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ABSTRACT.

Numerical taxonomy has had J.itt1e application in

angiosperm palaeobotany. The major reason for this is that

angiosperms are usually preserved as individual organs

(leaves) which are often fragmentarVr and it has therefore

been difficul-t to assemble a large number of characte¡s with

proven discriminatory por¡rer. Thirty four continuous numeric

characters hrere compiled and their discriminatory pohrer l¡Jas

tested on a set of 100 extant leaves representing 20 species.

The 1 U0 leaves cl-ustered into their species when 31

characters urere used; when 17 characters h,ere used (l q most

highly co¡rel-ated characters removed); and when approximately

49f of character scores vúere removed to simulate missing data.

The leaves could not be cJ.ustered into their species using

onJ.y the 1 4 architectural. characters. An interesting

feature h,as that whil-e the cha¡acters employed were good at

discriminating species, they did not give a true picture of

the taxonomic reJ.ationships between the species

Several hundred specimens h,ere cu¡ated f¡om Nerriga

and 112 were chosen for the initial nurnerical analyses"

These 112 operational taxonomic units (0tUs) were chosen

soleJy on the basis of thei¡ state of preservation, aJ.though

seve¡al othe¡ factors hrere considered. Twenty three of the

34 characters avail-able coul-d be scored on all the 0TUs and

vìrele chosen for the initial analyses. Tuo extra characters

h,ere devloped to bring the number scored to 25.

The fossil OTUs were clustered with several different

methods, the most useful being a minimum spanning tree used

in conjunction with a nearest neighbour network and exror sum

of squares dendrogram. Twenty seven different leaf forms

(- parataxa) h,exe deJ-imited from the 112 0TUs. 0f the
1.



remaining 469 sPecimens, 445 b'ere assigned to these

PÇrataxa.Theother24specimenscouldnotbeassignedto
parataxaandwereconsideredtoconstituteafurtherlT

parataxa,givingatotalof44.Astudyoftheinterrelation-

ships between these parataxa suggested that some rePlesented

extreme forms of others, and the true numbex of parataxa is

somewhere in the range of 26 to 34, with some requiring

further collections and study to account for their variation '

FourtaxafromNerrigahavebeenidentified.Thecycads

Bowenia papillosa, Pterostoma anastomosans and Lepidozamia

fo ve ola ta h,ere described as part of this study and the

angiosPerm Casu T1NA S p. was identified from vegetative

andreproductivestructures.Afernfrondwithpossible

affinities to the famiJ-y Gleicheniaceae is disnussed'

Based on foliar physiognomVr and the presc:íì1 or absence

of certain types of epiphyllous fungi' the Nerriga flora is

believed to represent wet sclerophyll ox lowland/lower

montanesubtropicalrainforestvegetation,withrainfallin

the range 1 40 1 B0 cm/year. A discussion of the methods

of estimating vegetation tyPe and paJ.aeocJ-imate is

presented.ThePossibilityofdifferentialpleservation
atNerrigaisdiscussedandpossibleavenUesforfuture

TertiaryangiospermresearchinAustraliaalesuggested"

2.



CHA PTER 1 ,. ,,

ÏNTRODUCTI ON "

1.1 HIsTORY OF AUSTRALTAN TERTIARY MEGAFDSSIL PALAEOBOTANY:

Interest in the study of rertiary megafossir- fl-oras in

Australia h,as intense prior to the beginning of the twentieth

centurîy. The ea¡l-iest work was that of Johnston (1B7gr1BB5ar

b,1 BB6a, b,1 BB9 ,1891r 1 893 ) , von Muell_er (l Bl4,,l B83 ) and

von Ettingshausen (1BB3r1BB6r1BBB). Their research was

varuabl-e both from the historica-l- viewpoint and because of
their thoroughness in unearthing neh/ deposits, but it is of
l-ittl-e use today. unf ortunate-ì-y their illustrations h,ere

often inadequate and their specimens are generalJ_y

unavail-able or have deteriorated badly. The biggest problem

with their work, and that of later resea¡chers of the period
(u.g. Deane, 19t2ãrh,1 903 ,1904,19D7,1925) ì^,as that generally

they insisted on giving the fossil-s they described names

implying extant affinities. This process was a standard

procedure at the time and the probl-ems it created have been

commented on frequently (".g" Dilcher, 1971 r1974; Dilcher

and Meh¡otra 1969; Christophe]. and Bl_ackburn 19TB). Duigan

(lgsl ) pt"pared a cataJ-ogue of the Australian Tertiary f1ora,

and the large number of extant, and often non-Austral_asian

genera present give an indication of the high priority given

to the naming of fossil-s by early researchels.

Afte¡ this initial- interest, little work ì^,as done on

Tertiary deposits until- the time of cookson (1941), cookson

and Duigan ( t gSO ,1 951 ) and Cookson and Pike ( 1 gSga ,b r1 g34) .

Again the interest h,as mainJ-y in identification, although

their taxonomy was usuaÌly more reliabl-e than that mentioned

above. However, because of this interest, none of their wark

was aimed at describing fJ-oras, and generally they picked
3.



isolated specimens (usually gymnosperms) which h,ere easily

identified.

Therefore, since the turn of the century, no Tertiary

floras have been described in AustraJ-ia, although work is

currently underway at the Botany Dept., University of

Adelaide r ofl the Eocene fl-oras of Masl-in B.y and Anglesea

(n. C. Christophel, pers. comm. ) and the Miocene f-l-ora of

the Ya-l-fourn Brow.n Coal- (D.T. Blackburn pers. comm.). In

order to gain a true representation of the vegetation of the

Austral-ian Tertiary, it is vital to study fl-oras rather than

isolated, easily identified specimens" 0ne of the aims of

this study is to make a contribution toward the study of

the evol-ution of the Austra-l-ian fl-ora and vegetation types

by describing a complete Tertiary fl-ora.

1.2 AIM 0F THE STUDY: There are two major benefits in the

study of a Tertiary flora. Firstfy, the ¡esults can be

assessed as a seJ-f-contained unit, in which case it is

possibl-e to interpret palaeoc-l-imate, describe the parataxa,

and, where possibl-e, draw taxonomic concl-usions . These are

the immediate benef its. SecondJ-y, if the f l-ora has been

described in an easily interpretable way, and data col--Iected

from it is freely available, then in the J-ong term it may be

useful- in an evol-t-ltionary sense for comparison with other

floras, both extant and fossil.

The comparison of fossil- fl-oras or even individual taxa

within them is an extremely complex problem. The palaeo-

botanist is confronted with all- the probJ-ems facing

taxonomists of extant plants. In addition there are probJ-ems

in having to work with material- which is often fragmentary,

or at best only represents individual organs. The added

variable of time differences between deposits (and thus the
1.



associated evolutionaly changes) must also be considered.

The cl-assical- taxonomic approach is most often used in

palaeobotanyr Errd only recently (DoJ-ph , 1915) has the use of

numerical- taxonomy been advocated. Howevel hrith the problems

already outl-ined for comparison between flolas, and the vast

amount of data noì^, availabl-e on both fossi-l- and extant fl-oras

(Dolph 1978a), the use of computers in the comparison of

fossil material- is inevitable. There aIe advantages and

disadvantages in the use of numerical- taxonomy in fossil- ::

angiosperm taxonomy. The obvious advantage is that many .

more comparisons can be made quickly between specimens and

the approach is mole objective and therefore mole Iepeatabl-e.

The disadvantages are:

(1 ) Because angiosperms are usually Preserved as

individual organs (-l-eaves ) the numbel of characters which

can be scored is small;

(2) Many of the leaves which are found in a fossif

deposit are incomplete, thus making missing data a major

problem;

(3) No character set has been shown to be applicable

to the particular Iequirements of fossil l-eaves. 0n the

contrary, Dolph (1976a) has shown that the most commonly

used descriptive terminology for l-eaf architecture (tfrat of

Hickey (1973)) cannot be adapted to numerical taxonomy.

These prob-l-ems are not as severe as may be exPected.

El-ackburn (1978a) has shown that 10 continuous numerical- t

leaf characters could efficiently del-imit species v'rhen

applied to a single genus (Saurauia, Actinidiaceae).

Therefore it is :reasonabl-e to assume that a sufficient

number of characters could be defined for use on fossfl

leaves ¡ particularly since Blackburnrs characters h,eIe

tr



designed with palaeobotanical application in mind. The

problem of missing data is complex and wifl be conside¡ed at

length Iater" Dol_ph I s (976a) conclusions are not as

damaging to the numericaf taxonomic apPloach as they appeal.

Any classification can only be as good as the character set

it is based on. In the case of Dolphrs study, he has done

a disservice to Hickeyrs descriptive terminoJ-ogy by even

trying to apply it to a numericaf taxonomic study. Hickeyrs

terminology does not consist of equaJ-ly ranked characters.

Therefore it is not val-id to cafculate a distance measure

from this data which inval-idates the numerical- taxonomic

approach attempted by DoJ-ph (1916a ) -

Thus at the present time it has been shown that a set of

continuous numerical characters can be successfully applied to

a single genus, but a set has never been aPpl-ied Lo a

heterogenous co-l-lection of f eaves. This h,as done as part of

this study, since it h,as apparent that the use of numerica-l-

taxonomy on fossi-l- fforas coul-d not be undertaken until it

had been shown that the method could be successfuJ-ly applied

l,o extant l-eaves.

Australia is an ideal- testing ground fo¡ the application

of statistica.l- methods to angiosperm palaeobotany, simply

because of the l-ack of any recent descriptions of fforas and

because al--l- the work currently being carried out is in one

-l_aboratory, making coo¡dination of the pr.oglam simple.

Because such a project has not been attempted before, it

Ì^,as difficult to plan the steps invol-ved precisely. Hou/ever,

a brief summaly of the plan of the study can be given, which

outlines the logic of the approach.

(1 ) Col_l_ate character set f or use in numerical taxonomy

of angiosperm leaves.
6.



(2) Define other characters which may be of use, or

modify existing characters for general use.

(3) Co-l-.1-ect and score extant leaves to test the

character set.

(4) Perform numerical- analyses on data from extant

.l-eaves and compare the classification produced with the

identity of the 0TUs (leaves).

*(5) If step (4) is successfuJ-, collect and curate

specimens from the fossil fl-ora

(6) Select a subset of fossils for numerical analysis.

3) If necessaryr rBdefine the character set for

appJ-ication on the fossil- leaves (0TUs).

(B) Score OTUs.

(9 ) Perf orm numerica-l- analyses and def ine parataxa

from the cl-assifications produced.

(t0¡ Assign ¡emaining fossils to the parataxa defined

in (9). If some fossils are found which do not fit into any

of the defined purataxa, they must be scored and step (9)

repeated.

(11 ) Describe parataxa.

(12) Study interrel-ationships between parataxa.

(13) If possibi-e, draw taxonomic conclusions.

(t+¡ Make palaeoclimatic interpretations"

(1 5 ) Compare the f l-ora to other Tertiary fl-oras .

* If step (4) is unsuccessful, the character set must be

re-examined and if necessary redefined r or a neì^, approach

must be attempted.

InitialJ-y, this study h,as intended to be parataxonomic

ioe. based purely on morphoJ.ogical similarities, with no

attempt to identify the parataxa defined. This is the only

approach avail-ab1e in Austra-l-ia at present, since the

7.



architecture of extant leaves of the Australasian region is

poorly understood and hri-l-l remain so for many years.

The cha¡acter set used in this study was compiled using

the type of preservation found in North American fossil

deposits as a guideline for the characte¡s which would be

applicable. By the end of the study, a clearer picture had

emerged of the typu of Pleservation most commonÌy found in

Australian deposits an.d some conc-l-usions aIe drawn on the

choice of characters which may be of use for future workers

in this fiel-d.

8.



CHAPTER 2

SELECTION OF A FO55IL DEPOSIT.

2.1 L0CATI0N: The fossil deposit chosen for the study l-ies

about 2 km. no¡th west of Nerriga, New South V'/ales, and I4O km "

east of canberra by road (tig" 1 )" The deposit has been

exposed by Titringo Creek, a tributary of the Endrick River

(tig. 2). Raine (tgel ) described Titringo Creek siltstone as

consisting of laminated purple-brown to gr.ay quartz sil-tstones

and rare fine sandstones i Bedding of the si.l-tstone is horizon-

tal- and even. The unit overlies Ordovician rocks at the

northern l-imit of the exposule, the extent of which is shown

in f igure 2. ì¡/hite ctay-bearing sands overl-ie the unit, and

these in turn are overl-ain by basal-t . A ccording to Raine

(nq) the altitudinal- distribution of Titringo Creek si-l-tstone

is about 535 m. (base) to 570 m. (top), making the unit

appïoximately 35 m. thick.

2.2 DEP0SITI0N: Deposition of the Titringo Creek sil-tstone

probably occurred in a s-l-ow moving body of water and appea¡.s

to have been mole or l-ess continuous because of the uniform

litlrology (Raine 1961) . A freshwater l-ake oI slow moving

rivelî h,as probably the site of deposition. The plesence of

sulphides as a diagenetic component was interpreted by Raine

(f967) as being due to the release of HZS from anaerobic

bacteria.l- decay of organic matter " The necessity of an

anaerobic environment for initial deposition of sulphides

supports the conclusion that the sediments h,eIe deposited in

a lake.

There may have been a period of erosion between deposition

of the Titringo Creek siltstone and the overlying rrinter-

basalticrr sediments, This is because the Titringo C¡eek

siltstone is horizontally bedded and woul-d thus originally

9.



FIGURE l-" M"p of Austral-ia, showing the positions of

the Nerriga, Maslin Bay and AngJ-esea

deposits.
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FIGURE 2. M.p of the Nerriga area, showing the

macrofossil sampling local-ities, the

palynology sampling localities (Owen 1975)

and the K-Ar age determination l-ocalities

(ì¡/ell-man and McDougalI I974) .
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have had a horizontal upper surface, wheleas at present it

fal-ls to the north (Raine 1967). However, it is equally

possibl-e that early basa.l-t flows dammed the drainage fu¡ther

down the valley ¡ cÊrusing a lake to form. Later f l-uvial-

deposition may have occurred when the barrier was breached

and furthe¡ basal-t fl-ows then covered the sequence (¡.1.

Raine, pers" comm"). It is impossible to choose between

these hypotheses without further detailed fiel-dwork.

2.3 AGE DETERMINATI0N: A preliminary description of the

microfossil- fl-ora of the Titringo Creek siJ-tstone h,as

performed by Raine (l-967). A complete survey h,as undertaken

by Owen (1975), who found 25 species of spores, l-1 species of

gymnosperms , 67 species of angiosperms r and three species of

uncertain affinities. There was afso a great diversity of

fungal spores and fructifications, and al-gae.

The Nerriga microfl-ora coul-d be assigned to the upper

Malvacipol-l-is diversus or early Pro t eaca d ites a s De¡oÞolus

Partridge (fgZ¡) and correl-ation withZones of Stover and

Ha¡ris's (1971) P.

bhe presence of that

comm.). Owen (r975)

cJ-osely al-lied to the

con f raoosUs zonu.Ie is also indicated by

species at Nerriga ( J. I . Raine, pers.

concfuded that the microfl-ora h/as most

Malvacipol-fis diversus or Nothofaqidites

aspersus Zones of Stover and Partridge (1973), giving an early

to middle Eocene age.

0din et. al-. (WlA ) placed the earJ-y,/middl-e Eocene

boundary at 45 Ma. lVe-l-tman and McDougall (tgl+) dated the

basal-ts di¡ect1y overlying the Titringo Creek siltstone, and

their K-A¡ ages range from 46 4D Ma. Two basa-l-t samples

\^/ere dated f rom the area ( tig " 2) , but their K-Ar ages do not

agree with their stratigraphic position. The stratigraphically

ol-der rock (en 2343) gave ages of 40.8 and 4I.9 Ma, and

14.



V/eJ-lman and McDougalJ- suggested that this sampJ-e may have

undergone argon leakage r ilâking its date unreliabl-e. The

stratigraphical-ly younger rock (en 2342) gave ages of 44.8

and 4I.6 Ma. l¡/el-l-man and McDougall (tgl¿) considered it

likeJ-y that both basa.l-t samples are at .least 45 Ma.

To compare the K-Ar dates with the time scal-e of Odin

et. al" (1974), a correction of 2.51" is needed to bring the

decay constant differences into l-ine (¡.i. Raine, pers. comm.)

This',makes the ages for GA 2342 45.9 and 42.6 Ma, which is

very-cl-ose to the early/middle Eocene boundary. Therefore

current evidence, both palynological and geologicaJ-r suggests

that the Titringo Creek sil-stone is most c-l-ose to 45 Ma, at

the earJ-y/middle Eocene boundary.

2.4 C0LLE[TIONS: Two colfecting trips h,ere made to the

Nerriga deposit during the course of this study (1911 and

L97B) " 0n the first trip impressions were co-l-l-ected in the

f iel-d and where it h,as preserved, cuticle f rom the specimen

ì^,as transferred with adhesive tape to an index card for

fate¡ recovery. 0n returning to the laboratoryr it was

found that mummified leaves h,eIe often present in the bl-ocks

and could be removed by gentl-e maceration of the block.

Thereforer ofl the second collecting trip, material h,as

se.l-ected f or .l-aboratory maceration r and where possible,

mummified feaves were coflected in the fiefd.

Approximately 150 impressions v\,ere photographed with a

Leitz Aristophot 9 cm. by I2 cm. plate camera, using low

angle reflected il-l-umination to emphasise the veins. Blocks

h,ere macerated in di-l-ute hydrogen peroxide, which very gently

disintegrated the sil-tstone mat¡ix and liberated the

mummified leaves. Approximately 600 mummified -Ieaves wele

col,l-ected in this mannel and each hias photographed with a

1s.



Le:-tz Aristophot 9 cm" by L2 ctr. plate camera, using trans-

mitted 1ight. A piece of the leaf, usua.l-J-y about 1 "^?,
hras taken from as near as possible to the position of

maximum width of the leaf . These l-eaf squarîes ' which in-

cJ-uded the margin, h,ere then placed in hydrofl-uoric acid to

remove a1l- siliceous particles from their surface (usually

about one hour ) . They v\,ere then washed and transf e¡red to

2Oß chromic acid, which dissolved al-1 the organic mate¡ial-

with the exception of the cuticl-e in about five minutes. The

cuticl-es ì^,ere then neutralised in 31, w/w aqueol-ls ammonia,

stained with safranin, and mounted in phenol-glycerine je11y.

About 600 cuticl-es h,ere prepared in this bray. The cuticles

of the impressions h,ere generally too fragmenùary to be

prepared, with only a few exceptions. Cuticles hrere

photographed with transmitted light or Nomarski optics with

a Reiche¡t UnivaR microscope. Unstained cuticl-es of some

specimens of one parataxon (NER/025) h,ere mounted on

al-uminium stubs with doubl-e sided adhesive tape and coated

in a high vacuum evaporative coating unit to a thickness

of approximately 200 R with an B0:20 gold palladium al-J-oy.

They h/ere studied with an ETEC Autscan scanning electron

microscope operated at 20 KV.

Some specimens are housed in the Botany Department,

University of Adel-aide, and the others (the l-30 specimens

used for the nume¡ical analyses ) in the South Australian

State Herbarium (Rn¡.
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CHAPTER 3

NUMERICAL METHODS.

3.1 cHARACTIR TYPES: The characters used in this study

were restricted to those based on a ratio scal_e (i.e.

continuous numeric characters). This h,as done fo¡ several_

reasons. Firstfy, the amount of information contained in

continuous characters is generally higher than in other types

of characters. SecondÌy, more statistical_ tests and

cl-assificatory methods can be applied to continuous characters

than to other types " Fina1ly, a set of wel_-l- documented

continuous l-eaf shape and a¡chitectural cha¡acters ì^,as

already in existence (Blackburn 1978a), which el-iminated the

need to formul-ate a neì^, set.

3.2 CHARACTER STANDARDISATI0N: In a.l-most att- analyses

invo-l-ving continuous cha¡acters, the characters shourd be

standardised before the 0TUs are classified. If characte¡s

are not standardised, distance coefficients wilf be biased

toward those characters which have the largest variances.

This is obviously undesirabl-e, since the characte¡s with the

greatest variability often have the ]-owest discriminatory

power.

Character standardisation is not without problems.

characters with smal-l ranges of variability and those with

large ranges have equal infl-uence on the distance coefficients

afte¡ they are standardised. Smal-1 variations may be

indistinguishabl-e from variation due to other causes,

particuJ-a11y measurement errorr dtrd cl-ear1y characters with

this feature shoul-d not be employed (Sneath and sokal- 19lg

p. 1 55 ) . Al-so, characters that have no variation at al-t are

excluded. Therefore, as the variation of the character

decreases, the absofute degree of variation is given more and

17.



more weight, until it is decided the¡e is no variation, and

then it is given zero weight by excluding it (Sneath and

Sokal- 1973 p. 155).

Two methods of standardisatj.on ì¡rere employed in this

study. In the first, characters h,ere standardised to zero

mean and unit variance. This h,as done by computing the mean

and standa¡d deviation of each roh, of the data matrix

(the states of each character) and expressing each state as

a deviation from the mearl in standard deviation units

(Soka1 1961). In the sec'ond method (Bi-ackburn 1978a) the data

for each character are ranked and divided into a number of

equaJ- sized states. Each state is assigned an integer value,

ranging from one, for the state containing the lowest values,

to k fo¡ the kth state containing the highest va.l-ues. The

formul-a for determining the number of states is3

k - 1.0 + 3.3321og nr

where k = number of states;

n = number of OTUs (after Sturges (1926)).

The two methods of standardisation have veny different

effects on the data. Standa¡dising to zero mean and unit'

variance emphasises the extreme val-ues at the expense of al-l-

others. Standardising to states (vide Bl-ackburn 1978a)

reduces the effect of extreme values and separates

intermediate va-l-ues. Both methods h,ere empJ-oyed since it ì^,as

difficul-t to estimate which of the two woul-d have the most

desirable effect (i.e. produce the l-east distortion of data).

3.3 C0NSTRUCTI0N 0F A SIMILARITY MATRIX: Several-

coeff icients were available, but only two \^/ere considered

for this study.
18.



(1 ) Squared Euc-l-idean Distance :

d
2 m

=j=1 jp u. )2
Jq

L
m

where d squared Euclidean distance,pq

m = number of characters,

U-.^ = the mean of cha¡acter j for the casesJP

comprising cl_uster p r

U _. _ = the mean of character j f or the casesJq
comprising c-l_us te¡ q .

There are three important featu¡es of squared Eucl-idean

distance. Firstly d2 is used instead of d because it is use-

fu.l- for similarity measures if they are additive over

characters, whic h d2 is, but d is not (Ctif f ord and l¡/il-l-iams

1976). Secondry, dz is st¡ictry a dissimilarity measure,

which means that it decreases with increasing l-ikeness between

DTUs" Thirdly, and most importantfy, because of the additive
2property of d-, all characte¡s must be either in the same units

or they must be standardised" Squared Euclidean distance is
one of the most commonly used and simplest of the dissimil-arity
coefficients.

(2) Coefficient of Shape:

^2Iq"a

pq

2

c6 = *,[ F,

coefficient of shape,

d2
p

(u

(u

whe re

C

C

2
P

2
P

2
C coefficient of size "a

Pen¡ose (1954) suggested dividing d
2
pq

coefficient of ttsizerr tCfrl, defined as

difference between character sizes in

into two parts; a

the square of the

OTUs p and er

JP

and a coefficient of ttshape"
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after rrsizerr is removed. C3 represents the variance of

differences between the cha¡acter states of the 0TUs being

compared (Sneath and Sokal 1973 p. 170).

3.4 CLUSTERING STRATEGIES: (1) l¡/ardrs (1963) Error Sum of

Squares: This fusion strategy h/as developed independently

by l¡lard (1963) and Burr (1968, 197O). The error sum of

sQuares ( E55 ) is defined as the sum of the distances from

each individual- to the centroid of its parent cluster

(Vr/'ishart 1978) i i. e. (x - ;) 2 
f o, the general- term x and

me¿n I'. hlard (1g63) proposed the hiera¡chical method which

combined those two cJ.usters whose fusion yielded the l_east

increase in ESS.

l¡,li1l-iams , Clif f ord and Lance (197D ) ha ve demonstrated

that the E55 fusion strategy is space dil-ating. That is,

if a group of m individua-l-s define a single continuous

character, witl-i general term x and ru.n f, and a second

group of n individual-s with general te¡m y and mean t, and

the groups are fused to give a neì¡, general te¡m z with mean

;, then:
2 z(x
in ESS.

2D=

where D =

This can be

D=

2(z z

reduced to:
mn

m+n

n+1

ofThe multiplier dis

2
X I(v t

d

it can never exceed 2.

important concl-usions.

r-ncrease

For the case m = h = 1¡

D=+(x-i)2.
(where d = D for the special case of the fusion of two

individuals ) .

For the symmetric case, m = n / 1;
n tX

2
D )

a symp to ti c

]-ead to two

2D.

These cafculations



As groups become larger, it becomes morerrdifficul_ttf for

them to fuse with other large groups, therefore making'the

strategy intensely cl-ustering. Secondly, because individuals

or smal-l- groups are relativeJ-y easily fused with one another,

or with large groups, it is inherently unlikely that non-

conformist groups wil-l- be produced " (!Vil-l-iams, Cl-if ford and

Lance (1 970) ).

Sneath (1976) suggested that the ESS atgorithm behaved

similarly to information analysis, in that with increasing

numbers of 0TUs it is possibJ-e f or a c.l-us te¡ 'of numerous

very simil-ar OTUs to dominate the picture to such an extent

that all other, rarer,OTUs are forced together into one

cl-uster, even though they are extremeJ-y different from one

another. Sneath i1-l-ustrated this with an artificial example,

which represented an extreme case of several- identical- OTUs

which cl-ustered much more distinctJ.y from the other OTUs with

the ESS algorithm than they did with the UPGMA or h/PGMA

algorithms, However, the demonstration of space dil-ation by

Vr/illiams, Clif f ord and Lance (197D ) showed that Sneath ts

conc-l-usion may not be strictly accurate. I¡r/hile it is true

that large numbers of simil-ar 0TUs do form very distinct

clusters, the rarer individuals are not necessarily forced

into nonconformist groups.

Mojena (1916) compared the performance of seven

hierarchical grouping methods over 12 randomly generated

data sets. He concl-uded that the ESS algorithm gave rra

superior performance across a-l-1 data sets. Matched t-tests

showed very signif icant dif f erences (( O. OOt ) between . . fESS] . .

and all other methods.rr The other cl-uste¡ing algo¡ithms he

considered h,ere: Nearest neighbour¡ farthest neighbour,

simple average (UPGMA), group (weighted) average (V',PGMA),
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median, and centroid.

(2) Group Avera ge ( upe ¡'lR ) : since the ESS aJ-go¡ithrÌr is
only va-l-id anaJ-ytica1ly with distance coefficients, UpGMA

was employed on the similarity matrix of coefficients of
shape. It is also used in chapter 4 for comparison with
the E55 algorithm.

According to Sneath and Sokal_ (1973 p. Z3D)rrThe UpGMA

argorithm computes the average simil-arity or dissimil_arity

of a candidate OTU to an extant cluster, weighting each OTU

in that c-l-uster equallyr rBgardress of its structural_

subdivision.rr The f o¡mu1a used is :

U
t

'a,, +LrJK I
L It(J,K) L,K
(J,K)

tKJ U

where

L and JK,

cl-usters

Ut_rJK = the average simil-arity between cJ-uste¡s

tJ, tK and t (¡, K ) = the numbe¡ of individua-l-s in
J rK and (J, K) respectively, and

,rr, and ,rra = the similarity between cl_uster L

and cJ-uster J and K respectively.

The algorithm is al-mo=tt=p-"r conserving, but has the

undesirabl-e feature that distance between groups is dependent

on the variance within groups (W. r. l¡/ilf iams pers. comm o ) .

That is, groups appear to be more distant from one another

the more heterogeneous they become. UPGMA is a more generally

applicabl-e algorithm than ESS, principally because a-l-most

any similarity measure is admissible to it, whereas ESS is
l-imited to a Euclidean distance function. This was not a

problem in this study, where squared Eucl-idean distance hras

used almost excfusively.

( 3 ) Minimum Spanning Tree : Single J_inkage cl_uster

anarysis h,as proposed by Sneath (1957) as a convenient hray

of summarising taxonomic ¡elationships in the form of
22.



dendrograms. 0ne of the drawbacks of single linkage cfuster

analysis is that the dendroglams often contain very e.l-ongated

clusters (rrchainingtt, Sneath and Sokal- (1913 p. 223)). For

this reason they aIe of l-imited use to taxonomists. Gower

and Ross (1969) suggested that chaining can be so seve¡'e

that individua-l_s bel_onging to different clusters may be

closer together than different members of the same cluster.

Rohlf (1975) has shown that there is a direct relation-

ship between Jardine and'sibsonrs (1969a,b) Bt c-l-uster

analysis (of which single'l-inkage is a special example) and

certain types of graphs. If k - 1 , then the graph obtained

is a minimum spanning tree (MST). The MST has severaf

advantages. Firstty, it can be computed exactly and very

efficiently (Fa¡ris 197O, Rohlf 1973). Secondly, for every

OTU the distance to its nBarest neighbour is shown faithfully'

which is an advantage ovel single linkage cluster analysis,

where the exact nealest neighbouls aIe usualJ-y unknown.

A single linkage c-luster anaÌysis ì^,as produced for the

fossil- and extant 0TUs used in this study. For the fossil-

0Tus in particular, the effect of chaining was extreme,

making deJ-imitation of clusters impossib-l-e. An MST was found

to give much mor.e easily interpretable resu-Its, and has been

presented to the exclusion of the single l-inkage dendrogram?

(4) Nearest Neighbour Networks: hl.T" Vr/il--l-iams (pers.

comm. ) has recently devised a method f or determining c-l-usters

based on network diaglams. After the similarity matrix ha.s

been produced, the nine nealest'neighbouls of each 0TU aIe

-l-ocated (using the classif ication prognam GR0UPER ' which is

held on the permanent library fil-e TAX0N in the c5IR0

Division of Computing Resealch in Canberra). Pairs of 0TUs

are then pÌaced in groups (bond counts) depending on the
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fo-l-l-owing strate gy :

Bond count 6z contains those pairs of 0TUs which are

mutua-l- nearest neighbours;

Bond count 5: Contains those::pairs of 0TUs which are

first and second nearest neighbours to one

another respectiveJ-y ;

Bond count 4z contains those pairs of 0TUs which are

mutual- second nearest neighbours;

Bond count 3: contains thosei pairs of 0TUs in which one

(A) is the nearest neighbour of the othe¡
(B), but B does not have A as either its

first or second nearest neighbour;

Bond count 2z contains those pairs of OTUs in which one

(A ) is the second nearest neighbou¡ of

the other (B), but B does not have A as

either its fi¡st or second nearest

neighbour.

In constructing the nearest neighbour network (ttttttttt¡ ,

bond counts 6 and 5 are regarded as very strong bonds, bond

counts 4 and 3 as strong bonds, and bond count 2 as a weak

bond. Firstly, al-l pairs of 0TUs in bond count 6 are l-inked.

Since bond count 5 is al-so considered to be a very strong

bond, those pairs of 0TUs are next l-inked. l¡lith the inclusion

of the pairs of OTUs in bond count 5, some groups may contain

more than two 0TUs. The pairs of OTUs in bond count 6 must,

by definition, be unique" However, the 0TUs in bond count 6

may afso occur in bond count 5. For example, if 0TUs X and y

are -l-inked in bond count 6, and 0TUs Y and Z are l-inked in bond

count 5, the three 0TUs should be l-inked as X=Y=2. It shoul-d

be noted that by drawing the network in this waV, a ¡elation-

ship can onty be inferred between 0TUs which are directJ_y
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linked" That is, for the above example, it is possible to

infer a relationship between OTUs X and Y, and between 0TUs Y

and Z, but not between OTUs X and Z.

Next the 0TUs in bond counts 4 and 3 are added (strong

bonds ) . lr/hen this has been done, the 0TUs usuaJ-Iy fal-l- into

seve¡a1 unconnected groups (= cl-uste¡s). These groups can

then be connected using the weak bonds (bond count 2). It

is possible that having used bond count 2, some groups may

remain unconnected. This suggests that those groups are

very isoJ-ated. In order to l-ink them, the nearest neighbour

l-ists must be scanned to find the cl-osest J-ink between any

of the OTUs in the isol-ated group(s) with any OTUs in the

connected groups "

V'/hen the nearest neighbour networks a;; c:r-:structed, no

attempt is made to make the distances between 0TUs proportion-

al to their similarity coefficients as is done in an MST.

The NNN has the advantage of being totally independent of

group size.

3.5 ORDINATI0N: According to sneath and sokal (1973 P.245)
rrOrdination is the p.ì-acement of t OTUs in an A-space of

dimensionality varying from 1 to n or t-l , whichever is l-ess. rl

In this study, the method of ordination used was principal

components analysis ( PCA ) .

In PCA, the observed variates (characters) are represent-

ed as functions of a smal--l-er number of l-atent variates. It

is particularly useful when no a Þrio¡i patterns of

interrel-ationship can be suggested or are suspected

(Bl-ackith and Reyment 1971 p. 146). In simple terms, if the

0TUs are visua-l-ised as points plotted in Eucl-idean hyperspace,

with each cha¡acter representing an axis; a PCA shifts the

origin and locates the longest axis through the cl-uster of
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0TUs (which accounts for the maximum possibÌe amount of

variation of the 0TUs). This axis is the fi¡st principal-

component. 0ther axes are then defined to account for the

maximum amounts of the succeeding residual- variation; these

axes represent the higher order principaJ- components.

Sneath (1976) concl-uded that whil-e ordination gave

úseful maps or modeJ-s (ordination diagrams), the phenons

rnust be circumscribed by eVe r a step that may be unacceptably

s.,ub j ective . This problem is encounte¡ed with the ordination

díagram drawn for 35 OTUs in Chapter 4. The probJ-em of

deJ-imiting cl-usters in an ordination diagram is often

compounded if the numbe¡ of 0TUs is inc¡eased. Fo¡ this

reason, the results of the PCAs h,ere not presented as

ordination diagrams for the fossil- OTUs. However, ordination

is a very useful technique in classification " Fordham and

Bel_l_ (1978) proposed the use of unstandardised principal

components as characters in a cl-uste¡ analysis. This woul-d

alfow the resul-t of the PCA to be exhibited graphically as

a dend¡ogram. This approach h,as used in this study; It is

important that the PCA scores should not be standardised

since this woul-d e]-iminate differences in the characteristic

roots, which is the major advantage of a PCA"

3.6 STOPPING RULE FOR DETERMINING THE NUMBER OF GROUPS IN A

DENDROGRAM: Determination of the numbe¡ of groups in a

dendrogram is one of the major problems in numerical taxonomy.

Among the earl-iest approaches was the use of the rrphenon l-inert

(Sneath and Sokal- 1973 p. 294). This required the drawing of

a line across the dendrogram at a particular percentage of

similarity and nominating a-l-l groups produced by that line as

phenons.

There are two ob j ections to this method . Firstf .y,
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without prior knowledge of the taxonomy of the operational

taxonomic units (Orus) there is no hray of predicting where

the phenon line should be pJ-aced. 5econd1y, clifford and

l¡'/i11iams (1973 ) and cl-if f ord (1916 ) showed that, unress the

fusion strategy in use is strictly space conserving, the

drawing of phenon l-ines is invalid due to group size

dependence. The only completely space conserving strategy

which woufd a-l--l-ow the val-id use of phenon lines is centroid
(Ctittord 1976) , which is noì¡, rarely used.

To dete¡mine the number of groups in a classification,

Ratkowsky and Lance (1978) defined a criterion that is
a pplie able to nomina-l- and numeric characters. It depends on

the Cramé¡ measure (Cramér 1946 p 443) for the degree of

association for nomina]- characte¡s and a corresponding

measurfe for numeric characte¡s suggested by the analysis of
variance.

According to Ratkowsky and Lance (1978), the CramÉr

measure, applied to the number of individuals in each of the

states of the nominal character, afte¡ a tota-l_ of N

individuals have been classified in n groups is:

f 1

2

N min ( s-1 , n-1
)

where X' is the convential- chi-square measure of association

in a contingency tabl-e, and min(s-1 rn-1 ) signifies the

smaller of the two quantities s-1 and n-1 (s = the numbe¡ of

states in the character). For numerical- characters, a

corrlesponding measure is:

c =l

5
1

2

where B is the between-group sum of squares and T

sum of squares (Lance and l¡/il-l-iams 1917 ) . Both S

,
E.
T

is the tota]

and C are

constrained between zelo and unity and aIe ful1y compatible
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(Lance and l¡Jill-iams 1977) " Ratkowsky and Lance (1978)

proposed that the optimum numbe¡ of groups in a classification

is that val-ue of n for which C/nL has its maximum value

(E i= the average val-ue obtained by appÌying C to each

nomina-l- character and S to each numeric character).

There are two disadvantages to this criterion. A phenon

line must be applied to determine the groups for which E i-s

cal-cul-ated. The invalidity of the use of phenon lines has

already been discussed. The second disadvantage concerns

objectivity. Ratkowsky and Lance (1glA p. 117) found that

the criterion shoul-d be E/ rr-1)i, but rras n h,as found to

work better than n-1 in the examples studied, the final

formuJ-a i= Í,¡n+ .u They al-so tried usin g C2 rather than C

but concluded that rrthis worked l-ess qe11 for the examples

described herein.rr Although the¡e is nothing invalid in

manipulating this quasi-statistical- criterion to give the

rrbestrr resul-t, it woul-d be pref erable to have a more

objective approach. A modification of the Ratkowsky and

Lance criterion has been devised to overcome these two

disadvantages.

If the val-ue of n is made constant, the Ratkowsky and

Lance (1g18) criterion can be reduced from e/n+ to E. The

f o-l-f owing method restricts n to 2. Fristly, d i" ca-l-cu-l-ated

for the two groups which are -l-inked by the last fusion in the

cl-assification. These groups are then considered independent-

fy, and for each one, C i= reca-l-cul-ated for the. two groups

withiì it which are l-inked by the last fusion. This continues

for successive pairs of groups until the maximum val-ue of E

is attained for each group. This modification ovelcomes the

disadvantages of the Ratkowsky and Lance criterion. By

making n constant, the criterion can be reduced to C, which
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is independent of n, and by considering successive pairs of

groups independent of a-l-l- other groups, a phenon f ine is not

required.

Lance and \¡/i1l-iams (1977) showed that the importance of

a character to a c.l-assification can be assessed by consider-

ing the value of C or S for that character relative to the

other characters. The¡efo¡e, the modification of the

Ratkowsky and Lance criterion suggested in this paper

proposes that a group should not be further divided after the

maximum average character

for each group, splitting

contri-bution

ceases when

been attained i. e "

is achieved.

has

max
L

This method is best explained v'rith a smaff artificial-

example" The dendrogram (ti-g. 2.1 ) contains 12 OTUs. The

first furcation of the dendrogram (A in fig. 2.1) splits the

OTUs into two groups" One of these groups contains OTUs 1-9

and the other 0TUs 1D-12. E i" calcu-l-ated f or these two

groups (= CA) " Each group is then considered independently"

The group containing 0TUs 1-9 next furcates at B, splitting

the 0TUs into two groups. 0ne of these groups contains

0TUs 1 -5 and the other OTUs 6-9. õ i= calculated for these

two groups (= õU). if CB( õOr Do further ca.l-cu.l-ation is

required, since for this group of OTUs, E*u* (= õR) has been

attained, and OTUs 1-g constitute one group. If E"). õ0, as

is the case in this example, dru* has not been attained and

further cal-cul-ations are necessary. Each group is again

conside¡ed independently. The group containing OTUs 1-5

next furcates at C, splitting the 0TUs into two groups (¡tUs

1-3 and 0TUs 4 and 5). E i= calculated for these two groups

(= Er), and Cr) E"), õA" Therefore the maximum d value has

still not been attained. CD is then cafculated for the two

groups containing 0TUs 1 and 2 and OTU 3, and õO( õa).E')ri¡.
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FIGURE 2.1. Artificial- dendrogram showing 12 0TUs

(numbered 1 - 12) on the right hand side

falling in four groups (numbered 1 - 4 on the

extreme right hand side).
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Therefore C^ is the
L

dendrogram, and 0TUs

For the other 0TUs t

maxrmum E value

'l -3 represent

for this part of the

one group (1 in fig. 2"1).

gives OTUs 4 and 5 as

as group 3; and õn< CO

cr( cc>/ cB>/ cA

group 2; gives 0TUs 6-9

gives 0TUs 1O-12 as group 4.

The val.ue of any quasi-statistical method can only be

assessed by application. In chapter 4 one example wil-J- be

considered and the method wil-l be applied in chapter 6" At

present, a program does not exist to compute the modification

of the Ratkowsky and Lance criterion, and its application

is therefore restricted due to the large number of

calculations required.

(tfris stopping rule is the subject of a manuscript

currently in press to the Botanical- Gazette (Hiff 1980c). A

copy is incl-uded in App"ndix IV ) .

cr( cn). ct
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CHAPTER 4

NUMERICAL TAXONOMY OF EXTANT LEAVEs.

4.1 MATERIALS AND METH0DS: Before a fossil fl-ora could be

desc¡ibed using a numerical taxonomic approach, it h,as

necessary to test the method on a set of extant feaves. A

sampling technique similar to that of Dolph (tg7sa) was

foll-owed. A collection of 100 Ieaves Iepresenting 20 species

of trees, shrubs and vines h,as made f rorn the Adel-aide Botanic

Garden. Five f eaves b,eIe taken f rom an ':individual of each

species. Each of the l-eaves represents an operational

taxonomic unit (0TU) . The 20 species are -l-isted in tab-l-e 1 .

TABLE 1 . List of the species col--l-ected for analysis and the

0TU numbers assigned to them.

OTU Numbers SPECIES FAMILY

1 - 5 Arqvrodendron actinophvl-lum Sterculiaceae
(C. Moo¡e) Ed]-in

6-1 0 El-aeocarpus qrandis F. vM. Elaeoca¡pa ceae

CastanosÞermum austral-e A. Cunn Leguminosae
& Fraser

11-1 s

1 6-20

21 -25

26-30

31 -3s

36-40

41 -45

46-5D

51 -s5

56-60

61 -65

66-70

71 -75

Tris an l-a co n erta R.Br"

FIin de r u stra R. Br.

H vme no sDorum f avum F.vM.

B ch c on disco F"vM.

H a rpu ll- ia pe dufa Planch.

Linoc ramif ( Roxb. )

l¡/a11.

Toona australis Harms.

Hardenberqia violacea
(Schneevc ) Stearn

Mac¡opiÞer excelsum Miq.

Pitto sDorum und u-l-atum Vent.

Rho do s ohaera rhoda nthema En

nnamomu

Myrtace ae

Rutaceae

Pitto sporaceae

Ste¡cul-iaceae

Sapindace ae

0leaceae

Me-l-iaceae

Le gumino s ae

Piperaceae

Pitto s po raceae

A nacardiace ae

Lauraceae
& Eberm
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7 6-BO

81.85

86-90

91 -95

96-1 00

Pitto s Do rum hombifolium
A. Cunn.

Alectrvon excel-sus Gaert.

Cuoaniopsis anaca¡dioides
Radi-k "

Bauerelfa australiana Borzj-

Laurus nobi]-is L.

Pi tto spo ra ce a e

Sapin daceae

5a pin da ceae

Rutaceae

Lauraceae

All- architecturaf characters, with the exception of those

invofving ultimate venation, brerB measured from photographs.

Leaves werle photographed shortÌy after they h,eIe coll-ected

with high intensity transmitted light. This gave clear

detail, at l-east to tertiary venation. A section including I

two secondary veins and part of the primary vein ì^ras removed

from the position of maximum width of the l-eaves, cleared

with the method of Christophel and Blackbu¡n (f97S)' and

stained with the method of Bl-ackbu¡n (t97gu). These sections

h,ere usually small enough to be mounted on slides and we¡e

used to study ultimate venation.

Cuticl-es brele taken from the position of maximum width

of the feaves and h,ere prepared using the method of Hill

(1978 ) . Al_l- mate¡ial-s arB housed in the Botany Department '
University of A del-aide .

4.2 CHARACTER CH0ICE: Many character sets have been

proposed for use with angiosperm l-eaves (-.g. Krussmann

1g60/61, Arbeitsgruppe rtcuticulaen 1964, Stace J-965, Mouton

D66,Ig7DrIg76, Roselt and Schneider 1969, Ferguson I97l-,

Mädler and straus I971, lrlalthe¡ 1972, Hickey 1913, Dilcher

Ig74, Mädler Ig75, Dolph L975, Melvill-e L976, Blackburn 1978a);

However, most h,eIe developed for descriptive pulPoses and are

unsuitable for numerical taxonomy. For this study, most

cuticular characters hrere taken from Stace (fg0S) and most
34.



architectu¡a1 characters from Blackburn (1978a)' although

some requiled modification to make them suitabl-e for general

use. Because of the confusion often caused by imprecise

definition of characters, a l-ist of the characters and an

explanation of the method of measurement will- be given "

For the architectural characters, a strict definition of

vein orders is lequiredr and this will- be considered first.

4.3 DEFINITION 0F VEIN ORDERS: Many of the characters em-

ployed on angiosperm l-eaves wil-l- invol-ve the venation pattern.

This requiles the accurate definition of vein orde¡s. The

problem of, determining the difference between primary,

secondaxy, and tertiary veins, whieh is al-l- that v{as required

for this study, does not aPPeaI to be difficult. However'

as Hickey (lgls) foundr,,In practice the objective designa-

tion of vein order is mole complex than easily obse¡ved

differences in thickness, couISe' and pattern among size

classes wou-l-d seem to indicate. rf Hickey t s 'def initions aIe

suitabl-e fo¡ use hrith his descriptive terminoÌogy, but aIe

unsuitabl-e when precise quantitative characte¡s aIe to be

scored. A literatu¡e search proved that few a.l-ternative

methods have been ploposed. A neh, definition of vein orders

ì^,as, therefore, formulated using a set of about 2OD fossil-

and extant species. Because of the limited number of bpecies

on which this def inition hras formul-ated, l-eaves may be f ound

in which the definition requires modification.

Primarv veins: The vein or veins arising from the petiole

which, at their base, ale the thickest veins of the l-eaf.

The end of a primary vein is defined as the point at which

the vein gives rise to a .l-ateral vein of equaJ- thickness to

the continuation of the primary vein. Often the primary vein

does not end before the aPex of the leaf. One problem with
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this definition is the presence of what Hickey (tglg) cal1ed

Itsupra-basal lateraf primary veinsrr, i. e " primary veins

originating as lateral- branches of a primary vein above the

base of the l-eaf" using the definition given here, these

veins would not be considered as primary. Since none of the

leaves used in this project fell into the category of

possessing Itsupra-basaf l-ateral- primary veinsrf which could

not be adequately considered as secondaly veins, the above

definition remained unchanged.

Se con da v veins: Accurat e definition of secondary and

intersecondary veins is the most complex problem in the study

of vein orders" Hickey (fgZg) suggested that rrthe next set

of branches of markedly smalfer size than thei¡ primary

source are the secondary veins.rr This definition is

difficult to appfy toward the base and apex of mc.¡sL leaves,

and usually an arbitary decision as to when a late¡al- branch

from the primary vein is too thin to be a secondary vein is

required. Another problem with this definition is that no

attempt is made to locate the end of a secondary vein.

Identification of intersecondary veins, which are intermediate

in length and thickness between secondary and tertiary veins

(Hickey I973), is even more difficul-t.

It is, theref ore r hBcessaly to plopose a neì^, definition t

which must be Ieasonably quick to assess and, mole important-

ly, be objective and repeatabJ-e. Any attempt to ploPose a

mathematical- sol-ution to the problem on the basis of thicknesst

lengthr positionr oI coulse of veins wil-l- fail because of the

time required to put such a method into practice. The

fol-l-owing definition overcomes this problem without sacrific-

ing too much in accuracy. The only assumption which must be

made is that secondary veins may arise only from the primary

vein and not from other secondaries.
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Note that the set of veins on each side of the primary

vein(s) are considered separately.

(1) Locate the .l-ateral vein on each side of the primary

vein which at its point of attachment to the primary vein,

is the thickest of all the l-aterals.

(2) Locate the ends of these lateral- veins. Although

they have not been defined as such, these two veins are

treated as secondaries. The end of a secondary vein may be

defined in three t^rays. It is (a) the junction at which the

vein divides into two branches of equal thickness, (b) the

junction where the vein melges with a vein of greater thick-

ness (as in Hickeyts (l-973) brochidodromous venation), or

(c) in some serrate margined leaves, where the secondary

vein runs straight into a tooth without fulfilling ei blrer of

the first two requirements, the vein ends at the tooth apex.

(3) Locate the thickest vein which arises from these

secondaries. Measure the thickness of this vein at its point

of attachment to the secondary vein.

(4) Record the length of al-1 lateral- veins arising from

the primary vein, which at their point of attachment to the

primary vein ale at l-east as thick as the vein measuled in

(3). 0nly these veins can be secondaries or intersecondaries.

(5) Thickness and J-ength of a vein are generally

accepted as being the most important features in separating

Secondary from intersecondary veins. Therefore, veins aIe

numbered consecutiveÌy from the base ' and the product of

length by thickness (LxT) is caJ-cu-l-ated for each one.

V'/hen determining whether a vein is a secondary or

intersecondar!, it is best compared to its neighbouring

veins rather than to all 0ther veins. This is because

secondary veins do not remain constant in length and thickness
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al-ong a -l-eaf and a secondary vein near the base or apex of

a leaf may have a l-ower (LxT) than an intersecondary vein near

the middl-e of the leaf .

For definition of secondary and intersecondary veins,

most of the usua.l- statistical parameters (mean, variance,

standard deviation, etc.) were of no use because they are

often more dependent on the variation in secondary veins

along the l-eaf than on the differences between seôondary

and inte¡secondary veins. The method finaJ-]y decilded upon

wil-l- be briefly explained and three exampJ-es given.

(6) Determine the range (R) for (LxT)

fi) Sum the abso-l-ute differences between succeeding

pairs of veins, working apically from the base. That is,

for x secondary veins >lAl = l{r-"r), (Lxr)rl i, ltr-"r1,
(Lxr).f + + l{l*r)r-r - (Lxr)"1 

.

if no inte¡secondary veins are present, there wil_l be a

gradual transition of (LxT) values, inc¡easing from the base

to a maximum value and then dec¡easing toward the apex. If

the l-eaf was perfectJ-y symmetrical and no inte¡secondary

veíns hJere present, the secondary vein with the greatest

(txt ) val-ue woul-d be at the centre of the leaf and lnl= Zn.

Hou/ever, if the secondary vein with the greatest (LxT) va-l_ue

h,as cl-ose to the base or apex, then Inl* n. The ¡el-ative

val-ue of R to lnl can be estimated as:

nn
R

+
X

X
lAl

x 100 P (.s a percentage)
2

total number of l-ate¡al veins on a given side of

2

where n

the primary vein, and

Fr = number of the vein with the maximum (LxT) value,
X

counted from the base.

ll/hen no intersecondary veins are present, P will be
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approximate.1-y 1 00Í, decreasing as the number of inter-

secondary veins in crease.

(B) !'Jhen P has been determined, locate the vein brith

the highest (lxt) va1ue" This vein is not necessarily the

same as that in (1 ) and is defined as a secondary" P of

(LxT) is calcul-ated for that vein and subtracted from its

(LxT); i"e., (LxT) - (P of (LxT))= M.

(9) The next vein in both the apical and basal- direction

is noì^, considered. If M < (LxT) for that vein, it is a

secondary; if M > (LxT), it is an intersecondary.

(10) If the vein is a secondarV, M is recal-cul-ated. If

the vein is an intersecondary, N = (LxI) + (p of (LxT)) is

calcul-ated. This vein is then compared to the adjacent

undefined vein and so oDr unti.1- all- l-aterals have been

defined. General-ly if a secondary vein is being compared to

another veinr êHd if (LxT) fo¡ the ne\^, vein is ) M, it is a

secondary; otherwise it is an interlsecondary. If an inter-

secondary vein is being compared to another vein and if (LxT)

for the neì^, vein is ( N, it is an intersecondary; otherwise,

a secondary.

( 1 1 ) This pairwise comparison is continued until aIl-

veins have been designated as either secondaries or inte¡-

secondaries. An intersecondary vein must have secondary

veins on both sides of it (aJ-though not necessarily as

adjacent veins). Thereforer anV rrintersecondaryrt veins

beyond the last secondary vein in a basal- or apical direction

must be cl-assed as nonsecondary.

As examples, three different l-eaves representing a range

from no intersecondary veins through to several- are presented.

Calcul-ations cover only one side of the primar¡t vein.
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EXAMPLE 1 z Elaeocarpus qrandis (tig.
(l- x T)
(cm"mm)

D.14 L x f )Mz

0"43 L x T>M

2.2)

Vein number

1

11

12

0. 05

Vein Order

S e condary

ll

3'

T) M¿i Mg

T) Ms; Mq

2

3

4

5

6

7

B

9

nMz

D .49 X

1.38

L "26

I.B2

2.32*

r) Mr;

0.06

o "17

o"16

o.23

L

L

L

L

ll

ilX

X

X

T>M Ms
6

ll

llMe

Mz o.29

2.24 L x T)MZ; Me

2.24 L x T)MU;

D.2B

D.2B

o.17

0.08

il

ll

ll

ll

1

M

M

M

M

,

9

10 1.38 L x r)Mr;
0

0.9s L x T>M
01

It greatest (L x T ) va].ue "

defined as a secondary

R-2.32-D.I4=2.18

lAl = l.t +-.+el

It.ze-l-.821

lz.z+t.eal
l.z7-.1 +l =

Therefore, vein 7 is

+ l-+e-"+tl + l.ar-r.eel + lr.aa-r.ze | +

+ lt.az-z "ezl + lz.tz-z.z+l + lz.zt-z "2al +

+ ft.3e-"esl * l.ss-.sel + l.se-.ztl +

(n+1 ) +n tAl
X 1 oD%

X

X
2.1 Bre X 1 oa%

0"s6 L x T>Mrt;
1

0. 07

= (L x T) (P of (t- x

= 2"32-2.D3 = O.2g

2

4 .60

n R

2)+l
P X

12

,.1+ -?l

87.5ß

vein number 7, M

40.

.'. For r))



FIGURE 2.2 Graph of vein number against length x

thickness (L x T) for one side of the

prirnary vein of a leaf of Elaeocarpus qrani:s 
"

A drawing of the leaf showing the veins is

also given" (Rel-ative thicknesses of veins

are not shown, s = secondary vein).
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Alt the veins figured on this J-eaf are secondaries.

EXAMPLE 2z Rhodosphaera rhodanthema (fig. 2.3)

Vein number

1

10

11

12

13

14

1s

16

(t- x T)
(cm.mm)

0.45

0. 54

0.9s

1 .36

1 ..40

0.36

1.48*

0"60

1 .44

D.25

1 .24

1 .12

0. 70

0.60

0.33

0.28

x T<N
2

T( Nr;

T<M4'

T)Mr;

T>N 6',

X T( MZ; N

= 1 .10

Vein 0rder

Nons econdary

Intersecondary

Secondary

I nterse condary

Secon dary

Intersecondar!

Secondary

2

3

4

5

X

X

L

L

L

L

L

L

M

L

L

L

L

L

L

L

L

L

X

X

X

X

nNz 0.68

r.20

l-.01- Secondary

1.04

0.45

3

4

5

6

N

M

M

It

ll

6

7
7

;M9

x T( Mr; Ne o.76

1.07T>N I 9
x

X

X

X

X

X

r)N., o;

T>M 11',

T< M t
9

o.32

o.ga

0. B3

D.76

il

il

0

1.

2

3

4

1

1

N

M

M

N

N

1

r 1t4r r; 0.BB Nonsecondary

T<N

')É greatest (L x T)

as a sBcondarY

R = 1.4A-O.25 =

13',

T<N 14',

L.23

veins, according
43.

r(Nts "

Therefore, vein 1 is defined

1ooÍ' 26.o%

and 13-1 6 are neither secondary

to (11).

llo.42N1 5=

va1ue.

lal = 7.97

pI - 9-5 7.97
.'.M7 = 1.48-0.38 = 1"10

Note that vein numbe¡s 1 -3

nor intersecondarY



| Ì .-'

FIGURE 2,3 Graph of vein numbex against (t- x T) for

one side of the primary vein of a J-eaf of

Rhodo-sphaera rhodanthe . A drawing of the

leaf is also given. (Retative thicknesses

of veins are not shown, é = secondary vein,

i = intersecondary veinr f.t = nonsecondary

vein ) .
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EXAMPLE 3:

Vein number

1

10

11

12

13

14

15

16

17

18

19

20

21

22

itto s m undu um (tis. 2"4)

Vein Order

Secondary

0. s9

D.2B IntersecondarY

O.74 SecondarY

o.46

D"32 IntersecondarY

D.74 SecondarY

0.61 IntersecondarY

SecondarY

(t- x T)
(cm.mm)

0.6u x T) Mz

2

3

4

5

6

1

I

o.76

o "23

o.96

0.60

o "26

0. B7

o.96

0.43

o.96

0. 50

1 .08*

0. 53

0.60

0.50

0. B7

0.43

0.68

0.65

0"58

o.22

o.32

greatest (t- x T)

as a secondarY.

T) N,;

r( M¿; N3

T) Ms ¡ M+

T) Ne; Ms

T( MZ; N6

9'

T)N,, ,, ; Mto

L

L

L

L

L

L

L

L

L

L

L

M

L

L

L

X

X

X

X

llMz

ll

X

09

x T)Me; M D.67 Secon darY

x T>N M o.7 4

x T<M Ng 0.53 IntersecondarY

7

B

ll

x

X T( M,, ,; N
11

0. 83
12

x T< M

x T<N

x T<N

x T >N

x T<M

x T> N

x T>M

x T> M

x T(M

x T>N

N
2 13 = 0.65

= D.74

= O.61

= 0"67

= 0.53

= 0.53

= 0.50

= 0.45

= o.27

13; Nt¿

N14', 15

M15', 16

N
6 17

17'

1B;

19'.

20''

M
1B

M 19

M 20

N
21

IntersecondarY

Secondary

IntersecondarY

Secondary

I nterse co n darY

Secondary

is defined

t
1

ll

ll

L

L

L

L

L

L

L

,

ll

ll

21

value. Therefore, vein 12*
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FIGURE 2.4" Graph of vein number agains t (t- x T ) for

one side of the primary vein of a leaf of

Pittosporum undu-l-atum. A d¡awing of the

l-eaf is also given. (Relative thicknesses

of veins are not shown, s = secondary vein,

i = intersecondary vein ).

47.



S

; sss

S

S

?
E
Ë
J,t-x
I

S

S

S

1 2 3 4 5 6 7 I I 10 11 12131415 16 17

ve¡n number

s

.5

S

s

79,.2021220



R

¡Al

P

'.M

7.26
22
1r"5

r.oB-o.22 0.86

X 0.86
7 .26

x roD/, 22.71"

1.08-0.25 0. B3

After some practice this method hras found to be easy to

apply and consistent in its Iesults. Steps (1 ) and (2) can

be quickl_y and accurately estimated without making any

measurements and the lengths of the veins ale lequired for

the character set to be des cribed l-ater. l¡r/hen the thickness

of the lateral veins at the poirrt of insertion onto the

primary vein are dif f icult to j udge, the thickness shou-l-d

be measuled as close as is practj-cal to the primary veinr âs

long as it is consistent for al-l- J.ateral veins"

Te rtiar v veins: For the character set in this study the

only tertiary veins measu¡ed ale those at the position of

maximum hridth. 0n each side of the primary vein, the vein

closest to the point halfway between the primary vein and the

margin, which runs between secondary veins (or a secondary

and the primary) was arbitrarily chosen as a tertiary vein'

v,lithout using extremely invol-ved definitions' it is

impossibl-e to accurateJ-y define vein orders higher than

secondaries. For many palaeobotanical studies any veins

finer than secondaries or intersecondaries are often unre-liable.

It is therefore proposed that higher vein orders should not be

used as primary characters in fossil studies. h'ith extant

leaves primary, secondary, and possibly tertiary veins may

be studied along with the ultimate venation, but any attempt

to define higher vein orders is not Iecommended.

4.4 CHARACTER SET: *(1 ) Leaf length: The distance from the

l_eaf apex to the point of insertion of the petiole, measured

a]ongtheprimaryvein"ThisisapProximatelyequaltothe
49.
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straight line distance ab (tig. 2.5)

x(2) Leaf width: Maximum width of the leaf measured

perpendicular to the primary vein, (fig. 2.5, cd).
*(3) Leaf length:width ratio: (ti.g" 2.5, ab/cd).

(4) Leaf shape index: A method for expressing l-eaf

shape using a standard grid. The average perpendicuJ-ar

distance from the primary vein to the margin is measured as

a percentage of the maximum width. A ci¡cular grid with

lines marked at set angles (fig.2.7) is placed over the

l-eaf so that the 9lo-27}o axis lies at the maximum width of

the leaf and the origin l-ies over the primary vein " The

perpendicular distance f¡om the primary vein to the intercept

of each line with the margin is measured, giving 36 measure-

ments. The shape index is calcufated as: Shape ir¡uìex = 2DAM/W¡

where M = Dearì perpendicular distance f¡om the midrib to

the margin and lrJ = maximum width of the leaf .

Since the shape index measures average l-eaf width as a

percentage of maximum l-eaf bridth, it is not directly rel-ated

to leaf si-ze. h/idth is measured to the primary vein rather

than the 0o 1B0o axis so that any curvature of the leaf

does not influence the result. The angles fo¡ this grid h,ere

chosen after experimenting on a number of different l-eaf

types. The combination chosen most often gives approximately

equal spacing of intercepts around the margin. If a .l-ine

intercepts the margin in more than one pJ-ace (e.g" in a lobed

leaf), the most meaningful resul-t is obtained by only consider-

ing the intercept fu¡thest from the origin, since this

intercept best represents the bridth of the leaf.

*(5) Base angle: The angJ-e between l-ines joining the

intersections with the margin of the axis of 20% maximum

width basally and the base (fig. 2.5, the angle between nb

50.



FIGURE 2.5 Drawing of an angiosperm leaf showing

primary and secondary venation. The

cha¡acters measured on this leaf are

explained in the text.
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FIGURE 2.6 Section of an angiosperm -l-eaf showing two

secondary veins and part of the primary

vein. The characters measured on these

veins are explained in the text.
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F IGURE 2 .7 . Drawing of an angiosperm leaf showing the

grid used for measuring leaf shape index.

The numbe¡ on each line ¡efers to the angle

of that line from the perpendicular to the

axis of maximum width in a cLockwise

direction. See text for an explanation of
the measurement of J-eaf shape index.
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and ob where b is the

* (6 ) Apex angle:

intersections with the

width apicalJ-Y and the

la and ma).

*(7) Position of

distance from the base

basal.l-y expressed as a

jb/ab x 100).

*(B) Position of

distance from the aPex

apical-ly expressed as

ai/ab x l-00).

base of the leaf).

The angle between lines joining the

margin of the axis of 20Í maximum

apex (fig. 2"5, the angle between

2096 maximum width basallY: The

to the position of 2096 maximum

perceniage of leaf length (fig.
widt h

2.5,

ZDl" naxímum width aPicallY: The

to the position of 20y'o maximum width

a percentage of l-eaf length (ti-g . 2 -5,

x(g) Number of secondary veins: counted for botlr sides

of the primarY vein.

x(10) Secondary vein intercostat shape: The ratio of

the length of a secondary vein to the distance between

secondary veins measured al-ong the primary vein (ti-g. 2.6,

xy,/wx ) .

*(11 ) Secondary vein angle A: The position of the

adaxial- 1Ol" Iength of a secondary vein is l-ocated and a

tangent to this point is drawn (tig.2.6). The angle between

the tangent and the primary vein is measured (tig. 2.6, angle

a) and averaged fo¡ al-l- secondary veins. The first 10Í of

the secondary vein is ignored to Iemove the effect of locally

high curvature which often occuls at the junction of the

secondary vein and the primary vein.

(12) Secondary vein angle B: The angJ-e between the

primary vein and the line joining the distal end of a

secondary vein to the position of the 1of' adaxial length

(fig. 2.6, angle b). This angle is averaged fo¡ a-l-1
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secondary veins.

(13) Secondary vein straightness index: A measure of

the degree of curvatu¡e of secondary veins. The point whe¡e

the tangent to the secondary vein first makes an angle of

2Oo with the tangent to the position of the adaxial 1 0% length

of the secondary vein is located (fig" 2.6, z). The length

of the secondary vein between this point and the midrib is

then expressed as a percentage of the total- length of the

secondary vein and is averaged for al-l secondary veins.

(Some secondary veins that never make an angle of zDo with

the tangent wiJ.l- have a straightness index of 1DDy'") 
"

(14) Basal secondary vein angle: Measured as for (11),

but only for the basal- secondary vein on each side of the

midrib. The basal- secondary veins often have a makedl5'

different angJ.e to the other secondary veins.

(15) Intersecondary vein percentage: The number of

intersecondary veins expressed as a percentage of the number

of secondary veins.

(16) Margina.]- venation index: The number of free-ending

veinlets between the areoles and the margin al.ong 1 cm. of a

l-eaf at the point of maximum width expressed as a ratio to the

number of areofes ending at the margin in the same length

(tig. 2.8, = 6/7).

(17) Tertiary vein ang].e: The adbasal- angle between the

projection of the l-ines joining the ends of a tertiary vein

and the primary vein. One tertiary vein is measu¡ed on each

side of the primary vein at the position of maximum bridth'

halfway between the margin and the primary vein. The

average of the two val-ues is taken.

(t A ¡ Areo-l-e length: An a¡eol-e is defined as the

smallest unit enclosed by veins. The length is measured as
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the longest axis of the areole (tig. 2.9, L).

(19) Areofe width: The greatest perpendicular distance

to areoJ-e length (tig.2"9, V,l).

(ZO¡ Number of veinl-ets per areol-e: E. g. , in fig"

2.8 there are 7 areoles and ten veinlets within them = 1O/7

veinlets per areoJ.e.

(Zt¡ Number of branches per veinlet: Branches are

counted as bra.nching orders (fig. 2.1O).

(22) Uppe.r epidermal- ce11 length: The Iongest axis of

an upper epidermal ce1-l- r measured to the interf ace between

ad j acent cel.l-s.

(23) Upp"r epidermaJ- cel-l- width: The greatest

perpendicul-ar distance to upper epidermaJ- ce-l-1 length.

(24) Lower epidermal ce-l-J. J-ength: As for (ZZ) ;

(25) Lower epidermal ce1l width: As for (Zl¡.

Qe ) Lower epidermal cel-J. length : width ratio .

(27) Subsidiary cel-.1- number: Average number of

subsidiary cel-l-s r FEasured f o¡ stomates on the -l-ower epide¡mis.

A subsidiary cell- is defined as an epidermal cel-l in direct

contact with a guard cel-J-. This definition of subsidiary

ce1-l- number is free of ontogenetic implications.

flbviously some information is lost because of this, but it

means that stomatal development does not have to be traced.

More subtl-e differences in subsidiary cell-s such as rel-ative

size, shape¡ and orientation may be introduced as secondary

characters.

(ZA¡ Stomatal index (5I): Measured for the lower

epidermis.

The equation is:

r'lhe re S

5I x 'l 00.
E+5

number of stomates in a given area, and

number of epidermal cel-ls in the same area.
59.
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FIGURE 2.8. The ultimate venation at the margin of an

angiosperm leaf. In distance d, seven

complete areol-es are shown, containing f0

veinl-ets. Six veinlets occur between the

leaf margin and the a¡eol-es. See text fo¡ an

explanation of the characters involving

ultimate venation "

FiGURE 2.9. A singJ.e areofe, showing the length (L) and

width (ll,, ) .

FIGURE 2.1.o. a d represent four a¡eol-es, each containing

one vein-l_et with different branching orders.
(a) The veinl-et has no b¡anches (nighest

bianching order = 0).

(b) The veinlet has one branch (hi.ghest

branching order = 1).

(c) The vein.l-et has two orders of branching

(highest branching orde¡ = 2).
(d) The veinlet has two o¡de¡s of branching.

After the fi¡st branch, one of the

branchlets remains undivided, but the other

undergoes second orde¡ branching. The

highest b¡anchin-g order is recorded

(highest b¡anching order = 2).

FIGURE 2.II. Stomate, showing the length (ab) and width
(cd).
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(29) Stomatal length: The length of the stomate

measu¡ed along the common wal--l- between the guard cel-ls (ti-g.

2.11, ab).

(30) Stomatal width: G¡eatest perpendicul-ar distance to

stomataf length (ti-g. 2.11 , cd ) .

(31 ) Stomata.l- length:width ratio: (fig.2"11, ab/cd)"
*(32) Position of maximum width: The distance from the

base to the position of maximum width measured along the

primary vein expressed as a Percentage of the l-eaf length

(f ig. 2.5, bk/ ab x 1 oo ) .

(33 ) AreoJ-e length:width ratio: ( tig . 2.9 , L/W) 
"

(34) Upper epidenmaf ce11 length:width ratio.

x (35 ) Dentition f requency: Number of teeth per crTt.

counted for 10 cm. around the position of maximum width for

both margins. This eharacter was not used in the present

study because most of the leaves hrere not serrate; so most

0TUts woul-d have scored 0 teeth/cm., making standardisation

of this character impossibl-e. It is listed here because it

may be of use in other studies.

rê Those characters ma¡ked with an asterisk ì^rere taken

directly or modified f¡om Blackburn (fgZAa).

Blackbu¡n (fg7Aa) discussed the value of his characters

as disc¡iminators and the interrel-ationship between

cha¡acters at great length. Althougþ the number of characte¡s

he used ì^ras relatively low, the amount of unique information

in each one made them extrerìely good for discriminating

species of

this study.

5au rauia and therefore they have been incl-uded in

The cuticular characters are not as completely understood

as the architectural characters" It is well documented that

epidermal ce1.l- size is greatly aff ected by environment "
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However, Stace (1965 ) indicated that ce1-l- size might be of

taxonomic value because rrpoÌyploids usuaJ-Ìy have larger cel--l-s

than diploids, al-though this is bette¡ shown by the stomata

than othe¡ epiderma.l- cel-1s.tr 5ol-e¡eder (fgOA) noted that

certain speeies are characterised by a particularly smal-1-

or large-cell-ed epidermis and Stace (fg6S) substantiated

this. For this reason, stomata-l- and epide¡ma-l- cell- Iength

and width were incl-uded in this study.

The shape of epid ermal ce-l-ls is also v.ariable as can be

seen by the terminologies avail-abl-e (e.g. Dilcher L974). An

estimate of the shape of cel-l-s can be gained by considering

the ratio of ceÌl- length:width. The use of length:width

ratios is val-uabl-e f or another reason . Stace (f ge S ) noted

that cel-l- size usually decreased toward the -l-eaf ma:; I rt and

apex. Although cuticl-es were normally sampled from ti¡e same

pJ-ace in every l-eaf, this cannot always be guaranteed in

fossil-s due to the fragmentary nature of some specimens.

However, Stace (fggS) al-so noted thatrrCharacte¡s such as the

comparative sizes of parts of the same l-eaf are extremely

useful- as the different parts are equall-y affected by the'

externaf conditions.rt Therefore these ratio characters

should be relatively unaffected by the position on the l-eaf

from which the cuticl-e h,as sampled.

Stomatal index has long been acknowl-edged as the best

method of measuring the frequency of stomates. 5al-isbury

(tgZt) found that of several- environmenta.L factors investi-

gated, only humidity affected the value of stomatal- index.

The feaves which h,ere used in this study h,ere coll-ected

from trees growing in cl-ose proximity to one another.

Therefore, the environmental- conditions under which the

trees h,ere growing will be reasonabÌy constant. The same is
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probably true of most fossil deposits although it can rarely

be estimated how large an area the source vegetation may have

covered. Howevel, the environment of .l-eaveS on a single

tree may change markedly, from those continually exposed at

the crotún of the tree (ttsunrr l-eaves ) to those in continual

shade beneath the canopy ( ttshaderr leaves ) . The¡efore any

characters which aIe affected greatly by the environment

should be applied with caution. F-ratios give a very good

estimate of the value of the character as a discriminator,

and these wi]-l- be considered fater.

4"5 CHARACTER SAMPLE SIZE: FO:c MOSt AIChitECtUTAf

characters sample size is determined by the OTU. Howevelt

for those characters where sampl-e size is not set, it is

desirabl-e to find the minimum number of measulements which

need to be taken for each characterr so that the estirn:ted

value falls within predetermined confidence limits of the

true value (i.e., i-n(x(x'+ h' where f = true mean,

X = estimated mean, and h = maximum tolerated distance of

x from f) .

The 95Í confidence limits are given by:

where SE- = standard errox of i,
X

and t. OS can be found in t-distribution

tabl-es.

Therefore a sample size, n, must be chosen so that

t. ossE_< h

i.e", h)t"05 t/,F

where 5 standard deviation of f i.".,

n)(st.D5/h)

+xt
. ortti

64.
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where t.OS has n-1 degrees of f¡eedom.

Since t.os depends on n' the minimum var-ue for n (n={st"or/rr)z)

cannot be found directly but must be approached by trial
and error.

As an example, the forlowing question can be asked for
l-owe¡ epidermal cel-l- length of OTU 1 : How many readings

shoul-d be taken to specify the length within sy', of the mean

with 951" confidence? To Çive an accurate measure of the

taken.true mean and standard deviaiion, 100 readings h/e Ie

X=

,h =

fl=

ift

but

son

but

son

but

24.O yn S = J-.53 ¡m

I.2 (sf "f ;)

(r.sgt/1 "2)2 = r.6z6t2

=2r[=6.504
t.OS with 6 d.f" = 2"447

= 9.736

t.OS with 9 d.f. = 2.262

= 8.32D

t.OS with 7 d.f. = 2.365

so rì = 9.D95

but t.OS with B d.f. = 2.3D6

so n = 8.646

which is the same as the previous ansh,er. Therefore, the

ansìr{,er to the question is n = 9.

To specify the length within 21" of the mean with 9sl"

confidence gives n = 41. These values h,ere cal-culated for
several cha¡acters over a range of species. Answers ranged

between n = 4 (within 5Í of the mean) to n = 61 (within 2ß

of the mean). A value of n = 25 r^,as greater than all- val_ues

of n within 51" of the mean and well within the range of
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va.l-ues within 2ß of the mean. Theref ore, when the number

of readings h,as not specified by the character, 25 h,ere made.

This method was al-so used to determine a minimum area of
)

0.5 mm' for measurement of 5I.

4.6 CHARACTER VARIATIDN: The identity of the OTUrs ì^,as

known prior to the analyses, and it t¡ras r theref ore, possibl-e

to calcul-ate F-ratios for each of the characters (tabte 2).

TABLE 2z F-ratios' and their significance l-evels for the 34

cha¡acter.s scored. The character numbers fol-l-ow

those used in the text.

Character number F-ratio (1 9 , 4 d. f" ) Significance
1

2
3
4
5
6

1
B

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
21
2B
29
30
31
32
33
34

Characte¡s with p=(0

norma-l- significance

5 "12
2D .41

B.B6
13. 89
28.21
15.82
15"46
16.42
1 6.D7

5 .42
11 .20
27.8D
1 3. 89

5 .67
'l 0.86
1 4.99
4.31

19 .24
13.3s

6 .62
4 .13

2D .68
11 .63
61 .49
34.7 4

4.11
1 81 .75

1D .29
59 .11
60.32

0.05(p(0.1
0.001ç p(0. 01
0 . 01< p(0. 05
0.01< p(0.05
8.001< p(0.01
-ü.001< p(0.01
0.001< p(0.01
0.001< x0.01
0 . 001< p(0 " 01
0.0s(p(0.1
0.01<p(0.05
0.001(p(0.01
0 " 01(p(0.0s
0.05(p(0.1
0.01<p(0.05
0.001(p(0.01
0.05(p(0.1
0.001<p<0"01
0"01(p(0"05
0 " 01< p(0.05
0.0s(p(0.1
0.001< p(0.01
0.01<p(0.05

p(0 " 001
0 .001< p<0 . D1

0.0s<p<0.1
p(0.001

0.01<p(0.05
p(0. oot
p<0. 001

.1 (1 oÍ)

l-e vel of

.81

.25

.89

.64

were chosen for

5Í was not used

.001< .01
"2< 0.5

P<0.5
0.2(p(0. s

the study. The

because 9

21
2
1

1

0
0
0

have been
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number is 1ow, this hras considered unnecessarily strict; so

only 3 characters ì^rere re jected (nos. 32-34) . Many

characters proposed consisted of a ratio of two lengths.

The validity of using these characters has been questioned

(Atchtey, Gaskins, and Anderson 1916). In this study

cha¡acters h,ere screened by means of F-ratios and correlation

coefficients, and any ratio characte¡s remaining vúere

utili zed.

4.7 RESULTS: The effects of several factors on the

numerica-l- analyses ì^,ere considered. These wil-i- be Presented

in turn with a brief introduction to each section.

A. 1 00 OTUs wit h 31 characters: Both the UPGMA and E55

dendrograms (figs. 2.12, 2.13) show that the 0TUs cl-uste¡ed

into their species. Since both the UPGMA and ESS algorithms

are space dilating; the use of phenon lines is inva-l-id due

to group size dependence (Cti-tford and l¡lil-l-iams 1973;

Cl-ifford 1916). However' c.l-usters are easily del-imited

without the use of phenon l-ines. For a positive resu-l-t to

this study, it is important that all members of a species

cluster together. That is, it is better to have al-l- members

of two ol more species in a singJ-e gloup than the members

of one species splead throughout the dendrog:ram, since the

latter is rhore likely to lead to misidentification. The

intense cl-ustering of the E55 algorithm makes interpretation

of the dend¡oglam simpler, but both algorithms clustered the

[TUs in a satisfactory Ì^ray. In all f uture sections , only

the E55 dend¡ogram is Presented.

closely related species do not consistently lie c-l-o se

together in figure 2.13. For example, Pittosporum undulatum

(0Tus 61-65) and Hvmenosporum flavum (0TUs 26-3A) both in

Pittosporaceae r l-ie very close to one another, whil-e
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F I GURE 2.I2" UPGMA dendrogram f or l-00 OTUs with 3l-

characters (" = 0.52).
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FIGURE 2.I3" E55 dendrogram for l-00 0TUs with 3l-

characters (r = 0.58).
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PittosDorum rhombifol-ium (0TUs 76-BO) is far removed' The

character set was designed to cluste¡ members of a single

species, not to study rel-ationships between species, genera'

or f amiJ_ies. !'Jo¡k by Blackburn (1 97Ba ) on a singJ-e genus

(Saurauia) with many species, has shown that ¡elationships

between species can be estimated using leaf architecture"

However, difficul-ties may arise when several unrel-ated

genera are incl-uded for analysis, as wouJ-d

This problem will- be reconsidered

stopping rul-e formuJ-ated in chapter

occur in a fossil-

l-ater.

3 for e s timating

the ESS

va l-u es

e_

and

)

1

2

Lan ce

A phenon

pairs of

,, drposit.
' The

the number of groups in a dendrogram hras applied to

dendrogram shown in figure 2.13. Tabl-e 3 shows the

for the Ratkowsky and Lance (1978) crite¡ion up to n = 5.

TABLE 3: Values of the Ratkowsky and Lance criterion for

increasing values of n. The maximum value occurs

at n = 4.

nõc
-t n2

2 0.307 D.217

3 D.462 A.267

4 0.586 0.293

s 0.637 0.285

In this example al-l- characters vúere numeric and so
E
T

h,as used excl-usivef y. According to the Ratkowsky

criterion, the optimum number of groups is four.

line has been drawn at that level- in figure 2.14.

The results of calculating d fo" successíve

groups are shown in table 4.
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FIGURE 2.I4. E55 dendrogram from fig. 2.L3. The

phenon line (a) shows the 4 groups

predicted by the Ratkowsky and Lance (fgZA)

criterion. The othe¡ line (b) shows the 18

groups, numbered consecutively, predicted

by the modification of the Ratkowsky and

Lance (nlA ) criterion.
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TABLE 4z Values of õ fo" each successive pair of clusters,

calcul-ated until the maximum value of d is passed

in each case. The cl-uster numbers ¡efer to the

numbers in fig.2.14(x= maximum val-ue for each

cluste¡).

Group
Numb er

1 0.307 0.422 A.546 D.694* O.423

2 0.307 D.422 0.546 0"694x 8.474

3 0.307 0.422 0.546 0.759x 0.385

4 0.307 0.422 D.546 0.759* D.424

5 0.307 D.422 0.459 0.500 0.656* O.4Bg

6 0.307 a.422 0.459 D.500 t.656* D.4D2

7 0"307 D.422 0.459 0.500 0"553x D"424

B 0.307 D.422 D.459 0.500 0.553* 0"532

9 0.307 0.422 0.459 D.630* 0.385

10 0.307 0.422 0.459 0.630 0.669* 0"432

11 0.307 D.422 0.459 0.630 D.66gx O"474

12 0.307 0.385 0 "697x 0.328

1 3 0.307 0.385 0 .697+ 0.651

14 0.307 U.385 0.454 0.494x 0.427

15 0.307 0.38s 0.454 0.494 0.570* D.495

16 0.307 0.385 0.454 D.494 0.570Je 0.527

17 0.307 0.385 0.454 0.632x D.312

1B 0"307 0.385 0.454 D.632x 0.427

A total of 1B groups ì^,ere delimited. These groups arîe

shown in figure 2.14 and it shoul-d be noted that it is

impossibl-e to draw a phenon l-ine to produce al-l- 1B gxoups.

AJ.though al-l- 20 species are easily del-imited in figure

2.13, the modified Ratkowsky and Lance criterion has only

separated 1B groups. Two of these groups contain two
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species (fig. 2.14\. However, this result is more

satisfactory than the Ratkowsky and Lance (1978) c¡iterion,

which del-imited only fou¡ groups. This iJ-lustrates an

unusuaJ. feature of the Ratkowsky and Lance criterion. Sin ce

the values of E and 5 are bounded by zero and unityr Els n

increases the maximum possible val-ue of C/nL dec¡eases "
1

Figure 2.15 shows a'graph of n against C/n2 max." The

graph asymptotes to the positive X-axis. The dec¡ease in

the value of C/J max. over the first few val-ues of n is

very marked" For exàmple, from n = 2 to Fr = 5, C/nL max.

decreases by D.26 (0.ZOZ to O.447), compared with a further

decrease of only 0"189 up to n = 15 (O.447 to 0.258). This

substantial initial- decrease jn C/nL max. indicates that

it is unlikely that E/n+ could reach its maximum v3-lrtl at

high values of n because of its ¡el-ativeJ-y -l-ow theoreLical-

maximum. In the six examples given by Ratkowsky and Lance

(1978), the optimum value of n was 2r3, or 4. The example

given above (f ig. 2.14 ) il-l-ustrates that a low value for n

is not always the optimum resul-t.

The modification to the Ratkowsky and Lance criterion

suggested in this study has one drawback. In very smal-l

clusters, particularly with a l-ow number of characters, the

value of E "un continue to increase until it has split the

cl-us te r into its individual- 0TUs . This is be cause smal-l-

differences between 0TUs take on relatively greater

importance as group size decreases. This method should be

considered as producing the maximum numbe¡ o groups rather

than the optimum number and other criteria may be necessary

to fuse groups.

1 00 0TUs with 17 cha¡acters (ni- ghfy correlated characters

removed ) : V'lhenever a large number of characte¡s are

76'
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FIGURE 2.I5. Graph of n against
Il = l-5"

c/ +n- max., up to
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measured on a single organ, it is expected that many

significant corre.l-ations will be found between pairs of

characte¡s. The eff ect of character corre-l-ation has been

subjected to many interpretations. Dolph (1916b) found that

character correl-ations in Hickeyls (1973) characters rtl-imit

the usefu-l-ness of the characters in taxometrically

partitioning fossil l-eaf coll-ections ..o.o.. and in carrying

out comparisons between fossil- and modern leaf taxa.rr

According to Rohl-f (1967), the major effect of using

correl-ated characters was that phenetic clusters became

e.l-ongated. Sneath and Sokai- (913 p. 106) suggested that

even highly correfated characters shouJ-d be incl-uded since

they assumed at least some independent sources of variation

in any empirical corre.l-ation.

To test the effect of correlated characters in this

study, the 1 4 most highly correlated characters h,ere

removed. With the Pearson product-moment correlation

coefficients for characters 1 to 31 , for a 5% leve-l- of

significance the cor¡elation coefficient is approximately

0.195. If this l-evel of significance has been chosen, al--l-

characters woul-d have been del-eted (Appendix I ) . Instead

a value of r)0.6 was sel-ected, and where a pair of characters

had an r val-ue within this range, the character with the

lowest F-ratio h,as del-eted " By this method, characte¡s 2 r 4,

5r9112r17r19r21y25r28, and 30 h,ere removed.

The E55 dendrogram (fig" 2.16) again shows that the OTUs

have grouped into their species. However the dend¡ogram

drawn from al-1 31 characters (fig. 2.13) gave better

definition of the groups. Removal of highly correlated

cha¡acte¡s did not improve the interpretation of the

relationship between species. This suggested that it hras
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FIGURE 2.16. ESS dend¡ogram for l-00 0TUs with I7

characters (" = 0.5I).
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bette¡ to incrude as many characters as possibr_e. Firstly,
the total number of character (st ¡ is low, and by removing
14 characters, the numbe¡ becomes -l_ower than is usually
acceptable in numerical taxonomy. 5econdly, the information
content in those 14 characters outweighs any der_eterious
aspects of co¡¡el-ation since the anaJ_ysis util-ising alr the
cha¡acters most clearry separates the OTUs into the expected
groups.

C. 100 OTUs with 1 4 archit ect ural cha racters 3 In many fossil
deposits cuticres arle either poorry preserved or absent.
These floras must be classified using archi-tectu¡a1- characters.
0f the 31 characters in this study, 21 are a¡chitectu¡ar_.
Five of the a¡chitecturar- characters wilt be impossibl_e to
measure on most fossils due to -l-ack of prese¡vation of
ultimate venation patterns (cha¡acters 16 and 1B 21). The

base and apex angles of the leaves will be difficult to
measure in many cases because of incomplete specimens.

0ften the entire rength of a reaf is not preserved, and

it is difficu-l-t to extrapolate the margin accurately to
estimate length. Df the 14 remaining architectural- characters,
seven require the total- length of the l-eaf to be preserved.
Afte¡ experimenting on leaves f¡om th¡ee fossil_ floras, a

solution hras found which should be applicabl_e in most deposits.
rf the position of maximum width of the leaf is rocated, the
leaf shape index grid may be placed over the l_eaf (fig. 2.17) 

"

rf the intercept of the 10o -l-ines with the leaf margin
(i.r. 10o, 17oo, 1goo, 350o) are connected at the base and

apexr a modified length of the reaf can be defined as the
distance along the primary vein between the two intercepts
(fig.2.17, rs). This Iength can then be substituted for
total- leaf length where required" This definition of
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FIGURE 2 "17 . Foss.il angiospe¡m leaf with the apex
missing. The grid for measu¡ing leaf
shape index has been placed over this
leaf and the I0o lines extrapol_ated to
the margin (i.e., linés with angles of
foo, 170o, 190o, 3soo). The modified
Leaf length is given by rs.
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modified leaf length makes no assumptions about total l-eaf

length and only Iequiles the maximum v,ridth of the l-eaf to

be preserved. If the 10o lines do not intercept the margin

because too much of the leaf is missing, then generally that

leaf is too incompJ-ete for the a¡chitectural- characters defined

in this study to be aPPlied

The E55 dendrogram produced from the 14 architectural

characters (fig.2.1B) did not group all- the 0TUs into their

correct species. Three oI mole 0TUs IePllesenting one sPecies

in a group aIe defined as IePlesenting the rrnucleusrr of that

species. using this definition, three 0TUs (36, B1 and B5)

are misidentified in figure 2.18. However, it is likely

that 0Tus 36, 82-84, 66-70, 81 and 85 in figure 2.18 would

be interpreted as a single group, meaning that only OTU 36

is misidentified.

D. 1 00 0Tu with 31 cha racters and m issino data: Mis sing

data ale a problem which is especially pertinent to palaeo-

botanists. To test the effect of missing data, a ¡andom

sampf e of 100 specimens from the Nerriga deposit vìras selected;

for each one those of the 31 characters which cou]-d not be

measured h,as noted (tabl-es 5r6)-

TABLE 5: Number of characters t'/ith missing data for each of

the 1 00 random specimens f rom N.erriga '

No.ofcharactersbrithmissingdata: 0 1 2 3 4 5 6 7

No.ofspecimens: 4 0 0 0 0 5 0 2

No. of characters hrith missing data: B 9 lD 11 12 13 14 15

No. of specimens: 1 0 4 0 5 2 3 4

No. of characters with missing data: 16 17 1B 19 20 21

No. of specimens3 2D B 5 13 13 11
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FIGURE 2"I8. ESS dendrogram for 100 0TUs

architectural characters (r
with 14

= D.52).
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TABLE 6z Percentage of specimens with missing data for

the 100 specimens f¡om Nerriga.

Characternumber: 1 2 3 4 5 6 7 B 910
y'" of 0TU's with missing data: 89 84 65 79 7B 85 86 86 86 70

Character numbe¡'. 11 12 13 14 15 16 17 18 19 20

% of OTUrs with missing data: 85 63 63 63 0 0 0 0 0 0

Cha¡acter number z 21 22 23 24 25 26 27 28 29 30

l. of OTU's with missing dataz 48 89 78 86 39 63 63 0 0 0

Character number: 31

l. of 0TUts with missing data: 0

This proportion of missing data hras then transferred to the

1 D0 extant 0TUs. A coef f icient of relevance, R, ì/r,as

cal-cul-ated fo¡ pairs of OTUs, where tjrU = ujrk/n (-jrU is

the number of characters applicable in OTU j thal; ale also

applicable in OTU k, and n is the number of characters in the

stqdy (Sneath and Sokal 1973 p. 278)). The R values fo¡

several 0TUs with missing data are given in tabl-e 7 " Ihe

amount of missing data is high (11548 out of 3r100 characte¡

scores r or 49.94l) .
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TABLE 7

OTU No.

6

11

16

21

26

31

36

41

46

51

56

61

66

71

76

B1

B6

91

96

Coefficients of

1 6 11

re levan c e

16

for 20

21

of the 1 00 DTUs.

26 31 36

D.52
o.52
D.52
0.39
0.39
0.39
0.35
D "32
0.39
0.48
0.39
0.58
0.48
0.48
0.45
o.32
o.32
o.32
0.55

o.7 4
o.7 4

0.39
0.39
0.39
0.3s
o.32
0.39
o.32
0.39
o.42
D.32

o.32
0.45
D.32

o.32
o.32
0.39

o "32
0.39
0.35
D.32

D.32

0.3s
D.32
D.32

o.32
0.35

o.77
0.39
0.39
0.39
0.3s
D "32
0.39
o.32
0.39
0.35
D.32

D.32

0.45
o.32
D.32

o.32
0.39

o.32
0.48
0.48
0.48
o.32
D.32

o.32
D.32

0.48

0.39
0.39
0.39
0.35
D "32
0 .39
D.32

0.39
t.42
0.32
o.32
0.45
o.32
D.32

0.32
D.32

0.35
o.32
0.32
0.35
o.32
o.32
o.32
0.39

0.39
0.39
0.35
D.32

D.32

D.32
o.32
0.3s
D.32

t.32
0.39
o.32
D.32
o.32
0.32

61

o.32
D.32

o.32
D.32

D.32

o.32
D.32

0.39
0.35
o "32
o.32
o.32
D.32

0.3s
D.32

4.32
0.39
D.32

o.32
D.32

o.32

66

0.48
D.3Z

D.32

D.32

o.32
0.48

0.35
o.32
o.32
o.32
o.32
0.35
0.32
o.32
0.39
D.32

o.32
D.32

o.32

o "32
o.32
D.32

D.32

0.48

o.32
D "32
0.32
D.32

D.32

D.32

o.32
0.35
D.32

D.32

o.32
o.32

o.32
o "32
o.32
0.35

41

o.32
D.32

o.32
o.32
o.32
o.32
D.32

D.32

o.32
o.32
o.32

B1

o.32
o.32
o.32

46 51 56 71 76

46

51

56

61

66

71

76

B1

a6

91

96

B6 91

o.32
0.32 0.32

86

91

96

89.



The E55 dendrogram (tig. 2.19) did not misidentify any

of the DTUs, although two or th¡ee species are sometimes

clumped togethe¡. This is an unexpectedly good result, since

some OTUs hrere scored for onJ-y 10 cha¡acters.

E. 35 OTUs with 31 characters: DoIph (1glea) found that
increasing the sample size only l-ed to greater confusion in

his cl-assification. He concl-uded that this \^/as due to the

l-ack of discriminatory por^rer in his character set. To test

the effect of sample size in this st.udy, 35 0TUs h/ere

se-l-ected at random from the original-- 1 00 0TUs (tabte B ) and

sub jected to the same anaJ-ysis.

TABLE B: 35 specimens sel-ected at random to test the effect

of sample size and the OTU numbers assigned to them.

OTU number Species

1-3

4

5r6

7

B-1 0

11 ,12

13,1 4

15-17

1B .19

20 r21

22

23 "24

25

26-29

30,31

32 r33

34,35

A ro v¡ode n dron actinoph vl-l-um

E-laeo ca ro s qrandis

Castanospe¡mum aust¡al-e

Tristania conferta

Fl-indersia australis

Hvmenosporum flavum

Brachvchiton di s c o.l-o ¡

Harpul-l-ia pendu-l-a

Linocie¡a ramiflora

Hardenberqia viol-acea

Macropiper excel-sum

Pittosporum undul-atum

Pitùo s Dorum rhombif ol-ium

Alectrvon excel-sus

Cuoanioosis nacardioides

Bau e re1-la ust rali ana

Laurus nobilis
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FIGURE 2.]-9. E55 dendrogram for 100

characters and missing

0TUs

data

with 31

o.64).(
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The ESS dendrogram (tig" 2"2O) correctly identified

atl the OTUs. Figure 2.21 is an ordination diagram of the

first th¡ee factor scores f¡om a principal components

- analysis, which account for qgß of the variation. Ordination

diagrams require careful- interpretation, and in this case 1 0

clusters h,ere delimited (tabfe 9) which gave no

misidentification .

TABLE 9 z 1 0 clusters del-imited from the principaJ- components

analysis',on 35 0TUs with 31 characters.

Cluster number OTU number

1-3

4 ,7 , 26-29 , 30, 31

5r6

B-1 0, 32, 33

11r 12r 23r 24r 18, 1g

13 r' 14

15-17

20-22

25

34,35

4.8 C0NCLUSI0N: The results of this study h,ere encouraging

in that the classification produced using all the characte¡s

h,as good enough to suggest that the method may work on a

fossil- f1ora. Some of the other ¡esul-ts v\,ere afso useful-.

It appears that unl-ike the resul-t of Dolph (lg7ea) this

analysis does not deteriorate as sample size increases. 0n

the contrary, the cl-assification is clearer when sample size

is increased, a result similar to that of Blackburn (1978a).

The method also appears to be very tol-erant to missing data.

Although the cfassification is not as clear when missing

data are included, the resuLt is extremely good considering
93'
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FIGURE 2.2O. ESS dendrogram for 35 0TUs with gt_

characters (" = 0.52).

94.



-] g¿,gs

ll sz,gg

-22f zo,zl

a zg,z¿

] rr,tz

l 8-r0

26-29

l 15-17

I so,sr
_l 

l3,t¿

25

-7Il le,tp
4

-l 5,ó

l l-3
,rl

I
I

2.55
I

7.5l0
:l

012.5



FIGURE 2.21. Ordination diagram of the first three

factors of a PCA on 35 OTUs with 31

characters.
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the amount of missing data" One of the negative aspects

of the study was that it is apparent that cuticular

characters must be used as well as architectural cha¡acters.

This invoJ.ves a great deal- more work, since not only must

cuticles be prepared for each OTUr but the very time

consuming task of scoring the characters must afso be

performed. Cuticles, if present, add a gieat deal- of in-

formation and must at some stage be considered, but it woul-d

be useful if they could be used as seconda¡y charactets,

since the time required to produce the initial cl-assification

would then be considerably shorter.

0ne of the interesting features of this study ì^,as the

extremely pool result that this characte¡ set gave in terms

of estimating the rel-ationships bct'-.'een the rrtaxatt (species).

Hickey and ì¡'/ol-fe (1975) have shown that fra number of l-ower

order l-eaf architecturaJ- f eatures, incl-uding l-eaf organisation,

configuration of the first three vein orders, and character-

istics of the leaf margin are significant systematic

indicators within the dicotyledons.rr The type of characte¡s

they worked with would.l-end themselves more readily to

appJ-ication as binary (presence/absence) characte¡s in

numerical analysis, than as continuous characte¡s.

The character set used in this study was designed to

match f eaves which wele most simi-l-ar in overal-l- morphology.

This is not a good character set for estimating relationships

between taxa, because overalf morphol-ogical similarity is

not always a good indication of taxonomic refationships.

Probably the best type of character set for this purPose

urould be a set of kty binary characters which recorded the

presence or absence of a set of features, which alone, oll in

combination with continuous numeric characters could del-imit

9B'



higher taxonomic groups (grnera, families). A great amount

of research needs to be done before such a character set

will be available, but if it is possible it would certainly

be of value to tesearchers on both extant and fossil

angiosperms.

The cophenetic correfation coefficients were cal-culated

for al-l the dendrograms produced for this chapter. This

coefficient, developed by Sokal- and Rohl-f (1g62) gives an

estimate of how wel--l- the dendrogram reflects the similarity

matrix. Acco¡ding to Sneath and Sokal (1973 p. 278) the

vafue usually varies from O.6 to O.95" The va-l-ues cal-cul-ated

for the dendrograms in this study generally fall- below this

range. However, it woul-d be interesting to calcul-ate the

effect that increasing the number of OTUs has on the

coefficient, since in this study they h,ere generally high.

One interesting feature h,as that both the UPGMA and E55

cl-ustering afgorithms produced poor correlations. The

cophenetic co¡¡e-l-ation coefficients ì,úere cal-culated by hand

since no program hJas avai.l-abl-e to compute them. They h,ere

not computed for the dend¡ograms in chapters 6 and B.

(This chapter is the subject of a manuscript currently

in press to the Botanical Gazette (Hlfr 1980b). A copy is

incl-uded in Appendix IV).
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CHAPTER 5

SELECTI0N 0F F055IL 0TUs AND CHARACTERS'

5.1 SELECTI0N 0F OTUs3 Approximately 750 specimens h,ere

col-lected and curated from Nerriga and h,ele therefore

avail-abl-e as ¡perational Taxonomic Units (gTUs). These

specimens coul-d be broadty split into two gloups. About 150

consisted of impressions, t^rith gtneralJ-y PooI cuticular

preservation. A close examination of these specimens showed

that the preselVation:. of venation hras afso relatively poolt

v,Jith rarely mole than'primary and secondary vein impressions

visibl-e. The rest of the specimens (approximately 600) v\rexe

mummified l-eaves. These specimens had excell-ent cuticular

pxeservation, and the venation detail was generally c-l-ear at

l-east to the tertiary Ievel. HoweveI, whereas the impressions

usually consisted of nearly complete leaves, the mummifj ed

leaves b,eTe often fragmentaryr and onÌy rarely hrele comPlete

leaves prese¡ved in this way.

In sefecting the oTUs from these specimens, five major

criteria hrere taken into account:

(1 ) The capacity of the computer progTam: Most available

packages have limits on the number of 0TUs which can be

processed. The capacity of refease 2 of CLUSTAN 1 Cr.,whióh

ì/ì,as used extensively in this study, is 999 0TUs. Since this

is greater than the total numbe:l. of specimens, it was not a

limiting factor.

(Z) The prese¡vation of the specimens: The¡e aIe three

featu¡es of Pleservation which need to be considered if the

character set compiled in chapter 4 is to be util-ised. The

leaves must be reasonably complete, venation at least to the

tertiary 1evel shou-l-d be clear, and both uPper and lower

cuticles should be preserved. The characters proposed in

I 00.



chapter 4 dealing with ul-timate venation wil-l not be useful

for these specimens, since ultimate venation is virtually

never preserved, even in the mummified leaves. Using these

features, 112 of the specimens h,ere selected from the 750

available.

(3) The diversity of the taxa: If possible, all parataxa

should have Ieplesentatives in the 0TUs. In practice, this

hras dif f icul-t to ensure, since the parataxa had not been

defined at this stage. However, no obviously unusual specimens,

h,exe not represented in the 112 specimens sel-ected in (2) .

(4) The diversity within the taxa: In some deposits'

where the parataxa ale clearly defined, it may be possibl-e

to add more OTUs from a particularly variabl-e parataxon, to

better account for its variation. Howevet, since the

definition of parataxa hras not attempted prior to L:.-

numerical analyses for the Nerriga fJ-ora and the limits of

some parataxa Were obviously unclearr tro extra 0TUs v\reIe

added for this PurPose.

(5) The time factor for sco¡ing of characters: Ïf too

many 0TUs hrere used, the time required to scole the characters

h,oul-d be prohibitive. Previous experience in character scoring

(Chapte¡ 4) had shown that 100 OTUs scored for 34 characters :

took 300 hoursr oI about three hours per OTU. The¡efore, it

was desirable to keep the number of 0TUs reasonably low,

since the time factor quickty becomes a major obstacfe"

112 QTUs h,as not conside¡ed to be an unnecessarily large

number.

Therefore, the only factor which h,as used in seLecting

the [TUs h,as the Preservation of specimens. The 112 [TUs

and the numbers of the specimens they leplesent are given

in appendix II.
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5.2 SELECTI0N 0F CHARA CTERS: The characters scored fol-l-ow

those defined in chapter 4 for use on extant feavesr with

the addition of two cuticula¡ characters:

Upper epidermaJ- ce11 width: l-ower epidermaf cel-l- width.

Upper epidermaJ. cell- length: f ower epidermal cel-l- J-ength.

0f the 35 characters defined in chapter 4' 12 could not

be applied to the Nerriga fossils. TheV h,ere:

(5) Base ang].e

'. (6) Apex angle
' (7) Position of 2O/" maxímum width basally

(B) Position of ZDl" naximum width apically

(1 4) Basal secondarY vein angJ-e

(tg) Marginal venation index

(18)'AreoJ-e length i :

(19) A¡eole width

(ZO¡ Number of veinlets Per areole

(Zt¡ Number of branches per veinlet

(33) A¡eole ]-ength:width ratio

(35) Dentition frequencY.

The reason for the non-applicability of these cha¡acters

h,as that in a significant number of the 0TUs, they would have

been impossible to score, because of incompleteness of

specimens or lack of Pleservation of veins. The exception to

this h,as dentition frequency, where most of the 0TUs would

have sco¡ed 0 teeth/cm., making the character impossible to

standardise, due to its non-normal distribution. In Chapter

4, the problem of missing data was considered, and it hras

co.ncluded that while the numerie methods employed were

tolerant to large amounts of missing data, it ì^ras preferable

to avoid missing data whenever possible. Since 25 characte¡s

could be measured on the 112 OTUs with no mi-ssing data' it

1A2.



!ìras decided to restrict the initial- analyses to those

characters, incorporating others at a l-ate¡ stage if

required. Another teason for omitting characte¡s with

missing data was that the computer package used for the

cluste¡ analysis (rel-ease 2 of CLUSTAN 1C) cou-l-d not compute

a similarity matrix when missing data h,as present.

The 25 characters scored on the Nerriga OTUs h,ere:

(1 ) Modified ]-eaf length

(2) Leaf width

(3) Modified l-eaf length:width

(4) Position of maximum width

(5) Leaf shape index

(e) Number of secondarY veins

(7) Intersecondary vein percentage

(B) Secondary vein angle A

(9) Secondary vein angle B

(10) Secondary vein intercostal shape

(11) Secondary vein straightness index

(12) Tertiary vein angJ-e

(13) Upper epidermal cell J-ength

(14) Upper epidermal ce11 width

(15) Upper epidermal cell- length:width

(1 6 ) Lower epidermal cel-l length

(17) Lower ePidermaf cel-l- width

(18) Lower epidermal celJ. length:width

(19) Upper epidermal- cel1 length:lower epidermal ce11

length

(ZO¡ Upper epide¡mal cell width:lower epidermal ceJ-l-

width

(Zl¡ Stomatal ]-ength

(ZZ) Stomata]- r¡ridth

1 03.



(23l. Stomatal J-ength:width

(24) Subsidiary cell number

(ZS) Stomatal index

(n list of the rah, data is given in Appendix II)

These characters hrere measured using the methods

des cribed in Chapter 4 , with the exception of stomata.l_ index.

Stomatal index (5I ) is a frequent].y used character, and often

proves to be a very useful discriminator. To get a reliabl-e

estimate of SI, a reJ-atively large area must be measured

(approximateÌy 0.5 mm2). This creates problems, firstly

because it is difficult to accurately count a rarge number of

epidermal cell-s under a microscope, and secondly, with fossil

cuticles especially, it is often impossibl_e to find large

areas of cuticl-e with suitabJ-e preservation to all_ow +he

epidermal- cell-s to be accurately counted. Therefore a

method for estimating 5I h,as devised"

The number of stomates in an area X is counted (X=0.Smm?

where possible). The averagB stomatal- lengtn (p) and width
(q) is calculated, as is the lower epidermal- cell Iength (a)

and width (b). These values are required for characte¡s

16r17r21 and 22 above. The area occupied by stomates is

calcul-ated as fl [-p+ql 
2

lz l
assumr-ng

the area

where n =

ceLls are

number of

that a stomate approximates an e11ipse. Therefore,

taken up by epidermal ce-l-l-s is

X-nn l-p+ql 2

Lã,
the number of stomates in area X. If

also assumed to approximate eJ.J-ipses,

epidermal cells in area X is

104.

the

then

e pide rmal

the



2

X-nn til
5

Therefore SI

X-nrt
+5

This formula gave an estimate of stomatal. index which,

when tested on the extant cuticles used in Chapter 4, con-

sistently gave resuJ-ts which ì/ì,ere within 5ß of the val-ue

calculated from the originaJ- formula. For epidermal cell-s

with extremely sinuous wal-ls, the length and width of the

cells must be slightly modified befo¡e this estimatinn can

be used because an e-l-J-ipse is not a good estimate of

epidermaJ- cel-l- area when the ceJ-l-s have extremely sinuous

wal-l-s. A mean length and width must be used. Mean length

is the average of the distance between the two rrtroughsrt

nearest the rrpeaksrt used to measure maximum length" Mean

width is defined in the same way, with the substitution of

width for length. Epidermal cell area h,as estimated by othe¡

means (r. g. a rectangle ) but an elJ-ipse hras found to

consistently give the best estimatec -

This estimation has two advantages over the normal method

for measuring 5I. It can be used when epidermal cell- outl-ines

are not cfear enough to make an accurate count of E possible

(since the number of epide¡mal ce1-l-s is estimated, not

counted) and it is time saving.

It ì¡ras suggested in Chapter 4 that because of missing

bases and/or apices, many fossil leaves coul-d not have their

lengths measured without the inaccurate and unsatisfactory
I 0s.
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extrapolation of the margins. A modified leaf length h,as

the¡efore defined and this has been used exclusively on the

Nerriga fossils. AJ-J- characters which require l-eaf length

to be defined have been modified accordingly. The base and

apex of the l-eaf are defined as being at. the intercepts of

the 10o-350o and 17oo-1 9oo lines v,/ith the primary vein

(see Chapter 4 fo¡ a ful-l explanation of modified l-eaf length).

Leaf shape index vì,as also modif ied. The 0o;5o ,1750, 1 B0o,

1850, and 3550 intercepts with the margin hrere not measured

and the formul-a for J-eaf shape index h,as modified in that !'/

represented the average of 30 measu,rîements instead of 36 "

It should be noted that these modified l-eaf shape index

values should not be compared directJ-y to those calculated

using the originaJ- formul-a.

For characters invoJ-ving secondary veins, onJ-y the veJ-rìs

which arise from the primary vein(s) inside the modified

length hrere considered.

Two characters hrere added to the set used in Chapter 4"

So-l-ereder (1 gOA ) f ound that in generaJ- the upper epidermis

was composed of larger cells than the lower, but Stace (1965)

found the opposite to be true. Therefore the ratio of upper

epidermal ce1l length to l-ower epidermal cel-l- J-ength and

upper epidermal cel-l bridth to lower epidermal cell- width

h,ere incorporated to measure this possibly variable feature.

The sample sizes used for each character ì^rere the same

as those calculated in Chapter 4. Approximately 400 hours

was required to scole the 112 0TUs.
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CHAPTER 6.

CLASSIFICATION OF 112 FOSSIL OTUS.

6.1 cHOIcE 0F METH0D 0F ANALYSIS: rn chapter 4 it h/as shown

that the E55 algorithm generally clustered the 1 00 extant
leaves into species in a satisfactory h/ay. This algorithm
was therefore the logical starting point .for the cl-assific-
ation of the 112 fossil- OTUs. The dendrogram produced for
112 OTUs with 25 characters standardised to zero mean and

un;j-t variance is shown in figure 3.

The most obvious feature of this dendrogram is that it
is much more difficul-t to delimit groups from it than it
h,as for any of the dendrograms produced in chapter 4. There

are two reasons for this. Firstly, the number of .leaf types
present among the 112 fossil 0TUs is unknown. Therefore,
even if the assumption is made that each leaf type is repxes-

ented by a group in the dendrogram, the number of groups

which should be present in the dendrogr-m i= unknown. sec-

ond1y, groups h,ere generally very cl-ear in the dendrograms

in chapter 4, whe¡eas in figure 3 they are not.

The stopping ¡ul-e proposed in chapter 3 can be applied

to this dendrogram and may give an indication of the number

of groups present. The values of tfl+ to" the dend¡ogram

in figure 3 are given in table 10.
ol-

TABLE 10: (i)'data for the dendrogram shown in fig.3 of 112

0TUs with 25 characte¡s standardised to variance.

The grloups marked on the dendrogram match those

in this table as: 1 = 1, 2 = (2+3), 3 = (++S).

GROUP NUMBEN TEItT'
1

2
3
4
5

o.349 0.339
D.349 0.391
o.349 0.391
o.349 0.391
D.349 0.391

107 .

0.430
0.430
0.400
0.400

o .444
I .000
o.396



FIGURE 3. ESS dendrogram for 112 fossil OTUs with 25

unitcharacters standardised to

variance. (Large numbe¡s =:

numbers = 0TU numbe¡s ) .

zero mean and

groups; small

1 08.
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The data ín this tabl-e must be considered carefully. Group 1

(tab1e 10) contains 73 OTUs. This group has been outlined on

the dendrogram (fig.3) as group 1. Group 2 (tabJ-e 10) contains

onJ-y OTU 66. It was noted in chapter 4 that the stopping ruJ.e

gives the maximum number of groups in a dendrogram, not the

optimum number. The reason fo¡ this is that small- groups

tend to be divided into individuaJ. OTUs, because smalJ.

differences between BTUs take on relativeJ-y greater import-

ance as group size decreases. Therefore the,. division of

small- groups shouJ.d be treated with caution. Because of this

UTU 66 has been combined with the six OTUs in group 3 (table

10) to give group 2 in figure 3. It can be seen that this

group of seven OTUs is tightly clustered and widely separated

from all other OTUs. Splitting this group of OTlJs un the

basis of their positions in the dend¡ogram could not be

j ustified.

Similarly group 4 (table 10) which contains two 0TUs

ße and 97]' has been amalgamated with group 5 (table 10) to

give group 3 (fig.3). The¡efore according to the stopping

ruJ-e, three groups are present in this dendiogram. A visual-

comparison of the 0TUs in each of these groups clearly

showed that more than one leaf typ" is present in groups 1

and 3 of figure 3. It was apparent at this stage that other

cJ-ustering methods wouJ-d be required to properly classify

the OTUs.

Seve¡a1 methods have been suggested for manipulating

the data on which the dendrogram is based. Some of these,

incJ-uding standardisation to states (Blackburn 1978a), delet-

ion of highly correlated characters, and the use of unstand-

ardised principal components as cha¡acte¡ scoxes h,ere attemp-

ted. The four ESS dendrograms produced were then compared.
110.



Some groups of OTUs consistentJ-y clustered closely together

and it was possible to delimit some of the l-eaf types (=

parataxa ) present. However a few of the OTUs showed no

consistent trends and remained uncl-assified. The ESS dendro-

grams h,ere therefore unsuccessful- at cJ.assifying all the

OTUs. The possible reasons for this failure will- be discussed

late¡.

A nearest neighbour netwo¡k ( ttltlttl) and minimum spanning

tree (MST) were then drawn f¡om the similarity matrix prod-

uced using 25 characters standardised to zero mean and unit

variance (figs 4,5). An MST produces a very useful graphical

display of the OTUs since it gives an undistorted indication

of the distances of the nea¡est neighbour of each OTU.One

of the disadvantages of an MST is that the only way groups

can be del-imited is by choosing an arbitrary distance (d),

and where OTUs are separated by a distance)d, they are

placed in separate groups. This hras considered to be unsat-

isfactory. However an NNN forces the OTUs into groups, and

by comparing these groups with the position of the 0TUs in

the ESS dendrogram produced from the same simila¡ity matrix

and the MST it was possible to del-imit groups in the MST and

classify alJ. the fossi-l- DTUs. This comparison and c-Lassific-

ation will now be presented folJ-owed by - discussion of the

placement of the parataxa in the ESS dendrograms.

6.2 C0MPARiSON 0F THE PLACEMENT 0F 112 OTUs IN AN MST, NNN

AND ESS DENDR0GRAM: The NNN (fig. ) contains 13 groups, which

are listed, with thei¡ component OTUs in table 11.

111 .



FIGURE 4. Nearest neighbour network for 112 fossir- 0TUs.

The heavy, unbroken J.ines represent very strong
bonds, the light, unbroken lines represent

strong bonds, the b¡oken ùines represent weak

bonds and the dotted J_ine represents a vexy weak

bond. The large numbe¡s = groups; small
numbers = OTU numbe¡s.

112.
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FÏGURE 5. Minimum spanning t¡ee for 112 fossir 0TUs, bt,sed

on a similarity matrix const¡ucted f¡om Zs

cha¡acters standa¡dised to zero mean and unit
variance. (numbers correspond to 0TU numbers).
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TABLE

GROUP

11 z List of

N UMBE R

the OTUs in each

OTU NUMBERS

group of the NNN.

N0. 0F OTUs PER

GROUP

78, B3, BB

1B

21 ,22,
9 ,51 ,53,
9 ,BD,82,
9

,65 ,66 ,75 ,81 ,86

Two factors of an NNN should be noted. Firstly it is imposs-

ible fo¡ an OTU to be in a group by itself . The smal-l-est

group size is two. The¡efore if a taxon is represented by

onJ-y one 0TU, that 0TU must occur in a group with othe¡

taxa . Secondly, if two groups are l-inked by a re_l-atively

large number of weak bonds, it is possible that these groups

should be fused and treated as a single group.

The MST ( flg. S ¡ is very complex and it would be diff-
icult to objectively delimit groups without the aid of other

methods . t¡/hen the groups delimited from the NNN ( fig. a ) are

outlined on the MST (rig.5.1 ) some interesting t¡ends are

apparent. Groups 11213 and 4 are connected by a 1arge number

of weak bonds in figure 4 and judging from thei¡ relatively
close positions in figure 5.1 they could be considered as a

single group. The OTUs in these groups (tabte 11) occur in

close proximity in group 1 of the ESS dendrogram (fig"3).

Groups 5 16 rT and B in figure 4 are al-so connected by

a large number of weak bonds, and again their reratively
116.

1

2
3
4
5

6

35,57
9 ,15,
52,68
12,94
1,5rz
61,69
3r4r6
48,55
1 05,1
41 ,1O
2,45 ,
23,34
T rB,1
24,26
56,58
84,9D
96,97
2D,63
47 ,54

2
5
2
2

T
2
2
7

7
B

9
01

11
12
13

5r3
,77
,11
,64
10
B

87,t
,37
0,1.
,27
,62

2,36,4D,42r5D,59,60,
,B5,B9,95r100r101
,14,29 r30r31 ,33r39,
,72 ,73 ,91 ,g 3 , g B ,104 ,

102,111 ,112
,46 ,7O ,106
3,16117,18,19,
,28 r38 r43 r44,4
,67 ,71 ,74,76,7
,99 ,103,1 07,1 D92

21
2
6
6

3



FIGURE 5.1. The MST drawn in fig" S, with the groups

delimited from the NNN (tig. 4) added.

(5ma11 numbe¡s = OTU numbers, large numbers

= group numbers ) .
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close positions and overl-ap in the MST ( f :-g.5 .1 ) supports

their'amalgamation to form a single group. AJ-l the 0TUs in

these groups occur in group 1 in the dend¡ogram (fig.3),

with the exception of OTUs 1,5 and 61 (group 3).0f these

three 0TUs, only OTU 1 appears to be far enough removed

from the other OTUs in the MST (fig.5.1) to warrant its

exclusion, and it will be considered independently.

Group 9 in figures 4 and 5.1 represents a set of OTUs

whích are we-l--l- separated from alJ- other 0TUs and shoul-d be

considered as a single group. These six 0TUs occur in close

proximity in group 1 in figure 3. GrouP 1 0 in figure 4 con-

tains 37 0TUs. 0f these 37 0TUs, 12 (Otus 7,18,22,24,26,44,

67 r71 ,74,82,9O and 99) occur in group 1 of the dendrogram

(fig.3) and the remainder in group 3. A similar pattern can

be seen in the MST (ti-g.5.1) where the 37 OTUs äre split into

two approximately equal sized groups. Based on the pJ.acement

of these OTUs in the MST, this glouP wil-l be split between

0TUs 67 and 82. Two 0TUs in grouP 10 (fig.4) are widely

separated from al-1 other 0TUs in the MST (OtUs B and 38 in

fig.5.1 ) and should be conside¡ed independently.

Group 11 in figures 4 and 5.1 contains two 0TUs which

are widely separated from al-l- other OTUs and f¡om each other.

These OTUs (ge and 97) are also widely separated from a].l-

others in the dendrogllam (f ig.3 ) and shoul-d be considered

individually. Group 12 contains two 0TUs (ZO and 63) which

are closely related to each other, but are widely separated

from alJ- other OTUs in figures 314 and 5.1. This group

should be retained. Group 13 in the NNN (fig.4) contains

seven OTUs which are linked to othe¡ 0TUs by onJ.y a very

weak bond. These seven 0TUs make up group 2 in the dendro-
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gram (fig.3) where they are al-so widely separated from alJ.

other 0TUs. These OTUs should be retained as an independent

group.

As the result of the comparison between the ESS dendro-

gram (fig.3), the NNN (fig. ) and the MST (tig.5.1), 12

groups have been deJ.imited. These grouPS, their component

0TUs, and their equivalents in the NNN (fig. ) are shown in

tabl-e 12. The groups have been plotted on the MST in figure

5.2.-.

TABLE 122 List of the

c ompariso n

GROUP NO. GROUP NO.

IN THE NNN

1

OTUs in each grouP

of the MST, NNN and

OTU NUMBERS

77 ,B
98,1
1 05,
1

derived from a

ESS dend¡ogram.

NO. OF

DTUs PER

GROUP

11
9112,15,35,52,57r68,
78rB3rB8r94
2r3r4r5r6111 ,14r25,
29 ,30,31 , 32 r33 ,36 ,39 ,
40,41 r42 r45,48,50,55,
59 ,6D,61 ,64,69 ,72 r73,

2

19,
56,
103

23 r34,37 ,46,
7 ,18 ,22,24 ,2
67 ,71 ,74,76,
1 0,1 3 ,16 ,17 ,
28,43,51,53,
79 ,BO r82,B4,
109 21

1

1

1

1

2
7

10
10
11
11
12
13

1

5

,2 r3 ,4

,6 r7 ,B

5, B7 ,Bg ,91 ,93,95,
oo , 1 01 ,1D2,104 ,
1oB,11O,111 ,112

3
4
5

6

5
9
10

10

46
1

67O,1t6
6 r44 r49 ,
90,92 r99 14

21 ,27 ,
58 ,62 ,
,1D7,

7
I
9

10
11
12

B

3B
96
97
20 r63
47 ,54,65 r66,75, B1 , B6

The 0TUs in each of the grouPs in table 12 can nob/ be

scanned to ascertain whether they contain morphologically

similar leaf types (= Parataxa), and whether there is any

overl-ap between groups. In defining parataxa f¡om the 112

0TUs, it must be remembered that onJ.y a sample of the

12D .



F IGURE 5.2. The MST drawn in

delimited from a

dendrogram (ti-g.

(fig. 5) added.

large numbers =

fig. 5, with the

comparison of the

3), NNN (Fig" a)

(Sma11 numbers =

group numbers ) .

groups

E5s

and MST

OTU numbers,
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coll-ection of fossils from Nerriga is being examined. The

effect of this will- be to underrepresent the variation of

some parataxa. For this reason parataxa vüere very strictly

defined from the 0TUs. That is, the limits of each parataxon

were set and if an OTU fe]-L outside those limits it h/as

placed in a different parataxon. The reason for doing this

r¡ras that it meant that the maximum number of parataxa would

be described f¡om the 112 OTUs. Vrlhen the remainder of the

specimens h,ere assigned to those parataxa, it t4ouJ-d be

relatively simple to amalgamate parataxa which were found

to represent stages in a morphoJ-ogical continuum.

GROUP 1z The 11 0TUs (fi gs 21-28,30,31,33) share many simil-

arities. These 0TUs occur among a grouP of 21 in group 1 of

the dendrogram (fig.3) and the remaining 10 DTUs !ì/ele scan-

ned for simil-arities of l-eaf form. 0n1y one (OTU 91) bore

any close resemblance to the 11 OTUs in gloup 1 of tabl-e 12.

oTU 91 (f ig.29) is in group 2 in the MST (fig.5.2) and is

we.l-l separated f¡om the OTUs in glouP 1. However it should

be noted that although OTU 91 has OTU 30 as its nearest

neighbour (distance = D.721),OTU 35 (which is in group 1)

is its second nearest neighbour (distance = 0.768) and so

it is not as widely separated from group 1 as its position

in the MST (tig.5.2) suggests.

The 11 OTUs in group 1 along with OTU 91 share enough

simil-a¡ities to al-low them to be considered as a single

parataxon, but a careful comparison of leaf shape and details

of the venation and cuticular patterns suggested that four

distinct leaf types h,ere present. Nine 0TUs (9'gS r57r68r7B,

B3,BBr91 194; figs 23-31 ) we¡e assigned to parataxon NER/DD4;

one OTU (12¡ fíg.21) h,as assigned to parataxon NER/OOZ; one
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OTU (tS; fíg.22) was assigned to parataxon NER/003; and the

remaining OTU (52; fig.33) h/as assigned to parataxon NER/005.

GR0UP 2z This group contains 46 OTUs of which one (0TU 91)

has already been assigned to parataxon NER/004. 0f the ¡em-

aining 45 OTUs, 42 consist of very distinctive serrate

margined leaves (figs B1-B4rB6-89,91-108r110-125). A scan

of the remaining 54 OTUs revealed that six others resembLed

this ].eaf type. They h/ere 0TUs 7 (ti-g.85), 1B (fig.41), 22

(tig.44),24 (tis.43),26 (fis.90) and 71 (tis.109). It

should be noted that these six 0TUs all occur in grouP 5 in

figure 5.2 and are very closely tinked to OTUs in grouP 2.

They are also cJ-osely l-inked in the dendrogram (fig-3).

Three of the six OTUs (18,22 and 24) h/ere considered to

differ too much in venation detail from the 42 serrate

margined leaves in grouP 2 to be placed in the same paratax-

on. However, the other three OTUs (7 126 and 71) h'ere incl-ud-

ed. This group of 45 0TUs (figs 81-125) were assigned to

parataxon NER/DZ7.

Three OTUs in group 2 remain undefined (OTUs 5,61 and

95). [TUs 5 and 61 (figs 38,39) represent a unique leaf tyPt,

and they h,ere assigned to parataxon NER/01 1 . It should be

noted that these two OTUs occul in group 3 in the dendrogram

(fig.3) whereas all- the othe¡ OTUs in grouP 2 (tabte 12)

occur in group 1 in the dendrogram.OTU 95 (figs 147-149)

represents an unusual, deeply lobed l-eaf, which occurred

nowhere else among the OTUs.OTU 95 h/as assigned to paratax-

on NER/D16. Therefore, after studying grouPs 1 and 2, seven

parataxa have been delimited, which account for 60 [TUs.

GROUP 3: This group consists only of OTU 1 (fig.40). This

ITU is very distinct from all others and has been assigned
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to parataxon NER/01 3.

GR0UP 4.. Five of the six 0TUs in this group represent a

distinct leaf type (OtUs 34,37,46,7O and 1O6; figs 53,145,54,

55 and 57). A scan of the remaining 45 OTUs revealed two

which appear to belong to this leaf type. They are 0TUs 44

(tig.SO) and 90 (fig.56), which occur in group 5.0TUs 90

and 44 are closely rel-ated (0TU 90 has ITU 44 as its second

nearest neighbour at a distance of D-692), and OTU 46 (in

group 4) has OTu 90 (in group..5) as its third nearest neigh-

bour (distance = 0.960). Therèfore, although the two gI.ouPS

of 0TUs in this -l-eaf tyPe are not as distantly rel-ated as

the MST suggests, they are still- widely sepalated. The five

[TUs in group 4 (tabte 12) which leplesent a distinct leaf

typr cluster close-l-y together in the dendrogram (f ig.3 ) , but

the other two OTUs bel-onging to this l-eaf type, while occurr-

ing in the same grouP (1 ) are well- separated. It can be seen

(figs 50,53-57 and 145) that the l-eaves vary greatly in síze

and shape.The most important features which identify them as

belonging to the same leaf type ane the tertiary venation

pattern and the type and distribution of trichome bases and

stomates. These features aIe not well represented in the

character set. The variability of many of the characters

scored for the oTUs belonging to this leaf type probably

expl_ains their poor clustering. These seven 0TUs (34,37 ,44,

46,7O,9t and 106) were assigned to parataxon NER/D24. The

remaining OTU in group 4 (23; fig.48) represents a unique

Leaf type and h,as assigned to parataxon NER/D21 -

GRIUP 5: Five of the 14 OTUs in this grloup have already been

assigned to parataxa. 0TUs 7 ,26 and 71 belong to parataxon

NER/O27 and oTUs 44 and 90 belong to parlataxon NER/O24. 0f

the remaining nine OTUs, three have already been discussed
125 .



for their similarity to NER/OTT (OTUs 18,22 and 24; figs 41,

44 and 43). A careful study of the venation pattern of these

leaves suggested that they consisted of two leaf types. The

first, containing OTUs 1B and 24, h/as assigned to parataxon

NER,/014 and the second, containing OTU 22 ì¡/as assigned to

parataxon NER/D18.

The remaining six 0TUs represent several distinct l-eaf

types. OTU 49 (fi-g.aZ) is widely separated from all other

OTUs and represents a unique and distinctive leaf type. This

0TU hras assigned to parataxon NER/015. 0TU 99 (fig.32) is

wel-l- separated from al-l- other OTUs. Its nearest neighbour is

OTU 92 (fig.2O), which it resembles somewhat in leaf shape

and venation, but the cutícular patterns of the two are

distinct.OTU 99 represents a unique J-eaf type and bras ass-

igned to parataxon NER/006. OTU 76 (fig.a5) represents a

distinctive and unique l-eaf type, al-though it is cfosefy

rel-ated to 0TU 1B (NER/01 4) . OTU 76 h/as assigned to parataxon

NER/01 7.

Three OTus remain undefined in group 5. They are OTUs

67 (tig.1B), 74 (fig.19) and 92 (tig.2O).OTUs 74 and 92 are

directly l-inked in the MST (fig.5.2) but OTU 67 is widely

separated. These 0TUs vary greatly in leaf size, which

probably accounts for their wide separation in the MST and

dendrogram, because thei¡ venation pattern is similar and

their cuticula¡ pattern is virtually identical. These th¡ee

OTUs hiere considered to represent a single leaf typr and

h/ere assigned to

GR0UP 6z Sixteen

parataxon NER/001.

of the 21 0TUs in group 6 appear to belong

type. The leaf form and venation, and

cuticul-ar pattern is very distinctive.
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These 0TUs are: 1 0,1 3 ,1 6 117,19,27 ,43 r 51 ,53 r 56 ,79 rBOrB2'84,

107 and 1D9 (figs 65-80), and they form a tight cluster

within group 6 (fig.5.2). These 16 0TUs were assigned to

parataxon NER/t26. The remaining five OTUs represent mo¡e

than one l-eaf type . OTU 58 ( f ig. 46 ) is weJ-l- separated from

all other OTUs. In l-eaf size and shape it bears some resem-

blance to OTU 21 (tig.47), to which it is directly linked,

but the venation and cuticul-ar patterns differ greatly

between the two. OTU 58 h,as assigned to parataxon NER/01 9

and OTU 21 h/as assigned to parataxon NER/020. OTUs 28 and

103 occur very cl-ose to one another and are directly linked.

They are very similar in all- aspects and represent a single

-l-eaf type. OTU 103 is linked to OTU 80, which has been

assigned to NER/O26.OTUs 28 and 103 resembJ-e the 0TUs in

NER/D26 in leaf síze and shape but differ greatly in venat-

ion and cuticular patterns. These two 0TUs (ZA and 103)

h,ere assigned to parataxon NER/007. 0TU 62 (fig. 9) is aLso

closely aligned to OTUs in NER/D26, but is extremely distinct

in its cuticul-ar pattern. This úTU h/as assigned to parataxon

NER/D22. At this stage 21 parataxa have been delimited,

accounting for 99 OTUs.

-GRW|_-Z: This group consists onJ.y of OTU A (fig.37). This

OTU is distinct from all others and h/as assigned to paratax-

on NER/01 2.

GROUP B: This group consists on].y of OTU 3B (ti-g.36). This

0TU is very distinct from all others and has been assigned

to parataxon NERr/008.

GROUP 9z This group consists only of OTU 96 (figs 150,151 ).

This particularJ-y distinctive and unique lobed leaf has

been assigned to parataxon NER/009.
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GROUP 10: This group consists only of OTU 97 (figs 152,153).

This distinctive and unique J.obed J.eaf has been assigned to

parataxon NER/01O.

GR0UP 11 z The two OTUs in this group (0TUs 2t and 63; figs

51 r52) represent a single J.eaf tyPe. The venation pattern

of this J.eaf type is particularly distinctive, with very

obvious paired basal secondary veins present. This pattern

does not occur in any other 0TUs. The very similar cuticular

patterns: confirm that OTUs 20 and 63 bel-ong to the same leaf

type. These two OTUs v\,ere assigned to parataxon NE R/D23.

GROUP 122 The seven OTUs in this grou p (47 ,54 ,65 ,66 ,75 ,81

and 86; figs 5B-64) represent probably the most distinctive

l-eaf type in the Nerriga deposit. In leaf shape' venation

and cuticula¡ pattern these 0TUs are unmistakabJ-y unique

and have been assigned to parataxon NER/025. Therefore f¡om

12 groups, 27 parataxa have been deLimited containing 112

0TUs (tabte 13).

TABLE 13: Parataxon numbers and the DTUs assigned to each.

PA RATAXON

OTU NUMBERS

,7 4 r92

35,57 ,68 r78,83, B8 ,91 ,94

,1 03

49
95
76
22
5B
21
23

N UMBE R
NE R/001
NE R/002
NE R/ oo3
NE R/004
NER/00s
NER/OD6
NER/007
NE R/008
NER/oo9
NER/01 o

NER/01 I
NER/01 2
NER/01 3
NER/01 4
NER/01 5

NER/01 6
NER/01 7
NER/01 B

NER/01 9
NER,/020
NER/021

67
12
15
9,
52
99
2B
3B
96
97
trJ,

B

1

1B

16

,24
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TABLE 13 (continued)
PA RATAXON

N UMBE R
NER/t22
NE R/023
NER/ O24
NER/025
NER/026

GRTUP NO.

OTU NUMBERS
62
2D,63
34,37 ,44,46,7O,9
47 ,54 r65,66 ,75 ,B
1 0,1 3 ,16,17 ,19 ,2

0r106
1 ,86
7 ,43, 51 , 5 3 , 5 6 ,79 ,BO ,82 ,84 ,187 ,

NER/ o27

some comments can be made on the placement of the

within the grouPs shown in figure 5.2 (tabte 14)'

TABLE 14: Placement of parataxa within the gxouPS delimited

109
213
41 ,
89,

,33 r36,
72,73,7
11O,111

25,26,29
5 r5g ,60,
,1D2 ,104

,4 ,6 ,7
42,45 ,
93 r9B,

,11 ,14 ,
48 r 50,5
1 00,1 01

(1 /1 ), NER/oo3
(1/1) .
(1 /9) , NER/01 1

(42/45).
(1/1) .
(1/1), NER/]Z4
ß/3) , NER/oo6
(1/1), NER/D17
2/7), NER/O27

NER/01 9
NER/026

,3O r31 ,32
64,69 ,71 ,
,1 05,1 oB ,

39 ,40,
7 ,B5 rB7 ,
,112

Pa Îa taxa

in figure 5.2.

PARATAX0N NUMBER (inc].uding
per parataxon in that grouP

that there are 5 0TUs in the
occur in that grouP ) .

the number

e.g. 4/5
pa ra taxon

of 0TUs

means

and 4

1

2

3
4
5

(
(

(
(
(
(

(
(
(

6

7
B

9
0
1

2

NER/oo2
NE R/ oo5
NE R/ 004
NER/o27
NER/01 3
NE R/ 021
NE R/ oo1
NER/01 s
NER/ O24
NE R/ 007
NER/ D22
NE R/01 2
NER/008
NE R/ 009
NE R/01 o
NE R/023
NER/025

(1/1) ,

(2/ 2) ,

ß/ 4s) .
(1/1) ,
(1 6/1 6)

NER/004

NER/01 6

(8/e),

(1/11),

,2/2
1/1

(5/7 ) .
(1/1) ,(1/1),

NER/01 4 (

NER/01 B ( ,

NE R/020 (1/1) ,

1

1

1

2/2
1/1
1/1
1/1
1/1
1/1
2/2
7/7

),
),
)"
).
).
).
).
).

6.3 CONCLUSI0N FROM A C0MPARISON 0F THE NNN, MsT AND ESS

DENDRDGRAM: Five of the 12 grouPS considered contained only

one 0TU, which in each ca se r¡Jas the sole rePresentative of a

parataxon. These five OTUs h,ere very distinct from all other

[TUs, both in their placement in figure 5.2 and their leaf

f orm. Therefolle , their classif ication bras relatively simple.

The remaining seven groups contained an avexage of just over
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three parataxa each, ranging from one in groups 11 and 12 to

eight in gxoup 5 (table 14). The greater the number of para-

taxa in a group, the more difficult they were to classify.

This h,as particularly the case for groups 5 and 6, which

when combined form group 1 0 in the NNN (tig .4) . Another

facto¡ which made classification of OTUs difficult ì^/as when

0TUs belonging to a parataxon occurred in more than one group.

This r^/as not a major problem in this study. If aLl parlataxa

containing more than one OTU are conside¡ed (10 parataxa),

then on average 93.71" of the OTUs in each parataxon fel-.l in

one cl-uster (see data in table 14)" This appears to be a

good result. The parataxa are outlined on the MST in figure

5.3.

Although the parataxa were delimited in a systernatic

v'/ay from the NNN, MST and ESS dendrogram, there is no doubt

that many subjective descisions were required when comparing

0TUs. Hohrever, most of the descisions were required on reL-

atively smal-l numbers of DTUs within groups there was very

little overl-ap of parataxa between groups. The 12 groups

which were considered (tabte 12) were erected solely on the

placement of the 0TUs within the NNN, MST and ESS dendro-

grams. No knowledge of the identity of the OTUs u'/as required.

Twenty seven parataxa Ì^,ere then delimited from the 12 gxoups,

and if al-l- parataxa are considered, 98"31' of 0TUs in each

parataxon on average fell within one group. AJ.though it

would have been a better result if the number of groups had

been higher, the small overlap of parataxa between groups

is very significant. In orde¡ to identify OTUs correctly

f¡om numerical taxonomic techniques, the most important

requirement is that the OTUs in each taxonomic category
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FIGURE 5.3. The MST drawn in Fig" 5, with the 27

parataxa outlined. (5ma11 numbers = OTU

numbers, J-arge numbers correspond to
parataxon numbers; e.g. 2 = NER/002 etc.).
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should occur in the same group. This has certainly been the

case with the majority of the 112 0TUs.

One of the most common methods of presenting OTUs

graphically is a dendrogram. For this reason, and afso

because dendrograms wele successfully employed in chapter 4,

a short discussion of the placement of the 0TUs within the

four E55 dendrograms will- now be presented.

6.4 COMPARIsON OF E55 DENDRDGRAMS: A: 112 0TUs classified

the ESS l-n al or a 5 characters sta d-

ardised t zero mean and unit variance: The dend¡o gram (fig.

3) has already been used for comparison with the NNN (fig.a)

and MST (tlg.S¡. It has been reProduced (fig.6) with para-

taxon numbers inserted in place of UTU numbers. The three

groups suggested by the stopping rule have been included.

The most obvious feature of the dendrogram is the reL-

atively small number of gIouPS (3) compared to the NNN (tig.

4) which had 1 3. The seven 0TUs in parataxon NER/025 are very

clearly separated in group 2. Howevel' delimitation of the

other parataxa is generally Poor. Group 1 in figure 6 con-

tains representatives of 1 3 parataxa and grouP 3 contains

representatives of 15 Parataxa.

The character contributions to the classification

(table 15) show that for the fi¡st furcation (splì-tting

group 1 f¡om grouPs 2 and 3 in figure 6) characters 16

(lower epidermal cell- length), 17 (lowe¡ epidermal ce11

width), 21 (stomatal length), 14 (upper epidermal cell

width) and 9 (secondary vein angle B) are the five highest

contributing characters.
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FIGURE 6. ESS dendrogram for 112 fossil 0TUs with 25

characte¡s standa¡dised to zero mean and unit
variance. (1arge numbers = groups; smaIl

numbers correspond to parataxon numbers, e"g"
4 = parataxon NER/004).
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TABLE 15: Character contributions for the three gloups

in figure 6

1 /2,3
o.1 47
0. 354
D.276
0.085
0.307
0.41 3
0.043
o.293
0.568
D.526
o.282
o.352
o.567
0.585
0. 037
0.730
D.696
o.2D5
0.198
D.166
0.681
0.51 4
o.367
o.324
0

shown

CHARACTER NUMBER
I
2
3
4
5

6
7
B

9
10
11
12
13
14
1s
16
17
1B
19
20
21
22
23
24
25

2/3
o.062
0.760
o.720
o.447
D.7 43
0. 043
0. 345
0.16s
D.D24
0.034
0.603
o.323
D.207
0.037
0.331
o .662
a.62D
o.177
t.771
0.69 0
o.192
o.312
o.212
D.656
o.641

ItaPPearsthatthesecharacters,thefirstfou¡of

which are cuticular, aIe good discriminato¡s, since there is

little overl-ap of parataxa between the two gloups formed by

,the first furcation. Similarly, for the furcation which

divides group 2 from 3 (fig.6), the five most highly cont-

ributing characters are 1g (upper epidermal ce11 length:

lower epidermal cel1 length), 2 (l-eaf width), 5 (leaf shape

index), 3 (modified leaf length:width) and 20 (upper ePi-

dermal cel-l- width:lower epidermal cell- width). Except for

the síze difference between uppeI. and Lower epidermal ceJ-Is,

the most important characters are leaf width and shape ' This

is not unexpected, considering that group 2 (fig.6) contains

parataxon NE R/O25, which is notable fo¡ its unusual leaf

shape (figs 5B-64)-

This dendrogram (fig.6) could not be used to classify
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all- the OTUs, since beyond the three group stage Parataxa

are not we.Ll delimited. There are two obvious r/úays in which

the cl-assification could be improved. Firstty, the method

for standardising the characters could be changed and sec-

ond1y, the highly corre-l-ated.characters coul-d be removed'

TUs clas ified us inq the ESS c l-us terino alqorithmB: 11 2

with 25 chara cters standardise d to states: The dendrogram is

are given in tablein figure 7, and the val-ues fo¡ (+)
1T

shown

16.

TABLE
.p1

162 (i)'
112

The

this

NUMBE R

data for the dendrogram shown in figure 7 of

DTUs with 25 characters standardised to states.

gxoups marked on the dendrogram match those in

tabl-e.

GROUP

1 0.3s9 0.31 4

2 0.3s9 0 -29D

Two groups are suggested by these cal-cuJ-ations. 0nly para-

taxon NER/027 overlaps between these two groups, but gener-

aJ_J_y the clustering of palataxa within the groups is poor.

The character contributions to the classification

(tabte 17) show that for the first furcation (splitting

groups 1 and 2) the five most impo¡tant characters were I 3

(upper epidermal cel.l- length), 16 (l-ower epidermal cell

length), 14 (upper epidermal cell width), 17 (1ower epider-

mal ce].1 width) and 3 (modified ]-eaf length:width)' As in

figure 6, the four most highly contributing characters to

the first furcation are cuticular, and three of the four ale

common to both dend¡ograms (characters 14116 and 17). The

initial furcation appears to have been relatively unaffected

by the method of character standardisation '
137 .

1

2
)E

T
(



FIGURE 7. E55 dendrogram for 112 fossil- 0TUs with 25

characters standardised to states. (large

numbers = groups; small numbers correspond

to parataxon numbers ) .
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TABLE 17 z Character contributions

in figure 7.

CHARACTER NUMBER 1 /2

for the two grouPs shown

1

2
3
4
5
6

7
B

9
10
11
12
13
14
15
16
17
1B
19
20
21
22
23
24
25

.358

.490

.540

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.423

.504

.39 0

.1 55

.330

.440

.063

.1 ûs

.730

.632

.358

.645

.550

.392

.212

.0Bg

.462

.326

.276

.330

.182

It is interesting to note the position of the seven

0TUs in parataxon NER/O25. They still occul in a vely dist-

inct cl-uster, but as part of a larger g¡ouP Q in fig.7).

This is a good il-lustration of the effect of the different

methods of standardisation. The 0Tus in Palataxon NER/025

have many ext¡eme character values, which aIe emphasised

when the characters alle standa¡dised to variance. Therefoa.e'

in figure 6 these seven 0TUs are very widely separated from

all other 0TUs. However, in f igure 7 , where extleme va-l-ues

have not been emphasised, by standa¡dising to states (B1ack-

burn1978a),theseseven0TUsstil]-formadistinctcluster'

but they are not widely separated from other 0Tus.

Parataxa are not well delimited in this classification

(fig.7) and it is evident that for this set of 0TUs at least,

standardising to variance (fig.6) produced a slightly clearer
140.



cl-assification than standardising states (fig.7).

C: 11 2 OTLJs cl-a ssified usinq t he

to

ESS c]-u st erin o aloorithm

with 1 3 characters s tan dardise d to zero mean and unit var-

is_trgg: The effect of highly co¡related characters was inves-

tigated in chapter 4 on extant leaves. It b/as concluded that

the neh, information in each character outweighed the delet-

erious effects of high correlation, and the¡efore as many

characters as possible shoul-d be used. However, the example

used in chapter 4 represented an extremely artificial sit-

uation, where the success oI fail-ure of different approaches

could be assessed easily. In this study, the effect of

different approaches is not as easily guaged, and enough

doubt exists over characte¡ correlation that it was consid-

ered useful to re-classify the oTUs t^rith the more highly

corre.Iated cha¡acters lemoved.

The Pea¡son product-moment correl-ation coefficients

welle calculated for the 25 characters ovel the 1 1 2 0TUs

(appendix I ). If the 5lo J.eveJ- of significance h/as chosen for

discarding characters, virtually al-l- characte¡s would be

removed from this study. It is instructive to examine graphs

of pairs of characters with different correlation coeffic-

ients to gain a visual impression of how strongly any two

characters are correlated. Figure B is a plot of cha¡acter

16 (lower epidermal ce11 length) against charactet 17 (1ower

epidermal cel-l width), for which r = 0.9838. This value is

much greater than the 0.001 (O.1/.) significance Ieve1. These

two characters are very highly correlated, and it can be seen

from the plot (fig.B) that they contain very little unique

information.

The 51" significance J-evel with 111 degrees of f¡eedom
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FIGURE B Graph of cha¡acter 16 (l-ower epidermal cel_I

length) against characte¡ l-7 (lowe¡ epidermal-

cel-l- width) for II2 fossil OTUs.
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is approximately 0.185' Figure 9 is a plot of character 6

(number of secondary veins) against character 4 (position of

maximum width), for which r = O'2623' This is still- much

higher than the 51, significance 'l-eve1' and yet each charac-

ter obviousJ.y contributes a J-arge amount of unique inform-

ation. It is apparent that when discarding highly corre-l-ated

characters, some parameter other than the 5l' signíficance

level is required. In chapter 4, lrl = 0 ' 6 h'as chosen as an

arbitrary significance l-eve1, and a1l pairs of characters

withanlrlva].uegreaterthanthishadtheirF-ratios

examinedandthecharacterwiththelowestF.ratioìdas

discarded. This method could not be used he¡e because the

F-ratios cannot be calculated, since the identity of the

0TUs is not certain '

A nearest neighbour network h/as constructed for the 25

characters using the absolute correlation coefficient, lrl '

as the crite¡ion. In this typt of numerical taxonomic app-

roach, the only concern is the absolute empirical correlation,

whether it is positive oI negative is unimportant' Figure 10

shows the NNN, containing five clusters. The largest cluster

contains characters 1 0 r 1 3 ,14,16 117 ,21 ,22 r23 ,24 and 25 , which

are all cuticular, with the exception of character 10 (sec-

ondary vein intercostal- shape ) . The next largest cl-uster

contains characters 4r6r7rB19 and 12' which are all venation

characters,with the exception of character 4 (position of

maximum width ) . The third largest cluste¡ contains characters

l12,3rsandllrwhichareal]-charactersofleafsízeand

shape, with the exception of character 1 1 ( secondary vein

straightness index). The final two clusters contain only two

characters each, 19 and 20 (cuticul-ar characters) and 15 and

1 I (cuticular charactet", '., 
OO.



F]GURE 9 Graph of character 6 (number of secondary veins)

against character 4 (position of maximum width)

for 112 fossil- 0TUs"
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F IGURE iID . Nearest neighbour network for the ZS characte¡s

scored for the LJ-z fossil 0TUs, based on lrl.
The heavy, unbroken lines represent very strong

bonds, the light, unbroken J.ines represent

strong bonds, the broken lines represent weak

bonds and the dotted line represents a vexy

weak bond. The numbers = character numbe¡s.

147 .



7

\ 20
t

6 98

25

7 16 21 22/

10

19

/

2 3

11

12

/
/

/ \
24 4/

/

23
13

14\
\
\
t
\
\
\
\

\

51



This is an interesting, if somewhat predictable result'

The characters used on fossil angiosperm leaves fal-l into

three basic groups: leaf síze and shape; venation; and

cuticular. characters within each of these three groups aIe

generally highly cor¡elated to one another, but the correl-

ations between the three gl.oups are usually much .l-ower. 0f

the 25 characters, five fa-l-l- into the first category (leaf

size and shape), seven in the second (venation), and 13 in

the third (cuticular). The large number of cuticular charac-

ters is an artifact of the exceptionatly good cuticula¡

preservation of the Nerriga fossil-s'

The strategy chosen for the ¡emoval of highly correl-ated

characters was as foll-ows: firstly the modul-us of the correl-

ation coefficients for each cha¡acter with evely other

character h,as summed and an average correlation coefficient

h,as ca]-cu]-ated ( fit ). The character with the largest lil

value was then del-eted and lil v,/as recalculated for the

remaining 24 characters. This Process r,^,as repeated until the

maximum val-ue of lil fel-1 below the 51" significance leve1

(0.185). At that stage 13 characters remained. They h/eÎe

1r4r7r8r10111r12114r15118r2or23 and 25' The values for l;l

are shown in table 1 B.

Two of the 1 3 characters remaining h/ere of leaf size or

shape, five were of venation and six cuticular. By referring

to figure 1 0 it can be seen that alJ. five clusters contribute

to the 13 characters, but now the largest cluste¡ contains

four characters, and the smalJ.est one'

The dendroga.am produced using 1 3 characters standard-

ised to variance is shown in figure 11 and the values for
n1(f )z -"t given in table 19.
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CHARACTER

NUMBER lrl

3. s781
6.9965
6.4046
2.8649
6 .6821
6.5628
4.9427
5 " 4849
7. 03 09
5.8564
4.5632
4 .6628
8.3432
1.49D6
3 .49 4r
8.960214
8.0815
3.9477
6.146r
5. 516 6
7,416r
1 .1225
3. s9s6
4.4583
3.5938

=.3733

trl

3.4091
6.8096
6 )r1r7
2.8514
6. s139
6.1_354
4.7137
5.2344
6.ss00
5.3645
4 .299 6

4 .4l-35
7.6506M
6.1944
3.3703

7.1432
3 . s832
s.733s
5.1440
6.7736
6.4522
3.5192
3.9666
3.2388

=.3326

lrl

3.r586
6 .216D
5 .61 43
2,8D24
5.9826
5.8041
4.5883
5.t267
6.2596
4.951_8
4.1891
4.3444

5.8795
3.4299

6.4806M
3.3628
s.4307
4.8936
6 .11 6D
6.0251
3.2608
3 .1696
3 .132r_

= .29 46

lrl

3.4223
6.1150M
5,4969
2.7707
5.8259
5.4645
4 .4184
4.8732
5.Bl-36
4.5424
3.9419
4.0738

trl

2.473D

4.78U0
2.6Dr1
4.9633
5.3608
4.2D33
4 ,7 644
5.7203M
4.3166
3.6500
3.928r

lrl
2 .4183

4 .657 B

2,4039
4.8833M
4 .6582
3.8r93
3.9331_

3.9713
3.3584
3.4001

lrl

L.9949

3.1136
2.1432

4 " 3298M
3.3920
3. 511_2

3.3248
2.8037
3.0147

3,4416
2.4rD6

lrl

r.9464

3 .4215
l_.8809

lrl

1. B0g4

lxl

r.7225

lrl
2.r7 69

3.8643
2.2732

4 .6045
3.5521
3,1968

3.7159
3.0475
3.2800

3.9387
2.49D9

lrl

1"50691

2
3
4
5
6

7
I
9

10
tl_
I2
13
I4
15
I6
I7
1B
I9
2A
2I
22
23
24
25

lrf

3.r252V
t.B57g r.6976 r.6259

ul
O
a

5.1558
3.0r40

4.7031
2.7326

4.4149
2 .7 t49

2.9679
2.97 69

2,87 42
2.5716
2 "649r
3.2188
2 "1257

2.8?29
2.9032

2.777 4
2,354r
2.4612

3.0244
I. BB24

2 .4632
2 .64rr

2.6298
2.0950
2.3166

2,6129
l-.5870

2.3315
2.3148

2.1416
1.8390
2.0838

r.957 6
l_. 5577

3.3414
5.03t_2
4.4419
5.4950
5.3737
3.2A29
3.3805
2.7 67D

3.2288
4.6DDI
4.O87 4
5.1928
5.234r
2 .9 6l-4
3.2881
2 .6]-4r

3.0576
4.3598
3.8772
4 .6924
4.8323
2.1379
3.1995
2,5172

2 ,4735
3.'4966V
3 .1-93 6

3.1885

2.D9r7
3.0542
2,r743
=.21-85

r.Bgg2
2.7424
J_.8763

=.2083

r .6869
2 .697 4
r.7r76
=.2035

1.9865

2 .ODl 4

1.5970
2.6284t4
r .692r
=.2D22

2.9185 2.8131
3.9215 3 .6438
3 .4862 3 .2954
4 .3820 3 .4924
4 .699il4
2.4551 2.1113
3.1115 3 .0915
2.3615 2.2104

2.44l-5 2.1825

2.3655 2.D651
3.0588 2.8486M

TABLE 'l B: The sum of
is marked (=
character.

=.2912 =.286O =.257D =.26II = "2547

va]-ues for each character. In each

M), and at the bottom of Each co.Lumn

column the maximum value
; is given fo¡ that

r



CHA RACTER

N UMBER lrl

r .4049

l¡l

r.2984

1.2360
r.22gg

1.2815
I.2T4I

lrl

r.2403

lrl

0.73s8
0 " 6571

0.7341
o.1823

lrl

0.6888
0. s763

0"5160
o ,6562

l4

0.s876
D.5225

a.4484
a.2467

0.3689

=.l-248

r!

o.4205
o.2417

D.2567

=.1053

lrl

r.4552

lrl lr'l l¡l

D "2143MD.1612 0.0660M

t.1268

-.D9r4

lrl

o"D326 0.0J_55

=.0330

1

2
3
4
5
6

7
I
9

10
11
t2
13
T4
15
ú
I7
18
I9
20
2I
22
23
24
25

tit

1.0503M

r.4820 L.2r9B l-.1-613 r.r29r O,9144 0.8027 0.6708 0.6201-M

2.to69 1. 599 I I .4465 1.4000M
2.2t4514

Ul

!

1.9078
r " 6409
r.9594

r.17 6r
r " 446r

I " 6318

r.7472

1.3369

1.3486

=.1845

TABLE

1.8025M
l_.5149
r.3429

r ,6544
r.3982

l_.1054
0.9903

L.0233
1.1986

0.9108
0.7103

o.9238
0.9886

D.42T2M
o.2079 0.1493 0 "A644 0. 0155

1.6119

1. 5141

r.28D4 1. 0844 0.9044 4.7978 0. 7077M

1.4803M

I.24BT

r.2129

=.l-639

r.r912

1.1520

=.1480

1.0439

0.8035

=.1556

1.01_41

0. B02J_

=.1313

0.9903M

0 . 6181_

=.l4l_5

0"3938

=.1180

1 I ¡ Continued.



FIGURE 1 1 . E55 dendrogram for 112 fossil OTUs with 13

characters standardised to zero mean and

unit variance (1arge numbers = groups;

smal-1 numbers correspond to parataxon numbers ) .
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I
T

l_
2TABLE 192 (

112

those

GROUP NUMBER

data for

0TUs with

o.284
o.284
o.284
o.284
o.284
D.284

) the

13

dendrogram shown in fig.11 of

characters standardised to var-

marked on the dendrogram matchiance. The groups

in this table.
1zI

T
(

o .411

Six groups are

Group 1 ( tabl-e

19.

but it can be seen (fig.11 ) that this group contains six of

the seven OTUs in parataxon NER/Ozs and it h,as the¡efore not

further sp1it. Group 2 (tabte 19, fig.11) is largely a non-

conformist group, containing the seventh OTU belonging to

parataxon NER/D25, one OTU belonging to parataxon NER,/027,

two OTUs belonging to parataxon NER/DZ  and the only ITU in

parataxon NER/021. Groups 3r4 and 5 (table 19, fig.11) also

contain a number of parataxa. Group 6 contains four Parataxa,

each represented by a single OTU. It can be seen (tabte 19)
p1

that (ÐZ does not reach a maximum value fo¡ this gr.oup. The
I

four parataxa couJ-d each have been considered as individual

grouPs according to the tPl+ values, but they have been

amalgamated because of the small- group size -

The character contributions to the first fu¡cation

(splitting groups 1,2 and 3 from groups 4,5 and 6 in fig.11)

axe shown in table 2D.

1

2
3
4
5
6

t.349
o.349
D.349
o.329
t.329
D.329

D.425
o.425
o.322
o.271
0.368
0.368

0.356
O.5BB

suggdsted by the cal-culations in table

19) does not reach a maximum value for E
T

(
1

2
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TABLE 2D: Character contributions for the six glouPS shown

in fig.1 1 .

CHARACTER

1

0
0
0
0
0
0
0
0
0
0
D

0

ERNU MB
1

4
7
B

10
11
12
14
15
1B
20
23
25

ver_n

ition

1 ,2,3/ 4 ,5 ,6
D.224

.341

.61 D

.505

.336

.5s6

.470

.126

.148

.11 4

.063

.192

0
0
0
0
0
0
0
0
0
0
0
0

,2/ 3
.084
.329
.367
.463
.738
.363

.1 67

.190

.352

.669

.338
o.473

1/z
.155
.303
.504
.389
.195
.214
.639
.585
.2D2
.485
.675
.318

4/5,6
0.355
D.42D
o.29D
0.s07
0.084
0.09s
o.42t
o.239
o.614
o .4Bg
0.089
D .421
0.253

0
0
0
0
0
0
D

0
0
0
D

0
0

.187

.7 62
0
0
0
0
0
0
0
0
0
0
0

5/6
D.696

.47D

.2D7

.D32

.197

.355

.182

.443

.BB4
D.367

and 4 (pos-

the first

rarely

and 17), and

of highly

on the

.867

The five characters contributing most are 7 (intersecondary

vein percentage), 12 (tertiary vein angle), B (secondary

angle A), 14 (upper epidermal cell- width)

of maximum width). It is interesting that

venation characters, whichthree characters are

figured in the first

onJ.y one character is

two dendrograms (tabJ-es 15

cuticul-ar. Theref ore remova.l-

correlated characte¡s has had a significant effect

type of characters contributing most to the cl-assification.

Character contributions to the other furcations in

figure 11 are al-so given in tabl-e 2D. Perhaps the most inte¡-

esting are those contributing to the fu¡cation splitting

groups 1 and 2. It h,as noted earl-ier that characters of leaf

width and shape contributed heavily towa¡ds splitting those

0TUs in parataxon NER/025 from other OTUs (fig.6, table 15).

In this dendrogram (fig.11 ) the five most highly contributing

characters ale 25 (stomatal- index), 20 (upper epidermal cel-l

width:Lower epidermal cel-l- width), 12 (tertiary vein angle),

14 (upper epidermal celI width) and 7 (intersecondary vein

percentage). It is apparent that the characte¡s which
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emphasised

among those

the l-eaf width and shape

which have been deleted

widely

of parataxon NER/025 are

and the OTUs in this

separated from otherparataxon are no

OTUs.

longer very

fi significantJ.y J-arger number of groups h/ere proposed

for this dendroglam in comparison to the previous two (figs

6 and 7). There is some overlap of parataxa between the

groups, but the clustering in this dendrogram most closely

approaehes that in the MST (fig.5.2).

D: 0 Us c.l-as f U .r_ n the ESS c t

with 1 0 princip al comoonents as unstandard ised characters:

A different approach can be made to the problem of character

correlation through the use of ordination. 0rdination takes

correlation between characters into account by using the

inverse of the dispersion (correlation) matrix. The prin-

cipat components produced are therefore uncorrelated.

The 25 characters h/ere reduced to 1 0 principal compon-

ents which were then substituted for the characters in the

cluster analysis. The principal components hrele unstandard-

ised, for reasons discussed in chapter 3. The eigenvalues'

percentage variance and cumulative variance ale given in

table 21.
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TABLE 212 Eigenvalues, percent variance and cumulative

variance from the PDA on 112 0TUs with 25 char-

acters.

E IGENVALUES l.
6.56
4 .15
2.79
I .Bg
1 .66
1 .43
0.93
o.91
0. B4
D.74
D.61
0.57
0.50
0.38
o.32
o.2B
0.1 9
0.07
0.06
0. 05
0.04
0.01
0.01
0.00
0. 0D

VARIANCE
26.23
16.59
11.15
7.57
6.63
5.73
3.72
3.6s
3.38
2.96
2.46
2.28
2.D2
1 .51
1 .27
1 .13
o.77
4.29
D.25
0.1 B

0.15
0. 05
o.o2
0. 01
0.00

CUMULATIVE VARIANCE
26.23
42.82
53.79
61 .54
68 .16
73.89
77.6D
81 .26
84 .64
87.60
90.0s
92.33
94.35
95.86
97 .13
98.27
99.03
99.33
99.57
99.76
99 .91
99.96
99.98

1 00.00
1 00.00

The dendrogram is shown in figure 12.

groups cannot be estimated using the method

taxon NER/025.

0TUs. C].uster 2

The number of

desc¡ibed in

chapter 3, because the cha¡acters aIe unstanda¡dised. The

number of clusters in this dendrograms was estimated afte¡

comparison with the other dendrograms (figs 6r7 and 11 ).

Five cl-usters h/ere delimited, as shown in figure 12-

Group 1 in figure 12 contains the seven OTUs in para-

the 1 6 OTUs

a].l the OTUs

and NERr/023.

NER/DZ4 (tne

group 5 ) .

r_n

in

These OTUs are well separated from all other

in figure 12 contains 23 OTUs. Fifteen of

parataxon NER/O26 occur in this group' as do

parataxa NER/009, NER/010' NER/019, NER/020

The remaining two 0TUs belong to parataxon

other five 0TUs in parataxon NER/D24 arle in
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FIGURE 12. ESS dendrogram for 112 fossil 0TUs with 10

unstandardised principal components as

characters. (1arge numbers = groups;

small numbers correspond to parataxon numbers ).

1 58.
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Group3infigure12contains4t0TUs,39ofwhich

belong to parataxon NER/O27. The l.emaining OTu belongs to

palataxon NER/016. The 14 OTUs in group 4 account for all

members of parataxa NER/002, NER/003, NER/DO4 and NER/005.

The remaininq OTu belongs to parataxon NER/001. Group 5

appears to represent a non-confo¡mist gloup. 0f the 28 oTUs'

14 are accounted for by Panataxa with only one or two [TUs

(NER/007, NER/008, NER/011, NER/D12, NER/013, NER/014'

NER/01 5, NER/01 7, NER/01 B, NER/021 and NER/D22) . tfrt remain-

ing 14 0TUs consist of five of the seven in palataxon NER/024'

two of the three in parataxon NER/001, six of the 45 in

parataxon NER/DZr and one of the 16 in parataxon NER/026.

The oTUs cluster into their parataxa well in this dendroglam'

except for some in the non-conformist glouP 5. The use of

principal components as characters in the cluster analysis

certainly gave a better classification than that produced

with the 25 characters (fig-6), and is probably better than

any of the other dendrograms.

Many authors have exPressed the view that the first

principal component may be an indicator of size (u.g. Fo¡d-

ham and Bet-l 1g7B). Sneath (1976 ) noted that síze is a

patrticularly serious problem in botanical taxonomy because

of the extreme síze differences which may be found between

closely rel-ated taxa. For this leason ' and a.l-so because ii

h/as suspected that leaf size ì¡/as an extremely varíable

factor in several parataxa, the cl-uster analysis b¡as re¡.un

using only the latter nine of the first ten principal com-

ponents. The result was extlemely PooI clustering, and vely

poor concullence with any of the other classifications ' The

dendrogxam has not been Plesented. It is of importance that

PCA does not always produce size as the first component. In
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fact it is totally dependent on the data set and no general

rules can be made to aPply (Blackburn 1978a).

6.5 C0NCLUSI0N: The four dendrograms presented (figs 6,7,11

and 12) generally gave poorer cl-assifications than the

combination of the NNN (fig.4), MST (fig.5) and ESS dendio-

gram (fig.3). The major reason for this aPpears to be that

the dendrograms are morle seriously affected by the variab-

ility in the number of OTUs Per parataxon than the NNN or

MST. This problem will be considered later.

The stopping rule proposed in chapter 3 generally

proved to be a very useful- aid in interpreting the dendro-

grams. Its major value appeared to be in not splitting large

groups of OTUs in which members of one or mole parataxa ale

dispersed throughout the group (e.g. grouP 1 in fig.6 and

group 1 in fig.7). The UPGMA dendroglams based on squared

Euclidean distance and the coefficient of shape have not

been presented because they h/ele almost identical and were

inferio¡ to the ESS dendrograms in a-l-l facets.

6.6 ASSIGNING REMAINING SPECIMENS TO PARATAXA: ThE NEXI StEP

in the analysis h/as to assign the remainder of the specimens

to the parataxa which have now been defined. Firstly the

specimens h/ere eXamined to Select those which h,ele weJ-l-

enough preserved to alLow critical comparisons to be made.

Many of the impressions h/ere rejected as \^,elle some of the

mummified leaves, which were too incomplete. Vr/hen this

so¡ting h/as completed, 469 specimens remained, giving a

totaL of 581 specimens.

Most of these specimens could be assigned to the Para-

taxa relatively easily, usually with the cuticular patterns

being more ¡eliable than the architecture or l-eaf shape"
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The reason for this was twofold. Firstly, most of the mumm-

ified leaves vúere vely incomplete, allowing only small- parts

of the leaves to be compared a¡chitecturally. Second]y, the

cuticular preselvation at Nerriga was extlemely good, and for

most parataxa, cuticular features coul-d be defined which

were unambiguous and easily determined. 0f the 469 specimens,

445 h/ere assigned to the existing parataxa. This left 24

specimens which were considered to belong to undefined

parataxa.

It hias proposed in chapter 1 that if any specimens

ì^/ere found which did not fit into the defined parataxa, they

should be scored and added to the original set of 0TUs and

the anal-yses IePeated. However, at this stage this I^/as not

considered to be the best couISe of action, becausc i¡uot of

the new OTUs would score a large amount of missing data, and

a program was not readily available to Process data with

missing scores.

For this reason ' the 24 specimens h/ere placed into

parataxa without the aid of a numerical classification. The

parataxa could then be formally described before determining

any relationships between them. There are sevelal advantages

to this approach. The parataXa to be described rl'/il-1 accom-

odate alJ- the specimens avaiJ-able for comparison. It is

necessary to give fo¡mal descriptions of these parataxa, so

that it is possible to monitor the differences between the

parataxa and the variability within them. The 24 specimens

h,ere split into 1T parataxa. A List of the parataxa and the

numbex of specimens in each -is given in tabl-e 22.
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TABLE 222 List of the 44 parataxa at Nerriga and the number

of specimens in each. Total number of specimens

= 581 .

PARATAXON NO. OF SPECIMENS PARATAXON NO. OF SPECIMENS

NER,/001
NE R,/002
NE R,/003
NE R,/o04
NE R/oos
NE R/oo6
NE R,/007
NE R/ooB
¡¡ p/009
NE R/01 0
NE R/01 1

NER/01 2
NE R/01 3
NER/01 4
NER/01 s
NER/01 6
NER/01 7
NER/01 B

NER/01 9
NER,/020
NER,/021
NER/ O22

3
1

2
7
1

1

2
2
1

1

4
1

1

2
1

1

4
1

1

1

1

1

NE R/ 023
NER/ O24
NE R/ 025
NER/D26
NER/D27
NE R/028
NE R/029
NER/03o
NE R/031
NER/032
NER/033
NE R,/034
NER/035
NE R/03 6
NE R,/037
NER,/038
NER,/039
NE R/040
NE R/041
NER/O42
N E R/043
NER/044

2
1B
71

100
246

2
1

2
1

1

1

1

1

1

1

1

I
1

1

6
I
1
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CHAPTER 7

DEsCRIPTION TF PARATAXA.

7.1 INTRODUCTIDN: Mayr (1969 p. 265) noted that the chief

aim of a description is to aid subsequent recognition of the

taxon invol-ved. He suggested the use of a diagnosis to

rrdistinguish the species (or whatever taxon is involved) from

other known similar or cJ-osely related onestr, and a

description tortpresent a generaÌ picture of the described

taxon .ll

It is important, particularly when describing fossils,

to make use of as many featu¡es as possibl-e, since the

material is often fragmentaryr or represents only a single

organ. This is where the value of descriptive terminology

becomes apparent. Three extremely useful- terminol-ogies alte

available for dicotyledonous leaves. Hickey (1973) desc¡ibed

the architecture, including both the gross morphofogy and

venation of dicoty]-edonous l-eaves; Stace (1965) described the

cuticles of dicotyledonous leaves, and Dilcher (1974) 
"eviewed

both the archite ctura-l- and cuticul-ar characte¡s. These three

sources h,ere used excl-usively for terminology in the folJ-owing

des criptions ,

Severa-l- important recommendations on the preparation of

descriptions h,ere summarised by Mayr (1969 p. 272)" The

foll-owing ì¡rere considered to be important in the preparation

of the parataxonomic descriptions:

(1) The taxonomie cha¡acters should be t¡eated in a

standardised sequencet

(2) The most easily visible eharacters shou-l-d be

featured,

(3) The description should provide quantitative data'

(4 ) The f ormal description should be f o-l-l-owed by an

informal discussion of the variab-l-e characters.
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Each description is accompanied by a discussion and a table.

The discussion is more important when the¡e is more than one

specimen in the parataxon, since the variability of the

parataxon may then be considered. The tables contain 28

quantitative characters, showing the mean, standard deviationt

range and number of specimens (where appropriate) on which

each character ì^ras scored.

The 28 quantitative characters are:

( 1 ) Modified J-eaf J.ength

(2) Leaf width

(3) Modified Leaf length:leaf width

(4) Position of maximum width

(5) Leaf shape index

(6) Dentition frequencY

(7) Leaf base angle

( B ) Leaf apex angle

(9) Number of secondarY veins

(t0¡ Intersecondary vein percentage

(1 1 ) Secondary vein angJ.e A

(12) Secondary vein angle B

(13) Secondary vein straightness index

(1 5) Tertiary vein angle

(16) Upper epidermal ce-l-l- length

(17) Upp.r epidermal ce11 width

(1 B ) Upper epidermaJ- ce-l-l length:width

(19) Lower epidermal cel-l- length

(ZO¡ Lower epidermal cel1 width

(21) Lower epidermaJ- cel-1 length:width

(22) Upper epidermal cel-1 length:lower epidermal ce11

length

(23) Upper epidermal cell- width:1ower epidermal- cel.l-

width
165 -



(24) Stomatat length

(25) Stomatal width

(26) Stomatal- length:width

(27) SubsidiarY cell- number

( Ze ¡ Stomatal- index

These cha¡acters h,ere defined in chapter 4'

l¡/here possible, illustrations have been provided, and

for every oTU the specimen and its uPpeI and lower epidermis

are figured. Except where otherwise defined, the uppel

epidermis is taken to be the surface without stomates, and

the l-ower epidermis is taken to be the surface with stomates'

Figures showing detailed features of the cuticle ì^,ere

photographed with Nomarski optics" ìftlhere trichome bases

ì^,ere present on both epidermisest only those on the l-ower

epide¡mis h,ele figured unless'they hrere structurally different

from those on the uPPer ePide¡mis '
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7.2jDESCRIPTI0N5: PARATAX0N NER/001. (Table 23).

Lamina: Symmetrical, ovate to elliptical. Leaf narrows into

an obtuse base and apex. Base and apex symmetrical. Leaf

Iength 6.5 13 crì. ¡ width 2 3.2 cm. ( f igs. f B, 19 ,2O\ .

Marqin: crenate or serrate. crenations oI serrations of

several- orders, somewhat irregularly spaced'

Pet iole: Unknown.

Vena tion: Primary vein straight or slightly curved, stout to

massive. Secondary venation pattern semicraspedodromous'

r2 Ll uniformly curved secondary veins arisi .t an angle

of 56-65: This angle is uniform throughout the leaf' The

loop forming branches of the secondary veins join super-

adjacent secondary veins at 90o or fess' Secondary' tertiary

andquaternaryveinarcheswellformed'Composite'weakly

developed intersecondary veins present to varying degrees'

Tertiary veins random reticulate or weakly percurrent'

Upper epidermis: Non-venous ceJ-ls irregular' with variabl-e

number of sides and =tr"ignt to slightly sinuous walls

(tigs. 155r1-57r1-59). Cuticular pegs occtlr at cell- wal-1

junctionsandthecuticularflangemayextenddeeplybetween

adjacent ce11s. No surface ornamentation' Venous cells

longerandnarloh,erthannon-venouscel-l-s'Trichomes

absent.

Lowe r eoidermis: Non-venous cell-s irregular, with a variable

number of sides and straight to slightly sinuous wal-'l-s

(tigs. 156r158r160). Cuticular pegs occur at cell- wa11

junctionsandthecuticularflangemayextendtoamoderate

degree between ad j acent cel'l-s ' No surf ace ornamentation '

Venous cell-s Ionger and narrob'er than non-venous ce-l-fs'

Stomata generally confined to areoles' oriented at random'

Theporalwal].softheguardce].]-saleheavilythickened"
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Larger stomates occur occasionally over veins. The sub-

sidiary cell-s are atinocytic and over-l-ie the guard cel-l-s.

Subsidiary cells of the stomata over the veins heavily

striated. Trichome bases brith a heaviJ-y thickened, circul-ar

foot cel-l and unmodified basa-l- cel-l-s occur rarely over the

major veins. Trichomes not preserved.

Specimens exámined: N 0085 (tig. -l-B), N 0095 (tig. l-9),

N DI24 (tis. 2D).

Discussion: All specimens consist of nearly complete J-eaves,

al-though only two complete apices and one base are preserved.

The apex of N 0124 (fig. 20) is attenuated, al-most into a

drip-tip, although according to Hickeyts (lglZ) definition

the apex is still- strictly obtuse. The apex of N 0085

(tig.1B) is not drawn out, but is more bluntJ.y obtt¡¡e.

The base of N U095 (tig. f9) is symmetrical- and obtuse as is

likely to be the case for N OI24. However' al-though the base

of N U0B5 is not preserved, it can be seen that the -l-amina

begins to taper towards the base in a manner not exhibited

by the other specimens. The venation pattern is semicras-

pedodromous, with each secondary vein dividing into two

branches of approximately equal thicknessr oDe of which runs

directly into a tooth, while the other loops into the super-,

adjacent secondary vein" Bel-ow this branch other higher

order veins arise from the secondary vein and terminate in

teeth. li'leakly developed compound inte¡secondary veins occur

in all specimens. Tertiary veins are not well defined.

The teeth in this taxon are extremeJ-y variable. In

N 0095 (tig.19) and N OI24 (tig.20) they are serrations,

a]-though different in form. Specimen N 0085 (fig. 18) has

crenations, with the veins terminating in the apical notch.

Specimen N 0095 and N 0124 are both lacking cuticle at the
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tooth apexr suggesting that a gland may have been present.

A similar structu¡e has not been concl-usively identified in

N 0085.

0n the upper epidermis of one specimen (N 0085) the

cuticular flange extends deeply between adjacent ce1ls and

in al-J- specimens a well formed cuticufa¡ Peg occurs at the

junction of three cells. This is easily observable in

figures 155 and l-59 " The cell-s above the veins aIe markedly

longer and narroh,er than the non-venous cel-1s "

The cuticufar flanges on the lower epidermis are not

heavily thickened, but a wel-1 formed cuticular Peg occurs at

the junction between three cel-fs. This is especiaJ-ly

noticable in figure l-54" The cel1s above the veins aIe

markedly longer and naIIoWeI than the non-venous ce11s.

Stomates are generally confined to the areol-es, but

larger stomates occul occasionally over the veins (figs" 166,

f67). Stace (1965) noted that abnormalÌy large stomata

nare often, if not a-lways, water-stomata, which axe supposed

to secrete drops of Watel"rr However, since the function of

these stomates connot be demonstrated in fossils, the term

water-stomate, t^,ith its implied f unction, will not be used.

All stomates have atinocytic subsidiary cells which ale

more heavily cutinised (and the¡efore morle heavily stained)

than the epidermal cefls. The subsidiary cell-s overlie the

guard cell_s (ti-gs. 1661167,J-68), and in the larger stomates

they are heavily st¡iated (ti-g. J-67\" Trichome bases, hrith

a heavily cutinised, circul-ar foot cell and unmodified basal-

cel-ls occur rarely over the major veins (fig. 169).
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PARATAXON NER,/002. (TAbIC 24).

Lamina: Symmet¡ical, ovate. Leaf narroì^,s into an obtuse

base and apex. Base and aPex symmetrica.l-. Leaf Iength

approximately B cm., width 4.6 cm. (tig. 2I)"

Marqin: Serrate. Serrations of several orders, reguÌarly

spaced. Apical side of serration concave, basal side conveX.

Petiole: Unknown.

Venation: Primary vein' slightly sinuous, moderate.

Secondary venation pattern semicraspedodromous. El-even

secondary veins arise at an angle of 69.52 This angle is

uniform throughout the leaf. The loop forming branches of

the secondary veins join superadjacent secondary veins at

90o or less. Higher o¡der arches not we1-l- formed. Simple

and composite intersecondary veins wel-l- developed and common.

Tertiary veins random reticulate. The apices of the sellla-

tions are not cutinisedr'suggesting the Possibl-e p¡.esence

of glands (fig. 173).

Uooer e ide TMAS : Non-venous cel-1s irreguJ-ar r hrith a variable

number of sides and straight to slightly sinuous wal-ls

(tig. 161) . Fine cuticular pegs occurl at cel-l- wa11 j unctions '
and the cuticular flange extends deeply between cell-s. No

surface ornamentation. Venous cells smal-1e¡ than non-venous

cefl-s and with a greater length:hridth ratio. Trichome bases

with a small-, heaviJ-y thickened, irregularly shaped f oot cel-1

and unmodified basal- cells occul occasionally ovel the major

veins. Trichomes not Preserved-

Lower e i de rmis : Non-venous ceLls irregularr with a variabl-e

number of sides and cu¡Ved or sinuous wall-s (tig. 160). Fine

cuticular pegs occur. at cell wall junctions but cuticular

flanges are only lightly thickened. No su¡face ornamentation.

Venous ce.l-ls longer and nalloh,eI than non-venous ce11s.
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Stomata generaJ-ly ionfined to areoles, oriented at ¡andom.

The poral wal-l-s of the guard cells are thickened. Largerl

stomates occul occasionally ovel the veins. Subsidiary

cells actinomorphic and not overÌying the guard cells

(figs. 170r. 171). Trichome bases b,ith a smallrthickened,

irregularly shaped foot cel-1 and unmodified basal cefls

occur commonly over veins (fi9. L72)- Trichomes not

preserved.

Specimen examined: N 0013 (tig. 2I).

Discussion: The specimen consists of an almost complete leaf

u/ith both the base and apex preserved (fig . 2I) . The

venation pattern is semicrasPedodromous, with each secondary

vein dividing into two branches of aPproximately equal

thickness, one of which luns directly into a tonth while

the other loops into the superadjacent secondary vein-

Bel-ow this branch, several higher order veins b¡anch off from

the secondary and terminate in teeth of varying sizes.

The serrations are ir¡egularly spaced and of severa.l- orders.

They have a concave apical side I convex basal side and a

rounded sinus (fig. 2I).

PARATAX0N NER/003. (Tabte 25).

Lamina: Symmetrical, elliptical. Leaf base acute, cuneate'

apex obtuse. Base and aPex symmetrical-. Leaf Iength 4.5 ctlìo¡

width 1.3 cm. (ti-g. ?2) .

Marqin: Serrate. Se¡rations of several orderst regularly

spaced. Basal side convex.

Petiole: Unknown.

Venation: Primary vein straight, stout. Secondary venation

pattern semicraspedodromouso Fifteen secondary veins arise

at an angle of 692 This angle is uniform throughout the

leaf. The loop forming branches of the secondary veins
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join superadjacent secondary veins at approximately 90:

Higher order arches not wel-1 formed. Eomposite inter-

secondary veins uncommon and not well formed. Tertiary

veins random reticulate or weakly percurrent. The cuticle

is absent from the apex of the serrations, suggesting the

presence of a gland.

Ub pe I eoide is: Non-venous cell-s irregular, with a variable

nümber of sides and straight oI slightly curved walls

(f:ig, 163). Cuticular pegs occul at cell wall junctions'

and the cuticul-ar flange extends deeply between cells ' No

surf ace ornamentation. venous ce-l-l-s not highly modified,

but nalrohrer and more heavity cutinised than the non-venous

cells. Trichome bases ì^rith a small-, heavily thickened t

circular foot cell- and unmodified basal cells common over

major veins. Basal cell of trichome long and thinly

cutinised. Apical celt (s) , if present, unknown '

Lower epide¡mis: Non'venous cells irregular' with a

variabl-e number of sides and straight oI cuIVed walls

(tig. ].62). Cuticul-ar pegs occur at cell- wall junctions,

but otherhrise the cuticul-ar flanges aIe not heavily

thickened. No surface ornamentation. venous cel-1s longert

nallroh,er, and more regularly arranged than the non-venous

cells.StomatageneraJ.lyconfinedtoareoles,orientedat

random. Larger stomates occUI occasionaÌ1y ovel veins.

subsidiary cells actinomorphic and not overlying the guard

cel]-s(tigs.I92']-93).Theporalwa].]softheguardce]1s

are heavily thickened. Trichome bases with a heavily

thickened,circularfootcel.]-occurcommonlyoVeland

between veins (fig. Ig4)" Over veins, the basal cells are

unmodified, between veins they ale radial" T¡ichomes as

for upper ePidelmis.
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Specimen examined: N 0016 ( tig . 22) .

Discussion: The specimen consists of a complete leaf. The

venation pattern is semicraspedodromous, with each

secondary vein dividing into two branches of approximately

equal thickness. One of these veins runs directly into a

serration while the other J-oops into the superadjacent

secondary vein at approximately 90: BeIow this branch,

one or two other higher order veins branch off from the

secondary vein and terminate in serrations of varying

sizes" The basal side of a serration is extremely convex,

and the apex is acute. Despite the varying orders of

serrations, the difference between them is slight and they

are regularly arranged.

PARATAXON NER/004. (Table 26).

Lamina: Symmetrical, obovate . Leaf base acute , no.rmaJ- or

cuneate; apex obtuse. Leaf length 7 at least 14-5cm.t

width 2 .4 5 .3cm. (f i-gs . 23-31) .

Margin: Minutely serrate. Serrations of one orderr regularly

spaced.

Petiole: Unknown.

Venation: Primary vein straight, slightly curved or sinuoust

usually moderate. Secondary venation pattern semicraspedod-

romous. LD-zI uniformJ-y cuIVed secondary veins arise at an

angle of 560- 70? This angle is uniform throughout the l-eaf.

The loop forming branches of the secondary veins join super-

adjacent secondary veins at 90o or less. Secondary,

tertiary and quaternary arches often wel-l- formed. Simple

and composite intersecondary veins plesent. Tertiary veins

random reticul-ate or weakly percurrent. The cuticle is

missing at the apex of the serrationsr suggesting the
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possible presence of a gland.

Upper epidermis: Non-venous cel-ls irreguJ-ar, with a

variab-l-e number of sides and straight or slightly cu¡ved

wal--l-s (flgs. l-75 ,L71 ,I79,1-Bl-,183,l-B5 r IB1 ,I89 r191) . 5ma1l-

cuticula¡ pegs occur at cel-l- wa11 j unctions, and occasionalì-y

the cuticular flange extends deepÌy between cel-l-s. No

surface ornamentation. Venous ceJ.l-s sma1le¡, and with a

greater length:width ratio than non-venous cells. Trichome

bases with a small-, circular, heavily thickened foot ce-l--l-

and unmodified basal cel-ls common over and between the veins.

Trichomes not preserved.

Lower epidermis: Non-venous cel-1s with a variabfe number of

sides and straight or curved wal-l-s (figs. L74rI76r-l-7Brl-80,

IB2rl-B4rl-B6r1BBr190)" Very fine cuticul-ar pegs occun at cel-l-

wal-l- j unctions, but otherwise the cuticu-l-ar fJ-ange is not

heavily thickened. No surface ornamentation . Venous cel-l-s

much longer and narroì^,er than non-venous cel-l-s. Stomata

general-ly confined to areol-es, oriented at random. The poral

wal--l-s of the guard cell-s are heavily thickened. Larger

stomates occur occasionally over the veins. Subsidiary ce-l-l-s

actinomorphic and overÌying the guard cel-l-s. Trichome bases

rr/ith a smal-l-, circular, heavily thickened foot cel-l- occull

commonly ove¡ and between the veins. Trichome basal- ce-l-1s

unmodified over the veins, more or l-ess radial between the

veins . Trichomes unicell-ular, J-ong, thinly cutinised.

Specimens examined: N 0009 (tig. 23), N 0048 (tis. 25),

N 0072 (tig. 24), N 0086 (fig. 26), N DA99 (tig.27), N 0104

(t:-g. 30), N 0119 (fig" 31)' N OI23 (rig" 29), N OL27 (fig" 28)"

Discussion: The specimens consist of rel-atively complete

leaves. The base is prese¡ved on four specimens (figs.23,

28r30r3l-), and is acute, while the apex, which is preserved
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on three specimens (figs.28r29r3O), tends to be obtuse and

norma.l- or cuneate " 0ne specimen, (N 0104, fig. 30 ) has a

drip-tip apex. l¡/hile the abso-l-ute size of the specimens

va¡ies greatly, they are al-l- very similar in shape, being

obovate and having a modified l-eaf length:width ¡atio of

approximateJ-y two. The primary vein is variable, being

straightr curved or sinuous. The venation pattern is

semicraspedodromous, with each secondary vein dividing into

two branches of approximately equal thickness, one of which

run's directJ-y into a serration, while the other loops into

the superadjacent secondary vein. Bel-ow this branch, several

other higher order veins branch from the secondary and

terminate in serrations. The serrations aIe extremely smaJ-l,

and are not cutinised at the apexr suggesting the possible

possession of a gland (fi-g. I99)" Simple and composite

intersecondary veins are present to varying extents and the

tertiary veins are not wel-l defined.

At the junction of three cell-s on the upper epidermis,

a smaf f cuticul-ar peg is f ormed (f igs " I75 rI77 ,I79,l-Bl- ' 
183 

'
1B5r1B7rIB9r191), and in some specimens the cuticular flange

extends between adjacent cells to a moderate degree.

Trichome bases with a small- r roughf y circu.l-ar, heavily

thiôkened foot cel--l- and unmodified basal- ce.l-ls ale oveI, and

in some specimens, between the veins (figs. l75rI77r:.-79rl-Bl-t

1B5r19l-).

A t tha j unction of three cel-l-s on the lower epidermis ,

very fine cuticular pegs are formed, but otherwise the

cuticul-ar flange is not heavily thickened. Stomates aIe

generally confined to the areol-es (figs . I74 rI76 rI7B11B0' IB2'

IB4rl-B6rlBBr190), but larger stomates occur occasionally over

the veins (fig. 195)" Al-l- stomates have actinomorphic
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subsidiary cel1s which cannot be distinguished from the

surrounding epidermal cel-ls (figs. l-95rJ-96) " The subsidiary

cells overly the guard ce-l-l-s and the poral wa1ls of the

guard cells are generall-y heavily thickened (tigs. l95r196).

Trichome bases with a smal-l-, circular, heavily thickened

foot cel1 are common over and between the veins (fig. I97) .

0ver the veins, the trichome basal- cel-ls are unmodified, but

they are generally radial between the veins. In several-

specimens the trichomes are presetved, and are unice11u1ar,

thinly cutinised, and taper to an acute apex (ti-g" -198).

PA RATAXI]N NE R,/OO5 . ( TAbTC 27 ) .

Lamina: Symmetrical, slight ly obovate . Leaf narroì^,s into an

obtuse base and apex. Base and apex symmetrica-l-. Leaf

length 11.4cm., hridth 3.5cm. (fig. 33) .

Marqin: h/eakly serrate. 5errations of several orders,

reguJ-ar1y spaced.

Petiole: Unknown.

Venation: Primary vein straight, moderate. Secondary venation

pattern semicraspedodromous. 16 uniformly curved secondary

veins arise at an angle of 66.52 This angle is uniform

throughout the leaf. The J-oop forming branches of the

secondary veins join superadjacent secondary veins at

approximately 90: SecondarV, tertiary and quaternary arches

welJ. formed. PoorÌy fo¡med composite intersecondary veins

occasionally present. Tertiary veins !ì,eak1y percurrent.

The cuticle is missing at the apex of the serrations,

suggesting the possibJ-e Presence of a 91and.

UÞper epidermis: Non-venous cel-1s irregular, with a variable

number of sides and curved or sinuous walls (fig. 165)" Fine

cuticul-ar pegs occur at ce11 wal--l- j unctions, but the cuticul-ar
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flange is not heavily thickened. No surface ornamentation.

Venous cells sma.l-.Ier, and with a greater length: width ratio

than non-venous ce11s. Trichomes absent.

Lower epidermis: Non-venous cel-l-s irregular, with a va¡iab1e

number of sides and curved or sinuous wal-Is (tig. 164).

Extremely fine cuticular pegs occur at ce11 wal-l junctions,

but the.cuticular flange is not heavily thickened" No sur-

f ace o¡namentation. Venous cells longer, narrot^,er, and

slightly,.more heavily thickened than non-venous cell-s.

Stomata Qenerally confined to areoles, oriented at random.

The poraJ- wall-s of the guard cel-l-s are heavily thickened.

Larger stomates occur occasional-ì-y over veins (fig. 2D6).

Subsidiary cell-s actinomorphic, overJ-ying the guard ceJ-ls

(tigs.2D6r2O7). Trichome bases with a smal-l-, thickened,

circu.Iar foot cel-1 and unmodified basal cel-ls occur rarely

over the major veins. ( tig. 208 ) . Trichomes not preserved.

Specimen examined: N Et67 (t:.g. 33 ) .

Discussion: The specimen consists of an afmost complete leaf.

The venation pattern is semicraspedodromous, with each

secondary vein dividing into two branches of approximateJ-y

equal thickness, one of which runs directly into a serratio¡,

while the other loops into the superadjacent secondary vein

at about 90: Bel-ow this branch, several other higher order

veins branch off from the secondary and terminate in

se¡rations of varying sizes. Tertiary veins are wel-l- defined

at the widest part of the -l-eaf , where they arle conspicuously

percurrent, but definition becomes poorer towards the base

and apex (fig. 33).
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PARATAX0N NER/006. (Tabte 28).

Lamina: 5 ymmetrical, elliptical-. Leaf base obtuse, apex

unknown. Base symmetrical-. Leaf length at l-east l-3 cm. ,

width 3 .9cm. (ti-g . 32) .

Marqin: Finely serrate. Serrations irregularly spaced, but

of one order.

Petiole: Unknoh,n.

Venation: Primary vein straight, moderate. Secondary venation

pattern semicraspedodromous. Approximately 14 uniformly

curved secondary veins arise at an angle of 55o. This angJ-e

increases toward the apex. The loop forming branches of the

secondary veins join superadjacent secondary veins at

approximately 90: Secondary, tertiary and quaternary arches

wel-I formed" V'/eakly formed, composii-te intersecondary veins

occur occasionally. Tertiary veins ¡andom reticulate or

weakly percurrent.

Upper epidermis: Non-venous cell-s irregular, with a variable

number of sides and curved or sinuous wal-fs (tig" 201).

Cuticular pegs occur at cel-l- wall- junctions, but otherwise

cuticul-ar fJ-anges are not heavily thickened. No surface

ornamentation. Venous celIs not highly modified, but longer

and narroh,er than non-venous ce.l-ls. Trichome bases with a

sma.l-1, approximately circularr thickened foot cel-l-, and

basa.l- cells which aIe smaller than the surrounding epidermal

ceJ-fs, occur rarely over the major veins. Trichomes not

preserved.

Lower epidermis: Non-venous celÌs irregular, with a variable

number of sides and curved or sinuous walls (tig. 200).

Cuticular flanges not heavily thickened" No surface

ornamentation. Venous cell-s much longerr narroh,err and

straighter wa-l--l-ed than non-venous cef l-s " Stomata generally
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confined to areoles, oriented at random.

The poral wal-l-s of the guard ce-l-l-s are heavily thickened.

Larger stomates occur occasionally over veins. Subsidiary

cel1s actinomorphic¡ slightly overJ-ying the guard cel-l-s

(tig . 2O9) . Trichome bases with a smal-l-, approximately

circul-ar, thickened foot cel-l- and unmodified basal- ceÌls

occur very rarely over the major veins (tig. 2:.D).

Trichomes not preserved.

5þecimen examined: N DI46 (tig. 32).

Dis cus sio : The venetion pattern is semicraspedodromous,

with each secondary vein dividing into two branches of

approximately equaJ- thickness, one of which runs directly

into a serration, whil-e the other loops into the supe'radjacent

secondary vein at approximately 90? Below and sometimes

above this branch, sevetal. other higher order veins branch

off from the secondary and terminate in ser¡ations.

PARATAXDN NER/007. (Ta¡te 29).

Lamina: Slightly asymmetrical-, ovate. Leaf base acute, apex

unknown. Base symmetrical. Leaf length at l-east B cm.,

width 2.3 2.9cm. (ti-gs . 34,3 5 ) .

Marqin: Enti¡e.

Petiole: Incomplete. App.rently norma.l-.

Venation: Primary vein curved, stout. Secondary venation

pattern weakly brochidodromous. l-5 I7 secondary veins

arise at an angle of 63c) 64? This angle is uniform

throughout the leaf. Secondary veins uniformly cu¡ved

except for a sharp upward and inward curve in the distal

third, when they loop into the superadjacent secondary vein

at 90o or less. Simple and composite intersecondary veins

wel-l- formed and frequent " Tertiary veins random reticul-ate.
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Upoer e id ermis: Non-venous cells 4-5 sided, somewhat

irreguÌar, with straight wall-s (tigs.2O3,2D5)" The

cuticuJ-ar flange extends deeply between adjacent cel-1s.

Venous cell-s naIIoh,eI and mole regulaI.l-y arranged than non-

venous ce.Il-s. Trichome bases with a smal-l- irregularly shaped

and very heavily thickened foot cell and unmodified basal-

ce-l-1s occur occasionatly over the veins. Trichomes not

prese rved .

Lower e ide : Non-venous cel-l-s i¡regular, with , a variabl-e

number of sides and straight wal-1s (tigs . 2O2 rZD4l''" Cuticular

flange irreguJ-arly thickened, giving a beaded appearance"

Venous cel-l-s longer, naIIoh/eI, and mole heavily cutinised

than non-venous ce-l-l-s. Stomata generally confined to areoles,

oriented at random" The poral wal-l of the guard cell-s is

heavily thickened. Larger stomates occul occasionally over

the veins. Subsidiary celfs brachyparacytic, not overlying

the guard cell-s (figs. 2I2r2I3). Trichome bases with a sma1l,

thickened, circular foot ce11 occur over and between veins

(tig. 2II). Basal cel-fs are unmodified over the veins and

radial between them. Trichomes not preserved.

Specimens examined: N 0036 (tig. 34), N Ú232 (tig" 35).

Discussion: The apex is incomplete in both specimens, but in

N A232 (tig.35) enough is preserved to suggest that a

rrdrip-tiprr apex may have been plesent. The venation pattern

is weakly brochidodtomous, with secondary veins .l-ooping into

the superadjacent secondary vein. The venation pattern be-

comes more conspicuously brochidodromous toward the aPex.

Lamina: SymmetricaIt

1y 90? apex obtuse.

PARATAXoN NER/ooB" (Table 3o).

e1liptical. Leaf base angle approximate-

Base and aPex symmetrical-, L"af length
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4 cm., ri'/idth 1.2 cm. (tig. 36).

Marqin: Serrate. Serrations irregularly spaced, but of one

order.

Petiole: Normaf, almost f/3 of l-eaf length, narrowing from

base to point of insertion of lamrna.

Venation: Primary vein slightly sinuous, massive. Secondary

venation pattern irregularly semicraspedodromous. l-1 uniform-

ly curVed secondary veins arise at an angle of approximately

59: This angle is uniform throughout the leaf. The J-oop

forming'branches of the secondary veins join superadjacent

secondary veins at l-ess than 90: Higher o¡der a¡ches not

well- formed. Intelsecondary veins absent. Tertiary veins

random reticul-ate or weakly percurllent 
"

Uooer e idermis : Non-venous cel-Is irregular, v'rith a va¡iable

numbe¡ of sides and straight oI stightly curved wall-s (tig.

2I5) . The cuticular flange extends to a sma-l--l- degree

between adjacent ceI1s, increasing in extent at the junction

of three cel-l-s to form a small cuticular peg. Ño su¡face

ornamentation. Venous cell-s not highly modified, but

smaller and more reguÌa11y arranged than the non-venous cel-l-s.

Trichome bases with a smal-1, irreguJ-a11y shapedr very heavily

thickened foot cel-l and basal cel-l-s which aIe smal--l-er than

the Surrounding epidermal cell-s occu¡. ovell , and rarely

between the veins (fig. 2I5). Trichomes not preserved.

Non-venous cel-fs irregular, with a variableLower e mr_s:

number of sides and straight or curved wal.l-s ( tig. 2L4) .

Cuticular flange not heavily thickened. No surface

o¡namentation. Venous cel-l-s only slightly modified ovea.

minor veinsr generally el-ongated ove¡ major veins. Stomata

conf ined to aleoles, oriented at random. The poral wal-l- of

the guard cefls is heavily thickened. Subsidiary celfs
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actinomorphic, not overlying the guard ceÌls (fi_g. 226).

Trichome bases with an irregularry shaped, thickened foot
cell- and unmodified basar cell-s occur commonly over and

between the veins (rig. 227) " Trichomes not preserved.

5oe cimen examined: N 00s1 (ti.g. 36 ) .

Discussion: Although the specimen is virtuarly an enti¡e

-l-eaf r sEvera.l- J-arge hol-es a.re present in the lamina. These

holes probably appeared du¡ing J-eaf deveropment, b""ur=u

they have severely affected the course of the adjacent

secondary veins. They are possibly the resul_t of insect
attack. The venation pattern is best described as

semicraspedodromous, although it is very irregular.

Particularly toward the base, but also toward the apex, the

secondary veins loop into the superadjacent secondary vein

without giving ¡ise to branches which teminate in se¡rations.
However, the more central secondary veins do give rise to
branches'which terminate in serrations. Since the number

of branches arising from each secondary vein which terminate
in serrations varies f¡om 0 to 3, the spacing of the

serrations is highly irregular"

PA RATAX0N NER/009. (Table 31 ) .

Lamina: Three lobed, symmetrical-. Leaf base acute and apex

of each lobe acute. Base and apices symmetrical. Leaf

length at least 10.5cm., width 6.2cm. (ti-gs. 150,1-51).

Ma¡qin: Lobed, but not toothed.

Pe tiol-e : Unknown.

Venation: Thbee primary veins arise at the base of the l-eaf

and one enters each lobe. The two primary veins going into

the l-ateral l-obes make an angJ-e of 25o - 30o to the primary

vein ente¡ing the central- 1obe. Al-1 primary veins are
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slightly curved. Venation pattern actinodromous, perfect,

marginaJ-. An estimated 50 secondary veins arise f¡om the

th¡ee primary veins at an angle of approximately 670 and

curve strongly in their distal- thi¡d to loop into the

superadjacent secondary vein. The angJ.e at which the

secondary veins arise is constant throughout the l-eaf.

5imp1e intersecondary veins common. Tertiary veins random

¡eticul-ate or weakly percu¡rent.

Uppe¡ eÞidermis: Non-venous cêll-s ir¡egular, with a va¡iabl-e

number of sides and straight or curved wa-l-ls (fig. 2I7).

Cuticul-ar flanges not heavily thickened" No surface

ornamentation. Venous cel-l-s not highly modif ied, but

narrfohrer and more regularly arranged than the non-venous

cel.]-s. Trichomes absent.

Lower epidermis: Non-venous cel-J-s irreguJ-ar, with a variable

number of sides and straight or curved wal-ls (fig. 216).

Cuticular flanges not heavily thickened" Cuticle above

epidermal cel-ls ornamented with numerous smal-1, knob-l-ike

papillae (fig" 228). Venous cel-ls not highJ-y modified,

but more reguJ-arJ-y arranged than non-venous cel-l-s. Stomata

confined to areoles, oriented at random" PoJ-es of guard

cel-,1-s marked by a T-piece of thickened cuticle" Subsidiary

cel-l-s cyclocytic; overlying the guard cel-.1-s (tig. 228) .

T¡ichomes absent.

SÞecimen examined: N 0136 (figs. 150r151-).

Discussion: The specimen consists of an almost complete -l-eaf .

The base is not f ully preserved, but j udging f rom the Ìn,ay

it tapers, it is probably very acute.
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PARATAXoN NER/010. (Table 32) -

Lamina: Leaf three l-obed, symmetrical. Leaf base obtuse,

apeX of central lobe acute, other apices unknown. Base and

apex of centlal l-obe symmetrical. Leaf length approximately

10 cm., h,idth 8"9 cm" (tigs" I52,153)"

Marqin: Lobed, but not toothed.

Petiol-e : Un known 
"

Venation: Three primary veins arise at the base of the leaf

and one enters each lobe. The two primary veins going into

the l-ateral- lobes make an angle of 350- 4Oo to the primary

vein entering the central l-obe. The central primary vein is

slightly curved, whil-e the other primary veins ale sinuous.

Venation pattern actinodromous, perfect, marginal. An

estimated 40 secondary veins arise from the primary veins at

an angle of approximately 6gi and curve strongfy in their

distat third to loop into the superadjacent secondary vein.

The angle at which the secondary veins arise is constant

throughout the -l-eaf . SimpIe intersecondary veins common.

Tertiary veins weakly percurrent.

Uooer eÞ idermis: Non-venous ce]-Is irre gu1ar, \^rith a variable

number of sides and straight or slightly curved wal-l-s ( f ig.

2Ig). Epidermal cell-s large and cuticular flanges extremely

thick, but not extending deeply between cel-1s. Surface

ornamented r¡rith minute ridges in a reticulate pattern.

Venous cel-ls not highly modified, but ovel larger veins they

are narloì^/er than the non-ven ous cells . Trichomes absent.

Lower e iderm is: Non-venous cel-1s irreguJ-ar, with a variable

number of sides and curved wal-ls (rig. 2l-B ) . Cuticul-ar

flanges extremely thick but not extending deeply between

cel-1 wall-s. Surface ornamented with cuticular ridges. Venous

cells not highly modified, but over major veins Ìonger,
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narroh,er, and more regul-arJ-y arranged than the non-venous

ce11s.. Stomata confined to areoJ-es, oriented at random.

Subsidiary ceJ-l-s actinomorphic, overlying the guard celJ-s

(f:.g " 229) " Trichomes absent.

Specimen examined: N 0f 37 ( tigs . I52' l-53 ) "

Dis cussion : The specimen consists of a nearly complete J.eaf

with a base which appeans to be obtuse, but which may taper

and be aiute.

PARATAX0N NER/011. (Table 33).

L--*in".: Symmetrical, elÌiptica1. Leaf base obtuse, apex

unknown. Base slightly asymmetrical. Leaf length at l-east

6.5 cm., width I.7 2.5 cm. (figs. 38,39).

Marqin: Entire.

Petiol-e: Unknown "

Venation: Primary vein slightJ-y curved, stout. Secondary

venation pattern brochidodromous. 71 - 2L secondary veins

arise at an angle of 61 690. This angJ-e is uniform

throughout the l-eaf . The secondary veins curve sharpJ-y

upwards about halfway along their length. The loop forming

branches of the secondary veins join superadjacent secondary

veins at 90o or l-ess. Secondary, tertiary and quaternary

vein arches wel-1 f ormed. Strongly developed simpJ-e and

composite intersecondary veins present. Tertiary veins

transverse ramified or random reticulate "

Uooer e ide rmis : Non-venous cel-l-s irregular, with a variabl-e

number of sidesr and straight oI slightly culved wal1s (figs"

22I122212241225). The cuticular flange extends moderately

between adjacent ce-l-l-s. No surf ace olnamentation. Venous

cells not highly modified, but over the major veins they are

small-e¡, narroh,el, and mole Iegul-all-y arranged than the
1Bg .



non-venous cel-1.s. Trichomes absent.

Lower epidermis: Non-venous cell-s irreguJ.ar, with a variable

number of sides and straight or curved walls (tigs. 22O1223l,.

The cuticul-ar flange extends deeply between adjacent cel1s.

No surface ornamentation. Cel-l-s over veins markedly narroì^,er

than non-venous cel-l-s, particularly over the larger veins "

Stomata generally confined to areoles, oriented at random.

The poral wal-ls of the guard cel-l-s are heavily thickened "

Larger stomates occur occasionaJ-ly over veins. Subsidiary

cefJ-s brachyparacytic or actinomorphicr overlying the guard

cel-f s (f ig. 230 ) . Trichome bases with a smal-l, heavily

cutinised foot cel-l- and radial basal- cell-s occul rareJ-y ovel

veins (ti-g. 232). Trichomes not prese¡ved.

Specimens examined: N 0005 (fis. 3B), N DoT6 (tis. 39).

Discussion: The apex is missing in both specimens but the

slightly asymmetrical, obtuse base is present in N 0005

(ti-g" 3B).

PARATAXON NER/DIz. (TAbTC 34).

Lamina: SymmetricaJ-, eIliptical. Leaf base and aPex absent.

Leaf length at least 3 cm.' width 0.6 cm" (fig.37).

Marqin: Entire.

Pet ole : Un k noh,n .

Venation: Primary vein straight, massive. Secondary venation

pattern brochidodlomous , A t -l-east 10 unif ormly curved

secondary veins arise at an angle of approximately 47o. This

angle is uniform throughout the 1eaf. The loop forming

branches of the secondary veins join superadjacent secondary

veins at an angle of gTo oI mole" Higher order vein arches

present but not conspicuous. 5imp1e and comPosite inter-

secondary veins conspicuous and common. Tertiary veins

transverse ramified or random reticulate-
190.



U ere ide 1S: Non-venous cells i¡regular, with a variabl-e

number of sides and straight or curved wal-ls (fig.231)"

Large cuticular pegs occul at cel-l- wal-l- j unctions and the

cuticular flange extends deeply between cel-1s. No su¡face

ornamentation. Venous celfs not highly modified, becoming

narrower as veins become larger. Trichomes absent"

Lower e ider mis: Non-venous cell-s irregular, with a variable

number of sides and straight oI culved wal-.1-s (tigs. 234, 235') "

The cuticufar flange extends dçePfy between cel-ls. No surface

ornamentation, but the cuticul-ar flanges ale pelpendicularly

striated (ti_g. 233). Venous cel-1s not highly modified,

becoming naxroh/er as veins become larger (ti-g.236). Stomata

confined to aleofes, oriented at random. The polar wall-s of

the guard cel-1s aIe heavily thickened. Subsidiary cefls

actinomorp.hic, overlying the guard celfs (tig" 233). Trichome

bases with a small , circular, heaviJ-y thickened f oot cel-l- and

radial basal- celfs occul occasionally over veins (fig. 246).

Trichomes not Preserved.

Snecimen examined: N 0008 (tig. 37)-

Discussion: The apex and base of the specimen have not been

preserved. The margin of the -l-eaf Iuns nearly paralle1 for

the whol-e of its Prese¡ved length -

PARATAX0N NER/013. (Tabte 3s) '

Lamina: Symmetricaf, eJ-liptical-" Leaf base and apex acute

and symmetrical. Leaf length 3.6 crr. ¡ width l-.1 cm. (tig" 40) "

Marqin: Entire.

Pet ofe : Unknown.

Venation: P¡imary vein straight, massive' Secondary venation

pattern brochidodromous. 19 secondary veins arise at an angle

of approximately 560. This angle is uniform throughout the
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leaf. The secondary veins ale uniformly curved until their

distaJ- quarter when they curve sharply upwards and inwards

and loop into the superadjacent secondary veins at an angle

of approximately 90o" Higher order vein arches not

conspicuous. Vr/eak1y developed simple inte¡secondary veins

occur uncommonly. Tertiary veins weakly percurrent.

UÞper epidermís: Non-venous ceJ-ls irregularr l^Jith a variabf e

numbe¡ of sides , and curved oI slightly sinuous qualls ( f ig.

239). Cuticular flange moderately thickened. No,, surface

ornamentation. Venous cells longer, narloì^,eIr unå with

straighter wal-l-s than non-venous cell-s. Trichome bases

with a circul-ar, thickened foot ce11 and unmodified basal-

ceffs occul rarely ovel the veins. Trichomes not plese¡ved.

Lower epidermis : Non-venous cel-l-s irregular, with a variabl-e

number of sides and sinuous wa].l-s (fig. 238). Cuticular

flanges slightly thickened" No surface ornamentation"

Venous cells not highly modified ovel minor veins, but ovel

the larger veins they ale slightly mole elongate and with

straighter walls than the non-venous celfs" Stomata confined

to areo.l-es, oriented at Iandom. The polar walls of the guard

cells are thickened. Subsidiary cel-l-s general-1y palacytic

(f ig. 248) . Trichome bases with a smal.l-, circular, thickened

foot cell occul commonÌy ovel the veins and less commonly

between them (fi-g. 247). 0ver the veins the basal- cel-l-s are

unmodified, but between veins they aIe radial-. Trichomes not

preserved.

Soe cimen examined: N oool (tis. 40).

Discussion: The s pecimen consists of a smalf, symmetrical,

complete leaf with an acute base and aPex. The cuticle is

very fragmentary and extremely thin, making interpretation of

the structu¡es difficult "
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PARATAXON NER/014. (TAbTE ¡6).

Lamina: 5ymmetrical-, ovate to elliptica1. Leaf base obtuse,

apex unknown" Base highJ.y asymmetrical. Leaf length

approximately 3.4 5 .6 cm. , width 1.0 - I.7 crrì o (f lgs " 4I,

43).

Il-g_Sg-in t Serrate. Serrations regularly spaced and of one order.

Petiol-e: Unknown 
"

Venation: Primary vein straight or slightly curvedr frÊrssive.

Secondary venation pattern mixed craspedod¡omous. At l-east

I7 uniformly curved secondary veins arise at an angle of

56 690. This angle increases toward the apex. The

secondary veins either remain unbranched and terminate in a

serrationr or branch once, with both branches terminating

in serrations. Composite intersecondary veins rû,eakl.,r

developed. Tertiary veins random reticul-ate or weakly

percurrent.

Upper epidermis: Non-venous cells irregular, with a variabl-e

number of sides and straight or slightly curved wal--l-s (ti.gs.

24Lr 243). Long, fine cuticul-ar pegs occur at cell- wal-tr

junctions and the cuticular flange extends deeply between

cel-l-s. No surf ace ornamentation. Venous cel-l-s not highly

modífied, but over the larger veins they are narroh,er than the

non-venous cel-1s. Trichome bases with a smal-l-, circular,

thickened foot cel-l- and unmodified basal- ceJ-l-s occur rarely

over veins. Trichomes not prese¡ved. Large mul-tice-l--l-ul-ar

glands occur commonly over veins.

Lower epidermis: Non-venous cel1s irregular, with a variable

number of sides and straight or curved wal-l-s (figs. 24O, 242).

Very sma1l cuticul-ar pBgs occur at cel-l walJ- j unctions and the

cuticul-ar flange is not heavily thickened. No surface

ornamentation. Venous celfs not highly modified, but longer
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and narroh,er than non-venous ce11s, particularly over larger

veins. Stomates confined to ateoles, oriented at random.

The polar wal-ls of the guard cel-ls are thickened. Subsidiary

cell.s actinomorphic, overlying the stomates (fig " 249).

Trichome bases with a small, citcular, thickened foot cel-l-

and unmodified basal cel-ls occur over the major veins

(f ig. 250 ) . Trichomes not preserved. Large mul-ticellul-ar

glands occur over the veins (tig. 25f).

Specimens examined: N 0019 (fig" 4I), N 0025 (fis. 43) 
"

Discussion: The apex is not preserved in either sPecimen and

the baee is preserved in onJ.y one (ttl 0019, fig. 4I). The base

is highly asymmetrical and is reminiscent of that on many

sessile leaves, although this is unproven since no attachment

is preserved.

The secondary veins either run directly into a tooth or

branch once and give rise to two veins which terminate in

teeth. Towa¡d the apex the secondary veins begin to loop into

the superadjacent secondary vein, and give rise to a b¡anch

which terminates in a tooth. For this reason, the venation

pattern is mixed craspedodromous.

PARATAX0N NER/015. (Tabte 37) .

Lamina: Symmetrical, eJ-liptical-. Leaf base angle

ly 90o, apex nar¡owing into an obtuse rtdrip-tiptr.

apex symmetrical. Leaf length 6.3 cft.¡ width I.9

appro ximate-

Ease and

cm. (ti.g 
"

Venation:

aPex,

About

Entire.

Incomplete, slightly inflated.

Primary vein curved¡ particularly near base and

stout. Secondary venation pattern brochidodromous.

I2 secondary veins a¡ise at an angle of 57o. This angle
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is uniform throughout the 1eaf" The secondary veins are

uniformÌy curved for the first three quarters of their J-ength

and then curved sharply inwards and loop into the superadjacent

secondary vein at an angle of 90o or less. Secondary, tertiary,

and quaternary vein arches well- fo¡med. Composite intersecond-

ary veins poorly formed and uncommon. Tertiary veins weakly

percurrent or random reticul-ate.

Upper epide¡mis: Non-venous cel-l-s irregular, with a variable

number of sides and highly sinuous walls (tig. 245)" Long,

fine cuticul-ar pegs ocour at cel-I wall junctions, and the

cuticul-ar flange may extend to a sma.l-l extent between the

cel-ls. No surf ace ornamentation. Venous ce-l-l-s with straight-

er wa-l-fs than non-venous cel-ls. Trichome bases with a small,

circular, very heavily thickened foot ce11 and heavily

thickened, smal-l- basal- ce11s occur ovel veins. T¡ichoncs not

preserved.

Lower epidermis: Non-venous ce1ls irregular, with a variab-le

number of sides and sinuous wal-ls (fig. 244). Cuticular

flange not heavily thickened. No surface ornamentation.

Venous cel-fs longer, nallohrer, and with straighter wal-l-s than

non-venous cel-l-s. Stomat a conf ined to areoles, oriented at

random. The poral wal-ls of the guard cel-ls aIe moderately

thickened. Subsidiary ce1ls actinomorphic, not overlying

the guard cel.l-s (fig. 252). Trichome bases with a sma11,

irregularly shaped, heaviJ-y thickened f oot cel-l- and heavily

thickened basal- cells common ovelt veins (fig" 253). Trichomes

not preserved.

Soe cimen examined: N 0062 (tig. 42).

Discussion: The leaf is almost totally Preselved and has a

wel-l--developed, frdrip-tiPrr which nallohls into an obtuse apeX.

Part of the petiole is pleserved and it apPears that it \^,as

someì/,/hat exPanded.
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PARATAX0N NER/016' (Tabte 3B)'

Lamina: Leaf very deeply three-Iobed, asymmetrical-' Leaf

base unknown. Leaf aPex unknown, but probably acute' at

least for the central lobe. Leaf tength about 19 cm., width

unknown ( figs . i-47 ,I4B rI49) "

Marqin: Lobed, but not toothed"

Petiol-e: Unknown.

venation: Primary veins straight oI curved. venation pattern

actinodromous, perfect, marginal' In the centraf J-obe

aproximateJ-y 4D secondary veins arise at an angle of 750 '

This angle is uniform throughout the lobe. The secondary

veins are uniformly curved for the first two thirds of their

length and then curve upwards and loop into the superadjacent

secondary vein at an angle of g0o or less. Higher order vein

arches not wel-1 formed. 5imp1e and composite intersecondary

veins well formed. Tertiary veins random reticulate.

Up pe r eoidermis: Non-venous cell-s irregular, with a variable

number of sides and straight or slightly curved wall-s ( tig '

255).CuticulqrPegSocCUIatce]-lwalljunctions,andthe

cuticul-ar flange may extend deeply between cell-s. No surf ace

ornamentation. venous cells not highly modified, but ovel

the major veins they aIe square to rectangJ-u]ar, with straight

side waffs and straight'or oblique end wal-1s. Trichomes

absent -

Lowe r iderm : Non-venous cells irregular, with a variable

number of sides, and straight or slightly curved walls

(ti-g. 254). cuticular flanges heavily thickened and cuticular

Pegsoccuratce.].lwa]-]-junctions.Surfaceheavilystriated
(ri-g.26I).Venouscellslongerthannon-VenoUSce.].fs.

Stomata confined to areoles, oriented at random. The guard

ce11s have sJ-ightJ-y thickened poral walls ' Subsidiary celf s
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actinomorphic and not overJ.ying the guard cel-l-s (tig. 260) .

Trichomes absent.

S ecl-men exam n : N OI32 (figs . I47,L48,I49) ,

Discussion: The s pecimen consists of an almost complete

lobed leaf. The base of the leaf was reinterpreted after

the classifications had been produced. It t^,as previousJ-y

thought to be a compound l-eaf with at l-east three leaflets,

but the neì^, interpretation suggests that it is a vBTy deeply

Iobed leaf with at least three lobes. The values in table 38

å"" those used for the cfassification and assume that the

cen traf lobe is an individual- leaf l-et .

The base of the leaf is unknownr âs is thd apex of al-1

three 1obes, although the centra.1- l-obe at least can be assumed

to have had a long tapering acute apex. The leaf is highly

asymmetrical, with one of the side l-obes being markedly

smal.l-er than the other two lobes (f ig. I49). The position of

the lobes in relation to one another may be an artifact of

prese¡vation. The cuticul-e hras poorly preserved in this

specimen.

Lamina: Symmetrica-l-,

apex unknown. Leaf

( ri.g. 4s ) .

Marqin: Entire.

Petio.l-e:

Venation:

ven atio n

vel-ns arl-se

the apex.

about the

PARATAXON NER/DLl. (TANTE 39 ).

e1liptica1. Leaf base acutet

length at least 9.5 cm" ' width

symmetrical,

2.2 crr o

Unknown.

Primary vein straight, stout to massive. Secondary

pattern brochidodromous. Approximately 20 secondary

at an angle of 7to. The angle increases toward

The secondary veins are rel-atively straight for

first half of their length, fol-lowed by a sharp
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uphlard curve and toward the end of the vein an inward curve

to loop into the superad j acent secondary vein at a variab-l-e

angIe. Secondary, tertiary, and quaternary vein arches wel-I

formed. Composite interseeondary veins common. Tertiary

veins random reticul-ate.

UpÞer eÞidermis: Non-venous cel1s irregular, with 4 - 5 sides,

and straight wa-l-1s (tig. 257). The cuticular flange extends

deeply between cel--l-s. No surf ace ornamentation. Venous

ce1ls unmodified except over larger veins where they are

4 sided and regularly arlranged. Trichome bases with a

smal-l-, irregularly shaped, heavily thickened f oot cel-I and

smal-l- basa.l- cef 1s occur occasionally over veins. Trichomes

not preserved.

Lower epidermis: Non-venous cells irregular, with a variable

number of sides and straight or slightly curved wall-s (tig.

256). The cuticuJ-ar flange extends deepJ.y between cel-ls, but

not to the same extent as on the upper'epidermis. No surface

ornamentation. Venous cel-ls not highly modified over minor

veins but over the major veins they are longer and narroh,er

than the non-venous cell-s. Stomata confined to areoles,

oriented at random. The polar wal-l-s of the guard cell-s are

heavily thickened. Subsidiary celfs usually brachyparacytic,

not overJ-apping the guard ce1ls (tig" 262). Large, very thin

cuticuJ-ar fJ-aps extend into the stomatal cavity (fig. 263).

Trichome bases with a sma1l, irregularly shaped, heavily

thickened foot cel-l- and unmodified basa-l- cells occur over

the veins (fig. 264). Trichomes not preserved.

Specimen examined: N DD97 (fig. 45).

Dis cu ssion: The a pex of the specimen is missing, but there is

evidence of the leaf beginning to extend into a rf drip-tiptt.

The base is also partially missing, but there is little doubt
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that it h,as symmetrical and acute.

PA RATAX0N NER,/018 " (Table 40 ) .

Lamina: Symmetrical, ovate. Base and apex unknown" Leaf

length at least 5 cm., width t cm. (tig " 44) "

Marqin: Serrate. Serrations of one orderr rEgularly spaced.

Petiol-e: Unknown.

Venation: Primary vein slightJ.y sinuous, massive. Secondary

venation pattern mixed craspedodromous. Approximately 2D

secondary veins arise at an angle of 49o. The angle increases

toward the apex. The secondary veins curve sharply upwards

about hal-fway al-ong their length, particuJ-ar1y in the apical

hal-f of the l-eaf. Composite intersecondary veins poorly

formed and uncommon. Tertiary veins random reticul-ate or

weakly percurrent.

Upper epidermis: Non-venous cell-s irre gu1ar, with a variabl-e

number of sides and mainÌy straight wa-l-l-s (tig. 259).

Cuticul-ar pegs occur at cel-l- wa1l junctions and the cuticular

flange is slightly thickened. No surface ornamentation"

Venous cefl-s not highly modified, but over the larger veins

they are smal-J-er than the non-venous cel-l-s and have a greater

J.ength:width ratio. Trichomes absent.

Lower epidermis: Non-venous cel-l-s irregular, with a variab-l-e

number of sides and straight or stightJ.y curlved wa1ls.

( tig " 258 ) . Very smal--l- cuticu-l-ar pegs occur at ce-l-l- wa.l--l-

junctions and the cuticula¡ flange is sJ-ightly tliickened.

No surf ace ornamentation. Venous cell-s longer r narroh,er,

and with much larger cuticular pegs than the non-venous cell-s.

Stomata general-ly confined to areoles, oriented at random.

The polar wal-l-s of the guard cel-l-s are heaviJ-y thickened.

Subsidiary cel-1s actinomorphic and not overlying the guard
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cel-f s (fig. 265). Trichome bases with a smalf , irreguJ-ar1y

shaped, thickened foot cel-1 and unmodified basal- ce11s occur

occasional.ly over the veins (tig. 266). T¡ichomes not

preserved. Large multicel-l-u1ar glands occur over the veins

( rig . 267) .

Specimen examined: N Ot23 (tig. 44)"

Discussion: Both the a pex and the base of the specimen are

missing (tig. 44). The venation pattern is best described

as mixed craspedodromous. In the basal- hal-f of the l-eaf ,

the qecondary veins generally branch near the marginr and one

branch terminates in a tooth while the other continues to

branch and disappears into higher vein orders. Howevert

toward the apex there is an increased tendency for this

second branch to loop into the superadjacent secondary vein.

Because there is generally only one tooth per secondary vein,

the teeth are spread wel-l- apart, but occur at relatively

regular intervals.

PARATAXON NER,/019. (Tabte 41).

Lamina: Symmetrical, e1liptical" Leaf base and apex acute,

highly asymmetrical. Leaf length 6.5 cm., width l- cm. (fig.

46) .

Marqin: Entire.

Petio-l-e: 5J-ight1y winged.

Ve nation : Primary vein curved, massive" Secondary venation

pattern eucamptodromous. Approximately 12 secondary veins

arise at an angle of 57.50" This angle is uniform throughout

the leaf. The secondary veins curve sharply inwards near the

margin and in the basal- hal-f of the leaf merge into an

intramarginal vein. Vrleakly f ormed composite intersecondary

veins common. Tertiary veins weakly percurrent.
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U ere ide mr_s: Non-venous cel-l-s irreguJ-ar, with a variabl-e

number of sídes and sinuous waffs (fig. 269). Cuticular flange

with a series of heavily thickened ridges. No surface

ornamentation . Venous cel-l-s not highly modif ied ' but ove¡.

the major veins they ale mole regularly arranged than the

non-venous celIs. Trichomes absent -

Lower epidermis: Non-venous cells irregular, with a variable

number of sides and sinuous walts (fig. 268). Cuticular

.flange with a series of thickened ridges, simi-l-ar to the

ùpper epidermis, but not as wel-l- devel-oped. No surf ace

ornamentation. Venous cell-s not highly modified, but longer

and narrou/eI than non-venous cell-s. Stomata confined to

areoles, oriented at random. The poral wall-s of the guard

cel-ls are heavily thickened. Subsidiary ceffs brachyparacytict

not overlying the guard cel-l-s (tig. 280) . Trichome bases

with a sma11, circular, thickened foot cel-1 and unmodified

basal cel-l-s occur rarely over the veins (tig. 2BI) . Trichomes

not prese¡ved.

Sne cimen examined: N 0073 (tig. 46).

Discussion: The specimen, which is an almost complete J-eaf,

has parallel margins for most of its length and is nalrob,t

never exceeding l- cm" in width. The base is highly

asymmetricalr âs is the aPex, although the apex may be

asymmetrical- as the resul-t of mechanical damage early in its

development. The petiole is not totally preserved, but

appears to be slightly winged. However, this could be an

artifact of preservation, since it occuIS consistently in

the mummified leaves.

PARATAXON NER/020. (Table 42).

Leaf base acute e sl-ightlY-Lamina.: Symmetrical-, obovate.
2D4.



asymmetrical, apex unknown. Leaf length at least 3 cfi.¡

r,ridth I cm. (ti-g " 47).

Marsin: Entire "

Petiole: Incomplete, slightlY winged.

Vena tion: Primar y vein slightlY sinuous t massr-ve. Secondary

venation pattern brochidodromous. At least 7 secondary veins

arise at an angle of 650. This angle is uniform throughout

the leaf. The secondary veins generally I,un almost straight

to the margin¡ and culve sharply upwards and lun just inside

the margin until they loop into the superadjacent secondary

vein at an angle of approximately 90o. !r/el-l- formed simple

and composite intersecondaly veins occul commonly. Tertiary

veins random reticul-ate.

Upper e oide mis: Non-venous celf s srightly irregrrlal:t v"ith

6 - B sides, and straight wall-s (tig. 27I). Cuticular flange

very heavily thickened and extending deeply between cefls'

No surface ornamentation. Venous celfs not highly modified,

but smaller and mole regularly arranged than the non-venous

ce11s, pat.ticularly ovel the larger veins. Trichomes absent'

Lower ep idermis: Non-venous cel-ls irregular, with 6 B sides

and straight wal-l-s (f ig " 27D\. Large, blunt cuticula¡ pegs

occur at cell- wall- junctions and the cuticu-l-ar flange is

very heavily thickened. Surface ornamented with ver.y fine

st¡iations and pittings (fig. 2BZ). Venous cel-1s longer and

narroì^,er than non-venous cell-s " Stomata generall-y conf ined

to areoles, oriented at random. The poles of the guard cells

are marked by a T-piece of thickened cutin and the polar wal-ls

are heavily thickened. Unmodified stomata occur occasionally

over the veins. Subsidiary cel-1s actinomorphict sometimes

overlapping the guard cells to a smal-l extent (t:-g. 2BZ).

Trichome bases with a sma-l-l-, circular, very heavily thickened
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foot ce1l and unmodified basal ceJ-ls occur rareJ-y over the

veins (fig. 283) " Trichomes not preserved.

5ne cimen examined: N DD22 (tis " 47) .

Discussion: The apex of the specimen is missing to

extent that no estimation of its form can be made.

is highly acute and sJ-ightly asymmetrical-, ending

thick, sJ-ightly winged petiole. This winging may

artifact of Preservation.

such an

The base

in a very

be an

PARATAXON NER/021. (TAbIE 43).

Lamina: Asymmetrical-, ohovate. Leaf base acute' slightly

asymmetrical, aPeX unknobrn. Leaf length at -l-east 7 .4 cm. t

width 1.3 cm. (fig. 4B).

Ma¡qin: Entire.

Pet oIe : Un kn ohrn .

Venation: Primary vein slightly curved, massive. Secondary

venation pattern eucamptodromous. Approximately nine

uniformly curved secondary veins arise at an angle of

approximateJ-y Zlo. The angle inc¡eases toward the apex.

Secondary veins unbranched. Intersecondary veins absent.

Tertiary veins pelculrent.

Upper epidermis: Non-venous ce11s irregular, with a variable

number of sides and straight or slightly curved wa-l-l-s

(tig. 273\. Cuticular flange not heavily thickened. venous

cell-s longer and naIIou,eI than non-venous cel-l-s. Trichome

bases with a sma1l, irregularly shaped, 'heavily thickened

foot cell- and smaI1 radial basal ce-l-l-s occul ovel veins.

Trichomes not preserved.

Lower epidermis: Non-venous cells irregular, with a variable

number of sides and generally straight wall-s (fig. 272) "

5ma11 , blunt cuticul-ar pegs occur at cel-1 wa-l-l- j unctions,
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and the cuticular flange is irregu.1-arly thickened, giving

a randomly spaced Itbeadedrt appearance. Venous cell-s longer

and narrohrer than non-venous cell-s. Stomata generally

confined to areoles, oriented at random. The poral wal-l-s of

the guard cell-s are heavily thickened. Slightly larger

stomata occur occasionaJ-Ìy over the veins. Subsidiary ceJ-l-s

generally paracytic (tig. 284) " Trichome bases with a smal-l,

irregularly shaped, thickened foot cel-l- and unmodified basal

cells occur commonly o,ver veins (tig. 285). Trichomes not

preserved.

Specimen examined: N OD24 (ti-g. 48)"

Discussion: Al-thou gh the apex of the specimen is not preserved,

the -l-eaf probably tapers into a prominent, acute, rrdrip-tiptt

apex. The seeondary veins in the basal hal-f of ti¡u l-eaf

fol-low an almost straight course, but toward the apex they

become more prominently curved. The secondary veins gradually

diminish apically inside the margin and the venation pattern

is therefore eucamptodromous.

The subsidiary cells vary greatly in size, but are

generally paracytic, with the two ce-l-ls completely enclosing

the guard cel-.Is and having their long axes paralle1 to the

long axis of the guard ce-l-l-s.

PARATAXDN NER/022. (Tabl-e 44).

Lamina: Hiqhly asymmetrical-, obovate" Leaf base acute,

probably symmet¡ica1, apex un'known. Leaf length at -l-east

5.8 crTr.¡ width I.9 cm. (tig. 49).

Marqin: Entire.

Pe tiol-e : Normal .

Venation: Primary vein highJ-y curvedr particularly in basaJ-

ha1f, massive. Secondary venation pattern weakly
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brochidodromous. Approximately 10 uniformly curved

secondary veins arise at an angle of 50o. This angle is

uniform throughout the l-eaf. The loop forming branches of

the secondary veins join superadjacent secondary veins at

90o or less. Simple intersecondary veins occur commonJ-y"

Tertiary veins weakly percurrent.

UÞÞer epidermis: Non-venous ce-l-ls irreguJ-ar, with a variable

number of sides, and straight or curved wa]-l-s (fig" 275).

.,The cuticul-ar flange extends deeply between cel-l-s and over

the mesophyll- ceJ-l-s (figs. 2BBr289). No su¡face ornamentation.

Venous cel-l-s not highly modified but more regularly arranged

than non-venous cel-l-s. Trichome bases with a smal-l-,

i¡regularly shaped, thickened foot ce-l-l- and ¡adial basal cel-ls

occur over the veins" Trichomes not preserved.

Lower epidermis : Non-venous cel-l-s ir¡egular, with a variable

number of sides and straight or slightly curved wall-s (t:-g.

274). No surface ornamentation" Cuticular fl-anges irregular-

1y rtbeadedrr with heavily thickened regions interspersed with

regions having no obvious thickening. The flanges extend

deeply between cel-1s and over the mesophyJ-1 cel-ls. Venous

cel-1s longer and narroh,er than non-venous cell-s. Stomata

confined to areoJ.es, oriented at random. The polar wal-1s

of the guard ce1.l-s are thickened " Subsidiary cel-l-s

brachyparacytic, overlying the guard ce-l--l-s ( tig . 286) 
"

T¡ichome bases with a small-, irregularly shaped, thickened

foot ce-l-l- and radia-l- basal cell-s occur common-l-y over and

between veins (tig. 287). Trichomes not preserved.

Specimen examined: N ao77 (fig. 49).

Discussion: 0ne side of the specimen appears to have been

damaged (perhaps insect attack) early in its development and

this probably accounts for the extremeJ-y asymmetrical form
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of the lamina. The apex is missing and the base is deformed

but bras probal-y acute. The curved r Fêssive primary vein

gives rise to about l-0 secondary veins which loop weakly into

the superadjacent secondary vein. The venation pattern fal-ls

someh,here between b.rochidodromous and eucamptodromous, being

c]-ose¡ to brochidodromous.

Stace (fggS) noted that some plants rrhave a heavily

cutinised epidermis, the whole of the outer, ve¡tical- and

inner wall-s and even the top of the vertical- wal-l-s of the

subepiderma.l- layers being enc¡usted with cutin " In these

cases the preparations have cuticuJ-ar flanges which are very

long and join up at thei¡ basesr and in surface view a

second, fainte¡ outline, that of the subepidermal layer, may

be visible be-l-ow the epidermal outlin e.rr This a-l-moct

certainly has occur¡ed in this parataxon (figs. 2BBrZBg).

PARATAX0N NER/023. (Tabre 4s).

Lamina: Symmetrical-, ovate. Leaf base acute, symmetrical,

apex unknown. Leaf length at least 8.5 cm", width 2 - 2"8 crTr.

(t:-gs. 5i- ,52) .

Marqin : Entire.

Petio]-e: Incompleter aPparently normal.

Venation: Primary vein straight, stout. Secondary venation

pattern suprabasal-, imperfect¡ ãcrodromous. Two strongly

developed secondary veins arise from the primary vein just

above the leaf base, and run in convergent arches towa¡d the

apex. These veins end well below the l-eaf apex. In total-,

about 6 uniformly curved secondary veins arise from the

primary vein at an angle of 57 620 " Apart from the two basa.l-

secondary veins, this angle is uniform throughout the l-eaf.

Intersecondary veins absent. Tertiary veins strongJ-y
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percurrent.

U ere ide ù. Non-venous cel-ls irreguJ-ar, with a variable

number of sides, and straight wal-ls (tigs. 2771279) " Fine

cuticular pegs may occur at cel--l- wall junctions and the

cuticul-ar flange sometimes extends deeply between cel-l-s " No

surface ornamentation. Venous cells much longer and narrohrel

than non-venous cell-s. Trichome bases with a small-, irregular-

ly shaped, very heaviJ-y thickened foot cel-1 and heavily

thickened basal- ce-L.l-s occur rarely ovBr the veins.

Trichomes not preserved.

Lower eÞ idermis: Non-venous ce-l--l-s irregular, with a va¡iable

number of sides¡ and straight or curved wal-1s (tigs. 2161278).

CuticuJ-ar pegs may occur at cel-l- walJ- junctions, and the

cuticufar flange sometimes extends deeply between cel-fs. No

surface ornamentation" Venous cel-Is much longer and narrobrer

than non-venous ce1ls " Stomata generally confined to ateoles.

oriented at random. Larger stomata occt-ll occasionally ovel

veins. The polar wal-l-s of the guard cel-f s are thickened "

Subsidiary cell-s aIe generally brachyparacytic, not overlying

guard cells (tig" 29D). Trichome bases with a small, circular,

thickened foot cel-l- and unmodified basal cel-l-s occtlr over and

rarely between veins (tig. 29l-) " Trichomes not preserved"

Specimens examined: N 0021- (tig. 5f), N 0078 (fig. 52\"

Dis cu SS AON : Both specimens are incomplete with large parts of

the apex missing. The base and part of the petiole of one

specimen (N 0078, fig.52) is present and shows the base to

be acute and the petiole normal. The most striking feature

of this parataxon is the Presence of paired basal secondary

veins. These veins arise just above the base and arch upward

to what is probably about +' 2/3 of the leaf length.

0n the upper epidermis fine cuticul-ar pegs are present
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at the junction of three cell-s. The rest of the

cuticular flange is only J-ightly thickened in one specimen

(ttl 002I ) whil-e in the other (ttl 0078 ) the cuticut-ar f lange

extends deepÌy between adjacent cellsrbut cuticul-ar pegs are

absent. T¡ichome bases occur over the major veins in N 0078

but have not been obse¡ved on the fragmentary cuticl-e of

N 0021.

0n the fower epidermis cuticul-a¡ pegs smaller than those

on the upper epidermis are present at the junction of three

cells in N 0021rwhi1e the cuticular flange may extend to a

moderate degree between adjacent cell-s in both specimens.

PARATAXON NER/Iz . (Table 46).

Lamina: SymmetricaJ-, ovate to elliptical. Base highly

variabl-e, symmetrical-. Ap.ex acute, symmetrical-. Leaf J-ength

5.5 li-"5 cil"¡ width 1.8 - 5.7 crì. (tigs. 50,53r54r55r56r57,

14s) "

Ma¡qin: Entire.

Petiol-e : Normal-,

Venation: Primary vein straight or slightJ.y curved, moderate

to stout. Venation pattern eucamptodromous. Approximately

9 - 13 uniformly curved secondary veins arise from the

primary vein at an angle of 33 5J-o. This angle is uniform

throughout the leaf. The secondary veins diminish apically

inside the margin. 5imp1e intersecondary veins very rare or

more usually absent. Tertiary veins strongJ-y percurtent.

UÞÞer epidermis: Non-venous cel--l-s i¡regu1ar, with a variabl-e

number of sides and straight or sinuous walls (tigs . 297 1299,

301r303r305,3O7r309). Cuticul-ar flange irreguJ-arty thickened,

giving a slightly beaded appearance. No surface ornamentation 
"

Venous cel-l-s longe¡, narrower and with straighter walls than

non-venous cel-ls. Trichome bases with a smal-l-, irt'eguÌa:r1y
212.
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shaped, thickened foot ce11 and unmodified basal cel-1s occur

ovell veins r¡rith varying frequency. Trichomes not preserved.

Lower epidermis: Non-venous cel-l-s irregular, with a variabl-e

number of sides, and straight or slightly sinuous walls

(figs. 2961298,300r302 '3O4r306'308) " 
CuticuJ-ar flange

irreguJ-arly thickened, but not as heavily as the upper

epidermis, giving a slightly beaded appearance. No surface

ornamentation. Venous cel-f s longer r narroì^rer and with

straighter wal-ls than non-venous cel-ls. Stomata confined

to areoJ-es, oriented at random. The polar waJ-ls of the guard

cel-l-s are heaviJ-y thickened. Subsidiary cel-l-s brachyparacytic,

overlying the guard cell-s (fig. 2921293). T¡ichome bases

with a smal-.1-, irregularly shaped r thickened f oot cell- and

unmodified or somewhat radial- basa-l- cells occur commonly over

and between veins (tigs. 294r295). Trichomes long, uniceJ-1uÌar,

thinly cutinised, and tapering to an acute apex.

Soecimens examined: N 004 7 (fig. 53) r N oo5o (tig. r45),

N 0057 (tig.50), N 0059 (tig.54), N 0089 (fig.55), N Dr22

(tig" 56), N 0238 (fig. 57).

Discussion: The leaf shape exhibited by the seven specimens

is extremely variable, ranging from a long r narroì^,t

eJ-J-ipticaJ. -l-eaf (ttl 0057, fig" 50)' to a very broad, ovate

leaf (w 0059, fig. 54). Because of this, the base is a.l-so

very variabJ-e, but the apex, where it is preserved, always

elongates into an acute rrdrip-tiprt. The venation pattern of

alJ. specimens is very similar and intersecondary veins are

generally absent.

Despite the extreme variation in size and shape of the

.l-eaves, the venation and cuticular patterns aIe vely simila¡

among the seven specimens.
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PARATAxoN NER,/025. (Table 47).

Lamina: Symmetrical, ovate. Leaf base extremely variable,

obtuse, symmetrical; apex acute, symmetrical- or asymmetrical"

Leaf length approximately 5 .3 l-l-. 5 crì " ¡ width 4.4 10. 6 cn.

(figs" 58 64).

Marqin: Entire.

Petiol-e: Unknown.

Venation: Venation pattern basa.J- actinodromous, with 5 primary

veins originating at the base of the leaf . The cent'¡a]

primary vein, which is the thickest' Iuns straight into the

apex. The other 4 primary veins gradually curve upwards and

continually branch, disappearing just inside the ma¡.gin" A

total of 9 - 15 secondary veins arise from the primary veins

at an angle of 41 59o. This ang.l-e is Ieasonably uniform

throughout the leaf ' !,/eak1y devel-oPed, composite intersecond-

aly veins may occur rarely. Tertiary veins percurrent.

Upper epidermis: Non-venous cells irregular, with a variabfe

number of sides and straightr curved or sinuous wa1ls (figs.

3l_l_,313 ,3l-5 , 3]-7 ,3I9 ,32I 1323 ) . Cuticular flange heavily

thickened (tig. 331) . No surf ace ornamentation. Venous cel]-s

not highly modified, but over the major veins they are smalfe¡

and have thicker wal-.1-s than non-venous cell-s. Trichome

bases with a 1arge, heavily thickened foot cell and unmodified

basal cel_l-s occur over veins . Trichomes smal-l-, simple,

unicell-u1ar, and very heavily thickened.

Lower e idermis: Non-venous celÌs irregularr vúith a variable

number of sides and straight, curvedr or sinuous wall-s

( f igs. 310 ,3I2 r3I4 r3L6 
'31-B ' 

3?D r322) . Cuticul-ar flange not

heavily thickened (fig. 328). No surface ornamentation.

Venous cel-ls markedly longer and narr'ot^,er than the non-

venous cell-s. Stomata confined to areofesr oriented at
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random. Subsidiary cell-s actinomorphic, not overlying guard

cel-l-s (f ig. 330 ) . Trichome bases with a large, thickened

circular foot cei1l and radial- or unmodified basa-l- cel-l-s

occur very commonly over and between veins (ti-g. 329).

Trichomes smaIl, simple, uniceJ-l-ul-ar and very heavily cutin-

ised (tiss. 326,327) "

SÞe cimen s examined: N 0060 (fig. 63), N OD69 (tig" 60),

N 0082 (fig. 64), N 0084 (ti.s. 58)' N 0096 (fig. 62), N 0102

(tig. 6I) ;, N Orr2 (tig. 59).

Discussion: Some of the specimens are damaged probably by

insects or other mechanical effects, and are not ¡eliable

indicators of leaf form. Four specimens (N 0060 (fig" 63),

N 0069 (rig. 60)r N DIOT (fig. 6I), and N OlI2 (tig.59) show

that the l-eaf was J.arge and somewhat heart shaped, generally

symmetricalr and tapering into an acute apex. The base is

extremely variabl-e, but is generally obtuse and symmetricaf.

The cuticles are vexy characteristicr ParticularJ-y in the

presence of very heavi-ì-y cutinised trichomes (figs. 3261327).

PARATAXON NER/026. (TAblE 4B).

Lur-r-nu., Generally symmetrical, ovate to eÌliptical. Leaf

base acute, symmetrical- to highly asymmet¡ica1. Leaf apex

acute, symmetrical. Leaf l-ength 5 - 16 crTr. ¡ width 1.7 4.9

cm. (tigs. 65-80).

Marqin: Entire.

Petio-l-e: No¡mal.

Venation: Primary vein straight or curved, moderate to stout"

Venation pattern eucamptodromous. Approximately B - 11

uniformly cu¡ved secondary veins arise from the primary vein

at an angle of 37 59o. This angJ-e is uniform throughout

the l-eaf. The secondary veins gradually diminish apically
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inside the margin without major branching. Poorly formed

composite intersecondary veins occur l/'Jith varying frequency.

Tertiary veins random reticul-ate oll h,eakJ-y percurrent.

Upper eÞidermis: Non-venous cel-l-s irregular, with a variabl-e

number of sides and straight, curved or sinuous wa-l-l-s

(figs . 325,333,335,331,339, 34I1343'345, 347,349'351'353'355'

357r359r361). Cuticul-ar ftange heavily thickened, sometimes

irregularly so. No surface oinamentation. Venous cell-s

longer and narroì^,er than non-vFnous cell-s. Trichome bases

with a smal-l-, irregularly shapdd, heaviJ-y thickened f oot cel-l-

and smalf , heavily thickened basal- cell-s occlll occasionally

over veins. Trichomes not preserved.

Lower epidermis: Non-venous cells irre gu1ar, with a variable

number of sides and straighto curved or sinuous wall-s

(figs . 324,3321334,3361338' 340'342,344,346,348,350 r352 r354,

356 r 358 r 360 ) . Cuticular flange sometimes irreguJ-ar, not as

heavily thickened as on the uPper epidermis. No su¡face

ornamentation. Venous cel-l-s longer and nall?o\^,eI than non-

venous cel--Is " Stomata generalJ-y conf ined to areoJ-es.

oriented at random. Larger stomata occul occasionaJ-ly ovel

veins. Subsidiary celfs heavily cutinised and covered with

perpendicular striations, brachyparacytic, overlying guard

cells to varying degrees (figs. 3621363). Trichome bases

with a small-, irregularly shaped, huavily thickened foot

ce1.l- and unmodified basal- cel-l-s ccmmon over veins (tig. 364).

Trichomes not preserved.

Specimens examined: N oolo (tig. 65 ) , N oo14 (ti.s. 66) ,

N 0017 (ris. 671, N 0018 (tig. 69), N 0020 (tis. 68), N 0033

(tig. 70), N 00s6 (tis. 72l', N 0064 (fig. 7r), N 0068 (fig"

73), N 0071 (ris. 74), N 0l-00 (tis " 77), N 0101 (fig" 76),

N 0103 (tig. 79), N 0l-05 (fis. 78), N o239 (tig. 75), N D24L

(rig. Bo) " 218-



Discussion: The specimens consist of generaÌ1y symmetrical

l-eaves, although occasionally the primary vein is strongfy

curved and the l-amina high]-y asymmetrical (ttl 0239, fig. 75).

The apex is acute, al¡ost forming a rf drip-tiptt in some

instances. The base is always acute but varies from

symmetrical to highly asymmetrica-l-. The venation pattern

is consistent throughout the specimens.

The shape of the upper epidermal- cel-ls va¡ies consider-

ably, being straight, curved o¡ sinuous (".g. figs. 3251335).

The cuticu.l-ar flange thickening al-so varies, from heavy,

even thickening on those specimens with straight or sJ-ightly

curved wal1s, to irregular, almost beaded thickening on the

specimens with sinuous wal1s.

The shape of the l-ower epidermal- ce1.l- walls varies in

acco¡dance with the upper epidermis r ês does the cuticul-ar

flange thickening. The subsidiary cel-l-s are heavily cutinised,

and are covered in perpendicu-l-ar st¡iations. The subsidiary

cel-fs vary greatly in size (figs. 3621363), and sometimes the

wal-l- between the subsidiary cel-1s and the guard cell-s is

dif f icul-t to observe ( t:-g. 362) .

PARATAX0N NER/o27. (Table 49).

Lamina: Leaf compound, with at l-east 5 leaf.]-ets (tig. 9B).

Terminal- l-eaf-l-et present, other l-eafl-ets opposite in compound

-l-eaf . Lamina of l-eafJ-ets generally symmetrical, occasionaÌly

slightJ-y asymmetrical-. Leafl-ets generally ovate. Base

highly va¡iabl-e , symmetrica-l- (probably only f or terminal

leafl-ets) o¡ asymmetrical-. Apex acute, symmetrical. Leaflet

length 3. 5 I2.B cm. , width l- 3.1 cm. (f igs " Bt- I25) "

Marqin: Serrate. Serrations generally of one order, regular-

ly spaced.
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Petiole: The petioJ-e of the compound l-eaf is unknown. The

terminal leafl-et has a long attachment to the compound leaf

axis, but the lateral l-eafl-ets are sessile.

Venation: Primary vein straight or cutved, stout. Secondary

venation pattern claspedod¡omous. L4 49 unifolml-y curved

secondary veins arise at an angle of 38 72o - This angle

is unj-form throughout the leaflet. The secondary 'veins either

terminate unbranched in a serration or branch onçe, with each

branch terminating in a serration. Simple or compo.site inter-

secondary veins common. Tertiary veins random retieulate oI

weakly percurrent.

upoer epidermis: Non-venous cell-s irregul-ar, with a variabl-e

number of sides and straight or curved wall-s (ti-gs. 371 ,373,

375, 377 ,379 ,381 r 383,385,387,389,39r,393,395,391 ,399 ,4OL '4O3,

4D5, 4t1, 4Og, 4rr, 4r3, 4r5, 4L1, 4r9, 42r, 423, 425, 427, 429, 43r, 433,'

435, 437, 439,44L r443, 445, 447, 449, 45r, 453 r455' 457,459) .

Cuticul-ar pegs occur at cel-1 wal-1 junctions and the cuticular

flange may extend deeply between cel-l-s. No surface olnamen-

tation. Venous cefls longer and naIIoh,eI than non-venous

cefls and more regularty arranged. Trichomes absent.

Lower epidermis: Non-venous cel-1s irregular, with a variable

number of sides and straight or curved wafls (tigs' 370,372,

37 4 ,316 ,378 ,380,3 82,384 ,38 6,3 B B ,39 0,3 92,39 4 ,396 ,398 ,4OD,4O2,

40 4, 406, 408, 4r0, 4r2, 4r4, 416, 4l- B, 42O, 422, 424, 426, 428, 43O, 432,

434, 436, 438, 44O, 442, 444, 446 r448, 45O, 452, 454, 456,458 ) .

Cuticufar pegs occul at cell- wall junctions, but the cuticular

flange is only lightly thickened. No surface ornamentation.

Venous cells longer, nallohreI, and mole regularly arranged

than the non-venous ce11s. Stomata conf ined to areo.l-es t

oriented at random. The polar walls of the guard cel-l-s aIe

moderately thickened. Subsidiary cefl-s actinomorphic, not
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overil-ying the guard celIs (f i-g. 365 ) . Trichome bases with a

smal-l-, irregularly shaped, thickened foot cel-l- and unmodified

basal- ceffs occur over the major veins with varying

frequency (tig. 366). Trichomes not preserved. Large,

mul-ticel-lular glands occur over the veins with varying

frequency. These glands are overl-ain by very thinly cutin-

ised cel-1s (tig. 367), which are often only partJ-y preserved

or completeÌy absent (tigs. 368,369).

S e clmen examined: N 0002 (tis " 81) , N 0003 (f i.g " 82) ,

N 0004 (fig. 83), N 0006 (tis. 84), N 0007 (rlg" 85), N 0011

(rig. 86), N D0l-s (fis. B9), N 0026 (fig. 87), N 0027 (rig.

90), N 0037 (ti-g. 91), N 0038 (ti-s. BB), N 0041 (tig. 92),

N 0044 (rig. 93), N 0045 (fig. 94), N DO49 (tis. 98), N 0052

(ti-s. 95), N 00s3 (ris. 96), N 0Ds4 (tis. 97), N 00s5 (tis.

99), N 0058 (ri-g. l-00), N 0061 (tis. l-01), N 0063 (tig. ro2l ,

N 0070 (rig.103), N Do74 (tis.104), N 0075 (rig.10s),

N 0079 (rig. l-06), N 00BB (ti.s. 1l-0)' N 0090 (tis. l-09)'

N 0092 (tig" f 07), N DD94 (tig. 108), N 0098 (tig. .l-l-l-),

N 0l-09 (fig. rr2), N 0l-l-B (tis. .l-i-3), N 0120 (rig. Lr4),

N 0125 (fig. l-15), N DL44 (tig. l-16), N oI49 (rig. l-l-7),

N 0156 (ti.s. l-l-B), N 0159 (tis. l--l-9) ' N t234 (ti.g. I22),

N 0236 (fis. t-ZI), N o24o (tis. 12s), N 0262 (tig" IzD),

N 0503 (rig. L23), N 0s55 (tig. I24).

Discussion: One of the 45 specimens, N 0049 (fig. 9B),

consists of five leaflets, one terminal and the other four

as two opposite pairs. The base of this leaf is not

preserved, but there is little doubt that it is compound"

A-l-I other specimens are preserved as individual l-eafl-ets.

It is very likely that these leaflets al-l belong to the

same parataxon, since despite the extreme variability of

some features, the l-eaf.ì-et base, the venation pattern¡ and
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the cuticular pattern are very simil-ar between specimens.

The terminal- leaf.l-et of the compound leaf is more or less

symmetrical, and has a long attachment to the -l-eaf axis .

AJ-1 the l-ateraf l-eaflets are sessife and extremeJ-y asymmetric-

aJ-. The pair of leaf-l-ets closest to the apex in N OO49

(fig. 9B) appear to have a short rrpetiolerr attaching them

to the compound leaf axis, but cl-ose examination of the

specimen has shown that this is an artifact of the highly

asymmetric base in combination with the lamina being missing

f ¡om ona side of the .l-eaflet (probably lost during

preservation ) . The pair of -l-eafl-ets f urthest from the apex

in N 0049 have bases which arle not as markedly asymmetrical-

as the apical pair.

The individua-l-.1-eafl-ets which have been preserved have

bases which vary from symmetrical through stages to highJ-y

asymmetrica-l-. The leaflets are also highly variabl-e in size,

suggesting that eithe¡ the l-eaves varied greatly in sizer or

that there h,ere a large numbe¡ of -l-eafl-ets in the compound

l-eaf which exhibited a -ì-arge size variation. There is no

evidence to support either of these hypotheses. The venation

pattern va¡ies l-itt1e between l-eafJ-ets.

Ihe cuticu-lar pattern of this parataxon is very

characteristic, but some features do vaxy. The thickening

of the cuticular flange of the upper epidermis is one feature

which varies greatly. In some specimens it extends deeply

between cel-l-s, while in others it does not (f igs . 373 
' 
375 ) "

Cuticular pegs at the junction of three cells are common to

all- specimens. Trichomes alle absent from the upper epidermis

in all specimens.

The thickening of the cuticul-ar fÌange of the lower

epidermis a.l-so varies g"t.tf y, but is always markedly l-ess
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than that observed on the upper epidermis. cuticular

pegs at the junction of th¡ee cel-Is are common to al-l

specimens. Large, thinly cutinised, somewhat elliptical
glands occur over the veins on the lower epidermis of all_

specimens ( flgs. 367 ,368, 369) "

PARATAX0N NER/028. (Tabte 50).

Lamina: Symmetrical. Base and apex unknoì^,n. Leaf tength

unknoì^,n , width at f east I.9 cm. (f i.g . 126) .

Marqin: Entire.

Petiol-e: Unknown "

Venation: Primary vein straight, stout. Secondary venation

pattern eucamptodromous. Tertiary veins weakly percurrent.

llppe¡ epidermis: Non-venous cell-s 6 - B sided, somewhat

regular in distribution, with straight wal-l-s (f ig. 46I) .

The cuticular fJ-ange extends deeply between cel--l-s and is

heaviJ-y thickened. No surf ace ornamentation. Venous ce-l-ls

largely unmodified, but over the major veins they are smal-ler

and more heavily cutinised than the non-venous cel-ls.

Trichomes absent.

Lower epidermis: Non-venous cel-l-s irregular, with a variab-l-e

number of sides and straight or curved wa.l-.1-s (tig. 460) .

The cuticu-l-ar flange extends very deeply between cel-l-s and

is heavily thickened. No su¡face ornamentation. Venous

ce-l-l-s largely unmodified, but longer and narroì^,er than the

non-venous cel-1s. Stomata generally conf ined to areoJ-es,

oriented at random. Unmodified stomates occur occasionally

over veins. The polar wafls of the guard cel-l-s are heavily

thickened. Subsidiary cel-1s brachyparacytic and overÌying

the guard ce-l-l-s considerably (f igs . 472 ,473) . Trichome s

absent.
223.



TAELE 49zPARATAXON NER/027.

CHARACTER

N5
M

SD

R

CHARACTER

NS
M

5D

R

CHARACTER

N5
M

CHARACTER

NS
M

15

45
66.9
12.a
4!..5

105

15

I
73. 5

I
45
5.6
r.6
2.r
8.3

2

45
l.B
0.5
l_.0
3.1

I6
45

23 .6
2.5

l_9.3
30.0

I6
1

23 "5

3

45
3.13
0.71
1.7s
5 .73

4

45
48.9
1.r

34.6
65.5

5

45
82.I
3.4

73.L
89.3

I9
45

2D.9
2.D

11.4
26.8

6

45
2 "83
D.79
I.I2
4 .31

I
9

33 "222.9
15
B7

9

45
24.3

troJ.U
I4
49

l-0

45
47 .7
17 .9
7.7

80.6

24

45
18. B

f"5
15 " 52r.3

r0
0

24

l_

22.9

11

45
59.1
6.8

37 .6
12.4

25

45
17. s
r.6

13.0
24.5

l1
I

44.3

25

I
2A.I

I2
45

4D .6
6.5

i_9 . r_

53.7

13

45
2.53
o.32
r.7
3.3

21

45
5.33
0.38
4.75
6 .45

13

Ì
1.30

27

I
4.1

I4
45

53 .4
7.8

38.7
7l-.0

28

45
9.70
2.23
4 .69

14.54

I4
I

50

2B

I
8.7

I1
45

17. 0
r.7

13.4
2D.4

I7
I

19.0

TAB LE

4

0

1

24
58.2
20.3
2B

r_01

2I
45
1. 53
o.r2
r.23
1. B5

NER,/028.

7

0

22

45
I.I2
a.r2
0.86
r,46

22

1
1.00

23

45
r.24
0.13
0.89
l_.55

23

I
1"16

26

45
l_.07
0.06
o.96

26

1
I.14

T2

I
l-9.1

1B

45
1.40
0.08
I.2I
1.57

2D

45
l_3 .7
1.3

10.3
l-6.3 r.20

t!
N]Þ
a

1

0

2

0

I
0

3

D

5O: PARATAXON

56
01

0

9

D

18

I
r.24

I9
I

23,5

2D

l-
16 .4

2I
I

l-.43



5 e cr_men e

Discussion:

of the 1eaf,

also missing

rrdrip-tiprr .

ined: N D246

The

SO

but

sPecamen

the base

( tis . :-26) .

consists of probably the apical half

is unknown (fig. 126). The apex is

appears to draw out into athe leaf

PARATAXDN NER/029. (TabIe 51 ) .

Lamina: Base and apex unknown' length unknownr width

approximately l-.5 cm. (fig. I27). I

Marqin: Entire.

Petiol-e : Unknown.

Venation: Primary vein sÌightJ-y curved, stout. Secondary

venation pattern brochidodromous. Secondary veins arise at

an angJ-e of 57o and curve uniformJ-y for about 3/4 of their

length and then curve sharp.J-y inwards to join the superad-

jacent secondary vein at an angle of .less than 90o. Simple

well- formed intersecondary veins common. Tertiary veins

random reticulate.

Upper epidermis: Non-venous cell-s irre guJ-ar, with a variabl-e

number of sides and straight or irregularly curved walls

(tig. 463). Cuticular flange lightly but i¡regularly

thickened. No surface ornamentation. Venous cel-1s much

J-onger and narroh,er than the non-venous cell-s. Trichome

bases with a smal-l-, irregularly shaped, thickened foot cel-1

and unmodified basat cel-fs occur rarely over the major

veins. Trichomes not preserved.

Lower ep idermis: Non-venous cel-ls irregular, with a variable

number of sides and curved or irregularly sinuous walfs

(ti-g. 462). Cuticul-ar fJ-anges very lightly but i¡regularly

thickened. No su¡f ace ollnamentati,on. Venous cel--l-s J-onger,

narrower, more heavily thickened and with straighter wall-s
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than non-venous cells" Stomata generaJ-ly confined to areoles,

oriented at Iandom" Unmodified stomata occur occasionally

over the veins. The polar walls of the guard cel-ls are

heavily thickened. Subsidiary cel-l-s actinomorphic, not

overlying guard cell-s (tig . 474) . Trichome bases t^rith a

smal-l, circular, thickened foot cell- and unmodified basal

cel.l_s occur commonfy over and between veins (tig: 475).

Trichomes not Preserved.

Dis c ussr_on: The specimen consists of one side of a feaf with

both the base and the aPex missing. Three secondary veins

are preserved and show the venation pattern to be

brochidodromous.

PARATAX0N NER/030. (Tab1e 52)-

Lamina: Apex and base unknown. Leaf length and width unknown

(figs. LzB,I29).

Marqin: Enti¡e.

Petiol-e: Unknown.

Ven a tion: Secondar y venation pattern probably eucamptodromous.

5imple intersecondary veins plesent" Tertiary veins h,eakly

percurrent.

Upper epidermis: Non-venous ceIls irregular, with a variabl-e

number of sides and uneven, sinuous wa-l-l-s (figs. 467r469).

cuticular fJ_anges irregularly thickened. No surface

ornamentation. Venous cel-1s longer and naIIohreI than non-

venous cells. Trichome bases with a smal-l-, i¡.regu-ì-arly

shaped, heavity thickened foot cell- and unmodified basal-

ceffs occul occasionally over and between Veins. Trichomes

not preserved.

Lower epidelmis: Non-venous cells irreguÌar, with a variable
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number of sides and straight or curved wa-l-Is ( f igs . 466 ,468) .

Cuticular flange irregularly thickened and extends deeply

between cel-l-s. No surface ornamentation. Venous cel-l-s

longer and nalroì^,er than non-venous cel-l-s. Stomata confined

to areof es, oriented at Iandom. The guard cel-l-s ar.e heavily

thickened. Subsidiary cefl-s actinomorphic, overlying the

guard cel-l-s (tig. 476). Trichome bases with a sma11,

i¡regularly shaped, heavily thickened foot cell- and unmodifie'd

basa-l- cell-s occu¡. ovel and between veins with a greater

frequency than on the upper epidermis (tig. 477). Trichomes

not prleserved.

Soecimens examined: N 0362 (rig" L29), N 0373 (ti.s. 128).

Discussion: The two specimens which represent this parataxon

appear to be two parts of the same l-eaf (tigs . I2ArL29).

Very J-ittle of the l-eaf is preserved, but some information

may be gained from the few secondary veins preserved. It

appears as though the secondary venation pattern is

eucamptodromous, since tWo Secondary veinS can be Seen

diminishing inside the margin without joining other secondary

ver_ns.

PARATAXDN NER/031. (Table 53 ).

Lamina: Base and apex unknown. Leaf length and h,idth unknown

(ris. 130).

Marqin: Entire.

Petiole: Unknown.

Venation: Secondary venation pattern possibly brochidodromous.

Basal secondary veins straight for the first 2/3 of their

length and then they cunve sharpJ-y upward to melge with the

superadjacent secondary vein at 90o oI less. Simple inter-

secondary veins wel-l- formed and common. Tertiary veins
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random reticul-a te .

UpÞer epiderrnis: Non-venous cel-1s i¡reguJ-ar, with a va¡iable

number of sides and curved or sinuous wal-ls (tig. 465)"

Cuticul-ar flange heavily thickened. No su¡face ornamentation.

Venous ce-l-1s longer, nârrower, and with straighter wall-s

than non-venous cel-l-s. T¡ichome bases with a 1arge, heavily

thickened foot cel-l- and unmodified basal- cells occull over

veins. Trichomes smalf , simple, unicel--l-ul-ar and very

heavily cutinised.

Lower epidermis: Non-venous cel-l-s ir¡eguJ-ar, with a variable

number of sides and straight wal-ls (tig. 464). Cuticular

flange not heavily thickened. No surface ornamentation.

Venous ce-l-1s longer, narroì^rer and more thinly cutinised than

non-venous cel--l-s. Stomata conf ined to areoles, oriented at

¡andom. Subsidiary cell-s actinomorphic, not ove¡lapping

guard celfs (tig. 478). Trichome bases with a large,

thickened, ci¡cu-l-ar foot cel-1 and radial or unmodified basal-

cel-l-s occur very commonly over and between veins. Trichomes

smal-1, simple unicellul-ar and very heavily cutinised.

Specimen examined: N 0l-50 (tis. 130).

Discussion: The midrib and the basal part of one side of the

l-eaf is preserved. The base is not preserved and it can be

seen that the margin towa¡d the base of the specimen runs

almost parallel with the midrib.

PARATAX0N NER,/032. (TaUte 54 ) .

Lamina: Symmetrical, elliptical. Leaf base obtuse,

symmetrical; apex acute, symmet¡ical-. Leaf length 1.8 cm.,

width 0.3 cm. (fig. 146]|.

Ma¡qin: Entire.

Petiole: Leaves sessil-e.
229.



Ve nation : Primary vein straight or slightly curved, massive.

0ther venation unknown.

Upper epidermis: Non-venous cel-l-s 4 5 sided, with straight

or s11ightly cu¡ved wall-s (tig. 47t) . Cel-l-s generally arranged

in roh/s ¡unning paraltel to the primary vein. The cuticular

flange extends to a moderate degree between cells and

sometimes cuticul-ar pegs occur at ce11 wa1l junctions.

No surface ornamentation " Venous cell-s over the primary v'ein

J.onger and narroh,er than non-venous cell-s. No other cel-l-s:,

exhibit any modification. Stomata occur occasionally away

from the primary vein and oriented paraJ-1el to it. The polar

wall-s of the guard ce1ls are somewhat thickened. Subsidiary

cel-l-s actinocytic, being much smaller than the surrounding

epidermal cel-1s, and overly the sunken guard cel-1s (f ig . 479) "

Trichomes absent.

Lower eÞidermis: Non-venous cell-s 4 sided, with sinuous

wal-l-s (ti-g" 47l-). Cel-l-s ¡ectangular and arranged in roh,s

running paralleJ- to the primary vein. Cuticular flange

moderateÌy thickened and ridged. No surface ornamentation.

CuticJ-e from above the primary vein not Preserved. Stomata

similar to those on the upper epidermis, but sJ.ightly more

common. Trichomes absent.

S eclmen exam : N 0083 (tig. 146).

Discussion: The specimen may be either a branch with 27

leaves or part of a compound leaf (ti.g. 146). Neither the

base nor the apex of the branch are Preserved and therefore

until further evidence becomes availabl-e, the specimen will be

considered as a branch with a.l-te¡nate r sessil-e leaves. The

l-eaves are small and l-inear, with an obtuse base and acute

apex. 0f the venation, only the massive primary vein is

preserved. Z3O.



The cuticle is fragmentarV, and the fragments consist of

two types.which hrere designated as upper and lower epidermis

on the basis of stomatal frequency. This designation is

arbitrary.

PARATAX0N NER,/033. (Table 55 ) .

Lamina: Symmetrical. Leaf

base unknown. Leaf length

cm. (tis. (131).

Marqin: Enti're.

Petiole: Unknown.

apex acute, slightly asymmetrical;

unknovìrn, width approximately 4.6

Venation: Primary vein slightly curved, moderate. Secondary

venation pattern brochidod¡omous. The secondary veins arise

from the primary vein at an angle of 57.50 and run almost

straight toward the margin for the first 2/3 of their length.

The secondary veins then curve sharply upwards and inwards to

join the superadjacent secondary vein at 90o or less. Ter-

tiary vein arches someti mes wel-l- formed. Very strongly devel--

oped simpJ-e inte¡secondary veins common" Tertiary veins

random reticul-ate or weakly percurrent.

Upper eÞidermis: Non-venous ce1ls irregular, with a variable

number of sides and st¡aight r curved or sinuous wall-s ( ti-g.

4BI ) . The cuti cul-ar f J-ange extends deepJ-y between cel--l-s

and cuticul-a¡ pegs occur at ce11 wal-l junctions. No surface

ornamentation. Venous cells longer and naIIobJeI than non-

venous ce.lls and someh,hat rectangular in shape. Trichomes

absent.

Lower epidermis: Non-venous cell-s irregular, with a variable

number of sides and straight or cuxved wall-s (tig. 480).

Cuticu.l-ar pegs occul at cel-l- wal-,1- junctions, but otherwise

the cuticu-l-ar flange is only lightf y thickened. Venous cell-s
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Ionger, narroh,er and more regularly arranged than non-venous

ceJ.fs. Stomata confined to areol-es' oriented at random.

The polar wal-l-s of the guard cel-l-s aIe heavily thickened.

Subsidiary cel-f s actinomorphic, overlying the guard ce-l-l-s

(tig. 504). T¡ichomes absent.

5pe cimen examined: N 0184 (fig. 131).

Discussion: The specimen consists of the apical half of the

leaf and therefore the base is unknown.

PARATAXON NER/034. (Tabte 56 ) .

Lamina: Symmetrical. Base acute, symmetrical-' aPex unknown"

Leaf J-ength unknown, width 0.6 cm. (tigs" I32,133).

Marqin: Entire. '

Petiole: Normal.

Venation: Primary vein slightly sinuous, massive. Secondary

venation pattern eucamptodromous. At least 6 uniformly curved

secondary veins arise at an angle of 4Bo. This angle is

uniform, at l-east for the basal- part of the leaf. Inter-

secondary veins absent and tertiary veins random reticulate

or weakly percurrent.

Upper epidermis: Non-venous cel-l-s 4 5 sided, irregular, with

straight or slightly curved wa11s (t:-g" 483). The cuticular

flange extends unevenly between cel-1s. No su¡face ornamenta-

tion. Venous cells not highly modified, but slightly

narrower and mole heavily thickened than non-venous cel1s.

Trichome bases with a smaIl, irregularly shaped, heavily

thickened foot ce11 and thickened basal cells occul rarely

over veins. Trichomes not preserved.

Lower ep idermis: Non-venous ce11s irregular, with a variable

number of sides and straight or curved wal-l-s (f ig. 482) .

The cuticul-ar flange extends unevenly between cel-1s. No
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surface ornamentation. Venous cefls longer and narrowel

than non-venous cell-s. Stomata confined to ateoles,

oriented at random" Subsidiary cell-s brachyparacytic, over-

J-ying the guard cell-s (tig. 505). Trichome bases with a

small-, irregularly shaped, thickened f oot cel-l- and unmodif ied

basal- ce1ls occur over and sometimes between veins (tig. 506).

Trichomes not preserved.

Specimen examined: N 0575 (figs. 132,I33) .

Discussion: The s pecimen consists of the basa-l- part of a l-eaf.

The wal-ls between the guard ce-l-ls on the l-ower epidermis are

difficult to obseIVB, as aIe the outlines of the guard cel-1s

(tig. 505)"

PARATAX0N NER,/035. (Tab1e 57 ) .

Lamina: Symmetrical. Base and apex unknown. Leaf length

unknown, width at least 5.7 cm. (fig. 135).

I!-eJgin: Unknown.

Petiol-e: Unknown "

Venaticln: Primary vein straight. Secondary venation pattern

unknown. At feast l-0 secondary veins present, which follow

a relatively straight course for about 3/4 of the h,ay to the

margin and then curve upwards. 5impJ.e intersecondary veins

wel-1 formed and common. Tertiary veins weakJ.y percurrent.

Upper epidermis: Non-venous cel-ls irregular, with a variabl-e

number of sides and curved or slightly sinuous wall-s

(tig.4B5). Cuticular flange only lightj-y thickened. No

surface ornamentation. Venous ce1ls sma1ler, but with

a greater length:width ratio than the non-venous cell-s.

Trichomes absent.

Lower eÞide¡mis: Non-venous cel-l-s irregular, with a variabl-e

number of sides and curved or slightly sinuous wall-s (ti-g .
234.



484). Cuticu-l-ar flange only J-ightly thickened. No surf ace

ornamentation. Venous cel-fs longer and narrower than non-

venous cell-s. Stomata generally confined to areoles,

oriented at random. The polar wal--l-s of the guard cell-s are

heaviJ-y thickened. Subsidiary ce-l-fs actinomorphic, not

overlying the guard cefl-s (tig. 507) " Trichomes absent.

Specimen examined: N D476 (rig. 13s).

Discussion: The specimen consists of the centra-l- part of a

leaf with both the base and apex missing. !n1y a smal-Ì part

of the margin is pleserved and it is not possible to prÞdict

the margin type.

PARATAxoN NER/036. (Tabte 5B ) '

Lamina: Base acute, symmetrical, apex unknown. Leaf length

and width unknown ( f ig. l-34 ) "

Marqin: Serrate" Serrations of several orders.

Pet o-le : Unknown.

Venation: Secondary venation pattern possibly semicraspedod-

romous. Veins of severaf orders terminate in serrations.

5impIe intersecondary veins well- formed. Tertiary veins

random reticu.late or weakly percurllent.

Upper epidermis: Non-venous cel-1s irregular, with a variabfe

number of sides and curved or sinuous wall-s (tig. 487).

Extremely fine cuticular Pegs occul at cel-l wal-1 j unctions

but otherwise the cuticular flange is not heaviJ-y thickened.

No surface ornamentation, Venous cel-1s mor.e regularly

arranged and with straighter wal-l-s than non-venous ce11s.

Trichome bases with a smal-l-, irreguJ-arly shaped, thickened

foot cell and unmodified basal ce1ls common over veins.

Trichomes not preserved.

Loh,er epidermis: Non-venous cells irregu.l-ar, with a variabl-e
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number of sides and curved or slightly sinuous waÌls (tig.

486). Extremely fine cuticular pegs occur at ce1l wal-l-

junctions but otherwise the cuticul-ar flange is not heavily

thickened. No surface ornamentation. Venous cel-ls longer,

narroh,er and with straighter walls than non-venous cell-s.

Stomata generally confined to areoles, oriented at random,

but occasionally larger stomates occur over veins. The polar

walls of the guard ceJ-fs are heaviJ-y thickened. Subsidiary

cel-l-s cyclocytic, not overlyin g guard cel-1s ( tig. 508 ) .

frichome based with a circu.l-ar or elliptical thickened foot

cel-1 and unmodified basal- cefls occur commonly ovell veins

( fig. 509 ) . Irichomes not preserved.

lmen examfne : N o47o (tis. 134).

Discussion: The specimen consists of the basal- part of the

l-eaf. The base is acute and symmetrical-, and unusua-l- in that

it is convex at the base, becomes concave, and then convex

again.

PARATAXON NER/037. (Tab1e s9).

Lamina: Unknown. Base and apex unknown. Leaf length

width unknown ( fig. 136 ) .

Marqin: Entire.

Petiole: Unknown.

and

Venation: Seconda¡y venation pattern possibly brochidodromous.

SimpIe intersecondary veins present. Tertiary veins random

reticufate.

Upper epidermis: Non-venous ce1-l-s irregular, with a variabl-e

number of sides and straight or curved wal--l-s (tig. 489) .

Cuticu.l-ar flange unevenly thickened, giving a beaded

appearance. No surface ornamentation. Venous ce-l-ls longer

and narrowel than non-venous ce-l-1s. T¡ichome bases with a
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smal-l, irregularly shaped, heavily thickened foot cel-l- and

radial- basaJ. ceffs common over veins. Trichomes not preserved.

Lower epidermis: Non-venous cells i¡regular, with a variabl-e

number of sides and straight or curved wal-Is (fig. 4BB).

Cuticular flanges unevenly thickened, but not to as great

an extent as the upper epidermis. No surface o¡namentation.

Venous ce-I-l-s longer and narrower than non-venous cel-l-s.

Stomata generally conf ined to areo.l-es, oriented at random.

Unmodified stomata occur occasional.ly over veins. Subsidiary

cel-.ls usually brachyparacytic, =ot.tit=" atinocytic (f igs "

5l-0,5l-1) . The subsidiary cef l-s are covered in perpendicul-ar

striations. Trichome bases with a smal-1, irregularly shaped,

heavily thickened foot cell- and unmodified or radial basal

ce.l-f s occur commonly over and between veins (fig . 5I2l .

Trichomes not preserved.

5Þecimen examined: N 0437 (fig" 136).

Discussion: The s pecimen consists of the apical part of a

.l-eaf . The base and apex of the l-eaf are missing, but enough

of the margin is preserved to show that the l-eaf, is probably

entire. 0n1y a few secondary veins are preserved and they

loop strongly into the superadjacent secondary vein, suggest-

ing a brochidodromous venation pattern.

5ubçidiary ce11s are brachyparacytic with two ce-l-l-s

f l-anking the guard cel-l-s but not encl-osing them (t:.g " 510 ) '
but occasionally they are atinocytic, being distinguishable

from the surrounding epidermal- cells because of their

striated surface. The common wa-l-l- between the guard cel--l-s

and the subsidiary cel-ls is difficult to observe.
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PARATAX0N NER/038. (Taute 60).

Lamina: Unknown. Base and apex unknown. Leaf length

unknown, width at l-east 0.9 cm. (tig. 137 ) .

Marqin: Entire.

Petiole: Unknown.

Venation: Primary vein. massive. Secondary venation pattern

probably b¡ochidodromous. Composite intersecondary veins

present. Tertiary veins random reticulate.

Uppe¡ epidermis: Non-venous cell-s irre guJ-ar, with a variable

number of sides and straight or curved wal-Is (tig. 49I).

Cuticul-ar flanges heavily thickened and ridged. No surface

ornamentation. Venous cell-s not highly modified, but

somewhat rectanguJ-ar and more reguJ-a11y arranged than non-

venous cel-l-s . Trichome bases with a small-, irregularly

shaped, heaviJ-y thickened foot cel-l- and radial, thickened

basal cel-fs occul over veins. Trichomes not preserved.

Lower epidermis: Non-venous cel-l-s i¡re gu1ar, with a variable

number of sides and straight or curved wal-ls (fig. 49O).

Cuticul-ar flanges not heavily thickened, sJ-ightly i¡regular.

Smal--l- cuticular pegs occur at cel-l- wal-l- j unctions. No

surface ornamentation. Venous cel-fs longer and narrower than

non-venous cel-ls. Stomata genera-J-ly confined to areoles,

oriented at random. 0ccasionally unmodified stomata occur

over veins. Subsidiary ce-l--l-s actinomorphic, overlying the

guard ceffs (tig. 513). Trichome bases with a smaIl,

irregularly shaped, heavi.Iy thickened foot ce11 and unmodi-

fied basal cel-1s occur over and occasionally between veins

(f:-g. 514). Trichomes not preserved.

Specimen examined: N 0356 (f i-g. 137 ) .

Discussion: The s pecimen consists of a small portion of a

l-eaf with parts of both margins preserved. Both the base and
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apex alle m]-ssl-ng.

PARATAXON NER,/039. (Tabte 61).

Lamina: Symmetricaf, ovate oI eltiptical. Leaf base probably

acute, somewhat asymmetricaf, apeX unknown. Leaf length

at J-east B cm., width about 2.5 cm. (tig. 138).

Marqin: Entire.

Petiole: Unknown.

Vena tion: Primary vein straight, stout, Secondary venation

pattern eucamptodromous. At least 10 uniformly curved'

secondary veins arise from the primary vein at an angle of

39o. This angJ-e is uniform throughout the .Ieaf . The

secondary veins gradually diminish apically inside the margin.

V/el-1 formed simple intersecondary veins occur rarely. Tertiary

veins weakly Percurrent.

eï e id is: Non-venous cel-ls irregular, with a variable

number of sides and straight wal-l-s (f ig . 493) . Cuticular

flange heavily thickened and extending deeply between cel-l-s

and ovel mesophyll ceIIs. No surface oTnamentation. Venous

ce1ls sma.l-fer than non-venous cel-ls and rectangufar, hrith

draight side and end walls. Trichome bases with a sma]1,

írregularly shaped, very heavily thickened foot cel-1 and

unmodified basal cel-l-s occur uncommonly over veins. Trichomes

not preserved.

rmis: Non-venous ce11s irregular, with a variabfeohre r e

number of sides and straight or curved walls (fig. 492).

cuticu-l_ar fJ-ange heavily thickened and extending deeply

between cells and over mesophyll cel-1s. No surface

ornamentation. Venous ceffs smaller, more often fou¡ sided,

and with a greater length:width ¡atio than non-venous celfs.

Stomata generaJ-ty confined to ateoles, oriented at Iandom'

24D.



Larger stomates occur occasionally over veins. The poJ-ar

wal-1s of the guard cell-s are heavily thickened. Subsidiary

cells brachyparacytic, overlying the sunken stomata (fig. 515).

Trichome bases with a smafl-, irregularly shaped, heavily

thickened foot cel-l- and unmodified or radial basal cel-.]-s

common over and between veins (fig. 516). Trichomes not

preserved.

Specimen examined: N 0029 (fig.

Dis cussion :

l-eaf , with

parts h,ere

separated i

The single specimen

the apex and part of

connected when they

n l-if ting them from

138).

consists of two parts of a

the base missing. The two

hrere co-l-J-ected, but h,ere

the bl-ock.

PARATAX0N NER,/040. (Tabte 62) .

Lamina: Symmetrical, ovate or eJ-1iptical. Base and apex

unknown. Leaf J.ength at J-east 7 crì"¡ width l-.5 cm. (tig.

139).

Marqin: Entire.

Betiol-e: Unknown.

Venation: Primary vein curved, massive. Secondary venation

pattern a mixture of brochidodromous and eucamptodromous.

At l-east 2D secondary veins arise f¡om the primary vein at

an angle of 630. The angJ-e increases slightly toward the

apex. The secondary veins either loop into the superadjacent

secondary vein at approximately 90o or diminish apically in-

side the margin. Composite intersecondary veins poorly

formed and uncommon. Tertiary veins \^,eakly percurtent.

Upper epidermis: Non-venous cel-ls 6 B sided, somewhat

regular, brith straight or slightly curved wal-l-s (f ig. 495) .

Cuticu-l-ar flange heavily thickened, and extending deepJ.y

between ce-l-l-s and over the mesophyJ-l cel-l-s. No surface
241 .
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ornamentation. venous cel-ls largely unmodified, but over

the major veins they are smal]er and more often 4 - sided

than the non-venous cel-l-s. Trichomes absent.

Lower eD idermis: Non-venous cel-1s i¡regu1ar, with a variabl_e

number of sides and straight wal_l_s (fi_g. 494). Cuticula¡

flange not heavily thickened, but fine cuticular pegs occur

at cel-1 wal-l- junctions. No surf ace ornamentation. venous

cells largely unmodified, but ove¡ the major veins they are

sma.l-.1-er and more often 4 sided than non-venous cel--l-s.

Stomata confined to areol-esr' oriented at random. The poral
wall-s of the guard ceJ-.1-s are heavily thickened. subsidiary

ce-l-l-s brachyparacytic, overrying the guard ce-l-l-s (rig. 517)"

Trichome bases with a smal-1, irregularly shaped, very heavily
thickened foot cel-1 and unmodified basal cel-l-s occur rarely
over veins (tig. 5l-B). Trichomes not preserved.

5 ecimen examined: N 0066 (fig. l-39).

Discussion: The specimen consists of an al_most complete leaf,
but with the base and apex missing. The secondary venation

pattern is very e¡ratic, since some secondary veins loop

strongly into the superadjacent secondary vein in typical

brochidodromous arrangement, whife others diminish apicalÌy

inside the margin in typicaÌ eucamptodromous arrangement.

PARATAXON NER/041. (TAbTC 63).

Lamina: Symmetrica.1-, probably obovate. Leaf base

symmetrical, acute, apex unknown. Leaf length at l-east l_0 cm",

5 cm. (tig. t4o).

Serrate. Serrations regularJ-y spaced and of one

width 4.

Marqin:

orde r.

Petiole: Unknoh,n.

Primary vein straight, Secondary venation pattern
243.
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semicraspedodromous. At l-east 1l- secondary veins arise at an

angle of 650. This angle is uniform throughout the leaf.

The secondary veins loop into the superadjacent secondary

vein at an angle of .l-ess than 90o, and at least two branches

arise from each secondary vein and terminate in serrations.

Secondary, tertiary and quaternary vein arches are wel-l-

formed. composite intersecondary veins are weakly developed

and rale. Tertiary veins weakly percurrent or random

reticul-ate.

UpÞer epidermis: Non-venous cel-l-s irreguJ-ar, with a variable

number of sides and unevenly sinuous wal-ls (t:-g. 497). The

cuticuJ-ar flange is only l-ightly thickened. No surface

ornamentation. Venous cell-s longer, narro\^/er and with

straighter sid e wal-ls than the non-venous cel-ls . Trichomes

absent.

Lower epidermis: Non-venous cel-1s i¡regular, with a variabl-e

number of sides and highly sinuous wal-l-s ( tig " 496) . The

cuticul-ar flange is very J-ightly thickened. No surface

ornamentation. Venous cells longer, narroh,er and with

straighter wal-l-s than the non-venous cel-l-s. Stomata confined

to areoles, oriented at random, unthickened. Subsidiary

ce-l-l-s actinomorphic, not overlying guard cell_s (fig. 519).

Trichome bases with an irregularJ-y shaped, thickened foot

ceJ-l- and unmodified basal cel-l-s occur over veins (tig. 520).

Trichomes not preserved.

Specimen examined: N 0121 (tig. 140).

Discussion: The s pecimen consists of about the basal 2/3 of

one side of a l-eaf and a small part of the other side. The

apex is missing, but the base is symmetrical and acute.

244.



PARATAXON NER/DAZ. (Table 64).

Lamina: Symmetrical , at l-east in the basal half. Leaf base

acute, symmetrical, apex unknown. Leaf length unknown, width

at -l-east 3 .3 cm. (f ig. 14-l- ) .

Marqin: Serrate. Serrations regularly spaced and of one

order.

Petiol-e: Unknown.

Venation: Primary vein straight. Secondary venation pattern

undefined. Secondary veins upturned and diminishing apically

inside the margin. Each secondary vein givès ¡ise to several-

minor veins which terminate in serrations. At feast 9

secondary veins present. Composite intersecondary veins

weakly formed and rare. Tertiary veins weakly percurrent.

Upper epidermis: Non-venous cel-l-s irregular, with a variabfe

number of sides and straight wal-l-s ( f i-g . 499) . The cuticular

flange extends unevenly between adjacent ce-l-l-s and cuticular

pegs occur at ce-l-1 wal-1 j unctions . No surf ace ornamentation.

Venous cells not highJ-y modified, but over the major veins

they are more regularÌy arranged, sma1ler, and more heavi.1-y

thickened than the non-venous cel-1s. Trichome bases with a

smaJ-l-, circular, very heavily thickened foot cel-1 and radial,

heavily thickened basal cefls occur rareÌy over veins.

Trichomes not preserved.

Lower epidermis: Non-venous cefls irregular, with a variable

number of sides and sinuous wal-ls (fig. 498) . The cuticul-a¡

flange is onJ-y lightly thickened but cuticul-ar pegs occur at

cell wall junctions. No surface ornamentation. Venous cell-s

longer and narroh/er than non-venous cells. Stomata generally

confined to areofes, oriented at random. Extremely J-arge

stomata occur regularly over the veins. The polar wal--l-s of

the guard cel-l-s aIe thickened. Subsidiary cel-f s cyclocytic,
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overlying guard cel-fs (tig. SZr)" Trichome bases with a

smal-1, circular, very heaviJ-y thickened f oot ce1-l- and radial,

heavily thickened basa-l- cells occur rarely over veins (ti-g.

522). Trichomes not preserved.

Spe cime n examined: N 049s (tis" 141).

Discussion: The s pecimen consists of the basal half of a l-eaf.

The base is symmetrica.l- and acute, and the apex is unknourn.

The apparently straight primary vein gives rise to at least

9 secondary veins which form a pattern which does not fit

into Hickeyts (tglg) classification. Each secondary vein

diminishes apically inside the margin. However' each

secondary vein also branches severa.I times into roughly equal

sized veins, one of which terminates in a serration. In this

waVr each secondary vein is associated with about 4 or 5

se¡rations. The serrations are very regular, both in size

and spacing.

PARATAXON NER,/043. (TAb1E 65 ).

Lamina: Symmetricaf. Base acute, symmetrical-' apex unknown.

Leaf length unknown, width at l-east D.4 cm. (flgs. I42' 143).

Marqin: Se¡rate.

Petiole : Normal-.

Venation: Primary vein straightr massive. At least 7

secondary veins arise from the primary vein. The secondary

venation pattern is eucamptodromous. Composite intersecond-

ary veins present. Tertiary veins h,eakJ.y percurrent or

random reticulate.

UpÞer epidermis : Non-venous cel-l-s irregular, with a variable

number of sides and straight wal-ls (fig" 501). The cuticular

flange extends deeply between adjacent ceffs and long

cuticular pegs occur at cel-1 wal-l junctions " No surf ace
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ornamentation. Venous cell-s not highly modified, but over

the major veins they are longer and narrower than the non-

vBnous cel-l-s. Stomata similar to those on the lower epidermis

occur rarely near the primary vein. Trichomes absent.

Lower epidermis: Non-venous cell-s irregular, with a variable

number of sides and straight wal-ls (tig. 500). The cuticular

flange extends deeply between adjacent cel-1s and J-ong

cuticul-ar pegs occur at cell- wall- j unctions. No surf ace

ornamentation . : Venous ce.l-.Is not highl-y modif ied, but over

the major veins they are longer and narroh/er than the non-

venous ce-l-1s. Stomata confined to areas between major veins,

oriented at random" The polar wal-l-s of the guard cel-ls are

thickened. Subsidiary cel-l-s actinomorphic, not overlying

the guard cel--l-s (f ig. 523 ) . Trichome bases with a small,

irregularly shaped, thickened foot cel-l and unmodified basal

cel-l-s occur over the major veins (f ig. 524) . Trichomes not

prese¡ved. Large eJ-liptical gJ-ands covered by thin j-y

cutinised cel-l-s occur over the veins (fig" 525).

Specimen examined: N 0263 (tigs. I42,I43).

Discussion: The specimen consists of the basa-l- part of a

l-eaf. The base is acute and symmetrical, but the apex is

unknown. The venation pattern appears to be eucamptodromous,

but the¡e are two unusual- featurles. Firstly there are two

J-arge serrations, one on each side of the lamina, near the

base of the J-eaf (tig. 143). These serrations are not

associated with veins and there is no sign of any serrations

fu¡ther up the marÇin. Secondly just before the top of

the specimen the primary vein aPpears to divide into two

unequal halves. The effect that this woul-d have on the

venation pattern of the -l-eaf is impossibJ-e to forecast.

Because of these features, the venation will- not be considered
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in detail- until f u¡ther specimens are col-l-ected.

PARATAX0N NER,/044. (Tabte 66) .

!amina¡: Symmetrical-. Leaf base unknown, apex probabJ.y

acute, symmetrica-l-. Leaf length unknown, width at l_east

2 cm. ( ris " I44j .

Marqin: Entire.

Petiole: Unknown.

Venation: Primary vein straight. Secondary venation pattern

brochidodromous" At l-east 7 secondary veins present, which

loop into the superad j acent secondary vein at 90o or -l-ess .

5imp1e intersecondary veins well fo¡med and common. Tertiary

veins random reticulate.

UpÞer epidermis: Non-venous cel-l-s i¡¡e guJ-ar, with a va¡iabl_e

number of sides and straight wal-l-s (tig. 503 ) " The cuticul_ar

f-l-ange is heavily thickened. Surf ace covered in fine pitting
( tig. 503 ) . Venous ce1ls unknown. Trichomes absent.

Lower epidermis: Non-venous cel-l-s irregular, with a variable

number of sides and straight wal-l-s (f ig. 502 ) . The cuticular

flange is thickened, but not to the extent exhibited on the

upper epidermis. No surf ace ornamentation. Venous cel__l_s

longer and narroh/er than non-venous ce-l-J.s. Stomata confined

to areoles, oriented at ¡andom. The polar wal-ls of the guard

ce-l-ls are thickened. Subsidiary cel-1s brachyparacytic,

overJ-ying the guard cel.]-s (fig. 526). Trichome bases with a

smal-l-, irregularly shaped, heaviJ-y thickened foot cel-1 and

unmodified basal- cell-s occur occasionally over the veins

(fig. 527). Trichomes bicel--l-u1ar, with a large, blunt foot

cel--l-, and a 1ong, tapering apical cel--l-. Trichomes very

thinly cutinised.

N 0283 (fis. I44) "

249.
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Discussion: The specimen consists of the apical half of a

leaf. Part of the apex is missing (fig. L44), but it is

probably acute. The trichomes are prese¡ved in this

specimen, which is xare among the Nerriga specimens, but

they are generalJ-y so fragmentary and deformed that it t^ras

impossible to adequately illustrate them. Hohreverr it was

possible to determine that they are biceÌJ.uJ.ar, and taper

into an acute apex.
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7.3 FIELD KEY T0 THE NERRIGA PARATAXA: A k"y to the

parataxa is of l-imited usefulness, since it is unJ-ikely that

any future col-J-ectors would be abl-e to easiÌy use a key in

the f iel-d at Nerriga, and al-so, because only architectural-

characters hJere used, it was dif f icul-t to produce an

unambiguous kuy. 0n1y 31 of the 44 parataxa desc¡ibed f¡om

Nerriga have been inc.]-uded in the k"y. Parataxa NER,/028,

N?R/OT7 , NER/030, NER/031 , NER,/033, NE R/D34, NER,/035, NER,/036,

NER/037, NER/038, NER/D42, NE R/o43 and NER/o44 ì^/ere not wett_

enough preserved in gross morphoJ-ogy to warrant incl-usion.

Three features of the k"y shoul-d be noted. Because it is

designed f or primary rrsortingrr of specimens in the f ie1d,

only gross morphological and venation characters are used.

Secondly, due to the variability of some of the parataxa,

they may appear more than once in the kuy, and thirdly, be-

cause they cannot be easily separated on gross morphology

or venation, three parataxa (NER/D39, NER/D22 and NER/026)

occur together in the kuy. Because of their easy identifi-

cation, the three cycad species, the fern and the Casuarina

species are not included"

1 . Leaves entrre 2.

Leaves not entire (lobed or toothed) ....."19.

2. Venation pattern brochidodromous 3"

Venation pattern not brochidodromous ....o 13.

3, Leaf width<1.5 cm. ........ ......... 4.

Leaf width ) 1 .5 cm. . 10.

4. < 15 secondary veins

> 15 secondary veins

tr

7"

5, Secondary veins arise f¡om the primary vein at
<5oo .........o..oo. . NER,/01 2.

Secondary veins a¡ise from the primary vein at
).5Oo

252.
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6.

7.

B.

o

10.

11 "

Leaf base symmetrical .. ...... .. . ... ...... . o. o

Leaf base highl-y asymmetrical ....o.

Secondary veins loop weJ-l inside the margin

Secondary veins loop very close to the margin

Intersecondary veins usually terminate at more

than 2/3 of the length of the adjacent

secondary ÚeinS .o..... ..o...............

Intersecondary veins rarely terminate at more

than 2/3 of the length of the adjacent

secondary vgins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o

Venation pattern strictly brochidodromous ....

Venation pattern intermediate between

b¡ochidodromous and eucamptodromous .. . . .. o o..

< 1 5 secondary veins ........................o.

). 15 secondary veins ..... ......... o

Secondary vein angle increases toward the apex

Secondary vein angle uniform throughout the

l-eaf .

terminate at

of the adjacent

NER/020.

NE R,/01 g .

B.

NER,/020.

NER/01 1 .

q

NER/01 3.

NE R,/04 0 .

NER,/01 5.

11 
"

NER/01 7.

12.

NER/01 1

NER/oo7j

NER/025.

14.

NE R/03 2 ,

15.

16.

18"

NER,/023.
11.

12. Intersecondary veins

more than 2/3 of the

usuaJ-J-y terminate at

J-ength of the adjacent

secondary veins

14. Secondary veins

Secondary veins

1 5. Intersecondary

I nt e rsecondary

16. Venation pattern
Venation Pattern

Intersecondary veins

more than 2/3 of the

rarely

J-ength

secondary veins

1 3. More than one primary vein

0ne primary vein

not obvious

obvious

veins absent

veins present

a cro d¡omo u s

not acrodromous
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17" Leaf hridth< 1.5 cm.r tertiary veins not

obvious

Leaf width).1 "5 cm., tertiary veins obvious .

18. Venation pattern strictly eucamptodromous ...

NER/026,

Venation pattern not strictly
eucamptodromous . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

19 " Leaves l-obed

Leaves toothed

NE R,/021 .

NER/D24.

NER/O22,

NER,/039.

NER/040.

20"

22.

NE R,/0 0g .

21 .

NER,/01 0 
"

NER,/01 6.

23.

30.

24.

27.

25.

NER/008.

NER/DZ7.

26.

NER,/01 B.

NER,/014.

NER,/003.

28"

NER,/008.

29.

NER/002.

20. Lobes of

Lobes of

21 . Leaf-(15

Leaf)15

more than

22. Leaf length< 7

Leaf length > 7

23. <2 teeth per

)Z teeth per

24. fntersecondary

I nterse condary

27 . Leaf width ( 2

Leaf wídth)2

28. Leaf strongly

Leaf ovate or

29. Intersecondary

Inte¡secondary

approximately equal length

markedly different J-ength

cm. 1ong, 3 J.obed, symmetrical-

cm. 1ong, asymmetrical- or with

3 lobes

cm.

secondary vein

secondary vein

veins present

veins absent

on average

on average

25. Venation pattern

Venation pattern

26 " Teeth formed by

Teeth protruding

strongfy craspedodromous

mixed craspedodromous

indentation of the margin

f¡om margin

Cm. . . . . . . . . o . . . . . . . . . . . . . . . o o .

obovate

e llipti ca1

veins wel-1

veins not

formed and common

well- formed and
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30. Venation pattern st¡ongfy craspedodromous,

<2 teeth per vein on average .................

Venation pattern not craspedodromous,

).2 teeth per vein on average ... ..............

31. Leaf stongly obovate

Leaf ovate or elJ-iptical

32. I nterse condary veins general-ì-y well f orrned

and common

ïntersecondary veins poorly formed and rare,

NER/OZ7.

31 .

32.

34.

NE R/004 "

33.

NER,/005.

NE R,/041 .

35.

36"

NER,/002.

NE R,/001 .

37.

38.

NER,/005.

NER,/001 .

NE R/006.

NE R,/041 .

or absent

33. Venation

t ertiary

pattern st¡ongfy semic¡aspedodromous,

veins wel-l formed in the middle of the

1ea f

Ve n ation

tertiary

pattern weakly

veins not wel-l-

ve r_ns

ve l_ns

semicraspedodromous,

formed .......... o

34. Inte¡secondary

I nte rseco ndary

well- formed and common

poorly formed and rare,

or absent

35, Leaf Ìength:width ratio( 2

Leaf length :width ¡at ío). 2

36" Teeth conspicuous

Teeth inconspicuous

37, Teeth extremely va¡iable in size

Teeth regular in sj-ze

38. Venation pattern strongly semic¡aspedodromous

Venation pattern weakJ-y semicraspedodromous
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CHAPTER B

RELATIONSHIPS BETUì,EEN PARATAXA .

8.1 iNTR0DUCTIUN: As h,as mentioned in chapter 6, the

parataxa which have been described leplesent the maximum

number of morphological forms present. It is therefore

possibl-e that some of the parataxa replesent extleme fo¡ms

of a morphological continuum. The pulpose of this chapter

will- be to examine the relationships between the parataxa

and if necessaly suggest where parataxa are closely rel-ated

and could perhaPs be combined"

There are two approaches to this problem qualitative

and quantitative. Vr/hile the qualitative approach has been

avoided for most of this study for Teasons already mentioned,

it is useful_ to apply it at this point. This is because it

h,as shown in chapter 4 that the character set used in this

study is not necessarily very good for estimating the

relationships between taxa" Therefore the qualitative approach

acts as a contIol, against which the quantitative Iesul-ts can

be judged. it is al-so much easier to apPfy a qualitative

approach here, since it requires comPa¡isons to be made among

only 44 parataxa, not between several hundred specimens.

8.2 QUALITATIVE ESTIMATi0N 0F RELATI0NSHIPS: After careful

comparison of the architecture and cuticles of al-l- Iepresent-

atives of the parataxa, it appeared as though 1 B parataxa wele

very distinctive and bore no obvious ïesemblance to other

parataxa. They h,ere NER/007, NER/008, NER/009, NER/01 0,

NER/013, NER,/01 5, NER,/0',| 6, NER/01 9, NER/020, NER/O21 , NER/023'

NER/O24, NtR/O29, NER/030, NER/D32, NER/033, NER/035 and

NER/D42. The remaining parataxa fall into six groups'

listed in table 67.
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TABLE 67'. Groups of

estimated

EROUP
NUMBER PA RATAXA

morphologically simil-ar parataxa,

f¡om a visua-L inspection.

I
II
III
IV
V

VÏ

NE R/02 5 ,

NE R/01 4 ,

NER/o26,

NER/OZ2;

NER/01 1 ,

NE R,/001 ,

NER/006,

NE R,/031

NER,/01 B,

NE R/034 ,

NER,/OzB,

NER,/01 2,
N E R/o02 ,

.,NE R,/03 6 ,

NER/O27,

NER/037,

N E R/039

NER/01 7,
NE R/003 ,
N ER,/041 .

NER,/043

N E R,/03 B

NER/040,
NER,/004,

NE R,/044

NER/oos,

Group I: NER,/025 is probably the most distinctive parataxon

in the Nerriga fJ.ora (figs. 5B-64)" The unique architectural

and cuticul-ar characters of this parataxon have already been

described and will- not be repeated here. However, the

cuticle of NER,/031 ( tl-gs . 464 r 465 ) is indistinguishable f rom

that of NER/D25 (figs. 310-323)" If the so-called primary

vein of NER/031 is one of the outer primary veins of NER/Ozs

then the al-most para11e1 margin and the basal- curve of the

primary vein could easily be explained. The minor venation

of NER/031 differs considerably from that of NER/025 and

afso, if the primary vein ì^/ere only a lateral primary, the

whole leaf woul-d be about 20 clTro wide, which is almost

twice the width of any specimen of NER/025"' The cuticl-e of

NER,/025 is particularly distinctive however, and because of

the cl-ose similarity of the cuticle of NER/031, these two

parataxa couJ-d be combined.

Group II: NER/OZ7 is the dominant parataxon in the deposit.

0f the original 112 0TUs, 45 bel-ong to this parataxon. It

is distinguished by sevetal features. Firstly' it is a

compound leaf, al-though onÌy one specimen is well- enough

preserved to show this (fig" 9B). 5econd1y, the l-eaflets
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have a cltaspedodromous venation pattern and a serrate margin"

Thirdly, the lower epidermis contains large and very

characteristic glands scattered over the veins (tigs " 367-369l'.

Despite the extreme variability in leafl-et size and shape,

the above group of features ale invariant th¡oughout the

parataxon "

Three other parataxa have some or al-l of these featu¡es "

NER/014 (figs.41r43) has mixed craspedodromous venation which.

could be considered as an extleme of the NER/O/| venation

type. It al-so has a serrate margin and the glands described

for NER/D27 over the veins on the l-ower epidermis (fig- 251)-

0n1y one of the two specimens in NER/01 4 has its base

preserved and it is highly asymmetrical-r leminiscent of the

base of the fateral l-eaflets of NER/OT7.

NER,/018 (fig" 44) has mixed craspedodromous venation

which again could be considered as an extreme of the NER/027

venation tyPe, although it has some marked differences from

that type. It also has a serrate margin and the glands

described for NER/OTT over the veins on the -l-ower epidermis

(fig " 261). The base of the only specimen in this parataxon

is not preserved.

NER,/043 (t:-gs . 1 42 
'143 

) has an unusual venation type and

a symmetrical- base. HoweveI, the glands described for NER/027

also occur over the veins in NER/043 (tig.525) and it may be

that the single specimen in NER/043 represents a juvenile oI

mechanically damaged form of NER/O27. Therefore it is

possible that these four parataxa, NER,/014, NER/01 B, NER/O27

and NER/043 coul_d represent extreme forms of the same

biological group of plants and cou.l-d be considered as a single

parataxon.

/D26 (figs. 65-80) is one of the dominant
258.
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parataxa in the Nerriga flora. The venation pattern is not

particularly distinctive, being eucamptodromous, with a

variable number of intersecondary veins" However, the

subsidiary cell thickening is particularly distinctive. The

subsidiary cell-s are more heavily thickened than the

epidermal ce11s and are cove¡ed in fine st¡iations which Tun

þerpendicu.l-ar to the long axis of the stomate (figs . 3621363') "

Three other parataxa resemble NER/026.

. NER/O3B (fig.137) probabJ-y has eucamptodromous venation.

It also has the thickened and striated brachyparacytic

subsidiary celfs found in NER/026 (fig" 513). NER/034 (figs"

132r133\ is much smalle¡ than any specimen of NER/026, but

has eucamptodromous venation and thickened and striated

brachyparacytic subsidiary cel]s (tig. 505). NER/o37 (fig.

136) has apparentJ.y b¡ochidodromous venation, al.though it

consists of only one specimen, which is the apical part of a

l-eaf. Many specimens of NER/026 become somewhat brochidodro-

mous toward the apex, al-though thei¡ overal-1 venation

pattern is unquestionably eucamptodromous. The same may be

true f or NER/037. The brachyparacytic subsidiary ce-l--l-s of

NER/037 are thickened and striated. Sometimes the subsidiary

ce.l-.1-s are atinocytic, but this is rare (f igs . 51 0 r 51 1 ) " It

is therefore quite possibl-e that these four parataxa, NER/D26,

NER/034, NER/O37 and NER,/038 all belong to the same biological

group of plants and could represent a single parataxon.

G¡ouÞ IV: Three parataxa, NER/022 (fig. 49]', NER/028 (fig.

126) , and NER,/039 (fig. 138 ) are each rlepresented by a single

specimen. NER/D22 is a highly asymmetrica.l- l-eaf, probably

the resul-t of mechanical damage early in its developmento

The venation pattern is weakly brochidodromous and inter-

secondary veins occurl commonJ-y. 0ne of the striking f eatures
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of this cuticle is that the cuticular flange not onJ-y

extends between adjacent ce11s, but al-so extends over the

subepidermal- layer of cell-s, Ieaving a second, fainter

outJ-ine of the mesophyll cel-l-s (tigs . 28Br2B9) . This occurs

on both epidermises.

NER,/039 has a very simil-ar venation pattern to NER/Dzz '
except that it is symmetrical. The cuticles of the two

parataxa also sha¡e several- features, the most distinctive

of which is the extreme development of the c'uticular flange.

NER,/028 consists of on.]-y one incomplete specìmen, Although

only the apical half of the leaf is pleserved, the venation

pattern shows no major differences f¡om NER/Ozz or NER/O39.

The cuticle of NER/O2B is also simila¡ to that of the other

two parataxa, although it lacks trichome bases on the lower

epidermis" It is 1ike1y that these three parataxa, NER/O22,

NER/028 and NER/039 atl belong to the same biological group

of plants and represent a single parataxon.

Gro oV : Five parataxa' NER/01 1 , (f igs. 3B ,39) , NER,/01 2

(ri.s. 37) , NER/01 7 (tig . 451 , NER/040 '(fig" 139) , and

NER/044 (fig. 144) a1-l- have a very simil-ar brochidodromous

venation pattern¡ although in NER/040 it apPears to be

somewhat more loosely defined" A very distinctive feature

of the l-ower epidermis in all- parataxa except NER/01 2 is ,the

presence of cuticle covering the stomatal cavity (tigs. 231,

263) " NER/01 2 eonsists of only one specimen with very

fragmentary cuticl-e and such a covering, if it was present,

has not been preserved" The whol-e stomatal complex of all

five parataxa is vely similar and it is possible that the

six specimens which make up the five parataxa may simply

represent extremes of form within a single biological gloup

of plants and could therefore be considered as a single
¿6D -



Parataxon.
Group VI: The final group of eight parataxa show more

complex interrel-ationships. There are some very obvious

s imilarities between NER,/002 ( tig . 21 ), NER/003 (f i-g . 22) ,

NER/004 (tigs" 23-31) and, to a lesser extent NER/001

(fi_gs. 1B-20), NER/005 (tig. 33), NER,/006 (fig.32), NER/036

(ri-g. 134), and NER/041 (tig. 140) . They al-1 have a similar

form of semicraspedodromous venation and they all possess

toothed margins, although the size and form of the teeth is

extremely variab-l-e " I ntersecondary vein f requency varies

considerablyr âs does leaf shape.

It is the cuticl-e which exhibits the cl-oseness of the

relationship between these parataxa. The lower epidermis

of NER,/004 (figs . 174r176,178,1 B0 r18211B4r1B6,1 BBrl 90),

which is by far the most highly represented of this group

of parataxa, has epidermal- cells with straight or curved

wa1ls, fine cuticular pegs at cell- wa11 junctions, stomata

with actinomorphic subsidiary ceJ-ls and numerous trichome

bases. NER/OOZ (tigs. 1601161 ) is very simil-ar to NER/004

except that the epidermal cel1 wal-l-s may be sinuo¡us. NER/ODT

is separated from NER/004 on the basis of the size and shape

of the lamina and on the fact that only about two teeth per

secondary vein are presentr ês opposed to more than two for

NER/004. NER,/003 (figs.22116211 63) is simil-a¡ to both

NER,/002 and NER/004 and is separated on its l-eaf shape and

the frequency of intersecondary veins. NER/002 and NER,/003

coul-d easily represent extreme forms of NER,/004.

NER,/001 (tiqs. 1 B -2O, 154-159) consists of three

specimens which share some distinctive features. AlJ. three

specimens have atinocytic subsidiary cel--l-s which would

appear to separate this parataxon from NER/004' despite the

architectural- simílarities. 
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The other four parataxa, NER/OOS (figs.33r1641165),

NER,/006 (figs . 32,2OO,2O1 ), NER/036 (figs. 134,486,487), and

NER,/041 (figs. 14Dr496,497 ) differ from NER,/004 in having only

a few trichome bases over the major veins. However, they are

simila¡ to one another, both architecturally and in their

cuticular pattern. Therefore, this group of eight parataxa,

despite their architectu¡al simil-arities, could possibly fal1

into three biological groups. NER/ODz, NER/003 and NER/004

form one group, NER/001 .unotherr and NER,/005, NER/DO6,

NER,/036 and NER/041 form'the third" It is possible that the

first and third groups may belong together as one parataxon,

but the subsidiary cel-1 arrangement of NER/001 clearly

separates it.

0n the basis of this qualitative comparison the number

of parataxa in the Nerriga fJ.ora could be as l-ow as 26,

rather than the 44 described in chapter 7. A quantitative

assessment of the relationships between the 44 parataxa may

noh/ be made to compare with the results of the qualitative

reVieì¡r.

B .3 QUANT ITAT IVE EST IMAT I 0N 0F RELAT I 0NSH IPS : Since 1 7 of

the 44 parataxa had missing values for at least some of the

characters, missing data had to be accounted for when

caJ-culating the similarity mat¡ix. This h,as achieved in two

ways.

(a) CLUSTAN 1C cannot calculate a similarity matrix

if missing data occurs, therefore a mean value calculated from

all othe¡ parataxa was inserted for missing data where-ever

it occurred. This method of handl-ing missing data, whiJ-e

commonly used, is not desirable, especially when the amount

of missing data is large.

(b) Using a program developed by Blackburn (1978a)' a
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simil-arity matrix of Euclidean distances can be calcul-ated

if missing data is PIesent. l¡'lhen calculating a distance

measure between a pair of OTUs, if one oI both of the OTUs

has missing data for a palticulal character, that character is

deleted from the cal-culation. The similarity matrix produced

coul-d then be input into CLUSTAN 1 C. This method for handling

missing data is superior to the use of a mean value, since it

makes no assumptions about the character val-ue"

A second feature of this Program is that it standardises

characters to states rather than to variance (see 3.2).

Because of this, it is possible for each OTU to scole molle

than once fo¡ each character. For example, ifr ds in this

case, each 0TU.'may consist of severaf individuals, the lange

of values can be conside¡ed rather than the mean. Therefore,

if six states vìrere available, one OTU may scole in states

2-4 fo¡ example. Theoretically, this is a big advantage ovel

using a mean val-ue for each character, since it allows the

variability of the OTU for a particular character to be

expressed.

Two simil-arity matrices h,ere therefore available for

cl-usteringr oDe produced by standardising characters to

variance and substituting mean values for missing data;

and the other produced by standardising multiple scolles

for characters to states and deleting missing data f¡om the

calculations. These two similarity matrices h/ere clustered

in four different brays.

8.3.1 RESULTS: A: 44 oarat axa with 25 c aracters standard i sed

d unit variance usanq mean values in Þ1 ace ofto zero mean an

massl-n o data. c1u tered usinq the E55 a.l-qorithm: Figure 1 3

shows the

suggested

dendrogram produced.

that six grouPS could
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FIGURE ].3 . ESS dendrogram for the 44 parataxa with

25 characters standardised to zero mean and

unit variance. The numbers correspond to

parataxon numbers, i.e" l- = NER/001 etc.
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These groups wiJ-J. be considered in tu¡n.

GROUP I: The two parataxa occur in a grouP of 1 0, but are not

closely linked. This is to be exPected, since many of the

extreme character values in NER,/02 5 (e .9. l-eaf width and

shape) were scored as missing data in NER,/031 .

GROUP II: Three of the four 0TUs occur r-n the group of 1 0

parataxa containing the 0TUs in grouP I. The fourth (NER/043)

is widely separated from them, Possibly because of its

extremely small- l-amina size in comparison to the other".three.

gROUP iIi: The four parataxa in this group occul among Ê gloup

of 11 parataxa, but they axe spread throughout it, with none

being particularly closely rel-ated"

GRDUP IV: The three parataxa in this grouP occur an the group

of 11 parataxa containing the parataxa in gloup IIIr but

again theY are widelY seParated.

GRDUP V: The five parataxa are spread throughoui the dendro-

gram, and none are closelY reJ-ated-

GROU P VI: Seven of the eight parataxa are cl-ustered very

closely, occurring in a group of eight parataxa (the eighth

being NER/016). The remaining parataxon (NER/001 ) is not

closely ¡elated to the othersr ds predicted in 8.2.

An inspection of fig. 13 suggests that only two

clusters could be delimited. In general, the position of the

parataxa within the groups lends some support to the

qualitative conclusions' but it is unlikely that any of the

parataxa would have been selected as possibly being closely

related on the basis of this dendrogram'

B: 44 taxa with 25 charac ters standa rdised t o states ,DAI

th missin t de1 e nd us r_ti l-e scor

ch ara ters. clustered usinq the ESS alqorithm: Figure 1 4

shows the dendrogram produced. None
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FIGURE J-4" ESS dendrogram for the 44 parataxa with 25

characters standa¡dised to states. The

numbers coltrespond to parataxon numbe¡s.
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of the groups are closely related in the dendrogram. The

cl-ustering in this dendrogram (fig. 14) is extremely poorly

cor¡elated with the quaJ-itative resuJ.t and compares very

unfavou¡ab1y with the first dendrogram (tig. 13). The

discrepancy probably l-ies in the use of muJ-tiple scores for

characters, ¡ather than in the method adopted fo¡ handling

missing data. IdealJ-y, before multiple scoles are'used it

should be ensu¡ed that each OTU contains an equal number of

specimens. This h,as not the case in this study. The effect

of using different numbers of specimens per OTU is to bias

the range of the cha¡acters. This is obviousJ.y an undesirable

feature and it is evident that Bl-ackbu¡nts (1gl1a) method

should be used with this shortcoming in mind.

44 oa¡ataxa with 25 cha¡acte rs standardiseeÌ ts zero mean

V Il_ nce US]-N

clustered ith an NNN: The NNN (fig. 15) contains

are listed in tabl-e

of the groups of the

1 0 groups.

68.

NNN (rig. 1 5).

TOTAL NUMBER
OF PA RATAXA

3

2

2

3

4

4

2

17

5

2

t a c o ASSlN d t ,

The parataxa in each

TABLE 6 B: Parataxa

GROUP PA RATAXA

cluste r

in each

1

2

3

4

5

6

7

B

9

10

The six

NER,/OOB , NE R/01 5 , NE R/O32

NER/oo9, NER,/01 o

NER,/006 
'NER/041

NER/01 1, NE R/O13, NER/033

NE R,/O2B , NER,/02 B , NER/03 9 , NE R/O43

NE R/007, NE R/03 B , NE R/ DAO, NER/044

NER,/01 9, NE R/DZO

NER,/001, NER/01 2, NER/01 4rNER,/01 6,NER/O1 7,
NER/01 B, NER/D22, NER/023,NER/O24, NER/025,

NER/D26, NE R/O27 ,NER/DZg, NER/030, NER,/034,

NER/o37,NER/O42
NER,/O02, NER/O03, NER/004, NER/OO5, NE R/D36

NER/031,NER/o3s

groups of closely related parataxa (tabte

269.
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FIGURE 1 5. Nea¡est neighbour network for the 44 parátaxa.

The heavy, unbroken lines represent very strong

bonds, the light, unbroken lines represent

strong bonds and the b¡oken lines represent

weak bonds. The smal1 numbers correspond to

parataxon numbers r and the large numbers

delimit groups.
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spread throughout the NNN in the fol-lowing way:

GRO UP I: One parataxon (NER/025) in group B and the other

(NER/031 ) in group 10.

Three parataxa among the 17 in group B and oneGRO UP IÏ:
(NER/043) in group 5.

GR0UP III: Three parataxa among the 17 in grouP B and one

(NER/038) in srouP 6.

GRoUP IV: One parataxon (NER/D7T) among the 17 in group B and

the other two in grouP 5o

GRO P V: The five parataxa are spread between groups 4

(NER,/01 1 ), 6 (NER/O40 and NER/044) and B (rurR/o12 and

NER,/01 7).

GROUP VI: Five of the parataxa occur in group 9, and two in

group 3. They are the only parataxa in these groups.

NER/001 occurs among the 17 parataxa in grouP B.

The NNN substantiates the qualitative ¡esults to some

extent, but is certainly not a great improvement on the

dendrogxam produced from the same similarity matrix (fig. 13)"

D: 44 parataxa with 25 characters standardised to ze ro mean

d unit a nce us r_n me es r_n .l-ace of mis

clus d usin : The MST (tig. 16) can

scanned for relationships between parataxa. If the

suggested from the quaJ-itative analysis (table 61) are

also

six

be

groups

again

r_n

considered, the following can be seen:

GROUP I: The two parataxa (tabte 67) are widely separated

the MST.

GROU P II:

NER/027)

separated.

GROUP III : Three of the

occur in cl-ose

Three of the four parataxa (NER/014rNER/01B,and

are closely reJ-ated, but NER/043 is widely

parataxa (NER/D26, NER/034 and

proximity in the MST' but the fourth
272.
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F I6URE 1 6. Minimum spanning tree for the 44 parataxa

described in chapter 7, based on a simil-arity

matrix constructed from 25 characters

standardised to zero mean and unit variance,

with mean values substitued for missing data.

(Numbe¡s correspond to parataxon numbers)"
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(NER/038) is widelY seParated.

GROUP ]V: The three parataxa (tabte 61) occur in close

proximity in the MST.

GROUp V: The five parataxa (table 67) are widely spread

throughout the MST.

GROUP VI: The eight parataxa (taure 67) are directly linked

to one another.

The MST shows that the parataxa in grouPs IIr III' IV

,and VI are more or less closely relatedr ês suggested by the

qualitative results, but those in groups I and V are not.

In general, the resul-ts of the quantitative analyses suggest

that providing the qualitative resul-ts aIe accurate, the

character set has some weaknesses in estimating rel-ationships

between parataxar ds was predicted in chapter 4.

In chapter 6, 27 parataxa h,ere delimited from 112 OTUs.

If the qualitative results in this chapter ale correct, this

number should actually have been 20. There ale two possible

sources of er'IoI for the over-estimation of the number of

parataxa in chapter 6. Either the character set may have

been inadequate and the OTUs in a parataxon h,ele vely widely

separated, oI the visual- comparisons may have been inaccurate

in some cases. The MST of the 112 OTUs given in chapter 6

has been reproduced (tig. 17 ) showing the positions of the

0TUs in question. Those Parataxa which should be amalgamated

are: NER/01 4 with NER,/01 B and NER/D2T; NER,/01 1 with NER/O12

and NER/01 7; NER/002 with NER,/003 and NER,/004; and NER/005

with NE R,/006 .

It can be seen that the OTUs in parataxa NER,/014t

NER/01 B and NER/O¿7 are very closely linked in the MST

(fig. 17) and their amalgamation reduces the complexity of

the original interpretation (fig. 5) considerably. The cl-ose
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FIGURE 17. The MST drawn in fig. 5 (chapter 6). (5ma1l-

numbers = 0TU numbers¡ large numbers correspond

to parataxon numbers ) " The OTUs in parataxa

NER/002 (OfU 12) and NER/u03 (OfU 15) have been

combined with the 0TUs in NER/004. The OTUs

in parataxa NER,/01 4 (OtUs 18 and 24) and

NER/01 B (OfU 22) have been combined with the

OTUs in NER/027.
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relationship of these parataxa was commented on in chapter

6. The OTUs in parataxa NER,/01 1 , NER/01 2 and NER/01 7 are

widely separated in the MST (fig. 17l' and obviously the

character set does not ¡eflect the true ¡elationship between

the OTUs. The OTUs in parataxa NER/002, NER/003 and NER/004

are very closely related (fig" 5), and again this hras commented

on in chapter 6. The 0TUs in parataxa NER/005 and NER/006 are

wel-l separated in the MST and the character set does not

reflect the true relationship between them. Therefore,

a.1.though the character set vì,as sometimes inadequate for

depicting the ¡el-ationships between 0TUs, it h,as also often

the case that the visual- estimation of relationships h,as

inaccurate. This visual- estimation h,as greatly improved when

al-l- the specimens had been studied and the variability of the

parataxa t^ras more fully understood. This shows the importance

of the taxonomist being familiar with the material being

studied, even if numerical methods are being employed.

8.4 C0NCLUSI0N: The 44 parataxa described in chaptet 7 h,ere

delimited from 1 30 specimens in chapter 6. It h,as obvious

at that staçie that the limits of some of the parataxa h,ere

unc.l-ear and that further investigation would be required.

After studying al-l the "p..it=ns available (581 )

rel-ationships between parataxa could be infer¡ed" The

results of this study led to some interesting concl-usions.

0f the 44 parataxa, 1B were aeknowledged as being very

distinctive and remained unchanged" 0f these 1 B parataxa,

13 h,ere represented by only one specimen, three by two

specimens, one by six specimens and one by 1B specimens

(table 22). That is, the 41Í of parataxa which are

rf unrelatedrr to other parataxa account for only 7.4% of the

specimens. The obvious conclusion is that when a large
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n umbe r

becomes

of specimens are availabl_e

more difficult to define

like1y that the range of

for a parataxon it
the limits of that parataxon

form will overlap otherand more

parataxa 
"

The remaining 26 parataxa hrere interrel_ated in six

groups. A cl-ose study of the specimens involved led to the

fol-l-owing concJ-usions :

(1 ) NER/025' which contains 71 specimens, should incl-ude the

single specimen of NER/031, which probably represents a frag-

ment of an extremeJ-y large l-eaf .

(2) NER/o27, which contains 246 specimens, probabry encompasses

a large enough rlange of form to al]ow it to include NER,/014

(two specimens ) , NER,/01 B (one specimen) and NER/043 (one

specimen).

(3) NER/026, which contains 100 specimens, shoul_d probabÌy

incl-ude NER,/034 (one specimen), NER,/037 (one specimen) and

NER/038 (one specimen) because they have seve¡al features

which are common to al.l specimens of NER/O26"

(4) NER/Dzz, NER/o2B and NER/039 share many similarities and

are probably closely related. Hourever these th¡ee parataxa

contain only fou¡ specimens and more material is requi¡ed

to adequately guage the variation of this particuJ-ar l_eaf

tyþu.

(5) NER/01 1 , NER/012, NER/01 7, NER,/040 and NER,/044 share many

simil-arities and are probably closely related. However these

parataxa are represented by only 11 mostJ-y fragmentary

specimens, and again the variation of this leaf type is not

wel-l- unde¡stood.

( 6 ) The relationship between parataxa NER,/002, NER,/003,

NER/0!4, NER,/005, NER,/006, NER/036 and NER,/041 is very

complex. NER/OD4, with 87 specimens is by fa¡ the most
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highly represented of these parataxa. It is possible that

NER,/002 (one specimen) and NER/UOS (two specimens) could

be included in the range of form exhibited by NER/OO4.

However NER/005, NER/0A6, NER/036 and NER,/041 which contain

only one specimen e¡ach probably constitute a separate leaf

type, although more specimens are required to test this

hypothesis.

The¡efore the number of parataxa present among the 581

specimens is somebrhele in the range of',26 to 34, depending upon

the relationships between some of the ioorly Iepresented leaf

forms. It is apparent that furthe¡ coll-ections of some of the

rarer parataxa ale required to ascertain their variation.

For the remainder of this study, the 44 parataxa described

in chapter 7 wil-l be referred to unless otherwise indicated.
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CHAPTER 9

TAXONOMY.

9.1 TRADITIONAL APPROACHES TO IDENTIFICATION: ThErîE AIE

two major problems in identifying fossil angiosperm l-eaves

in Australia, one of which is the consequence of the other.

Firstly the leaf 'architecture of'extant Australasian

angiosperms is virtually un known . A cf eared l-eaf col-lection

has been commenced at the Botany Dept., University of Adel-aide

(D. C. Christophel peïs . comm. ) but it wil-l- be many years

before it is large enough and welJ- enough studied to be of

significant use for the identification of Tertiary fossils.

Secondfy, little is known about the evol-utionary rates of

Australasian angiosPelms. That is, many Tertiary angiospelms

may be extinct at the specificrgeneric, oI possib-ty even the

family .Ievel, but at present there is no hray of detecting

this.

At present, the only method available for the identifi-

cation of fossil angiosper'm l-eaves is the much maligned

rrpicture matchingrr technique. It is wo¡th considering the

technique of picture matching in some detail. There is no

doubt that the human brain is wel-l- equipped for pattern

recognition. 5ubtle differences in venation pattern, leaf

shape and cuticular pattern aIe readily Iecognised by visuaf

inspection but cannot always be simply put into words oIr

alternatively, coded as character states for computer data

banking. It hras for this reason that it h,as considered

necessary to il_l-ustrate al-l- the 0Tus used in this study,

therefore making them avail-able for other Iesearchers to

compare visualJ-Y.

Two serious deficiencies are apparent in the picture

matching technique. Firstfy, it relies heaviJ-y on the
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experience and ob j ectivity of the useri. Many unrel-ated -l-eaf

types have very simila¡ venation patterns and to the

inexperienced or casual resea¡cher they may easiÌy be

mistaken as being closely related. It shou.l-d be noted,

however, that this simiJ-arity rarely extends over all- leaf

features (i.e. incJ-uding cuticular patterns). Secondly, due

to the time required for comparison, many l-eaf types wil-l-

often not be examined before an identification is made.

Lange (1 97Bb ) point.ed out that the onus is on the palaeo-

botanist not to ascribe the fossil to the first match

detected, but to explore as many a.l-ternatives as possible.

Australian palaeobotanists have often been guilty of ignoring

this advice.

The historical- fact is that picture matching has left

angiosperm palaeobotany with a huge legacy of misiderrtifi-

cations. Those researchers who sti-l-l- use the method are

much less 1ikely to misidentify l-eaves than ear.l-ier

researchers h,ere " This is because modern researchers have

fearnt f¡om the past and no longer feel- obliged to indentify

virtual-ly every leaf they find, and therefore they tend to'

be much more critica-l- in their comparisons before they make

an identification.

During the course of this study, it is estimated that

several thousand species of Australian angiosperms have been

observed in herbariums, in the field, and in the clea¡ed leaf

col-lection at Adelaide University. AJ-though many leaves have

been coflected fo¡ criticaJ- comparison, no firm identifications

of the angiosperm l-eaves at Nerriga (apart from Casuarina

(Christophel 1980 in press) which is extremely distinctive

and is accompanied by reproductive material) have been made"

The failure of these comparisons to produce even one
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close match and the difficulty being experienced in identify-

ing angiosperm l-eaves from the Masl-in B-y and Angtesea f-l-oras

(Ch¡istopheJ- and Blackburn 1978¡ D.C. Christophel pers. comm. ),

indirectly indicates that perhaps many of the species in

Austral-ian Eocene deposits are extinct. This possibility

has been recognised wo¡1d wide. For example, la/o].fe (1977)

suggested that diversification of many famil-ies of Sympetalae

h,as J.argely post-Eocene, judging by the number of extinct forms

in the Alaskan fossils he studied.

9.2 DATA BANKING 0F ANGI0SPERM LEAF INF0RMATI0N: Dolph

(1978a) proposed the initiation of a computer based data bank

of fossil and extant leaf information. He gave three major

reasons for the need for such a system: tt(1 ) the ever

increasing amount of information avai.l-able on mode¡n and

fossil leaves; (2) the difficulty in carrying out an

effective lite¡ature search to obtain references on l-eaf

material-; and (3) the ability to carry out statistical- tests

based on the information in the data bank.rr

DoJ-ph suggested that ideal.ly both labe1 data and

character data shoul-d be entered into the data bank for each

specimen. The typu of characters which shouJ.d be entered

into the data bank has been commented upon by Dolph (1978a)

and Hil-l- (1980b in press). This will be considered agáin in

the conclusion. It is obvious that data banking woul-d be a

great advantage to the researcher trying to identify fossils.

Undoubtedly the biggest problem in trying to identify a

fossil- angiosperm leaf is the numbe¡ of comparisons which

must be made. A data bank of l-eaf information has the

potential to significantly ¡educe this prob-1-em by eliminating

species which do not need to be compared (because they are

obviousJ.y diffe¡ent ) .
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Even with an efficiently running data bank there is no

doubt that the major problem woul-d stil-l be the number of

comparisons which ideally shouJ.d be made. There is another

approach to the problem of reducing the number of required

comparisons. If it ì^,ere possible to place a fossil- l-eaf

into a family or even limit it to a group of famil-ies the

number of comparisons wouJ-d be greatly reduced. In the

picture matching technique comparisons arle usually made at

the species leve-l-, and rarely, if ever are 'f amily

cha¡acteristics considered " h/ith the aid of a great deal- of

properly directed resea¡ch it may be possibl-e to del-imit

famil-ies on the basis of a combination of several key features

of -l-eaf architecture and/or cuticula¡ pattern. Some work

has already been done in this direction. Hickey and Vr/olfe

(1975) proved that this may be possible by producing a k"y to

the dicotyledonous subclasses based on leaf morphology"

Lange (1glAn) noted that a particular type of complex hai¡

base occurs in Proteaceae, although it ia also found in

Araliaceae and llatanusr and a particular tyPt of papillae

may be restricted to Proteaceae and Barringtoniaceae " There

are many other obvious examples: the presence of oil- glands

and an intramarginal vein in Myrtaceae, oil glands in

Rutaceae etc., Research into this area woul-d be inva-l-uable

for the future of palaeobotanical angiosperm taxonomy. This

type of kry Ieaf character could be easily adapted to computer

data banking, and in fact comprehensive l-iteratu¡e searches

may prove that much of the data is already available. Until

such a system is operational little headway will- be made in

the identification of Australian Tertiary angiosperm leaves.

9.3 TAX0N0MIC DETERMINATI0NS: The only angiosperm which has

been identified from Nerriga is
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by one female cone and 12 isolated twigs (Christophel 1980

in press ) . The cone and al-l- the twigs are f our parted, and

this, along with other diagnostic features' prompted

Christophel to place them in division Gymnostomae, which will

be el-evated to generic status by L.A.S. Johnson in his

forthcoming ¡evision of the Casuarinaceae. The specific

determination of the Nerriga Casuarina has yet to be made.

In comparison to other Tertiary deposits in Australiat

Nerriga is somewhat depauperate in non-angiospelmous fossil-s.

In fact, out of a total- of about 750 specimens only four are

non-angiospermous. Three of these four specimens are cycads.

They are Bowe nia aoil1o s a (Hirr 1978) , Lepidozamia f oveol-ata

(H:-rr 1980a) and Pterostoma nastomo s an s (Hirr 1980a).

Reprints of the papers describing these species are j.n

Appundix IV.

The fourth specimen is an impression of a fern (fig.560).

No cutic.l-e h,as pleselved on the spe cimen, and epif luorescence

microscopy fail-ed to givd any detail-s of the epidermis. The

specimen consists of an incomplete f¡ond (pinna?) which

branches, apparently dichotomously" Each branch contains a

large number of pinnu.l-es (?)' each of which has a midrib

which runs the length of the pinnule and gives rise to l-ateral

veins which ale not wel-l- Pleserved. The pinnules also occul

bel-ow the branch.

It is likely that the specimen belongs to the family

Gleicheniaceae, because of the Presence of the

pseudodichotomous branch of the frond (Bower 1963 p. 13).

There are six genera in GJ-eicheniaceae (Copeland 1947 p. 26),

four of which woul-d not preclude t he fossil (Stiche¡us Pre sl ,

Gleichenia 5mith, Dicranopteris Be rnhardi and Hicriopteris

Presl). 0n1y one of these genera (gtiche¡us) has been
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observed, and the specimen shown in figure 561

(5. fJ-abell-atus (RBr.) 5t. John) exhibits an obvious

similarity to the fossil. Hourever', before a definite

identification of the fossil coul-d be made, mole material

would have to be collected, preferably containing sporangiat

so that the affinity with Gleicheniaceae could be confirmed.

The¡efo¡e, at the present time, one angiosperm and

three cycads have been identified from the Nerriga deposit.

There is little Prospect that'. this number will be increased

significantly in the near future for the reasons outl-ined in

9.1 .
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CHAPTER 1 O

C0MPARIS0N l¡IITH 0THER DEP05IT5.

1 0.1 E0CENE DEP05IT5: Three Eocene megafossil- fl-oras are

currently being studied in Australia. Apart f¡om the Nerriga

deposit, they are at Anglesea and Masl-in B.y (figure 1 )"

The Maslin Buy megafossil- fl-ora has been the subject of

severa-l- ¡esearch projects (..g. Lange 197Or1978b; B-l-ackburn

1913; Harvey 1974; Christophel and BJ-ackburn 1978;

Christophel 1980 in press), but the bul-k of the flora remains

undescribed. The AngJ-esea fl-ora has afso been reported in

many pubJ-ications (e.g. Douglas 1977r1978; Lange 1978b; Hill-

1978r1980a; Christophel 1980 in press), and is currentJ-y being

researched by D.C. Christophel and M.D. Peters (Botany Dept.,

University of Adelaide).

Christophel (1979 in press ) conc.l-uded that the¡e is not

a single leaf species in common between these three floras,

and at the generic 1evel there is onJ-y one taxon definitely

found in a-l-1 three, that being Casuarina. Since that time,

Bowenia and Pterostoma have both been reported from the

Anglesea and Nerriga deposits (HiJ-f 1978,1 9B0a).

A survey of specimens from the th¡ee d"po=ìt= suggests

that they differ markedly from one another in fl-oristic

content. However, since so few taxonomic dete¡minations have

been made, it is too early to comment specificaÌly on this.

The task wil-l- certainly be made easie¡ when parataxonomic

studies of the three fl-oras are complete.

Lange (glAn) described some proteaceous cuticles from

the Lake Lefroy (l¡Jestern Australia ) deposit. However, since

no proteaceous cuticl-es have been recognised from the Nerriga

deposit, no comparison can be made. Therefore, flom the

limited comparisons which can be made with other Eocene
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deposits in Australia, it appears as though the Nerriga

flora is so far J-argely unique in its fl-oristic composition.

1O.2 0THER TERTIARY DEP05IT5: D.T" B.l-ackburn (Botany Dept",

University of Adelaide) is currently studying the Miocene

fl-ora of the Yal-l-ourn brown coal- mine " This fl-ora, which

has afso been studied by Duigan (1966) has been preserved

mostly as dispersed cuticl-e and shows no obvious similarities

to the Nerriga flora. The only direct comparison which can

be made with TertiarV, non-Eocene fl-oras is. at the generic

l-evel-. Cookson (1gSS) described Lepidozamia hopeites

(Cookson) L. Johnson from the Oligocene of Bacchus Marsh,

Victoria. The genus Le pidoz amia is afso present at Nerriga.

10.3 PALYN0L0GïCAL DATA: By far the greatest contribution

to the Tertiary floras of Austra-l-ia is in the fc¡rtn of

palynologicaJ. data" However, it is difficul-t to

make comparisons h¡jth rnegafossil f-l-oras because of the

paucity of taxonomic determinations of megafossils, Some

interesting comparisons tran be made between the Nerriga

megafossi-l-s and the microfossils repo¡ted by Owen (1975) 
"

Table 69 J-ists the refative pereentages of the major

component groups at Nerriga (afte¡ Owen (1975)). The fi¡st

feature of interest is the high percentage of spores (15.5

37 "sfi) . A large perce ntage of the spores ì¡/ere contributed

by Cvathidites spp. and Tril-ites tubercu.l-if ormis. The f o¡mer

is definitely a t¡ee fern, and the latter may afso be. This

tree fern element forms at least 71" of the assembJ-age

(Owen 1915). T¡ee fern remains are absent from the mega-

fossils. There are two possible reasons for this. Firstly,

extant Cvathea species do not shed their fronds, which

generalJ-y decay on the plant and are therefore not likely to

be introduced into a deposition site. Secondly, extant
2BB.



Cvat hea species produce enormous numbers of spores, and

the 7% of the totaltherefore

may have

spore and polJ.en component

a relativeJ.y rare element ofbeen contributed by

the vegetation.

TABLE 69. Rel-ative Percentages of Major Component Groups,
Nerriga (after Owen 1915)"
All figures are in percentages of total_ grain
count

Sample Spores
No.

Gymno " Total-
Ang "

82 "5 5

Notho.
(mrf)

,1)

Cup " Prot. Cas.Myrt.

1 47 19 "5 2.5 75

150 15.5 2

8.5
(1 ,

7.5 11 15

6.5 23

2.5

5

3.5

3

10.
(t

2.5
( t,-)

6.5
(-,

5.5 11 19.5 3.5

1s3 25 3.s 11

1 55 37.5 3. 5 58

1sB 17 4.5 78"5 10.5

7.s
(-r2.5)

1)

2

2.5 6 23.5 2.5

2 9 18

6.5 6 23

(

161 22 s.5 72
1)

Gymnosperm component: Incl-udes Araucariacites aus t alis
Dilwvnites sPP'' Ephedripites note nsis as wel-l as

Podocarpidites sPP'' Lvo is te o llenites f l-orinii t

Parvisaccites catastus Microcachrvidites antarct .acus ,

and Phvl-l-ocl-adus palaeoqenious 
"

Nothofaqidites component: Total of al-l three groups,
brassi+menziesii+fusca; separate val-ues for menziesii and
fusca types given in parentheses 

"

Myrtaceae-type component: Mvrtaceidites spp.
Cu pa n ieidite s ma i o ¡/ort ho teichus comp onent: Cuoani idit es
ma.i or,/ortho teichus .

Proteaceae-type component :

Banksieaeidites spp.

Casuarina-t

Proteacidites SPP. +

ype component: Hal-orasacidites + !
trioratus "
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The second interesting feature is the very smalJ-

gymnosperm component (Z 5.51o). This is substantiated by

the extremely rare gynosperlm megafossi].s (approximately

D.5/"). The angiosperm component of the microfl-ora, which

dominates the assemblage, is divided into !ive components

by 0wen (1975). The Casuarina-t ype component accounts fo¡

2.5 5l' of the assemblage, and co¡relates well with the

occurrence of Casuarina twi gs and a female cone (Christophel

1980 in press)" The Proteaceae-type component is large

(15 - 23.51o) , but cannot be correl-ated to any known

proteaceous megafossils, even though they shoul-d be re-l-atively

easily identified on the basis of cuticular featu¡es ( Lange

1978). The same is true for the Myrtaceae-type component

(2 7.51o) which shouJ-d be easily identified among the

megafossils, but is apparently absent. The Cuoan i idites

maio¡/o¡thoteichus component (6 111") cannot be easi]-y

correlated with any megafossils at present as diagnostic

features in the megafossiJ.s are not documented" The l-ast

component is N ot ho fa qidites , which at 2.5 10.5% is smalf

compared to many other localities (Owen 1975, Kemp 1978),

but is stil-l significant. The venation pattern and cuticle

of extant Nothofaqus is wel--l- known, and no specimens from

Nerriga resemble this genus. This lack of Nothofaqus leaves

in deposits with a high comp onent of Nothofaqidites po1len

has been commented upon by Christophel and Bl-ackburn (1978)

and Christophel (1979 in press).

Therefore, apart f¡om the general agreement in the

proportion of representation of gymnosperms and the presence

of Casuarina , there is virtually no taxonomic correlatj-on

between the microflora and megaflora" Several- reasons have
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been advanced for discrepancies such as this, the most

common of which axe that different species can contribute

widely differing amounts of pollen peI individual and the

dispersal range of pollen differs greatly between species.

However, even taking these factors into accountr some

correlation between the microflora and megaflora shoul-d

sti1l occur, since the plants groì^Jing around the site

coul-d reasonably be expected to contribute a significant

amount of pollen or spolles to the assemblage.

0ne factor which could be contributing to this problem

is the accuxacy of the taxonomic determinations of fossil

pollen. Potonié ( 1 956,1 958 ) suggested that Tertiary pol1en

shoul-d not be given names based on modern plants if the

holotypes are in the form of dispe¡sed fossiJ- maLurial.

He bel-ieved that placing a spore with only a few characte¡s

in a recent genus can cause difficul-ties in nomenclature and

taxonomy. Boulter (1919) concl-uded thatrrthere is.some good

palaeobotanical evidence that some modern genela did exist

prior to the Quatexnaly, but as comparitive studies plogress

an increasing number of major morphological differences become

evident for many genela, particularly in the Pal-eogene. This

suggests that rates of evolution hrere sufficiently fast

during parts of the Tertiary to have a-l-tered the charaeter

of many plants. rt He also made the important assertion that

Itthe majority of taxonomíc problems in palynology can be

resolved by reference to the whole megafossil- recold.rr

The¡e is no reason to suppose that the evofution of

pollen and .l-eaves have occurred at the same rate. If 0wen t s

taxonomic detelminations aIe assumed to be correct, the

conclusion must be that many of the l-eaf features

characteristic of some famil-ies today (t.g. intramarginal
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veins and oil glands in Myrtaceae) must have evol-ved in the

post-Eocener even though the families may have been

wel-l-defined in the Eocene. It is equally plausab.l-e, and moxe

conservative, to assume that some of the taxonomic

determinations of po11en and spores of the Austral-ian Tertiary

must be incorrect, since they cannot be validated by

megafossil evidence. The conservative view appeals to be

the more reasonable to adopt until the taxonomic affinities

of Austral-ian Tertiary megafossil-s aIe more fu1ly understood.

Therefore it is not .possible to make useful- compariscins

between microfossil- and megafossil fforas at present. A

more complete unde¡standing of the taxonomy of Ïertiary

megafossil-s in Austral-ia may greatly aJ-ter many of the

concl-usions reached on the basis of microfossil taxonomy.
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CHAPTER 1 1

DIFFERENTIAL PRESERVATION AND ESTIMATING THE DIVERSITY

OF THE FLORA.

l1 "1 DIFFERENTIAL PRESERVATI0N: The probJ-em of differential

preservation of species in a fossil deposit has been the

subject of a great deal of specul-ation and Iesearch. The

most notab-l-e contribution was by Spicer (1975), who suggested

that l-eaves of different sizes may be differentially selected

in the process of transport and Preservation. He also

concl-uded that different chemical- properties of leaves of

different species, o" iiffurences in other physical factors

such as lamina thickness may al-so affect PIeseIVation. The

hypothesis that leaves of different species may be

differentially plese¡ved could be tested in two h,ays for the

Nerriga fossils.

0ne hund¡ed and twel-ve of the 581 specimens h,ere chosen

as OTUs solely on the basis that they h,ele the best preserved

(i"e" most complete) l-eaves. 0nce the 581 specimens had been

divided into parataxa it \^,as possible to compale the number

of specimens per parataxon in the remaining, less complete

specimens. if the parataxa hrele not differentially Pr'eserved,

it hrould be expected that the proportion of specimens Peli

parataxon would be apploximately the same for both sets of

specimens.

The Nerriga specimens can afso be separated into two

groups in another hJay; those which aIe pleserved as mummified

.l-eaves and those which aIe Preserved as impressions h/ith

little or no organic preservation. These two forms of

preservation ale quite distinctr and again if the specimens

are split into parataxa, then a comparison of the proportion

of specimens per parataxon for mummified l-eaves and impressions
293.



ri'rill give an indication

preservation.

A: Comparison of number

of the extent of differentia]-

of specimens per parataxon for

ll comp leten and rrincompletetf leaves: The total of 581 specimens

contain 44 parataxa, many of which ale replesented by only

one or two specimens. In fact, four parataXa account for

804 of the 581 specimens (86.71ù. Since u X2 test is to be

used, one of the c¡iteria to be met is that all expected

values must be) 5. This h,as true on.ly if the number of

parataxa b/as reduced to the four mentioned above. This

shoul_d not greatly effect the analysis, since these four

parataxa account for such a large percentage of the

specimens. Note that if the number of parataxa is reduced

from 44 to 26, as suggested in chapter B, the number of

specimens in each of these four parataxa (NER/004' NER,/025t

NER,/026 and NER/D27 ) is not significantl-y af fected.

H_: That the percentage of specimens in each parataxon
'o

does not differ significantly fo¡ Itcompleterr and trincompletert

specimens.

PA RATAXT]N

NUMBER

NE R/004

NE R/02 5

NER/026

NER/o27

TOTAL

x2 =tl'+

NUMBER

II COMPLETE '' 5P

OE

9 13.3

7 10.8

,16 15.3

45 37.6

77 77

(g-13 "3)2
1 3.3

+

+

(1 6-1 5-3) 2

15"3 +

OF SPECIMENs PER PARATAXON

ECIMENS ''INCOMPLETEII SPECIMENS

O E TDTAL

18 73.7 87

64 60.2 71

84 84.7 1 00

2D1 208.4 246

427 427 s04

64-6t.2 2
+60.2

2

+
2
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=1.39 +1.34 +0.03+1.46+D.25 +O.24 +0.01 +D.26

= 4.98 with (4-1 )x(2-1) = 3 df

Therefore D.25>P>0.1"

Therefore accept Ho, the percentage of specimens in each

parataxon does not differ significantly for rrcompleterror

rrincompleterr specimens. This suggests that there is no

statistically significant diffe¡ential preservation of

specimens at Nerriga" The average size of the specimens in

each of the four parataxa are gi'ven in table 7O.

I;ABLE 7lz Average lengths and widths of the four most common

parataxa at Nerriga. Units in cm.r standard deviations given

in parentheses "

PARATAXON NO. AVERAGE LEAF LENGTH AVERAGE LEAF I,úIDTH

NER/oo4 1o.B (2.7) 3.9 (0.9)

NER/oZs 9. s (2.1 ) B .1 (2. s )

NER/02 6 1 8.4 (z.g) 3 .1 ( 0.7 )

NER/O?7 8.3 (2.3) 1"8 (o"s)

Although the lengths are simi-l-ar, the widths vary

greatly, and the¡efore so does the area. It can be

concluded that, based on the mummified leaves, neither the

si-ze of the leaf nor the parataxon to which it belongs

affects its preservation. One feature which cannot be tested

is whether the leaves within a parataxon are Presetved

differentially, i.e. within a parataxon¡ ârB the larger

specimens less Iike1y to be preserved complete than the

smal-l-er specimens? This cannot be tested directly, since

the size of the more fragmentary specimens alie impossibl-e

to estimate.

B: T]- S n be number of

mummified leaves and impressions: Sixty three impressions

them toh,ere studied and an attemPt h,as

295.
made to assign



parataxa. Three important concl-usions coul-d be drawn f rom

this attempt:

(1 ) Many of the impressions cou-l-d not confident]-y be placed

into parataxa due to poor preservation;

(2) At least eight impressions appear to belong to parataxa

not previously recognis=i;

(3) Fourteen of the 63 impressions.appeared to bel-ong to

NER/023 " 0f the 581 mummif ied l-eaves, only two bel-ong to

that parataxon.

The initial reaction to these conc-l-usions is that there

is a great deal of differentiaJ- preservation between

parataxa at Nerriga. However, the data gained from impressions

may be misleading. Thousands of impressions b/ere avail-ab-l-e

for co-l-l-ection at Nerriga. No attempt h,as made to col-l-ect a'L

¡andomr and in fact some concious bias h/as used, especially

du¡ing the second collecting trip. This bias took the form

of collecting rrneh,rt or particularly interesting leaf forms.

It is therefore not surprising that the 63 impressions

contain a rel-atively great diversity of leaf types r and a

large number of specimens be.l-onging to NER,/023 " This

particular parataxon is distinctive because it is the onJ.y

one so far found with paired basal secondary veins. These

veins are conspicuous, even when the impression is poor. It

is afso a parataxon of particular interest historically, since

Tertiary feaves with paired basal secondary veins h,ere the

basis of the early description of the rrCinnamomumrf f-l-oras

of Aust¡alia (".g. Von Ettingshausen 1 BBB, Chapman 1921) 
"

It h,as therefore to be expected that a col--l-ecting bias toward

this distinctive and important parataxon existed. lnlhil-e the

possibiJ-ity of differential preservation of some parataxa

cannot be ruled out, the results based on the mummified .l-eaves
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are like1y to be much more rel-iable than those based on the

impressions.

Very few of the mummified J-eaves Ì^/ere specifically

col-Iected in the fiel-d. Most hrere recovered from

laboratory maceration. Since a-l-1 specimens recovered f rom

the macerations hrere used in the analyses, no collecting

bias occurred. For this reason, statistical conclusions

based on the mummifications are J-ikely to have more

meaning than those based on impressions.

The fact that there appears to be no differential-

preservation at Nerriga supports the theory of J.I. Raine

(pers. comm.) that deposition took place in either a lake or

a very slow moving ¡iver. Any fast moving body of water

woul-d be likely to break up the larger f eaves. C¡rristophel

and Bl-ackburn (97a) noted that because of thei¡ relatively

delicate nature, leaves, flowe¡s and fruits can be t¡ansported

only l-imited distances befo¡e decayr mEchanical disruption

and hydrodynamic sorting have significant effects. In

general, the preservation "l specimens at Nerriga is

exceptionally good r suggBsting that the site where they greur

h,as cl-ose to the deposition site. Some specimens are poorly

prleserved, being found onJ.y as impressions. Although there

is no supporting data, this poor preservation may logicaJ-ly

have been a post-depositional effect.

The impressions and mummified leaves are generalJ-y

found in distinct bands, with littl-e overlap. The siltstone

containing the impressions is often much drier than that

containing the mummified leaves. The impressions also

usually represent reasonabJ-y complete leaves, which suggests

that they did not t¡ave1 far before deposition. Therefore

it is possible that there is a gradual change taking p1ace,
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ì¡Jith the mummified l-eaves being converted to impressions

with no organic ¡emains. This may occur as the sil_tstone

dries out, changing the chemical environment of the fossils
or physical-ty degrading them. This drying process may

occur over a very long period of time.

11 "2 ESTIMATI0N 0F THE DIVERSITY AT NERRIGA: If the

diversity of a subsample collected at random from a

population is known, it is sometimes possible to estimate

the total diversity in the population. Since the mu nim if ie d

leaves from Nerriga reprlesents a random sample, an estimate

of the total diversity at Nerriga may be possibre. Efron

and Thisted (1976) summa¡ised several methods for estimating

the total diversity in a populatign. A1l- the methods assume

that the number of specimens per parataxon fo-l-low a poisson

distribution. rable 71 shows the number of specimens per

parataxon and the fol-l-owing calculation dete¡mines whethe¡

they fol-l-ow a Poisson distribution.

TABLE 71 z The number of specimens per parataxon fo¡ the

Nerriga flora.

NUMBER OF SPECIMENS 1 2 3 4 6 18 71 B7 1OO 246

NUMEEROFPARATAXA 28 7 1 2 1 1 1 1 1 1

H : That the number of
o

a Poisson distribution.

The expected frequency

-mrE (e m x f wherem=r

specr-mens per parataxon conforms to

(E) is calculated using the formula:

I

f

e

mean numbe¡ of specimens per

parataxon,

581/44 = 13.2O;

number of specimens per parataxon;

44; and

-13 .2-m
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NUMBER OF SPECIMENs
PER PARATAXON

<e
1O r11

12 r13

14 115

>/ 16

OBSE RVED

39

0

0

0

5

EXPE CTED

6.91

8.14

9.84

8.79

'l 0.35

2

(note that X2 tests can only be employed if all expected

values are)5. Therefo¡e some categories have been pooled).

( 0-B . 14)2 ( 0-9 -84)
+ +8.14

(o-B . 7g)2
9.84

(5-1 0.3s)2
+ 8.79 +

1 0.35

= 149.03 + 8"14 + 9.84 + 8.79 + 2"77 = 178.57 with 3 df

Therefore P < 0.001.

Therefore, reject Hoi the numbel of specimens per parataxon

does not conform to a Poisson distribution.

This result means that none of the methods fo¡

estimating the total- diversity of the deposit can be applied.

It is apparent from the statistics in table 71 that there

are four oI five parataxa which dominate the flora. It is

probably the effect of these parataxa which contributes most

to the non-Poisson distribution.
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CHAPTER 12

THE CLTMATE AND VEGETATION TYPE OF THE NERRIGA DEPOSIT

A5 INTERPRETED FROM THE F05SIL5.

12"1 INTR0DUCTI0N: Three types of fossils have been

preserved in the Titringo Creek si-l-tstone, and each may be

used independently to determine the palaeoclimate or

vegetation type. They are pollen and spores, epiphyllous

fungi and megafossil-s (angiosperm and gymnosperm leaves).

Each of these groups of fossils .will- be considered separately

and then the evidence will be compiled and any consistent

trends will- be discussed.

12.2 MEGAF0SSIL DATA: Dilcher (1973) summarised three

approaches to estimating palaeoclimate from megafossils.

They h,ere: (1 ) Identify individual- fossils to their nearest

l-iving similar forms and base palaeocl-imatic interpretations

on the climatic range of these mode¡n forms, (2) identify

fossils to similar living forms and anal-yse the climate of

the communities in which these living simil-ar forms are found

today; and (3) use the fo¡m of the fossiJ- vegetation, its

foliar physiognomy and relate this to modern climates where

vegetation with a similar foliar physiognomy is found. These

three approaches wil-1 be considered in two sections, the

fi¡st covering approaches (1 ) and (2) and the second covering

approach (3).

12.3 IDENTiFYING F0SSILS T0 SiMILAR LIViNG F0RM5: Many

Eocene fossils have not been identified, and one of the major

reasons may be that a large number represent extinct forms

(see chapters 9 and 10). Even when fossils have suggested

extant affinities, history has shown that there is a high

probability that misidentification has taken pJ-ace. Fo¡

example, Dilcher (1973) concluded that of the taxonomic
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relationships of fossil- fo¡ms to modern families and genera

published by Bsrr! (1916) for the lowe¡ Eocene floras of

southeastern North America, at l-east 6D% were inco¡rect.

l¡r/olfe (1971) cited the case of Axelrod (1964 p. 122)

who considered that the presence of Persea in the conifer

dominated Miocene Trapper Creek flora of Idaho coul-d be

correfated with a high degree of temperateness

(equitability ) " However, l¡rJol-f e bel-ieved that the ill-ustrated

specimen h,as cfoser to Alnus than Persea, thus making

Axe.lrodrs concl-usion invalid " l¡/olfe al-so suggested that

Axelrodrs approach (essentially (1 ) above) was suspect not

only because of the high probability of misidentification,

but also because it makes the unfounded assumption that the

thermal requirements of most genela have remained unchanged

during the Tertiary.

In Australia, the chance of finding extant equivalents

of Tertiary fossils is extremely 1ow. Christophel and

Bl-ackburn (1978) drew attention to the taxonomic inadequacies

of earJ-y A ustral-ian palaeobotanists work , and il-l-ustrated

the difficulty in finding extant equivalents for angiosPerm

fossil-s. Because the l-eaf a¡chitecture of most of the

Australasian fl-ora is not documented, it is virtually

impossible to make any critical comparisons between fossil

and extant forms. The resul-t is that in their studies of

the Masl-in B.y f-l-ora' out of a minimum of 57 taxa, the

¡elationships of only four have been established and at

Nerriga the result is four out of a minimum of 31. On1y two

of these eight taxa are angiosperms.

For the reasons discussed above, the first two

approaches outlined by Dilche.r (1973) must be employed with

caution. HoweveI, if they are used in conjunction with other
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approaches they may make a useful- comparison.

All- the fossils which have been identified from Nerriga,

with the exception of the unquestionable Casuarina remains

(Christophel 19BD in press), arre non-angiospermous" They

are the cycads Bow naa pap i11o sa (H¡-ff 1918), Pte¡ostoma

anastomosans (Hirr 1 9B0a)

1980a).

and Lepidozamia foveolata (Hi11

Cycads may have an advantage over angiosperms in

palaeocf imatic analysis. Firstty, there is a much .l-ower

chance that-the fossils have been misidentified, due to

the sma.I-l-er number of comparisons required. 5econd1y, the

more conservative evolutionaly nature of gymnospelms may

make the assumption of unchanging thermal- requirements

through the Tertiary l-ess tenuous.

0f the four fossils described from Nerriga' one

Pte rostoma anastomosans) represents an extinct genus and is(

of no value in palaeocl-imatic anaÌysis. The extant

distributions of the other genera will- be considered in turn.

Casuarina (Div. Gymnostomae) is noì^, found at only one

locality in Austra.lia, in tropicat north Queens-l-and (t-.R.S-

Johnson, pers. comm. ). In New Guinea and sometimes in New

Ea.l-edonia it is a true rainforest p1ant. The palaeocl-imatic

value of this distribution is questionab.l-e for two Ieasol-ls.

Firstly, it appeals as though the membels of Casuarinaceae

are evolving quickly and therefore may not be rel-iable as

climatic indicators ( vide l¡lo]-f e , 1971) . Secondly, the

remains of Casuarina at Nerriga axe rare and fragmentarV,

suggesting that they may have been transported a large

distance and perhaps from a different vegetation type r oT

that Casuarina was present only rarely in the surrounding

vegetation.
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Bowenia, a genus with two extant species, is noh,

restricted to north east Queensland (Johnson 1959). Bowenia

se rrulata generally fo¡ms a dense understorey in eucalypt

(dry sc.Ierophyll) forests, while B,spectabilis is found

in and around rainforest (Johnson 1959). Hill- (1978)

concfuded that B. pap llosa was distinct from both extant

species. Extant Bowenia is a shrub-l-ike p1ant, with ntl

above ground trunk" The fronds are extremely leathery and

persistent. it therefore follows that to become fossilised

the pJ-ant wou-l-d need to gror¡, cl-ose to the site of deposition.

If the assumption is made that B.papil-l-osa had a similar

habitat to either B.serrulata or B. spectabilis , then it

probably greh/ along a river or lake shore near dry

sclerophyll vegetation or on the margin of a rainforest"

Lepidozamia also has two extant species which are

restricted to eastern Australia. L.hopei is found in north

east Queensl-and in hi11y country or within ¡ainforest, and

L.oerof fskvana is found in subtropical eastern Queensland

and north coast New South !'Jales in hi]-ly country in wet

sclerophyll forest sometimes bordering on rainforest (Johnson

1959). The presence of L.foveolata in the Nerriga deposit

therefore suggests a wet sclerophyJ-l to rainforest

vegetation.

The only vegetation type in which alJ- three genera

described from Nerriga occur today is tropical rainfo¡est in

north Queens.l-and . I f the only angiosPerm (Casuarina) is

ignored the possible vegetation tyPe ranges from wet

scl-erophy11 to tropical rainforest.

12.4 FOLIAR .PHYSIOGNOMY: Bailey and Sinnott (1916) concLuded

that trthere is a vely clearly marked collelation between

J.eaf-margin and environment in the distribution of
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Dicotyledons in the various regions of the earth.rt Their

research ì^ras the basis upon which modern physiognomic

analyses have been constructed. Richards (1952 p. 154)

believed that conclusions on Tertiary climates had mole

substance when based uPon physiognomy than on taxonomic

affinities. ì¡lolf e (1971) concluded that there h,as some

adaptive significance between the type of leaf maTgin and

climate, although the exact physiological ¡el-ationships vr,ere

not known . Later, l¡Jo1f e (1978 ) was abl-e to show a strong

positive co¡rel-ation between the Pelcentage of species

brith entire leaf margins and mean annual- temperature for

woody vegetation in the humid to mesic (moderately humid)

f orests of eastern A sia " However, lalolf e did not record his

method of data col-l-ection, which t"du""t th'rrtility of his

corre]-ation.

Dilcher (1973) suggested that rainfal-1 probably al-so

plays an important role in determining the Percentage of

entire margined leaves. He found that percent entire

margined leaves decreased in the ,cooJ-er and/or drier climates"

hJolfe (1978) considered that l-eaf size changes could be

related to precipitation and soils as well as temperature.

There are several problems in comParing fossil

physiognomic data to data for eXtant vegetation types" Leaves

of different sizes may be differentially selected in the

process of transport and preservation (Spicer 1975), a fact

which pelsuaded l¡lo1fe (1971 ,1978) not to use l-eaf size in his

analyses, which are based sole1y on margin type.

Another factor is that a fossil fl-ora may often have an

over-representation of stream side plants (Macginitie 1953

p. 46) . l¡Jolf e (1971) suggested that this may l-ead to an

over-representation of sma11 si-ze classesr but Dilcher (19731
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pointed out that no critical studies had been made of leaf

size classes of modern stream side vegetation which supported

that assumption. 0n the contrary, Gentry (1969) found fewer

small sized leaves in the gallery forest than those aleas

removed from st¡eam sides in the tropical d"y forest aleas

of Costa Rica. Dil-cher (1973) suggested that trthe best

analysis must result when both leaf síze and leaf margin are

considered. rr ì¡/otf e (1971) admitted that l-eaf margin analysis

ncannot, of course, be the so.].e criterion for determination

of past climates.It He suggested leaf Síze and the Presence

or absence of Itdrip-tiPsrt as being useful supplementary

characteristics "

sample size is another important factor in fossil

physiognomic studies" hJolfe (1971 ) found that an

assembJ-age of at l-east 30 species appeared to be a highJ-y

reliable statistical base. That is, the leaf margin

percentage can be reproduced to within a few percent despite

the colfection of representatives of neh, species or the

revision of the original species. He further concl-uded that

the number of species is the important factor, not the number

of specimens.

Some recent publications have th¡own considerabl-e doubt

ontheentirephiJ-osophyofphysiognomicanalyses.Dolph

(1g7g) reasoned that although the theory of foliar

physiognomy hras based on a correlation between the generalised

cl-imates for large .l-and aleas and the leaf margin Pelcentage

for the b¡oad or regional floras inhabiting them, most fossil-

leaf fforas are the result of local depositionr oI at least

contain an over-xepresentation of stream ox lakeside p1-ants'

Dolphfs (197g) research in costa Rica showed that even

at sites .l-ocated within a few metres of each other, the l-eaf
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margin percentages aIe not similar. He found no significant

correlation between .Ieaf margin percentages and mean

biotemperature, mean annuaf precipitation oI potential

evapotranspiration ratio. In the tropical basal and

premontane al-titudinal bel-ts of Costa Rica, the pelcentage

of species having leaves with enti¡e malgins ranged from

4Bl" to 1DOft. This range includes all- the vegetation types

defined by othe¡ palaeobotanists. However Dolphrs

percentages aIe based on l-ocalised sample sites, wheleas most

vegetation types aIe based on regionally defined vegetations.

Two important points are made in this and an earlier

publication (Do1ph 1978b) based on leaf size. FirstJ-y, if

plants from several habitats are lePresented at a fossil

locaIity, foliar physiognomy shoul-d not be used to estimate

palaeoclimate. 5econd1y, it is unwise to place too much

emphasis on Iesults gained from a single characteristic the

percentage of entire margined leaves.

The work of Roth and Dilcher (glA) is mole fundamentally

important. It has long been known that a fossil deposit may

not accurateJ-y reflect the living community which contributed

to it, There aIe several Ieasons for this, including ove¡.-

representation of stream or J-akeside plants and differ,ential

preservation, both of which have already been discussed.

Other reasons, cited in Roth and Dilcher (1978), are that

sun leaves, which are smal-ler and thicker than shade leaves,

may be over-represented in a fossil deposit (Spicer, 1975)

and seasonaJ-ity of leaf fal1 may J-ead to an over-representation

of evexgreen species in a fossil deposit (Chaney 1924,

Ferguson 1971 , SPicer 1975).

Roth and Dilcher (1918) samPled ¡ecent sediments in a

smalf -l-ake. They noted a strong negative cor¡elation between
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l-eaf size and distance from the shore' even though their

transects extended only 1 0 m. f rom the shore, A1so, f eti'/er

than half of the living species of woody plants found in the

neighbouring forest were present in the 534 leaves coflected.

Little weight should be placed on this last observation, since

no indication of the relative abundance of the 27 tiving

species is given. The result of this research h,as that a

foliar physiognomic analysis of the recent sediments yielded

a colder or drier', climatic interpretation than actually

existed in the a:rea. Their general conclusion h'as that the

foliar physiognomy of fossil deposits cannot be compared

directly to the foliar physiognomy of living plant communities

untit the rel-ationship between living plant communities and

the leaf deposits derived from them ís understood.

Three general- conc.Iusions can be drawn from the work

carried out in north America on palaeoclimatology. Firstlyt

of the three methods outlined by Dilcher (1973) to estimate

palaeoclimate, foliar physiognomy appears to be the method

which wiJ.l- come into general useo Secondly' foliar

physiognomy wil-I be l-imited in its usefulness until a better

understanding of the factors affecting Ieplesentation in

fossil deposits is reached. Lastly, ít seems that the whole

philosophyoffoliarPhysiognomyneedstobereappraised.

Many palaeobotanists have expressed the view that as many

characters as possibl-e should be evaluated before taxonomic

identifications of fossils are made. Howevellr these same

palaeobotanists have been content to Presume that one oI

two characters (1eaf margin tyPe and 1eaf s.-ze) are sufficient

to estimate palaeoclimate. Even in the most llecent research

(Oofph and Dilcher 191g) only a few cha¡acters aÎe considered

in detail. Dolph (1979) stessed that several ecological
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features, and not just the obvious parameters such as

rainf al--l-, af titude, humidity etc. may be aff ecting

physiognomy. Research is urgently Iequired at a large

number of local-ised sites to study the correlation between

several leaf characters, both architectural and cuticular, and

major environmental parameters. A multivariate approach is

needed, to compa¡.e several leaf features simul-taneously

hJith severaf environmental parameters. This wil-1 increase

the computational Ioad significantl-y, but it is much mole

like1y to give a reafistic indication of any corre.lations

which exist. until- the physiognomic relationships of extant

vegetation typus are welI understood at the local-ised level'

palaeoclimate must be interpreted cautiously from

physiognomic data

In the Austrafian situation, the physiognomy of extant

vegetation types l^,as wel-l- doeumented on a regional scale by

ìÚrlebb (1959) , who classif ied the vegetation using leaf si-ze,

margin tyPe, and percentage of compound leaves' It is

interesting to note the large overlap of pelcentage of entire

margins in lI'/ebbrs rainforest subformations. It aFpeaIS that

the opinion expressed by Dolph (1979) on the danger of the

use of leaf margin tyPe al-one for physiognomic analysis is

especially pertinent to the Austra.l-ian situation.

vrjebb I s (1g59 ) classif ication is f or vegetation types and

later work (ì¡Jebb 1g67) has shown that the relationship of

these vegetation types to environmental parameters (e"g.

temperature, altitude, l-atitude, soil tyPe etc') is complex

and therefore no conclusions on palaeoclimate can be drawn

from his aPProach.

hjiththegeneraleXceptionofpercentageofcompound

leaves , lrlebb ts characters can r eadily by applied to a f ossi-l-
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f 1ora. Hor,uever, there are some diff iculties in the

application of this method. Ì¡Jebb has given seven rules for

determining common l-eaf síze, three of which aIe impossibl-e

to guarantee with fossil-s. They are 3

(1 ) Consider onJ-y tree layers (upper, middJ-e oI lower) .

Understorey shrubs and low growing plants such as ferns r oI

specibs \^rith very deeply divided f eaves such as palms r are

ignored;

(,?) consider only mature exposed (ttsuntt ) f eaves of

evergrèen (not deciduous) species;

(3) Avoid rrshadert feaves and secondary growth'

It is impossible to determine what type of plant (tree,

shrub, herb etc. ) a l-eaf came from in most fossil fl-oras.

The presence of the genus Bowenia (Hi-ff 1978) at Nlerri-ga

whose extant species are understorey shrubs, shows that

sueh plants are present in the flora '

Despite these limitations, some intereeting comparlisons

can be made h,ith ll,lebbts scheme " Table 72 contains the results

for the Nerriga, Maslin B.y, and Anglesea fl-oras. For the

Nerriga data, 1 30 specimens IePlesenting 43 ttsp.ciesrr

(parataxa ) h,eIe measured. Non-angiospeI,m l-eaves and the

Cas u rl_n a sp. (Christophel 1 980 in press) were not

cons idered .

It is known that the most common parataxon (NER/Ozl\ is

a compound l-eaf. However, since afmost all specimens ì^,ere

preserved as leafl-ets, the data may be biased significantly

by their presence. Therefore a second set of pelcentages

h,exe cal-culated (also shown in table 7 2) , reducing the ef f ect

of the leaflets by dividing their number by 5 (using the

assumption that there wele 5 leafl-ets peI compound l-eaf ) '

christophel (1979 in press) publ-ished a preliminary
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MASLIN BAY

A NGLE 5EA

*NERRIGA

**NE RR IGA

NERRIGA

SNVF

A VhI

MVh'

ME5 OPHY LL

5PE C INDV

28 21

27 22

34
36

30 21

0-30 0-20

0-1 5 g-20

0-1 0 0-20

N OTOPHY LL

SPEC INDV

47 54

s0 46

42 50

42 50

45 55

55-75 2s-95
+X

45-60 30-45
+x +x

30-50 30-45
+X

20-55

COMPOUND

LEAVES

SPEC INDV

ENT I RE

SPE C

19

7B

61

61

66

4A-7D

MARGlNS

INDV

84

13

46

74

66

1 0-70
+

c.85
+X

c.80
X

MICROPþIYLL

SPEC ]NDV

25 25

23 32

55 46

55 44

25 24

0-40 1 0-70
+X

40-45 25-65
+X

50-6a 25-65

40-80

10-25 0-20
x

30-35 1 s-2s
X

c.25 15-25
X

20-30

I

e

39

11

ûJ

O
a

6 5-80

10-94
+X

65-7s
SEVT 0-1 0

TABLE 7zz Comparison of 1eaf, form data from Australian rainforest (l¡'/ebb 1959 ) with three Eocene floras'

The Maslin Buy, Anglesea and Nerriga data are taken f¡om Christophel (1979 in press). *Nerriga data

is based on the results of this study using 43 parataxa and 130 individuals. **Nerriga data is based

on the results of this study, but reducing the effect of the leaflets of the compound Leaf.

+ = mismatch with **Nerriga, and X = mismatch with *Nerriga



phy"iognomic analysis of the Nerriga fl-ora, which is also

shown in table 72. He used leaves representing 3B rrtaxarl

(parataxa). Many of these specimens h,ere those prepared

for the present study, although he afso measured many

impressions which have not been considered here.

christophelts results differ significantly from those

presented in this study. There ale two possible Ieasons for

this. Firstly, Christophel divided his 130 specimens into

taxa only on the basis of architecture.. This l-ed to some

erroneous identifications. Second1y, -hu used several-

impressions which have not been used in this study. Earlier

( Chapter 11 ) , it \^,as suggested that at least some impressions

h,ere selectively coll-ected in the field and that because of

this statistical- conclusions cou-l-d not be based on them" It

ì^,as noted that particulally distinctive specimens wele

col-lected as impressions. Judging from Christophelrs (1979

in press ) results, large .l-eaves b,ere also selected. More

work is required to discove¡ the exact relationship between

mummified Ieaves and impressions at Nerriga '

The fou¡ vegetation types defined by vr/ebb (1959 ) which

most closely match the Nerriga data ale also shown in table

72. The two closest vegetation tyPes are Microphyll Vine

b/oodland (MVì7ú) and Semi-evergreen Vine Thicket ($EVT)" Both

vegetation types have some features in common i.e.:

Microphylls and smafl-er l-eaf sizes most common. Mossy and

vascular epiphytes inconspicuous in top tree layers; robust

lianes generally prominent; plank butt¡esses absent; prickly

and thorny species in usually dense understorey; ground

layer sparse; compound leaves and enti¡e l-eaf margins common.

The features which separate the two vegetation types are:

MVV,/: Canopy level- unevenr ãV. 6-21n, h,ith mixed ever.gr.een
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and Semi-eVelgreen emeTgent and UPPeI tree layer Spec].eS;

coniferous and deciduous elements are IaIe or absent.

SEVT: Canopy J-evel- unevenr dV' 4'5-9m' with mixed

evBrgreenr semi-evergreen and deciduous emergents to ãV'

9-1 Bm; swollen stems ( t Bottle trees t ) common '

Both these vegetation types are found presently in

1ow]-andandlowermontanesubtropicalrainforestin

Australia, in the latitude range of 23o to 30o' The

rainfall in areas supporting these two vegetation tyP"s is

generally below 150 cm/yeat (Ìn/ebb 1967) '

12"5 PALYN0L0GICAL DATA: christophel and Bl-ackburn (1 978)

Iisted three major problems in inter'Preting vegetation types

from palYnological data:

(1)ItisdifficulttojudgethegeoglaPhica]-

relationshipsbetweendepositionalsitesandSoUlceareaof

a pollen flora (vide Potter 1976) '

(2) Because they have a rel-atively simple structuret

the exact taxonomic affinities of po1len grains aIe often

diff icul-t to determine '
(3) Physiognomic analyses, independent of taxonomV'

cannot be carried out on palynological data'

It is the first of these points which makes

palynologicaldataSousefu].inbiostratigraphyandatthe

same time dangerous for the interpretation of palaeoclimate'

It is wel_l_ recorded that some pollen types can be dispersed

oVeIJ-argedistances,whereasothe¡saleextremelylimited.

The¡efore a pollen flora does not necessarily reflect the

vegetation of the area around the deposit. Particularly

pertinent in Australia is the genus ofaous. Notho fa ousNot h

produces large amounts of poI1en with very high dispe¡sal-

distances (in excess of 700 km', according to Dodson (976))'
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This has l-ed some paÌynológists into a biased view of

Te¡tiary vegetation. Fo¡ example, Beard (1977), based on the

data of Hos (1975) conctuded that the south coastal area of

ì,destern Austral-ia had rra h,arm and humid Eocene climate,

supporting a tropical- to subtropical rain forest, in which

the southern beeches (Nothofaqus) were dominants, with

Proteaceae and Casuarina as subdominants " 
rr Megafossil floras,

which are more -ì-ikely to represent l-ocal-ised vegetations, have

not yielded ¿ s;ingJ.e specimen which resembles Nothofaqus in

Austral-ia, despite the dominance of No tho faqi dites po1len

from the same deposits. This shows the danger of

extrapolating paJ-ynological data to estimate vegetation types,

and afso highlights the questionabl-e practice of suggesting

extant af finities for dispersed fossi-l- po11en..

Owen (1975) described the polJ-en and spore flora at

Nerriga" She commented at length on the palaeoclimatic

impJ-ications of her data. A summary of he¡ conclusions wil-l-

be presented for comparison with the conc-l-usions from the

other methods. Owen conside¡ed that three main el-ements

h,ere present at Nerriga:

(1) Antarctic El-ement: Incl-udes Nothofaqidites spp. with

pollen types assigned to all- three groups of Nothofaqus now

living. Also included is the mino¡ gymnosperm component

which contains members of Podocarpaceae and Araucariaceae.

Owen bel-ieved that the Anta¡ctic element indicated a rain-

fo¡est vegetation, probably on higher areas, with moderate

temperatures and a high rainfall .of at l-east 14D - 180 cm"/

year. However, this conclusion h,as based mainly on the

distribution of extant Nothofagus.

(2) Tropical E.l-ement: Includes the Cu anieidites ma

species group which has been related to the
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tribe Cupanieae of the Sapindaceae (now found in tropical

rainforest communities of northeastern Australia).

Ana co ts id tes acut 11us and 1u a es which have been

related to the Olacaceae, a family with predominantly

tropical distribution and Santal midites ca t_n oz ol-cu s , which

hasbeencomparedto@,agenuSrestrictedtob,aImeI

rainforest communities in Australia and the Indo-pacific

region, have afso been xecorded at Nerriga. Pteridophyte

spores h,ere al-so uncertainly placed in this group by 0wen.

impliedThe varied nature and abundance of spore

a high humidity/abundant rainfall'

( 3 ) A ustr af ian El-ement : Prote a idites comprise s 231" of

the assemblage but many of the species could not be related

to extant taxa. AJ-though many .]-iving species of Proteaceae

are scferophyltous, the family probabJ-y originated in

rainforest environments in eastern Australia and the

southwestern Pacific region in the late cretaceous, and the

diversitylePresentedatNerrigaa]-soappealstoindicatea

rainforest environment (Owen j976) " Mvrtaceidites spp. has

been related to Myrtaceae with species which may have

rainforest associations, but they may be sclerophyllous

as well. Hal-oraqacidites harrisii and trio tus are also

found consistently in low frequencies. These two species

are considered to be related to Casu rr-n a which at present

taxa also

,

are trees and shrubs found in a wide lange of environments.

Owen concluded that in general the Nerriga assemblage

represented a rainforest vegetation, with abundant ¡ainfal-1

(14O 180 cm./year), and in some cases a slightly waxmer

cl-imate than that found in the area at Present. Most

eJ-ementsrexceptforthepossiblesclerophyllousgroupsand

!phedra, require moist conditions in their present
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environments. She suggested that the tropical el-ements and

the predominance of Nothofa oidites of brassi type over the

other two typ"s could favour moderater and possibly slightly

h,axmer temperatures.

12"6 EPIPHYLLOUS FUNGI: Dil-cher (1 965) correctly concl-uded

that rrit would be unwise to base any generalised ecological

concfusions upon the frequent isolated reports of one or tulo

fragments of fossil- epiphyllous fungi described from widely

separated areas of the worl-d.rf However, the knowledge of

fossil epiphyllous fungi in Australia has expanded greatly

in the last decade (e.g. Sel-kirk 1972, I975; Lange 1969,

1976, 1978a; Lange and Smith 1971, 1975a,b) '

Lange (197 6, 1978a) suggested a neì^, method f or estimating

palaeohabitat from epiphyllous fungi. In the ear.l-ier

publication, Lange (1976) suggested that trgermlingstt, a term

coined by Dilcher (1965), may be'of use simply by noting

the presence or absence of various forms (rrgradesrt). Although

the taxonomy of germlings is unclear, Langets approach is

independent of taxonomy. Lange ì^ras able to show that some

direct indicator value for the Austrafasian alea could be

demonstrated on the basis of precipitation and vegetation

tyPe.

In his .l-ater work, Lange (1978a) included several other

easity identified epiphyllous fungi along with the germlings

in his original scheme. Lange t s conclusions ì^,er.e sti1l

tentative, but with the proviso that the fossil- epiphyllous

fungi occupied simil-ar habitats to their extant equivalents,

then fo¡ the Australasian region rfas sampling of a Tertiary

flora disel-oses cumu.l-atively (a) grade 5 tgermlingsr, (b)

form 1 manginuloid hyphae, (") ¡angiferoid setae, (d) ....

germinated meliol-oid spoles. .... . (e ) cal-1imotha1loid shields,
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and (f) cribritoid shiel-ds, then the infe¡red palaeohabitat

is progressively restricted towards conditions of Present-

day wet tropical vegetations"rr He gave two examples to

i].lustrate the method"

Langets approach has the advantage of simplicity, since

the forms he used are easy to identify, and it can be

quickly assessed. It is also useful in a wide range of

deposits, since it requires only dispersed cutic.l-e, not

complete J-eaves

Epiphyllous fungi are common in the Nerriga deposit,

with al_l grades of germlings described by Lange (1976)

being present (tigs;528-551). However, despite a careful

scan of several hundred cuticles, none.of the other

epiphyllous fungi suggested as indicators by Lange (1978a)

ì^rere found. Some of the other epiphyllous fungi present

are shown in figures 552-559.

The presence of grade 5 germlings at Nerriga suggests

a rainfal-l- of at least 140 cm.,/year and a wet sclerophyll

or rainforest vegetation (Lange 1976). The absence of the

other forms described by Lange (1978a) suggests that a

rainforest vegetation with monsoonal rainfa-I1 was unlikely

at Nerriga. The most like1y vegetation tyPe is wet

sclerophytl, with an even rainfall of approximately 140 cm"/

year.

12.7 C0NCLUSI0N: Four separate aPproaches have been made

in an attempt to estimate the Nerriga palaeoclimate (folia¡

physiognomy, comparison of the distribution of living

equivalents, palynology, and epiphyllous fungi). 0n the

basis of the overafl results, a consistent picture of the

palaeoclimate and vegetation tyPe at Nerriga has begun to

emerge. The major concl-usions are as follows:
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(1 ) Rainfall vúas in the range of 140 180 cm'/year:

0n the basis of foliar physiognomy, a rainfall of below

1S0 cm./year was predicted, the palynological results

suggested 140

approximately 140 cm"/year. The palynological data is

somewhat unreliable, as discussed earlier, due to the heavy

reliance on the plesence of Nothofaqidites po11en, and

therefore the rainfall hras probably closest to the bottom of

the range.

(2) The most 1ike1y vegetation tyPe h,as wet sclerophyll

or low-l-and/l-ower montane subtropical rainforest: This

conclusion is supported mainly by the epiphyllous fungi and

foliar phYsiognomy-

(3) At least some of the vegetation represents a river

or lakeside flora: This is the most important conclusion to

be drawn from the study of the distribution of the extant

species of the genera described from Nerriga (especially

Bowenia ) . Since no data is available on the physiognomy of

riverside floras in Australia, the effect of this component

on the previous conclusions is unknown '

Some general conclusions may afso be drawn on the merits

of the various appxoaches to estimating palaeoclimate.

Probabty the least reliable of all methods is the inter-

pretation of palynological data" The three major reasons

for this are the potentially large soulce alea for pollen

rain, the doubtful- taxonomic affinities of many fossil po11en

taxa and the unfounded assumption that the thermal require-

ments of most genera have remained unchanged during the

TertiarY.

The study of the distribution of the extant species of

genera described from fossil deposits is also of very -l-imited
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user both because of the assumption of unchanged thermal

requirements and the high probability of misidentification

of fossils. ïn Australia this approach is even more

¡estricted because of the paucity of work on extant leaf

architecture and the consequent difficulty in identifying

fossil angiosperm l-eaves.

Folia¡ physiognomy is the approach which is currently

receiving most attention. 0ne of the disturbing features

of recent.. research is that the more detail-ed the

experimenfation becomes, the more problems are .encountered"

The probrem with foliar physiognomy is that it is deceptively

simple. It is very easy to measure leaf size or margin type

for a fossil- assemblage. However, there are many factors

which may be affecting these leaf features. These inclutie

environmental parameters, such as precipitation,

evapotranspiration, soiJ. type, altitude, l-atitude etco¡

physical factors, such as position of the l-eaf on the tree,

position of the tree (e.g. river-side or otherwise), and

depositionaJ- factors, such as smal-ler l-eaves being more

easily preserved than larger leaves, more than one vegetation

typu being represented in the deposit etc.

Some of these facto¡s may be easily accounted for,

others will- always be impossible or at best very difficul-t

to check. Foliar physiognomy is extremely comp.l-ex. It is

unlikely that a single satisfactory method which all-ows easy

determination of palaeoclimate will- ever be forthcoming using

this approach.

The most þromising of al-l the approaches used in this

study is the interpretation of epiphyllous fungi" There are

several advantages to the method described by Lange (1976,

1978a). Firstly it is quick and simple to appfy, assuming
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that cuticles have already been prepared. Secondly,

because the criteria is presence or absence of particular

fungal forms it requires little expertise" Thirdly,

although more research is required, it appears that the

presence of certain epiphyJ.lous fungi may be more easily

correJ-ated with environmentaJ- parameters than is fol_iar

physiognomic data. There is one major disadvantage to the

method it requires cutic-l-es to be preserved, which is

genera]-.]-y the case in Austral-ian fossil depositsr:,þuf, is

often not the case in other parts of the world. The use

of epiphyllous fungi in combination with foliar physiognomy

may eventually lead to the most reliable estimation of

palaeocl-imate.

The study of epiphyllous fungi may have another

benefit in palaeobotany. It became apparent while scanning

the cuticl-es for epiphylÌous fungi that certain types of

fungaJ- structuxes hrexe ¡estricted to particular parataxa.

RecentJ-y, Saville (1979) has reviewed the use of parasitic

fungi in higher plant classification and judging from some

of the excel-lent cor¡elations he presented this appears to

be a most promising field. Therefo¡e when more research

has been carried out on extant angiosperms and epiphyllous

fungi, combinations may become apparent which could be

extrapolated to the fossils and used as an aid in identifying

the fossil- angiosperm leaves', The presence of certain

distinct types of epiphyllous fungi may also prove useful

in deJ.ímiting parataxa, although this would require careful

application.
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CHAPTER 1 3

CONCLUSION.

1 3.1 MEGAFOSSIL PALAEOB0TANY IN AUSTRALIA: Megafossil

palaeobotany has several important ro.l-es to pfay in

Aust¡alia. One of the most obvious is in the interpretation

of the evolution of the Australian flora. In the past,

fossil- evidence has been virtually ignored by researche¡s

on extant Australian plants. For example, Carr and Carr

(1969) described the literature on fossil- Eucalvptus as

ff utterly inadequaterr and Johnson and Briggs (1975) found the

fossil- reeord of Proteaceae to be useless " In part this has

been the faul-t of the researchers concerned for not covering

the availabl-e l-ite¡ature adequately, but a large part of the

bl-ame must fal-l- on palaeobotanists.

It is difficult enough for special-ist palaeobotanists to

discriminate between the carefully ¡esearched and accurate

taxonomic work of early palaeobotanists and the multitude of

papers suggesting extant affinities for many very poorly

preserved specimens " Anybody with a passing interest in

Australian palaeobotanical history is quite likely to dismiss

it as inadequate. However., the fatter part of this century

has seen a change in research aims and methods. Most of the

taxonomy of Tertiary fossils accomplished in the last 30

years is appalently vely sound. Most of the specimens which

have been discribed in that time have been gymnosPerms, which

is not unusual considering their ease of identification

compared to angiosperms, but recent work by Dhristophel

(1980 in press) and D.T. Blackburn (pers. comm.) suggests

that at l-east some pxogl.ess is being made in identifying

angiosperm megafossils.

There is no doubt *h* most angiosperm megafossils will
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remain unidentified for many yeaxs in Australia" There are

a number of leasons for this: the lack of resea¡chers in

megafossil palaeobotany in Australia; the lack of knowledge

of extant leaf architecture and cuticles; the possibllity

that many of the fossils ale extinct at the specific ox

generic level, and the lack of research on deposits younge¡.

than Eocene. This last point is particularly important.

ì¡/ork by D.T. Blackburn (pers " comm. ) on the flora of the

Miocene Brown Coal Mine at.Yallourn is showing that extant

matches aIe much moxe readily avail-able than in any of the

Eocene deposits" If a range of younger Tertiary deposits

could be studied, many of the problems now apParent in

identifying Eocene megafossils may disappear. There is no

doubt that the fossil record will- Plovide many ansì/ì,elg on'

the evolution of the Australian flora if future research

reflects the progress of the last 30 years"

Megafossil palaeobotany has other rol-es to Pfay. 0ne

of the most important and perhaps negl-ected roles is as an

aid in the taxonomy of fossil- po1len and spoles " Potonié

(1956r1958) reflected the views of the European school of

palynologists when he suggested that Tertiary po1len should

not be given names based on modern plants if the holotypes

are in the form of dispersed fossil material. Australian

palynologists sti1l appear to be willing to use mode¡n

genera to name Tertiary pollen and frequently draw major

conclusions on palaeoclimates and vegetation types on the

bas,is of the distribution of these modern genela. Megafossil

palaeobotany has aided palynological taxonomy to only a ve¡y

limited extent in the past, but this is probably the result

of the taxonomic problems with the megafossils. As the

megafossil-s become better understood, they are certain to
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(Hi.rr 1978),

provide important evidence for palynological determinations.

As evidence to this, Christophel (1980 in Press) recently

reported pollen grains in the anthers of fossil lasu.riæ

male inflorescences from Anglesea, and D.T. Bl-ackburn

(p"rs. comm.) has discovered a composite anther containing

a pollen grain from Yallourn. Another major role of angio-

sperm megafossil palaeobotany is in palaeoc-Limatic analysis

and determination of vegetaiion types. This will- be discussed

at more Iength later"

13"2 TAX0NOMIC CONCLUSIONS: In the course of this study

three specimens h,ere identified" They h,eIe Bowenia papillosa

Le oid ozamia fove ol- a ta (Hirr 1980a) and

Pterostoma anastomosans (Hiff 1980a). Al]- these species are

cycads and represent a significant increase in our knowledgc

of Tertiary Australian cycads. A fourth specimen has

tentatively been assigned to the fern family Gleicheniaceae,

but more material- is requiled to verify this identification"

Aþart from this, Christophel (1980 in press) has reported

Casu rlna me gafossiJ-s from Nerriga, but has not yet formally

described them.

Therefore al-l the angiosperms at Nerriga (at least 26

parataxa) remain unidentified except for the extremely

characteristic Casuarina (which is Preserved as both

vegetative and reproductive material-)" The r.easons for the

lack of determinations of Australian angiosPerm me.gafossils

have been commented uPon at length in chapter 9 " Rather

than repeating those Teasons here, it is probably more

pertinent to suggest where future resealch could be

concentrated to improve the accuxacy and frequency of fossil

angiosperm leaf identifications'

!r/o1fe(1977)hassuggestedthatclearedleavesh'ere
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essential for comparitive studies with his Alaskan fossilst

since fine detail- generally could not be gained from a

herbarium specimen, particularly of rainforest species"

This has not proved to be the case in Australia. Because

the matrix in which Tertiary leaves ale most often found in

Aust¡alia is siltstone, fine venation of the leaves is

rarely preserved" This is even the case with mummified

leaves, where the fine venation is often unclear. Therefore

comparisons with Australian megafossils t¡rill- generally be on

venation pattern (primary, secondary and tertiary veins) and

cuticular patterns. The time consuming and expensive task

of compiling a clea¡ed l-eaf col-lection may not, therefore'

be justified at the present time. Instead a collection of

herbarium specimens (which invariably have a clecl venation

pattern at .l-east to the tertiary level), with cuticle slides

for each one t^rould be the best method for compiling a large

reference collection quickly and cheaply. The time and money

normally spent on clearing leaves l/'Jould be better spent on

compiling information for computer banking'

The collection of this tyPe of reference materialt along

with the study of youngell depositsr âs already mentioned, is

the most 1ike1y method of increasing the numbex of taxonomic

determinations.

13.3 PALAEOCLIMATE AND VEGETATION TYPE: ON thE bASiS Of thE

four methods which v\reIe employed, three general concl-usions

!úer e made:

(1 ) Rainfall vúas in the range of 140 180 cm/year;

(2) The most likely vegetation type hras wet sclerophyll

or lowland/lower montane subtxopical rainforest; and

(3) At least some of the vegetation rePlesented a river

or lakeside flora 
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A review of the literature on each of the four methods

showed that none of them are as yet totally satisfactory.

The most promising approaches appear to be foliar

physiognomy and the study of epiphy.J.lous fungi. Foliar

physiognomy currentJ-y has major problems, most of which

appear to stem from the fact that there is an extremely

complex interaction between leaf form and ehvironmental

parameters. ìt'/hether this interaction can ever be

satisfactorily quantified remains to be seenr but it does

appeal that the method will- never be satisfactory when used

in isolation of the other methods "

The study of epiphyllous fungi has shown some promising

results in estimating palaeoclimate, but requires a great

deal_ more ¡esearch before it can be confidently applied.

It may be that this method, used in conjunction with foliar

physiognomv r wi.l-l eventually give the best estimates of

palaeoclimate and vegetation type.

13"4 NUMERICAL TAXONOMY OF ANGIOSPERM LEAVES: NUMCTiCAI

taxonomy has not had the widespread and successful

application in botany that it has enjoyed in other fiel-ds

(notably zoology) " This is especially the case in mega-

fossil palaeobotany. There aIe a variety of possible Ieasons

for this, but one of the most important is the choice of

characters.

A survey of numerical taXonomic lesearch in zoology

reveals a marked dependence on characte¡s of size. The

same is true in botany. However, as Sneath (1976) noted,

although in most organisms the va¡iation in size between

individuals is usually not very great below the species

1eve1, there are some notable eXceptions among plants.

In general, it woul-d appeal that the size characters used
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in plant taxonomy may have an inferior discriminatory pot¡rer

at the species level than those used in animal taxonomy.

Although it is an oversimplification to pxesume that all

the problems in the nume¡ical taxonomy of plants stem from

the cha¡acters employed, there is no doubt that it is a very

important contributing factor"

Since many of the characters used in this study involved

síze, and al-so because of the failure of a previous attempt

to classify a set of extant leaves (Uotph 1976); it was

decided at the outset to test the discriminatory Pohrer of.

the characters on extant leaves before they v\,ere scored on the

fossils. This part of the study generalJ-y gave very cJ-ear

clustering of J.eaves into species, aJ-though it u',as shown that

architectural- characters alone could not classify the J.eaves

correctly.

Although both the UPGMA and ESS dendrograms h,ere abJ.e to

satisfactorily cl-uster the extant leaves into species, neither

produced a good classification of the fossil OTUs" The¡e are

three major reasons for the failure of these algorithms hrhen

applied to the fossils in comparison to the extant leaves.

Firstly, because the leaves of the extant species h,ere

seJ-ected from a single t¡ee, intraspecific variation hras not

adequately tested. However, some of the fossil parataxa

exhibit ext¡eme variation over paticuJ-ar characters. A good

example of this is parataxon NER/OZ7, which was usually

preserved as single leaftets from a compound leaf. The

leafl-ets of a compound leaf can vary greatly in size and

shape and this h,as the case for NER/OTT.

Secondly, because five leaves hrere chosen for each

extant species, the probJ-em of different number of 0TUs

pex species hras not considered. The f ossil OTUs hrere
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extremely unevenly distributed among parataxa. The exact

effect of this on the dendrograms is unknoh,nr but certainly

non-conformist groups containing a number of parataxa

represented by only one or two 0TUs h,exe ai:problem. These

first two Ieasons for the inadequacy of the classifications

produced by the dendrograms xePresent common biological

events, and for a classification to be worthwhile it must be

able to cope with them. The third possible leason is that

the character set may have had Poor discriminatory Po\^'eI.

A comparison of a minimum spanning tree, nealest

neighbour network and E55 dendrogram gave a good classi-

fication of the 0TUs. Using these methods, together with a

visual comparison of the OTUs, a minimum of 27 angiosperm

parataxa h,eIe delimited from 581 specimens examined. The

success of this classification suggests that the cha¡acter

set employed did have adequate discriminatory Poh'eI, although

lumping of parataXa in groups caused some problems in

interpretation.

13.5 FUTURE APPROACHES TO ANGIOSPERM PALAEDBOTANY: ThETC

is a pTessing need for liesearch on Australian Tertiary

deposits. Although two Eocene deposits (Nerriga and

Anglesea) and one Miocene deposit (Ya11ourn) are currently

being researched, many other deposits remain to be collected

and a vast numbel of early collections Iequile levision.

However, because of the lack of recent ¡esearch on

Tertiary deposits in Australia, the potential exists for a

coordinated approach fo¡ current and future projects. This

study has given rise to several guidelines for the direction

such a coordinated study should take"

vr/hen this study h,as begun, the Australian Tertiary

fforas b/exe virtually unknownr h/ith the exception of the
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Masl-in Bay flora, which hras being actively curated and

researched. It was therefore necessary to base the initiaL

approach to this study on the results of lesearch on the

Maslin Ba,y flora and Tertiary floras in other parts of the

world. In North America, the majority of research has

concentrated on leaf architecture rather than cuticular

patterns. This ì¡ras also the case with the Maslin Bay flora'

The reason for this is that cuticl-es are often vexy poorly

preserved or absent in North American deposits (and the

Maslin Bay flora)r whereas the venation detail is often

exceptionallY good.

Theref ore, when characters ì^/eI,e selected f or this study t

emphasis h,as placed on sel-ecting those involving leaf shape

and architecture. ì¡Jhen the Nerriga f-l-ora had been collected

and curated it h,as found that the majority of specimens

consisted of mummified fragments of feaves with excellent

cuticul_ar pleservation, but which ì^reIe too incomplete to

allow many of the .l-eaf shape and architecture characters to

be scored. Houreverr apart from the addition of severa]

cuticular characters, the characte¡ set was not al-tered

because enough specimens hrele coll-ected on which al-l- the

characte¡s could be measured, and these specimens apPeared

to be representative of the flora. Another leason for not

altering the character set h,as that one of the major aims

behind scoring of the characters t^ras to eventually allow

large scale evolutionary and biostratigraphical Proiects to

be carried out incorporating the Nerriga flo¡a" Therefore

the character set had to be applicable to other Australian

Tertiary deposits. Because of the plese¡vation normally

found at Maslin Bay and in early coll-ections made at

Anglesea (which closely resembl-ed the Pleservation found at
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Maslin Bay) r âs well as that recorded in most pubtished

reports of Australian Tertiary fossils, it hras considered

necessary to include all the leaf shape and architecture

characters, since cuticles rarely appeared to be wel-1

preserved.

RecentresearchonotherdepositshasshownPleservation

similartothatatNerriga.TheAngleseafloraisnoì¡,

yieldingalargenumberofmummified]-eaves,mostofwhich

are incomplete. D.T. Blackburn (pers' comm') has perfected

a technique which allows wel-1 preserved dispersed cuticle to

be retrieved from the brown coal at Yallourn. Lange (1978b)

has reported good dispersed cuticle from the Lake Lefroy

and Maslin Bay deposits, and he has commented on the

potentiallyvastnumberofsitesavai.]-ablefo¡thestudyof

dispersed cuticl-es in the form of drill coIes. Therefore, ''

itapPearsasthoughthemajorityofspecimensavailab.]-e

from Tertiary deposits in Aust::alia consist of smal-l fragments

of J-eaves with good cuticuJ-ar preservation'

The predominance of dispersed cuticile in Australian

depositslequiresanalterationtotheapproachusedinthis

study.Manymolecomparisonscouldbemadeifthecharacter

set bras restricted to features of the cuticle. This would

require further research on useful and disc¡iminatory

cuticular characters.

Futureresearchwil].determine\^Jhethe¡continuous

or binary cha¡acters are preferable' but some suggestions

can already be made as to their relative utility' continuous

characters were used in this study because they potentially

contain much more information than binary characte¡s and

their interrelationships and discriminatory Pov'rer h,ere well

understood. The biggest disadvantage in the use of conti¡¡6¡5
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characters is the amount of time required for scoring. V'/ith

a large numbel of specimens this time factor would quickly

become prohibitive. A large numbel of binary characters

could be scored in a reJ-atively short time by comparison,

and the large number may ovellcome the relatively pool

discriminatory Pohrel that each binary cha¡acter has" Binary

characters may Prove to have the greatest utility, palticularly

in large scale projects. Before the Nerriga f]-ora is

published, the 0TUs t^ril-t be reclassified on a' set of binary

cuticular characters for comparison brith the classification

based on continuous characters.

This study required a J-arge number of comparisons between

specimens, considering leaf shape, architecture and cuticular

pattern. Invariably it proved easier to recognise a Particular

parataxon on the basis of its cuticular pattern than on

either l-eaf shape or architecture. This suggests that the

cuticula¡ pattern may be less variable within parataxa than

the other features.

A, concentration on dispersed cuticl-e studies coul-d be

complemented by an increase in ¡esearch on epiphyllous fungi.

At the present time a great deal mole ¡esearch is requiled

on the distribution of various epiphyllous fungi on extant

vegetation. A thorough understanding of extant epiphyllous

fungi r^/ould be of great assistance in estimating vegetation

types and palaeoclimates from dispersed cuticle. 0ne

largely unexplored field is the potential of epiphyllous

fungi as taxonomic indicators, i.e. al.e certain types of

epiphyllous fungi restricted to particula¡ speciest genera

or families of angiosperms? An anshrel to this question may

be of great assistance in the identification of meÇafossils.

It is also possible that careful reseaxch on cuticular
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characters may show that some are good climatic indicators"

An approach simil-ar to that used in fol-ia¡ physiognomy may

show some specific co¡relations between certain cuticular

features and environmental- patameters. Many authors

( r . g . 0de11 1932, Vrlylie 1949 ) have commented at length on

the extreme variation exhibited by cuticular characters in

differing environments. 0nIy one (Ditcher 1974) has noted

the positive aspect of this variation that cuticul-ar

cha¡acters could be used to estimate the environment.

Research in this alea may prove rewarding, particularly if

used in conjunction with the occurrence of epiphyllous fungi.

One of the major aims of megafossil palaeobotany is an

understanding of the evolution of plants. In the past

significant cont¡ibutions have been made by palaeobo'uar¡ists

working on non-angiospermous plants, but in Aust¡alia irr

particular, the contribution toward the evolution of

angiosperms has been minimal in comparison. It has been

mentioned in other places in this study that the major

contributing factor towa¡d this is our lack of knowledge

of the l-eaf architecture and cuticulal pattern of extant

Australasian angiosPerms.

Two possible fields of future lesearch arise from this

lack of knowledge of extant Austra.l-asian leaf types. Fi¡st-

ly, the leaves must be collected and described, although

this is Iargely technical- work" Secondly, if the info¡mation

coll-ected from these .l-eaves is to be of value it must be

stored in a computer in a form which allows ready access

fo¡ comparison with other leaves. This will not be a

simple task. One of the best methods of data banking may be

to sto¡e two types of information general descriptions or

character scoles f¡om the type of characters used in this
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study and a small- set of k=y characters, which could be

scanned by means of a simple program for matches with

leaves which the researcher wants to compare.

These key characters would need to be based at the

generic or family levelr or preferably both. This wil-l

require a great deal of research on extant genera and

families and may require the use of clea¡ed leaves, but is

probably the only way a data bank could be made to work

successfully. The following exani.ple shows how such a data

bank would be set uP.

If a researcher bras trying to identify a fossil-

angiosperm leaf by means of a computer data bank, the first

step would be to ente¡ information aimed at deciding on

þossible family affinities" This would be in the form of

a series of questions;

e.g. (1) Intramarginal vein present?: (type 0r1 oI 2' where

0 - Vesr 1 - ñor 2 - unknown).

(2) Subsidiary cel-l- arrangement brachyparacyticT (type

0r1 or 2) etc"

At the end of these questions, a list of possible families

woul_d be provided by the computer. Then for each family,

a similar set of questions could dete¡mine possible generic

matches. It would be essentia-l- to provide a list of all

extant families and genela not entered in the data bank

which may be reJ.evant.

l¡lithin each genus it may be possible to list all- the

species, and for each one the following information:

( 1 ) Distribution

(2) Ecological and habit notes (with sources)

(3) Pertinent Publications

(4) Institutions holding material
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(5) Leaf descriPtion

(6) Character scoxes

The info¡mation may be slightly different for a fossil

species. This data bank Ì^Jould requile a competent computer

programmex to write the relevant PlogIams and alte¡ them as

new information becomes available, but it would all-ow easy

access for anyone not experienced in comPuting" If a data

bank could be established, and if palaeobotanists ale willing

to contribute to it, the whole plocess of identification of

fossit angiosperm leaves could be ""uólutionised.
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