'0 1) tho 

-, Abiotineous pittUlg 01' ray colla, 2) tho 1)1'080nOe of resin o!lnals, 3) tho 

prEldOLlinnnoo oi' .Ar8uasriul1 pitUrlG on traahoids, 4) the ooourrClllce oi' 

bath nlternate ancl oppoo1to b1seriato pitting • 

• }loodwor,thi, ({roLl tho 'l'riaaaio of Ar1zolUl) is of upproximately 

tho uocie 8E,;C (is ~'.eI9Qllltt9XY}.On B'V/Pyells,!, end. olao ohows S081'S on tho ouri'Llao, 



as in .t\tAlllU\rj2lJ~tl. ~H.t traoos 01' tbouc rshootu sor~'time5 brn.'"loh 

daop in tho 't';O()i1 (I;)t. l!.SJ1q'~l'IQg:l9.U t:if.Ll'!':l'LtJSl (l.ou~le tX'Dca, Ploir; \'1 A) 

tl t'anturo ~hioh $E.ltis'rd. (1919) $tata~ hUD boon reoordod. in Oinkro • 
• _ rtF, 

(Un!ox-·tl.tnutoly, I have only been able to' cl::Drr.ine YOUlla wood of .ill:!.!r£.2 

Wt$G not. iiucm). ~ho iihoot t.rueD 111 .r~(:l2d'·m.t.th~ \fUB n160 £lCcotlJ;"suiad by 

tl loaf' trllce. ILU 1n l{ij&(tm'hr19IX1cm ,af;el!Ql\l!!, tho rays of r-iZ~dr/gtibll 

~£lzon1c, JC££1~Y (1910) ere uniaeriatv (only 1 - 9 cOlls deep), and tho 

ray cello are pi tte;u pplZ on tho X'1.1d.ial ~&llu. Also thi~ tal'owth rUlGe are 

not lioll dei'incd unCi tl'ltlrO are no, rOLlin c:nmuulu. ~11UU it C:ln bo OE:~m 

that thouu 'iliO :Ol~~ci"u ol'g very c1tul1al'" in t'iict, thoy a,pponr to diffor 

onlj' in the (trl·v.nL~ti(mt of tho, pitting on thu radial walls of tho truchoidG t 

whioh is tyllicall1' .!\l'llualariun in ,;'f,9Il4wQl'ShiU ,ri;oniga, but mor~ or le~8 

8u,l)uruted tum alwaYs. ul\1serlutev in U~~6fUlbrip~1(m. mYJv//BPal., M~9flll_bri¢xylo..u 

.eovtlfl.na .. ~z.wy be 811id to hav~ ceria-in JiruuofAritm fonturoG, nw:uly the 

Ilitht i'latt~nin£! abova lind beloit of Domu ot tho tl'aohe1dtll p1.tlJ; the 

abaeJlcu of al:l1etiuoOUH l>itting fl'OIft the 'rq ClfJll~Jt thll abscnce of bare or 
San10 (1f this 11$ an ol"iGiual l'on1.u...,) aud.tbo l'l:"OflGnaC of 1)61'sistont leaf 

tl·iH~QD. fl tOelturu \)'bloh t1gnier (oca Seward, 1919, Pllt"e 145). thoueh t W'U.l 

or dicsnontl0 iwpprt~ncc. 

COllulaerirtt tho bro~t rdxtUJ'O ot: Araucarian ~rill. J4biotinaous 

CM1'4otorI.J tlhioh oocur 1n C04lf)J' apuo1_na or l'er...:o-t!l;lrl.loni1'ttl'OUo. lind 

'lTl.I+l10 Oondwunalnnawooda (Kr~uaol and l\tl1l6P 1926, OrambtllJt 1952, 1~54J 

find in th1b ~UUdfl) t must OOlU'.SO that :I ell unccl'tuin Vlhethul" the i"cobly

dQvulopoc. Ara\lo.u,"J.cn tEitlturoa of the l'X'oBent flpso1tlOn, and ito r.,ou41oa:sion 



·of 'branoh 01' uhaot tl'UCUO in tlla llood. IU'O eut'f'iolent to ItlGr1t its 

lnalusicl). ill ll'{OOtlW,ol;'..t.1?,iJU or, J't'iJrely ind10trte that a ralat1on8hip 

may e.xillt bQti~cH.m (;0:::10 U01!teru or !,)e~\J:ilp.!.!.P?C1.1"ln lala ,\\9or'l~~r.th.lfh 

l't PJ;~lt lip. X'cmctm'OOrDd tb~t }1f:i!Ui!~p.t.;o~1,on 10 &1 !irtU'101o1 EtlllUa, 

coutu1n1nl{ only ~oool1dur'y \,oaulJ, l:Ll.n)),. or whioh a:re probably not 

X'olt.ttt'ld Itt ~ll. 

?-'l.. O. 





It.t.lr.. (it 315.) l'iZ);y cc"llo end. oroaaf101d pi to. 

Tl<a,ch.,itlul 1>1 t~ in vel'tical eeotion, Dhow1ne 

udout..lo wlno-(Sl.l.l.siJ,n ahur;.u of porus und 'bordo.l'fj 

(X 1,100.) 

T.L.~. vert1oo1 DQot1on throui:h orouui'iQld j)1 to 

(:.: 1,lOLi.) 

!r.I,.n. trniaull'iato ruya nna trachoid cnat) (X 375.) 

t~.t.tJ. :"'.howine pi to l11 th eli t tUluped eua 

oi::oulnl:< l}orea. (X 500.). 

T.~ .. thl'oueh 111 .. defintJd crowth r1na- (X 375.) 
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\iood frott tho llrc.:mn"coul dOl;!.i1)itu c.£' Oennany. l,'h(" tr.uc}101du bora 

unir:er1at(: boruul'ud l)ltn LInd hulioDld thiokunl11za. no dia not illustrato 

h1s. rather briaf uUiloriptlon. 

~'h1u 'fIIould .ul)l'HIll~ to bu u valid 1~ub11oation. au &t't1clo 3U of 

the 111t(trnatlom~1 Coda of ~otanlanl J;iOllllmclatou.ro. 1'0'1uirlllG an adoquute-
'\ , 

tlcao:'lI~t1Qn with 111UBtrat1011U only 8yp11!;'U) to Bpt"iolou ond taxa of' 

1(1).1' rank publlshl:l:!l attor 1912. 

}J1'~8w:abl)" Ul'lBwa,ra of lIurt1a' ({ ~pel.", Walton (192,) lluBoX'ilied 

i'rcio.'l f;ou.th u;Gut .Ai'rioA a 8'p,!Hli!r.an of eooolldui/ wood with holiooid 

thio};;tm1nus, but with a1'4\.acUl'old pitUl18 on tho traoho1d.li.l, os 

JiI!~~~2n .. nf'J:i~j6Tl1!n Ull. et &014. nov • 

. SubsequQntly 1{rllu1Iol (1n l:l'llU!lol o.ru\ Ifen~o. 1920) ~11uo tJOl'l'(;illG 

OIl Zouth lloot }si'rican woods, ercctod n nuw senuu .!~?Ei ty--! to inoludo 

t'ooi ~hic::ll 110 thousht WtJO identical with ~S"ltclltot but '.;hi«llt tJod woll. 

lll'OOtiryud l)l'icor,}' t1uuuuu. KrUuual alao po1ntau out that the gonuu 

.~lp1I:o~vl.!~!l should nut 1. ... 'U.DO~ fol' rJultoo· Ii s.pocitlen e8 the nUlla had 

bl.re.ud.,y baon nood by UlU.'tie- lIet did uot, llowuver. propc.a a. nuw m.u;~e 

for \\,,It,,n t U l:OflUU, althoush 110 did "tut@ that thfl er,.ijc1men. could not 

D9 1ualu:lci in .l"xpm .. t2.!.L llQoau8o 110 llriLmrv t1u~'UQ.u wur9 pruiwn"od. 

I thcroi'ora propoao tho IJano Ueli.cOJ;,ylotl for wDods havinc .. .. .. 
tertiary holicold thickcniuiIu Ilt4d araucnrian pltt1us on tilu trncbcidu, 

l.ut \71110h do not havo \'iell z;.rel!1rvod pdxau,''''.r ,1&6\40'1. It will' include 

~"'*:V~"' ... 1't'iQIlfPu;" ?';slton. 192!;, u new spoc1uu l iQ1 i oR&11sm wQlt~n;U, 



to ba doscribod balow, &nd probably tho D.ndoxylon ape from tho Eoen 

of Nntal d90or1b~d qy Arber 1n 1910 (Walton. 1925). 
, " 

lLooordillC to Krauo&1 (1961), Sh11k1118 (1960), has doooribed 

a wood of oarboniferous'vS8 from t~utorn Ulbaria as X8XoRi~18 ap. 

K;rausol OOWllenta that this A}?scill1.en hu. no primary tissues, so that 

illtb6ush it is othorwise uitdlur to ~tJxopi»: •• it oannot be included 
. ' 

in thiu Genus. lJ.thoU8h I hltYB not raa~ tihllkina t 8 paper, it seems 

likely that his opscloo could Illao be inclUded in l!eljooqlon. ' 



i!~tlo9!l+on 'f,Qth nov.-

!tZi!~ ~l?t~O~(?tI 01' -\11(.! B.2..n.U.~f ij(:liC9!ll()H pfrioanUCl ('~7nltou, 1925) 

_ i!*H!ll'1.9~ d.!ri.r..:1l0Dl.~f 

Oytl:10UIJOmOtllJ flooondary ~ocd ~1thout pritlory t1UllUCU. fioltoxylic. 

flO l'Oeil'l. cUlls 01' catlalu. Gro>:;t!l ~(Jnou viu1blo -li.1lJoronoop1c~11y, fiiat:. 

not c;aaily 1Iern ttdcrosoopicnll:r. ~l'ach()ldit thick wullod 'Ui th un!- or 

b1-Sirlatu Jlr4ucfl~iCln })ltt1ns ou rndiul \Yulla, UOii,tlt1f.:i.CU alec l!Jl'\)aont 

on tho taI1Licmticl \iolltlt S"T8chald r;a11u additionAllly 'I1tlth 1 or 2 10'4 

111 tchcd }lulio',l bondn of tUl'tiary thickoniuir. 2 or ~oru u~~ll cranufield 

IjltG, 11or1:ontnl nnd tanGcntiul -.:«116 of ray 0011s not pitt<Jd. R8YO 

~Qutl,y lUliacril1to. 

I~PO()!rio d iDl,npHi", 

l~t.l,·ili unl- 01' :;otloiwou bi~oillrltibt 1 .. 9 c«11u biCht ldth 2 - 0 

orotlGfinld pi tli. t.i'r&loho:ids \Jith 1 or 2 auriato j~l',ucat'icn pits on 

l'adisl \,iullu, nann on tho tsrl(;Cnt1cl 'fmlla, ond ... ith " nir-slo or rarely 

d.oulile hfJl1xof t(tl:'tillr.y i.b1ckon1.n[~ nltta,ys f..uuaill€" ,bntUQ1)!l thn pit 

bQI\l.rr~. 



~, R!\:~'s u,t:ia8i',iato, 1 - 37 c\illa hi&fi. U<lml hoi~bt e·Oth 2 - :; 

pi t~ 1,i(f1~ flx'osnfiald., ' ~,'vbl'rrt(;o trl1cheid lUl'~l>th ;., f!i,."l. t,rrtluhoidu with 

1 or 2 .(;rint~ AruuDur1nn l>itt;l.na on ru.di~l wullu, nnu tlO:tetimeo ol:LJll 

In aoction, 1i1ttll similar 

to most reoent oon1:t\.u"h 

'1'r~chc1d wr.tlla thlck, boax-inti tlhulloW d(;ublQ !lU!~lzr Qf tc:rtic1J,"'J 

tbiolmnine, i'lhiCih 01."OOLHHJ corder 01: tl'llch~ldal pits. ltirllJ 01' !innio 

poo.lint, Vu.t l;iu.Y be obscured by helicoid bWI!u. 

Thils bpucit:mn 10 e bloak of o111elt1cd wooll 1;;~UDuiir.6 appro:dr.:mtoly 

11 C';;i. in ho1.cht nml D x 9 0:>1. !,fl 0%'080, aeoUou. Tho apaOii.ilOl'l j,e qu1Le 

elu.urly l;IU·t ai' a sOt,"'t.out of tho oocondsr,)" \1;00;1 (Ii' n t:roe trunk, which Cot 

tb1c :po1i:t ~otl~ursd not Ilttaa than 20 Ot4., ou.;, poasibly 8U t:.uch C~ 40Cl:1. 

in di&U~ot{j:r. On tb~ uut6idG uur!acti thu:. iu a lur~o knot Iu:u,'k nhioh 

ita!)l!' i3 t.: O£,!. in'dl41'!UiJtu'. 



IHlctior.a proved to b~) v~r:J U.ma COllSUI!'l1n.s. :For .this reason. only one 

t'ranaVQ1'SC anti two ef.l.cl.~ of tho tflIleant10l tlnd radial lCIlG'1tuditlSl 

o(lctio.na could be out. ThO I-r~pil:'£ition ot n sariell or toni~~nt.1.ai 
longitud1nel a~otiono, whioh 10 doairable for n detailed inv~8tiGntion. 

had to vo s1sr.donod, 

Th~ praaarvat10n i3 on the ~holQ 8oad, _nd do~al1a of the ohapa 

ot tho collo twd o~ tZ'3.llho:t.rlal tlnd cra13si;1eld pi ttins are olearly 

ahom in the riliotof,Topha on Flatoa XI and XII and in tho !fext fig. 9. 

~e po11aliGd transverse ~ur!'ace of' tho hand apilcimono appoars 

to shan quit~ cloprly d0finGd erowth rings, between two and thl~e 

Qentwtr~s apart, but und~r thO' miaroGcop-:1 those nre quito ir.diatingUishuble. 

Thal'. are 1:ands of opaquo 1'erroUB ::;.s'l;al.'1al i.."l. tho fiood, but these aro not 

oontinuous, end boar no relationship to el'owth rings. 

The l)hotCJgroph,' I)lat? 1.1 .At shows a. region extendul,G OW:!l' ana 

'Of thB uFFal'out 8:towth rJ.nss. .Althoush thQ Clvbra&O sizo of tho CUlls 

.at the ton and bottom of the photoerafh ill greater than that of tbOBO in ... 

thQ central region, thOl'O ie no uha.rply %:Dl'~d' difference betwGen late 

atta. early wood t as in the XlO1'JlUll typo of il'Owth rin,g. III transverse 

~eot1on, the tl'6loheide arc X'Qcune,,'Ular or h0X8go11tll. l'llnge !ro~ 20~ - 4etl 

in diat'loic1", tmd uru c:.rrongod in orderly radial fUss. ~o uppr'Ox1cate 

nvoraS(j diam.fJtQl~ 'Of the t:t'8oheitlo io YJf~. 

In ianzcnt:l.ul section, tho l.'U,Ys llre 8QUn to bo entirely Wlisor1nte, 
. C\.~ct "n he i f:!j'-' t 

(i>late XI ll, !rOAt fie_ 9 G)~ l'llUl,io"frotl 1 to '1 'thin walled cells. whioh 

measure 8p'p~oxit.lutely 161J horizontally and 2511 vortically. ~he mOlln 

he1aht of the :rqs (n\il.lbor ot 0(1110) ect1mntod froll Ii l"urldotl oount of 





lr~lipg;rlon'w81tonit ap. nov. 

Explnnation of !rext FiGurol 9. Ii. - n • 

. 
n.L.S. (x 375.) Roy oe110" thiok flalled 

trachoido and crossfield pitu. 

n.L.S. (X 1,100.) Uembora of doublo hal~: 
ot tertiary Viall thickening oro GO ina tho 

uOI'dGra of tho traohoidal pita. 

T.L.S. (>: 1,100.) Vertical eo~tion throUBh 

bordel'cd pits, Dlso nbO'itill8 relative pooit1on. 
of the double helix of tertIary wall thiokoning. 

11.L.O. (X 500.) :Biaeriato altarnotinc pito 

tmd hol1o01d thickonings. 

JhluS. (X SOO.) Uniseriata pita and double 

bi1llix aE wall -thiok(;)nine. find. further 

u.ltornate bieerinte pitting. 

~.L.3. (X 375.) Uruoe~iate rvyo and trsobeid 
end wnllu. ill-oo ohowins smal.l l:!ol'dered llita 

on tho tnnc:;ontiul wall o,t' one trocheid" and 

shallow doublet belien •• 

'1'.s. ~lbrough rOh"ion of "srowth ring' which 

could b~'Dcon ~acrosaop1oally. (x ~75.) 



J 



200 r~ya £rc·"J oach ta.nt;ontit.ll Deatio,n, WtW a-0400110. 

l!ro;,1 the 8S~U t.)(.:Ioti(.mG, tho ~;nn truchuld hll1gth WU8 found 

to be '-35 JlJ:. (aec ).PIICJultx, o~, p""'Y :2 6 \. ) 1~ few 

a~all bordored. l}ltD. oot'Weon 1F und. !).l in dil.ur.G'tar. weru obnorvt;)d., 

o:n thoir 'iUllb"\.~ll.tlnl ,;alla (!r"xtl'it;.9 C)., t\'op1ttirLe \!fUll obaervud 

on tho 'tJU1i;ontinl wulln of.. tho rl~Y c(lll"." 

, ,In co'h ttlnt(}~tiHl. und radial lor.g1tud1nnl BilCUOn!l, dqrinlto, 

,mora Ot" leas ,hor1~ontttl b"~ldso:!' 'Lh1okeniJll~ can bu lioun,on thu walla 

of tho trLiohe:l.d~. In tho rml1Ql uootiona (Plate XlI, C, D, E. ~~xt 

i'14{s. 9):,1). I~) thf:oeth1ckun1ngl cun 'be aeen nfS an 6HU50c1attJd. full' 

formi~lg Cit shullollt dou\)ls llu11x, tha IlOm'bera of wbich Utlually pnos over 

the bo~do;ru of' the tt.'uohei<.'inl :pita,. ona (wob. side ot thl, lion),. but not 

llomull~ toua}11n~ tho llotuul ada6 ot thil PC1"h t:tlUll:'Q th1u does ocour, 

tbo :porOD SUiHJ to huVQ boon, fmlorced by dooa)·. 

~hQ trauho1dul pi tn ","uy b13 unls"ria,te or l.d.tJ~r1(lto (l~lnto hIlt 

/\, D. Text iii;. ll, 1;). III tho former caue, tha l,itlf ura oonticuouulI 

~'lfrttar.f.j~t .ullova t\r4li l.:~lCUI to, a vary111tJ ~x.tCJlit •. no thu t th~lr oht~FO 

vCirlau .IrOl;! eil'culOl' to ovt:l (l'ltlto XII, 0, D). !riH) dio.tuttur of the 

ll1ts 1& lJab'Gol1 1\:', .. llnd 1'1. '!he pore is oontl'olly ploced, round 01' 

OVal in Oh(II10, and uetuuul1 2tiO ~m~t ,.~. in di~ot41X'. 

iihflro tho pita ~ro biHSrlb,t~f thoy aro al1;ol"tluto end hcxa&onnl 

in uhftpo. In tlor.;Q llart(4 of 1:1HI ,,~ot1ou, dar'tor lint/o con be s~.n 

'l.!CiwiU;ft tho l..ordcX"sot the 1,1tK, !Ol1Aint: e d1at1nct hexa~ot.tll rattorne 

(Plsto XII,S). !ihoi'Je litltloaOlil1ll to ~rk tta 11tt1t or tha pit r~uld8 

(lnd In this l"l:)Isr..eot at lu:;:.at {~rc a1m11tu.~ to X'Uli.l of ;~3un10. ~ba 



.231 . 

. pitting on one trachold ~ohan&e from tllO b1ceriata to the unioeriate 

urrangoll.'lent, whe~ tho lines are oontlnuud and appoar au very l'ind rims 

o.t ~io (Pla~e .XlI ~), u l'eature whicll 10 apae~t i'l'QUl the rt)cunt 

CXhlu aam~ ,photo&ruph l.llao ahowu ,.hO\1 tho pores of the 
, . . ' 

beXSBonal pits cnn vur.y f~om oiroular to an almost vertical slit. 

~h. helicoid thickonings ere. Urtmt;\lc1. in a.oh&rfActerlstic 

lllWlllOX' in thOBO trnoheida with biseriute pitting_ lJ.be mem\wX's of the 

double nelix ~1w.$Y8 maintain the same positIon in rolation to the 

borders and 1~ro8 at tho two rows of pits. ~USt one momber of tho 

double helix alw~s pasuos abovu.the porea of the ~1ta on tho left ot 

a doublE> row, but below tho pores ot thlit .pi ts Oil tho right, whilet tho 

situution.is rev~rBe4 for tho other mamboro! tha dou~la holix (Text 

.f1c;. 9 D)_ ~;horo the pita are 'Wl1ser1a~fi), one membor of tl\e helix 

aoernualwa~8 to oroas tho border above the pore of tho pit, wbUst the 

athol" nlwuys l>~uusel1 bono61tb, the pore (Text fi8. 9 E) • 

. , ~lloro aro norLlally two, tmd rarely throe, pits Inth. crosat'iold 

(1'ext J:~g. 9 A). ~l& border 1ao1ra.ular,. und ~ - 6;4. in diameter. ~be 

pO):(J8 UN not well 11l:'CHsorved, but Plate XID 000.". them 8. be1n& broadly 

elliptioal und ob11que. 
Co.il 

~e ray oella, thalnaal veDA JIleU81l1'G . bet •• en ,0" and ~ radially, 

al tboush e~ - a5f!. in a moro Qual ui... ',1~h. cell walls arc "smooth. 

«nd only ~ - li~ thiok. The tanGe~ti81.wall. are not pitte~, and it 

is not certain T'fl1C~thlUr tho orossfield pits are preuont in the ray oell 

wallo, or whether only tllO traobaidu 81'& pitted, ~8 in Araucerlneae. 

) 



)'.he dof1nl to ll(llioold thiokoninG" on the trscheide of the 

dietinotiva cOwblJ13t1on of oilurm:tors ti'llluh strictly 11t11ttha 
.... h1ch 

nutlboX' of fossU '>aaottu with/thin flliCclttun may ba <ld::1p.ared.. Irll:Lt1Gd, . 

liD fur tiD I know, o. J~~!{!..o3J::t9.ll OIl. (dcuQr1bod by I.x'bor in 1910), 

lfeliF.0lC.2:~ (~ilJir.~,¥l,l()~1) fifx:!o,!lpuz:! ~i'il11 tOll (1925) t Llnd .'1'axoI~i~!S 

ui'r1,()tmu l:t,llu&jQl' Gilt! rtt:nzo (1920) lire tho only llroviously describf!d ..... 

6~cltwns ",hioh coouine thelia featureu. All thl'OU aro 618(,) fram 

South ~'out ·li£l*1oa.. J\l!borte lind t'£u.ton.{o epocil.'leruil c(.Inuiut on·1y ot 

Ot1oor.dr.l.,;{ Y;'Q<..-a..' t,hCl'(:t$iU Krihusol' 8 sr~1)1.~tt tllao htuJ thG liri~ry 

"tl'l.lOturus px·eu~l'V'&d.. 

I ann i'il1d little d1!1'erunoe betwt:U!1 thane 8FOolmeDu. nnd 

UJ:'~uaul una ltLlll(;0 (192a), in Ifar~rrin.c to tho l)~jaox.x~.rn ep of' J~rbar 

atutCt 1II,t Uli~cilra, tin tar 00 '.1:0 ~Jl cay. conl)ia~ril:8 tho bad atnta 

of p~'auaTVatiun of' tbu \'Hjoel. thnt this 18 th<iJ Id(4utioul t.1pn of ViDCd 

d(u.1cr1bod. by i1~l tob, flllll 1 t itl now af;nL"'l c.va11rlblc fl"',.J(I tha Doros tl 
~ .' h 

CrAter (i.O. tbo looal1 ty 0.1' bio om sllbo1mon - P.w.) in fuot. tOOl'Ct 

itl 110tll1loto aOJU'0l't.l1ty in U\fJ ounot.ruatioll oi' th-o i':lflQomlury ",o~'l, end 

enG would not heaitnto to cot.'lblne thom lit thu llrlmol-y $tl·uo'luro Wtll'O 

lmoflllil • "'!:!coaullO of thin, Kr~unol loi't ·the i'irnt two no sopnrat(l 

. timOl'b emd. GJlooiofJ, fmd urout,;,id n naw S'lnU" und Ul~ooifa~ - ,Xt!xqnity,a 

nfrionnn .... 1'01: his Qi:O npoail::sn. --



1 -; 7e1- p:2-'/A; 

ilclYa . Ul' .'t~ f.. 00110 l11gb 

telioQ1d tlliokun1neu 411lfDYO in 
douhl,' bnrdl 

!h~llcola th1oKCnin&8 pass OYijX' 
bOl.'dcr of i~ooh('1dal lil tn, 0100. 
to pOl'D. 

,Eor;ie:rCtQ. 1J1 to em tnnt~liu1t.1al wallo ~ 
Qt' tl'llOhQidfh 

J..l to 1't~t\ te pol~'l~~ntll. pi tu 0 O;),t .. on 

'2, or , oroDot101d pits 

iitllico'){ 1 on. &frio!.ll'lura (~rlll tOll til'.) 
liolicoxIlf'l~ p .4~~ll()p) Arbor 81>, 
.T~xOI)J~Ytl .. ('~:r.ioatm Krauilol 

R~Yfl up to 10 cella high 

I1clicoid th1ckonill(;U Oitl£;lC:S, 
!JOllioti!I'IOU bifuroZ!tinS', rn:roly a 
truo doublo tumi. 

ltoliooid. thiokGnina:a puss betwe~n 
bordn·u oi' 1>1ts. 

Hono tlCntioIlod 

'l~ot tin ourn~on 

n - 0 orosnt1cld pits 

l~stbo prlmtlry tiauuoc of tho FX"W'sentspuo1r~un aTe not J:nown. 

itlliUOt Uti inoluded. ill thu n~w £I.'lI1UH !!.!]..iao&,"l.2!l' um! tr.!l dirt'orouce 

bot~:~en, thiu amI tll~ lU."t;vioaal.y dUfJorlbad \'toa:J.s CI!' 6 nimilu" atruc1;ul."o 

ar" <l~it~ fJut'!'ic1ont to wArr~n\i. tht:) !\lX'r.tnt1on oi~ Ii new Bf-Qci'!Jo. It 

,iunutied fi1'ior l!ro:L'oailor Jobn.#llton, ~~ho t'1r(lt uoucr1hQd wood of this 

, type :rrQ~ eou.th i.i:eut Afrioa. . 

If' 5h11k1na' fJ o'p(jci~..,n (thUk1p~t 1960) aerOfJll clOtH~11 wi \h 

e1th<ill' !.i!].M1c2\9':fC!n~.!f..r,lci4!!M! ... Ol· :C:!~li$l,ft];llq,n.!!ll,~smJ,h it SWUtJ t be 

deooribad undor thu QvFrO~r1uta upaoifio nsmo. Qthoruiuo it muy be 

nUCloasur.1 to aroct fA nell 8te0iea. 

Ol'80Ufi& (1961) boa df.Ulerib$d. u llQ~1 GUUU8, 1!!..tttlsp~.rOlr3:19n,· tfh~.Qh 

ho wlioveBitl d1utinct :from X{X,oyi ty,!:! El."~uliol an! !'lEi,t'oglp,f! of 1i'81 ton 

(1925), so 1.110 helicold tbiokoninsa arc rluQh ltlortJ OPUl'UI;), Dnd very 



bl~st~v12.u..JIl1Upnil ia quito unlike 'lllY'OnG 11vil'lg t:rr!noaf,OT:l. 

but o0ll.1b1nruJ f'cuduru3 or !~rl!!ot~ra tinil .Ut1Jfh!s1.Rit}JC,!!!- flbtl 8l'1'/ln8cP"Jlnt 

of thy 81'iro.'la is qui ttl 1l1t:ilar to tbe t bilotln in Jt9Eh~ 1 O~t.I'!U;I'1, . in which 

the .~ll!'alu Ot'ODII the 'border or tho l)it Gmu. by we:n be t~nS(Jlltitll tp 

'ttle po:nlfl (G~£lt;lUl;195'), lJut thiD e~nulJhllu no ~r4\uo:lrlflll 1)1tt1ng. "Iho 

liltUne oi·l!!l'.l .. ~.9p~:l~ ... !R.1t.Ot.ii i. quito t.YIJioally arJluourif.m. 

Tu~ulJ?n (!!a;!j.~.Jl) ~it!'?.ltll'i!)·~~}..~ (Coepp) 10 ono c1~ tho folt 
, , 

br.eownu 8auS.er&Qd to tblt'l t~rsu» l'Jh1oh hove boeu dUlY'll to hav~ ;tree 

h'elico1d th1CKQuitlill, but tho treohCJ1d pi t8 (U'U oiraul~r and lll'J'llurutct 

nay'or ut all &1'8ucariun. I 1»Ul'lt 'agN8w1th those 6uthora who lulve 

Ci=-;hu.l~ed tho alelJd 1"01' dist1~'u1.hing between tl"Uti hCJlioof) em 'tho 

lle-11oo:1c1' tlkirklli -..::llloh are tbu ruaul\ of tho dOOOllt}lClfd.tlon of ~ood (rJowcrd, 

191!h ~ialton. 192!),Xr£iU!3ul and ltant"fl, 1~2El). (mil aleo botfJecn true 

helicau undUu) holioQid. craaltiJ ~ill1oh are o'hnraot(Jr1atle of eo:.::;prdBOiOt:l 

wood in healib1 treo8~ (~hl1iplJ 1948). fj'hin 11£8t I:hsnCfAe110!l in known 

al' 9V1ral obuckinG' JJ,l tho sllOoimOup of !fcliooxl1o,n end .1axo~i tlG, 

hun been :t;'ourtd 1n 20u.th i'(lHft., lJ.).·1c~t n. relfitively t'vstrictoll Lrcogrsllhicnl 

raneo. J~s co fuw fSpuolmens lw.'Ye l.lauu dooor1'ltad, it is not unr~atlon~bl0 

to DUlJ£.;tH:.It tllU.t tho lleolos1oal EJe.'"O rM1BtIlt of Utio b"X'OUP rr.sy hayS beon 

{l1mllflX"ly l~oa~rlotod. .xe!Oiliin~ (llr1~"p..! 1u kno.m to have oo~ trOt'l boda 

ai.:cw; tho l~tlQa. but oarta1111y baloa thu stonner£;' tJtrrioe. ~h1e would 

pluQO it aOl:ewh<:.re in tho ,~aurcrt tar-iou, lfihiob l'atlfjO i'rom USli)Or l'ut'ainn 

to lowar ~t'iausio in neu. 

III 



. .!tt.fJ Vutal. *,ptH:1t'ir:» formerly otJll~d. llti~5:!lt.1?l2 op. b;r Arcor' ill 1910 

WD~ t:t'om tha r.Qa~ b~(lu, 1.0. ~t111 'older, c011'41 ox .. lo\~~r P~rlAiWl ~~lta. 

Tn~rll 'Would t,\jGu:l to l:ril 11 ttl~ ~Vid~nc() in fJUPi;O.rt of 't'lnltont fJ ot{:>tament 

(192') th~t ~Hle?sylo!lltf'.rl~!U'~.!!E! in not il~rli!fl" than Ueuo~oic ,me. 1. 

llOS~ibly~ or '!e%'ti~lry aeCh . KraufJ~l rm'd F.rlrt;&o (1928) olso boliG'IG thu! 

the w(.)C;xt iiltruuture of !!!liooxrl.2U U1PJ..r~1~11} .!frioi#nUm 'pl'eoludQ:;J a 

CretaoeQulIJ ar1J.'ert1ary ~l.t~' OO~f:ll.l'imQtl with tll~ othor South l~el3t 
. -

}~rrloan Upuu1l.1iJJlO fSUiJt.Guta u li(ll"m1.a.n or oa.rl~ 1"ria~131Q aHQ .. · , 

~'ho clefJcril)tion of t'ilml1ar wood £ro:.:4 the Ctn:bonifcro:.:ls dopoo1.ts 

of fliooria 'by ah111d.l~a (l%O) G\lill)C1pt~ thnt tho prouent u!JOclto;en oould })(; 

tiS old au tho PeNo-oar'buul£croua. 

CrilAlbuut (l,CO) htitl u~ cXj!\rCHHICd thl.;l opinion, ~fh1ch iG UUpl?ol~ted 

bl hiD lfOl'l:, that aCllODilltnuus' fonnU wood ~ho'nincr a oombillntion or 

char~atura u.Dunll.y found in UQjHlr£ito conifor erOUjHl oocur-a Qurlisl.' in the 

Southern nC:Q1sphors (i.o. in tho- Ul)llO~ l>nlaaozo1c) 'than it do'}£) in tho 

l~orth(}m l!oldnphol'th rt"ha r1aQ1n.a of Holic9&l.:P.u in thQ l'em:tan or 

~1fU$aiu rtrthtrr thun ill the !rert1tn:,y tits in d.th i.!til'S sotlO.l'al 1H."1no1p1e. 



.A!1~..w..oil!J.,~r~W~n!IIl.,rr.2U .t~)od(H'ill llfli ,!llt£'f1s1m'£llY rJ:!H\lUjlp1 ... ;fs;H~. 
t,ul.). t.!!xo!torq1~ _t.rmlttiU~li • 

• Itpcnli,'lt. 11. teoro{i II r'O:ltid.l ~·Ol'.'et1t'4, ~~lru1k1a Gar.."fl "ltcsarvo. 

I,Qcul.ity 43 of" LBcey (l9Glb) 

... 
All tho u~ oir::.eno Oh0\1ilt1, extarnaUy * o1tUO ot eru1n utruetul'O 

ani! t~wth ~lnglh ',G1CY "llJra hr.rd al.'O~" piOCDU or l.'ook, 'With aor;;o iron 

atoiniuH Illlll s luran nUtlbllr of qUllrt~ in.trulllons. 

Sl>'lcit;:.allU n 2 - 6 tlel'$ all n~ot1orlod. UM ono GUrflH',)o of 

Dl)eoiram 1) 1 wan 1)011611(111. ThO tr(lWIVOruer lluct10rm OhO.H:ta t::Oll~~ 01 cnu 

"t' oQllulur structure .in ooom:&ional patches. but th~ longitud.irwl 

ncotic."ue ,tOre OOr.1plut.oly aova1d of r\.i;oot;tlicablo atructuroa. 'l'hiu lI1(lO 

fll.oinl)'" ~ot~Utif!.l ot th{J ol';!JtltelU.nu nuturCl of tllG rock £Iud tho ffict thrrt 

tbe {,TtHJtor pa':ll·t of tho SpOc11:~nH oonaiotod (j~ l}ur<) whitt: quart~. 

SPUOltlOtl n 7 (lOnaicltnd of til~oBt ~nt1:raly thin liUitti¢1ul. 'rho vncue 

ou.tl1nolJ o~· tho oalln 80011 in tr£.tn8YC1'll6 sootiOll t/cro a:fJdltlr to thOD 

dOClor:Lb~d· in np::.c:iv:.un D 1 (IlJm!t.~l()n hon.cl~~t PIiB& I q ~) elld the width 

of thG growth rin,jJG 'W4UJ also in the oriier or 4 or 5 f.an. 

\,tIlth o(lrtainty, nll thut nun Lit Gaid is that tho U)toc1Llfimulre 

of u poorly prc8orvod f08~11 wood. 



,l,ooe,lWJ l;os1' f~a1J in the L~(J~'oni r~iv~r Volley, t"Cntl'ol Subun811t1. 

l.oca:"1ty 42 or Lucey (1961b) 

This Bl-A)c:br.un 10 purt of Q IJl;".Cl1 oVlll 'brm)cl1, with a 'aroutoX' 

diMutor of '-5 ora. ~hr\lo oubtd.dial'J' brunch ncors tire flhown (1 - 1.5 mm. 

in cH.atletur) emil lutorally {mit two teroinully o1'tuu:l:t::d. 'rho lGlSt two 

ur(J 01001' lw1(ltmoo of dichoto::w. 'Yhicb u~geutu tlmt tho tart:iinal 

IllUl'i'i'tOIll two. t4Jcn debtroyell. Alnot o€lvun Doors (2Ll.Il in d:lr:unatln') and 

. eOl7llJlItlollcu: doubl~ cr.;:) triplo aaUl'D wort.> DOC!ll, l'ir.t",m,;ud in u apiral. 

In tunS£tnt1ul luniJ!tu~lillul auctiou. tho crrarl{;cmont Mil do.v(llo,P.Clont 

of tUG t\VO t.rf.llU ot Goar \iua touml to hi) C:lictly the (mr..tO 0.0 thllt 
t 

4c.wor1bc.Hl in tho n-",GIo1oonu ot ,J1Hdox¥~on bona!!, tiM thia WUlI eOllfb~:cd 

by th~ rudial looeitudinnl uuatltmfl C.l/RI,s.l and O.l!Il.ts.n. 

In tnm.lIVbrUO lIoationt t1Jo pith oavity \lUg f.lcacntrically 

plttoeii nna was s\u'l'oUl~(jcd 'by n lure$ nut.fttr of pri&';(ll'¥ XV10lA eroupa 

(er.olltu; tlulU 12, IJ.'t"()'bably 20 .. 25). Six crowth rines t .. ,:%'O countad. 

bet~ijcn 3 uM !> tm.1. BoroSS. In till tho asotions. Uumroooopio !'OBttu'im 

ouch CUi t"1."o~th rir.jj'H trnd l(ld' t:t'uc:os \wuld bo aleurly .oen, liut under 

tho ~1orohcol;"" no tletailo of oollulut' orcnniufltion viera v:lcib-l0l in 

:t'ilet. lBrt;O ]?r.rt1i of the: Dootlon ,'~at'\! qui to tlao~ nu!} clear. 



!thin 81>tlcitaeu. II nr.i411 plac~ of 8~cOnanl":1 r.ood t'Hlt:U.Ul'ing 

2-0 om x 1·~1 Ota .. x 6-5 0lS, £1h(H,'lI soato of dcu'cla ana tr1plu lt4lJf 

trncea ~)~ pne lorsu soar (2 t~. in d~Qtcr) on its Qutur sUl~uao. 

~Hj tll'l'nnceuo.Xlt ot' t~lH Clourtt 10 ttl, Q .81,1ral ~a dusaribcd tor I1!l4w:t1.2!l 

1.9!lJ!!1 tm:l tho l1:rovioUG Ol:l(loioen. ~'U'eo srol1th %'1111;8 t;o~e oo~m in tho 

trlu~8VortaU uCAotiou. but no oQllular a.tell \IUd' a~on. 

Xu v1($'1:1 ()£ thi!;' e;ruilt similarity in tho urrmlem!lont ofth& lour 
trcicoa of 1Jl~t!(l1f;lli)no C 1 ttlid C 2 to thut f;'lhO~in in .!:a~'9MX:!l1()1l bondl.~, it 

13 not unlikely that thoy 'bolonn to th~ taOti£.i UI.€)o1ou. tllthoue)1 thiD 

Qunnot bo ol.mi'inuud 'l.7 ~UUullJl" crt~·uoturu. l::ai und ·tho Gwave RiVGl' 

l~rfi)U (thair rtJupl.wtlVG lo~alitietJ) ar~ only ;!l.o~a 10 tiilon '1Furt.. Om' 

0tl0C1t:iIilU or 1i1IJ3tl~?J:.t/,lOli bond"~ D 1, OClI;!($G tr~~ thu sm:::.~ bsd llS tho uC" 

fll;aal~o:ul (nacsJ.l'ppiJnt e·ri \). 1ho fiG" UllllOUH;:llS :.ue 'Uwut;ht to be 

the Pt!bbly ,~rk03i}. but thin 1u BUll of UPllO);' l:mrroo, i.u. Uppal." 

~;r!ar;Qio Uf~o. (}ioto t thOl'Q IQUljQ to be aO~:G cOl~fuaio.n botwaan the 

l::soarl'ltltmt Grlt fJt'.d tllo l'obbly 11.1'koliO in B'}l~(t looalitiee (Lecoy, 1901'0) 

no it it) fO l;m1blo th~t thoy care ttll at the oam" use} 

.UUoOl t,\C'\9 0 ~ ~ r. I 
l.ooali ty, jlf70 I.ltld, ft0r!?1Rnr J~~ tor it;.iHl.1m:QllS 01 r..nd C 2. 

illoau opaOitWllfi of. £:acondury \'Iood rnll8G in 81$30 frot} 4 C!:l. ~ 4 Cth 

.:t 1-5 c;;i. to 9 0fI1. x 5 OQ. x 1, Cd. lio do\n:Un of sttl10ture wel'S t"ound. 

Cl:C8Dt tar ocauu1om~1 Iflilf or shoot t~"UCe&h 



L.20&t~t..f1 :ro;lD11'toro\it. 10 mUen ~'~aii or Clilru.'ldu on tho 

CM.l·undu. ... Kllfuo noua., n. fihodttalth 1.oaol.ity 49 of 

Lnct-lY (19Glb). 

l:m)nl'l'llJont 6"rlt or possibly ~"&bbly /~:rkOD('h 

llan,y lQre~ trunk" aro 1'.l101.lt\ in. thiB loc~litl 

(taco;:!, 1961h, llluto 2, £iC.2). 

tOle ~pcoi%i1unu ~rb fraeitHmts wtlt~on G ClQ. x, '.5·0:.1. :; 6·5 c.::l., 
t;ll'i.d. ~w ell •. x 10 (.U1. x: 9 cu. ill uiza. ,itlO rock :I.e; harll, fJ:r:ey in oolour •. 

U;t~ atA1ntld d0fl11) rod. ";.'hc n'Zlctioml ut\ou thG t tho rook 1~ ot"'JottSlline 

. nnd oo~tuino a lurge 4lmcunt 01: Q,Wlrt», au d6GOr1'Ped in tho ulltl sel~ica. 

~11i> t:rl>mr'lQl'I5G atlction uhow~ vary l1idelysp.:ltliiHl (taVetllCti) abou.t 10m.). 

but ruther lndiutUlct .8X'O\tth :,111ca. ~10 '(1)11$ &l'fli arranGod in 1'611101 
, ' , 

. n 
£11u~. una. t>p~~ar to bo or tho nor£l81 ~Jaf'P6r~loua iYJ.>iJ. '.tho 0011 wall» 

arlil imUutiltot und ~l."'.i) rat-hur tblok (,.Lout 1C)1",). llCi'lio'IVUr, tho 

oryutullil'!.e nutate of tb~ rook oboourcd flU nlsus ui' collulor structure 

in the lons1tudinal twatton •• 

It 1s not. po061010 to uttu~pt any iti,ontlfiunt1on o£ l'JlieC~';,Hla 

o 3 \0 C 7 and F 1 to F 9. 



MalW Sl!(t(Ji~B 0:: :\.\oed bUl'a 'teen aur;1eoad to J;f1~P~fOP 

Erulliohur_ lot £Or.~'\:l of ~Qrl~ 'liidu di"t::1bution l:no'ilf:l fl'OP strata as 

old 0$ tho li&Vouicm (Lanu' 1929). Ub4 "pooina dnool'i\;c!t\ in tho 

llt'UMnt ~llO~19 ere orFu~tuilll.n nod ';.'riutlol0 0BC. It lwa bQcn utated 

(tlU~~li.1912l ~cl tOllt 195G) tlwt tll41 ltUSlUll 10 (ii' flO atl'tltlBrnpllioul 

11I4,'1u.l'1canoo .... 1:IOlYovar, \~81ton h~Ql±' critlciclSI$ ~ra.rrant u ou£:;cettion 

thut J::'!l.~lp.xz~of\..t\1~211~; b~s U ))fll,;t;1.uularl:; Vlido VUt'tical difitrihut1on, 

.u:ul \i.nuoubt~a.ly '4011 pl'cnorved Dl:.Oc$.mel'lO of thi& spooloo al'Q only k%lUUn 

t'rorJ. 1~O"'tl0-a~\rbo'nifol'oUS utrntn. In foot, it 'ii'o.ll:on (1.930) is Ctn'::'~Qt 

An h~a .tD11tl£ ,thnt the lhtwotultlu bed» ot i\uotra11r. arl? Qf the GUl:.O ago 

ali th~~ LOTHal' llo"ufort iJoi18 01* (;411'0 .1}l'(,)V:111i;,H~J (\11 tho cI.eait:i.lOrLo of 

~~9Jl n~coli1 50 tar do~oriuod, Dru ot oloac~ 6it111o~ A,e • 

.llid .. t:.xyl.~n ap •• , (ct'. TllH1Q&lcn f1!coll,. d(.l~H:r1b~tl 1n this Tho~1~ ~9 fr\J~ 

tllO Mia.dle Mudu.!~bisa ~lull~gJ lth.1oh tlX'a also equiv~lcllt to the 1t11.';or 

!3cluufort \:."ds ot the C~I;w (T~l'!;,l.,* 1, IJU&a 5' und Li10ay 19G1b). 

l:!L~n, l.l~u"l!o'y1. (P'i.t;e.t 17b) iii a1u:11LtX' to l!'Istlox2')~2Il n~o ... o).!! < 

in \b{t G'onornl olH~l."'notGr or tho wood, tud t,w othnr m~eoj,tnSt ~~W.de.r.:~:l.Q!! 

,1ukq~'$Jl}!i! Cl·tu.l1.n~a' (l!lfiO) GUd. Jigao,?<Y,lgp .• l)ed 1..9.i ~}Ulcr (lC!iS) 

(.1.2.~t\~o!v..?n J'pdroi (Zei110r) la&'u,evl (l!i!jt";) v.hioh olot;ic:ly rcuHHnblu 

!i,f,tlpx.I:).cm btHtfN1. . .!i 1n tho t-;am1l'al oharuator o:t tbu wood atrl.1otul:e t nnd 

in ptlt'ticul~l" in :pouuluHJin,; VOl';y 11i8h Uf'..laoriatl.lr roys, aru of equivalent 



l!:lUJ ~~ll~~i~i1 u\')l~ ebc:,xl.f thf4 Co\1. .... tl"Y (if Ol:i:11n cnd 

iJt.rf,tigt-$l:;hict~l l-ll"O"l{m::m.CG of tholllo and oUtor u1r.rl.lur apooiun ot 

l}!lll€l: Ii! 

jiltrl.9Allsm .~llf.lCj.~i! !!! l'o,~!) .. o.n'!p'Q!1jJ'..2!9..ll! .!!G.! 

2i~d0!l!~r. ~)l~ql!1 

JUldo:szlon pi.9.S?l.1.1 

,1Uf"tY!fm n~9~ljl 

Jad(~vl on l..aknq. 
n. niooli 

j!lJtlOX1.?-on bC?up'!!'pY! 
El!hllQV. 

,f.'0u.ntrl. pf. 9!:1iEl 

, Ualflw.s.(f<l:rao&land) 

5cmtherll Itliodnain 
(1t;U\.larda 19;7) 

liut-al. .. 

Ctll;a l~roT1l'lcC) 

AUBtral11;1 . 

Fulltland. llilandlt 

Brazil 

lJoriz(j1'\ ... . 

rUddl~ ltnclt.lCQb1ua 
Ohuloo 

Lowor E,oltui'ort 

Per~o-Carhoui1'croua 

~aadlc Ucdur..a>.\d.ua 
St'Ji 10 Ii 

l'.G~160 d8 tranc1t1on 
(. LOl!itJ%' tlllliu:(ort) 

iU.c!;!.l'ao (!'o~o ... Ctll:·b.) 



, It i8 oUJCGutfJd that tll;;)tie sj;(t01S'1 fJllj" 'to of OOIil::l broad 

ou'atiBX'''f1hic£ll ~oluu. In l'i)ffl~'rlnl~ to tho ap(icmenn c:lalJcribod in 

ildGt 'l~WJii8. I;Olld {ptlraonul QCl~u.-:unioDtioll)·,5tatoa IIttlil~, it in not 

lliluully di1',ficul i to dfJoicls wh&thfll' an o::ponura l:HlloIle,U in Upp~r or 

, I'()\~(:l' Ktu::roo 1tl the Z~be~';,· ,Vallt)y,thtl uo!:~ Ina:! wall .!!2! upply· to'i 

jJltHlcfS Guch,aa, the l.uanoiill toou ·tho ! .. uonOt tJ1HJ):'aj'ac1et! d1:f:1'c:'encreSt;! 

\'iOQ:S r;!i~ht ljo Elxtreoaly vD1Wiblil~' 

[ho ~'l'lQ~nio apoe1t\o, ~ildof11on pend .. !.! (r..ago ) which. ia 

c11a:ractllrincd .~y 4~ d1ut1tlo~1vu llattQX'll oS loa! tr~o£t$. hUD ttl'llwtl 

uttfmi.bn to u poauiblo inuooUl':J.0Y 1n tho J;:I'ovia1ouel'detiU{-i of' tho 

ClXPOUUl',(,'u ill loc:u:lli t1ua ,~O end 4a (taooy 19G1b). 'l1~o OX}.'O:;:Ul·'lIS UfO 

j 

aOl;)(i 10 niles ll,Pfll.'t., Oll 01J-pouito old()" >Qi: t~D Chur~tia Plat\l.ll;lUt about 

20 t.1U,oa wailt of ooktm. ,j\lJ tb~ wood of J.19do,&lOr ~t@ ia !()und ut 

100 .. -w (thG l1uad'1iatQl~ '11'08 ot the owuvo 1l1v~r) r.:nd \food. which" io 

lll"cilm,bly thO' UJltu.,~ ill,Doiuaiu found Qt Loo. 4:'~ (tlt:llr tal. in tho f!tmyO~11 

U1v<lr' V~lloy) it io ~'nll~l~oatt:ld 'tlHl t tb~ue lOCI!u.i tioQ lio in tho f,'llW':lU Ilod 

$'.hich 10 (lXl}Osud on d1tfor(mt tlldoD ot Ch!lrllmtl hill. At tbo monent. 

:Lt it! not lH)Sniblo to, d6tor~1n\ij tho pl'uo1ull llCe, which is 01 tho:s.· 

ttH.wX',F.~ant Gx.1it or l?'abl)ly ~1'i'()SISl:. 

,}!-C!l~tlbl'i..p!tlQn f.w'lVenJ~r:. itt n15(.1 tho UlltUi tI£:lt tle .1~ncloxY+.9.t1 ,~lor41.1 ... 

11lth(Jrto, "00110 oJ.: thi~ tYI:o boya Cf;'jon ~cortlud f'ro:. Jurtull1io to l"iltnmt . ' 

t1:Jus, tm,d uo i'll.%' ;;h('1 ~c:nu9 IUl.a not bGijll Qf aNa\; utJ'tlt1(;rarllical vuluo. 

L;I1Q.Smihr1sPitlS211 £"wnx'~(H~.!l. hU~/avcr. 1u <:ms114' diotitl£lu1obad f1'OS:; all. 

l'X'iJv1oualy itEHHll'itad 8!bOloG. ilnd if it I;l"OVCUl to ba or rO~ltricl'ted 



wrtiual dlatributlo1'i, it will (!Gt'tainly be oi" eotltQ fltratlSl"c;ph1cf.ll 

1ml~()rtnncEi. ~hllt th1n 1& 11:rolm'bly true, in UUlil}Ortoa oy the feet th~t 

'f.o$?,II.v.P£th~n. nri!{2n,ittl\. (Jb£freT 1910), c. ,1ood of very ublilar utrt.tutUl'o. 

1~al.t.".l ~·autrio~t.il ttl tho Triu.n1a. 

It ',!uas bCQJ). oDtnbU.~.dlod thttt woods trow knovn bori$:(wG whioh 

r.avb I~'lluoariun pi tt1ne and llPliQoid t(.!:rtiury thickoninso on th~ 

tr~.ch.U,dlf, In:-e of F01'1nO-oul"boXl11'(~: .. ()US to g:riaasicGBIll. ~hia SUf,:;!J;Otllts 

tUi1t tho urulutod IHfU.a~J~119i) S1)'~tirw~ cmd ih!J,,~sa.r',QY1W1.1U61S~n~J. t't'Ot~ 

nt>uth~;'Ptlt; 1.:f:r1eu. ~t'o of' l'~&r'11an or U,'t'1as.1c CllC,l"J:ltlHl.t' thau ~\drt:UirJ 

(leU .. a WUEi.lutre:OliJto(f. 1.,;( lj,altcn (192;). 

21111 Y D 114 t~ 2(. ..9.!U'1p.1ll..!.!lt!Ju:9.P .. i!? ... A1!i,fJl.Ql!112. O!1.!t.tfMt~P a · 
t.I'ho c:'~~lplO:!l G1:v~n bOl'e show alourly that eCluul'ut.e doicri}>tion 

lmd 'idonti£iCtltiOrl oiutJQOirJarUl is oBtHmt1ul. ~o inorouoCs thtl ncoi.u."~cy 

of' <!ot~1·.:l1nnU.onu, it is noc(JolWr;,. to tuX;c au ~ cht!raotn:rs au I}o!.)s1blo 

into ueeount. und it 18 tU,rt; uuff1plont t() roly solely (In thouo characters 

whioh tl.J:a O(ltN~>nt1ouMlly OCO(lSltOd. ao ha:t.rl~~ ot' taxonotc.10 WlCt. (!rbi» 

olee:rly tllll,l1tiu moot tltronBly to fonn11ain t;hlch th6 numliot' ot 

chnrDote~a in otten 11l1itad). 

~Ull I huvc .fauna. that r;,~y he:1eht. which is not ecnmrt'tlly 

ucooptad lUJ a ehnroct.a~ of 1t:!lortance, lma 1lrovod to bo tlOflt uao!ul in 

dititin5uiahine btlt'faH~n ,R8l"tUJn, tnxu, parU.oulul"ly ct tllO npoc1!'ic.: lov&l.~ . 

ens 01' tho cibjQctlolli:' ~h1oh hun boon lil~dtl to tho uod of ruy 'hoisht • .us 
n ,diuC;lloat:io Q:t'it~l'iOflt 10 1't~ varinbi11ty fl'O:J; uuo yurt of u epoo1t::vn 

t() ~nottan'. Uot only atill this obj€lot1011 1:8 ovaraoc.o, l'ut tim ve.r1o'hillt:r 



oan b. a. u($ct'\ll ndditional OhOl'tlct'IXO ... ' In ii,C!lfll71l1, it t'(~y 'bo oll1,d th~t 

r;)l twiSh'ti 1nOl'U4HlOe oti;;ltlul1y with thQ CUO ot tho t!ood, until. unout 

the 2Gtb yo~r. )/h1311 the J,iro~ortton of 'r'tlY:.f u.f.' n eiven bo1eht :;oL:luiuQ 

roU€hly Qonatnnt (Phil11lG l!MO). !tho ru,y-helBht dntntor 51;Ocitlono 

C.l. (Mo8tn:lbF~2!llott ~~P!!') end G., U!rulpXL,lo.'l o,opdi.i) I1.ihot\u" Q 

crfu.'l.u.u.l 11' (trratlc l"ilU in' m~urn n 1s'-httisht froo 'tho t:ingcmt1ul ncctious 

nc~r 1.1u.) I):l:tb to th03l> frl)Ql tho outo=.· i.\(lb"" of' tho OI~ool~on (5'00 f .. ppundh:, 

l}agc ). In all tho othor sptloimono fram uh1ch 8eqUGnOGc of 

UOlltiG\lOUSl 1001;10110 hnvo buon 11l'il}?Ul't:d, thr.ll'C in conuidel'shlo vo:r.1t~tion 

in lauan rq-hc1r)lt !rOi,l (jUG tlaot:lun to nnothol.". t.ut thora il) no steady 

inul'etisv oX" d,actGBltJ fran ono 0,1,1 of thE! f:Hlrion to tho other. *!hie in 

1tsel1' tuccoata 'tht\'t tho G1Xlc1J,r.en., wtu:u froL"~ ~1ood OVOl.· cbout 20 ~T()Oith 

~1n{" troll tho pitlh Xu eOtlt caaf). thio elm he e{mf1n~~~d 11.1 cca:widorat1on 

of tho G1~o of the: ~l'f#o:S.tlen ot' of suoh t(mtul'oo no th\'l CUl.-VlltUl'O of tho 

nr,mth .rings. 

If n h1utosrUQ .ht)",1n~: thrt r)QrQCnt{~50 01' r,"Yu of dit'!f1r~r~t, 

ha1tht.u plotted ssn1nut rt~y he1,ght is 1)1'OPt.!11Hl, tho ehc~o of tUG 

hi6tO~;1·t'.Jil 1u otton quitiJ chArnowrlutic of tho araolas. f;"bio is well 

tllIO'l'V. in th~l biO~Ot~l·tlr.'l/;l dr4A'Rn for tho apltoieo denor1coil. in thic 'l1wsia. 

l?or cHmvenit:lnoc in cH/I1lDUria.on, thoy U1'O troupad to(~e:ihtJr in tho '~l'Sltlm\i.'I(' 

Oil ptlafi' ., ,. (mu Ul'1.l ;not €1'YUtl :in the desoriptiolls or ir..dividuol t1leo1(JD. 

~h. hl.toera::'G oS: U!"OC1t:.UllO 0.2. o.~ iltld E.1. ara 1l1t:Gllt idont1eal 

in 8llill~f Tn1!) &uP£lorts tho conoludoll i'ti£Hlbod on oth(~r· Brounilo, tlmt . 

th~y -.11 b131tmlt to th~ ocze cpuciot;, i.g. nado}Sllon, .b~rta1.\. 

On thn athol' hena, thfi d1,ft~r<alca cctt:oen th10 specie .. and 



Df1gsmrJ..ru't_J'2lW'.l9,Y.! 16 cion);'l)" O:upbl'.lDiBOli by u' co~psriuon ot th~il" 

hin t061·Lit:!S" 

l:t uhculd bu etll.I~a~1Qad tLot ray hGir:;ht is only ona chilrtlotol'. 

end io not 0 prmaauG for tb(J lJroblo:tG or :fooo!l ,.0011 tOXOfU:H.1iots. 

I imuld'liko to 1l't'!11't uttf.1l1tion to tho G;othoQ. of Ul6!~Gur1r;e 

tt'uohoid l~nztb 111 t~n£.:(mt1el oootions of wool. dOncri'ted by Le;.dull 

(1.959), t suo .\!}I.Cl;.du., ],luge 2,S7) .. 

In recant t;codo. Ladoll h«s cilO'fii'l thnt tb1a J:.Dthod. 1il Uti 

UOouintu in obtu1111n.g tho uyurago lnJlstb or oalls obtainoa. i'rap e 

tUilnllle, DO actually i~QnsUl·111.!} tun lm:l(;tb of cells o~ta1f1od trot:1 t.."o 
tlltJCtll'f.rtod. v;oo;!.· 'l'o bo u~ad for thin P\1~l~o~'a, it 1m 'ol)J£Hmt1el that tho 

trrtl(.t!dltinl uoctior .. u uhoutd to BOCm: .. ~ltO.ly allic,flcd in 'thlit vortical hlilno. 

Il;l'ov1<ii1l6 thn.t thin iu .no. t.hOl'lt (loQn ll.()t Ccut::l to \;0 ,my flPI)!·ooiu.'l;il~ 

arrOl' tlrieirlS i',rot. tho oontuu1on or Qli11~u(Jly cut tr4lcbl.iida Wi th t'iurJ 

ana 'l>'Olltla 

Lodoll' & mothor:}. haa l~c~+nGd to determil10 tll(ll ml.:+lm trtaehuid 

1U11i;th 111 tho Sliuciou ot fouail \10011 dULlcril.iod in ttl!" ll'hosls. 1 nIt. 

Guru thut thin ~¢thc:l. '!Jill 'tiff even t:lO%'i~ utJorul in thu i.YlVQfl'tiB~ition 

of fotluil l100ds' wllioh yiold peel ti8otions. In l~uch eDuce it ohould bo 

l~ODtJiblG to loar.tv uCCU.l'tltCll.y thu t'ou1t1on of tlncn sooticm within a 

crowth rilll:: (et. it is 1n oo!lcrn wood.) und th~ avoid 01'1'01'0 l11tich 

l!IiLht nrioo 11'0&1 thu uotUlI.Il "Varlutlor~ of tl'tlci1e1d lillle;th 111 tbin u 

growth ~in~. Cltn.lk and o.rti. (19(;1) cn..t othorc have iJ.hom thut trochoid. 

1(:fl:;1th 1. 6T\.lt./tout in latE) \\·o~ • .fiml tlll..ru;tlat 'the aotual ptlt~om of 

Variation ralcht bu of' Ufj<: S& f! uU1Gnost1c ohnl'catur. 



X*"b . 

.A eburuo.hr l.'hluh lllla J1~t licon uned (or evcllU~~oribocl in ih:tuil) 

l11'41vlouuly, 1» tlHJ UppUBl'linOQ of tho trilchfilidal un! ol'oQofiuld p1tl;, w}l<ln 

viclwt'd in uoot;ion. 'A'b1u ohCtl"flCtf;X' ULW vo:ry UtlC:lf'ul in thio invcQt1Gution. 

!the ~telilliir~ry invPAtiBu.tion ohor;t:d thut tlu;.!, wcod atruotutC ot Ultlcicnno 

, G.l.
t 

C.2., G.,. t and D.l. wss "tulto o1l.iilQr. 111e I/J,ta in l)len v1(:11 

(ra.dit:l Uflct1011) jtf.;ro J:Lbout tho tmmoalz" hn-i uhtll>e, C1nd only unltJer1o.te 

,pi ta brid llf.um tJOiln 1n all tho epUCitllilJUh lIOiwver. 'l'rhell ViC\'fi!.d. in 

"oction, tho l)itG in lJIJ\)o:JJ;:.Otl G.l ..... :11 clcc1rly qu1t~ di'"£erttmt,1.n 

utructuro 1'1'OJJ thOilC or 'f.hi; other vpoo1r.t>ne (ool':.l,t;aro :Plota VII li nod 

1110t. X n) tl)ld 1'Ul"thor tlXt.i%aintlt1on l'8v.alud ot11Gr a1sniticant d1ff'cri.!nces, 

uuch as tho prolionco oi' ulterllttte 1)1ttiflfJ in 4lf.f:lc1men 0.1. olld d11'fQl'tmCetl 

in t,ho Ii truotul~ oS; thu o.rol~Jlricld pi to, whiah in £;Vlneral arQ tt1cilnrto 

the nOniul tri.~cheid~l pi t8 in D.tlct1on. Au Q l'C.lsul t, the Df!.)ui1!:;'<lZlS 'tIora 

not 0,11 plu,!od. in tho same "p.::oi.au, indcwd, ·the mm or £.tll UHlir differoncoQ 

'finS dUQlr.ed .llUf:t'ioionti to 1,laoe thilill in u<spt:l.ruto ,Elnora. 



l~lY~~91fJ.r.t,.J!nsLll.\I1!lMiUt J';!Jmiri1W!Si!. ,9.!: r§;n.'p::~!l~nitprRll!!.~.!Uf. 
'1T.1aaai.c WOOtls. 

• I , 

~\e "un tOfliure orcet~ral intoX'fjst is that in 11~~ox.21!'.;l 

'l.2Yf.~heYi 1'l0 .~ttl,n navQ lfOod ttUh R Iilu"d atl~UQturij., (i..e.combininc 

A:rfl\l.O~rla11 unit Ablijt1naOU$ 1)itt1ul,t) QQQurrillil in l;$~1S Qf}'erco-

Oarl:lon1r~roua a~o. 'l~hlfi phollo_non has alr~41dy eoan c('u1~:;en't~ti upon 

h1 Ol'p4taat (196<J) and ill to bfJ sftcn in 12adwloli 111Jl...o11i (Wetl ton. 1925) 

in ~)ido?&tlon blHlcalQus$ (nol<lQ .... lSi17) al1(1 111 a 'pade.r1'?1l up. deuor1bcd 

by i~arl'~n (1912).: 

~r~uuCtl (l9l9) and l:;<»thold (1922)bcn aUEl1;;;ncd t:oodc or u 

thiu CillO 'the uoods U:'Q Llll or Mo:;ozo10 2£0 orA. Ilr~ l~rticul"rly ao~on 

in .tho JUt'4U1Sio cnd Cretuooa\1u 'llurioda. 13ailtJy (19;,) hao ao!.':.onutrotsd 
" . , 

qalte cOllvinobzsly il~nt thfJ rCH1Se of' Vill'1ation in. tho p1tt1nt,' of tho 

l)~otol)in~c~"u iU, in ftl-ct, n\) er"'~t"r than, that t'ound in f,;.au.r l'oclliQS 

,)1' th.~l TUQI,u.1,. l~inaotill/l... GX1Ui.ib.at (1960) bt)liuv~8 thut t.'tG t!o..1u 'Uixod 

1!1ttinrr 1u IolOlV .tronc~ll Q.o'Vtilo!'cQ. in tho "ccmuo:vaUv(:" ~o1. 8tru(ltl;;r~s 

o!. ... rocent con1£cl"u, j.t is l.i. prit."d:UvCt ohU)!o.ato:.-. Ita OCCUrrE:UCb, in 
)~ ~ 

the l'9co];ylol! :,mci-cii'U un1 in tlls ~~Ein!c*o,a! 18 said to f~l)oll ttH.lt thus 

t.mel'U A'~1fttlllo.a9,. 

'l.'-his 18 aUj;JportGd to OOillO (!xtcn'lt by tbe dcucr1:ptioll of ,"!lXOIJi t~~(l 

( '1 UQlt~C>!'y'lo.q) l'rol:i tho t!.;!."!:onif'aroun (::1h11k1na, 19(0). ot 

PltltYGvlIox,tlo11 (Gr"guD8, 1901) :!rarJ tho l'em1tm rmd of V?l1ooxylpn (thin 
; 



v~tUJ'1):. of t.r"uctU"'1am l unti ''l'uincon feutux'os.· tl con1inat.1,m ,(hieh I bavo 

tJo t OOlJQ ilorLU;iIl· in ::reoent 1'$0008. 

It "Ui;ImtJ ~{)uuible that 'the flyolution' of: th(lsO ·tilP(l~· took pIneo ltuch 

(:srlier in VtmdWnlU.11and tlum itl. tha ~orth~n\ ntJl181:J}iO~. 4J:his . 'J&rl:r 

dev6-1oI-.nt of iluuh a flo~a .t1I)'" .11 htl.vtI: ~iin ati:::ultlted. tiS crembost 

(l9CO) hfiB tJuiti. hy the IHHll.\OllUlvlIlria tiorm in oonui tiona .,..hich· 81'0 

'beliQvq,l to 11&"8 occurrod ·in 1,h10 f1, .. :-&ta 4urillS this c~o •. 

rerQomtlly, I thillk that tho ohun~i.V iron .arctic slae.!:.'!l 

ccmd1tiotJf in 1.hlll Louer l)wyka tlJ'lu, to the. ~nr.t:l conditions of tho Lower 

lieti,ufot;; 1. flll;I;~(j 11ke11 to hava< brouzhi. tluQui il steudy ovolutiontl17 

&\dvtmoa, thtm f.'i1irfJ seasonal variationa ill ol.iu.at& • 

. ;\8 1~fl.r £\.9 the l1otWll. tttXonomia IJotlltior, ot' th~ cpQo1cu or" 

:t1.I!(loX"l.~C!n:iu canolJrucd f thu, a.emcn.ltr~ tlon. thfl t in thQ rosion' of t be 

Qro~td.'i~fld II,U ... 't.t..o ~'()Y' call walla Qf6' not lhu-1'orat'ed, ·,ttould certainly 

sU,VI:ert thcua uho be11eYt1 i~i a ~n 0:' llt80 d1roct lillk bo'tn"en ll,t5oxYl2!1 

a~'id tl~o .t.raucill'UU1Sih· HOIJQ'Ii'or,tba rooent d~~Oni)t.rlltion th~t 

! .... ~.2N!.optu.r.1.! l(JuvtlG llt'" torna on utClilii fllth·.fiA11irz1on typo of \iood 

(l..'lCOk, ,1950, a, \.i, 19Ga) UbOlf" tllut Dl'~oul,.t1{m in th1u rttlll~ ct· uhou.lli 

.tuy very o.lo.tl8 to 'th. uvu11ablG ['CiO·tt" All t.hMt can be G~id in thc.t 

'~8H,t fll:Aao1uD of J1f!<lonl .. 9ll tU':e l.\xtrtlZOJ.:. ... ablilar 'to tbf.'t l1oc,nn't· 

i\,rauctl;,111ouo 1n tllO 6truotUl'l,) o1~ their 6CdOndftl'y wood • 

.£g,lfloo-;::ooj~. 

th>21 1}l'\.l:8I.HtCil of '{Hill \lori-nod c;.'l"Duth ~1.~1eg in toth :t'(u:'miZ\f1 und 

~dutia1tt wa04s (mrtLllluy rmF.!CflllUl that th~ro 'WJl:'C lj(lU00nnl ol'ml'lS~o 



'l: 1+<\ • 

durins :'t.lll.~so·titl'Jc~ £\0 tli~ ;g.rO\ith t'il1l;a til'S l'lOt noticoably abrLol.'t:tal. 

it :ttl :ran.OLIlul1~lf.l· to su.ptJO~6 th.nt thQVD chonlloDfolloiHlld ~ yonrly 

. (unnlU.ll) o,.vc:le. I would IU{iBoat that tbe IJxtN~ J\arrQwnoi1Ctmd. 

~bniptnutia ot the lat& wood zone 1ndloatfJ.a VfJ'r,/, Gu:lden cluUi$o in 

climt! tu' - ulloh a8 ~lould bet' prolluotd 111 'period" of: dl'OUCh t, toliowlrlg .I,' 

a lona pe-r16ilOf warM! tloifJt oc.nditions. tf.'hia in fJUIJportad 'by th" 

un:!.£m:ri\ atl"UotlU'C" 01' thG 'itoo.! aud tho lat"Ge .1ae of, the o4Jllu in the 

othlt' purts or th~ ,gru'Wtb :t'ins.' J~ ~ora e:r.$ciWll ulo~ins down, of 

6t'onth. 13n11. corl'ollpondinsl1 ~ld..r.ono of l_to woo:!, 'would pro'bnhl:r 

racult f'l'OIt tllu onset' of III cold a.ason, ulllt'wuth1n W&8 unws~lly l'''ll1u. 

~1t(l tfiiroucht ilo£laon-' b:/pothu&1. for the l!e:s:1tian iu ulna 

au!)pOl-~t)d by tho ocourronOG of what is 'belioved to 'be bUl"nt wood in buds 

of' tM.c tlt~(h . thiUSO h&'V'Q t.ean- inf;al"';PJ'ottia tiS boin~ formod I!'U.1 n :r:eault 

of, a :!Ol~~at til'.a. AS mpat 'Jltttural out'hf"~akB of foro:;::.'t f1ro De;!;!! to 

ba CAUIU'd. \)1 11ghtn1ng: without t"a1n (UA1'ria, 1951, 1~5e). th~ ch{lllOtll~ 

of " !iX'6 _ lJt41rtit"-6 w~uld tiD trea U1 1nOrQtiiUui ii" tl~ tic:otOl.", t~lJ.d 

liU7!tiQUlt!lJ'ly- ~ 1i t-tilr '()l" Wla.eril;'Owth. 'waa rU$llydry, totloflinc Cl 

droU[Jht. ~1a tioo innll ,tlith: tho auesotiti()t\s :r.:e:ia by t;.Ond (Bond. 

1962 •. LaQ&Y 1961b) .hich were 'bailod both on litholQGY unelon the kind 

'of !uWUi ':found1n£ies1i waterdal';os1tu ot thll 1;,hcalua:1un,XIll'l'oo. 

" , , -}1omluu5t,)Otrtll ,that.'thii' climate chrwg:wd £.11'17 "otoucllly !l'(.)m 

the arot1cioond1.Uonu j.Iu11ctltod.-' lJl"the lJw,yk". to bot dl"i/ o(.m~1tlons b~ 

tU8r tiUu 01 tbu Foruflt f~:.i'~On~lh 'Xh~l.~. io oloar ev:1cloncu of tho 

poriod1c dryil18 of lnkou in tho Middle lImdumab1rJo. clmlltllit and Iloml 

(J,iOl'UIJ11t:tl cpu:.u,nicntion) l'W.u aum;;ut\te~l that ,Pieoiils of wood lyinG in tho 

f,11ltillo1f8 would one111 f)OCOC''{S silicifiod.. Uo cluo nUJmrmtG the t this 



xso. 

p:::ooeas 1& uacu.t'l"in~ in lll"OtJf.lut day l.ako13 ill. Cuntral Afrioa, os tb", 

t1atcru contain hich };~l'conW.8oo oi~ OQlo1Utl ofiltD tlli.t1 G1li<mtou. 

J.l thoush tho:'Q 'Uc~ro 14njor wot fltn."ioda (no il';.tlic:.sted by tho 

!~ol tona ripplu-JMJ'kcl1 t~lugu), oantu. tiontl \'Hlt'O . n1n:oet oortu1n1y. ~uoh 

tlrit':' end llottor in thll tit'.{). or thQ ~abbly l.rlcQt\c ur.;;l r;uo~t"'p~nt (;'t'itn, 

tihcmthcl !I.'d.o.r.w10 t)pooie!l dCDcd.bad in thitl fl'heois \10%'0 t,'Towil1D'-. 

~'ha to.at thut tllo truchu1d. ~alln of tho Triasuic woo;lt~ are 

L:uoh thic}~ar. thnn thcwo of tilO l'crtlinn apoa1t:·\'ms LUGht be 1ntorpratod 

au bt~1n.t: pf clir .. atol.acieul. tJia;;ni!1canoa. iJ.~'lt)l ~itiilnX'ity 1~l tho 

ntll1oturo or tho t?,owth r~~ in the Vl(:10:1U ar 'tioth fli~C:G, aUC5cuto t.hat 

tll~t'lj ~\:a;,u 'probably m;&:,Hle.m t.md tleV01'u }?criodtt. of' droucht in tho !rril'luuio. 

llO woll II s.:1n tho l'orwitl%h 

~'h101: cull 111l11u in Wlru than ono fflt,;elcs t:;i£;ltt il1d1cffJ ttl srt.?:Ld. 

~ohilnionl otronsth, or r-ollsltly thu :p:raoQnco of Ii It\l't;;~ ~t>unt oj: 

~uollaurinout. Wltt:u~J..nl in tbu tr~ahe1tl. wa.llo. 1:~1 th~r oOl'Hlitiona tU.,;-Jlt 

\;0 tuk(m fUJ tt XCl"Ul!iIOt.*fh10 obal'£lotttl.', indicuti11G thnt c~md;ttiolla w\)rc 

tl\tC'.lll. hot-tor tmil dr1~1" inpurtu (.If th(l Tr1aelld.e then in tho l'erl:1ifitn. 

~"'h1n 1i10uld l~a COI:lllfli;ible 't11th l! olimate tloro oloofJly lll111:'Otlch1n;; 

tlm.t o~: thij llot drl dOSol'to of tho }urtl:)t nllndutono f'Jte, end it ti'oultl 

not 'to UH1'OL!£Hmablc to l11tor,pr-ot tho olol.lu l:l{~:1.QD of 6"rotllth rillen 

obsunud -in pnr.t 0:: vpuc1mc,n (h3. (Pilt;u ,q,) eu l'E:toultlnt: i'rofJ U UI:':1U1;mCO 

Qr i11mCl~,:mllJ' Bovero f,Itlrl la .. "lor..r;cd ,put'ioJo of' tb.'outht. 
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F1.f'ty llpQc1&<elUl of pCft.r1!1~d wood. :from l:;hod&uil!. &nd South 

wast }'sr1ca lu:.vo won Dxutlincd. Bieht u! theuo ara E:.l'ItU.i);r..cd to 

. doi'1ni to U,pocitHh 'No fl.C\'t Uliooiou of !'p:iCJ'S,(l2!l t;.utllicr.ar 111:'.1 cwo 

ntlw Gto Ql.Q IJ 01' It(,H~nt~bI~o'i¥~.on Btn~el·a., uri) dOQ01'1\.;od. !or ~!Jil ten' 0 

Cellus .t1Ri rPfU1oll (i\ultont 192;) 1;)1$ new llilt.::.O l!.el.~o0!:llo,i1 iu proJio~Qd, 

v.nfi u nUlrl ~~"clt:Hl) 1'1 n6f)i~t1ca to tld.u B"0.f.lua.1'wctlv<:: lloor13prcoerved 

ul~oi~wJ ~'t'\i oC~;P!Jl1Id w~.th uJ;.'CciGU deuorihad :Ul this "rhooi1l: l.it'it 

olslIwho r~. 1 t 1tl QUEirr,tlatct! thtlt fouail rioD:itl or Ii. fl1<ii2:od '~'c(Jd tiu"Uoturctl 

(Cl~a~buut.t 19(}0) ho,vCt btl the '\~'holet (!volvod ClarliGr :1.n the ~OUth(jl'11 thsn 

in ih~ iiorthrJl'n m:~mifl)J.lh(u:Ut (.Iud tlm't to;:U (it' tbP-DU "Ieetln llU:Y \;0 or orelld 

.~tl't:tlnt't~l?hicnl G1~n11·.t<Ulnoo. 



flat.ft,],.-

12l4~Y~:.?~~ .P2Wihlti~ 0p.llOV. 

F1tr· A. 

l!'i5<11 .B. 

"i.e- o. 

15'i~. D. 

!l',rsftsveraa tSuatlon $ltoi11~E ltalTO)l( iono of 1a turwood. (x 125). 

f'iutluontil~l lantEitudlr.Ull ncotlon. 
1iotu tho tall wliour1l\to rayo. (x l25). 

Eadiul lotlei twiin.ni o~otitm ~haw1r.s ot'osL1t'ield pits in 
late tint! onrly woni eX 470) (llhotoc;ral}h tuountntl oidnuuys}. 

l~hQtoar~llh of tUUID rosion onlargctt to X 1,200. 

, 
]"1/;- 13. "l'.l •• ~. soctiOIlt}ll'OU~~h bordol'Gd llita 1;1 t/nllo ot" tracheitis 

(x 1..2C-.O) 

c. It.L.S. (1.. 470) liicsoriato oppot11t.a enu nlt~H·ne.tu pittit18 nnd 
sonttoJ'od £l'OUIHl uf" 111tm. 

a::iuc,U'1a~1ii oppoa1W'pita tn'ld. bnl'o oS: Eunio. 
llotu the iGollAtod t;i t GrOUr~ (X 1,20{):) (Sl~oimon J~.l.) 

W.,~L •. ~... (x. 1,2(0) (il'oaai1ald. IJit3 lUlU '~nchQ1del 
pita 1n v(:rUoal (;(Jotton. (51100iI::fJU A.l.) 



Utido~l()? f3g.A. IJlratlOVorao 11uotlon (x 125) 
Db (Hliqr (u;UUld!lij or t1GQuao. (Sp.,tcit:on n. ') 

'l.S. of nUil10 a,pociuon I.'lho'Ullla better tlroDorvad 
tiuauuLJ nt:t.\t' zon() at 10.1:0 1rDod (2: 12;) 

25:>. 

t'ig. c. t.: D.. !trtlJq.!E£~~ox4:·1?p g¥\UVClhD!! av.nov.. I:::tcr/lnl 
!ou,turou UhOWUI[5 'Ii1Ql1 oar}.;.od o1roular OC£ll"S. (X li;) 
(Epoomnn 9.1.). 

PlatlJ V • 
.. III ...... tl 

.. ..t:.c., tilu,ml1JS 'PiuQ. 11Al.iotutat al'owth X'j.nSS. (X 50) 

J~oub16 a0110 or Sl!aUtl:".nchei(1u nOCico:!.fitod with (\ fJQUnd 

(x 125.-) 

'r.L.~I. uhOtl1l::c !r.S. throuah uoublo 'Ll"lwoh truce (~ 50.) 

Sillblo tX'LlfLOh tl'4l.CO from· till) $~mo Qoct1on (X 50.) 

n.L.s. UhO'1inS t!'~O:101dnl nnd. oro!lutiold p1 tn. (x: 125) 
(,PlotluO tU.m uidQwtJ,yo). 

n.l,.~~. uher/in,:; rtJye urw. crOt\t:;f'iE~ld pit:l. (7. 125.) 

n 
I 
I 

1 



lfiC. 1~. 

1:1S. 1,'. 
i~i;· C. 

fie. 1). 

Un.if:lOrl11te t.'o.chCJiclal Vitu. (x 470.) l/ro;t n.L.~. 

R.t.S. (i": 470.) lln1sa:riutq t14tchnidal 1)1 tat 

It.r,.s. (X 410.) ih'l.t oelln »rul oroDufit'ild 1)1 tl. 

!t.raS. Cr. 1,2(0) VOl;'t1oal flection throu,sh trochu1d£il l)ita. 

n.L.B. 1!l;I).'Qll.ohSLlo cell filth dar}! (lOnttll1to (x l., 2{iO) 
(ClllfJCit:;(m G.l.) 

i'mt1onloH 'bondit oJl.nov. 
'ncu;.· (Sl'OCU:O'n 0.2.) 

1)sdp'r,yloq )i()ng~1 op.nov. 

}'iUo. J.. & It. d1fi.'oX'ont V.1.o,,-:u at S,ponic.on C .. , (i: 2/') sboi':1ng brol':oh 
1,ftf:UJD. 

t •. T. G. of Sl*oi~Qn t. ,. ahow1ns llarrow Ilcno 01' lt~'ti,l: lI.1000 t 
Mel un1!oXltl otl~uoturo of' "lood eX 125). 

l~l. 1".' *!'.11.~' .from £:111';0 upoaimen (X 125) 



llA~. i: 
jJ,q6.cl!¥lon l1m1rlU OrJdlOV •. 

• 1 

:r~i8.· I ... ' n.li.U. (i~ 470.)' Uniu(u."'1ct':t' pi ttincs." t}oto doublo i'im. 

ric." n.· !t.L.S.· (x 470.) nieoriutu ultol'llatQ 111ttwch 

Fj.~.· c. 

f'in. .P1! 

J/1£'_ H~ 

1<'1U. 1:". 

Ylg. 0 •. 

1!tuto x;r 

Vo~tionj. 5QOUOn f.hrOutll tracho1dDl Fita (>; 1.200.) 
lfotu tho di.r~~,;,·onci:t 1n olzo bct't.'of.i'u thl) two b~l!''''l~itr:l. 

n.I •• s. uhoi'i'ir,z r~'yu ~nd. trliohei~~l 1)1 tUn,f; (x 125.) 
(l'ilotocralih lUountud a1dei'/ayo) •. 

t;.rl.~oIc lliltnU Qr ot'{u!iar1~ld ;pits (x 1,20-0) 

~.l~.$. Verti.aul tlQot1on thl'OUSb. f'iv(1 cl'OtJui'iQld pi tu. 
Uot~ tho ru;tromoly tlu.ll rcy-call wal.lu (x 1,200.) 

T.! ... S. vertical ,Ucotion throuth t'flO ol"onstiol.d plta. 
liotc thu.t tho wull or tho ruy ... c~ll 16 llot pitted. ('C 1.20Ct) 

lti{{u. 11 -to C fro£i~ Zi~o1mctl 0.2'. 

l:igu. n to Cl [root fJptlc1llon G.,. 

n~)11 op!tSylon 'it'! 'tonil ep.nov. 

~.1,..S.. (x 125.) 11ot,ti tho tnll uni~ar1atG l'C\7fJ tmll tho 
thick trochoid walls. 

T.l~.!j. (x 50.) cl1oulnt; 'trGillaVOrac cut throuflh t!l leul' 
t~ftOO or 0 ~ll brunoh truce. 

n.tt.fl. (x 470.) Ua,y 'o&llu with poorly l'X'¢l!Zorvod 
oroao.:f1cld p1 tr;. ' 

All fi8urao trom Sr~CibQn A.4. 



fiolj~2!llQn ~~l~ont~ op.nov. 

!f·~tc. .i.'i.. 

F1G~ n. 
}"'ll:· "'. 1,i. 

·.t'il~· '" /..Ie 

17iC- l~. 

n~IJ~~. (x 470.) t1llitlDX'itlte tracllo1dul rlttel • 

n~! .• 1~. (:l\ 4~iO) Dltuir!trto altClrn~to pittina. 

!~.L.S. (x 470) Unifjorl~tol)1tt1ng tind hollooid 
to)1tinl"S thio'ktn1 .. 'le on trLlcb(1i{l walln. 

l!.LIIU. (X .41().) Unicorloto pittinG and & 'Vory cl(iar 
dou\;'lu holi:: ot tart10ry iltlll th.tok~nin«. 

-
n.L.C. (X 410 ) !liUGd.uttt 1,1tUnc; nnd doubl4l bt.llil': 
or toni111:1 'l"iUlt thiokQn1nc.. (P1IOtO[Zt'tl{lh counted. 
cldo\'18J's), , 



A 8 

o 



PLATE II 

8 

c 



PLATE III: 

B 

c 



c 0 



B 

c 



c 0 



PLATE VII 

B 

c 



PLATE VIII 

A B 

o 
c 

d 



PLATE IX 

A B 



A 

o E F 







':t 5'7. 

Lacltlll (1959) llUS dOllorlbod U 1t,i{)UlQi! of obtElirlUlQ en aoourotG 

tlutif;lat~ Pl.' tnt) ~1Sfln ·truchuia lQZlath within ~ up\Joi~t:n or \;QOO" frox: 

U EJOri(jll 01· tur-i~ontial l.onsitt,rlinal uoOt10,:'Ul. It (tUllSilats of 

oauntins tho ll.w:.'lbur of tl'(lor,o~.d on,i1nu~ (coll tillU) bot.1oon II 'Pair 

uf nrM:trllfily Dl1ucud limlO, \411io11 t;!uy b~ innor1b()d .en a ml(:I'oC~fJtor 

Dyo"'liiotm. or on n acr4J€m on to \'.hioh an U1U£;Q of tl\o elida t::lly 1:Ie 

t.ltW,f3Ul'tld- on n BtGDO tlloi'O:!l,otar oo111t:a 'tI01"O 0-5 L;',l-:l. c~,nI't. 'rhe 

!olloil!!l.tC fcn:.;ultrr 'ii~U ll:Ppl1od& 

tic. Qf 00110 x tliutrmcQ l:.etueen tbe 11uc~ 
1!QUll tl!nuhoid 10nB~h "" -'._.'--'-_0_' _. _. --_._ ........ _. _._.-.*-"-, .. -#-_._-_._-

no. o!' coll tlpa. " 

r.£ha rouultu ootrd.lwd dut'iJtC tho '1nYl:iDt1eot1cm of'thGSO 1"oou:1.1 

1iocds.J (.1'0 Ci V(U1. 1n tho follow!nz Vt1b"e'h 

1 HI 



'AS8 · 

T.L.S, , 'r.L.S,2 1'.1,.5. 1 f_L.S_ 4 

a) 5 1-66 1-66 1'25 

b) 5 2'5 7.' 1-66 

0) 2-5 1-25 2.5 2-5 

4) , 5 5 2., 

.) 1-25 1.66 2'5 1-G6 

f) 2.' 2'5 2,-, 1-66 

I) 1-66 1-25 1-66 1-66 

11) 1-66 2'5 2', 2-, 
i) 2'5 1·25 5 1 

j) 2-' 1-66 , 1.25 

, 11 
., , - t , __ .. 

2'957 2-12, 3'082 1-764 
• It 51' t :: =:::::::: I .i [ == 



·§.Eecilflon Ad- cont_ 

~ 1 &' '5' _ .I. \.I. ~_L.S .. 7 
• • . .... 

a) 5 1-66 

b) 1 2-; 

e) . 2-5 2-5 

d)' S 1-66 , . . ) , 5 5 

r) ! 1-66 2-5 
s) . 2-5 1-66 

h) . 2.; 2.5 
1) . 2·' 1-25 

j) . 2-5 2-5 

. , 

,-016 . 2-'7:5 
t 4· ."... , , " lUi , . ' , [ = ==a 1 i c:w::at 

Avel"ace length of tracl101d - 2-55 Wil. -



~.L_;;;. , f.L.S. 4 T.L.s. 5 T.L.s. 6 
•• J 

a) 2-5 5 2., 5 

b) 5· 5 5 5 

0) 2-5 2'5 5, 5 

4} 2-' 5 5 2-5 

.) 5 
, 2-5 ~ 

f) 2-5 5 5 5 

g) 2-5 5 5 2-5 

h) 5 2-' 5 5 

i) 2-5 5 2'5 2'5 

j) 5 5 5 5 
.. , F •• If' t 

3'5 4-5 4-25 4-25 
, 1 ••• I ... , • q .* •• -=-NIt_ * LA Xl ' .... 11 ... " • ...." ..... , • ............ bY • ,.-

Averaso lcn~th of tl'acbcid - 4 '1?5 mtt • .... 



. , \ 

a) 

b) 

0) 

4) 

e) 

f) 

s) 

5 

5 

I ::. ', .. '-

~. L. S. 2 

5 

5 

Average lcnzth of traoheid- ~.~~~~ mm. 



2. Du'u on vur1utionu in r.oy hsiUl:lt " 
in ~tWSt'nt1tll t')l4t;itUtu'llal tWct10n 

t',t'Or:1 l'QZls11 ~700;!u desoribed in 



110_ of No. oJ: ray:J in '1'. L. ~). 
00110 per 

__________ 1~.~,2~,_.~; ___ .. ,~._.~_,,_~~·. __ ~~ ___ l •. __ ~·,~,~~.-;-~:-.--~ .. --~---

1 

3' 

4 

5 

6 

1 

a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19· 

20 

5 399 7 1 5 

19 25 25 20 24 27 2, 9 15 iWG 
-"'r-

14 9 11 II 14 ,9 II 12 10 I 109 

12 11 12 10 5, a 12 ,15 

1 10 

6 4 

, 9 

2 ; 

1 5 

1 4 

., 1 

5 
:2 , 

6 14 

6 5 

4 1 

2 a 
4 2 

2 

2 2 

4 1 

1 1 

B G 

1 7 

5 9 

~ 2 

; 2 

4 5 

11 

1 

2 2 

996 

799 

5 a 1; 

465 

2 4 ; 

212 

441 

; 2 2 

;5 1 3 

1 2 1 2 2 4 1 4 

1 :5 5 

, 2 

211 

2 1 2 1 

1 , 2 2 1 

4 

1 

, 
1 

212 2 

2 

1 

1 

91 

75 

54 

57 

;5 
;2 
21 

19 

18 

18 

17 

16 

11 

4 

1 

5 

12-1 

10-i 

a-33 

6-0 

3-55 

2.~:~~::' 
2-11 



. 
aont~ flU.almOnlI' /I.2.!-', nii$lWlori. bqB&t!Gl.l 1.1lp.nov ~ , 

No_ -of lTo_ of r~s'in T. L.;S. No. I ,,' ltq 
colla 11er Tottl1 7~ 
ray 

~ '. ~. ,5' , , !i, ' .. 1 .9 1. '? Pn ., .... 
, , • 0," ~.> , 

22 1 1 a 5 2 '9 i.o 
23 1 ' ,1 , 1 '1. '. ,4 0-44 ' " 

24 1 ·2 ' . .1. 1 2 1 a o·eo 
25 ]. 21 2 1 7 0-77 

~6 l' 1 ,2 ; 0'22 

27 1 1 ,2 0·22 

28 1 1 1 2 5 0-55 ~. 

'.29 

30 1 1 1 3 0·3; 

~l 1 1 1 1 4' 0'44 
;2 
33 1. 2 1 4 0-44 

'4 1 1 0·11 

35 

;() l' 'I 0-11 ' ... 
~1 1. 1 0-11 

,0 
'9 
46 

41 

42 1 '1 0·11 4; 1 1 C·ll 
40 1 1 
66 1 1 0.11 



,f;!l;i9J:t:!~ Jl.J Ilt;:~2&19!! 8». A 

No. of l~o_ of l"ayal ill T. L. I"). :;0 • ~otal % 
¢Clllo 1'0:- roys 
l·~ 

..... I I 5 ... 4 r 5 P 7 I, b • J • u ... ... ~ 

1 
., 1 3 5 l-17 ... 

2 , 1 8 5 4 ,. 
:.- ~6 6-11 

3 c' !> , 10 7 11 U 44 10*;5 
4 11 4 12 16 14 2; no .. 10-02 

S a 10 16 14 " l' 51 1,-41 
6 19 5 10 13 17 l4 .. /s lO-~5 

7 11 1 9 .10 10 'i 40 11-29 
8 7 } 6 5 :> Q 34 0·00 
9 9 9 ~ 6 9 36 0-47 

10 9 3 5 4, 5 4 30 7-05 
11 6 4 t' ;; 2 5 22 5-17 
l2 , 1 :; 4 , 2 16 ;*76 
1.5 2 1 6 2 1 2 14 '.29 
14 1 2 1 1 1 6 1-4l 
15 ; 1 2 2 a lIeD 
16 1 1 3 l. 6 1-41 
17 1 1 2 0-47 
18 l. l. 0-2'5 
19 1 1 1 1 4 0-941 
20 
21 1 1 1 2 0-47 
2;: 2 2 0-47 
23 1 1 2 0-47 
24 1 1 0-,2" 
25 



l.bS, 

,5f.(loS:r~.n, 0, ~- J2B!ib~.Y.l~ titlndj.l ap_nov. 

no. of Nci. of Itaya 1n T'e L. n. No: • nay .. 7,. 
(Jolla par ~oial 

ray 
• , e i ... , 4 ,- 1I 1. • g·.a, I t2 ~ ,.IT .... ,.:2r r , .. l I l; f. t I • 

1 1) 6 1 4 2 G 6 40' 5 

2 12 0 20 15 9 16 ,1 11 1,0 16e25 

3 20 26 11 17 26 29 2l 35 . 185 2,-125 

4 14 16 12 19 20 16 1"1 16 1:!1 15-075 

~ 11 1; 9 20 19 14 7 6 101 . 12-G25 

6 7 10 1, 10 7 12 U 5 ",0 8.75 

7 11 G 10 7 7 5 " " 54 G-75 

e 6 11 S 4 1 2 1 ; ,6 4-5 

9 2 ~ , 2 4 1 •• £ 2 18 2-25 

10 1 } 5 , 2 1 3 1 19 2-'15 

II 1 4- 1 1 1 (} 1-00 

12 1 1 1 1 4 0-5 

l~ 1 1 0-125 

14 1 1 2 0-5 

15 

IG 1 1 0-125 

11 1 1 0.125 



.aJO.q~~P . ..9.·.? VJ4"p'lffi bp~ld!t ~.p.nQY • 

tio. of 1:0_ of r,(IJ'u in ~. 1,. D. Uo_ • nay ~S collu l,or ; '.rot .. ! 
rf&'!/ 

•. 1 .",1>'1' •• 2 .... ~.-.'i ~ .. J .. ,_f1._. " .. ~p • It • ~"'.I' • b t: .... l • , ...... 11 ..... §I; 4 ,,, ••• 

1 0 2 6 ;; 2 , 24 4~OO 

2 24 17 23 2fi 22 50 144 24-00 , 19 14 17 24 16 ;S4 124 20-66 

4 16 rl 12 :!2 22 17 ".- 106 17-66 , 11 7 13 19 21 6 71 12-0; 

G ... 12 9 f.) -1 l() 1 42 7-00 

7 2 12 4 (. 
~ 4 1 28 4-G6 

a 6 6 6 2 1 20 '-33 

9 1 5 a 1 1 16 2-G6 
10 , 4 1 1 9 1-50 
11 -j. 1 0-166 

12 ~ l. 2 5 0-033 

l' 1 1 O-lGG 
14 1 1 2 0-33' 
15 

16 1 1 0-lGG 
17 



~p{Jci~€!n 1;.1_ . .- .. Jledm;lcm p2nd,i~_ oV.nov. ,. 
, .. 

tro. of l~o. of raya .in '1. 1/. fj, 1;0 •. ,. ltay ~"~ 
l~ 

QOlls por 'l'otul 
roy 

1ft ••.• , 2 I gil, ., ... ~ •. 3/\" ___ .:4 I b ... .. 1 .. II........... 1" .... 
1 1 2 2 1 2 1 1 IG 2-285 
2 l' 11 19 14 20 15 16 IUD 14-205 , 16 2; 27 23 11 21 19 148 21-142 

4 19 2l 17 16 26 2, Z{l 141 20-142 

,!; 15 10 ~l IS 111'/ 17 l~ 119 17-00 

6 9 e l~ 14 10 10 l1 82 ll,714 

1 I) fl 4 G 7 7 4 42 G·oo 
a 4 4 4 ., 2 :; 4 26 3-714 
5) e 2 1 2 2 l~ 2-142 

10 :; 1 1 1 1 "( 1-00 

11 2 1l 1 1 1 6 O'9!J9 
12 2 1 , 0-42, 
1; 2 0-299 
14- 2 O·lqq. 



?"t.s. 

llio.g1Jl'~lA t1el- ~.9J:~i2n Irr/!lY.9Jld .. ap_l~oV_ 

Ito_ of lJo, of royo in 'X. t. ~. no. t Total }~ 

oullD p:::r ray" 
l'l3.Y -

.".1"' ...... , .. :1 • ,2 "R .,1._ P_ .. ....!L...12._ ...... • '11 rlll ...... .,~ J it .... 
1 1 2 , , '2 2 1; 1-44 
2 1~ 11 12 1;' 21 10 15 25 20 146 ' 'lG-2 

" l' 1, 12 lEi 6 2~ 11 14 22 131 14-5 

4 12 11 11 11 ~2 11 20 21 _,15 146 16.2 

5 16 14 15 12 14 17 16 1S 14 1" 14-1 

6 '11 12 11 11 9 11 17 7 8 -91 11-7·/ 

, ,", tJ , 9 6 e 5 11 6 7 ... 69 : 1-66 

e 1 4 7 It S 6 2 G ($ -41 4-55 

9 e 4 G 6 (} 4 1 1 .;8 4-22 

10 5 2 4 6 , 1 ; 1 2 -27 ;-00 

11 1 ; :5 1 1 .; 1 1 -14 1-55 

l2 4 1 4' 1 1 2 ... 9 1-00 

1, 1 1 1 1 1 -5 0-55 

)4 1 1 
, 
'O-G6 2 2 - G 

~15 2 1 2 1· -G ·0-60 

IG 1 1 2 1 .. 5 .0.55 
11 1 1 )# 1 ... , 0';3 

18 1 1 -2 0-22 

19 1 1 ... 2 0-22 

20 

21 1 1 0-11 

22 

23 1 1 0-11 





'~l': 

<)~ : 
;,' 

;,4 
( 5 " 

f " " • 

10, 

1'1,: 
, ' 

12,'· 

1", 
;~ ~ I 

14,<' 

15::: 
16 

~7," 
" 

18 " 

19:" 
20 

10 "', , 12 

11, ' ·····12:: 

8 "'11' 
, , 

1211, 

4:L:' 
'" 

4~ ... ,' 
3D, 

, __ • I' 

11,'14'. '.',13,',:',' Ii. , ;,44'; 
, ... < 

, -' ~ - \ 

,: "5':" '"9",,,15, ,G ' , . . 9-0: 
"'.', ,.t , , 

, ',-

:'!r: :,',7' "10,' ': . 7'29' 
" "f :'- ' • I ' ~;" ,". " " , " ;-

5, . " :-6' , " '6 ' , '/, '. ~4 
-, _ J 

,7-25·' 

; · 6-0' 
,,'t' :,,' 

~ ~ 1 ' , 

',4:7 ,8, 27, ' G~7' . 
" . 

0' " '4'·'. ': 4 ' " ,2 ' : ' 
" I >_1 

16 ,4-0 
, , 

" :' "" ",', :':.' ,.'11;," '.,' 2-75' 
" , 

, ',-

, '., ":,,'. ,), , '",12 "';~O ; 
'" " -.' I .' • 

'6,: ,,' ·5 , , 

;,,' . ' 

,1." ~ :, "'2" ,"1'" ',ti,,, <;:',:~i.?' 
',: " . ,_ [ ~>. f 

"', ,',2 :" ,4" ,-, 14.,,' ,., ' ' 

.'i'.',l, , ,,2 ',;2 ", G",~i.':· 
< • ~" ' - ~ '.' ~ 

'1 '~' ",1 

1 ,"'1 

'2 
, " 

" "1 

:'1' J" '1 ", "1 '. . . ,,', .' 

:2. ,'" 2 ',' " " 3. ,/ 

,,1 

r: ' lit ;- ~ 
;,' 

" ' 

";7, . 

, i~25 

'l·~, ' 
-" ,'-

0-15 
,1-75 ' 



rio. 0;( ' .. 
cells: l.l~:t· 
ray 

'2,3. 

27 

, ·26. 

.' 29 
" f '. 

';0 
'. 

~'f. 
.J} 

~ 

;5 
:.;;6, 

!IT 

. Sactiolll) ~!, . 
',UI. '211, 

oont. 

~otal 
. l:l\,VS 

?.,10. 

...... ' ... -; .... I, ... ~._."._~ _,I .,_, _,._~I11~~, ... :~j Ii,_ PC, ~ ...... _' ................. h_ .... ' ...... _. __ , _ •• _u .. __ -_.... •• ""'? .... _. ___ ., ... ./..; ..... ,. ,''''~ ._ ... _. 
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