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ABSTRACT

a
previous foliar physiognomic ôalyses of fossil floras are criticised for compal-

ing the characteristics of vegetation, and often particular synusiae, to what is not

fossilised vegetation but leaf beds. The use of the proportion of species repre-

sented. in foliar physiognomic classes is criticised for introducing further sources

of error. Leaf beds a1e preclicted to contain leaves from all forest synusiae, and

taphonomic processes are predicted to produce a bias towards a different foliar

physiognomic character thal obselved for canopy trees.

Many of the Tertiary floras reported from Australia are considered to have a

,,Tropical chaLacter". Webb's pliysiognomic classiflcation of Australian rainforest

has been used in this study as a frarnework to determine the taphonomic bias of

leaf assemblages derived frorn Australian tropical rainforests, and interpret tlie

"Physiognomic Siglatutet' tetained in these leaf assemblages.

Leaf litter was used as an analogue of fossil leaf beds, and collections rvere

mad.e from four of Webb's types of Australian rainforest - Microphyll Fern Forest

(MFF), Simple Notopliyll Vine Forest (SNVF), Complex Notophyll Vine Forest

(CNVF), and Complex Mesophyll Vine Forest (CMVF). Replicate samples rvere

coliected at each of three sites for each forest type. Collections in NE Queensland

aJlowed comparison between all four types from within a small geographic area,

while collections from Nerv South Wales were used to compare CNVF and SNVF

from the latitudinal extremes of their modern distribution.

Leaf litter from each of these forest types was found to retain a uniclue "Phys-

iog¡omic Signature" reflected in the frecluency distribution of leaf length, rvidth,

and the position of greatest rvidth. Leaf length for the litter was strongly cor'-

related with the mean annual temperature of the collection sites, rvhereas lea'f

width for CNVF and II4FF appeared to be interacting with a complex of factors.

The physiognomic signature of SNVF leaf litter rvas found to be distorted

by strearn transport by a declease i4 the proportion of larger leaves in the leaf

assemblages. The liigher propoltion of individuals with non-entire leaf rnargins

for SNVF in New South Wales was thought to provide a sensitive indicator of

a physiognomically distinct stleamside vegetation. Ilowever, there was no sig-
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nifrcant difference between the physiognomic character of streamside plants and

litter samples from the forest interior.

The effects of tree position and size on the representation of local taxa iu

leaf litter was tested. Frecluency of occurrence of taxa as leaves in tlie samples

was compared to the position and size of the source trees to the litter collection

poilts. Leaves were found to be very resticted in their ability to travel far frorn

their source tree.

Analysis of the level of variation of leaf morphology within species found

that the preclicted dimolphism for rainforest trees between the 'sun' and 'shade'

leaves represented two poles of a continuum. The idea tliat the physiognomy of

the leaves of particular species could be used to predict their synusial origil rvas

tested and rejected.

This study concluded that leaf beds retain a unique physiognomic signature

which must be corrected for the streamside taphonomic bias to allow identifica-

tion of the type of forest and the clirnatic characteristics of the source vegetation

of fossil leaf beds.

This study has tlierefore demonstrated that by studying analogues of fossil

Ieaf beds - leaf litter from th.e forest f.oor and from stream beds - it is possible

to measure the transformations wrought by taphonomic processes. By under-

standing these transformations, or biases, it is then possible to analyse fossil leaf

beds and extract a high level of information al¡out the ecology and nature of

past vegetation, and in turn reconstruct past climates and test existing models

of ecological processes.
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Chapter 1

INTRODUCTION

L.1 The Palaeoecological Analysis of Australian Ter-
tiary Vegetation.

One of the major purposes of palaeobotanical studies is to determine the char-

acter and composition of plant cornmunities in the past. Analysis of plant fossil

beds may proceed in several often interrelated directions, and may utilise macro-

fossils - vegetative and reproductive parts - and/or microfossils - e.g. pollen,

A fossil flora is then usually interpreted by analogy to modern vegetation.

Palaeoecology is primarily concerned with the interpretation of community

interactions, either between organisms within palaeocornmunities, or between

communities and the environment. However, often palaeoecological studies have

been primarily concerned with determining the climatic relationships of a fossil

flora, the palaeoclimate, in order to interpret regional and temporal variation

in climate (e.g. Axelrod and Bailey, 1969). However, fossil plant beds can also

be used as tests of ecological theories as they represent "natural experiments"

(I(nol1, 1986).

Within Australia, Tertiary plant beds have generally been considered as col-

lections of fossil taxa. By this I mean that the approacl-L has been to describe

individual taxa from fossil localities separately, with little consideratìon given to

the associations of taxa present or the character of the assernblage (e.g. Cook-

son and Duigan, 1950; Cookson and Pike, 1956; Blackburn, 1978; Hill, 1978;

Christophel, 1984). This approach could be termed the "catalogue approach"

as its central aim was to describe the material and identify the modern (or oth-
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erwise) affnities of the fossil taxa; producing "catalogues" of fossil taxa (e.g.

Duigan, 1951).

These studies extend the known temporal and spatial distribution of some

modern groups (e.g. Cookson and Pike, 1956; Hill, 1978 1987a; Cllristophel,

1984; Christophel and Basinger, 1985; Greenwood' 1987) and so add to the

understanding of the phytogeograpl'ry of the Australian Flora. However, they

provide only general interpretations of the communities from which the plant

materia] is sourced.

A second and important source of information has been palynological studies.

These, however, have been the source of much confusion about Australian Ter-

tiary vegetation. For example, until recently the vegetation of southern Australia

during the Early Tertiary was considered to have been dominated by the southern

beeches (Nothofagus Blume Fagaceae) and the austral conifers (Podocarpaceae

and Araucariaceae) on the basis of the dominance of sediments of this age by

palynomorphs of these taxa (e.g. I(emp,1977 1981; Barlow, 1981 1982).

Until recently however, reliable macrofossil evidence for the presence of Nothofa-

gus in southern Australia in the Early Tertiary has been lacking (Christophel,

1981 1986; Hill, 1984 1987a & b; I{ill and Macphail, 1984). The majority of

Australian Early Tertiary macrofossil floras have indicated a diverse association

of ta;ca with affinities primarily to modern genera found in rainforest (Cookson

and Pike, 1953; Christophel and Blackburn, 1978; Blackburn, 1981; Christophel,

1981 1984). These associations have generally been interpreted to indicate the

presence of subtropical to tropical rainforest (Duigan, 1966; Christophel, 1981),

vegetation types in which Nothofagus is absent today.

More recently, Australian Tertiary plant beds have begun to be examined with

the intention of interpreting the character and composition of Tertiary vegeta-

tion, rather than adding to the "catalogue" (u.g. Christophel, 1981; Christophel,

et al., 1987; Hill and Macphail, 1984). This situation reflects a world trend to-

wards more quantitative approaches to the analysis of fossil plant beds (Spicer

and Hill, 1979; Birks, 1985), and incorporates the use of parallel studies on the

process and circumstances of fossilisation, or taphonomy (e.g. Scheihing and Pf-
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eflerkorn, 1984). These latter studies in particular, are altering the methodologies

of collection and analysis (Birks, 1985; I(noll, 1986).

L.2 Palaeoecological Methods.

The ecology and climate of fossil vegetation is usually predicted-bÍrL]î"?f ,*t
methods (Axelrod and Bailey, 1969; Dorf, 1970; Wolfe, 1971; Rothl1978; Martin,

1e86):

1. the extrapolation of the ecological and climatic requirements of modern

species to identifled close relatives in a fossil flora;

2. the extrapolation of cortelations between the prevailìng leaf morphology,

or physiognomy, of modern forests, to the physiognomy of the leaves in a

fossil flora.

The first approach may be termed "floristic analysis" (Wolfe, 1971) as it relies

on the observed correlations of modern floristic associations and climate. The

second approach is usually termed "foliar physiognomic analysis" (Wolfe, 1971

1980a & b; Dolph, L978; Roth and Dilcher, L978) or "leaf physiognomic analysis"

(Davis and Taylor, 1980; Christophel, 1981; Christophel and Greenwood, 1988).

Both methods recluire uniformitarian assumptions and it is the apptcation of

these assumptions which draws criticism for both methods (Axelrod and Bailey,

1969; Dorf, 1970; Wolfe, 1971; Dolph, 1978; Martin, 1986).

Several other methods have also been employed to predict climate from plant

fossils. For example, Lange proposed a system for determining precipitation from

epiphyllous fungal structul'es. Lange found correlations between precipitation

and the level of morpl-Lological cornplexity (grade) of both epiphyllous fungal
t'germlings" and Manginuloid hyphae found on leaf cuticles in a "standard search"

(Lange, 1976; 1978). This method horvever, seems to have been largely ignored

by the palaeobotanical community.

More recently, tree-ring analyses of rainfall and climatic seasonality have been

applied to Mesozoic and Cenozoic woods (Creber and Chaloner, 1985; Francis,
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1986). This method, however, has a restricted use as most Austral-ian Tertiary

wood lacks clearly defined rings (pers, observ.).

L.2.L Floristic Analysis.

Floristic analysis is based on the uniformitarian assumption that fossil species

closely related to modern species would have had the same ecological require-

ments (primarily thermal) as the modern species (MacGinitie, 1969; Axelrod

and Bailey, 1969; Wolfe, 1971). The main determinants of plant distribution

are thought to be the prevailing thermal regime, characterised by the annual

average temperature, and the annual range of temperature (Axelrod and Bailey,

1969; Wolfe, 1971), Correct determination of the thermal characteristics of a fos-

sil species are therefore dependant on the accurate determination of the closest

modern relative, and accurate determination of the thermal requirements of the

nearest modern relative. The closeness of the relationship between the fossil and

the modern species is also critical (MacGinitie, 1969; Axelrod and Bailey, 1969;

Wolfe, 1971; Roth and Dilcher, 1978).

GeneralJ.y, floristic comparisons are of a vague nature, with imprecise defini-

tions of the thermal recluirernents of modern species and by inferzence related

fossil species. This is exemplifred by the use of terms such as; 'tropical', 'temper-

ate', or 'frigid', to describe the cümatic characteristics of species (Axelrod and

Bailey, 1969; e.g. Bigwood and Hill, 1985). Axelrod and Bailey, however, pro-

posed a system for accurately determining the thermal requirements or '(thermal

field" of modern species as an aid to predicting the thermal charactelistics of

fossil vegetation (Axelrod and Bailey, 1969).

Under their scheme, the thermal characteristics of all known areas where a

species occurs, the annual average temperature, the annual range of temperature,

and the "equability" of the climate, are plotted on a ttnomogram'? (Axelrod and

Bailey, 1969). This graphical device allows the prediction of other important cli-

matic characteristics such as the temperature of tlte warmest and coldest months

and the length of frost-free periods.

The plotting of the characteristics of a series of sites covering the known

range of the species will defrne it's *thermal field" (Axelrod and Bailey, 1969).
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The detection of a closely related fossil species indicates that the choice of possible

climates is restricted to tl-ris "thermal freld". They rnade the suggestion, though,

that it is necessary to consider as many species from a f.ora as possible, as the

zone of overlap between the thermal flelds of all the species wili best define the

characteristics of the palaeovegetation.

This approach makes a number of assumptions which, while perhaps not

invalidating the approach altogether, suggest caution in its application. Fos-

sil plants are generally represented by leaf remains alone. Attached reproductive

structures, particularly flowers, are rare. Identifrcation is therefore based on com-

parisons between the leaf morphology of the modern and fossil species (Dilcher,

1974; Hickey,7977).

This restriction creates special problems as, in many environments there is

a tendency towards convergerìce in gross leaf form (e.g. Tropical Rainforest;

Richards, 1952). Leaf comparisons are therefore often based on fine detail of

venation and the epidermis, usually represented by the cuticle (Dilcher, 1974;

Hickey, 1977). In many cases no organic materia,l remains and so identification

must rely on gross form and venation detail alone.

These factors favour the identifrcation of highly characteristic taxa over oth-

ers. For example, Hill initially described the distinctive foliar remains of three

species of cycad from the Eocene Nerriga loca)ity (HiIl, 1978), but referred the

bulk of the flora to "parataxa" (Hill, 1983) or form genera (Hill, 1986).

The very large number of comparisons that are necessary, and the high level

of convergence seen in gross leaf folm, increase the possibility of the erroneous

identifrcation of Teltiary leaf taxa. Historically many floras, particularly in Aus-

tralia, have been described on only cursory examination, and the identifications

presented by early workels have either undergone major revisions, or remain

highly suspect (Dilcher, 1971 1973; Christophel, 1981; HiU, 1987b). Clearly,

floristic anaJyses of climate based on these floras are invalid (Dilcher, 1973; Roth

and Dilcher, 1978).

The next major assumption of floristic analysis is the association of the ther-

mal requirements of modern species to fossil close relatives. This assumes that
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there has been no change in their thermal recluirements over time, and that the

modern and fossil species are as close physiologically as they are morphologi-

cally (MacGinitie, 1969; Wolfe, 1971). Neither assumption is reasonable without

supporting evidence.

Christophel and Greenwood (1988) have highlighted the danger of assump-

tions over the modern afrnity of Early Tertiary taxa. Banlcsiaephyllum Cookson

is a common macrofossil taxon in Eocene floras of southern Australia (e.g. Cook-

son and Duigan, 1950; Blackburn, 1981; Hill and Christophel, work in progress).

Tbaditionally this taxon has been used for Tertiary leaves considered intermedi

ate in morphology between Banksia L.f. and Dryandra R.Br. (Proteaceae; tribe

Banksiaeae ; subtribe Banksiinae; Cookson and Duigan, 1950; Blackburn, 1981).

These genera are today characteristic of swamp vegetation or scleropliyllous

heaths and woodlands (Johnson and Briggs, 1975). Spicer and Wolfe (1gBZ)

suggested that organ genera consistently associated in quiet water deposition

have a very high probability of being conspecifi.c. Leaves of. Banksiaephyllum

are generally found in association with the floral organ taxon, Musgrauinan-

úå.us Christophel (Christophel, 1984; Christophel and Greenwood, 1988; HilI and

Christophel, work in progress).

Musgrauinanthusis intermediate in morphology between two modern rainfor-

est genera closely related to Banlcsia; Austronzuellera C.White and Musgrauea

F.Muell. (Proteaceae; tribe Banksiaeae subtribe Musgraveinae; Christophel,

1984). Christophel and Greenwood (1988) suggest that Banksiaephgllum may

represent the foliar organ of. Musgrauinanthus, and by inference, a rainforest

plant and not a sclerophyll heath plant.

The possibility for erroneous clirnatic inference is particularly high for taxo-

nomic groups which were highly diverse and wide splead in the Early Tertiary,

yet today are represented by only a few, or only a single species witli a restricted

distribution. The degree of affrnity between fossil and modern species decreases

with increasing age of the deposit (and increasing time for evolution), and cor-

respondingly, the confldence in the prediction of cornmon thermal requiremelts

(MacGinitie, 1969).
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The genus Dacrgcarpus Endl. (Podocarpaceae), for example, is common in

Tertiary sediments in southern Australia (Greenwood, 1987), and also in Antarc-

tica and South America (Florin, 1963). However Dacrycarpus is now absent

from Australia, and is represented by single species in both New Zealand and

New Caledonia, and a small number of species in Malesia, each with very differ-

ent and very narrow ecological requirements (de Laubenfels, 1969; Greenwood,

1987). The morphology of Early Tertiary Araucariaceae from localities in Tas-

mania are intermediate between Agathis R.A.SaIisb. ar,d Araucariø Juss., yet

these two modern genera occur in cluite different environments (Bigwood and

Hill, 1985).

Floristic predictions based on such groups must be viewed with caution, as

it is not known whether the extinct members occupied a much wider range of

potential thermal regimes than the surviving species. It has also been shown

that many Tertiary fl.oras contain mixtures of taxa with close modern relatives

represented in quite separate climates (Daley, 1972; Hill, 1987a). These floristic

associations have been interpreted by some as suggesting that Early Tertiary

climates have no modern analogue (Daley, 1972; I{emp, 1978: Bigwood and HilI,

1985; Hill, 1987a).

L.2.2 Foliar Physiognornic Analysis.

Foliar Physiognomy is defined as the characteristic form of the leaves of the plant

- e.g. leaf margin type, shape, the presence of characteristic leaf features (e.g.

'drip tips', strongly acuminate leaf apices), and leaf size. The use of the phys-

iognomy of fossil leaves to predict vegetation type and climates originates with

Bailey and Sinnott (1915 1916) who found a correlation between the proportiol,

of species with non-entire margins in regional floras, and regional climate.

Specifically, Bailey and Sinnott (1916)found that in ecluable environments the

proportion of species with non-entire margins increased with increasing latitude,

and to a similar extent with increasing altitude, Arid and "physiologically dry"

habitats in the cold-temperate zone however, were also characterised by entile

margins. The implication rvas that for ecluable habitats tl-Le proportion of species

in a flora with non-entire margins was linked to the temperature characteristics
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of the region.

Bailey and Sinnott used these observations to determine the broad climatic

characteristics of a number of Cretaceous and Tertiary leaf floras (Bailey and

Sinnott, 1916). These broad climatic correlations were adopted by a number

of palaeobotanists (e,g. Chaney and Sanborn, 1933; MacGinitie, 1969 1974),

although floristic analysis has generally been the preferred method (Axelrod and

Bailey, 1969; Dorf, 1970; Dolph, 1978).

Wolfe's physiognomic classification of the moist forests of East Asia used re-

gional floras to determine correlations of annual average temperature and the

annual range of temperature, with structural and foliar physiognomic features

(Wolfe, 1980a). His main diagnostic feature was a correlation between the pro-

portion of canopy tree species with non-entire margins and the annual average

temperature (Fig. 1.1), rvhich seems to offer an accurate source of comparison

between Tertiary leaf floras and modern vegetatior (e.g. Wolfe, 1980b, 1985,

1e87).

The Australasian region (Australia and New Zealand), however, has a higher

proportion of entire margined species than comparable regions, and it was sug-

gested by Bailey and Sinnott (1916) that this situation reflected historical factors

and the isolation of the Australasian region from potential immigration of non-

entire forms from cooler regions. Mucli later, Wolfe has suggested that the cause

is the preferential survival in the Northern Hemisphere cool Temperate zone of

deciduous species (which predominantly have leaves with non-entire margins) af-

ter a major catastrophic cooling at the Cretaceous / Tertiary boundary (Wolfe,

1985 1987).

The prevailing leaf size in vegetation is also thought to be determined by

climate (Bailey and Sinnott, 1915; Chaney and Sanborn, 1g33; Raunkiaer, 1934).

Bailey and Sinnott (1915) comrnented that on the basis of herbarium collections,

leaves in moist tropical regions are "cornparatively large". Chaney and Sanborn

however, used leaf litter in their analysis of two Early Tertiary floras, and found

a higher proportion ofleaves over 10 cm length in litter from tropical forests than

in leaf litter from temperate forests (Chaney, 1g24; Chaney and Sanborn, 1g3g).
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Raunkiaer proposed a series of leaf size classes based on leaf area and noted

that the prevailing leaf size class was successively smaller in cooler or drier cli-

mates than the optimum humid tropical climate (Raunkiaer, 1934). His proposal

was that vegetation communities could be characterised by the relative propor-

tions of species witli leaves in these leaf size classes.

Beard used the characteristic Raunkiaer leaf size class ofeach species in a veg-

etation to derive the proportion of species in each leaf size class, in combination

with structural features, to classify tropical American forests (Beard, 1944 1955).

Beard's argu,zment was that physiognomic and structural features reflected the

immediate adaptation of vegetation to macroclimate, whereas floristic associa-

tions reflected historical factors (Beard, 1944 1955).

Following Beard's classification (1944, 1955), the prevailing leaf size of each

species, and from this the proportion of species with leaves in each of Raunkiaer's

leaf size classes, was used as a diagnostic tool to indicate the environmental

determinants of vegetation structure and physiognomy (e.g. Richards, 1952;

Ca.in, et al., 1956; Webb, 1959 1968; Grubb, et al., 1963a & b; Howard, 1969).

There is some debate horvevet, over the relative roles of edaphic and cLimatic

determinants of leaf physiognomy (e.g. Webb, 1959 1968; Loveless, 1961 1962;

Kapos and Tanner, 1985). A chief issue is whethel the characteristic smaller and

thicker sun leaves of the canopy of tropical rainforests, and in particular, montane

rainforests, represent adaptation to soil infertility, or to water stress (e.g. I(apos

and Tanner, 1985; Sugden, 1985).

Vegetation structure is defrned as the spatial arrangement of the trees and

other synusiae; for example, the stratification of tropical forests (Richards, 1952;

Webb, et al., 1970). Physiognomy in general includes both the foliar physiog-

nomy and the characteristics of the plants themselves, usually indicated by the

presence of particular life forms. These include, vines/lianes, strangler frgs, epi-

phytes, caulif.ory, buttressed tree trunks (Webb, et al., 1gZ0). Thus ,,Foliar

Physiognomy" may be distinguished as solely concerning the physiognomy of the

leaves.

Richards (1952) modifred Beard's classiflcation, adopting a bloader defini-
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tion of 'Tlopical Rainforest' as he included a1l evergreen tropical forests, whereas

Beard made a distinction between seasonally dry 'Evergreen Seasonal Rainforest',

and the non-seasonal (Tlopical Rainforest' (Beard, 1944, 1955). Important points

on foüar physiognomy were added by Richards, who reiterated the common ob-

servation of the preponderence of tree species with elliptic leaves, with prominent

drip tips and entire margins, and the dimorphism between leaves borne in the

canopy ('sun leaves') and below the canopy ('shade leaves') in tropical rainforests

(Richards, 1952).

Webb's physiognomic classiflcation of Australian rainforest (1959, 1968) also

uses a combination of structural features - principally the number of tree layers

or strata- and physiognomic features - both the presence of characteristic life-

forms and foliar physiognomy. Webb also adopted Raunkiaer's leaf size classes,

adding a/ new class - "Notophyll" - for the "small mesophyll class" of Raunkiaer

(193a; Webb, 1959; Fig. 1.2). Unlike Beard, however, Webb also considered the

proportion of ìndividuals, as well as species, represented in each leaf size class.

In each of these pliysiognornic ciassifrcations, direct correlation was suggested

between the structure and physiognomy of the vegetation and the climate -
"climatic climaxes" (Beard, 1944 1955; Richards, 1952; Webb, 1g5g). Webb

however, placed a much greater emphasis on the infl.uence of edaphic factors

(mainly soil fertility) in determining structural characteristics, but suggested

that some aspects of the foliar physiognomy were primarily under the control of

the climate, mainly leaf size by temperature (Webb, 1g5g lgOB).

However, it is rarely possible to infer structural features of vegetation and

the life-forms of plants from plant fossil beds. For example, I(elly noted that

Clusia flaua (cl'asiaceae) may develop as a normal tree, a protero-epiphyte, or

a strangler, depending on the conditions of the site (I(elly, 1985). The presence

of leaves of taxa often associated with particular life-forms therefore, can not

always be used to suggest the presence of that life form. The foliar physiognomy

however, can be directly observed.

The correlations betrveen the foliar physiognomy of the forest types recognised

under these classifications and (macro)climate offered an opportunity to improve
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LEAF SIZE OF CANOPY TREES

Nanophyll <2-scrn long
Microphyll 2.5 -7. 5 cm long
Notophyll 7.5 - 12.5 cm long
Mesophyll 12.5 - 25 cm long
Macrophyll >25cm long

NANOPHYLL

MICROPHYLL

MESOPHYLL
NOTOPHYLL

MACROPHYLL

ï

Fig, 1.2Leal size ctasses of Webb (1959), from a figure in Tracey (1982).



upon the crude estimation of temperature for Tertiary floras offered by Bailey

and Sinnott's work, However the pioneering approach of Chaney and Sanborn

(1933) of using the characteristics of leaf litter, rather than the actual forests,

has been largely ignored.

Dissatisfaction with the floristic approach led MacGinitie to use the predom-

inant leaf size of each species in the Eocene Green River Flora to determine the

proportion of species within each of Raunkiaer's leaf size classes (as modifred

by Webb, 1959) as a metl'Lod of comparison between the fossil flora and modern

vegetation (MacGinitie, 1969).

This method continues to be used with studies by Christophel (1981) on

southern Australian Early Tertiary floras, and by Zastawniak et al. (1985) on

Antarctic Miocene floras contrasting the percentage of individual leaves in each

of Webb's modified leaf size classes to tl-re values given by Webb for each of the

Australian Rainforest types.

In a series of studies, Dolph (1978, 1984), and Dolph and Dilcher (1979a &

b) used the proportion of species with 'large leaves' (Dilcher, 1973) and entire

margins (after Wolfe, 1971), to test correlations between foliar physiognomy and

climate at sub-regional scale. They found no close correlation with a number

of climatic variables (Dolph and Dilcher, 1979a), and suggested that local site

differences are a possible source of the greater than expected variation (Dolph,

1979 1984; Dolph and Dilcher, 1979a & b).

Chaney and Sanborn's cotnpaLison of leaf litter with two Barly Tertiary fossil

leaf beds (Chaney and Sanborn, 1933) was in direct contrast to the approach

used by later studies. In most instances, the characteristics of the actual modern

forests has been compared to the fossil flora (e.g. MacGinitie, 1969 1g74; Wolfe,

1971 1980b 1987; Christophel, 1981; Zastawniak, et al., et al.,1985), or used to

measure correlations with cLimate (e.g. Wolfe, 1980a; Dolph, 1979 1984; Dolph

and Dilcher, 1979a & b) ,

The assumption of the latel studies was that the foliar physiognomic char-

acteristics of the forest would be represented essentially unaltered in the fossil

leaf beds (Roth and Dilcher, 1978), In common with the later studies however
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Chaney and Sanborn used the characteristics of species i.e. the average state

for each species, to assess the relative proportion of the flora (both fossil and

modern) in each foliar physiognomic class.

Roth and Dilcher (1978), and more recently, Ferguson (1935) and Martin

(1986) have queried the direct application of the foliar physiognomic characteris-

tics of modern vegetation to tl-re interpretation of the vegetation which produced

fossil leaf beds. Roth and Dilcher (1978) suggested that it is more appropriate to

study the foliar physiognomic ch.aracteristics of neo-fossil leaf beds, thus avoiding

problems associated with contrasting vegetation to leaf beds.

In the following section, it will be briefly discussed how different aspects of

leaf physiognomy are determined by the interplay of environrnental factors, and

how these factors alter over very small distances in the forest environment, The

corollary of this is that leaf litter, and by inference, fossil leaf beds, will contain

a diverse assemblage of leaf physiognomies,

1.3 The Determinants of Leaf Physiognomy.

A number of features of foliar physiognomy are generally considered to vary

according to environmental determinants. The main features however were listed

by Dolph (1978);

1. size (often as area in Raunkiaer's classes)

2. margin type (entire or other)

3. texture (coriaceous - rnembranous)

4. presence or absence of drip-tips

5. density of stomata

6. organisation (compound or simple)

7. major type of venation (palmate or pinnate)

The expression of these characteristics in leaves is attributed to prevailing

environmental factors - temperature, rainfall, soil fertility, light (Bailey and
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Sinnott, 1916; Grubb, et al., 1963b; Taylor, 1975; Davis and Taylor, 1980; Lich-

tenthaler, 1985; Jones, 1985). Individual plants (and perhaps individual leaves;

Davis and Taylor, 1980) will respond to the prevaling environment according to

their inherent phenotypic plasticity (Schüchting and Levin, 1986), and the degree

to which particular aspects of leaf physiognomy vary will also be dependent on

inherited factors.

However, it is reasonable to expect that the net response of the community of

plants (and the population of leaves on individual plants) in a particular locale

will be in a dynamic equillibrium with the environmer-Lt. The consecluence of this

is that the average response, i.e. the average physiognomy, will be tied to the

characteristics of the macro-environment, Thus it is not surprising that Ricllards

(1952) was able to characterise tropical rainforest trees as having leaves with a

particular physiognomy which reflected their adaptation to the tropical rainforest

environment.

The characteristic size and margin type of leaves has been usually attributed

to temperature and precipitation (e.g. Bailey and Sinnott, 1916; Raunkiaer,

1934; Beard, L944; Webb, 1959). Ilowever while leaf shape has often been used

in taxonomic studies (e.g. Dickinson, et al., 1987; llerman, et al., 1987), it has

also been demonstrated that some aspects of leaf shape seem to be primarily

under environrnental control (e.g. Hu Chia-Chi, et al., 1985; Rood, et al., 1986;

Sokal, et al., 1986).

Givnish and Vermeij (1976) for example, demonstrated that the constraints

of the liane life-form favoured the cl-raracteristic 'heart-shaped' leaves of tropical

vines. The width of leaves also may reflect environmental control as stream-

side leaves in temperate and some tropical forests are typically 'stenophylls', or

'willow-form' - i.e. have a high L/W ratio (van Steenris, 1981; Whitmore, 1984).

Both van Steen¿is and Wliitmore suggested that stenophylls may be an adapta-

tion to times of high water (i,e. floods) and or high speed air flow associated with

the water flow in fast flowing streams (van Steenris, 1981; Whitmore, 1984).

Theoretical modelling by Vogel (1970), Parkhurst and Loucks (1972), Taylor

(1975), Givnisli (1978 1984), and Chiariello (1984) suggests that the frnal shape
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and size of a leaf represents an adaptive compromise between maximising photo-

synthesis, and minimising the potentially destructive effects of excessive transpi-

ration and thermal load. The leaf offsets the costs and beneflts of maximising leaf

area (maximising photosynthetic capacity), maximising the efficiency of photo-

synthesis (cost-benefits of producing and maintaining the leaf), and minimising

the potential inefrciencies in the functioning of the leaf.

The latter particularly, relates to the thermal characteristics of the leaf shape

and size (Vogel, 1970; Givnish, 1978). Large thin leaves heat-up more quickly in

bright sunlight than small thick leaves, and cool more quickly in the absence of

direct sunlight and/or in cooler temperatures. Photosynthesis is optimal at dif-

ferent temperatures for different species (Givnish, 1978 1984) and even different

individuals (Chiariello, 1984; Jones, 1985). However as a generality, at high leaf

temperatures photosynthesis ceases, either through the closure of the stomata

(and hence cessation of gas exchange: C3 plants) or through thermal inhibition

of biochemical processes.

Davis and Taylor found that the range of potential microclimatic regimes

in a forest envilonment produce a range of potential leaf physiognomic types,

and that quite different forest communities may share some types (Davis and

Taylor, 1980). Tropical rainforest has been shown to exhibit extreme changes in

humidity, temperature, Iight levels, and COz concentration at various levels in

the forest (Richards, 1952; Aoki, et al., 1975; Bourgelon, 1g8B; whitmore, 1984).

Richards (1952) and Whitmore (1984) pointed out that this vertical variation is

reflected in a parallel transition in leaf form from the forest f.oor to the canopy.

A survey by Roth (1984) characterised the leaf forms of each layer (i.e. the leaf

physiognomic types of Davis and Taylor, 1980), and demonstrated a transition

in leaf form from types adapted to low light levels and high humidity (large

membranous leaves; 'shade leaves'), to leaves adapted to high light levels and

low humidity (small and coriaceous; ,sun leaves').

The convergence in leaf form in rainforest leaves from cluite unrelated species

has attracted considerable comment by numerous researchers as has the distinc-

tive leaf form of the various syr-Lusiae in rainforest, and between leaves of various
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stages in the growth of large trees (Richards, 1952). This last poilLt is of particu-

lar importance as it has often been commented that tliere are often quite extreme

diferences between the size and general morphology of 'sun' and 'shade' leaves

from rainforest trees (Richards, 1952; Roth, 1984; Fig. 1.3).

It is reasonable to expect that leaves of both types from a single species (if

not individual) may occur together in a fossil leaf bed. Similar heterophylly in

Populus L. (Salicaceae) prompted Eckenwalder to caution against the setting of

very strict morphological boundaries when describing Tertiary fossil species from

leaves (Eckenwalder, 1986).

L.4 The Taphonomy of Leaf Beds.

An understanding of tlie inf,uences on the input and transportation of dead

plant (or animal) parts to places of deposition (Taphonomy) is important in any

analysis of fossil beds to interpret the ecology of the community from which

the plant parts were derived. Fossil deposits rarely preserve plant communities,

rather, they preserve populations of plant organs (usually leaves).

Considerable comment has been made of the possible distortions caused by

taphonomic processes to the proportional representation of these physiognomic

classes in fossil leaf beds, particularly leaf size (MacGinitie, 1969; Dolph, 1gT8;

Roth and Dilcher, 1978; Spicer, 1981). The research of Spicer (1981), and oth-

ers on neofossil leaf beds (lt{cQueen, 1969; Roth and Dilcher, 1g78; Dral<e and

Burrows, 1980; Holyoak, 1984; IIill and Gibson, 1986) suggests that fossil leaf

beds are generally only representative of a local area and. often distinc/y biased

towards the vegetation of the water's edge. Most foliar physiognomic analyses

however, have paid little attention to this taphonomic bias, and contrasted the

physiognomic characteristics of the fossil flora directly to published accounts of

the foliar physiognomy of rnodelr"L vegetation (e.g. Christophel, 1g81; Zastaw-

niak, et al., 1985), an approach which was criticisecl by Roth and Dilcher (1978),

and Hill (1982), and most recently by Martin (1986).

Both Webb's classilication of Australian rainforest (Webb, 1959 1968) and

Wolfe's classiflcation of East Asian forests (Wolfe, 1971 1980a) are based or-L the
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foliar physiognomic characteristics of the canopy species. However, leaf beds will

contain leaves from many synusiae, and not solely the canopy (Roth and Dilcher,

1978; Dolph, 1984; Ferguson, 1985). For example, Dolph found that while the

proportion of canopy species with non-entire margins in the forests of Indiana

was correlated with the annual average temperature, th.e proportion of species in

the subordinate.trees and shrubs was not (Dolph, 1984).

Many Eocene leaf beds in southern Australia and in southern USA are thought

to have formed in the cut off branches of meandering rivers or braided streams

(Christophel, Harris, and Syber, 1987; Potter and Dilcher, 1g81). However com-

paratively little is known about the taphonomic bias created by deposition in

stream-beds.

Studies on the input of leaves into lakes (e.g. Rau, 1gz6; Drake and Burrows,

1980; Hitl and Gibson, 1986), and work in Arctic streams (Holyoak, 1g84) sug-

gests that leaf input into stream-beds will represent very local sources, and that

significant shifts in the size representation of leaves will occur as the smaller sun

leaves of the canopy are usually over-represented in lake and stream deposits.

Foliar physiognomic interpretation of these deposits based on canopy character-

istics would have suggested a cooler climate than actually prevailed (Roth and

Dilcher, 1978; Spicer, 1981).

The degree of lignification of leaves appears to be an important factor control-

ling the rate of decay of leaves in strearns (I(aushik and Hynes, 1gz1; Dudgeon,

1982)' and may also be a source of bias towards the smaller, more lignified leaves

of the upper canopy.

The relative infl.uence of a physiognomically distinct streamside flora has a.lso

been suggested as a source of bias in the foliar physiognomic analysis of leaf

beds (MacGinitie, 1969; Wolfe, 1971). In apparent contradiction to the previous

example, it is suggested that the stream edge will favour the growth of species and

individuals with on average larger leaves (MacGinitie, 1g6g), and perhaps fewer

non-entire leaf margins (Wolfe, 1971 1980). Foliar pl-Lysiognomic analysis of such

a biased fossil flora would give a much warmer and or equable palaeoclimate than

actually prevailed.
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The relative leaf width of species associated with stream banks may also vary

from the norm in tropical rainforest (van Steenzis, 1981; Whitmore, 1984. It

would be expected therefore, that leaf beds derived from such a vegetation would

have much narrower leaves than the main forest.

In summary, there are clearly a number of factors which potentially may

contribute to a bias in the foliar physiognomic characteristics of a streambed leaf

deposit.

1. the preferential input of the smaller, more coriaceous, sun leaves of the

canopy through tl-re combined effects of; a) distance effects, b) differential

survival of larger (thinner) leaves and smaller (thicker) leaves, and c) the

screening effect of intervening vegetation.

2. the preferential survival of the smaller sun leaves during stream transport

through variable rates of mechanical destruction and biological degradation.

3. the input of larger leaves, perhaps from a vegetation with a higher propor-

tion of species and individuals with entire margined leaves than the main

forest; in part in contradiction to points 1) and 2).

4. in some instances, the input of much narrower leaves due to the presence

of a high proportion of species with stenophylls in the riparian vegetation.

Roth and Dilcher (1978) suggested that before foliar physiognomy can be applied

to the analysis of the palaeoclimate of fossil floras, many modern leaf deposits

must be studied to determine tlie relationship between the foliar characteristics

of leaf beds derived from particular forest types under specific depositional cir-

cumstances (i.e. taphonomic studies). They proposed a uniform format for these

studies and provided a sample catalog sheet for the collation of a register of such

studies (Roth and Dilcher', 1978).

1.5 Aims of the Study.

The discussion above has highlighted several main areas of uncertainty with the

usage of foliar physiognomic analysis for the prediction of palaeoclimate from
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Tertiary leaf beds. These in turn may be defined as fi.ve main aims for this

study:

1) to illustrate the distinction between the foliar physiognomic characteristics

of vegetation and leaf beds from that vegetation.

Most of the previous studies of foliar physiognomy have considered either the

characteristics of regional floras, with little or no account being taken of local

variation in either vegetation or environment, or they have considered solely the

characteristics of particular components of vegetation, usually the canopy trees

(e.g. Webb, 1959; Wolfe, 1980a; cf. Dolph, 1984).

In either circumstance, the simple fact has been ignored that fossil leaf beds

are assemblages of plant parts (i.e. leaves), not preserved vegetation. These

assemblages generally represent localised deposition, and will consequently re-

flect only the local vegetation, including leaves from all potential source plants

(Ferguson, 1985).

2) to determine wllether leaf beds formed from pl-Lysiognomically distinct

vegetation types retain unique t'physiognomic signatures".

Several studies on the taphonomy of leaf beds have been reported from Tem-

perate (e.g, Drake and Burrows, 1980; Spicer, 1g81; Hill and Gibson, 1g86) and

Arctic vegetation (Holyoak, 1984), however to date there has been only one study

of taphonomic processes in a Tropical envilonment (Scheihing and Pfeflerkorn,

1984). Further, most of these studies have considered the taphonomic influences

on species representation in a leaf assemblage and few have considered the effects

on the physiognomic characteristics of the assemblage.

Many of the Tertiary f.oras reported from Austraüa have a "Tropical charac-

ter", that is the gross pliysiognomy of the fossil leaves and the taxonomic com-

position of these floras is reminiscent of the Rainforest vegetation of the Tropical

region of Australia (Christophel, 1981 1g84; Greenwood, 1987). It was important

therefore to have an understanding of the nature of the taphonomic influences

on the physiognomy of leaf assernblages derived from tropical Australian forests

prior to using Foliar Physiognomic Analysis on the Tertiary fossil leaf beds.

3) to measure the taphonomic bias introduced by a) streamside vegetation,
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and b) stream transport.

An important consideration is the influence on the foliar physiognomic char-

acteristics of leaf beds due to streamside vegetation and taphonomic processes

in the stream itself. In this study, the effects of these two factors have been

considered as one question; i.e. horv does the foliar physiognomic characteristics

of streambed litter differ from that of leaf litter from the forest floor. Each is

however, addressed in turn in the discussion.

4) to measure the morphological variation found within species in leaf beds

- the affect on recorded diversity and species presence based observations.

Generally, Tertiary fossil species are described and identifred from leaf ma-

terial a,lone. ComparisorÌs are made between selected specimens from the fossil

f.ora and individual leaves usually taken from herbarium collections. Both sets

of specimens run the risk of introducing considerable bias due to the possible

(unrecognised) presence of lieteromorphic sun and shade leaves from individual

species in the fossil material,

There are malìy modern species, particularly in rainforest, where the shade

(or juvenile) leaves are lobed or serrate margined (or both) and much larger than

the entire margined sun (or adult) leaves. Inadecluate sampling in either the fossil

or modern material may highlight extreme morphs (sun vs shade) promoting the

recognition of the two extremes in the fossil material as separate species. The

higher diversity recorded as a result may bias, for example, foliar physiognomic

analyses based on the propot'tion of species present with particular distinctive

physiognomic traits e.g. non-entile margins (Wolfe, 1g80a & b).

An aim of this study, therefore, was to consider the level of variatio¡ in leaf

morphology commonly found within species in leaf beds. This information will
indicate the level of variation at which species boundaries sliould be drawn in

fossil leaf beds, and also the level of diversity expected in these beds.

5) to detect correlations between local foliar physiognomic attributes and

local climate.

The final area of interest concerns problems associated. with the interpretation

of the relationship between the foliar physiognomy of Australian rainforests (Ter-
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tiary and modern) and climate. Webb's physiognomic classification demonstrated

a linkage between the dominant leaf size of canopy trees and annual average tem-

perature. It is perhaps necessary however, to examine the relationship between

the physiognomic characteristics of the leaf beds, and the local cümate. From

this base it might be possible to redeflne the climatic determinants of the foliar

physiognomy of Australian rainforests, providing a more powerful predictive tool

for the interpretation of Tertiary leaf beds.

The procedure used to examine these questions is discussed in Chapter 2 with

a discussion of the nature of the Australian rainforest environment to further

place the study in context.

24





Chapter 2

THE PHYSICAL AND
BIOLOGICAL CHARACTER
OF AUSTRALIANT
RAINFOREST

2.L Australian Rainforest Classification and Biogeog-
raphy.

Rainforest in Australia has been traditionally subdivided into a number of sub-

formations; Tropical, Sub- tropical, and (warm and cool) Temperate (Beadle and

Costin, 1952; Baur, 1957; Webb, 1959). These subformations were based on an

intuitive recognition of discrete floristic groupings associated with these climates.

Under this classification the Temperate Rainforest (or '(subantarctic rainforest";

Fraser and Vickery, 1937) was considered to represent an archaic floristic asso-

ciation inherited in common with the other southern continents- the "Antarctic
Element". The Tropical Rainforest however, was considered an immigrant floris-

tic association from SE Asia- the '(Indo-Malaysian Element" (Burbidge,1g60).

Herbert challenged this view, and suggested that much of the subtropical and

tropical rainforest fl.ora was not immigrant, but autochthonous (Herbert, 1960;

1966). The autochthonous origin of the tropical and subtropical rainforest fLor.a

has come to be accepted by some Australian botanists (Webb and Tracey, 1g81;

webb, Tlacey, and Jessup, 1986). There is a.lso support from the fossil record

as taxa characteristic of Australia's Tropical Rainforests have been found to be
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present in Eocene floras of southern Australia (Christophel, 1984; Christophel

and Greenwood, 1987 1988; Greenwood, 1987). The older view however, persists

with recent commentaries on the evolution of the Australian Flora preferring to

consider the bulk of the tropical rainforest flora as immigrant (e.g. Barlow, 1981;

Thorne, 1986; Barlow, 1988),

The traditional Rainforest subformations largely correspond to tlie physiog-

nomic forest classifrcation developed by Webb (1959, 1968; Webb and Tlacey,

1975; Tbacey, 1982). Webb's physiognomic classifrcation is based on a correlation

of structural features and foliar physiognomic features of Australian Rainforests

with climatic and edaphic factors. The main forest types recognised in Webb's

classification are shown in Table 2.1, and are contrasted witli the traditional

subformations in Table 2.2,

The number of tree strata and the presence of characteristic lifeforms (e.g.

vines, strangler figs, epiphytes), and both the prevailing leaf size (Table 2.3) and

the prevailing type of leaf margin of canopy trees (Table 2.4), were used by Webb

to recognise forest types (Webb, 1959; 1968). The characteristics of the forest

types used in this study are discussed latter in this chapter. A full discussion can

be found in Webb (1959, 1968) and tacey (1982).

Webb's classification makes no direct connêction between climatic classifica-

tion and the forest classification, however he does suggest causal links with annual

average temperature and annual rainfall (including seasonality). The influence of

edaphic factors (soil fertility) is considered by Webb to be a major determinant

of forest type in conjunction with the climate. However, Webb considered leaf

size to be more strongly under the influence of temperature and rainfall than soil

type (Webb, 1968).

Therefore, unlike other physiognomic classifications of vegetation (e.g. Beard,

1944; Wolfe, 1980a), Webb's forest types do not represent climatic-climax forma-

tions (Beard, 1944), but rather represent climatic-edaphic correlations between

forest structure, leaf physiognomy, and the environment (Webb, 1g5g; 1g68).

Different forest types may grow side by side on different soils, and rainforest may

persist under quite low rainfall on soils of liigh fertility (Webb, 1g68; Webb and
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Table 2.1

Forest nomenclature of Tracey and webb for NE Queensland.

CMVF

CNVF

Gomplex Notophyll Vine Forest (with Agathis robusta) CNVF

Gomplex Mesophyll Vine Forest

la lb 1c

Mesophyll Vine Forest

2a 2b

Mesophyll Vine Forest (with dominant palms)

3a 3b

Semideciduous Mesophyll Vlne Forest

4

Gomplex NotoPhYll Vine Forest

5a 5b

6

Notophyll Vine Forest

7a 7b

Slmple Notophyll Vine Foregt

I

Simple Microphyll Vine-Fern Forest

I

Simple Microphyll Vine-Fern Thicket

10

Deciduous Microphyll Vine Thicket

11

MVF

MFPVF

SDMVF

NVF

SNVF

MFF

MFT

DEVT

NB number and letter code refers to sub-types in Tracey, 1982.



Table 2.2 A comparison of Webb's rainforest types and traditional classifications.

Physiognomic Glassificati on Floristic - Glimatic Classification

Complex mesophyll Vine Forest Tropical Rainforest

C,omplex Notophyll Vine Forest Subtropical Rainforest N.S.W.)

Simple Notophyll Vine Forest

Microphyll Fern / MossY Forest

Montane and Lower Montane Rainforest (N.E" Qld)

Warm Temperate Rainforest (N.S.W.)

Temperate Rainforest

Subantarctic Rainforest

From, Beadle and Costin, 1952, Baur, 1957, Webb, 1959, and Tracey, 1982.
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Table 2.3

The proportion of trees (species and individuals) in Australian rainforest

with leaves in Raunkiaer's leaf size classes: modified from Webb (1959).+

Forest Type

CMVF

MVF

.Mesophyll

% spp / ind

ì,lotophyll

% spp / ind

Microphyll
% spp/ ind

90-100 / 95-100

50-70 I 60-70 30-50 / 30-40 o-5 / O-5

30-50 / 30-40 40-50 / 50-60 5-15 / 5-15

CNVF 1 5-30 I 5-20 5O-7O / c.85 1O-20 / c.1O

SNVF o-30 I o-2o, 55-75 I 25-95 o-40 I 10,-70

MFF/MMF o/0 O-1O / c.5

+ Forest nomenclature follows Webb (1968) in part, and Tracey (t982).



_Table 2,4:
'i-l-r,r':'ì."''.-"-'-:-

The proportion of non-entire marging on the leaves of trees in Australian rainforest:
.::.. .î .:..;

msdified fronr Webb ( t gsg).+

Forest Type % species % individuals

CMVF 10 - 30 5-25

]VIVF 25-45 15 - 35

CNVF 15-30 c. 45

SNVF 30-60 30-90

MFF/MMF 100 ++ 1 00++

+ Forest nomenclature fotlows Webb (1968) in part,-ard Tracey, 1982.

++ NB This probably represents temperate forests only-



Tracey, 1981; Fig. 2.1). This interpretation may be termed "edaphic compensa-

tion" (Webb, 1959; 1968). However, the strong correlation between leaf size and

annual average temperature (Webb, 1959; 1968) suggests that the foliar physiog-

nomy of Australian Rainforests will reflect the local climate, whereas structural

features will be more strongly under the influence of edaphic factors.

2.2 The Modern Distribution of Rainforest in Aus-
tralia.

In Australia, rainforest mainly occurs as isolated small pockets in suitable habi-

tats in the ranges bordering the east coast (Fig. 2.2). Laryer blocks or "massifs"

of rainforest occur in the tropical north.east and in an area to the soutb. of the

border between the states of Queensland and New South Wales, Cool temperate

ra.inforests similarly occur in small pockets in mountainous areas of the states

of Victoria and Tasmania although in Tasmania broad scaJ.e areas of rainforest

are also present (Fig.2.2), Rainforest pockets are also found in the northwest

of the state of Western Australia and in the Arnhemland escarpment area of the

Northern Territory. These last two '(rainforests" are mostly tropical monsoon

forest, and in some cases these forests are deciduous (Webb, 1959 1g68). They

are not considered in this thesis.

A survey by \Mebb and Tracey (1982) of Australian Rainforest gives some

indication of the distribution of the main forest types recognised by Webb (1959,

1968; Thacey and \Mebb, 1975; Tracey, 1981). The sites from each of the four

main forest types (T}acey and Webb, 1975; tacey, 1982; Table 2,1) have been

mapped in Figure 2.3 (SDMVF/MVF/CMVF),2.4 (CNVF) ,2.b (SNVF) , and

2.6 (MFF/MMF).

The mesophyll vine forests (CMVF, SDMVF, MVF) occur discontinuously in

the tropical lowlands of the east coast from the tip of Cape York Peninsula to the

vicinity of Mackay (Fig. 2.3). According to Webb (1959), the southern limit of

CMVF is near Sarìna, a small town to the south of Mackay. A survey of rainforest

in Papua New Guinea by Webb and rracey (1972) also recorded CMVF. In the

region of the main rainforest "massif" in N.E. Queensland (Fig. 2.2; 19,00, S
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Fig.2.1

CNVF type 5b

moist - dry

CNVF type 5b

HIGHLANDS

CMVF type lb
ve -wet

UPLANDS

increasing altitude

FOOTHILLS 40 - 400 m
UPLANDS 40O - 800 m

HIGHLANDS 80O - 1600 m'
basic volcanic soils

CMVF type 1a

increasing altitude

granite soils

MVF type 2a

lower rainfall cloudy - wet

FOOTtttLLS and UPLANDS
moist

CNVF type 6

UPLANDS and HIGHLANDS

SNVF

MFF

rígure 2.1 Environmental relationships of the principal
rainforest types (sensu Webb, 1959 L96B¡ Tracèy, l-g-g2,) in
the N.E. Queensland region. Modified from a figure ín
Tracey (19821 . Forest nomenclature from Table 2.1.



Fig. 2.2
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Eíg:ure 2.2 The modern distribution of rainforest in
Àustralia. The areas indicated also include forest cleared
sínce european settlement, and are slightly exagg'erated as
it was not possible at this scale to indicate the complex
mosaic between rainforest and more open forest dominated by
Eucalyptus spp. (Myrtaceae). The altitudinal range of the
four principal rainforest types for the three climatic
regions is indicated on the three graphs to the right of the
fig,ure. Data from Webb (l-959, L968), Tracey (Ig82lI and. Webb
and Tracey (A9821 .
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to 15000' S), mesophyll vine forests are found up to an altitude of 750 metres

(Tlacey, 1982; Fig. 2.2).

The Complex Notophyll Vine Forests are most strongly represented in the

subtropical lowlands of southern Queensland and northern New South Wales

(Fig. 2.4). However, important outliers occur to the south in the Illawarra area

near 'Woolongong, south of Sydney in New South Wales, and to the north on the

Atherton Tableland (and nearby ranges) in N.E. Queensland in the wet tropic

region. The occurrence of CNVF in N.E. Queensland is strongly controlled by

edaphic factors (Fig. 2.1). In New South Wales and southern Queensland, CNVF

generally oqcurs below 1000m, and usually below 500m altitude (Fig. 2.2).

Simple Notophyll Vine Forest occurs on suiiable sites for most of the length

of the coastal'ranges of the east coast, however a major disjunction occurs in

central coastal Queensland (Fig. 2.5). The main areas of occurrence are the

higher ranges of the wet tropical region of N.E. Queensland, and the highlands

of northern New South Wales and southern Queensland (Fig. 2.2,2.5).

The distribution of the Microphyll Fern and Mossy Forests (including the

Microphyll Vine-Fern Forests of N.E. Queensland) is less clear. These forests

tend to occlrr as very small isolated pockets on high peaks (often stunted to

a thicket, N.E. Queensland; î'acey, 1982), or within a vegetation mosaic on

high plateaux and mountains (Fraser and Vicliery, 1937; Baur, 1957). However,

the main area of occurrence is the highlands of northern New South Wales and

southern Queensland (Fig. 2.6; 28o - 33' S). Important outliers occur in ne

Queensland, where MFF often grades into SNVF (Fig. 2.2), and in Victoria,

where MFF is generally replaced by Nanophyll Mossy Forest.

2.3 Climate of the Rainforest Areas.

The climate of the humid tropical region of N.E. Queensland was discussed by

tacey (1982). I{owever, some of the points can be usefully reiterated here. Addi-

tional information has been collected from the Australian Bureau of Meteorology

to augment tacey's comments (Gordon, 1971; Anon., 1983). This information

is used later (Chapter 6) in an analysis of the climatic characteristics of Webb's
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Figures 2.3 - 2.6 The modern distribution of the four principal
rainforest types: CMVF/SDI"fi/F/MVF, Fig. 2.3; CN\¡F, Fi9. 2.4,' SN\IF,
Fig. 2.5; MFE/MMF, Fig.2.6. Each sofid circle represents a
Site from Webb and Tracey's survey (Vfebb and Tracey, !9821
representing the indicated forest tlpe (s) . At this scale
some sites are almost coincident and so have been omitted.
Many sites from S.E. Australia (mainly representing MMF in
Tasmania) have been omitted due to inaccurate or incomplete
location data.
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Fig. 2.7

Fígure 2.7 The rainfall regimes of Australia. Rairìforest
occurs in the summer rainfall zone (>1200 mm) in N.E-
Queensland, the uniform rainfall zones of New South lrlal-es
and eastern Victoria (>800 mm), and the wínter raínfall zone
of southern Víctoria and Tasmania. From Anonymous (7982).
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forest types and the climatic classifrcations used by Holdridge (1967) and Wolfe

(1s80a).

The temperate rainforest areas (Fig. 2.2) of Victoria and Tasmania experience

a short summer drought (usually February), although some areas are nearly

nonseasonal, especially in the area of overlap between the summer and winter

rainfall regimes (Fig. 2.7). All of the study sites are in tlie summer rainfall zone,

and so the climatic characteristics of the winter rainfall temperate zone will not

be considered in detail.

The subtropical rainforest areas (Fig. 2.2) of southern Queensland and north-

ern New South Wales occur in the region of overlap between the summer and

winter rainfall regimes, although in rnost areas there is a tendency towards higher

summer rainfalls (Fig, 2.8). The climatic characteristics of meteorological record-

ing stations from within the occurrence of CNVF, SNVF, and MFF, for th.is area

are given in Figure 2.8. The seasonal range of temperature for any of the stations

is not marked by world standards, and this is typical for the area. The seasonal

range of temperature is greater than observed for tl-re ne Queensland tropical

region (Fig. 2.9).

The climate of Australia's tropical rainforest areas is monsoonal with a dry

season from May through to November. The severity and actual length of this dry

season varies over quite short distances due to topographic effects (Gordon, 1971;

Sumner and Bonell, 1986). In most tropical rainforest areas rainfall increases with

a.ltitude (Whitmore, 1984). IIowever, in N.E. Queensland it decreases markedly

with increasing distance from the sea (Tlacey, 1g82; Spain, 1g84; Sumner and

Bonell, 1986). As a consecluence, the western half of the Atherton Tableland area

is more seasonal and much drier than the eastern half (Fig. 2.10).

2.4 The Rainforest Environment.
2.4.L Rainforest Structure and Microclirnates.

Rainforests, particularly (Tropical rainforests', are noted for the apparent sepa-

ration of the trees into a number of layers or strata (Richards, 1952 1gB3; Webb,

1959; Whitmore, 1984; TYacey, 1g82). There is much debate however, over the
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Figrrres 2.8 a¡d 2.9 Climatic profiles of stations



Fig. 2.8 Glimatic characteristics of stations representing 3 rainforest types in N.S.W.
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Fig. 2.9 Glimatic characteristics of 3 stations representing rainforest types of N.E. Queensland.

600

¿rco

mm

¡NNISFAIL

CMVF

I

I

o

L.BARRINE/KAIRI

CNVF/MVF

tl

¡
t¡

MILLAA M¡LLAA/HERBERTON

CNVF/SNVF

mmmm
35

30

2525I

15

10

o
o

o
o

1m

15150

100

6

o

6

o

5

o

I

35

30

25 I

II

ll

o

T

zo T'C

10

T"C zo T'C

't0

tr

16

I

oEI

I

o

o

B

o

¡
t

o

I

tr
o

¡I

o

o

o
o

o

I

o
o

I
¡

o

I

o

JFMAMJJASOND JFMAMJJASOND JFMAMJJASOND



Fig. 2. 1O

145o 1460

rigure 2.10 Rainfall map of the humid tropical region of
N.E. Queensland. Isohyets ín mm. The Atherton Tab1eland is
stippled and the l-000m contour is indicated by a solid line
Slightly modified from a map in Tracey (1,982) .
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usage and reality of stratification in tropical rainforests with some authors dis-

missing their utility in forest classifrcations (Whitmore, 1984; Bourgeron, 1983).

According to Webb (1959) and Tlacey (1982), these strata are not easily dis-

cerned in Australian rainforests due to the merging of the successive strata by

ttransgressives'; saplings in the process of recruitment from a lower stratum into

the next stratum (Tracey, 1982).

Although there is debate over rainforest ('stratif.cation", it is nevertheless ap-

parent that tropical rainforests display a vertical structure with particular species

ultimately occurring at different heiglits to others (Bourgeron, 1983; Richards,

1983; Whitmore, 1984). Each of these strata has a different microclimate with a

progressive departure from the conditions experienced in the open to those ex-

perienced at the forest floor (Richards, 1952 1983; Aoki et al,, 1975; Whitmore,

1e84).

Generally the forest floor is much cooler and the atmospheric humidity much

higher than experienced by the canopy, and the level of atmospheric COz present

may also vary (Aoki, et al., 1975; Bourgeron, 1983). The forest floor is also

insulated from the drying and damaging effects of wind. TI"Le ma,gnitude and

direction of the difference betrveen microclimates in the different levels of the

forest also varies on a daily and annual basis (Whitmore, 1984).

Light levels at the forest f.oor ale also very low, with many plants relying on

occasional light flecks. The effect of the degree of structural complexity on the

light environment in tllree Australian Rainforests - CNVF, SNVF, and MFF

- was studied by Lowman for sites in New South Wales (Lowman, 1986). The

thinner, less stratified canopy of MFF was found to allow more liglit to the

forest floor than in the SNVF and CNVF examples, where the major light source

appeared to be light flecks.

Theoretical modelling and experirnental work (e.g. Givnish, 1g78; Davis and

Taylor, 1980) suggests that each microclimate within the successive strata will

promote the growth of leaves of a different physiognomic character to the others

(Roth, 1984). The canopy trees rvill require leaves adapted to resist dessication

due to higher temperatures, light levels and wind speeds. Plants on the forest
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floor, including saplings of canopy and emergent species, will need larger leaves

to take advantage of the lower light levels, and will not need to be adapted to

prevent dessication due to the higher humidity and lower temperatures.

The number of tree strata has been used to differentiate between different

rainforest types. Beard distinguished between 'Tropical Rainforest'witl-L four tree

layers, and'Evergreen Seasonal Forest'with three layers (Beard, 1944; Richards,

1952). Similarly, Wolfe distinguishes his'Tropical Rainforest' from (Paratropical

Ra.inforest' on the same basis (Wolfe, 1980a), The difference between Webb's

'Simple' and 'Complex' vine forests (rainforests) is the number of tree strata

present (Webb, 1959, 1968; Tracey, 1982),

Each of the rainforest types used in this study possess different numbers of

Iayers. Lowman (1986) found that CNVF, SNVF and MFF in New South Wales

differed in the depth and complexity of the canopy layers. These differences can

be considered to produce varying levels of cornplexity to the range of microcli-

mates experienced by leaves over the whole forest. Webb's foliar physiognomic

correlations were based on trees in the canopy alone, and so can be considered

to be representative of only a part of the range of microclimates available in a.ny

of the rainforest types. Leaf litter, and by inference, fossil leaf deposits, will

represent leaves from a rarìge of strata and thus a range of microclimates.

2,4.2 Seasonality of Leaf Fall.

The longevity of the leaves of Australian rainforest trees is not well known (Rogers

and Barnes, 1986). The longevity of leaves from two species in Indian monsoonal

rainforest was found to be vary from 50 to just over 300 days (Shukla, 1g84).

Longevity was markedly different for leaves initiated at diferent times, and be-

tween species. Rogers and Barnes however, found that the leaves of the rain-

forest shrub, Wilkiea macro|thyllø (Monimiaceae), in CNVF in southern Queens-

land had a half-life of 6.84 years (Roger and Barnes, 1986), Leaf initiation in
rainforest trees is usually associated with the commencement of the wet season

(Richards, 1952; Webb et al., 1969). However, some species produce their leaves

at other times (e.g. lvilkiea macrophyllø, spring - summer dry period; Rogers

and Barnes, 1986). The timing and volume of leaf fall is better known.
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The essentially seasonal rainfall of Austra[a's tropical areas is reflected in the

seasonality of leaf loss by most of the rainforest types in this area, although the

degree of leaf loss varies according to the length and severity of the dry season

(Webb et al., 1969). According to Webb et al. (1969) and Spain (1984),leaf loss

in CMVF and CNVF in N.E. Queensland, and SNVF in New South Wales, occurs

throughout the year, but with a marked peak in leaf loss from late September to

late October. In the more seasonally dry forest types some trees will experience

a complete loss of leaves (e.g. Toona australis (F.Muell.) Harms, Meliaceae).

However most trees retain a full canopy and grow new leaves immezdiately after

this peak in leaf loss, just before, or at the start of, the wet season. In contrast to

these results, Proctor et al. (1983) and Brasell et al. (1980) found that rainforests

in Sarawak and N.E. Queensland had a peak in litterfall at the time of highest

rainfall.

Field surveys by the author in June 1982, and ljtter collections in August

1984, and September 1985 (Chapter 3), found moderate levels of leaf litter on

the forest floor on each occasion. It is generally considered that decay rates ofleaf

ütter are very high in tropical rainforests (Webb et al., 1969; Anderson and Swift,

1983). However, a survey of the literature on litter decay rates by Anderson and

Swift (1983) found that most studies suggest that leaves may remain on the soil

surface for up to a year in tropical lowland rainforests, and for slightly more

than a year in tropical montane rainforests. From the data they list, it can be

concluded that in tropical rainforests, leaf litter volumes at any one time generally

represent leaf-fall over severa"l months.

The commencement of the wet season is associated with sudden high rain-

fall (Gordon, 1971; Surnner and Bonell, 1986). I have also observed increased

sediment load in streams at this time. These circumstances are very favourable

for the inclusion of leaves in sedimentary structures such as cut-off stream me-

anders. High initial runoff will carry leaves beyond the main stream course into

these structures. For example, Dudgeon found that a significant proportion of

the leaf input into streams at the commencernent of the monsoon in Hong I{ong

was from lateral transport of leaves from the forest floor by overwashing by sur-
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face runoff during heavy rain (Dudgeon, 1982), Therefore, from a taphonomic

perspective, the litter loads at the commencement of the wet season (October -
November) are of greatest interest as litter at this time is most likely to represent

the input into depositional sites.

2.5 Descriptions of Forest Types.

2.6.L Complex Mesophyll Vine Forest (CMVF).

Complex Mesophyll Vine Forest is perhaps ecluivalent to the 'Tropical Rainforest'

of Beard (1944) or the 'Lowland Tropical Rainforest' of Richards (1952). Webb

commented that (Tropical Rainforest' as defrned by Beard might be absent from

Australia, and considered CMVF ecluivalent to the 'Evergreen Seasonal f'orest'of

Beard (194a; Webb, 1959). Wolfe considered CMVF ecluivalent to his 'Paratrop-

ical Rainforest', which is distinguished from 'Tlopical Rainforest' on the basis of

the presence of only three tree layers in (Paratropical Rain Forest' compared to

four layers in his 'Tropical Rainfolest'. Paratropical Rainforest is also defined by

the occurrence of this forest type in areas where the annual average temperature

is between 20 and 25 degrees (Wolfe, 1980a).

Complex Mesophyll Vine Forest is typically species rich with no one species

dominating the canopy although particular species of emergent may be character-

istic of some areas (Tracey, 1982). The canopy of CMVF is generally dominated

by species and individuals with rnesophyll-sized leaves (Table 2.3), and there is

usually three tree layers (Webb, 1959; Tracey, 1982). Species and individuals

with non-entire margined leaves are rare or absent in the canopy (Table 2,4)

and characteristic life-forms such as strangler figs and buttress roots ale also

prominent (Webb, 1959; Tracey, 1982). At slightly higher altitudes CMVF is

replaced by Simple Mesophyll Vine Forest (MVF), which is the 'Lower Montane

Rainforest' of Beard (L\aai Webb, 1959) and would seem strictly analogous to

Wolfe's 'Paratropical Rainforest' (Wolfe, 1980a). Simple Mesophyll Vine Forest

is characterised by generally srnaller leaf sizes than CMVF ald other structural

differences (Webb, 1959; Tracey, 1982).
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2.6.2 Complex Notophyll Vine Forest (CNVF).

Complex Notophyll Vine Forest is equivalent to 'subtropical rainforest'and the

'Evergreen Seasonal Forest' of Beard's classification (Beard, 1944; Webb, 1g5g).

In his physiognomic classiflcation of east Asian mesic forests, Wolfe considered

both CNVF and SNVF to be analogous to his Notophyllous Broad-leaved Ever-

green Forest (Wolfe, 1980a). However, within Australia these two forest types are

well differentiated and their occurrence is clearly delimited by separate climatic

and edaphic factors (Webb, 1968).

In the humid tropical region of N.E. Queensland Complex Notophyll Vine

Forest is restricted to areas where cljmatic and edaphic factors are suil,able for its

development (Tracey, 1982). Complex Notophyll Vine Forest (Type 5b; Tracey,

1982) occurs on high fertility soils (basalts and basic volcanics) under malginal

rainfall regimes at intermediate altitudes (Figs 2.I 8¿ 2.2). CNVF (Type 5a)

also occurs at sl-ightly higher altitudes on cool wet sites. In the Hurnid Tropical

region CNVF is generally displaced by other rainforest types where rainfall is less

seasonal, and higher, or soil fertility lower on higher (and wetter) sites (Webb,

1968; Tracey,1982: Fig. 2.1).

The basalt soils of the western half of the Atherton Tableland were once

covered by Complex Notophyll Vine Forests (Tracey, 1982). Rapid clearance in

the 1920-30's has left only a few small patches around old volcanic craters or in

small State Forest reserves such as at Curtain Fig, where a large strangler fig

(the "Curtain Fig")- Ficus uirens (Moraceae) - and the surrounding rainforest,

has been preserved as a tourist attraction.

The wetter, less seasonal eastern half of the Atherton Tableland supports

Complex Mesophyll Vine Forest, grading into Mesophyll Vine Forest at slightly

higher elevation (Fig.2.10). Rainfall at the south eastern corner of the Atherton

Tableland and in the Hugh Nelson Range to the west is also higher, }Lowever

the cooler climate and edaphic factors (soil fertility) has produced a variant of

CNVF (type 5a; Fig. 2.1). Complex Notophyll Vine Forest with Agathis robusta

(Araucariaceae) (forest type 6) is also found in gullies on the south western edge

of the Tinaroo Range to the north of the Atherton Tableland (Tracey, 1g82;
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Webb and Tlacey, 1982).

The essentially edaphic-climatic determinants of N.B. Queensland CNVF

(Fig. 2.1) are reflected in the floristic differences. For example, the more sea-

sonal type of CNVF (type 5b) is characterised by semi-evergreen (i.e. leaf loss at

times of severe moisture stress) and scattered deciduous trees, including Melia

adzedarachvat australasicaa,nd Toona australis (Meliaceae). The cool wet CNVP

(type 5a) shares many species with SNVF, and also warmer wetter rainforest

types. Deciduous species are rare in this type (Tracey, 1982).

In New South Wales and south.ern Queensland the transition flom CNVF to

SNVF is essentially climatically forced. Complex Notophyll Vine Forest is the

dominant rainforest type in the subtropical lowlands between 20oS and 31oS,

and formerly occurred as extensive stands in the region of the Clarence River

in northern New South Wales. Extensive clearance in the late 1800's has left

only scattered temnants in the more inaccessible areas where logging was not

economic or occasionally forest was left for other reasons.

The CNVF of the lowlands of northern New South Wales shares many species

with the Type 5a and Type 6 CNVF from N.E. Queensland, but retains a unique

character (Webb, et al., 1984 Tracey, 1982). Local areas are of a lower species

diversity than equivalent sites in N,E. Queensland.

There are several species shared between the New South Wales SNVF and

the New South Wales CNVF including Acradenia euodiiformi.s (Rutaceae), Orites

excelsa (Proteaceae), and Syzygium crebineru'is (Myrtaceae; Fraser and Vickery,

1937; Baur, 1957). Often occasional individuals of species normally associated

with one forest type will occur in the other, and the overlap seen in tllese lists

partly reflects this, There are species, ltowever, which occur equally in both forest

types and others solely restricted to one forest type.

2,6,3 Simple Notophyll Vine Forest (SNVF).

Simple Notophyll Vine Forest incorporates the '\Marm Temperate Rainforest',

'Sub-Tropical Lower Montane Rainforest', and 'Tropical Sub-Montane Railfor-

est' of other classifications (webb, 1g5g; Beard, 1944), and is physiognorni-

cally analogous to \Arolfe's (Notophyllous Broad-leaved Bvergleen Forest' (Wolfe,
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1980a). The canopy of SNVF is dominated by trees with notophyll-sized leaves

with a moderate to high proportion of them with non-entire margins (Tables 2.3

8¿ 2.4).

In N.E. Queensland (19'00' S to 15000' S) SNVF principally occurs between

800-1000m but may occur between 400-1200m altitude (Webb, 195g; Tracey,

1982; pers. observ.). Simple Notophyll Vine Forest grades into Simple Microphyll

Vine-Fern Forest at higher altitudes (800-1a00m) as microphylls become more

common with increasing altitude and exposure. At about 1200m on smaller

peaks and 1400m on large mountain blocks Microphyll Fern Thicket replaces

SNVF and MFF (Tracey, 1982; Fig. 2,1). In New South Wales SNVF occurs

from sea level to 300m at 35o00' S, and from 300m to 1000m at 30o00' S and is

replaced by MFF dominated by Nothofagus moorei (Fagaceae) at liigher altitudes

(Fig. 2.2).

Within N.E. Queensland and New South Wales SNVF maintains fairly consis-

tent floristics, However, there are important differences in the floristic characters

of the N.E. Queensland and New South wales SNVF's. Simple Notophyll vine

Forest in N.E. Queensland is relatively species rich, and according to Tracey

(i982), there is a fairly consistent species composition in the tree layer. The New

South Wales SNVF is by contrast relatively species poor and often tend to single

species dominance of the ca,nopy, e.g. Ceratopetalum apetalurnz (Cunoniaceae).

These latter forests are colloquially called ('Coachwood forest" after the local

name for the dominant species.

Webb suggested that the New South Wales SNVF's are floristically depleted

due to continual recovery from repeating (catastrophe'in the form of extensive

and highly destructive forest f.res over recent geological time (Webb, 1g68). The

exigencies of tl-Le Pleistocene glaciations and associated drier climates may also

be a contributing or causal factor. The floristic richness of the N.E. Queensland

SNVF's therefore suggests that they represent the ancestral condition of these

forests, and the New South Wales forests a derived survivor. The fossil evidence

indicates that highly diverse rainforests with species related to species now founcl

in N.E. Queensland SNVF, formelly grew in SE Australia (Christophel, 1gg4;
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Greenwood, 1987; Christophel and Greenwood, 1988), supporting this idea.

2.6,4 Microphyll Fern Forest / Moss Forest (MFF & MMF).

According to Webb (1959) there is no true equivalent to Microphyll Fern Forest

in other physiognomic classifications, although the stunted Microphyll Fern and

Moss Thickets (MFT and MMT) of N.E. Queensland are probably analogous

to (Tropical Montane Rainforest" and "Elf.n Woodland" (Beard, L944). Similar

forests howevèr, are present in montane New Guinea (Pajimans, 1977), the South

Island of New Zealand, and southern Chile (Godley, 1960).

Microphyll Fern Forests and Microphyll Moss Forests are best developed on

ta,ll wet mountains between 1200 - 1500m in New South Wales and at lower

altitudes in Victoria and Tasmania (Fig. 2.2 U 2.6). The ecluivalent formation in

frl,[.Queensland is Simple Microphyll Vine-Fern Forest which occurs between 800

- 1300m and grades into Sirnple Notophyll Vine Forest at lower altitudes. In Nerv

South Wales Microphyll Fern Forest and Simple Notophyll Vine Forest usually

remain as quite distinct entities, Diversity in the Nerv South Wales forests is

much lower than in their counterparts in N.E. Queensland, and th.e degree of

overlap in the ecological requirements of the component species is not as great

as it is in the submontane and montane tropical zone.

The canopy of the Microphyll Fern Forests of New South Wales and south-

ernmost Queensland are dominated by Nothotagus moorei (Fagaceae), and the

forest floor is often fairly clear with only occasional clumps of bushes which be-

come more frecluent neat streams. Tleeferns (Dicksonia antarcticø Labitl. Dick-

soniaceae) often form a disct'ete stratum. Leaf sizes in the canopy are typicaJìy

microphyll although nanopliylls and notophylls ale rvell represented (Webb, 195g;

Tracey, 1982; Table 2.3).

The MFF of New South Wales is floristically very distinct to the species lich

MFF of N.E. Queensland with no ttee species in common between the two regions.

The bush Trocltocarpa laurina R.Br. (Epacridaceae) however, is found in MFF

and MFT in both N.E. Queensland and New soutir wales (Floyd, 1g82) and

at the generic level, Doryplroro (Athelospermataceae), Drimys (Winteraceae),

Elaeocarpus (Elaeocarpaceae) and Quintinia (Escalloniaceae) occur in MFF in
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both regions (Floyd, 1978 1981a & b; Tlacey, 1982).

Webb (1959) did not distinguish between MFF from the two regions and so

does not give pllysiognomic cornparisons. My own observations suggest that the

high proportion of species frorn MFF with non-entire margins quoted by Webb

(1959; Table 2.4) reflects the situation in the New South Wales MFF only, as

perhaps only 50 - 60% of individua.ls in N.E. Queensland MFF had non-entire

margins compared to close to 700% in New South Wales.

It is interesting to note that Doryphora aromatica (F.M.Bailey) L.S.Smitlr

occurs in the upland CMVF, the "cool rvet" CNVF, and SNVF of N.E.Queensland

(Tracey, 1982). It's sole sister species, the New South Wales species, D. sassafras

Endl., is similarly tolerant of a wide range of conditions. I have observed it
in MFF, SNVF, and rarely in CNVF. One rvould expect that the physiognomy

of the leaves of these species varies betrveen individuals from each of the forest

types, and matches more ol less the prevailing physiognorìy of tlie leaves of the

surrounding forest. This point is discussed later (Chapter 7) as these two species

occurred at three of the litter collection sites.
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Chapter 3

SAMPTING STRATEGY
AND DESCRIPTION OF
COLLECTION SITES.

3.1 fntroduction.

Recent studies on the taxonomic composition of southern AustraLian Tertiary Flo-

ras have highlighted the humid tropics of N.E. Queensland as a region where the

modern relatives of commonly occurring Tertiary taxa are concentrated (Christophel,

1984; Greenwood, 1987; Christophel and Greenwood, 1g8z; Christophel and

Greenwood, 1988). It was furtlier suggested on the basis of the presence of these

taxa in N.E. Queensland, that analogues of the Tertiary vegetation of southern

Australia may be best sought in tlie rainforest vegetation of this area (Christophel

and Greenwood, 1988), It was thus considered important to und.erstand tapho-

nomic influences on leaf beds formed in a tropical environment before foliar phys-

iognomic analysis could be reliably applied to many of the Tertiary lloras.

Howevet, in the modern environment there are few opportunities where nat-

ural vegetation occurs in a situation which simulates depositional basins of the

character which gave rise to the most common Tertiary leaf beds. This is par-

ticularly true in tropical forests where most of the lowland forests are clearecl or

substantially altered by man's activities. Some of Spicer's work suggested that
in situations of quiet leaf deposition, the resultant leaf becl is essentially tI-Le same

as leaf Iitter from the forest floor (Spicer, 1gg1).

Barlier in this thesis, it was argued that for many of the common sedimentary
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environments where Tertiary leaf beds are found in Australia, the leaves can be

considered to have fallen directly (or nearly so) into the entrapping sediments.

The use of leaf litter as an analogue of a fossil leaf bed has several advantages.

Some of these points have been discussed previously. Principally, the use of

leaf litter allows greater flexibility in the sampling strategy and in the types of

questions answered. Finer control is possible over the origins of the leaves in the

leaf beds. For example, it is possible that in some sedimentary environments two

or more physiognomiòally distinct vegetation types maybe contributing leaves

over very short distances. An example of three physiognomically distinct forest

types (MFF, SNVF, and CMVF) occurring closely within the catchment of two

tropical streams (Oliver Creek and Noah Creek) is shown in Figure 3.1.

The physiognomic character of a leaf bed formed in this circumstance will not

represent any one of these vegetation types, but rather some amalgam of them.

While it might be argued that these "mixed leaf beds" better reflect a "natural"

situation, and therefore the type of circumstance likely in a Tertiary leaf bed,

this study has sought to identify whether a single forest type contributing to

a leaf bed retains a "physiognomic signature" in that bed, Mixed source leaf

beds represent a more complex situation which can be studied subsequent to this

study.

The decision was therefore made to use leaf litter as an analogue of recently

deposited leafbeds in streams. It must be stressed however, that according to

earlier studies on lake sediments (McQueen, 1969; Drake and Burrows, 1g81;

Hill and Gibson, 1986), leaf litter would not be a good approximation of fossil

leafbeds formed in large lakes.

Using leaf litter as an analogue however, does not answer some other impor-

tant questions on the taphonomy of leaf beds. Mechanical breakdown and differ-

ential decay during stream transport may selectively remove larger leaves prior

to deposition (MacGinitie, 1969; I(aushik and l{ynes, 1g71; wolfe,lgTr; Spicer,

1981). It has also been suggested that streamside vegetation may have differelt
pliysiognomic characteristics to the main forest, producing a l¡iased interpreta-

tion (MacGinitie, 1969; Wolfe. 1971 1g80a & b). Trvo examples of ,neofossil'
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Fig. 3.1

Figure 3.1- vegetation map (simptified) of a small region
north of Cairns, N.E. Queensland. See Fí9. 3.2 for exact
location, Boundaries of forest types indicated by dashed
Iines, numbers indicate forest types in Table 3.1-. The leaf
litter cotlectíon site, Oliver Ck (CMVF), is indicated by an
open star. Forest types can be seen to more-or-Iess change
with íncreasing elevation, producing a mosaic of four forest
types within the catchment of Noah and oliver Creeks.
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leaf beds were incorporated into the study to measure the effect of this bias on

"physiognomic signatures". They are further discussed later.

3.2 Approach Used in the Study.

Many previous studies on foliar physiognomic analysis considered regional dif-

ferentiation of vegetation and sought to link this to large scale regional climatic

variation (Dolph and Dilcher, 1978; e.g. wolfe, 1g71 1g80a), or considered the

role of climate (or microclimate) in determining the physiognomy of individual

Ieaves (Davis and Taylor, 1980). Any study which seeks to correlate large scale

pattern in one system (climate) to that in another (physiognomy of vegetation),

requires an understanding of the processes and the factors determining the in-

teractions between the two systerns. Therefore, choice of the study area had to

satisfy the demands of the cluestions asked as well as the available sources of

information on the interacting systerns under study.

The Webb physiognomic classifrcation of Australian rainforest (Webb, 1gbg,

1968; Tbacey 1982) provided a logical framework to test the presence of physiog-

nomic signatures in leaf beds as it is ah'eady in part based on interactions between

climate and leaf physiognomy. This classification system is in wide use in Aus-

tralia, and furthermore Webb and Tracey have created a data base identifying

624 localities where a patch of rainforest has been classified and the component

species at the site recorded (Webb and Tracey, 1982). In addition, much of the

vegetation of the humid tlopical region of N.E. Queensland (1g, to 15oS 144o30'

to 146o30'8, Tracey,1982) has been mapped using Webb's classification (T¡a.cey

and Webb, 1975).

This data base presented an opportunity where physiognomic analysis of leaf

beds could be directly related to the linorvn physiognomic characteristics of forest

types. Forest typology and nornenclature for the N.E. Queensland rainforests

foliows Tracey (Tracey and Webb, 1gz5; Tracey, 1gB2) througl-Lout this thesis

unless otherwise stated. This nomenclature is repeated in Table 3.1. Forest

typology and nomenclature for the rest of Australia follows Webb (1g68), however

SNVF (Simple Notophyll Vjne Porest) is substituted for SNBVF (,,Evergreen")
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Table 3. I

ForestnomenÇlatureofTraceyandWebbforNEQueensland.

Complex Mesophyll Vine Forest

la 1b 1c

CMVF

Mesophyll Vine Forest

2a 2b

MVF

Mesophyll Vine Forest (with dominant palms) MFPVF

3a 3b

Semideciduous Mesophyll Vlne Forest SDMVF

Gomplex Notophyll Vine Forest CNVF

5a 5b

Complex Notophyll Vine Forest (with Agathis robusta) CNVF

6

iNotopnyll Vine Forest

7a Tb

Slmple Notophyll Vine Forest

NVF

SNVF

Simple Microphyll Vine-Fern Forest MFF

9

Simple Microphyll Vine-Fern Thicket MFT

10

Deciduous Microphyll Vine Thicket DEVT

11

4

NB number and letter code refers to sub-types in Tracey, 1982.



in accordance with the usage in Tracey and Webb (1975) and Tracey (1982).

OnIy the main or (cote'fotest types from Webb's classification, which reflect

the major climatic divisions - Tropical, Subtropical, Warm and Cool Temperate

(Fig. 2.2), were considered in this study, All of these forest types - Complex

Mesophyll Vine Forest, Complex Notophyll Vine Forest, Simple Notophyll Vine

Forest, and Microphyll Fern Forest (or Simple Microphyll Vine-Fern Forest, see

later) - occur together within only one area, the humid tropical region of N.Ê.

Queensland Webb, 1959, 1968; Tracey, 1982; Figs 2.3 - 2.6).

Three sites were selected to represent each major forest type (Table 3.2;

Fig. 3.2), however each of the CNVF sites was selected to represent the sub-

types recognised in Tracey and Webb's vegetatiorÌ maps of the region (Tracey

and Webb, 1975; Tracey, 1982). The tluee CMVF sites were chosen to cover

the altitudinal range of this forest type, with a true lowland example (type 1a of

Tbacey, 1982), a'foothills' example (type lb), and a'uplands' example (type 2a).

The SNVF sites were similarly staggered to cover a range of site characteristics

(Table 3.2; Fig. 3.2).

Late in the study, it was decided that regional differences within a particular

forest type might also be significant as floristically, Australian rainforest displays

a distinct regionalism (Webb, et al., 1986). A number of sites were selected in

New South Wales (Fig. 3.3) to allow comparison of Complex Notophyll Vine

Forest and Simple Notophyll Vine Forest from near the latitudinal extremes of

their range within Australia (Fig. 2,2). The New South Wales CNVF site was

substituted for the ecluivalent type in N.E. Queensland (type 6; Tracey, 1982).

An additional site of Microphyll Ferrl Forest (MFF) in New Soutli Wales was

also included. The MFF of New South Wales has Nothofagus moorei (Fagaceae)

as the dominant canopy tree. Notholagus species are absent from Microphyll

Fern Forest (the Simple Microphyll vine-Fern Forest of rracey, 1gg2) in N.B,

Queensland, and these forests are more species-rich than MFF dominated by

Nothofagus in Australia.

Recently reported Australian Tertiary macrofossil deposits containing Nothofa-

gus leaves (morphologically similar to N. moorei leaves) are thought in part to
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Fig. 3.2
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Figure 3.2 Location of leaf-titter coflection sites in N.E.
Queensland. The l-000m contour and the principal rivers of
the region are indicated. The CMVF sites are indícated by
solid circles, CNVF sites solid inverted trianglesr and SNVF
sites by so1íd squares. The CSIRO Tropical Forest Rebearch
Centre, at Atherton, was used as the base for the
collecting.
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Fig. 3.3
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represent Microphyll Fern Forest (I{i[, 1983a & b, 1987; Christophel, 1g85), and

fossil pollen attribu'l able to Nothofagus often dominates southern Australian

Early Tertiary deposits (I(emp, 1978). An understanding of the taphonomy and

physiognomy of litter from the Nothoføgus dominated forest-type is therefore

critical to the palaeoecological interpretation of these fossil deposits.

3.3 Sampling Methods.

For each site an identifiable tree was chosen as a marker, Five sample points

were then chosen arbitrarily within a 20 metre square with the tree at its centre.

Placement of the sample points was arbitrary rather than random due to the need

to avoid scattered clumps of ground level plants and fallen tree trunks. Care rvas

taken to avoid regular placement of the sample points around the tree or close

grouping of the sample points at one corner of the square. A typical layout is

presented in Figure 3.4.

The samples were then collected by clearing a squaïe metre of ground of all

litter at each sample point, leaving only the bare mineral soil (Figs 8.5 & 3.6).

This material was placed in labelled large plastic bags for transport to the base

camp (CSIRO Atherton for the N.E. Qtd sites) where it was sterilised by freezing

for 48 hours prior to transport to Adelaide for analysis.

3.3.1 Sampletreatment.

It was necessary to pretleat each sample prior to data collection as most leaves

in most samples were curled, preventing easy measurement. In addition, only a

subsample of leaves was required from some samples from SNVF and MFr. as

the smaller average leaf size of the litter from these forest types contributed up

to 500 leaves from a single square metre sample in some cases, aga,inst the typical

sample size of 224leaves.

Each sample was air'-dried in large trays for several days prior to initial sort-

ing' All of the complete leaves (i.e. both tip and base intact and margin intact

or nearly so) from each sample were transferred to separate shallow plastic trays,

Each tray was then filled rvith liot rvater to rvhich detergent hacl been added to
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Fig. 3.4

Figure 3.4 An example of the layout of sample points at a
site in l¡.8. Queensl-and (Mt Lewis Ep 18). Each of the solid
circles represents the position of a tree (DBH > 10cm), and,
the open squares the 1 x 1 m sample pIots.
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Fig. 3.5 Leaves were removed by hand and transferred

to bags. The author and assistant, Ms S Lys'

Botany DePt., Adel' Univ'

Fig. 3.6 Each collection removed all litter from

a squaré metre.



facilitate wetting of the leaves. FulI wetting and softening was achieved after

a few hours. The leaves were th.en transferred to plant presses for drying. In

most cases, over 200 leaves were treated for analysis, however a small number of

samples from early collections (3/50 or 6%) contained as few as 139 leaves due

to fragmentation during transport.

In the CMVF and CNVF samples no subsampling was recluired. However, in

about half of the SNVF and 1 of the 4 MFF samples, subsampling was used. In

each of these cases, leaves were randomly removed from the soaking trays until

a total of 250 leaves were in a press. After some initial trials it was found that

around 200 leaves gave a consistent result in the determination of the range of

variation of the metric physiognomic characters. The arrangement of the data

sheets gave an arbitrary cutoff of 224leaves, and for most samples this is the

number measured.

3.3.2 Methods of Data Collection.

While computer-aided data collection is possible in measuring the physiognomic

characters used in this study (e.g. \4/est and Noble 1984), all measurements were

made by hand and were recorded to the nearest millimetre. This approach was

employed to allow parallel collection of data from fossil material not presented in

this thesis which would have negated the potential time savings of computer-aided

measurement. Howevet, tecent developments would indicate that future work will

employ digitisation of leaf images for data extraction, as a considerable array

of highly flexible softrvare and compatible video-based digitisers have become

recently available.

Leaf areas for a limited number of samples were measured using an ima,ge

analyser (Delta-T Area Meter; Delta-T, Carnbridge, England) to assess the deglee

of accuracy of leaf area estimation tecl-Lniques. The majority of samples use

estimated leaf areas. The validity of this approach is discussed il more detail in

Chapter 4. The taxonomic identity of the leaves in some samples was determined

in order to assess the influence of taxonomic bias in foliar physiognornic analysis

and the effects of taphonomic processes on taxonomic representation in leaf-beds.

The leaves were primarily identifred through comparison rvith herbarium spec-
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imens held in Adelaide (Palaeobotany Reference collection, Botany Dept., Ade-

laide Univ.) and at the I{erbalium at the CSIRO Tropical Forest Research Centre

in Atherton, N.E. Queer-rsland (part of l{erbarium Australiensis). Nomenclature

follows Hyland (1977,1983, and pers com.), Floyd (1977a & b, 1978, 1929a, b,

c & d, 1980, 1981a, b & c, 1982), Boland et at. (1984), and Morley and Toelken

(1983). Unless otherwise stated, all taxonomic identif,cations are the author's.

3.3.3 Physiognorllic Characters lJsed in the Study.

According to Dolph arid Dilcher (1979) eight main leaf characteristics are con-

sidered to be determined by climate:

1. leaf size (usually as leaf area)

2. leaf margin type (non-entire vs entire)

3. presence or absence of drip tips

4. the leaf organisation (simple vs compound)

5. major venation pattern

6. venation density

7. leaf texture

8. leaf base shape.

of these, leaf size (as area) ard margin type have been most commonly used

in the foliar physiognomic analysis of fossil leaf beds.

For this study, physiognomic characteristics not easily determiled from fos-

sil leaves were discounted. Leaf texture is not measurable on an impression,

and while the presence of pulvini can been used to demonstrate the presence of

compound leaves (Richards, 1952), personal experience with both leaf litter ancl

Tertiary mummifred floras has shown that a large proportion of leaves are broken

at or near to the point of insertion of the petiole into the lamina, and hence the

presence or absence of pulvini can not be detelmined.
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Several workers have comrrented on the prevalence of driptips on the leaves

of rainforest plants (Richards, 1952; Hall and Swaine, 1984). A casual survey

of litter on the rainforest floor will demonstrate the variable presence of this

feature on the leaves of any given species, or the rvhole set of leaves present

(Fig. 3.7). Juvenile and / or shade leaves seem more likely to possess this feature

and there seems to be no measurable difference in th.e relative abundance of

leaves with driptips between evergreen rainforest types, although l{all and Srvaine

(1984) found a decrease in the proportion of species ivith driptips along a rainfall

gradient. At a gross level, the preserÌce of leaves with driptips may be used to

indicate 'rainforest', however within this forest type, the frecluency of occurrence

has little utility in physiognornic analyses,

Only fairly broadly defined characters were used as fine detail will tend to

highlight phenetic differences, (e.g. venation, although see Macginitie, 1g6g),

rather than adaptive differences. The rationale bel-Lind selection of each character

is discussed later in this chapter. The following characters were used:

1. Leaf Length; to the nearest rnm

2. Leaf. lVidth; to the nearest mm

3. Leaf Width f Leaf. Lengtli x 100

4. Leaf Area; A = 0.667 x length x width (but see later)

5. Position of Greatest Width; to the nearest mm

6. Position of Greatest Width / Length x 100

7. Margin Typ"; entire or non-entire

These characters were measured for every leaf from each sample and the

taxonomic identity of most leaves was also determined where possible. From

this data it was possible to determine the characteristics for the leaf populations

represented in the litter samples from each of the examples of tlie forest types.

These are presented in the follorving chapter.

46



Fis. 3.7

1234
cm

Figure 3.7 Silhouettes of a sample of leaves fromleaf-Iitter of SNVF in N.E. eueensland. (Mt Haíg). WelI
developed "drip tips" are only present on a few leaves.



3.4 Description of Sites.

The study was broken into two phases with the frrst phase concentrated on col-

Iecting litter from N.E. Queensland sites over the months of August (198a) and

September (1985). The second phase involved collecting litter samples from New

South Wales sites during September 1986. However the data will be presented

as one unit, and the various hypotheses considered as separate units. The sam-

ples from each of the sites in both regions are used to determine "physiognomic

signatures for each of the sites and from these, the physiognomic signatures of

each of the four forest types.

Each collection locality was either on a site used by Webb and Tracey (1982)

for their survey of. 624 sites, or was as close as possible to one of their original

sites. This ensured that each leaf litter collection locality was in forest classified

by Webb, and therefore definitive of the type. Also, their species lists reduced the

number of comparisons necessary to identify leaves in some samples (see Chapter

7).

Their data has been used to give an indication of the number of species present

at the ütter sites. Unfortunately Webb and Tracey did not use a standard size

for each site, and so the values given should only be taken as a guide to the

diversity in the local area of the sample sites. The physical characteristics and a

brief account of the forest community for all of the [tter collection sites for each

of the forest types is presented below.

3.4.L Description of CMVF Litter Collection Sites.

Mobo Creek tToLO) S, 145o39t E.

Mobo Creek drains from the southern slopes of the Lamb Range (Fig. 3.8) which

is mainly covered by Vine Forests overtopped by Eucalgpúus spp., however the

lower slopes on the westetn sides and leading up to the base of the Tinaroo Hills

is covered by Complex Mesophyll Vine Forest (type 1b, Tracey, 1982) although

much has been cleared, with Sirnple Mesophyll Vine Forest (type 2a) at slìghtly

higher elevation. Simple Notophyll Vine Forests and Complex Notophyll Vine

Forests occur on sui,t able sites nearby (Fig.3.8). Mobo Creel< drains through
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Fig. 3.8

Figure 3.8 Vegetatíon map of the Mobo Ck (CMVF) and Mt Haig
(SñVF) leaf-titter collection areas. Litter colfection sites
are indicated by oPen stars and vegetatíon boundaries by
dashed. Iines. Number code refers to Table 3.1 '
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an old basalt flow and the litter site represents CMVF at its altitudinal limit in

the region. An extinct volcano near Mobo Creek, Lake Euramoo, was used in a

study on Quaternary pollen (I(ershaw and Hyland, 1975).

There is no CMVF site surveyed by Webb and Tlacey close to Mobo Creek,

however, they recorded 87 species at their site 315 (Mt Chu¡eba Ridge) which is

at a similar elevation and on similar soils (Webb and Tracey, 1982).

Mulgrave River 17018t S, 14óo48t E.

The Mulgrave River drains from the western slopes of Mount Bellenden Ker

and the eastern edge of tl"Le Atherton Tableland (Fig. 3.9). Mt Bellenden Ker

at 1561 metres elevation is the second tallest mountain in Queensland, with

the adjacent Mt Bartle Frere the tallest aI L622 metres. The lower slopes of

both mountains, including the floor of the Mulgrave River valley, are covered by

Complex Mesophyll Vine Forest which grades into Simple Mesophyll Vine Forest

at slightly higher elevations. Simple Notophyll Vine Forest grades into Simple

Microphyll Vine-Fern Forest between 700 and 1300 m elevation (Fig. 3.9). The

litter collection site was placed 100 metres from the river near a crossing over the

river at about 120 m elevation. A large individual of Citronella aff. C. moorei

(F.Muell. ex Benth.) Ho'rvald (Icacinaceae) was used as the centre tree.

The litter collection site is close to Webb and Tracey's site no. 331. They

recorded 136 species at their site.

Oliver Creek 16008' S, L45"27' E.

The area around the mouth of the Daintree River has elicited considerable atten-

tion as a centre of endemism for primitive angiosperms (e.g. Endress, 1983) with

species such as ldiospermum australiensis S.T.Blake (Idiospermaceae) occurring

only in the immediate area (Tracey, 1982; Webb, et aL, 1986), Oliver Creek is

the type locality of ldiospermum australiensis S.T.Blake and a large specimen of

this species 50 m from the bank of Oliver creek was chosen as the centre tree.

This site represents the original lowland lainforest which has been cleared

for the planting of sugar cane over much. of the lowlands of the Humid Tropical
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Fis. 3.9

14so50'

Figure 3.9 vegetatíon map of the area around the Mulgrave
Ríver (CMVF) feaf-fítter collectíon site. see Fígures 3.1 and 3.8
for explanation.
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Region of N.E. Queensland. To the south of Oliver Creek the CMVF forms a

mosaic with other forest associations (Fig. 3.10) although there is also a large

area which is cleared. At slightly higher elevations the CMVF grades into Simple

Mesophyll Vine Forest.

Along the banks of the nearby Noah Creek (Fig. 3.10) a remnant population of

Ggmnostom¿ L.A.S. Johnson (Casuarinaceae) forms a riverine association which

is considered by Cliristophel to be a possible analogue of a floristic association

detected in the Eocene fossil flora of Anglesea, in Victoria, some 4000 km south

at 38o south (Christophel and Greenwood, 1988). At higher elevations at the

head of Noah Creek Simple Notophyll Vine Forest replaces the MVF, however

the MVF is directly replaced by Microphyll Vine Thicket (MVT) in the slopes

above Oliver Creek on Mt Hemmant due to wind shear and exposure effects

(Tracey, 1982), The ljtter collection site is adjacent to Webb and Tracey's site

no, 578. They recorded a total of only 91 species, however, they do not indicate

the area sampled.

3.4.2 Descriptions of CNVF Litter Collection Sites.

Curtain Fig L7o18' S, I45o34' E.

The Curtain Fig State Forest park represents a remnant of formerly more exten-

sive stands of CNVF on the Atherton Tableland (Fìg. 3.11). The CNVF here is

the more seasonal variant (type 5b) and cou.tains many canopy trees which are

semi-evergreen. This means they lose most of their leaves at times of extreme

moisture stress. Similar patclles occur to the west (Fig. 3.11), and near Atherton,

The [tter col]ection site at Curtain Fig rvas in a patch of CNVF monitored by

CSIRO, Experimental Plot 33 (G. Stocker and G. Unwin, CSIRO Atherton Trop-

ical Forest Research Centre, pers. com., 1985). This area was also surveyed by

Webb and tacey (site no. 573). A large Red Cedar, Toona australis (F.Muell.)

Harms (Meliaceae), was chosen as the centre tree. An important vine species at

this site was Cissus antarctica Vent. (Vitaceae), which was evidenced by this leaf

being the most common taxon in sorne litter sarnples from this site. A few indi-

viduals of. Flindersia ¡timenteli¿nø F.Muell. (Rutaceae or Flindersiaceae), were
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Fig. 3.1O

nígure 3.10 Vegetation map of the are
reár-ritter collection site. See Figs
explanation.
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Fig. 3.1 1

figure 3.11 Vegetatíon map of the area around the Curtain
Fig (CNVF) leaf-Iitter collection site. The Atherton
fableland is essentially flat with occasional volcanic
craters producing relief (the 800m contours) . Much of the
oríginal raínforest has been cleared, howeverr some
raínforest has been retained around. these craters and theír
takes. See Figs 3.1 and 3.8 for explanation.
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also present in the canopy at tl-Le site. Webb and tracey recorded a total of 85

species in their site at Curtain Fig (Webb and Tracey, 1982).

The Crater L7o26' S, 145'29' E.

The Crater National Park is an extinct volcanic ctater at the southern end of

the Herberton Range which borders the western edge of the Atherton Tableland

(Fig.3.12). Most of the National Park is Microphyll Vine-Fern Forest (MFF)and

Simple Notophyll Vine Forest. A large patch of Complex Notophyll Vine Forest

(type 5a, Tracey, 1982) occurs on the eastern edge of the Park some of which

has been cleared (Fig. 3.12). The higher elevation and more regular rainfall of

this site compared to Curtain Fig (Fig, 2.10), has produced significant floristic

differences. The conifer Prumnopitgs anxara (Blume) Laubenf. (Podocarpaceae)

is a conspicuous member of the canopy in the CNVF, with Geissois biagiana

(F.Muell.) F.Muell. (Cunoniaceae). Deciduous trees are rare or absent in the

canopy of this type of forest (Tracey, 1982).

An isolated individual of Neolitseø dealbata (R.Br.) Merr. (Lauraceae) was

chosen as the centre tree near a small creek, The canopy here was dominated by

an extremely large individual of Geissois biagiana. Webb and Tracey's site no.

72 is close to the litter collection site and they recorded a total of 183 species

(Webb and Tracey, 1982).

Dorrigo (New South Wales) 30o20' S, 152o45' E.

The Dorrigo National Park represents a survivor from once extensive tracts of

subtropical rainforest (Complex Notophyll Vine Forest) which were cleared from

the lowlands of northern New South Wales in the late 1800's and early 1900's.

Complex Notophyll Vine Forest in New South Wales and southern Queensland

is structurally distinct from the more seasonal CNVF (type 5a & 5b of Tracey,

1982) typical of parts of the Atherton Tableland in N.E. Queensland, but has

many species in common with the UCNVF with Agathis robusta" (type 6) of the

latter region (T!acey, 1982), Complex Notophyll Vine Forest could be considered

the "climatic climax" (in the sense of Beard, 1944) of the subtropical lowlands
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Figure 3.12 Vegetation map of the area around The crater
(CÑVr) leaf-Iitier collection site. See Figs 3.1- and 3.8 for
explanation.



of northern New South Wales and southern Queensland, and the Dorrigo site is

close to the latitudinal limit of this forest type (Figs 2.2 & 3.3).

Two tree species were common at the litter collection site; Sloanea woolsii,

F.Muell. (Elaeocarpaceae) and Dgsoxylum fraserønum (A.Juss.) Benth. (Meli-

aceae). A large flat area 100 m from a walking trail was chosen as the litter site

with a mature specimen of. S. woolsii as the centre tree. The original Webb and

Tracey site (no. 165) could not be located however the Dorrigo forest area is

small. They recorded a total of only 19 species in their Dorrigo site (Webb and

Tracey,1982).

3.4.3 Description of SNVF Litter Collection Sites.

Mount Haig 17o05t S, 145o35'E.

Mount Haig is part of a spul of the Lamb Range (the Tinaroo Ranges) bordering

the northern edge of the Atherton Tableland and is mostly covered by Simple

Notophyll Vine Forest (Fig. 3.8) rvith simple Microphyll Vine-Fern Forest (MFF)

on the highest parts. Complex Notopliyll Vine Forest (type 6) and Complex

Mesophyli Vine Forest (type 1b) occur in gullies at the southern foot of the

range and Mesophyll Vine Forest (type 2a) occurs on the lower slopes of the

eastern and northeastern sides of the range. The northern slopes grade quickly

into Ta.ll Open Forest through an ecotone of forest dominated by Eucalyptus

grandis Hill ex Maiden (type 13c). Tliis forest is similar in character to the Tall

Wet Scleropliyll Forest of SE Australia, as it retains some rainforest species in

its understory (Tlacey, 1982).

Much of the area is in State Forests 607 and 185 and a Forestry road provides

access to the ridge betrveen Mt Haig and Mt Edith. The litter site was chosen

several hundred metres off the road on a flatter area on the saddle between these

two mountains in forest on a south east slope near Webb and Tracey's site no.

562 and CSIRO's Experimental Plot No. 3. The soil is granite derived and

rainfall is in excess of 3000mm pa, and cloud often elvelopes the ranges (Webb

and TYacey, 1982).

Webb and Tracey recorded 114 species for site 562. Agatltis atropurpurea
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B.P.M.Hyland (Araucariaceae) was an emergent above the canopy in Webb and

tacey's site and a mature specimen of this species overtopping the litter collec-

tion site was chosen as the centre tree. The canopy was predominantly a small

leaved species of Syzygium (Myrtaceae),, Ceratopetalum succirultrum C.White

(Cunoniaceae), Balanops australiano F.Muell. (Balanopsidaceae) and several

species of. Elaeocarpus (Elaeocarpaceae).

Mt Lewis Road 16033' S' 145o17' E.

Mount Lewis is part of the Mount Carbine Tableland (part of the Great Dividing

Range; Fig. 3.13) which extends northward to the Daintree River. This range

forms the majority of the catchment of the Daintree River. Much of the range

is covered by rainforest, mainly Simple Microphyll Vine-Fern Forest and Simple

Notophyll vine Forest (Fig, 3,13), although Mesophyll Vine Forest (type 2a)

occurs in some large patches on the lower slopes on the eastern side with small

patches in gullies on the western and soutl'Lern slopes. Complex Mesophyll Vine

Forest occurs in gallery Forests and in small patches at lower elevations towards

the coast (east).

The Simple Notophyll Vine Forest of this area contains two species of conifer

(Podocarpaceae) which, in the case of one species, Prumnopitys ladei (Bailey)

Laubenf., is restricted in occurrence to the area, and in the other, Podocarpus

srnithii Laubenf., is restricted to a few mountain areas in the Humid Tropical

Region of N.E. Queensland. The latter is of particular interest as it's leaves

are very close in morphology to the Eocene species, Podocørpus platyphyllum

Greenwood (Greenwood, 1987). This species is norv known from several southern

Australian Eocene localities.

A site near a Webb and Tracey site (no. 255) was chosen wb.ere P. smithii

was fairly common. A mature specimen of. P, smithii was chosen as the centre

tree on a SW facing slope 100m fi'om a small stream. At slightly higher eleva-

tion (1200m) upslope the forest underwent a transition into MFF and tl"Len into

stunted Microphyll Vine-Fern Thicket (MFT). Webb and Tracey (1983)recorded

only 52 species in their nearby site, however they do not indicate the size of the
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Fig. 3.13
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area sampled.

Mt Lewis EP18 16o 3L' S' 145o 16' E

A second site was chosen in the Mt Lewis alea as a CSIRO permanent Exper-

imental Plot (EP 18) was available. This site had all of the trees in a quarter

hectare numbered and identifi.ed. By recording the exact position the samples

were collected relative to the trees, it was hoped to study the movement of the

leaves relative to tl'reir source trees prior to settlement in the litter. This data is

presented and analysed in Chapter 4.

EP18 is on a fairly flat area above a westerly facing gully. It is of particular

interest as just out of the CSIRO plot on the edge of the gully is a small grove

of Prumnopitys ladei, whicli as mentioned above, is restricted to the lt¡It Lewis

- Mt Carbine Tableland area. A central tree was not cb,osen for this site due to

the recording of the actual litter collection points,

The canopy of the area where litter was collected contained several individuals

of Planchonella euphlebiø (F.Muell.) Francis (Sapotaceae) and a large individual

of both Pruntnoytitys ladei and Stenocarpus sp. nov. (Sterculiaceae). Several

isolated large individuals of other species were close to the litter collection; these

are discussed in more detail in Chapter 7. Webb and Tracey (1982) recorded 132

species at this site (no. 567). The total number in the local area considered

however, is probably much lower.

Washpool/Coombadjha Creek 29o28' S) 152o22' E.

The Simple Notophyll Vine Forest in Nerv South Wales is floristically and clualita-

tively different to the SNVF from N.E. Queensland. The Washpool/Coombadjha

Creek site occurs in a patch of "Coachwood forest", i.e. Simple Notophyll Vine

Forest dominated by Ceratopetalum, apetalum D.Don. (Cunoniaceae), at the edge

of a large tract of this forest type in the catchment of \Mashpool Creek on Coom-

badjha Creek (Fig. 3.3). The Gibralter Ranges form an amphitheatre around the

Washpool catchment, rnuch of which is covered by Tall Open Forest (Eucalyptus

spp). The Washpool / Coombadjha Creek site was characterised by low species
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diversity with Ceratoytetalum altetalum,, and Doryphora sassafras Endl. (Atheros-

permataceae) dominating the highset tree stratum with occasional individuals of

Orites excelsa R.Br. (Proteaceae). Quintinia sieberi DC. (Bscalioniaceae) and

Acmena smithii (Poiret) Merr. & Perry (Myltaceae) were common members of

the middle stratum with saplings of the canopy species. A small ftee, Callicoma

serratifolia Andr. (Cunoniaceae), was common along the stream-bank. The sur-

vey site of Webb and Tracey in the Washpool area (site no. 426) recorded only

10 species, however a list for the Coombadjha Creek area prepared by the New

South Wales NPWS lists 21 species.

The Coombadjha Creek area has several marked "nature tra,ils" frequented

by tourists, and so it was necessary to collect the litter away from the trail and as

far as possible from past human interfelence of the litter layer. A flat area 100m

from a large pool in Coombadjha Creek was selected with a large Ceratopetalum

apetalum as the centre tree. The canopy here contained more individuals of

Doryphora sassafras than elsewhere in the local area. However, as both Cer-

øtopetøIum apetalum and D. sassafras have serrate margins, this would not have

affected the physiognomy of the litter. This area was essentially undisturbed as

access was difrcult across the creek, making it unlikely that the litter had been

recently disturbed by people.

3.4.4 Description of MFF Litter Collection Site.

Barrington Tops 32o00' S, 151o29' E.

The Barrington Tops area is a large plateau of volcanic origin between 1000

and 1500 m elevation (Fig. 3.3). At lower elevation, Complex Notophyll Vine

Forest occurs in gullies and occasional larger patches and Simple Notophyli Vine

Forest also can be found at intermediate elevations in protected areas (Fraser

and Vickery, 1937; Fig. 2.2). At between 1000 m and 1500m, Microphyll Fern

Forest and Microphyll Mossy Forest ("cool temperate rain forest" with or without

treeferns) forms a mosaic with snow-gum woodland (Eucalyptus pauciflora Sieber

ex Sprengel, Myrtaceae).

The litter collection site rvas witliin a large patch of MFF (about 5 hectares)
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on the Barrington Tops plateau along a flowing stream. This patch was sul-

rounded by snowgum woodland, and was in close proximity to several other

patches of MFF. Many of the trees within the rainforest were fairly large witll a

dbh in excess of 2 m, suggesting that it had remained undisturbed for some time'

Trees of Nothofagus moorei (F.Muell.) I{rasser formed a continuous canopy with

only afew scattered individuals ol Doryphora sassafras. The shrub layer consisted

of scattered individuals of Trochocarpa laurina (Epacridaceae) and Elaeocarpus

reticulatus Smith (Elaeocarpaceae) rvith occasional stands of the treefern Dick-

sonia antarcúico Labill. (Dicksoniaceae). Individuals of Vesselowskya rubrifolia

(F.Muell.) Pampan. (Cunoniaceae) were restricted to the stream banks. The

vine, smilax australis R.Br. (smilacaceae), was also rarely present.

A large specimen of. Nothofagus moorei some 150 m from a track in the centre

ofthe forest patch was chosen as the centre tree. Four bags oflitter were collected

at random locations spread about the tree over an area of 20 scluare metres.

The site surveyed. by Webb and Tracey (19S2) at Barrington Tops (site no. 195)

recorded 7 species, not includin g Vesselowslcga rubrifolia ot Smilar australis' The

diversity recorded by them is comparable to that observed at the litter collection

site.

3.5 Overview.

Flom the above descriptions a number of points need to be emphasised. The

selection of sites for each of three of the four forest types (i.e' excluding MFF)

encompases the full climatic range of their modern distribution.

Three of the SNVF sites are in N.E. Queensland, and one site is in New South

Wales. The three N,E. Queensland sites (Mt Haig, Mt Lewis Rd, Mt Lervis EP18)

cover the altitudinal range for that area (Table 3.2), and as will be explained in

Chapter 6, the sites also cover the total range of annual average temperature. The

New South Wales SNVF site (Washpool/Coombadjha Ck) is floristically distinct

from the N.E. Queensland SNVF, with a higher seasonal range of temperature

than the N.E. Queensland counterparts. The main foliar physiognomic difference

is a predicted higher proportion of serrate margined species.
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The CNVF sites were divided to cover the three main divisions of this forest

type, which reflect varying degrees and type of seasonality. The two N,E.Queens-

land sites (Curtain Fig and The Crater) represent Webb and Tracey's types 5a &

5b (seasonally dry, and seasonally cold; webb and Tracey, 1975; Tlacey, 1982).

The New South Wales site (Dorrigo) is essentially non-seasonal, and represents

the "cümatic-climax" (Beard, 1944 1955; Webb, 1968) of the subtropical lowlands

of northern New Soutl'L Wales and southern Queensland.

The Complex Mesophyll Vine Forest sites cover the full range of elevation

(and hence annual average temperature) for the type in the region, with one site

at sea level (Oliver Ck), another at 120 m (Mulgrave River), and the last at the

altitudinal limit, 720 m (Mobo Ck; Table 3.2). All of the sites have essentially

similar rainfa,li regimes, alth,ough Oliver Creek -uiU" wetter (see Fig. 2.10).

The sole MMF/MFF site was in New South Wut".. These forests are floristi-

cally distinct from the N.E. Queensland ecluivalent forests, and are very species

poor. The climate is marked by higher extremes between seasons than for any

of the other forest types examined. MFF may represent a possible analogue for

some Tertiary vegetation containing Nothofagus spp.

These points have important predictions. In the f.rst instance, the predic-

tion is that the primary foliar physiognomic differences given by \Mebb (1959'

1968) for each of these forest types rvill be represented in the foliar physiognomic

characteristics of tl-Le litter. The extent to which the leaf size distributions of

the ütter and Webb's carÌopy data differ is the subject of the first part of the

following chapter.

The main prediction, however, is that the four forest types will possess a set

of unique foliar physiognomic characteristics, defi.ned by the relative contribution

of each of the physiognomic characters, rvhich allows the description of a "phys-

iognomic signature" for each of tl-Le forest types. The method of deflning these

"physiognomic signatures" is described in Chapter 4, and the signature of all

sites for each forest type is f.rst contrasted prior to the signature for each forest

type.

The different climatic characteristics of some of the forest examples may be
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reflected in small differences in the physiognomic signatures between sites of
Ì

the one forest type. In addition, particular physiognomic characteristics m{be

separate from the predicted main determinants of forest type (e.g. leaf dize

and annual average temperature; \Mebb, 1959 1968). Correlations between these

characteristics and climatic variables other than annual temperature will provide

finer resolution fo¡ palaeoclimatic prediction from foliar physiognomic analysis.

This is the subject of Chapter 6.
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Chapter 4

PHYSIOGI\OMIC
ANALYSIS OF LEAF
LITTER

4.L Physiognomic Signatures.

Earlier I argued that leaf litter is (in part) analogous to small local fossii leaf

beds. Leaf litter, and more particularly stream-bed deposited leaf litter, will

reflect a similar degree of taphonomic bias as the fossil leaf beds and will, it is

proposed, reflect similar foliar physiognomic characteristics - at the population

level - as fossil leaf beds derived from similar forests'

It was also argued that, where possible, fossil leaf beds must not be considered

as a whole flora but rather, stratigraphically discrete samples must be treated

separately (e.g. Spicer and Hill, 1979; Knoll, 1986). Comparison between samples

will record the inherent variability of the whole leaf population contained within

each leaf-bed. Individual samples of leaf litter can be considered as analogous to

the stratigraphically discrete samples from a fossil leaf-bed, or more specif.cally,

to those leaves collected from a single layer in a single rock'

The uneven size of fossil floras and variable occurrence of fossils within layers

of a fossil deposit introduces al extra taphonomic bias which must be considered

in any analysis. The use of taphonomically equivalent sample sets will partly

redress this bias. The leaves within a sample must therefore be treated as a subset

of the overall leaf population. The population can therefore be characterised by

the mean of the population descriptors extracted from each sample. Proportions
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of small numbers of classes are crude examples of these descriptors, but obscure

much useful information,

The approach used in this study has been to divide the data from the metric

physiognomic characters - Iength, atea, width and position of width - into

a large number of arbritary classes for fairly large numbers of individual leaves

from the discrete samples. This data is presented graphically as histograms

which display the spectrum of response and the relative contribution (frequency

distribution) of different classes to the overall spectrum. Statistics which describe

the frequency distribution - percentiles, maximum and minimurn values (and

hence the range), mean and median (50 th percentile) - act then as population

descriptors and can be used to approximate the physiognomic "signatute" of

discrete sets of samples rvhich can be used in multivariate analyses.

In this chapter, the "physiognomic signature" of each of the forest types (and

the individua.l sites for each folest type) used in the study - ClvIVF, CNVF'

SNVF, and lt4FF - are presentecl, and then subjected to analysis to test the

discriminating and predictive power of these signatures. The data for each forest

type is presented as fi'equency histograms (frequency distributions) for three of

the metric physiognomic chalacters; leaf length., width, and area, These "signa-

tures" are thel compaled based on the cumulative frequency distributions.

Four samples were used fi'om ea,ch site, horvever the number of leaves extracted

was not consistent for samples from CMVF due to unexpectedly high losses of

intact leaves in tra,nsit fi'om the collection points to Adelaide. Sample sizes are

given in Table 4.1. The Rarv Scores for each sample ale in Appendices 1.1- 1.11,

and are summed in tabular form rvhere applopliate.

4.2 Canopy Versus Litter.

The proportions of Raunkiaer's arÌd \Á/ebb's leaf size classes for litter samples

are contrasted to l\/ebb's clata for the canopy (Webb, 1959) in Figure 4.1 (length

defrned classes for all samples and all sites pooled). As can be seen from the

histograms, the SNVF, CNVF, and CI\4\¡F leaf litter has different proportions

of the respective Raunliiaerian leaf size classes than recorded by \Ä¡ebb (1959)
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Fig. 4.1 A comparison of the relative proportions

of Webb's leaf size classes from canopy
(Webb, 1959) and litter collections f rom

four types of Australian rainforest.

MFF

GANOPY

SNVF CNVF

MFF

LEAF LITTER

SNVF CNVF

100

90

80

70

60

%50
40

30

20

10

o

100

%50

CMVF

CMVF

o



for the canopy of the same forest types. In the absence of prior data for leaf

litter, based on Webb's canopy data, it is likely that an unknown sample of

leaf litter from CMVF would be interpreted as coming from CNVF, and litter

from CNVF would be interpreted as coming from SNVF (Fig. a.1). Perhaps

surprisingly, MFF/MMF litter has almost the same proportions of leaves in the

Raunkiaer/Webb leaf size classes as given by Webb for the canopy and SNVF

litter is intermediate betrveen MFF/MMF and SNVF canopy.

A clear implication of tliis data is that cornparisons between the physiognomic

characteristics of whole vegetation based on leaf size, and leaf beds (represented

by leaf litter), will give an interpretation cooler than the source forest. The

degree of the shift to smaller leaf sizes in litter from that recorded for the canopy

does however seem to dect'ease for the cooler (and hence smaller average leaf size)

forest types. Roth and Dilcher (1978) found a similar shift to smaller leaf sizes

in their examination of lake-bed leaf deposits.

Webb's data was based on 'herbarium-type' collections from the carìopy (Webb,

1959). The collection of leaf material fi'om tropical rainforest trees is a difficult

procedure due to the height of tlie trees and the ir-Ltervenilg sub-canopy trees.

Collection in Australia is ofteu by one of two methods; either the severing of

smaller branches at some junctule by a rifle shot, or by sendÌng a line over the

branch by sling-shot and pulling the branch down with a stronger liue hoisted

into place by the first. The differences seen between \Mebb's data and the lit-

ter samples may therefore reflect the different sources of the leaves as the more

accessible lorvel branches rvould have been sarnpled.

RailLforests, particularly tropical forests, consist of a series of layers (Richards,

1956; Webb, 1959; Fig.4.2), and \A/ebb's sarnples (and those of most researchers)

probably represent the mid-cl'orvn of individual trees, and not the topmost canopy

or the lower layers. The diffelent tree or shlub layers can be expected to produce

leaves of different physiognornic character (e.g. Dolph, 1984). Littel will contain

a collection of leaves fi'orn all layers and palts of the trees and most synusiae

within the forest (Ferguson, 198,5).

An additional factor is the mechanical da,mage and decay of leaves. Larger
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leaves are more susceptible to rnechanical damage, and have a greatly reduced

chance of reaching the forest floor intact than the smaller, coriaceous leaves of

the topmost part of the canopy (Felgusor-1, 1985). Of lesser impoltanceis the fact

that larger leaves tend to be less lignified, and will therefore decay more quickly

than the smaller leaves (I(aushik and I{ynes, 1971; Spicer, 1981; Dudgeon, 1982;

Ferguson, 1985). This is thought to be of reduced importance in this study

however, as the ütter rvas collected at the end of the dry season when litter

volumes on the forest lloor ale at a peak and decay rates are low due to the

reduced rainfall.

4.3 Physiognomic Characters.

4.3.L Leaf Size

Leaf length has been conrnonly used in taxonomic studies (e.g. Hua Chia, et

al., 1986; Eckenwalder, L986), including fossil leaves (e.g. HiIl, 1982; Burnham,

1986), although the use of leaf featules in taxonomy has been considered a (special

purpose' approach until relatively recently by neobotanists. Horvever, there has

aJ.so been considerable caution voiced with regard to the use of leaf length as a

taxonomic character due to the observed highly labile response to environmental

factors.

However leaf area has generally been used in foliar physiognomic studies, fol-

lowing from Raunkiaer's rvork and generally using his leaf size classes (Raunkiaer,

1934; Beard, 1944; Cailr, et al., 1956; Webb, 1959). Ideally, leaf area would be

measured from a planimeter or' lnole recently, by digitising the leaf for computer

analysis (e,g. West and Clisp, 1984). I{orvever, leaf area has been generally

estimated using the forrnula;

A = 0.667 x length x rvidth (Cain, et al,, 1956).

Dolpli investigated the use of this estirnation measure and found that lobed

and strongly ovate leaves rvere poorly estimated (Dolph, 1976). Figures 4.3,4.4,

k 4.5 shorv linear regressions of the estirnated area and the measuled area for a

random selectiot'L of 50 leaves fiom a single sample flom a site frorn thlee of the

forest types (SNVF, CNVF and C\4VF), Estirnated and measured leaf area was
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Figs- 4.9 - 4.5. Linear regressions of leaf a(ea

measured using an area meter, and estimated
for three samPles of 50 leaves from

CMVF (Mobo Ck, 4.3), CNVF (Curtain Fig, 4'4)'
and sNVF (Mt Haig, 4.5).
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strongly correlated in each ca,se,

This data suggests that the correctiorl factor 0.667 gives an accurate measure

of the frequency distribution of leaf area for the litter samples. This situation

refl,ects the overall dominance by elliptic leaves in the samples of SNVF and

CMVF leaf litter, and the general absence of lobed leaves in the litter. The area

estimation correction factor used (0.667 or 213) gives an adecluate indication of

the leaf area frecluency distribution for litter from these forests.

Webb (1959) considered leaf length a suitable substitute to area for freld

determination of his folest types, Length is an easiel character to directly mea-

sure from impression fossils than area (although a digitised image overcomes this

handicap), and the rneasurernent of leaf area is susceptible to inaccuracy in cases

where the matrix and or the fossil have been distorted after fossilisation. Most

of the studies using leaf size for physioglLomic analyses of modern folests have

used leaf area, and so it is therefole important to determine the exact relation-

ship between leaf area and length, and in turn, tb.e relationship between these

characters and environmenta,l factors.

Unless otherwise stated, leaf ler-Lgth is used as the measure of leaf size for the

rest of the thesis.

4.3.2 Leaf width

Leaf width is often consideled to vary proportionally rvith length, and has not

been seriously considered as a physiognomic character in isolation for ecologi-

cal studies, except as a corÌrponent of the overall leaf size. Trees which grow

on stream banks in tlopical lainfolest, ltorvever, often have rnuch narrower leaves

(stenophylls) than the trees of the surrounding forest (Richards, 1952; Van Steen-

is, 1981; Whitmore, 1984). It is also a general observation that the leaves of

plants in extreme environrnents, in addition to being of a smaller length, are

often relatively narrorvel then leaves fi'om the same species fi'om milder envi-

ronments (West and Noble 1984; Conran, 1987). Potts and Jackson (1986) also

found tlrat the leaves of Euculypt?¿s spp in Tasmania displayed a. morphological

cline with increasing altitude (and hence decleasing temperature) with leaf rvidth

(proportionally and absolutely) increa,sing for the altitudinal upper lirnit of the

62



species.

The overall shape of a leaf is also considered to be an environmental adap-

tation (Vogel, 1970; Givnish and Verrneij, 1976). The "wideness" of a leaf, that

is the width relative to tl-Le length, is an indication of one component of shape,

other components being the degree of incision or other of the edge of the leaf

btade (lobed / not lobed), tl-Le deglee of symrnetry along the long and short axes

of the leaf blade, and the form of the leaf apex and base. Relative width can,be

expressed either as a ratio or a pelcentage of rvidth to length.

Some research into the linkage betrveen leaf physiognomy and climate has

suggested that leaf length and rvidth rvere too strongly correlated to be useful as

separate characters (Dolph, 1979). Ilorvever, this work was not based on natural

populatior-rs of leaves, and the relatiolLship of length to width, as a measure

of shape, has been explored in this study to test the idea that leaf shape (as

expressed in the relative rvidth) is an important component of the physiognomic

signature of some of the folest types studied, and also to test for tl'Le presence of

a physiognomically distinct streamside vegetation.

4.3.3 Position of greatest width

The degree of symrnetrv betrveen the top and bottom halves of a leaf can be

expressed as a ratio betrveen the length of the leaf blade, and the distance fi'om

the leaf base (usually the point of insertion of the petiole into the blade) to the

point along the midvein rvhele rvidth is maximal (Fig. a.6). This ratio can also

be expressed as a percenta,ge (length / position of ) rvidth x 100).

Leaf shape is generally quantifìed using the ratio of length to width (Hickey,

1984), although leaf shape can be more accurately defined using a series of refer-

ence points or "pseudolandrnar'lis" (Dickinsor-1, et al., 1987). Howevet, departures

from the elliptic shape are genelally defined by a shift of the widest point from

the midline of the leaf (Ilickey, 19'75). F\'orn a practical point of view, symmet-

ric leaves with the rvidest point in the rniddle third of the leaf (Fig. 4.6) can

be considered elliptic, rvitereas leaves rvith the widest point ilL the lower (ovate)

or upper third (obovate) are not. Fol the purpose of this study, "elliptic" was

defined as:
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FTg. 4.6 leaf showing the measurement of the characters used.

A - B, length. C - D, width (at maximum)'

E - F, position of maximal width (distance from insertion of

petiole to point along midrib where width is maximal).
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symmetric leavcs with the Position of Maxirnal Width within the

range 34 - 65% of length,

The leaves of rainforest tlees are considered to be typically elliptic (é.g.

Richards, 1952), Iìorvever', vine leaves are often ovate (or at least broader in

the lower third of the leaf), and rvill be encountered in |itter samples (and hence

fossil beds). This character has often been used in taxonomic studies and h.as

been shown to vary rvithin species (IIill, 1978; llerrnan, et al., 1987), and may

also reflect environmeutal influences (Givnish, 1978).

4.3.4 Margin type (entire or other)

Simple Notophyll Vine Forest has the highest variation in the proportion of

species or individuals (canopy) rvith non-entire margins (Table 2.4). Microphyll

Moss Forest has the highest plopoltion of species (100%) rvith non-entire rnar-

gins quoted, but this is for populations in southern Austlalia as the proportion of

individuals with nou-entire nargins in QueeLsland MFF is lower than 100%

(c. 50 - 60%; pers. observ,). The high variation in the proportion of non- en-

tire margins in SNVF, lÌorvever, suggests that this forest type is sensitive to the

environmental factors rvhich favour non-entire margins, and would demonstrate

the streamside bias discussed previously. Other forest types may not be sensitive

enough (variable enough) to signilicantly detect differences in the proportion of

non-entire margined leaves due to the strearnside bias. Therefore, for tlie purpose

of testing the streamside bias in margin type, SNVF sites with parallel collections

from stream-beds rvere used. This inforrnation is discussed separately in Chapter

5.

4.4 Physiognomic Signatures of the Forest Types.

In most cases rvhere lea,f size (genelally area) has been used in foliar physiognomic

analysis, the relative propoltions in the Raunliiaer/Webb size classes have been

used (e.g, Beard, 1944; Grubb, et al., 1963a& b; Christophel, 1981; Zastawniak,

et al., 1985). The use of sma,llel divisions lìorvever, displays nore detail of the

relative contribution of dìfferent sizecl leaves to the overall size character of leaf
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populations.

The vaiues of the metric physiognomic characters (Iength, width, and position

of maximal width) for the samples from each of the sites are presented in the

following sections as frecluency iristograms, or frecluency distributions. The mean

value of the frequency of leaves in 10mm classes (0 - 10 mm, 11 - 20 mm, 2I

- B0 mm, etc) is pooled for all sarnples for each site for each of the forest types

for leaf width and the position of maximal width. Leaf length also uses 10 mm

classes, however the boundaries have been staggered to start at 15 mm to allow

the class intervals to coincide rvith the bouudaries of Webbs leaf size classes (0 -
15, 16 - 25,26 - 35rnm, etc).

These freclue¡cy distributior-rs and the subsequent data on leaf margins' con-

stitute the "physiognomic signatures" of the four forest types at the sites used'

The average of these "site signatuLes" fot each forest type is then used as the

,,forest pliysiognomic sigtatule". The "fotest signatures" are couttasted in the

concluding section of this chapter .

4.4.L Complex Mesophyll Vine Forest

Three sites rvere'used in the analysis of the physiognomic signatures of CMVF

Iitter; Mobo ck, Mulgrave R., and oliver ck (a11 N.B. Qld.). The frecluency

distributions of leaf length fol these sites are shown in Figures 4'7,4.8, and 4.9.

Maximum leaf length for the sites varied from 360 mm (Mobo Creek) to

315 mm (Mulgrave River), althougl'L within sites the variation was greater rvith

maximum length varying frorn 210 to 316 mm between the Oliver Creek sam-

ples (Table 4.2). Minimum leaf length varied frorn 26 mm (oliver ck), to 33

mm (Mobo Ck), and rvitliin sites the variation was comparable with minimum

length varying (for exarnple) flom 32 to 52 mm in the Mulgrave River samples

(Table 4,2). Mean leaf length for each site varied between sites within a narrow

range; 101.3 mm (Mobo Cleeli) to 111,7 mrn (Mulgrave River). The variation

between samples rvithin sites was cornparable, rvith urean length varying from

107.8 to 115.5 mm in the Mulglave Rìver samples. The median length value,for

the sites ranges frour 97 mur (\,Iobo Cli) to 110 mm (Mulglave R.), u, range vely

close to that observed fol rvithin sites, and also for rnean leaf lengtli.
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Figs 4.7 - 4.9 Frequency distributions of leaf length (mm) for GMVF

Mobo Ck (4.7), Mulgrave R. (4.8), Oliver Ck (4-9)-

Class interval is 1O mm, the upper bound of each class is indicated.
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mean percentiles
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The liigh varìation in maxirnurn leaf length, and low variation in mean and

median length (within sites, and betrveen sites) reflects tl-Le occasional preserce

of very large leaves (Fig 4.10). These leaves are often the juveniles of canopy

species, or t'shade leaves", ancl in the case of the Proteaceae (e'g. Darlingia

d,arlingiana (F.Muell.) L.A.S. Johnson, Fig. 4.11), they can be very large and

membranous, and ale often lobed. In contrast, the adult leaves are cluite small

and coriaceous, and ale either much less lobed or entire.

This data suggests that if the rarer leaf sizes are excluded (i.e. the leaves

in the upper and lorver 20t/o), each site has characteristic leaf size spectra, The

mean, median (50th percentile), 80th, and 20th percentiles, approximate this

spectrum and can be used to t'eplesent the character of these sites.

The frequency distributions of leaf rvidth are shorvn in Figures 4.I2,4.L3, and

4.14. Maximum leaf rvidtli varies fi'orn g8 rnm (Oliver Ck) to 129 rnm (Mobo Ck),

whereas minimum leaf rvidth is rnore constant between sites varying from 7 mm

(Mulgrave R.) to I mm (Mobo Ck & Oliver Ck; Table 4.3). The mean and median

leaf widths for the three sites ale horvever', within a rìarrow range; 36.6 mm (Mobo

Ck) to 41.1 mm (Oliver Ck). The variation in maximum width further reflects

the presence of the extra-large juvenile and tshade' leaves discussed above, but

also reflects the presence of the wide vine leaves (Fig. a.12).

The leaf widt'h fi'ecluency distributions and the upper percentiles of leaf width

further reveal the presence of (runusual" sized leaves. The 10 th percentile for two

of tlre sites valies rvithilL a na,r'r'o\v l'ange (ivlobo Cki2,I rnm & Oliver Ck; 26 mm),

however the value for the l\{ulgla,ve River. samples is much lorver (Table 4.3) due

to the presence of tlie vely na,r'r'ow leaves of Prun'tnopitys amara (Podocarpaceae).

This also reflected in a r-ninor peak of a,l¡undance of nartorv leaves in the frequeucy

distribution (Fig. a.13),

The "relative rvidth" of tlie leaves is also instructive (the ratio of rvidth to

length expressed as a percentage; Table 4.4). Vine leaves are characteristically

very broad (i.e. have a large "r'elative rvidth"), and the lalge va,r'iation between

the maximum value for the lvlulglave River site (t07.7%; Table 4.4) and the

other two sites (86.7 - 87 ,7%) reflects the presence of cluite large vine leaves in
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Fig. 4.10 Silhouettes of a selection of leaves f rom a single sample of leaf litter

from Oliver Creek (CMVF, NE Qld). tfre leaves labelled "4" & "8" represent the

smallest and largest leaves of ldiospermum australiensis (ldiospermaceae)

found in the sample.
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Fig. 4.1 I Juvenile lobed and entire adult leaves of
Darlinqia darlingiana (Proteaceae)

fro m a single litter collection
t Mobo Ck (CMVF, NEQId).
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Figs 4. 12 - 4.14 Frequency distributions of leaf width (mm) f or CMVF

- Mobo ck (4.12), Mulgrave R. (4.13), Oliver ck (4.14).

class intervat is 5mm, the upper bound of each class is indicated.
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the Mulgrave River samples. The plesence of the vely narrow leaves of P, amara

are also indicated by the lorv value for the 10 th percentìle of relative rvidth fol

Mulgrave River (Table 4.4).

The Position of Maxirnal Width (Table 4.5) records the deviation from an

elliptic shape. The high values for the 10 th percentile (38.5% - 40.4%) and

the low values for the 90 th percentile (55.4% - 56.1%), suggest that the greater

majority of leaves from all three sites were essentially elliptic (position of max.

width less than 66%, greater than 33%), The mean and median values add

support, being within 5To of.50% of length.

The frequency distributions of leaf area (from the equationl A = 2/3 Length x

Width) are slrown in Figs 4.15,4.16, and 4.17. The narrow leaves of. Prumnopitys

anlara have induced a higher representation of leaves of smaller area (Fig. 4.16),

however the overall distribution of leaf area is similar to that of the other two

sites (Figs 4.L5 k,4.I7).

The CMVF sites rvere overrvhehningly dominated by leaves with entire mar-

gins (Table 4.6). In most cases only one or two leaves with non-entire margins

were present. The diffelences betrveen or within sites are very small, with the

frequency of leaves with non-entire margins below 16% in each sample, and gen-

erally below 5%.

4.4.2 Complex Notophyll Vine Forest

Three sites were used in the analysis of the physiognomic signatures of CNVF

litter; Curtain Fig, The Crater (both N.tr. Qtd), and Dorrigo (NSW). This forest

type was the most variable of those exarnined, as discussed later. The frecluency

distributions of leaf length for these sites are shown in Figures, 4.18, 4.1-9, and

4.20.

Maximum leaf length varied greatly between The Crater (301 mm) and the

other two sites (Curtain Fig, 220 mm; and Dorrigo N.P., 227 tnm Table 4.7).

Minimum leaf length varied fi'om 27 mrn (both The Crater & Curtain Fig), to

28 mm (Dorrigo). Horvever, mean leaf length varied from 92.9 mm (Curtain Fig)

to 82.6 mm (The Crater'). The rnedian leaf length showed a similar pattern.

The 80th and gOth pelcentiles of leaf length for each site are less variable
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Table 4.6

Proportions of non-entire leaves

forest samPle
typesite1-23 4 (mean)

MFF/MMF

SNVF

CNVF

CMVF

87 9 9 8s 97 (92','

(1)
(2t
(3)
(4)

5
t7

5
63

43
6

4
93

(1)
(2t
(3)

46
68
37

45
74
38

39
51
50

3
4

1.1
81

L1
4

67

16)
8)
7l

7 6')

441
68)
441

(1)
(10)
( 1)

2
1_

1

46
77
50

(1)
(2t
(3)

2
16

1

1
13

1

0

1



Figs 4.15 - 4.17 Frequency distributions of leaf area (cm2) for GMVF

- Mobo Ck (4.15), Mulgrave R. (4.16), Oliven Ck (4' 17)'

Class intervat ¡s Scml the upper bound of each class is indicated.
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Figs 4. 18 - 4.2O Frequency distributions of leaf length for GNVF

- Curtain Fig (¿.18), The Crater (4.19), Dorrigo ø-2O)-
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sites maxt-mum minimum

( range / samples )

mean percentiles

l_0 20 50 80 90

Table 4.7 LEAF LENGTH

Curtain Fig 220 (L55)
The Crater 301 (163)
Dorrigo 227 (l-90)

4
4
4

s) 92.9 (

0) 82.6 (

2t 88.4 (

88,101)
80,85 )

83,9o )

6'1

51
56

75
57
65

r.0 8
109
109

27
2't
28 (

90
74
85

t2t
t28
]-25

Table 4.8 LEAF 9TIDTH

t42
r_3 4

87

l_L
't

9

( 107
( 89
( 60

(17)
(2s)
(10)

41_.5
39.7
28.2

| 39t42',,
( 3?,43 )

( 2't t28 )

27
24
18

31
28
2t

40
38
27

50
51
35

56
5'7

39

Table 4.9 RELATIVE I,EAF WIDTH

105 ( 771
100 ( 69)
96.7 ( s]-)

22 .6
5.2

r_8.5

(26t
(2t ¡

l2r')

45.5 (

49.6 (

32.s (

30
35
26

34
40
28

45
51
31

55
59
36

60
62
3B

43, 47
45,55
3]-,32



than the maximum and minimum lengths (Table 4.7), varying from 108 and 121

mm (Curtain Fig) to 109 mm (Dolligo) and 128 mm (The Crater). This implies

that the extreme differences in maxirnum leaf length between The Crater and

the other two sites reflects the presence of a few individual very large leaves.

Previous discussion (above for CMVF) suggested that a likely explanation rvas

the presence of over-sized juvenile or tshade' Ieaves of some species. This would

also seem to be tl-re case iu this instance (e.g. Fig. 21).

This data suggests that if the rarer leaf sizes are excluded (i.e. the leaves

in the upper and lorver I0ù/o), each site has characteristic leaf size spectra. The

mean, median (S0th percentile), 80th, ald 20th percentiles, approximate this

spectrum and can be used to leplesent the character of these sites.

The Frecluency distributions of Leaf Widtli for the CNVF sites reveal a large

variation between the N.E. Queensland sites (Curtain Fig, Fig. 4.221 & The

crater, Fig. a.23) and the N.s.w. site (Dorrigo, Fig. 4.24). The leaves of the

Dorrigo site are rnuch narrorver than the leaves of either Tire Crater or Curtairl

Fig (Table 4.8). This is demonstrated by the maximal width (142 mm Curtain

Fig, 134 mm The Cra,ter; 87 mrn Dorrigo), the much lower value of the mean

and median width (Dorligo 28.2 k,27 rnm; 39.7 - 41.5 mm & 38 - 40 mm for

the N.E. Qld sites), and the 10 th and 90 th pelcentiles of width (Table 4'8)'

The relative width values further emphasise the differences between the ne

Queensland and the N.S.\ /. CNVF sites (Table a.9). The maximurn values are

within a common small range (96.7 - 105%), however the lower and upper per-

centiles of relative rvidth valy greatly between the N.E. Queensland and the

New South'Wales site (Dorrigo). The mean and median values also reflect these

differences.

Further differences betrveen the CNVF sites are refiected in the Position of

Maximal Width (Table 4.10). In contrast to leaf width and relative width, po-

sition of maximum width valies the greatest between the seasonally-dry Curtain

Fig site, and the sites at Dorligo and The Crater. This point is fulther discussed

in Chapter 6.

The Frequency distlibutions of Leaf Area (A = 213 Length x Width) show
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sites maxr-mum minimum

( range/samples )

mean percentiles

10 20 50 80 90

Table 4.10 POSTTION OF MAXrMÀL WrDTH (å of length)

Mobo Ck
OlLver Ck
Mulgrave R

84.8 (--) ]-2.7 (--)
6s.8 (63) l_6.3 (28)
7s.6 (63) 22.7 (26',,

47.4 ( --,--
47.8 ( 45,50
47.1 ( 45,48

40
39
38

42
42
4L

47
47
4'1

55
55
56

Eâ

52
52

Curtain Fig
The Crater
Dorrigo

69
72 .4
7I

( s3)
( ss)
( 64)

(22',)
(20')
(32¡

35.2 ( 33,37 )

42.7 ( 37,49 |
50 ( 48,5L )

24
27
42

2't
33
44

36
44
49

50
55

54
59

L5
1r.. 6
23 -9



Flg. 4.21 Silhouettes of a selection of leaves from a single sample of leaf litter

from Gurtain Fig (GNIVF, NE Qld). The leaves labelled "4" & "8" represent the

largest and smallest teaves of Cissus antarctica (Vitaceae), a vine. The leaf "G"

is atso a vine (Menispermaceae).,
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Figs 4.22 - 4.24 Frequency distributions of leaf width tor CNVF

- Gurtain Fig ø.zz), The Crater (4.23), Dorrigo ø-2Ð-
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a higher proportion of smallel leaves in the Dolligo site litter (Pigs 4.25, 4'26,

U 4,27). In contrast to tlie leaf length data, based on leaf area, The Crater has

smaller leaves than the Curtain Fig site (Figs 4.26 k 4,25). The more ovate

leaves of tl-Le Curtain Fig site horveveL, may ltave over-estirnated leaf alea for this

site (Dolph, 1979). The results of the earlier linear regressions of estimated and

measured leaf area suggest that this is probably not the case'

The proportion of leaves rvith non-entire margins was quite variable both

within and betrveen sites (Table 4.6). The Curtain Fig site was ntost variable (51

- 77%), with the other sites falting into a smaller rarÌge (Dorrigo N.P. 37 - S0%;

The Crater 39 - 46%). The range of individual leaves with non-entire margins

overlapped for the tl-Lree sites, however the Curtain Fig site litter genelally had

higher proportions of non-entile leaves. This is clearly demonstrated by the

mean value for each site: Dorrigo ard The Crater, both 44%; Cuttain Fig, 68%

(Table 4.6). The rnain difference betrveen the Cultain Fig site and the other sites

is the stlongly seasonal rainfall of the folmer'

4.4.3 Sirnple Notophyll Vine Forest

Four sites were used in the aualysis of physiognomic signatures from SNVF; Mt

Haig, Mt Lewis Rd, Mt Lervis EP18 (all from N'E. Qld), and Coombadjha Ck

(NSW). The frecluency distributions of leaf length for these sites are shown in

Figures 4.28,4.29,4.30, and 4.31.

Maximum leaf length fol the sites varied from 276 mm (Mt Lervis BP18) to

156 mm (coombadjha cli: Figs 4.30 to 4.31; Table 4.11). The minirnum length

for each site varied fi'orn 13 mm (\{t l{aig) to 28 mm (lvlt Lervis BP18).

Within site valiatiou. was horvevel of a simila,r rnagnitude with maximum

length varying from 270 to I47 mm in the Mt l{aig samples, and minimum

length varying from 13 to 30 rnm (Table 4.11). The mean and median lengths

were uniform between sites, altl'rough the Mt Lewis BP18 site had generally much

Iarger leaves (mean length 71,8 mm; Coornbadjha Ck mean length 62.8 mm). The

Mt Haig site horvever, was founcl to be cluite variable rvith mean length ranging

from 58.2 to 74.5 mm.

The leaf length fi'equency clistributions of the sites serve to emphasise the
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Figs 4.25 - 4.27 Frequency distributions of leaf area for CNVF

- Curtain Fig U.25), The Grater (4-26r, Dorrigo U.27)-
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Figs 4.28 - 4.31 Frequency distributions of leaf length (mm) for SNVF

- Mt Haig (4.28), Mt Lewis Rd (4.29), Mt Lewis EP18 (4.30), Washpool (4.31).



30

Fig. 4.28

Fig. 4.30

Ftg. 4.29

èe

oz
t¡¡
f
d
u¡
ú,
lt

*

()
z
t¡¡
Ð
d
t¡J
É,

15 25 ¡lt a5 35 63 75 &t qt 105 lt5 125 13n 1a5 155 tô5 t?5 1S5 105 m5 Á3 225 235 2'5

LEAF LENGTH (mm)

95 rO5 1r5 rz5 135 1a5 155 165 l?5 ros 195 205 Zts 225 2X3 215

LEAF LENGTH (mm)

15 25 33 a5 55 65 75

Fig. 4.31

8tt s ro5 tf5 125 13!t 1a5 r55 rC5 175 185 105 205 ã5 225 23Ii 245

LEAF LENGTH (mm)

95 ros 115 t25 rJS ras 155 165 r75 r85 re5 2o5 ¡ts 225 ?35 21s

LEAF LENGTH (mm)

t0
3o

a

()
z
l¡l
f
ó
t¡¡
É,
tt

a

C)z
t¡¡
f
d
¡¡¡
cÉ
¡!

15 25 J5 45 55 65 75 85

t5 25 35 45 55 65 75 85



sites maximum minimum

( range / samples )

mean percentiles

10 20 s0 80 90

Table 4.11 LEAF LENGTH

Mr Haig 156
Mt Lewis Rd 270
Mt LewisEPlS 165

276

( 1t_0 )

(147)
(1s3)
(t421

27
r_3

27
2B

(33)
(30)
(2et
(3a¡

43
37
42
46

50
44
4'1

53

60
50
60
67

76
85
't '7

86

86
r02

88
100

62.8
66.s
63.s
71.8

59, 67
58t74
61,65
68,74

Table 4.12 LEAF WIDTH

50
61
55
80

33)
s0)
ss)
s3)

(10)
( e)
(12')
( 11)

20.r
25.2
26.7
27

13
L4
l_6
L'l

15
18
20
20

20
25
26
26

1trLJ

32
32

2B
37
37
37

6

6

7

9

L'l ,2L
2r,27
25,28

Table 4.13 RELATIVE LEAF WIDTH

55.2
87 .8
78.8
77 .8

29t35
36t46
40,48
3'l ,40

46)
68)
741
60)

t7 .6
16.3
7r.2
r_8

(22t
(22',)
(1s)
(19)

32.t
40
44.t
38.8

27
30
33
30

3r.
38
45
37

36
48
55
47

39
trÊ

60
51

25
27
27
27

Table 4.14 POSITION OF MAXIMAL WIDTH (t of ].ength)

70.4
77.8
74.6
75

45t47
44t50
44, 47
42t50

s6)
62t
66t
s9)

31
23.L
18.1_
15.6

(34)
(25',)
(2st
(241

46 .6
46.3
45.8
47 .5

4t
3s
33
33

43
38
40
40

46
46
46
48

50
53
52
54

51.

57
56
60



presence of occasional much lalgel leaves in the N.E. Queensland examples of

SNVF (Figs 4.28, 4.29, U 4.30). hi the discussion of CMVF and CNVF it was

suggested that these rare larger leaves represented mailrly the shade or juvenile

leaves of canopy species. The absence of the larger leaves in the Coombadjha

Creek samples (NSW; Fig. a.31) suggests that perhaps this leaf dimorphism is

not as pronounced in Nerv South Wales.

The S0th and 20th percentiles of leaf length between sites are less variable

than the maximum and minirnum lengths (Table 4.11). If the rarer leaf sizes are

excluded (i.e. the leaves in the upper and lower 10%), each site has characteristic

leaf size spectra (Figs 4.28 - 4.30). The mean, median (50th percentile), 80th,

and 20th percentiles, approximate this spectrum and can be used to represent

the character of these sites (Table 4.11),

The frecluency distributions of Leaf Width for the SNVF sites demonstrate

that the leaves of the Coombadjha Creek site (NSW; Fig. a.35) are typically

narrower than the leaves of the N.E. Queensland sites (Figs 4.32, 4.33, 4.34).

This can also be seen in the rnaximum widths for each site and both the mean

and median widths (Table 4.12). As rvas the case for leaf length, the Mt Lewis

EP 18 site (maximum width S0 rnn) is at the upper end of the range exhibited for

the SNVF sites (50 mm Coombadjha Ck - 65 mm Mt Lewis Rd). This reflects

the presence of some vely broa,cl vine leaves in the Mt Lewis EP18 sarnples. An

example of leaves from SNVF litter is shorvn in Figure 4.36.

The mean widths fol the N,D, Queensla,nd sites are however within a nar-

row range (25.2 mm l\{t I{aig - 27 mm Mt Lervis trP 18), with Coombadjha

Creek markedly lorver' (20.1 mm). The median width values demonstrate a sim-

ilar relationship (Table 4,72). Relative rvidth (Table 4.13) conflrms that the

Coombadjha Creek samples containcd rnuch narrower leaves, rvith a much lorver

maximum value (55.2%;77.8 - 87.8% for the N.D. Qld sites), and a much lorver

mean relative rvidth. This valiation is further discussed in Chapter'6.

Position of Maximal \\/idth leflects tlie shape of the leaves. In the discussion

of CNVF it was pointed out that leaves rvith a value greater than 33% and less

than 66% of length wele generally elliptic. The values given in Table 4.14 indicate

70



Figs 4.32 - 4.35 Frequency distributions of leaf width (mm) for SNVF

- Mt Haig'(4.g2), Mt Lewis Rd (4.33), Mt lewis EP18 (4.34), Washpool (4.35).
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Fig. 4.36 Silhouettes of a selection of leaves from a single sample of leaf litter

from Mt Haig (SNVF, NE Qld)'
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that aII of the SNVF sites contained predorninantly elliptic leaves, as the the 10th

and 90th percentiles (33,9% - 4I.l & 51.9% - 60.9) are within these bounds.

The leaf area frequency distlibutions (Figs 4.37, 4.38, 4.39, 4.40) serve to

emphasise the points made in the discussion on leaf length and width. The

maximum leaf area for each site reflects the presence of rare very large leaves in

the N.E. Queensland sites but not the N.S.W. site (Coornbadjha Ck). The mean

and median values fall into a sma,ll larìge (900 - 1400 mrn2 & 760 - 1140 --'),
however in each case the N.S.W. site is at the lorvel end of the lange. This is

not surprising given the nuch nar'lowerleaves of the Coombadjha Creek site. ,An

important point here is that based on leaf length as a size measure (Pigs 4.28

- 4.31), the Coombadjha Creek sa,mples wele comparable to the N,t.Queensland

sites, However, using leaf alea (Figs 4.37 - 4.40; and / or width), the size of

the N.S.W. SNVF leaves ale cluite different. This point is discussed further in

Chapter 6.

The proportion of leaves rvith non-entire rnargins for each sample for each site

is given in Table 4.6. Variation betrveen samples within the Mt Lewis BP18 and

Mt Lewis Rd sites wa,s low (4 - I7t/o; 4 - 11%). llowever the proportion of leaves

with non-entile rnargins in sa,mples from the Mt IÌaig site varied fi'om 3 to 437o,

and for Coombadjha Creek, fi'om 63 - 93%. In the case of I\{t I-Iaig horvever, the

mucir higher frequency of non-entire leaves in one sample was due to the higher

frequency of leaves of a single species (Ekteocarpus sp, Dlaeoca,rpaceae) in that

sample.

The higlt variation in the N.S.W. site, Coombadjha Cl<, reflected the dilution

of the number of leaves rvith non-entire leaves by the entire leaves of a single

species (Syzygium crebit'¿eruis, Itlyrtaceae; Fig. 4.41).In both these cases, it can

be seen that the propoltion of individual leaves rvith non-entile margins rvas

substantially influenced in some samples by the proximity of source trees to the

sample point. However', the general trend for each site can be determined from

the site mean (Table a.6), The N.E. Queensland sites are generally characterised

by much lower proportions of non-entire leaves (7 - 16% of individuals), than

the N.S,W. site at Coomba.djlta Creek (76%), This suggests that there is a real
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Figs 4.BZ : 4.39 Frequency distributions of leaf area (cm2) for SNVF

- Mt Haig (4.g7r, Mt Lewis (4.38), Mt Lewis EP18 (4.39), Washpool (4.40).
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difference in the relative proportion of non-entire leaves in leaf-beds derived from

forests from the two sources.

4,4.4 Microphyll Fern Forest / Mossy Forest

The site considered in the analysis of the physiognomic signatures of litter from

MFF was Barrington Tops (New South Wales). The Leaf Length Frecluency

Distributions are shorvn in Figure 4,42. Leaf length varied from a minimum of

15 mm to a maximum of 106 mm (Figs 4.42; Table 4.15), with a mean length

for all of the samples of 48.6 mm. The mean length varied from 46.4 to 50.3

mm between the samples. I\,Iaxinum leaf length was quite variable between

samples (Table 4.15). The median length ranges from 45 mm to 49 mm length.

Minimum leaf length varied frorn 15 mm to 19 mm. The value for the site of the

8Otl'r percentile is 61 mrr, and the 20th percentile 35 mm length.

This data suggests that ilL contrast to the forest types with larger leaf sizes,

tb.e rarer leaf sizes (i.e. the leaves in the upper and lower 20To) are failly consistent

in their occurrence (Fig. a.a2), although the upper size limit is more variable than

the lower size limit. The N{FF site can be considered to have a characteristic leaf

size spectrurn. The mean, meclian (S0th percentile),80th, and 20th percentiles,

approximate this spectrurn ancl can be usecl to represent the ch.aracter of this

site, and perhaps Nerv South Wales I{FF in general.

The frecluency distlibutions of leaf rvidth for Barrington Tops are shown in

Figure 4.43, Given the small length of the leaves from this site, the widtli values

are quite high (Table 4,15), although the range is cluite nalrow (10 - 52 mm).

Relative rvidth values suggest tliat the leaves from the l\¡IFF site were typically

fairly wide (mean = ¿18,770 of length; nean for CI\4VF = 37.2- 40.8% of length).

The positiol of maximum vidth recorcls the symrnetry of the leaf along the

short axis of the leaf i,e. it clistinguishes between elliptic and both ovate and

obovate leaves. Tropical rainfolest trees are considered to typically have elliptic

leaves (Richards, 1952). This exarnple of cool temperate rainforest hor,vever, quite

clearly is dominated by ovate leaves (position of maximal width below 34% of

length) as the mearì. value is 37.6% (Table 4.15), and g0% of the leaves have

the maximum width befole the rnidpoint of the leaf (i.e. the value of the g0 th

72



Figs 4.42 - 4.44 Frequency distributions of leaf length (4.42r,

width (4.4g), and area ø-44, hor MFF - Barrington Tops'
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Tab1e 4.15 Leaf data for Barrington ToPs (MFF)

maxirnum minimum mean
percentiles
20 50 80

LEAF

LEAF

REL.

POS.

LEAF

LENGTI{

WIDTH

WIDTH

t{Àx.

AREA

106

52

93 .3

60

36.6

( 86)

( 37)

I 79)

( s4)

( 22)

ls (19)

10 (13)

2s l32t

2L.7 (25)

1.4 ( 2)

48.6 ( 50,46 )

22.6 ( 22,24 |

48.7 ( 4?,50 )

37.6 ( 37,39 )

7.9 ( 7,9 
'

10

30

15

36

29

3

35

18

39

31

4

47

22

46

38

7

61

28

59

44

11

90

70

30

67

46
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percentile is 46.3% of length).

The frequency distribution of leaf area for Barrington Tops (Fig. a. a) indi-

cates a very ¡arrow range of leaf sizes, Comparison with the frecluency distri-

bution of leaf area for the Washpool/Coombadjha Creek site (Fig. 4.40) demon-

strates that the New South Wales lr{FF and SNVF sites have thrv same leaf area

physiognomic signature. The frecluency distributions for leaf length for the two

sites are, however, different (Figs 4.30 k' 4.42),

Each of the samples from Balrington Tops recorded more than 85% of the

Ieaves with non-entire margins (Table 4.6). Most of these are from a single

species, Nothofagus moorei, rvhich dominated the canopy (Fig. a.a5). These

Figures are close to Webb's canopy data (100% of individuals). All of the entire

margined leaves carne fi'om trvo species; a vilLe, Smilar australis (Smilacaceae),

and a shrub, Trochocarpa la,urina (Bricaceae; Fig, a.a5). Dolph (1984) found

a similar situation in the forests of Indiana with a higher proportion of species

with non-entire margins in the canopy than in the shrub layer. The influence of

the two non-canopy species reinforces the point of the discrepancy between the

physiognomic characteristics of leaf-beds ar-Ld canopy samples.

The slight variation between samples reflects the patchy (and rare) occurrellce

of these species in the forest. The proportion of species with non-entire margins

shows a more consistent pattern, however the low diversity of this forest type

reduces the impact of the observed diffelences and similarities'

4.5 Discriminant Analysis.

The above discussion demonstrates that leaf litter from each of the forest types

examined has a distinct physiognomic signature. I'Iowever, it is necessary to

demonstrate that each. sarnple has a uniclue set of physiognomic characteristics

which can be used to distinguish between samples of unknown origin, and predict

the source forest of the urìkil.owrÌ samples (i.e. fossil leaf samples). At a fairly

crude level, it is possible to visually rnatch the frequency distributious of leaf

length, width, and position of maximal rvidth, of the litter samples, to new

samples and predict forest tvpe (e.g. Christophel arLd Greenrvood, 1987 1988).
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Fig 4.45 Silhouettes of a selection of leaves from a single sample of litter from

Barrington Tops (MFF, NSW). The leaves "A - E" represent the diversity of

leaf-forms of Nothof aqus troorei present. o F o is smilax australis (smilacaeae), a vine'

"G" ¡s the shrub, TrochocarPa laurina (Epacridaceae).
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An alternative approach is to considel all of the variables within a single

statistical analysis - multivariate statistics. This procedure has the advantage of

allowing a measure of the confrdence of a successful match. Multivariate analyses

were employed by Davis and Taylor (1980) to match foliar physiognomic classes

for individual leaves based on "leaf dirnension" (size) and the density of stomata

on the leaves, to ('microclimate regimes". Leaves collected from trees from sites

in southern U.S.A. and the Pa,nama Canal Zone were classifled into a series of leaf

physiognomy classes, and using a clustering routine, grouped within previously

defi.ned microclimate regimes. Discriminant analysis based on these groups was

then used to produce discriminant scotes to predict group membership (i.e. the

microclimate regime) of nerv lea,f samples.

Discriminant Ar-ralysis is a method of linding linear combinations of variables,

known as discrirninant furctions, which maximise the differences (variarlce) be-

tween predefined groups , while rninimisir-rg the variance within each group (Leg-

endre and Legendre, 1983). The discriminant functions can be derived from any

series of quantitative variables (descriptors) which describe the group, assuming

that each group has a normal multivariate distribution. Ilowever, the method is

quite robust to depaltules fi'orn nolrnality (Legendre and Legendre, 1983).

Davis and Taylor used individual leaves in their analysis. The problern with

this approach is that the microclimate regimes ale based on the interaction of the

individual leaves rvith the irnme ,diate microclirnate, and not the macroclimate

(Davis and Taylor, 1980). The possibility exists therefore, of co-occurrence of

several microclimate regimes within a single forest site, and the presence in com-

mon of the same microclimate regimes in diffelent forest types. An alternative

approach is to consider the net characteristics of the rvhole leaf population.

The pliysiognomic character of the leaf litter samples can be defined using

population descriptors - the pelcentiles, rnaximurn and minimurn, and mean

values of the metric physiognomic chalacters, These population descriptors were

used then as the discrirnin¿r.ting valia,bles in a discriminant analysis of the litter

samples from the four folest types - IvIFF/X{MF, SNVIT, CNVF and CMVF. If

linear discriminant functions are found rvhich procluce a clear separation of the
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groups (forest types), then they can be used to predict the group membership

(forest type) of new leaf samples (i.e. fossil leaf bed samples). The population

descriptors used ale listed in Table 4.16

The discriminant analysis calculations rvele made using the SPSSx (Statistics

Packagefor the Social Sciences, SPSS Inc., 1985) proglam "Discriminant" on the

VAX 11/785 at tl-re Univelsity of Adelaide. This program provides the option

of selecting the discriminating variables rvith the gleatest discriminating power

through the analysis (Willis Lambda). The valiables which do not contribute to

the analysis can then be rem: oved stepwise in successive analyses. The pop-

ulation descriptors used in the flnal analysis are indicated in Table 4.16 by an

asterisk.

The discriminating variables based on leaf length, leaf width, and relative

widtir, contributed most to the discriminating functions (Table 4.16). A scatter-

plot of the samples frorn each of the forest types (Fig. 4.46; Discriminant Function

1 vs F\rnction 2) dernolLstrates the separation of the groups (forest types) pro-

vided by the Discriminant Functions. The classiflcation summary of the analysis

is given in Table 4.17.

It is apparent from this analysis that litter from each of the forest types

examined can be separated on the basis of the population descriptors used. A

re-examination of the frecluency distributions of leaf lengtli, width, and area

emphasise the fact that each of the forest types have a uniclue "physiognomic

signature" which allorvs thern to be separated.

4.6 Discussion.

The frequency distributions of leaf length demonstlate a stepwise decrease in

average leaf size from the 'rvarmest forest type (CIvIVF), to the coolest forest

type (MFF; Fig. a.a7). It can be noted frorn Figure 4.47 that the maximum

va,lue for leaf length also varies steprvise, although the difference between CNVF

and CMVF is minor. Width also varies stepwise between MMF and SNVF,

and in turn witl'r both CN\¡F and CN{VF, but the latter two forest types reflect

indistinguishable width signatures (Fig.  .a8).
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Fig. 4.46 Scatterplot of Forest Types in Discriminant analysis (Discriminant Function 1 vs Function 2).
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TABLE 4.16

VARIÀBI,ES USED IN THE DISCRIMINANT ANALYSIS

MEAN LEAF LENGTH
1OTH PERCENTILE *
20*
MEDIAN LEAE LENGTH *
g0 *
g0 *
MEAN I,EAF WIDTH *
10
20*
MEDIAN LEAE. WIDTH *
g0 *
90
MEAN REI,ATIVE WTDTH *
20*
g0 *
MEDIAN RW

80
g0 *
MEAN POSITION OF MAX WIDTH
L0*
20*
IVIEDIAN POS MÀX WIDTH
80 *
90 *
MEAN AREA *
10
20*
MEDIAN
g0 *
g0 *
T LEAVES NON-ENTIRE *
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Table 4.17
DISCRIMINANT ANÀLYSIS OF LEAF LTTTER SÀMPLES:

ClassificatLon ResuIts.

NO. OF PREDICTED GROUP MEMBERSHIP

FOREST TYPE CASES SNVF CI'{VF CNVF MFF

SimþIe NotoPhYlI
Vine ForesÈ

Complex MesoPhYlI
Vine Forest

Complex NotophYll
Vine Forest

1.5

11

T2

15
100.0t

0

0
0t

0
0.0*

2
66.7*

0
0. 0t

11
100. 0*

0
0. 0*

0
0. 0*

0
0. 0t

0
0.0*

0

t2
100.0*

0
0. 0*

1
33.3t

0
0. 0t

0
0.0t

0
0t

4

100.0t

0. 0t

0

0*00*0

0

Microphylt Fern Forest 4

SNVF Strea¡nbed Litter 3

PERCENT OF "GROUPED" CASES CORRECTLY CLÀSSIFfED: 100.00t



Relative \ /idth is a rneasure of shape (RW : Width / Length x 100) and

in the CMVF samples, leaf rvidth rvas found to vary only within a very tÌarrow

range (Table 4.4) suggesting that the relative width or (wideness' of the CIVIVF

leaves was fairly constarrt. The lange exhibited by the other forest types suggests

a greater variability in leaf shape (Tables 4.9, 4.13, & 4.15).

The position of rnaximum rvidth rrreasures the syrnmetly of the leaf along

the short axis of the leaf. I'Ience, leaves rvith a Relative Position of N4aximum

Widttr (RMW - position of ma,x. rvidth / Iength x 100) below 35% are ovate

or similar, those rvith a RI{\\¡ betrveen 35 - 65% ale elliptic, and others are

obovate or sirnilar. The relative rvidth data for the forest types data suggests a

higlier proportion of elliptic leaves in the SNVF and CMVF litter, and a higher

proportion of ovate (or similar) leaves in the N.E. Queensland CNVF and the

MFF ütter,

Vine leaves are often much rvider torvards the base of the leaf, often with has-

tate or cordate bases. The CNVF samples have a higher proportion of vine leaves

than the other forest types (deterrnined by taxonomic identification; Chapter 7).

However, a signiflcant plopoltion of the non-vine leaves in tlie litter from this

forest type were also much rvider torvards the base of the leaf (mostly ovate).

There were very ferv leaves from vines in the MFF sâmples and the vast majority

of 'ovate'leaves were from canopy tlees, mainly Notltoføgus moorei (see later).

Flom this analysis, it can be concluded that there are minor but consisitent

differences in the proportious of non-ellliptic leaves in the litter of the MFF

and CNVF from the littel of the CMVF ancl SNVF, and that these differences

are not just due to the pleserìce of vine leaves. Richalds remarhed upon the

preponderance of eliiptic leaves iu 'Tlopical Rainforest' (Ricliards, 1952). This

difference between the 'cool temperate' MFF arid the seasonal CNVF, maybe

reflecting climatic differences. lvlole importantly, this data inrlicates that the

symmetry of leaves is a measurable cornponent of the t'physiognomic signature"

of these forests. These poìnts rvill be discussed further in Chapter 6.

According to Webb's canopy data (Webb, 1959; Table 2.4), the proportion of

species with non-entire malgins in Australian is cluite variable, although a trend
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to higher percentages in both species and individuals witl'r non-entire margined

Ieaves is detectable frorn the warmest forest type (CMVF), to the cooler forest

types (SNVF & MFF). The proportion of individual leaves with entire margins

for each of the sites (by sample) for litter from the four forest types is summarised

in Table 4.6.

The individual SNVF samples were cluite variable within and between sites,

ranging from 5 - 43% of individuals in litter from Mt Haig, and from 4 - 9370

of individual leaves overall (Table a.6). However, CMVF consistently had low

numbers of non-entire margined iridividual leaves or species. TIie CNVF samples

were also variable, ranging frorn 37 - 77%. Clearly there is no simple correlation

between forest type and the proportion of entire margins represented either as

individua.l leaves or as species in the litter. This rnatter is discussed further in

Chapter 6.

In summary, the leaf litter from each of the four forest types - CMVF,

CNVF, SNVF, and MFF - can be seen to possess distinctive foliar physiog-

nomic signatures. The inherent variation rvithin each forest type of tlie metric

physiognomic cllaracters, ancl the characteristic state (i.e. the mean value) of

these characters, can be used to identify the source forest type of a [tter sample.

Leaf length in particular, has been demonstrated to be the primary character

discriminating between samples fi'om diflerent folest types. Leaf area, however,

has been demonstrated to produce a degree of blulring at the extremes of the

forest continuum, due to changes in the lelative rvidth of leaves in the seasonal

forest sites.

The discriminant analysis clemonstlated that it is possible to separate samples

of each of the forest types using populatioL statistics generated from the metric

foliar physiognornic chara,ctels. This data suggests cluite strongly that fossil leaf

beds of the same taphonomic chalacter as leaf litter can be reliably identifred to

their source forest type, A necessaLy further investigation, holever, is the extent

to which further taphonomic plocessing in actual depositional situations, such as

stream beds, influence the character of these physiognomic signatures.
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5

Chapter 5

THE TAPHONOMY OF
STREAMBED
ASSEMBLAGTS

.1 Sources of Taphonomic Bias in Streambed De-
posits.

An understanding ofthe influences on the input and transportation ofdead plant

parts to places of deposition (Taphonorny) is important in any analysis of fossil

beds to interplet the ecology of the community from rvhich the plant parts wele

derived. Fossil deposits lalely preserve plant comrnunities, rather, they preserve

populations of plant organs.

Fossil leaf-beds form thlough the transportation of leaves from sorne source

to a point of deposition where they may be trapped and subsecluently buried by

sediment. This process carì be bloken down into a series of discrete but related

events:

1. leaf input (leaves dropped by tlee)

2. leaf transport (rvind and rvater')

3. leaf entrapment (lake etc.)

4. leaf burial

Each step in the process can be expected to alter the cornposition and character

of the leaves carried over to the next step through progressive rernoval of larger,

fragile leaves by rnechanical and biological action (Fergusol, 1985).
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Leaf-beds can be forned thlough the action of a variety of different physi-

cal processes which valy in dulatiolr, timing, erÌergy (=mechanical destructive

power), and setting. Thus, the importance of ea,ch step (above) in determin-

ing the character of a leaf assemblage will vary according to the nature of the

processes involved (Spicer, 1980 1981; Ferguson, 1985).

For example, a leaf-bed may form in a matter of days due to storm action

and resultant flooding, whereas a lalie or a swamp may gradually accumulate

leaves and other plant parts over tl'Lousands of years. The latter will preserve a

time averaged sample of the input of leaves (I(noll, 1986) and will be structured

laterally due to current action (Spicer, 1980). The storrn deposit, however, will

probably be unsorted and contain much larger pieces (including logs) in addition

to the leaves arld rvill refl.ect an instant in time of the vegetation through whicl-L the

flood waters travelled (Spicer, 1980). I{ence the nature of the physical processes

which bring about these events rvill affect the attributes of the resulting leaf-bed.

Taphonomic Bias rvas considered by sorr.e researchers to invalidate the use

of Foliar Physiognornic Analysis (eg. Hill and Gibson, 1986; Martin, 1986).

Other studies however, suggested that these same pÌocesses would distort the

composition and character of leaf assemblages in a measurable and predictable

manner (Wolfe, 1971 1980; Spicer, 1981), and that by studying modern examples

of the deposition of leaf fossils, this bias could be understood an<I accounted for

in the analysis of Tertiary leaf beds (Roth and Dilcher, 1978; Dolph, 1984).

Most of the studies of neo-fossil leaf beds, horvever, have considered the tapho-

nomic influences on species replesertation in a leaf assemblage ard ferv have con-

sidered the effects on the physiognomic characteristics of the assemblage. The

general conclusion of most of these studies was that leaf input into potential fos-

sil deposits generally reflected the local vegetation only, with a pronounced bias

towards the representation of the vegetation of tl-re waters edge (McQueen, 1969;

Rau, 1976; Drake and Burrorvs, 1980; Dudgeon, 1982; I{olyoak, 1984; }Iill and

Gibson, 1986).

Roth and Dilclier cor-npared the foliar physiognomy of recent leaf deposits

in a small lake to the foliar physiognomy of the surrounding forest (Roth and
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Dilcher, 1978). Their results indicate very strongly that the "leaf size profi.le"

was significantly different to that deterrnined for the surrounding forest, being

biased strongly towards small, thick, sun leaves. They further found a correlation

between the leaf size encouuteled in a sample and the distance from shore, with

increasingly smaller leaves represented at greater distance.

Leaf input into water bodies is generally through direct transfer from the tree

(Rau, 1976; Dudgeon, 1982; Felguson, 1985). I{orvever, local accumulations of

leaf litter may also be transported into streams durilLg periods of high rainfall

(Dudgeon, 1982). The screen of vegetation at the waters edge is usually con-

sidered to act as a filter, horvever, removing most of these laterally transported

Ieaves (Spicer, 1981; Dudgeon, 1982; Ferguson, 1985). Thus, while leaf input

into streams is generally going to lepresent essentially the riparian vegetation

(Macginitie, 1969; McQueen, 1969; Drake and Burrows, 1980; Spicer, 1981; Dud-

geon,1982; Ferguson, 1985), it can be expected that some lateral transport of

Ieaves downslope (Dudgeon, 1982) may also contlibute leaves from the local area

adjacent to the riparian vegetatiol.

There are two separate but lelated questions explored in this chapter. The

f.rst concerns the taphonomic bias introduced by transport processes. The leaves

deposited in most fossil localities have been transported by water some distance

from the source trees, and it has been suggested that larger leaves will be se-

lectively removed by their greater susceptibility to mechanical damage and their

higher loss rate due to sinl<ing (I(aushik and l{ynes, 1971; Spicer, 1981). This

produces a leaf-bed dominated by rnuch smaller leaves than the oliginal forest

(Roth and Dilcher, 1978; Spicer, 1981).

Leaf-litter from a strearnbed in north-east Queensland was collected to test

this hypothesis by cornparing the physiognomic signatures of stream transported

(allochthonous) and non-transported (autochthonous) Ieaf litter. A series of

ponds at one point along the stl'eambed lepresented the direct input of leaves

from the trees into the'deposit'and was essentially forest floor litter, rvhereas

downstream, leaves had accurnulated in a trap between large boulders represent-

ing a leaf bed rvhere the leaves had been transported to their point of deposition
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by the stream.

In earlier discussion it was pointed out that the streamside environment often

promotes a distinctive flora whicll will have a higher proportion of species with

non-entire margined leaves, and a higher proportion of larger leaf sizes (MacGini-

tie, 1969; Wolfe, 1980a). The strearnside flora of some tropical forests is domi-

nated by species with ster-rophylls - Ieaves much narrower than long (Richards,

1952; van Steen is, 1981; Whitmore, 1984). These observations suggest that

where a distinctive streamside flora is present, stream-bed leaf litter will have a

different physiognomic signature than litter from the forest floor.

Of the Australian rainforests exarnined in this study, Simple Notophyll Vine

Forest has the higliest sensitivity to the proportion of species (or individuals) with

leaves with non-entire rnargins (Table 2.4). h addition, individuals in narrow

gorges of the dominant caropy species, Ceratopetalu,nz apetalurn, of SNVF in New

South Wales are knorvn to produce stenophylls (van Steen is, 1981; Hoogland,

1960). Parallel collections of litter on the forest floor and in an adjacelt large

pool in a creek in SNVF in Nerv South Wales were used to test this hypothesis

for leaf size, leaf shape (presence of stenophylls), and the proportion of leaves

(species and individuals) rvith r-Lon-entire margins.

5.2 The Effects of Stream Transport on Physiog-
nomic Signatures.

5.2.L Site Description: Mt 'Windsor NEQ

The Mt Windsor stream-bed littel site'was sampled at trvo points along a stream

flowing through SNVF on the \{t \Mindsor Tableland (Figs 5.1 & 5.2). Small

ponds on a recently deposited banli of sand contained abundant leaves beneath

a light layer of silt (Fig. 5.3). The canopy of the surrounding forest arched over

the stream at tliis point but the canopy rvas not completely closed (Fig. 5.3); the

leaves in these ponds rvere essentially direct ieaf fall from the adjacent trees.

Several hundred metres dorvnstream beyond a short patch of rapids was a

moderate sized pool at the outflorv of the rapid bounded by very large boulders

(Fig, 5.a). The forest did not ovel arch this pool or the preceeding 200m of the
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Fig. 5.3 Pools in a stream (W¡ndsor Tableland)

over-arched by forest.

Fig. 5.4 Litter accumulation in stream pool,

Windsor Tableland'



stream (Figs 5.2 & 5.4), horvevel a large fig (Ficus sp. Moraceae) extended a

branch to the edge of the pool. Leaf input to this pool is assumed to be essentially

via the stream frorn sources upstrearÌr., including the trees which dropped leaves

into the other ponds.

The second sample point thelefore might be expected to have smaller leaves

due to selective destruction of larger leaves during transport (Spicer, 1980 1981;

Ferguson, 1985), whereas the litter from the first sample point should liave the

same physiognomic signature as leaf litter from the forest floor of the streamside

vegetation (Spicer, 1981).

6.2.2 Analysis.

The frecluency distributions of leaf lengtli for the upstream (i.e. autochthonous

litter) and downstrearn (i.e. allochthonous) samples are shorvn in Figules 5,5 and

5.6. The frecluency distributions for the two sample points is clearly different,

as demonstrated by the nean leaf lengtir values; 80.9 mm for the autochthonous

litter and 68.3 mm for the allochthonous litter.

The mean value of leaf length fol the upstream sarnple is gleater than that

recorded for any of the nolth-east Queensland SNVF sites, but is olly rnargina,lly

greater than tlie upper limit recorded fol an individual sample flom SNVF. The

mean leaf length value for the downstrearn sample is horvevel well within the

range recorded for the SNVF sites (Table 4.11).

In Figure 5.7, the fi'ecluency distributions of leaf length (curnulative frequency)

for the two sample points are contlasted. This Figure clearly dernor-Lstrates that

the leaves from the lorvel pool (allochthonous leaves) ate on avera,ge smaller than

the leaves from the uppel pools (autochthonous).

The cumulative frecluency distributions of leaf width for the two sample points

are shown in Figure 5.8. Again, the autochthonous litter sample contains much

larger (i.e. wider) leaves than the allochthonous litter sample. The frecluency

distribution of leaf rvidth for forest floor litter from Mt Lewis EP18 has been

included to further analyse the differences betrveen the two stream samples.

The frequency distribution of leaf area (curnulative) for the trvo stream sam-

ples emphasises the reduction of leaf size in the allochtlionous sample (Fig. 5.9).
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Fig. S.5 Frequency distribution of leaf length for upstream litter sample (autochthonous)..
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Fig. 5.6 Frequency distribution of leaf lengrth for downstream litter sanrple (allochthonous).
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Fig. 5.2 Cumulative Frequency distributions of leaf length for upstream (autochthonous) and downstream

(allochthonous) litter samples.
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Fig. 5.8 Gumulative Frequency distributions of leaf width upstream (autochthonous)

and downstream (allochthonous) litter samples conpared with forest floor

(SIWF Mt. Lewis EP18 ) .
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Fig. 5.g Gumutative Frequency distributions of leaf area upstream kutochthonous) and

downstream (allochthonous) l¡tter sarnples-
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In tl're leaf length distributions the maximum size for the two samples was clearly

different, with the autochthonous sample including leaves up to 204 tnm, wheteas

leaves in the allochthonous sample l'eached only 160 mm. The variatiott in max-

imal lengths recorded in the forest f.oor sarnples recorded similar differences

(Chapter 4). This implies that the difference between the autochthonous and

allochthonous samples is not significant. The maxirnurn sizes recorded by leaf

area are similar for the same sallples; 77.3 cm2 and 76.0 crn2 respectively.

This suggests that primarily long leaves, i.e. leaves generally much longer than

broad (higher L/W ratio), are brealiing during transport from the upstream point

to the downstream point. Leaves ofequivalent atea, but greater width, are better

able to survive transport. The Mt Lervis EPlB site represents the upper limit of

leaf size (as measured by leaf length; mean = 71.8 mm) for all of the SNVF sites

considered i¡ Chapter 4. Yet clear'ly, both stream samples have on average wider

leaves, despite a lorver value for mean leaf length for tlte autochthonous sample

(i.". 68.3 mm). An alternative explanation therefore, is that the streamside

vegetation has on average wider leaves than the main forest.

A comparison of silhouettes from a selection of leaves from the upstream

(Fig. 5.10) and downstream (Fig, 5.1L) samples demonstrates the rnain differences

in size. Each silhouette represents the largest leaf of eacl-L type encountered in

the samples. No obvious diffelences are appalent with leaf shape, horvever. The

overall diversity in the dowr-Lstrearn sample is much higher than the upstream

sample (upstream, 22 spp; dorvnstlearn, 31 spp: see Chapter 7), with only 15

species shared in common betrveen samples.

Litter frorn tl-re surlorurding forest at this site rvas not sampled so a compar-

ison of the proportion of non-entile leaf margins is not as meaningful. However,

the values for the trvo sample points ale very similar and fall within the range

observed for the other SNVF litter sites from N.B. Queensland (Table 4.6). This

suggests that if there is a streamside bias in the proportion of species with leaves

with non-entire margins, it is being masked by the input of a large proportion

of leaves from the main forest. A rnore parsimonious explanation is that there is

no streamside bias with respect to rnargin type in this example.
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Fig. 5.1O Silhouettes of leaves from upstream litter sample.
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Fig. 5.1 I Silhouettes of leaves f rom downstream litter sam9le.
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The main conclusion that can be drawn from this evidence however, is that

stream transport prior to deposition causes a signiflcant shift in the average size

of leaves in a leaf bed flom the avelage size in forest floor litter. The leaf size

distribution of a fossil leaf bed is therefore expected to be similar or slightly

smaller than the leaf size distribution for leaf litter from the forest floor of the

same forest type.

5.3 Streamside Bias.

5.3.1 Site Descriptiou: Washpool / Coombadjha Creek - NSW

A detailed description of the Coombadjha Creel< site is given in Chapter 3, horv-

ever some repetition is useful l-Lere. The Coombadjha Creek a ea was domi-

nated by the canopy tree Ceratopetalum apetalum, with Doryphora sassafras as

a co-dominant. A large pool on Coombadjha Creek was sampled for leaf litter

(Fig. 5.12). The canopy of the forest on either side of the stream did not meet

over the creek and a substantial gap existed over the pool.

The forest near the stream and the pool included some large specimens of

Callicoma serratifolia and also Bat"¿ksia integrifolia (Proteaceae), a species not

normally associated with rainforest. The streamside vegetation consisted of an

illdefined corridor of bushes and shrubs, mainly Quirttinia sieberi, Acradenia

euodiifolia (Rutaceae) and Callicoma serratifoli¿ Andr. (Cunoniaceae). Much

of the stream and pool bank was covered by a fern, Sticherus fl,abellatus (R.Br.)

St.John (Gleicheniaceae).

ó.3,2 Analysis.

Several bags of litter rvere collected flom the surface of the rnud at the bottom

of the pool in Coombadjha Creek (Figs 5.12 & 5.13). The pool bottom rvas

covered by leaf littel in a layel several centimetres tliick. Simple hand grabs

of litter were placed in plastic bags until an ecluivalent cluantity to the forest

fl.oor collections was collected (Chapter 4) and the excess water drained of[. The

frequency distributions of leaf length and width for the stteam sample are shown

in Figures 5.14 and 5.15. The physiognomic signature of the surrounding forest is
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Fig. 5.12 pool on coômbadjha Greek. Leaf collection

wasfromamatofleavestothecentreofthepool.
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Fig. 5.14
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Fig. 5.15
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contrasted with the ,tr'"ì- sarnple using the cumulative frequency distributions

of leaf length (Fig. 5.16), leaf rvidth (Fig. 5.u), relative width (Fig, 5.18), and

leaf area (Fig. 5.19).

Overall, there are few differences between the physiognomic signatures of

the Coombadjha Ck Strearn and forest floor litter. The leaf width and relative

width frequency distribution's for the forest floor litter and the stream samples

(Figs 5.17 & 5.18), do not suggest the presence of a stenopliyllous streamside

vegetation. The mean leaf rvidth of the sample is at the upper end of the range

demonstratedfortheforestfloolsamples (Table 4.I2), Therangeof leaf shapes

for the stream sample can be contlasted with leaves from a litter sample in

Figures 5.20 and 5.21.

There is no difference in the proportion of non-entire leaves (individuals)

between the Coombadjha Ck forest floor and stream samples (Table 4.6; Figs

5.20 8¿ 5.21). The main difference is a greater number of leaves of Callicorna

serratifolia. which has a serrate rnargin (Fig. 5.21 A). The lack of a difference in

the proportion of individuals with non-entire margins is perhaps not surprising

given the very high propoltion of the forest flora witli non-entire margins as

the New South Wales SNVF litter had very low species diversity (typically 7

species in a sample; see Chapter'7). In particular, the canopy (and the litter)

was dominated by Ceratoytetalum, apetalurn (see Chapter 7)'

The relative width frequency distlibutions (Fig. 5.17), howevet, suggests that

a streamside leaf size bias maybe present at this site with the plants at the

stream-edge producing orì avelage larger (i.e. broader) leaves thar-L in the main

forest (Figs 5.20 & 5,21), However', this difference is not apparent if either leaf

length (Fig, 5.16) or leaf alea (Fig. 5.17) are used as the measure of leaf size.

5.4 Discriminant Analysis.

In the previous Chapter, Discriminant Analysis was used to demonstrate the

uniclue physiognomic signatules for each of the forest types. Discliminant Anal-

ysis can also be used to test the membership of nerv samples to pre-existing

classifications. Within the SPSSx packa,ge, the origirlal data matrix was retained
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Fig. 5.16 Gumulative leaf length frequency distributions of leaf litter

from the forest floor and the bottom of a pool (stream).
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Fig. 5.1 7 cumulative width frequency distributions of leaf litter

from. the forest floor and the bottom of a pool (stream).
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Fig. 5.18 Gumulative relative width frequency distributions of leaf litter-

from the forest floor and the bottom of a pool (stream).
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Fig, 5.19 Ctlmdative area frequency distributions of leaf litter

from the forest floor and the bottom of a pool (stream).
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Fig. 5.20 Leaf silhouettes from litter (torest floor) Washpool/Coombadjha Ck'
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Fig. 5.21 Leaf silhouettes from streambed sample, coombadiha Gk'

A Callicoma serratif olia'



(and thus the original Discriminalt Functions), and the Stream litter samples

analysed as ungrouped cases in a new Discriminant Analysis. The Scatterplot

from tlris analysis is shown in Figure 5.22 and the classification summary in

Table 5.1.

The Coombadjlia Creek (SNVF Nerv South Wales) Stream samples, grouped

with the other SNVF forest floor samples (Fig. 5.22), and were classified as be-

longing to the SNVF Group by the analysis (Table 5.1). The Mt Windsor Stream

samples produced a mixed classification with one sample (the upstream sample)

grouping with the CNVF forest floor samples (Fig. 5.22), and was classifled as

belonging to the CNVF group (Table 5.1). The downstream sample from Mt

Windsor howevet, was gïouped rvith the SNVF forest floor samples (Fig. 5.22),

and was correctly classified as belonging to the SNVF group (Table 5'1).

5.5 Discussion.

Most fossil leaf beds are formed in water bodies, including streams. It is there-

fore important to understand both the taphonomic corìseçluer.ces of the trans-

port of leaves on the physiognornic charactel of leaf beds formed in stream beds

(and other water bodies), and the possible influences of physiognomically dis-

tinct streamside vegetation (MacGinitie, 1969; \Molfe, 1971 1980a). With this

understanding of the inherent taphonomic bias, the physiognomic signatures of

stream bed leaf deposits can be correctly related to the soulce forest type.

In the previous a,nalysis, the taphonomy of two exarnples of recently formecl

or 'neofossil' leaf beds in Siurple Notophyll Vine Forest were examined; one in the

tropical N,E. Queensland region, the otlier in the essentially warm temperate Nerv

South Wales region. In general, these stleam bed samples were sufficiently similar

to the forest floor samples to allorv direct comparison and determination of the

correct forest type by Discrirnina,nt Analysis. There were however discrepancies

which bear further discussion.

The Mt Windsor strearn samples, and to a lesser extettt, the Coombadjha Ck

stream samples, demonstrate a bia,s torvards larger' leaves in the streamside veg-

etation reflected in the autochthonous stlearn litter (Figs 5.5 & 5.8), This bias
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Fig. 5.22. Scatterplot of f orest f loor leaf litter samples

and stream litter samples (Function 1 vs 2).

I YY

fY"*t
V

WV

)

o
o

(\¡

o
troz
=lr

;!tnoømrorvous

o

mff

o
o

o

o

-10 -8 -6 -4

-t+¡ l:""**^u
il snvf

T

cmvf

o
tl

o

*¡uocx¡rorous

468101214161820-202
FUNCTION 1



Table 5. 1.

DISCRIMINANT ANALYSIS OF LEAF LITTER SAMPLES:

Classif ication Results.

NO. OF PREDICTED GROUP MEMBERSHIP

FOREST TYPE CASES SNVF CMVF CNVF MFF

Simple NotoPhYIl
Vine Forest

15 1_5

100.0t

0

0
0.0t

0
0.0*

2
66.7+

11
100. 0t

0
0. 0t

0

0. 0*

0
0. 0*

0

0
0.0%

t2
100.0*

0
0.0*

1

33.3*

0

0. 0t

0
0. 0g

0
0t

4

100.0t

0. 0t

0
0*00t0

Complex MesoPhYll
Vine Forest

11

Complex NotoPhYII
Vine Forest

Microphyll Fern Forest 4

SNVF Streanbed LiÈter 3

0å0

L2
0

PERCENT OF ilGROUPED" CASES CORRECTLY CLASSIFIED: 100'00t



towards larger leaves is seemingly compensated however, by a shift to smaller leaf

sizes following stream transport of the litter over small distances (100 metres),

presumably by the selective survival of the smaller leaves (Mt \Mindsor down-

stream; Figs 5.7 & 5.8), A furthel important point is that the uppel and lower

Iimits of average leaf length for the streambed litter was within the range ob-

served for the forest floor SNVF samples, and outside the range observed for the

forest floor samples frorn the forest types with the next largest (CNVF, Table 4.7)

and next smallest leaves (l\4FF, Table 4.15; Fig. 4'47).

These results suggest a number of points. In Chapter 4 it was demonstrated

that each of the four forest types examined - CMVF, CNVF, SNVF, and MFF

- had a unique and identifying physiognomið sigr-Lature. The results discussed

above suggest that the taphonomic bias associated rvith stream deposition is

measurable, and in the case of SNVF (above), is of a scale which (in most cases)

still permits a colrect determination of the source forest type.

The direction of this bias is generally torvards smaller leaf sizes in a fossil

d.eposit than in the original input of leaves frorn the (streamside?) vegetation.

However, the generally larger lea,ves of the streamside vegetation may produce

a bias (compared to tl-Le forest interior) towards tl-re upper end of the range of

leaf sizes for the forest type. As a general rule then, Ieaf beds rvith a leaf size

physiognomic signature at the lorvel end of the range observed for SNVF forest

floor litter should be consideled to have oliginated in that forest type. The

situation with the other forest types needs further cla,riflcation, however.

In Chapter 3 the difference betrveen the leaf size characteristics of the rain-

forest canopy (from Webb, 1959) rvere contrasted with the size characteristics

of the forest floor for the foul forest types (Fig. 4.1). The degree to which the

leaf size 'spectrum' of litter represented by the proportion of leaves in each of

the Raunkiaer/Webb leaf size classes deviated from the carÌopy decreased with

decreasing average leaf size,

Leaf litter is a deposited leaf assemblage, and so in tl-Le same malÌner as a fos-

sil leaf assernblage, it experiences changes in representation througl-L taphonomic

processes. To reverse the analogy, given the decreasing tapholLomic bias demon-
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strated for the four forest types in the tr,ansition from canopy charactcristics to

Iitter,itisplausibletlratthe<legreeoftaplrorromicbiasintheaverageleafsizc

of a stream bed leaf deposit rvill var:y fo¡'ea.ch of the forcst types. Based on tltc

canopyàlitterexample,itisreasonabletlrerefore,tosuggestthattlredirection

ofthechangeintl.retaphorrorrricbiaswillalsobetoproduceanincreasingbias

with an increase in the average leaf size of the source forest of the leaf input'

This last point lias sevelaj itnportant implications' It has becn demonstrated

abovethatstreambedleafbeclsderive<lfromsNvrcanbedemonstratedtolrave

originated in that forest type. If the direction of the taphonon-ric bias of leaf

size is the same as the canopy + litter, tlien MFF can be similarly related to

fossil beds derivecl from this folest typc' Fossil leaf becls delivctl f|om CN\/F

and GMVF, horvever, may uot be clistinguishable rvithout fìrst dctertnining the

degree of taphonornic bias aucl stt'eamside bias for these forest types' Il rvorrl'l

seem however, that fossil leaf beds delived from cNVr and clvIVF cau be reliably

distinguishedfi.omsNVra'ncllvlFFcler.ivedfossilleafbeds.
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Chapter 6

FOLIAR PHYSIOGNOMY
AND CLIMATE

6.1- Forest Classification and Climate.

Many systems of climatic classification have been used to explain the modern

world distribution of vegetation types. Two in particular - Holdridge's Biocli-

matic system, and that used by \A/olfe in his physiognomic classilìcation - have

been used to link the foliar physiognomy of vegetation to climate (Holdridge,

1967; Dolph, 1979; Dolph and Dilcher, 1979 1980; Wolfe, 1980a). Both of tliese

systems concentrated on some aspects of temperature. An essential difference

between these systems is lloldridge's use of "Biotemperature" as opposed to the

annual average ar-Ld the annual larÌge of temperature used by Wolfe.

Biotemperature is determined by calculating tlie mean annual temperature

(the mean of the maxirnum and minimum) fol all days where tl-Le temperature is

above 0'C or belorv 30"C (I{oldridge, 1967). All days rvhere tl"Le mean tempera-

ture is below 0'C are counted as OoC, and days where the minimum temperature

is less than OoC are calculated using OoC as the rninimum. On days where the

temperature exceeds 30oC, the daily mear-L ternperature is ideally calculated from

hourly readings, with each reading above 30oC counted as OoC. Each vegetation

unit is defined by a combination ofthe annua] mean rainfall, and the Biotemper-

ature (Fig. 6.1).

This latter criterion malies Holdridge's system diffcult to apply in areas where

daily temperature exceeds 30'C for snall parts of the day and for discontinuous
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Fig. 6.1 Holdridge Diagram with litter collection sites.

CMVF 1 - 3, CNVF 4 - 6, SNVF 7 - 10, MFF 11.

The mean percentages of Webb's leaf size classes

for titter for each forest type is listed

on the right of the diagram.
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periods over th.e year as most nleteorological data is only recorded perhaps four

times a day (eg. Anon., 1983). Iloldridge's rationale is that plant growth does not

occur above 30oC or belorv 0oC so that the temperature characteristics of the re-

maind.er of the year are the rnain determinant of vegetation character (Holdridge,

1e67).

Dolph and Dilcher usecl the l{oldridge climate classifrcation to find correla-

tions between t[e foliar physiognomic characteristics of tl're vegetation and cli-

mate of Costa Rica and the U.S. states of North and South Carolina (Dolph'

1979; Dolph and Dilcher', 1979 1980). In the flrst study Dolph found no col-

relation betrveel the percentage of species having leaves with entire margins

with either mean annual aveta,ge biotemperature, tnean anlual precipitation, the

potential evapotranspiration ratio, or a combination of these variables (Dolph,

lg7g). Dolph found a veÌy high level of variation between adjacent sites due to

changes in the local species composition. These results are in marked contrast

to the correlations presented for regionally defrned vegetation types (eg' Wolfe,

1971 1980a).

The analysis of tI'Le vegetation of the Carolinas examined a greater variety of

foliar physiognomic characteristics, including leaf size and margin type (Dolph

and Dilcher, 1979). Dolph and Dilcher found variation at the local level obscured

tl-re relationship between clinate alLd the prevailing foliar physiognomy. However,

a study of leaf-size variation (the proportion of species with 'large leaves') found

that three foliar belts could be lecognised for the vegetation of Costa Rica (Dolph

and Dilcher, 1980). Again horvever', they found very high levels of variation

between adjacent sites.

Dolph and Dilcher suggested on the basis of the high observed variation

between local sites that col'relations based on regional vegetation oversimplify

complex interactions at the local scale between species composition, foliar phys-

iognomy, and the envilonmerìt (Dolph, 1979; Dolph and Dilcher, 1979 1980).

Deposition of leaf rnaterial is genelally cor-Lsidered to be local (Dolph, 1979 1984;

Ferguson, 1985), aud so leaf beds are lihely to represent the foliar physiognomïc

characteristics of local vegetation (Dolph, 1979 1984; Dolph alrd Dilcher, 1979
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1980: Roth and Dilcher, 1978).

It is therefore important to undelstand correlations between the foliar phys-

iognomic characteristics of local vegetation and the local climate. More partic-

ularly, it is necessary to understand the correlations between the foliar physiog-

nomic characteristics of leaf beds and the local climate, and hence the climatic

signal contained in tl-re leaf-beds formed frorn the local vegetation.

Wolfe's physiognomic classification of the S.E. Asian folests is based on cor-

relations of forest structule and foliar physiognomy (mairily the proportion of

canopy species witlt lron-entire lnar'gin leaves) rvith annual average temperature

and the annual rarÌge of temperatule (!Volfe, 1980a; Fig. 6.2). Webb's forest clas-

sifrcation however, is based on colrelations of forest structure and physiognomy

(including both leaf size and margin type) rvith a combination of edaphic and

climatic attributes (Webb, 1959 1968). Leaf size, however, was more strongly

under the influence of annual average temperature than other factors (Webb,

1e68).

Wolfe compared his classification to Webb's forest types using data from a

small number of meteorological stations within AustraLia to provide the climatic

characteristics for each of the rnain forest types - MFF, SNVF, CNVF, and

CMVF (Fig. 6.2), and the structural and physiognomic characteristics listed by

Webb (1e58).

Webb's Complex lvlesophyll Vine Forest was considered by Wolfe to be anal-

ogous to his Paratropical Rainforest. Wolfe's Paratropical Rainforest is distin-

guished from Tropical Rainfolest on the basis of the presence of only three tree

layers in the Paratropical Rainfolest (cornpaled to four in Tropical), and the cor-

relation of this forest type to the climatic limit of an annual average temperature

below 25oC, and above 20'C (i.e. Megathermal Vegetation), and a mean warm

month temperature below 30'C (Fig. 6.2).

The Complex Notophyll and Simple Notophyll Vine Forest of Webb's classifi-

cation were regarded by Wolfe as lepresentirg the uppel and lorver climatic limits

of his Notophyllous Broadleaved Bvergreen Forest (Fig. 6.2). The climatic limits

of tlús forest type are delined by a annual mean ternperature below 20oC, and
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Fig. 6.2 Wolfe's forest classification contrasted to
, Webb's forest types (f rom Wolfe, 1980)'
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above 13'C (i.e. Mesothermal vegetation), and a rnean warmest month above

200c.

As discussed above, \Ä/olfe's forest classification is based on correlations be-

tween regional vegetation and climate, and iu particular, the foliar physiognomic

characteristics of the canopy species. The correlations noted by Webb were also

of a regional nature and gave little detail, It is necessary therefore, to examine

the climatic limits of Webb's forest types in more detail, and frorn this basis

examine the correlations between the foliar pliysiognomic characteristics of leaf

beds formed from local vegetation and the local climate.

6.2 The Climatic Characteristics of Australian Rain-
forest.

Holdridge's system requires a detail of information not readily avaiiable for much

of the areas in Australia whel'e rainforest occurs, however a preliminary analysis

of the litter collection sites is presented here. f igure 6.1 also shows the I{oldridge

classification of the litter collection sites. The biotemperature of the sites has

been estimated from records of nearby rneteorological stations (Anon., 1983; Ta-

ble 6.1) at ecluivalent elevation within a 50 km radius of the sites. As can be seen

from this Figure, most of the sites are not 'rainforest' as defrned by Holdridge's

system, with much of rvhat is considered 'rainforest'under other classifrcations

classifred as 'wet forest'.

Wolfe criticised I{oldridge's systern for applying unrealistically high lower

limits to the rainfall criteria for the boundary between 'wet forest'and 'rainforest'

(Wolfe, 1980a). Certainly under Holdridge's classification there is almost no

rainforest in Australia's tropical region (see Fig. 2,10). The sites included on the

Holdridge Diagram cover most of the climatic range of Webb's main forest types

(CMVF, CNVF, SNVF, \4FF). It is clear from this diagram that Webb's forest

types do not correspond to lloldlidge's folest types. The clirnatic characteristics

of CMVF however', ovellap acloss the 'Wet Forest' and 'Rainforest' of Holdlidge's

climatic classiflcation (I{oldridge, 1967),

The mean proportion of leaves for each forest type (all sarnples for all sites
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Table 6.1 Climatic data f or selected stations, Anon., 1983.

QUEENSLAND

LATTTUDE ALTIÎUDE MIN T C MÃX T C RANGE MEAN LOCATION

1
2

3
4
q

6
't
I
9

10
11
L2
15
13
14
16
r''t
18
19
20
2I
22
23
24
25
26
27
28
29
30
31
32
33
34
37
38
40
41
42
43
44
45
46
47
48
49

09
06
39
24
06
32
52
02
30
L4
44
54
48
10
),2
49
11

1b.
2r.
t7.
1?.
13.
16.
L8.
19.
16.
18.

16.
1'7 .

14.
t2.
t4.
13.
14.
15.
13.
15.
12.

25.
ôt

29.
ao

28.
27.
29.
27.
27.
28.
28.
29.
27.
26.
27.
26.
28.
25.
23.
26.
25.
24.
zô.
25.
26.
24.
25.
25.
25.

25 .4
26 .6
25 .4
24.8
a< Ê

20.0
19.I
26.1
24 .6
22.7
24.7
24.r
24 .6
23.5
23.3
24.L
23 .6
24.5

22 .0
23 .6
22.9
2t.8
18.4
21 .5
22.7
22 .6
2t.4
22 .0
21 .4
20 .5
2r.6
20 .0
19.0
20 .4
20 .3
20 .6
20.t
77 .6
20.7
19.0
20 .0
20.8
]-4.7
19.3
L9 .7

13
10
L2
16
15
L"ì
l7
16
16
I7
16
18
19
t'7
L7
19

57
35
47
53
28
23
L2
23
29
00
06
16
11
51

20 .5
24.0

r92.
67.
t8.
3.
1.

899.

2L.
20.
22.
14.
15.
23.
20.
15.
2r.
19.

Coen P.O.
Thursday Is. Aero
Iron Ra. Aero
Cairns Aero
Cooktown
Herberton
Kairi Exp. Stn.
Lor^, Is Ies
Port Douglas
Mareeba
Fitzroy Is,
Cardwell
Cape Cleveland
InniS.F,aiÌ
St.h Johnstone
Townsville
Ingham
Hayman Is.
MacKay AERadj-o
MacKav Suger Mil-I
Pine Islet
Proserpine
Yeppcon
Bulburin For.
Bundaberg P.O.
Bustard Hd.
Cape Capricon
Childers P . o.
Sandy Cape
Bundaberg Aero.
Caloundra
Coo].angata
Pomong (OMO)

Croamhurst
Gympie
Imbil Forest
Maryborough
Southport
Mt. Tarnbonhe
Brisbane Airport
Samford CSIRO
Sandgate
Tewantin P . O.
Ormist on-Redlands
Nambour
Coolangata Aero.

6

9

6

0

5
2
5
4

0
3
7
5
6

7
3
4

7
4

7

7

9

5
4

0

7
3
7

5
1
5
0
1
2
4

2
2
B

I
B

1
'7

5
1

4
5
5

4

3
4

5
6

5
7

6

I
?

3
2
3

3
't

4

4(
1

4

4

9

0

5
q

J
5
6

2
7

6

2
9

7
7
6

2
7

0

7

B

5
B

I
9

0
7

9

1

0

7

B

9

2
5
1

1

30.
29.
29.
28.
28.

3
2
5
9
7
6

0
1
I
9
4
1
7
5
2
't

6

7

6

4

0
I
B

1
4

1
5
B

3
0
4
't
2
1

I
I
3
0

1
6

2
0

3
B

5
3

9.
(
B.
B.
6.
1.
9.
6.
B.

t2.
5.

10.
6.
8.
9.
9.

12.
6.
8.

10.
4.
9.
8.
9.
9.
6.
5.

10.
6.

11.
7.
7.

B

2

2
2
3
a

5
0

4

5
q

1

2
0

9

2
0

5
9

I
B

9

1
4

8

9
8

B

6

2

9

9

4
2
B

1

4

9

1
9

4

1

1

3
4

2

'tr

33
10

36
L5
40
03

5

1

1

2I
19
1B
19
I'l
2I
17

18
20
2t
2I
2I
20
23
24
24
24
23
25
24
24

13.
57.
L2.
10.

99.
30.
46.26

28
26
26
26
26
25

10.
t2.
12.
tJ.

14
16
14

602
13
85
77

108

6

76
180

94
105

1

525
2

52
1

9

26
28
33
57
58
26
22
19
24
35
38
10

26.
26.
25.
22.
25.
25.
25.
25.
24.

9.
9.
9.

12.
r-0.

9.
10.
L2.

9.

11

,27'2't
2'l
2'l
27

19.

26
27
26
2B

24.
30.
5.

t3
15

25
24



Table 6.1 continued.

NEW SOUTH WALES

LATITUDE ALTITUDE MIN T C MAX T C RÀNGE MEAN LOCATION

50
51
52
53
54
55
56
57
5B
59
60
61
62
63
64
65
66
67
6B
69
70
7L
'12

73
74
75
76
11
78
't9
80
81
82
83
84
85
86
87
88
89
90
91

33 42
33 43
33 27
34 01
3L 28
31 '23
29 4L
28 51
28 2T
30 27

40
09

49
3B
26
39
45
59
28
42
L4
31
36
54
37
45
19
36
01
06
0?
26
04

1200.
13.

914.
900.

1030.
9?5.

1188.
9.

22.L
17.1
!7 .2
76.7
16.6
15.7
24.0
24.0
2s.5
23 .6
2s.B
2s .6
23.0
23.r
23.1
24.7
22.5
23.5
23.0
19.4
27.9
19.0
23 .6
18.8
16.9
20.3
20.t
2r.5
17.8
2t.B
25.3
2L.5
24.5
aa Ê

23.'t
2r.9
1,7 .4

17 .2
18.0
17 .5
t'l .7
10 .5
l.5.2

9 .'t
L2.3
12 .4
11.1
10.0
18.0
].t.6
19.4
19.1
19.9
18. B

19.3
18.4
18.0
18.9
19.5
20.0
79.2
13.1
17.1
12.2
17 .0
r.3.3
11.4
13 .8
t3.2
15 .1
13.1
17 .0
19.3
L6 .7
19.3
15.4
19.0
17 .5
11.5

7.r
8.0
8.3
9.8
9.8

13.9
14. B

9.8
8.7

11.1
11.5
t2.0
12.8
72.2

9.0
r_1. B

13.6
7.5
9.4

r0.2
tt.7
11.9
7.L
7.7

72.7
9.6

13 .7
13.3
11.4
11.1
13.0
13.8
t2 .9

9.4
9.6

12.0
9.7

10.5
14 .3

9.4
8.8

11.9

20 .7
22.0
2L.6
¿¿,Þ

13.6
14.0
13.3
t2.8

8.2
2.3
't .4
8.0
5.5
4.2

12.0
t7.2
13.3
14.6
14.0
L2.0
15.5
13.7
72 ,9
13.0
13.4
16. 4

15.3
6.'l

t2.3
5.3

10.3
7.4
5.8
t.5
6.3
8.6
8.4

12,2
13.3
1l-. B

14.0
8.2

14.3
13.1
5.5

640
92
18

225

20
52
25
19

55
19
52
26

27
33
34
31

36
37

30
30
31
29
28

1

0

3
0
0
4

0

0
0
0
't
1

Mt. Glorious
Sydney Ro
Nth Wollongong
Bellangry S.F. 1

Bellangry S.F.2
Bega
Bondi S .F.
Wentworth Falls
Katoomba
Lidsdale S.F.
Gurang S.E.
Wauchope S.F'
Yarras/Mt. Seaview
Grafton
AIstonviIIe
Murwillumbah
Bellingen
Smoky CaPe LH
Coffs Harbour
HarinEton P . O.
Harwood Sugar MilI
Lismore P.O.
Cape Byron LH
Yamba Pilot Stn.
Mt. Mitchell
Tabulam
walcha P.O.
Urbervílle
GLen Innes
Guyra
Armida].e
Uralla
Girard S.F.
Styx River
Muirne
Condong Sugar t"till
Whian whion
Broadwater Sugar MilI
Clouds Creek
woolgool-a S.F.
PorE Macquarie
Nalbaugh S.F.

28
29
29
28
30
28
29
30
30
30
28
30
28
28
28
29
30
30
31
37

146.0
9.0

152 .0
18.0
22.9

128.0
5.0
6.0
2.0
9.0

91.0
29.0

999 .'l
s20.0

1032.0
365.8

10 60 .0
1350.0

980 .0
1016 . 5

6?0.6
1036.3
701.0

4.9
381.0

]-5.2
500.0
30.5
16.5

?31.5

VICTORTA

92
93
94
95
96

39 0B
37 42
37 49
38 06
37 32

r6.2
20.L
19.9
19.4
20 .6

13.7
14.5
14.3
13. B

t4.2

5
11
11
11
t2

11. r_

8.8
8.7
8.2
7.7

88.?
45.4
14.0
a.6

88.4

2
3
2
2
9

Wilsons Prom
Orbost
Bairnsdale
Sale
Cann River



pooled) representecl in three of Webb's leaf size classes - Microphyll, Notophyll,

and Mesophyll - has beell inclucled on the Holdridge Diagram (Fig. 6.1). A

gradation iD the proportional representation in each size class can be seen from

the Montane to the top of the Tropical Basal Belt. The CNVF sites (4, 5' & 6)

difÌer from the CMVF sites (1,2, & 3) by the relative proportions of Microphylls

and Mesophylls. The \,IFF site (11) anrl the SNVF sites (7, 8, 9, & 10) differ by

tlie relative proportions of \{iclophylls and Notophylls. This suggests that trvo

rnain fo]iar belts can be recognised on the basis of the dominant leaf size class

(i.e. Micropliyll in I\{FF ancl SNVF, Notophyll in both CNVF and GMVF), and

that these foliar belts can be clivicled into secondary belts on the basis of tlie

relative proportions of the lesser leaf size classes'

Wolfe considerecl Webb's CIvIVF to represent his Paratropical Rainforest and

both CNVF a¡d SNVF to reprcsent his Notophyllous Broadleaved Forest (Wolfe,

1g80a), Ilowever, a rnore cletailed exarnination of the clirnatic characteristics of

the total range of these forest tvpes in N.E. Queensland (Fig.6.3), suggests that

the climatic lirnits of the Austlalian rainforests overlap tlie boundaries of Wolfe's

forest types.

The Figure represents a scries of sites selected from meteorological records

(Anon., 1983) for stations on tlte east coast of Australia known to be at a similar

altitude and within 20lim of a urapped occurrence (webì: and Tracey, 1982) of

one of the four rainforest types considered. An additional criterion was that the

station had to have an a,rurual average rainfall in excess of 1000mm, as this seems

to be the general cut-off for rainforest in Australia. Some additional sites were

added from literature soulces (Tracey, 1982; Brasel, et al., 1985)' The data for

each of the statio¡s are given in Tqble 6.1, The annual mean temperature for

each litter site rvas calculated from lapse rates determìned from these stations

(Figs 6.4 & 6.5). The annual rarìge of ternperature was estirnaterl from the nearest

station.

The climatic clistribution of CMVF in the lowlands is defrned by a minimum

annual aveïage tempelature of 22oC, rvith a few sites with an annual average

temp. il excess of 25'C (eg. Coolitorvn and Low Isles). Cornplex Iúesophyll
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Vine Forest occurs within 10 km of Cool<town and further to the north, and also

on the Low Isles (Tracey and Webb, 1975; Tracey, 1982; Webb and Tracey, 1984).

It would seem therefore, that CMVF (in part) is intermediate betrveen Wolfe's

Tïopical Rainforest and his Paratropical Rainforest'

A zone of ovellap in the clirnatic characteristics of CMVF and CNVF is

indicated for the Atherton Tableland area of N.E. Queensland (sites Gadgarra,

Kairi, and Mobo Creek). Cornplex Mesophyll Vine Forest (type 1b of Tracey,

1982) and Simple Mesophyll Vine Forest (type 2a) occurs on the basalt soils of

the eastern edges of the Atherton Tablelar-Lds. Complex Notopliyll Vine Forest

(type 5a of Tracey, 1982) occurs at similar altitudes on the more seasonally dry

western half of the Tablelands on the same soils,

In this area CMVF and MVF occuls at an arÌrlual average temperature of

around 2IoC, but seerns restricted to areas rvhere the lvarrnest month is greater

than 25oC, and the coldest rnonth gleater than around 15'C (Fig.6'4; eg.

Gadgarra and Mobo Creek). \A¡ebb and Tlacey ernphasised the role of soil type

(and hence fertility) in controlling stluctural type in this region (Webb, 1968;

Tbacey, 1982). The overlap in the clinatic boundaries of CMVF and CNVF on

the Atherton Tableland reflects this edapliic interaction.

The cljmatic data for the CNVF and SNVF sites indicate a zone of overlap

at about 18 - 20oC annual avelage temperature (Fig. 6.3). CNVF seems to be

Iimited by the 17oC and 12oC mean coldest months, and a lorver limit of 22oC

for the mean of the rvalmest month. The SNVF sites, horvever, suggest that the

climatic limits of this forest type are deflned by an upper ürnit of about 13oC

for the mean of the coldest month, a lorver limit of the mean warmest month

of 18oC, and an upper limit of around 23'C; indicating a small overlap in the

thermal requirements of SNVF and CNVF.

From this analysis it is clear that \Ä/ebb's forest types are not strictly anal-

ogous to Wolfe's forest types. Cornplex Mesophyll Vine Forest overlaps across

the upper limit of Paratlopical Rainforest into Tropical Rainforest, and Com-

plex Notophyll Vine Forest sirnilarly overlaps the climatic boundary betrveen the

"warm temperate" Notophyllous Bloadleaved Evergreen Forest, and Paratropi-
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cal Rainforest. Simple Notophvll Vine Forest however, is rvell within the clirnatic

ümits of Wolfe's Notophyllous Bt'oacllea,vecl Evelgreen Folest.

Webb makes rLo d,irect connection betrveen climatic classilication and his folest

classifrcation (Webb, 1959), l'Lo'rvever he does suggest causal links rvitll annual

average temperature and a,nnual lailfall (including seasonality; Webb, 1968)'

The influence of edaphic factors (soil fertility) is consideled by Webb to be a

major determinant of forest type in conjunction rvith the climate (Webb, 1959

1e68).

The overlap between CNVF and SNVF shorvn on Wolfe's climatic classifrca-

tion (Fig. 6.3) illustrates the ca,pacity of CNVF to supplant SNVF and OMVF

on less favourable sites on soils of high fertility at the climatic limits of the latter

two forest types, and for CMVF to occur beyond the thermal limits detected

in the lowlands on highly feltile soils under very liigh rainfalls (Webb, 1968;

Tracey, 1982). Howevel Webb's classifrcation is based on tl-Le correlation of both

structural and foliar physiognornic features with environmental factors'

In the introduction to the thesis the point rvas made that the presence of

structural features can only be inferred from the fossil record. Foliar physiog-

nomy however, can be directly observed. In the following section the relationship

between foliar physiognomy and climate is examined independant of structural

criteria i.e. the correlation betrveen leaf size and margin type to cümate inde-

pendant of forest type.

6.3 Leaf Size and Climate.

6.3.1 Leaf Length and Temperature.

Some studies have found that the nean leaf length for particular taxa (Potts

and Jackson 1986; Conran 1987; Hu Chia 1986) is strongly correlated with the

source of the material and by inference, is refecting the average response of the

population to environmental factors.

According to Webb (1968), the prevailing leaf length class in the canopy

of Australian rainforests is contlolled primarily by ternperature. Wolfe (1980a)

suggested that the alnual average temperature (the mean of the mean annual
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maximum and minimum temPeratures) of an area is an impoltant determinant

of foliar physiognomy, mainly the proportion of species rvith entire rnargins, but

also leaf size.

The extent to rvhich tliis relationship rvas reflected in the litter samples rvas

tested by a linear regressiotl of the estimated annual evela'ge temperature of the

Iitter collection sites and the mean length recorcled for each site (Fig' 6'6)' The

average annual temperature fol tnost sites rvas estimated by calculating the lapse

rate for tlie local area of each collection site ( Table 6'1 )' The lilo\vn elevation

of each site then gave arì estimate of the annual average temperature (Figs 6'4

& 6.5; Table 6.2).

Figure 6.6 shorvs a clear rclationsliip betrveen the mean leaf length for the

litter collection sites and the estimatecl annual average temperatures of the sites'

The small variation present possibly leflects interaction rvith edaphic factors or

seasonal variation in rainfall betrveen sites as these factors ale also known to

affect leaf size (Webb, 1968).

6,3.2 Leaf 'Width aud Teurperature'

width does not decrease steprvise along a linear gladient from the rvarmest to

the coolest forest type (Fig. 4.47). Thele ale however appãrent differences in the

signatures of the four forest types. The leaves in CMVF differ from the leaves

in the CNVF litter by a genelal increase in length. This relationship is reflccted

by the high similarity in the cumulative frequency clistributions of leaf area for

CNVF and CMVF.

A linear regression of the mean leaf width fot' each site rvith tlie estimated

annual average temperature of each site (Fig. 6.7) also suggests that there is

no simple relationship betrveeu leaf rvicltli and the tempelaLure characteristics of

the forest types. with all of the sites inclucled the corlelation is not as good as

demonstrated for leaf length (r= 0.9482 for length; r= 0.8024 for rvidth)' Ilorv-

ever, if the strongly seasonal sites are excluded fi'om the regression i'e' Curtain

Fig (CNVF type 5a of Tlacey, 1982 - seasonal rainfall), The crater (CNVF

type 5b of Tracey, 1982 - seasolal temperature), and Barrington Tops (MFF

- seasonal ternperatur,e and rainfall?) - a much mole significant corlelation is

96



Fig. 6.6 Mean leaf length for each site plotted against

the mean annual temperature of the site'
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Table 6.2

Mean Leaf tength and Estimated Mean AnnuaI Temperatures for
the Leaf-litter Collection Sites.

Forest / Site Elevation
Mean

Leaf Length
Estimated

Temperature

MFF

SNVF

Barrington ToPS 1500m

is
wis Rd
wis EP18

Washpool Ck

11 60
1200
r_050

800

66
63
7t
62

16.5 **
t6.2 **
17.3 **
15.0 *

720
980
r_00

92 .9
82 .6
88.4

19.9 (1)
17.9 **
19.4 *

'120
t_0

t20

r.0r_.3
103.0
111.7

19.9
24 .6
24.5

(1)
(2t
*r(

48.6mm t-0.7 *

MT HA
MT Le
MI LE

5
5
8

B

CNVF Curtain Fig S.F
The Crater N'P.
Dorrigo N.P.

CMVF Mobo Ck
oliver Ck
Mulgrave River

* based on a lapse rate of 7.7oC / 1-000m and a baseline datum of
25 .4 C at sea level.

** based. on a lapse rate of 6.29C / l-000m and a basel-ine datum of
20 C at sea level-.

(1) Toc taken from Kairi Experimental Station (:-7oL2's, L45e34tE.ì
elev. 7L4.5m; Aust. Bur. Met.' 1983).

(21 Tec taken f rom Port Douglas (76o2gt s, I45o28t E; e1ev. 4.Orn,'

Aust. Bur. Met. ' 1983)



acheived (r= 0.9521).

These results suggest tha,t rvhereas leaf size as rneasured by leaf length is

ilcreasing proportionally with increases in the annual average temperature, leaf

width is also ilfluelced by rainfall and ternperature variation. This variablity

can also be expected to inlluence the relationship of the mean leaf area to the

clirnate.

6.3.3 Leaf Area and TernPerature.

The foliar physiognomic signatures of the four forest types demonstrated that

leaf area di{ not discriminate effectively between MFF and SNVF, and between

the two N.E. Queenslancl examples of CNVF, and CMVF (Fig' a.a8)' A linear

regression of leaf area and the estirnated annual average temperature of the leaf

litter collection sites (Fig. 6.8) demonstrates a lesser correlation (r= 0.9056)

than demonstrated for leaf lengtir and annual average temperature (r= 0.9482)'

If the more seasonal sites are excluded (see discussion above), a more significant

correlation is demonstrated (r- 0.9678).

This data emphasises the point rnade above that the Curtain Fig, Crater, and

Barrington Tops sites appear to be responding to their more seasonal climates by

producing on avetage wider leaves than would be produced at the sarne annual

average temperature under a non-seasonal regime (eg. Dorrigo CNVF). This evi-

d.ence suggests that leaf length is a better indicator of the prevailing temperature

characteristics of a forest than leaf area (or width). Leaf area and width may

therefore act as indicators of the seasonality of the climate.

A linear regression of the position of maximal width and annual average tem-

perature (Fig. 6.I ) dernonstrates no relationship between these trvo variables,

however serves to illustrate the preponderance of leaves with the widest part in

the lower third of the leaf in the seasonal sites. This effect could be due to the

lrigh proportion of vine lea,ves in the Curtain Fig site (28.1 - 40.6 To of leaves),

however i1 the Crater and Bauington Tops litter samples the proportions were

no greater (or in the case of Barrington Tops, significantly less; 0 - 1.3 %) than

for the other sites.

The higher proportion of leaves rvith a position of maxirnal width in the lower
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third of the leaf (i.e. non-elliptic) in the cuÌtain Fig, crater and Barrington

Tops sites suggests a causal linliage betrveen seasonality and leaf shape' The lack

of more detailed clata on clinate for the litter collection sites prevents further

analysis at this stage. The general uniformity and narrow range of the annual

average lange of temperature for rainforest sites in Australia (Fig' 6'3 ) suggests

that perhaps other factors are important in pÏoducing these differerrces in leaf

width and position of width, perliaps the incidence of extreme weather conditions

such as frost or occasional sholt droughts.

6.4 Leaf Margin AnalYsis.

Bailey and Sinnott obselvecl that the flolas of particular regions showed a cor-

relation between the proportion of species with non-entire margins and the tem-

perature characteristics of that region (Bailey and Sinnott, 1916)' Wolfe's phys-

iognomic and climatic classification of the moist forests of SE Asia took this ob-

servation further, and. dernonstrated strong relationships between the proportion

of canopy species in these forests rvith non-entire malgins and both the annual

average temperature ancl the annual avelage range of temperature (Wolfe, 1971,

1980a).

Dolph criticised \Ã/olfe for only consiclering canopy species as he found that the

subordinate species in the folests of Indiana showed no correlation with annual

average or annual average ïarìge of temperature (Dolph, 1984). Fossil leaf beds

are likely to co¡tain lea,ves fi'om all of the synusiae of the forest, and not just

those of the canopy (Ferguson, 1985).

The greatly {iffering species diversity between sites, horvever, (eg. Barring-

ton Tops, total 5 spp; Mt Lervis DP18, total2T spp), suggests caution with a

compariso¡ based on the proportion of species with non-entire margins. A lin-

ear regression of the mea,n proportion of leaves with non-entire margins for each

site, and the estimated annual average tempelature of each site, shows no clear

relationship betrveen these fa,ctors (Fig. 6.10).

There is a general trencl torvard higher proportions of individual leaves with

lon-e¡tire margins for ea,ch site rvith increasing latitude (Table 6.3) and to a lesser
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Fig. 6.10
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ì

extent in the tropics, with increasing altitude. Seasonal rarÌge of temperature [ie

the annual range of temperature of Wolfe (1971 1980a)] aÌso generaily ilLcreases

with latitude. The change along the east coast of Australia, h.orvevet, is slight,

and the Iocal variation is often greater than the variation between distant regions

(Fig. 6.1t). The incidence of fi'ost, and hence the incidence of extremes in the

daily minimum temperature, increase with latitude, particularly furtller inland

(Anon., 1983).

The incidence of these temperature extremes is seemingly masked in the an-

nual range of temqerature used by Wolfe (1971 1980a). For example, despite

similar annual average temperatule and annual average ranges of temperature,

the number of frost days experienced by I(airi and Grafton is quite different

(c.10 to c.30 days/year'). This may reflect an averaging effect frorn much milder

days over the same measuring period for Glafton. This is perhaps arÌ area which

should be further examined.

6.5 Discussion.

The discussion of the climatic characteristics of the forest types (above) illus-

trated the interaction of edaphic - soil type - and climatic factors - tempera-

ture and rainfall - in determiting forest type in N,F. Queensland (Fig. 2.1). The

strong correlation betrveen the mean leaf length of the leaf litter from the sites

and the estimated annual average temperature of these sites suggests that leaf

length is primarily controlled by temperature, rvlteteas the structural complexity

of the forest is determined by an interaction of edaphic and climatic factors (eg.

Webb, 1968; tacey, 1982).

At the extreme climatic lirnits of a forest type - eg. lower temperatures or

more seasonal rainfail - higher soil fertility may allow that forest type to persist

beyond the normal climatic lirnits. That is, the structural characteristics persist

(webb, 1g68; Tracey. 1982). The foliar physiognomy however, more strongly

reflects the climatic conditions. This irnplies that the dominant signal preserved

in the foliar physiognomic characteristics of leaf beds derived from the rainforests

types examined in this str.rdy rvill be climatic.
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Dolph dismissed leaf width as a separate character in foliar physiognomic

studies (Dolph, 1975). The data presented in Chapter 4 indicated that per-

haps leaf wi<lth was reflecting different determinants to those influencing leaf

length. The analysis of correlations with ternperature found tliat the seasonal

sites (mainly rainfall) departed frorn the expected width values for the estimated

annual average temperatures of the sites. This in turn was reflected in a reduced

correlation for leaf area and the annual average ternperature'

Why the more seasonal sites should produce on average wider leaves is not

clear. However, it can be,suggested that the foliar physiognomic signatures dis-

cussed in'ehapter. 4 ma¡'jbe sensitive to the seasonality of the original climate

of an area, in arld'tion to the prirnary ternperature characteristics. Similar com-

ments apply to the incidence of species and individuals rvith non- entire margins,

however the exact relationship here is even less understood (Wolfe, 1980a).
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Chapter 7

LEAF LITTER AS A
SPECIES ASSEMBLAGE

7.L Introduction.

The previous chapter(s) outlined the physiognomic character of leaf litter from

four types of Australian rainforest. The central aim was to determine the tapho-

nomic bias from canopy to forest floor and thus determine the physiognomic

signature of leaf beds derived frorn the four forest types. This was done indepen-

dant of the taxonornic identity of the leaves and pooled the physiognomy of all

the component taxa.

Some foliar physiognomic methods are based on the proportion of species

in a flora represented in discrete classes e.g. the proportion of species with

non-entire margins (Wolfe, 1980a 1987). There rernain however, a number of

questions relating to the taphonomic influences on the species composition of

fossil leaf beds, and tl're recognition of species in diverse sets of leaves from leaf

assenlblages.

Railforest conrnunities ale geneÌ'ally species rich with a high level of hetelo-

geneity in species compositiorÌ over srnall distances (Ashton, 1984; Connell, et

al., 1984; Lieberman, et al., 1985), Ilorvever, while Tertiaryleaf beds in Australia

are often fairly diverse, the divelsity lecolded for individual sedirnentary ur-rits

within these fossil localities is cluite lorv (e.g. the Eocene Anglesea flora, rvhole

flora c. 100 species; individual clay lenses 20 - 30 leaf-taxa: Christophel, et al.,

1e87).
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The leaf-bed represented in a clay lens would be expected to represent a local

area of the original forest (Dolph, 1979; Dolph and Dilcher, 1979a; Ferguson,

1985). The diversity recolded by Christophel, et al. (1987) for the lenses at

Anglesea is mucll lower than that recolded within quite srnall areas of most

types of rainforest (e.g. Ashton, 1984; ConneII, et al., 1984; Liebelrrìann' et al',

1986), The question rernains, therefole, to rvirat extent does the diversity in fossil

leaf beds reflect the diversity in the original communities?

The composition of fossil floras has often been interpreted as representing

most of the species which glew in the local area, and often the abundances of

the fossil leaf taxa are taken as an indicator of the relative importance of that

species in the local vegetation.

In addition, malty foliar physiognomic studies have used the proportion of

species represented in particular physiognomic categories. Most commonly, the

characteristic leaf size of each species has been used to assess the leaf size distri-

bution of a vegetation (e.g. chaney and sanborn, 1933; Beard, 1944 1955; Webb

1959; Grubb, et al., 1966; MacGinitie, 1969; Dilcher, 1973; Dolpli and Dilcher,

1979a). Bailey and sinnott (1915 1916), and more recently, wolfe (1971 1980

1987), used the proportion of species with non-entire margins.

This procedure makes a number of assumptions which are perhaps flawed.

Bailey and Sinnott's and Wolfets observations are based on regional floras (Bai-

ley and Sinnott, 1915 1916; Wolfe, 1971 1980a) and so rnay be argued to be

unrepresentative of the local leaf fall found in most fossil deposits (Dolph, 1984;

Ferguson, 1985). HoweveL, the leaf size and leaf margin studies relied on the

assumption that species relationships observed in the local vegetation (i.e. the

proportion of species in each physiogr-romic class and the actual class of a species

(e.g. Dolph and Dilcher, 1980), will be the same for both the vegetation and the

leaf beds.

Several studies on recently deposited leaf litter in lake beds however, have

found that these leaf beds gave a very biased account of the species compositiotr

of the vegetation of the sulloundilLg catchment, and the abundance of individuals

of those species in that vegetation (e.g. McQueen, 1969; Rau, 1976; Drake aud
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Burrows, 1979; Hitl and Gibson, 1986).

There are several factols which will determine the foliar representation of

taxa by in a fossil deposit and in turn the recorded diversity for a fossil flora.

It is generally assumed that plant rnaterial is deposited within a small distance

(100's of metres) of the life position of the soulce plant (Chaney, 1924; Chaney

and Sanborn, 1933; Ferguson, 1985), although(catastrophic'deposition such as

during volcanic eruptions or floods suggests that material may occassionally be

transported great distances (10's to 100's of kms; Spicer, 1980).

In the more general cases holvever, such as cut-off stream meanders and

lakebeds, leaf input is essentially going to represent the local or at best, extra-

local vegetation (Ferguson, 1985; Spicer and wolfe, 1987). Leaf input by par-

ticular taxa to these depositional basins is therefore going to be determined by

leaf availability and influences on leaf transport from the tree to the water body

(Chaney, 1924; Rau, 1976; Ferguson, 1985). The taxonomic diversity of a deposit

is going to reflect the diversity of the irnme ,diate area contributing leaves to the

deposit (Ferguson, 1985), and the probability that leaves from particular species

will actua,lly enter the deposit.

This probability will be goverled by anumber of factors (Chaney, 1924; Rau,

1976; Ferguson, 1985):

1. the distance of the tree(s) from the depositional basin,

2. the abundance of the trees in the local vegetation and the abundance of the

leaves on the trees (which is assumed to be proportional to the size of the

tree),

3. obstructions betrveen the trees and the depositional basin such as scleening

vegetation.

Work in Temperate folests (Ferguson, 1985) has demonstrated that leaves are

transported llorizontally not much further than the height of the source tree

and that tire majority of the leaves land within a few metres of the trunk. The

complex stratification of tropical forests adds additional complexity to the fall-

path of leaves (Bourgeron, 1983; Golley, 1-983; Felguson, 1985) as the canopy of

trees at lower levels will potentially deflect or prevent passage of leaves frorn the
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canopy to the forest floor. similarly, the often rvell developed screen of vcgetation

along streams and lakes potentially rvill filter the llorv of leaves from the forest

interior to a depositional site (Spicer, 1981; Fcrguson' 1985)'

A further issue is the urorphological variation of the species contained in

a deposit. several studies using leaf morpltology in taxonomic analyses have

commented on the often high lcvcl of vaÌiability i¡r leaf size and shape rvithi¡r

plantpopulations(e.g.IIuChiaetal.,1986;Burrrlram,1986).Dckenrvalder

(1986) stressecl the need for paiaeobotanists to be arvare of the natural variability

in leaf form rvithin a species at one locality rvhcu making dccisions about species

boundaries.

The convergence in leaf forrn in raiufot'est leaves from quite unrelatcd species

has attracted co^siderable comment by nurnerous rcseaïchers, as has the distinc-

tive leaf form of the various sytlusiae in rainfolest and the differences betrveett

leaves of various stages in the grorvth of large trees (Richards, 1952)' This last

point is of particulal impoltance as it has often been commented that there are

often quite extreme differences betrveen the size and general morphology of 'sun'

and ,shade'leaves fi'om raittforest leaves (Richards, 1952; Roth' 1984; Fig' 4'11)'

It is ¡easonable to expect that leaves of both types from a single species or in-

dividual may occur togethel in a fossil leaf bed. Similar heterophylly in Populus

(Saticaeae) prompted Bcltcnrvalcler to caution against the sltting of very strict

morphological boundaries rvhen describing Tertiary fossil species from leaves

(Eckenwalder, 1986).

Leaf litter to a large exteut pl'eselves a level of morphological variation rvithin

individual species sirnilal to that expected in a fossil leaf bed' Thelefore' analysis

of the level of variatio¡r rvithin taxa within litter samples rvill suggest a level of

variation to be expectecl in a fossil leaf becl. such an analysis will allorv better ap-

preciation of tæiononric bouuclaries iu fossil ta,>ia defined from leaf morphological

data.

As a result, this chapter explores three issues:

1. the variation in species tliveÌsity and rept'esentation betrveen leaf bed sam-

ples from a sirrgle for,est type, antl lretrveen forest types, arrd tlre causes of
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this variation;

2. the controls on lepresentation in fossil leaf beds;

3. the level of variation in leaf rnorphology within individual species from litter

samples to assess, a) the representation of individual species in leaf size

classes, and b) to detelmine the boundaries of leaf taxa in leaf beds.

The leaves in each sarnple from the litter collections have either been identifred

to a species, or assigned to an a,rtificial grouping (or parataxon). The number of

leaves in each taxon for each sarnple has been tallied, and tl're number of species in

common between samples frorn the same site determined to measure the overall

diversity of the site. A cornparison of the frecluency of each taxon in each sample

for one site from each of the folest types is used to illustrate tl-Le local nature of

the leaf fall.

A sample fi'om a single site from each of the forest types has been selected

where the synusial origin of the leaves is previously known. The physiognornic

characteristics of a selected gÌorlp of species from each of these sarnples is dis-

cussed individually and thelevel of variation withiri each species is then assessed,

7.2 Measuring Taxonomic Diversity in Leaf Beds.

The number of species (arld parataxa) identified for each sample is given in

Table 7.1. There is a clear trend for the N.E. Queensland SNVF sites to have

the highest diversity. The Clr{VF and CNVF litter samples have comparable

diversity. The New South Wales SNVF has a very lorv diversity, comparable to

the MFF from New South Wales, horvever this reflects the very low diversity of

these forests.

The autochthonous stream samples (sample no. I site 4, and site 5) from

SNVF have a very similar nurnber of species to individual forest floor samples

from ecluivalent sites of SNVP, The allocl-Lthonous sample from N.E, Queensland

(sample no. 2 site 4), horvever', has a diversity similar to the site totals for the

N.E. Queensland SNVF.

Complex mesophyll Vine Folest is generally more species ricl-r than SNVF

(Webb, gt a,1., 1970 1984). The lorver diversity of CMVF litter compared to
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Table 7.1

Number of Species Recorded for Each Site'
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SNVF litter (Table 7.1) is a,t flrst sight contradictory but is explainable in terrns

of the spatial distribution ancl relative size of trees in each of the forest types.

The Complex Mesophyll Virie Forest's typically have three tree layers, and

the largest trees may reach 4S metles (Tracey, 1982). These massive trees dom-

inate the Iocal canopy rvith large spleading crowns (pers' observ') and it is not

uncommon to have the ulclerstoly near sucl-L iudividuals dominated by saplings

of these trees. Horvever, the spatial heterogeneity of these forests is such that

within a distance of 200 net¡es the canopy rviil be cornposed of very different

species (Ashton, 1984; connell, et al,, 1984; Lieberman, et al., 1985).

In contrast Simple Notophyil Vine Forest often has only trvo tree layers with

the tallest trees at 30 - 35 metres with a much narrower crown than the canopy

and emergent trees in CMVF. The smaller size of the canopy trees in SNVF

ensures that a smaller area of the canopy is dorninated by a single species than

is.the case i1 CMVF. lVith each litter sarnple only 10 - 20 metres from the

other samples, the physical size and spread of the canopies of the trees in CMVF

ensures that fewer species rvere coltributing leaves to the collection points than

in the SNVF.

The,representation of the principal species of one site from each forest type

is contrasted. between samples in Figures 7,L - 7.8, rvhere the length of each bar

represents the frecluency of leaves belonging to a taxon fi'om that sample,

As can be seen from the histograrns, the frecluency of occurrelìce of the taxa

selected. varies considerably between samples in some cases' and only by a small

amount in other cases. The dominant leaf taxon varies quite malliedly between

each of the sarnples from the C\¡IVF example, Mulgrave River' (Fig. 7.1). Taxon

4 is co-dominant with taxon 1 in sample 1, wheleas taxon 12 (sarnple 2), taxon

8 (sample 4), ancl taxon 6 (sample 5) are clearly dominant in the other samples.

Taxon 6 is only repr,esented by a single leaf in sample 1, yet represents over 35%

of the leaves from sample 5.

Both of the CNVF examples, curtain Fig (N.E. Queensland, Fig. 7.2) and

Dorrigo (New South Wales, Fig. 7.3; Table 7.4), reflect a slightly different sit-

uation to the CN,IVF rvith trvo species dominating all but one sample. Taxon
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Fig. 7.'l Relative contribution of 5 taxa to four litter samples

from CMVF (Mulgrave River)
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1 of Curtain Fig represents a vine, Cissus antarctica (Vitaceae), and taxon 2 a

canopy ttee, Toona australis (Meliaceae). Both of the dominant taxa in the Dor-

rigo example are canopy trees, Sloønea woolsii (Blaeocarpaceae), and Dysorylum

fraseranum (Meliaceae), The other taxa present at these sites vary greatly in

frequency between sarnples.

The SNVF examples represent a site from the diverse N.E. Queensland forests

(Mt Lewis 8P18, Figs 7.4 -7,7) and the species poor New South wales SNVF

(Coombadjha Ck, Fig. 7.8). The Mt Lewis data will be discussed in detail later,

however a brief comparison with the other site and the other forest types is

presented here.

Three of the samples frorn the Coornbadjha Ck SNVF site were dominated by

two species, Ceratoltetalunt, upeto,lum and Doryphora sassafras, however, all had

high frequencies of C. apetalurn. The subcanopy tree and shrub species varied

greatly in frecluency betrveen sarnples, with some totally absent in one sample

and very abundant in another (e.g. Quintinia sieberi).

The Mt Lewis EP18 SNVF site demonstrated a pattern of representation

and abundance between sarnples sirnilar to the Mulgrave River CMVF example.

With the possible exception of taxon 15 (Lauraceae), no taxon occurred in al1

samples at a sirnilar frecluency. In particular, in contrast to the CNVF examples

and the Coombadjha Ck SNVF exarnple, no species was or were dominant in all

of the samples.

The Barrington Tops lt4FF example (Fig. 7.9) demonstrates a sirnilar patteru

to the CNVF and Coombadjha Ck SNVF examples with one species dominating

each sample (Nothofagu,s moorei), ald the other species varying greatly in fre-

quency between samples. In ea,ch of these cases, the main canopy tree species of

the site has dominated the leaf litter samples.

These observations have irnplications to the interpretation of fossil leaf beds.

Often a particular horizon in a fossil leaf bed will reveal localised concentrations of

the leaves of particular taxa. In situations of cluiet water and direct fall of leaves

into the point of deposition, it is plausible that these concentrations reflect the

presence of a nearby large tlee (and plolific source of leaves). The relationship
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Figs 7.4 - 7.7. Relative contribution of all taxa to f our litter
collections f rom Mt Lewis EP 18'
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Fig. 7.7
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Relative contribution of 5 taxa to four litter samples from MFF (NSW).
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between the size (and by infelence, size of its leaf input) and position of a tree

in the forest, to its representation in leaf beds, is examined in the next section,

7.3 Leaf Movement in a Rainforest.

Two studies were made to assess the movement of leaves in a tropical rainforest

environment. In an initial study, trvo transects were run out from the trunk of an

isolated individual of the rainfolest conifer, Prumnopit'lJs arnúra (Podocarpaceae)

in a patch of complex Notophyll Vine Folest on a hill near Atherton (Fig. 7.10).

Access to a CSIRO permanent plot (Experimental Plot 18) in the Mt Lervis

area (Fig. 3.13) provided an opportunity to examine leaf movement in more de-

tail in Simple Notophyll Vine Forest. All of the trees in an alea 500 x 250 m

were previously identified and nurnbered and their positions mapped by CSIRO

researchers (G. Stocker and G. Unrvin, CSIRO Centre for Tropical Forest Re-

search, Atherton N.E. Queensland, pers. con' 1985).

This data allowed both the identiflcation of rnany of the leaves in the litter

samples, and the soulce of these leaves. The presence of a diverse, but largely

unidentified shrub layer, however, ensured the input of a significant number of

leaves of unknown origin.

7.3.t Site description.

The first study rvas sited in a small patch of Complex Notophyll Vine Forest on

a small volcanic hill behind the torvn of Atherton, Queensland (Fig. 7.10). The

north slope was chosen as the forest rvas less disturbed here. Tl-re site characteris-

tics of the nearby Curtain Fig site apply to this area, although Atherton probably

experiences greater seasonal dlyness then the Curtain Fig area (Gordon,1971;

Tracey, 1982; Fig. 2.10).

A numbel of indivicluals of Prtunnopitys emara (Podocarpaceae) rvere found

growing through the folest ancl a,r'r isolated individual upslope from a small stleam

was selected, The fi.r'st transect lan upslope fi'orn the tree, rvltereas the second

ran dorvnslope to a small stleam, The numbel of leaves of P. anlnra in a square

metre were recorded at 2 metre interva,ls along each transect (Fig' 7.11).
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Ferguson (1985) fould that leaves from an isolated individual lime tree (Tilia.

x uulgaris, Tiliaceae) in a Buropean deciduous forest were not disseminated far

from the souïce tree. The distlibution of leaves around the tree approximated a

negative exponential function, with a very sharp reduction in leaf numbers over

a short distance. The frec¡rency of leaves counted for the two transects from

Prumnopit¡s an'raro, (Fig. 7.11) shorvs a similar relationsl'rip. It is worth noting

that the number of leaves in equivalent positior-Ls were greater for the downslope

transect than for the upslope. This data irnplies that there is a tendency for

leaves to preferentially move dorvnslope.

The second study sought to study leaf movement in greater detail on the

CSIRO permanent plot, BP 18. Five litter samples were collected within one

section of the plot (subplots k, l, o, ald p; Fig. 7.12) using the routiue outlined

for the determination of physiognomic signatures in chapter 3. A plan of the

outline of the canopy of the trees in the main canopy and tlie sub-canopy of the

forest of the area adjacent to the litter collection points was prepared using the

known heights of the trees on the site to allow a visual understanding of the

relative sizes of the trees potentially contributing leaves to the litter (Figs 7.13

8¿ 7.14). The litter collection points are also indicated. All of the trees within a

radius of 5 metres (sub-canopy) or 10 metres (canopy) of the four litter collection

sites used are indicated.

Several large trees domìnated the canopy over the local area of the litter collec-

tion points: Prumnopitys ludei (Podocarpaceae) - a nanophyllous coniferl Steno-

carpus sp nov. (Proteaceae) - rvith frnely divided bipinnatifid leaves; Argyroden-

dron sp. (Sterculiace ae); Pitlt ecellobi,um grandifl,orunr Benth. (Mimosaceae) ; and

several mediurn to large individuals of. Planchonella euphleöfø (Sapotaceae). Sev-

eral species were also comuloÌr in the understory; Cryptocaryø corrugatø C.White

and FYancis (Lauraceae), Flindersia bourjolianø F.Muell. (Rutaceae), Synima

cordieri (F.Muell.) Radlli. (Sapindaceae), Diospypros ferrea (Willd.) Bakh.

var reticulaúø (R.Br.) Bahh. (Ebenaceae), and saplings of some of 
.the 

canopy

trees. Isolated individuals of Beilschtniediaafr. B. obtusifolia (F.Muell. exMeiss-

ner) F.Muell. (Lauraceae), Corynocarpus cribbianus (F.M.Bailey) L.S.Smith

109



Fig. 7.12 Plan of Experimental plot 18' Mt Lewis NQ'
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Species of tree within a radius of 5 metres (subcanopy)

or 1O metres (canopy) of the litter collection points.

1. Argyrodendron sp

2. Diospyros ferrea var reticulata

3. Flindersia bourjotiana

4. Buckinghamia celissima

5. Acmena smithii

6. Planchonella euphlebia

7. CrYPtocarya corrugata

8. Synima cordieri

9. Randia sp.

10. Pithecellobium grandif lorum

11. Xylopia sp.

"12. Eaaeocarpus sp.

13. Endiandra sp.-

1 4. .Darlingia darlingiana

15. Cardwellia sublimis

16. Prumnopitys ladei

Figs 7.13 & 7.14. Outline of tree canopies in the subcanopy

(trees 8 - 18m: Fig. 7.13) and canopy (trees over 20m: Fig.7-14)-

Numbers on maps refer to list above'
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(Corynocarpaceae), Aut¿enct sntithii(Myrtaceae), Darlirt'gia darlingiana (F.Muell')

L.A.S.Johnson, Buckinghontia celsissintaF.Muell., and Cardwellia sublimisF.Muell'

(Proteaeceae) rvere also potential coltributers of leaves to the lìtter samples'

Tlie foliage of Prumnopitys lucleiis shed as small to large branchlets contain-

ing 10 - 100 individual leaves 0.5 - 1.5 cm long (i.e' Nanophylls sensu Webb, 1959)

while tlre bipinnatifid leaves of Stenoco,rpus sp, rìov. were usually fragmented in

the litter samples. These factors malie comparison between the frecluency of

leaves of these species rvitl-r the other species diff.cult to interpret and so they

have been omitted from the analysis.

The transect study rvas not repeated for BP 18, altb.ough the samples col-

Iected occur at differing distances frorn an isolated individual of Acntena smithii

(Fig. 2.15). Only one ilclividual of this species occurred in the study area and so

it is reasonable to assurrre that all of the leaves of A. smithii encountered in the

samples came from that tree.

The frequency scoïes represent the proportion of leaves of Acmena smithii

in a sample of.224leaves from a square rnetre of ground. The frequency distri-

bution approximates a negative exponertial distribution (Ferguson, 1985) with

leaf presence sharply dropping rvith increasing distance. The two sets of data are

not strictly comparable, horveveL, as the EP 18 data represents the number of

leaves in subsamples of.224leaves at varying distances and positions, whereas the

Prumnopitgs anlara example is based on total counts of leaves along transects.

Even so, tb.e trelLds in both cases aïe consistent and demonstrate tlie local nature

of the leaf rain.

7.3.2 Analysis of Litter Composition.

Ferguson found that litter in a European cleciduous forest was heterogeneous

(Ferguson, 1985). The leaves fi'om pa,rticular taxa wete concentrated tlear the

source trees and leaves of these species weLe scarce or absent a short distance

from the source tree. Similal results were found in this rainforest example'

The relative contlibution of each taxon in the total litter collections to each

sample are displayed as fi'equency histograms in Figures 7.4 - 7 .7 , The contribu-

tion of each taxon varies gleatly between samples, giving each sample a distinctive
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taxonomic character, to the extent that the dominant leaf taxon is different in

each case. For example, taxa I (Elaeocarpus sp.) and 15 (Lauraceae?) have the

highest frequencies in sample 1, whereas in sample 2, the highest frecluency taxa

are 17 (unknown) and 4 (Planchonella euphtebiø), witli taxon 15 in particular

almost absent from sample 2. This patterl is repeated for most of the taxa for

the four samples (Figs 7.4 - 7.7).

The trees nearest and,/or numerically greatest within a small radius (10 me-

tres) of each sample generally dominate the litter sample (Figs 7'12 & 7.13). This

suggests that litterfall from nearest (and greatest) leaf sources swamps leaf input

from more d,istant sources. The contlibution of leaves from more distant sources

would in addition, have been initially diluted by the distance effect discussed

above. Similar results wele obtained by Chaney (1924) and Ferguson (1985) in

coniferous and deciduous forests respectively.

A few taxa seem to reverse this observation, Itowever, e.g. Planchonella

euphlebia being absent from sample a (Fig' 7.4), despite a nearby individual

of that species (Fig. 7.13). A lil<ely explanation is the screening effect of smaller

trees and shrubs, and possibly swamping of the local leaf rain by leaves of the

shrub species.

The main conclusion that can be clrawn from this data is that the local input

into leaf beds will only represent trees within a small distance of the site of

deposition. Fossil leaf becls will therefore only reflect the species composition

and foüar physiognomic character of the local vegetation. This data supports

the conclusions of the various studies on the input of leaves into lakes (McQueen,

1g69; Rau, 1976; IIiil ancl Gibson, 1986; Wolfe and spicer, 1987) and Arctic

streams (Ilolyoali, 1984) that leaf deposits gelLerally are biased towards the local

vegetation e.g. tl"Lat of the rvaters edge.

7.4 Morphological variation within Taxa in Litter
Samples.

Each of the forest types have been shorvn to be physiognornically distinct (Chap-

ter 4). The cliscussjon a,bove in (this chapter) made the point that leaf fall is
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essentially local, and that leaf deposits derived from local leaf fall will be domi-

nated by the leaves from individual trees over sh.ort distances within the leaf bed.

This implies that the variation in leaf morphology observed within a specìes rvill

be largely represented in the leaf litter, arid by inference, a fossil leaf bed.

Each of the four forest types differs stucturally by the number of layers or

strata present (Webb, 1959 1968; Tracey, 1982; Lowman, 1986). Each of these

strata has a different rnicroclirnate (Richards, 1,952 1983; Aoki, et al., 1975;

Whitmore, 1984; Roth, 1984). This heterogeneity can be expected to produce

morphological differences betrveen individual leaves of the same species from dif-

ferent positions on the one tree (Roth, 1984).

Representatives of all of these leaf types can be expected to enter the litter,

although their probability of entry will vary according to the distance from the

ground, and the presence of obstructing foliage. The degree of variation for two

species from a sample fi'om a single site from each of the four forest types has

been assessed below. A pair of species frorn SNVF and CNVF from New South

Wales has been included in addition to a site frorn N.E. Queensland of tl-Lese forest

types as the forrner has beer-L dernonstlated to be physiognomicaily distinct to

the N.E. Queensland exarnples.

The method used is pulely descriptive, rvith the basic physiognomic data

from Chapter 4 used to charactelise the morpliology of the set of leaves of the

two selected species floln each exanple. The leaf length and width frequency

distributions sel've to illustrate the level of variation to be expected in these

characters in samples of leaves fi'on leaf beds delived from the four forest types'

In addition, they highlìght the tra,nsition in leaf form fi'om tl-re 'shade' to the

tsult leaf.

7.4.L Variation Within Species from CMVF.

The Oliver Creek collection site represents an example of the "optimal devel-

opment of rainforest in Austlaiia," (Tracey, 1982) i.e. Type 1a of CÌ\4VF. The

canopy at tliis site rvas partially clominatecl by several individuals of Itliospernzum

australiense and so this species is used to exarnine variation in the morphology

of tlre leaves of the carìopy trees. Leaves of the sub-canopy species, Citronella

r72



n'Loorei,, were also common in sor¡e samples.

The cumulative frequerlcy distributions of leaf length for leaves from these

species from one litter sample are contrasted in Figure 7.16. The leaves of the

canopy species are clearly on average rnuch larger than the leaves of the sub-

canopy species (Fig.7.16), In each case, the distribution ofleaflengths approx-

imated a normal distribution (i.e. the cumulative frecluency distribution was

sigmoidal), and not a biurodal distribution as might be expected from the ex-

treme shade and sun leaves. I{owever, the expectation rvas for tl-Le canopy species

to be represented by on average smaller leaves than the sub-canopy species. Fig-

we 7.L7 shows the full rarìge of leaf size observed for ldiospermunz in the Iitter

sample, with a few quite small and very large leaves present.

7,4.2 Variation Within Species from CNVF.

The forest canopy at the Dorrigo litter collection sìte was dominated by two

species; Sloanea woolsii (Elaeocalpaceae) and DgsoryIum fraseranunz (Meliaceae),

The ieaves of these two species were cornmon in most of the samples from Dor-

rigo (see above), and represent tlie morphological variation of leaves from canopy

species. The cumulative frecluency distributions of length for .5. woolsii and a

sub-canopy species, Dorypltora sassa,fras, are shown in Figure 7.18.

The cumulative fi'equency clistlibution demonstrates that the leaves of the

canopy species, Sloanea woolsii, are generally much larger than the leaves of tl-Le

sub-canopy species, Dorypltora sa,ssafrus. The Sloanea leaves also have a wide

range of size, with some quite small leaves also present (Fig. 7.19). This pattern

matches that demonstrated for the CMVF exarnple, with the canopy species

represented in the litter by a rvider range, and on avelage larger leaves, than the

sub-canopy species.

7.4.3 Variation Within Species frorr- SNVF.

The Mt Lewis Road site is of interest because of the common occur'rence of the

conifer, Podocarpus sn¿itltii Laubenf. (Podocarpaceae) in the canopy. Podocar-

pus leaues are comrnon in sorne recently described Tertiary leaf beds (Greenrvood,

1987; Christophel and Greenrvood, 1987). Two size-morphotypes were sometimes
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Fig. 7.16 Cumulative frequency distribution of leaf length
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Silhouettes of !S!!gSEg!lg!!! leaves to show the si e range present in litter.
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F ig. 7 .19 Silhouettes of woolsii leaves to show the size range present in litter' x1



present in these deposits ancl therefore it was of interest to the author to deter-

mine the level of variatiol in leaf size (length and width) in a leaf bed to ciarify

species boundaries in the fossils'

Some moderl species of. Potlocarltus exhibit large variation in leaf size between

juvenile and ad.ult foliage (Greenrvood, 1987), and it was necessary to discover

whetlrer this represented a 'cutoff' continuum, or whether leaf size it Podocar-

pus had a bimodal frecluency clistribution. The length frecluency distribution

of. Pod,ocarpus smithii is shorvn in Figure 7.20. clearly leaf length is normally

distributecl (i.e. the cumulative fi'equency distribution is sigmoidal) between a

minimum value of 65 mm and a maximurn length of 115 mm'

The leaf length frecluency distributions of the calÌopy species, cryptocarya

corrugata(Lauraceae), and the subcaropy tlee, Elaeocarpus sp. (Elaeocarpaceae),

d.emonstrate a clear diffelence in the sizes of leaves of these two species (Fig. 7.20)'

with the canopy species in this case rvith the smaller leaves. Tbe Cryptocaryawas

the most common leaf taxon in this sample (94 l224leaves), and it demonstrates

the dominaDce of the litter by the smaller leaves of the canopy.

The leaf lelgth cumulative fiecluency clistributions for Ceratopetalum apetalum

(canopy species) and, Quintinia sieberi (understory species) from Coombadjha Ck

are sh.own in Figure 7.21. The Figure show that there is a slight tendency for

the understory species , Quintinia sieberi, to have smaller leaves tlian the canopy

species Cerato7tetalum apetahtnz, These results are in contrast to those obtained

for SNVF in N.B. Queensland rvhele the canopy species had much srnaller leaves

than the subcanopy species.

7.4.4 Variation Within Species from MFF.

The canopy at the Barlingtou Tops MFF site was dominatecl by Nothofagus

moorei (Fagaceae), and this is reflected in the dornination of the litter samples

by tlris specÍes. I-Iowever, a second species il addition to U.*o9l9i, Doryphora

sassafrasrcan also be used to leplesent the molphological variation in leaves fi'om

tree species. The shrub species, Elaeoca,rltus reticulatus, was sufficiently common

in the litter samples to allorv rneaningful discussior-L of the level of morphological

variation in the leaves of that synusiae'
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The variation i1 leaf length for these species is shown in a cumulative fre-

quency distribution plot in Figure 7 .22. The leaves of the canopy species, Nothofa-

gus moorei, are on avela,ge smaller than the leaves of the shrub species, Elaeocar-

pus reticuloúus, and the other canopy species, Doryphora sassafras, The range of

sizes observed. for |he Elaeocarpus leaves is also rvide (Fig. 7.23),

The difference in average leaf size betrveen Nothofagus moorei atd Elaeocarpus

reticulatus matches the pattern seen in the N.E. Queensland SNVF example

discussed above. The leaf size frecluency distributions reflect the input of the

smaller sun leaves of the canopy. Horvever, the wide range of size observed for JV'

mooreiillustrates the point that leaves from many parts of an individual tree (or

several trees) will reflect tlie variety of microc[rnates acting on them, and thus

will represent a variety of physiognomic types (e.g. Davis and Taylor, 1980).

7.5 Discussion.

This chapter sought to explore two related areas; the level of variation observed

in the membership of samples by contributing taxa due to the spatial pattern

of the source trees, ancl the morphological variation observed in natural popu-

lations of leaves. These aïeas are importaut in understanding the variation in

species membership and contribution to fossil leaf beds, and in defining species

boundaries in fossil leaves.

In earlier d.iscussion it was suggested that fossil leaf beds are not fossilised

communities, but rather, fossilised assemblages of plant parts. The proposition

was then put that the abundance of taxa and representation of taxawithin fossil

Ieaf bed.s will therefore be modifred by taphonomic influences on the leaves after

they are lost from their source tree(s) and will not so much reflect the abundance

of the individual trees ilL the local forest, but rather will reflect the probability

of leaves from particular taxa and iridividual trees entering the deposit (Chaney,

1924; Rau, 1976; Ferguson, 1985). The data presented above would tend to

add considerable 'weight to these propositions, and support the use of careful

consideration of the irnplications of the relative abundances of taxa within fossil

leaf beds and the inferrecl abundances of these taxa in the reconstructed soui'ce
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F ig. 7 .23

Silhouettes of El arDus reticutatus teaves to show the size range present in litter'
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vegetation.

Many foliar physiognornic analyses are based on the propoltion of species

represented i1 particulal physiognomic classes, such as leaf size or margin type

(e.g. Dolph and Dilcher', 1980; Wolfe, 1980a). Ou the basis of the information

presented above, leaf beds are pledicted to contain a biased species assemblage.

Predictions based on the foliar physiognomic character of individual species must

therefore be used with caution.

The analysis of tl-re range of sizes of individual taxa illustrated the often wide

range in leaf beds. Often occassional very large or very small leaves are present,

In some cases, the extreme sized leaves also represent extreme morphotypes (e'g'

Darlingia darlingianal Figs 3.1 & 4.11). It is plausible that such extreme size and

morphotypes rvill be recognised as distir-Lct elLtities. Such a result will bias obser-

vations based on the proportiolr of species rept'esented in particular classes. There

ìs not only the possibility of erroneously assigning extreme size morph.otypes to

separate species, but also the possibility of wrongly determining the character-

istic size class of a species due to biased leaf samples of individual species i'e'

species represented by only a {erv individual leaves may reflect only the upper or

lower end of a wide size range.

According to Richards (1952) and Roth (1984) the leaves of plants in the

successive layers of 'Tropical Rainforest' have a distinctive morphology. The

leaves of these different synusiae rnight therefore be expected to exhibit their

own physiognomic signatures. The results presented here suggest that in some

cases the leaf length frecluency distribution of the canopy and understory species

is different (e.g, Nothofagus ntoorei a;nd. Elaeocarpus reticulatus in MFP)' In

other cases, lìowever, either the leaf length frequency distributions of leaves from

species from the two synusiae were similar (e.g. Cerøtopetalum apetalurn and

Quintinia sieberi SNVF Coombacljha Cli), or in contrast to the expected, tl'Le

leaves of the canopy species wele much larger than the leaves of the understory

species (e.g. sloanea woolsii a:nd Dory\tltora sassaf'r¿s CNVF Dorrigo).

These results suggest that in the anomalous examples either a significant

input of leaves from rvithin the ca,nopy of the canopy trees was influencing the
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result, or other unknown factors were biasing the leaves of the understory species

to smaller sizes. However, the canopy of CNVF and CMVF is more stucturally

complex and of a greater vertical extent than in SNVF and MFF (Lowman,

1e84).

The greater variety of potentiai microclimates in the canopy of CMVF and

CNVF therefore suggests that leaves frorn the canopy trees of these forests will

vary greatly in size. The greater ligriification of these leaves will also ensure

their over-representation cornpared to the understory species. Nevertheless, the

above results suggest caution in the assignment of synusial character to fossil leaf

species on the basis of leaf size alone. Further analysis, howevet, may alter this

assessment.
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Chapter 8

THE ROLE OF FOLIAR
PHYSIOGNOMY IN THE
PATAEOECOLOGICAL
ANALYSIS OF TERTIARY
LEAF BTDS.

8.1 The Analysis of Tertiary Leaf beds.

In the introduction it rvas suggestecl that the purpose of palaeobotanical analyses

of fossil leaf beds was to detelmine the character and composition of palaeoveg-

etation. Palaeoecology was delined as the science concerned lvith the analysis

of the pattern of interaction betrveen cornponents of the oliginal vegetation that

gave rise to a fossil bed. In this serìse, palaeoecology can be considered to be

a synthesis, ald lalgely interpretative. Foliar physiognomic analysis was intlo-

duced as a method rvheleby climate and the character (typ") of vegetation could

be predicted, allorving the pla,cement of the identified cornponents (the fossil taxa)

into an ecological context.

The valid use of palaeoecological analyses recluires an understar-rding of the

taphonomic processes rvhich have brougtrt the plant palts together in the fossil

assemblage, and horv tl-re pa,tteln plesent in the taphocoenosis can be interpreted

to reveal the original pattern of tlie plants in theil life positions. Previous studies

which used foliar physiognomic analysis hacl largely ignored the tapl-ronorny of the

leaf beds, and comparecl the physiognonic charactelistics of whole vegetation to
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what is essentially a collection of isolated plant parts, or in the case of theoretical
a

studies, considered the whole vegetation alone (Dolph and Dilcher, 1979iothers)

or the response of individual leaves (Davis and Taylor, 1980), and not the leaf

beds formed. from the vegetation. The outcorne of some of these studies was to

condemn foliar physiognomic analysis as yielding uninterpretable data (Dolph

and Dilcher, 1979a).

This study used leaf litter as an analogue of fossil leaf beds, and it must be

stressed. that ultimately the chalacteristics of leaf beds formed in a variety of sed-

imentary environments, from a rvider spectrum of forest types, must be studied

to fully understand the relationship between the physiognomic characteristics of

these beds and the source forests (e,g. Roth and Dilcher, 1978). Nevertheless, leaf

Iitter provides a valuable tool to fulther exarnining the relationship between tl"Le

characteristic foliar physiognomy of leaf beds formed from palticular vegetation

types and the environment.

A number of specific corrclusions can be made about the taphonomy of leaf

beds and the effects on the folial physiognomic characteristics of the leaf beds.

Clearly, leaf litter (forest floor and stream bed) has different physiognomic char-

acteristics to tlre forest canopy, prirnarily through a greater represeltation of

smaller leaf-size classes (Fig. a,1) and the inclusion of leaves from all synusiae.

It is also apparent that leaf becìs, such as leaf litter, formed in the absence of

major resorting or the mixing of leaves from discrete soutces, maintain a distinc-

tive physiognomic signature rvhich can be used to identify the source of a Ieaf

assemblage.

8.2 Foliar Physiognomic Analysis of Tertiary Leaf
Bed Based on Leaf Margin TYP".

The earlìest attempts to use foliar physiognomy to predict palaeoclimate were

based on Bailey and Sinnott's observations on the correlations between the pro-

portion of species with leaves rvith non-entire margins in a "flora" and the climate

of the region (Bailey ancl sinnott, 1915 1916). This method,later ref.ned by \Ärolfe

(1971, 1980, 1985, 1987), uses a direct comparison of tl-Le percentages of species
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present in a fossil asssemblage with non-entire margins, and the percentages in

moder¡ vegetation. A crucle measul'e of the relative sizes of leaves is used also,

but not in the formal marÍner usecl by MacGinitie (1965), Christophel (tSa1), or

Zastawniak et al. (1985) based on \A/ebb's data for Australian rainforests.

It is often rernarl<ed that tire Australian flora has a much lowcr proportion

of species with non-entire margiu leaves tha'n comparable regions (Bailey and

Sinnott, 1g16; Wolfe, 1980a, 1985, 1987), and this is certainly the case if the whole

non-arid flora is consicle¡ecl. I{orvever', if only rainforest vegetation is cotlsidered,

a slightly different picture enìelges.

Webb found that the proportion of species rvith non-entire margins rvas higher

in the cooler Australian rainforests (MFF and SNVF) than in subtropical and

tropical rainforests (Webb, 1959; Table 2.4). However the variabilìty in the

proportion of non-entire spccies in tlie canopy was very high, reflecting differences

between the southern Australian MMF and SNVF' and the N.E' Queensland

MMF and SNVF, and possibly also local differences.

The exact physiologica,l basis for non-entire rnargins is not understood (Wolfe,

1g80a), horvever in Austlalia it rvould seem not to be a sirnple relationship with

annual aveïage temperatule such as reported {or the mesic forests of S'E. Asia

by Wolfe (1g80a). Results based oL arÌ analysis of the proportion of individual

Ieaves with lon-entire margins in litter samples (Chapter 6) suggest that it may

be linked. to the tenperature extlemes experienced by the forests and pelhaps

also edaphic factors.

The annual ave¡age tempet'atures experienced by SNVF in N.Ð. Queensland

and New South Wales are conparable (Figs 2.8 & 2,9), however the Nerv South

Wales forests experience greatel tenrperature extremes between summer and win-

ter whereas the sub-¡rontane clirnate of N.E. Queensland experiences fairly uni-

form temperatures with a greatel diulnal l¡rìge than a seasonal lange.

Wolfe's correlations betrveen the proportion of species witb. non-entire mar-

gins and temper.atule is ba,sed on regional species lists for tlie forest types he

recognised (Wolfe, 1980a). Dolph cliticised Wolfe for restricting his analysis to

canopy trees, and used hjs analysis of the flora of Indiana to illustrate the dif-
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ferent foliar physiogrÌomy of the sub-canopy trees and bushes (Dolph, 1984)' He

further added that there was rìo colrelation with the proportion of species with

non-entire margin leaves in this stratum and tl're annual average temperature.

In the study reported in this thesis, two of the sites examined had high

numbers of individuals and species (as a proportion of the total flora) with

leaves with non-entire margins - MFF at Barrington Tops and SNVF at Wash-

pool/Coombadjha Creek. A consideration of the foliar physiognomy of individual

species at these sites suggests that the sub-canopy trees and bushes (Trochocarpa

laurina in MFF, and several species including Quintinia sieberi and Syzygium

crebineruis in SNVF) were the sole species present with entire margined leaves.

This data therefore supports Dolph's findings (Dolph, 1984), but perhaps

more importantly, emphasise the point that leaf litter, and hence fossil leaf beds,

will contain leaves from alÌ synusiae (Ferguson, 1985), and therefore a greater

diversity of foliar physiognornies than the canopy alone (Davis and Taylor, 1981;

Roth, 1984).

It is also important to consider the possible influences of streamside trees.

Streamside vegetation is often predicted to have a higher proportion of species

and individuals with entire margins (Wolfe, 1980a) and their leaves are generally

considered to be larger than those of the local forest (MacGinitie, 1969) due to

the milder conditions experienced. It is assumed these differences will bias fo-

liar physiognomic analysis of stream deposited leaf-beds (Macginitie,1969; Wolfe,

1971 1980a). By contlasting the plopoltions ofleaves and species with non-entire

margins between forest floor and stream deposited leaf-beds, this hypothesis rvas

tested for Australian rainfolest.

In the examples studied, Simple Notophyll Vir-Le Forest in N.E. Queensland

and New South Wales, no significant change in the proportion of non-entire

margined leaves, either as individual leaves or the proportion of species, was

found between the stream-deposited leaf litter (and thus originating mainly from

streamside vegetation) and the typical values for SNVF in N.E. Queensland, in

the first example, ol the values for the forest floor samples collected in the nearby

SNVF, in the case of the Nerv South Wales example.
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While these results can uot be considered conclusive, it is nevertheless possi-

ble to suggest tl-rat in the case of SNVF in Austlalia, the streamside flora has only

a minimal influence ol the propoltion of species and individuals rvith leaves rvith

non-entire margins detected in a stream-bed leaf deposit, I{owever, the gener-

ally low proportion of species and individuals rvith non-entire rnargined leaves in

Australian rainforests restlicts the utility of palaeoclimate indices based on corre-

lations between annual avelage temperature or the anrlual range of temperature

and leaf margin percentages (e.g. Wolfe, 1980a).

Wolfe (1980a) found a corlela,tion betrveen annual average temperature and

the proportion of (canopy) species in the rnoist forests of SE Asia. This study

horvever, found no correlation between annual average temperature and the num-

ber of individual leaves with non-eltire margins in the whole flora. According

to Dolph's study on the forests of Indiana (Dolph, 1984), the restriction of the

correlation to canopy species by taxonomic solting could detect a corlelation. I

have demonstrated a major flaw rvith this argu ment'

The early enthusiasm for palaeoclimate analysis based on foliar physiognornic

comparisons stemmed from a dissatisfaction with floristic analysis. The main

sources of conceln related to erroneous identifications (Dilcher, 1971 1973; Roth

and Dilcher, 1978), and concelns ovel'the extrapolation of the thermal recluire-

ments of modern species to putative trarly Tertiary close relatives (MacGinitie,

1969; Wolfe, 1971 1980a).

Reliance on th.e identification of Early Tertiary species as "canopy species" on

the basis of the preference of the rnodern closest relative, reintroduces the poten-

tial sources of error outlined for floristic analysis. In addition, such a metltod in-

troduces the assumption of the maintainance of common ecological niche through

the Tertiary (MacGinitie, 1969; Dolph. 1984).

This is a tenuous hypothesis at best as marÌy examples of closely related

species adopting diffelent roles can be found in rainforests, and pelhaps in other

forest types (e,g. Clusia flaua (Chsiaceae) adopting different life-forms under

different circumstances in Jamaican rainforests; I(elly, 1985). A further com-

plication is the basis of comparisor-L on the proportion of canopy species with
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non-entire margined leaves. Clearly if a large gïoup of species in a deposit can

not be identified to a close modern relative, then the exact proportions can not

be determined.

g.3 Foliar Physiognomic Analysis of Tertiary Leaf
Beds Based on Leaf Size.

The use of leaf size as an index of palaeotemperature relates to Raunkiaer's

observations on the relationship betrveen the prevail-ing leaf size of species, as

represented. by a series of leaf size classes based on leaf area (Raunkiaer, 1934)'

and. climate. These observations wele incorporated into "physiognomic forest

classifications" (e.g. Beard, 1944 1955; Cain et al., 1'956; Richards, 1952; Webb'

1959 1968), based on the proportion of species (and individuals; webb, 1959)

represented. in each leaf size class (modifled in Webb, 1959)'

In most cases, a positive correlation was noted for leaf size and temperature
¿

in Jãition to precipitation (e.g. Beard, 1944, \Mebb, 1959 1968). These cor-

relation s were then usecl by palaeobotailists in conjunction with leaf margin

analysis as an alternative to floristic analysis (Roth and Dilcher, 1978).

In most instances, the rnethod. rvas based on a direct comparison of the pro-

portions (as a percentage of the total flora) of species or individual leaves in

the fossil flora in Raunkiaer's leaf size classes (as modified by Webb, 1959) to

the values for modern forest classifications (e.g. MacGinitie, 1969; Christophel,

1981; Zastawniak, et al., 1985). Alternative schemes based on the proportion of

the flora with 'large leaves' (Dilcher, 1973; Dolph and Dilcher, 1979a & b 1980)

continued with the use of tlle proportion of species in each size class'

In each of these exarnples the primary flarv rvas the treatment of the fossil

leaf bed. as fossilisecl vegetation, ancl the failure to appreciate that the foliar

physiognomic characteristics of the modern forest types referred to the canopy

alone (Roth and Dilcher, 1978; Dolph, 1984). Leaf beds, ltorvevel, consist of

leaves derived from all of the synusiae of the forest (Ferguson, 1985) and will

therefore reflect a diversity of potential folìar physiognomies, including leaf Size

(Davis and Taylor, 1980; Roth, 1984).
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This point is well illustratecl by Roth ald Dilcher's study of a modern lake leaf

deposit (1928) and by Spicer's study on leaf transport (1981). In both instances,

they found that their leaf beds were dominated by the srnall cotiaceous 'sun

leaves, of the canopy. Results frour a comparison between the proportions of

leaves from forest floor leaf litter and tl-re canopy data of Webb (1959) for four

types of Artstralian rainfolest (Fig. 4.1) clearly emphasise the same point.

The dist/ibution of leaf sizes in leaf beds is clearly different from that of the {

forest canopy. Comparisons betrveen the relative proportions of canopy species

or individuals within the leaf size classes, and the proportions in fossil leaf beds

is therefore clearly invalicl. The cause of this change in proportiolLs would seem

to be a combination of the input of leaves fi'orn all syrusiae and the selective

survival of the toughel small coliaceous sun leaves of the topmost part of the

canopy

9.4 Foliar Physiognomic Analysis of Tertiary Leaf
Beds Based on Foliar Physiognomic Signatures.

In Chapter 4 it rvas argued that leaf beds derived from forest types with differ-

ent foliar physiognomic characteristics would retain uniclue foliar physiognomic

signatures (Figs 4.46 k 4.47). These signatures represented a combination of the

different levels of variation in leaf size (length, widtl-r and area), shape (relative

width, position of maxirnal rvidth), and the proportion of species ar-Ld individuals

with non-entire margins, fot each forest type.

Tertiary leaf beds in Austlalia are often stratified, with leaves often occurring

in discrete beds (e.g. Christophel, et al., 1987). These beds can be considered

analogous to leaf beds on the folest floor (i.e, leaf litter'), although in many

instances the leaves,may have expelienced resolting ir the rva,ter body. Genelally

though, the foliar physiognomic characteristics of leaf beds match those of leaf

litter from the same forest type. Fossil leaves collected from discrete stratigraphic

horizons can be cornpared clit'ectly to the litter physiognomic signatures.

However, fossil deposits ale gerelally trcated as a total unit, and the foliar

physiognomic characteristics cletermined fi'om the sum of aII the fossil leaves
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(e.g. MacGinitie, 1969 1974; chlistophel, 1981; Zastawniak, et al., 1985). This

procedure makes the assumption that each stratigraphic ulit within the deposit

is ecologically equivalent i.e. represents the same vegetation type. work on

modern depositional elÌvironmeûts (e.g, Spicer, 1981; Scheihing and Pfefferkorn,

1984) and some plant fossil beds (e.g. Spicer and Hill, 1979; Christophel, et al',

1g8Z) has demonstrated that different plant communities can be represented in

locally associated leaf beds, It is necessary, therefote, to restrict the comparison

of foliar physiognomic signatures to samples of common stratigraphic origin.

8.5 Summary and Conclusions.

Ferguson commented that leafbeds give a distorted impression of past veqetation

(Ferguson, 1985). He attributed this to the influences of taphonomic processes

and the selective nature of leaf input and the restricted area from a local vegeta-

tion likely to contribute to a leaf bed (Ferguson, 1985). Roth and Dilcher (1978)

and Dolph (1984) also drerv attention to tl-re potential differences between ihe

character of vegetation, and leaf beds formed from that vegetation'

Because of the apparent and predicted discrepancies between the foliar phys-

iognomic characteristics of vegetation and leaf beds forrned from that vegetation,

numerous researchers have cautioned the use of foliar physiognomic analysis on

fossil leafbeds (e.g. Roth and Dilcher, 1978; Dolph and Dilcller, 1979a & b;

Dolph, 1984; Martin, 1986),

In this study, leafbeds were derrorìstlated to retain a physiognomic signature

which could be used to predict the folest type and climatic characteristics of the

vegetatio¡ which produced fossil leaf beds. The use of comparisons based on the

proportional representation of indiviclual taxa jn physiognomic classes' ltowever,

was demonstrated to introduce added soulces of error,

Species based methods (e.g. lVolfe, 1980 1985 1987) are dependant on tl'Le

reliable sortìng of the rvhole flola into discrete taxonomic entities, and the as-

sumption that the leaf bed rvas taxonomically representative of the local vegeta-

tion. Tiris study suggests that taxonomic sorting requires an appreciation of the

natural level of variation rvithin taxa in leaf-beds. The wide variability observed
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between leaves from the same individual at different stages and levels within tlie

tree will promote erroneous identification of extreme morphotypes, biasing foliar

physiognornic analyses based on species.

The very local nature of leaf fall and input into depositional sites also sug-

gests caution. Most leaf-beds rvill only reflect the individual trees within a small

,distance of the site. The high spatial heterogeneity in local species composition

in modern rainforests (e.g. Ashton, 1984; Connell, et al., 1984) suggests that the

Iocal leaf fall rvill be distinctly biased between adjacent sarnples. The analysis

of the taxonomic content of tiie litter at sevetal sites suggests that this hetero-

geneity will be strongly reflected in leaf-beds (e.g. Figs 7.4 - 7.7). The species

composition may therefore be distinctly biased towards particular species sets.

These may bias foliar physiognomic analyses ba,sed on $pecies attributes'

8.6 Future Research.

Roth and Dilcher (1978) suggestecl that leafbeds formed in a variety of deposi-

tional circumstances and a variety of plant comrnunities needed to be studied

to fully determine the relationship betrveen the foliar physiognomic characteris-

tics of vegetation and the leafbeds folmed fi'om them. This study consiclered four

rainforest types over a larìge of climatic conditions, and examined two streambed

depositional sites.

The data from these sites allorved a better appreciation of the ploblems as-

sociated with applying the foliar physiognornic characteristics of vegetation (e.g,

the canopy characteristics of \A/ebl¡, 1959) to leafbeds. The major point, however,

was the existence of uniclue folìar physiognomic signatut'es in each of the forest

types.

Several areas, horvever, rernain to be exploled. The cornparison between the

three CNVF sites - two essentia,lly seasoual sites in N.E. Queensland and a ttotl-

seasonal site in Nerv South Wales - inclicated that leaf shape mayþe responsive

to seasonality in rainfall and possibly ternperature. Also, only one forest type,

SNVF, was considered in an a,ctual depositional circurnstance'

This study could be continued to cover a greater number of seasonal sites
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to further understand the interactiuon between leaf shape and cljmate. Also, a

greater range of fotest types could be included to increase the understanding of

the relationship. Ideally, it would be useful to include a range of sites covering

a wide range of climatic extremes within each of tlre forest types to allow the

def.nition of the foliar pliysiognomic fleld rvithin the thermal fleld defrned iri the

climatic analysis.

A final, and perhaps most important extension to this study, would be a sur-

vey of further exarnples of modern depositional sites covering several examples of

each of the forest types. This further rvork is, however, lìmited by the availability

of such sites.

A recent trip to N.E. Queensland (July, 1987) has demonstrated that several

examples of leafbeds formed in old meander loops exist in the lowland area near

Cairns (4. Graham and N. llopl<ins, CSIRO Tropical Forest Research Centre,

Atherton, Queensland, pers. com., 1987). These leaf beds would aLlow an ex-

tension to CMVF. No examples of the other forest types are presently known to

exist, but a further survey of the area may yield such sites.

An increasing number of Early Tertiary leafbeds are being studied in Aus-

tralia (e.g. Christophel and Greenrvood, 1987 L988; Hill, 1987a). Preliminary

comparisons between tl're foliar physiognomic characteristics of these leafbeds

and the physiognomic signatules discussed here, wete presented by Christophel

and Greenwood (1987, 1988). Furtller work based on a finer resolution (as dis-

cussed here) of the physiognomic signatules of the modern leaf beds will'result

in a clearer understanding of the character of vegetation alLd climate in Australia

during the Early Tertiary.

127





Chapter 9

REFERENCES.

Anderson, J.M. and Swift, M.J. 1983. Decomposition in tropical forests. pp,

287 - 309, In, Sutton, S.L., Whitlnore, T.C', and Chadwick, A.C. (ed's) Tropical

Rainforest: Ecology and lt[anugen'¿ent. British Eco]. Soc. Spec. Publ. No. 2.

Blackwell Sci. Publ., Oxford. 498 pp.

Anonymous. 1983. Climatic Averages. (Microflche) Aust. Bur. Meteorol-

ogy, Melbourne.

Aoki, M., Yabukir K., and Koyarna, H. 1975. Micrometeorology of

Pasoh forest. ItIaIag, Nat. J.,30: 149 - 160.

Ashton, P.S. 1984. Biosystematics of tropical forest plants: A problem

of rare species. pp. 497 - 518, In, Grant, W.F. (Ed.) Plant Biosystematics.

Academic Press,

Axelrod, D.I., and Bailey, H.P. 1969. Palaeotemperature analysis of

Tertiary floras. Palaeogeog,, Pctlaeoclimatol., Palaeoecol',6: 163 - 195.

Baas, P. 1975. Vegetative anatomy and the affinities of Acluifoliaceae,

Sphenostemon, Phelline, and Oncothecct. Blu'mea,22: 3ll - 407.

Bailey, I.W., and Sinnott, E.W. 1915. A botanical index of Cretaceous

and Tertiary climates. Scien,ce,41: 831 -834.

Bailey, I.W., and Sinnott, E.W. 1916, The c[matic distribution of certain

I{inds of angiosperm leaves. An'¿er. J. Bot.,3: 24 - 39.

Barlow, B.A. 1981. The Australian Flora: It's Origin and Evolution' pp.

25 -75,In, Flora of Australia, Vol. 1. Aust. Govt' Prir-Lting Serv., Canberra'

Barlow, B.A. 1982. llorv our Flora Developed. Aust. Natur. Hist.,20: 393

128



- 396.

Baur, G,N. 1957. Nature and clistribution of rainforests in New Soutli

Wales. Aust. J. Bot.,6: 190 - 233.

Beadle, N.c.\M. and costin, A.B. 1952. Ecological classiflcation and

nomenclature. Proc, Linn,Soc. New South Woles,77: 61 - 82'

Beard, J.S. 1944. clima.x vegetation in tropical America. Ecology,2S: I27

- 158.

Beard, J.S. 1055. The classificatiou of Tropical American vegetation-types.

Ecologg, S6: 89 - 100.

Bigwood, 4.J., and Hill, R.s. 1985. Tertiary alaucarian macrofossils

from Tasmania. Aust, J' Bot',33: 645 - 656'

Birks, H.J.B. 1g85. Recent and possible future mathematical developments

in quantitative palaeoecology, Pu,laeogeog., Palaeocltnl'atol', Palaeoecol', 50: 107

- r47.

Blackburn, D.T. 1981. Tertiary megafossil flora of Maslin Bay, south

Australia: numerical taxonomic study of selected leaves. Alclt'eringa, 5: I -28'

Boland, D.J., Brooker, M.I.H.' Chippendale, G'M', Hall, N', Hy-

Iand, B.P.M.t Johnston, R.D., Kleinig, D.4., and Turner, J'D' 1984'

(4th edition) Forest Trees of Australia. Nelson - CSIRO, Melbourne.

Bourgeron, P.S. 1983. Spatial aspects of vegetation structure. ch.3, pp.29

-47. ln, Gol]ey, F.B. (ed.) Tro2tical ruinforest ecosystems; structure and function,

Ecosgstents of the World 14A.. Dlsevier, Amsterdam.

Brasell, H.M., IJnwin, G.L., and Stocker, G.C. 1980' The quantity,

temporal distribution and minelal-element content of litterfall in two forest types

at two sites in tropical Austlalia. J, Ecol',68: 123 - 139.

Burbidge, N.T. 1960. The phytogeography of the Australian region. ,Aust,

J. Bot.,8: 75 - 2I2.

Burnha¡r, R.J. 1986. Folial morphological analysis of the Ulmoideae (Ul-

maceae) from the Early Teltiary of western North America. Palaeontograpltica

Abt.8,201:135 -167'

Burrows, C.J. 1980. Long Distance Dispersal of lvlacrofossils. N,Z. J. Bot.,

729



18: 321 - 332.

Cain, S.4., de Oliveira Castro, G.M., Murca Peres, J., and da Silva,

N.T. 1956. Application of some phytosociological techniclues to the Brazilian

rain forest. Amer, J, Bot',43: 911 - 941.

chaney, R.w. 1924. Quantitative studies of the Bridge creek fr.ota. Amer.

J, Sci.,8: L27 - 144.

chaney, R.W., and sandborn, E.I. 1933. The Goshen flora of west-

central Oregon. Contr. Paleontol., Carnegie Insú, Washington Publ. 439' 103pp.

Chiariello, N. 1984. Leaf energy balance in the wet lorvland tropics, Ch.

6, pp. 85 - 98, In, \{edinã, B', Mooney, H.4., and Vazcluez-Yánes, C. (eds)

Phgsiological ecology of plants of the wet tropi,cs. Tasks for Vegetation Science

12. Junk, The Hague.

Christophel, D.C. 1981. Teltiary Megafossil Floras as Indicators of Floris-

tic Associations ancl Palaeoclimate. pp. 379 - 390, In, I(east, A' (ed.) Ecological

Biogeography of Australiø. Junk, The Hague'

christophel, D.c. 1984. Early Tertiary Proteaceae: The first floral evi-

dence for the Musgravinae. Aust' J. Bot',,32: t77 - 186'

Christophel, D.C. 1985. First record of well-preserved megafossils of. Nothota-

gusfrom mainland Australia. Proc. Roy. Soc. Vict.,97:175 - 178.

christophel, D.c., and Basinger, J.F. 1982. Earliest floral evidence of

the Ebenaceae in Australia. Aratnre,296: 439 - 441

christophel, D.c., and Blackburn, D.T. 1978. The Tertiary megafossil

flora of Maslin Bay, South Austlalia: A prelirninary report. Alcheringa,2: 3lI

- 319.

Christophel, D.C., and Greenwood, D.R. 1987. A new Eocene megafos-

sil fl.ora from Golden GLove, South Australia. Proc. Roy' Soc, South tlust',

Christophel, D.C., and Greenwood, D.R. (1988) A comparison of trop-

ical rainforest and Teltiary fossil leaf-beds, Proc' Ecol. Soc. An'st',

Christophel, D.C., Ilarris, W.K., and Syber, A.K. 1987' The Eocene

flora of tlre Anglesea locality, Victolia. Alclteringa,I0:

Christophel, D.C., and Lys, S.D. 1986. Murnmifled leaves of two nerv

130



species of Myrtaceae frour the Eocene of Victoria, Australia. Aust. J. Bot,,34:

649 - 662.

connell, J.H., tacey, J.G., and Webb, L.J. 1984. compensatoly,Ie-

cruitment, growth, and mortality as factors maintaining rainforest tree diversity'

Ecol. Monograph,s, S4: 74I - 164.

conran, J.G. 1987. variatioll in Eustrephus R.Br. ex l(er Gawler and

Geitonoplesiun¿ Cunn. ex R.Br'. (Asparagales: Luzuriagaceae). Muelleria,6(5):

363 - 369.

cookson, I.c., and Duigan, s.L. 1950. Fossil Banksiaeae from Yallourn,

Victoria, with notes on the morphology and anatomy of the living species. .A.usl.

J. Sci. Res. Ser. 8., Biol. Sci',3t 133 - 165.

cookson, I.c., and Pike, K.M. 1953. A contlibution to the Tertiary

occurrence of Dacrydit¿n¿ in the Australian region. Aust. J, Bot.,7: 474 - 484,

creber, G.T. and chaloner, w.G. 1985. Tree growth in the Meso-

zoic and Early Tertiary and the reconstruction of palaeoclimates. Palaeogeog',

Palaeoclimatol, Palaeoecol',,52: 35 - 60.

Daley, 8,1972. Some problems corÌceruing the Early Tertiary climate of

southern Britain. Palaeogeog,, Palaeoclimatol,, Palaeoecol,,lI: L77 - 190.

Davis, J.M., and Taylor, S.E. 1980. Leaf physiognomy and climate: A

multivariate analysis. Quatern' Res',14: 337 - 48.

Dickinson, T.4., Parker, W.H., and Strauss, R.E. 1987. Another

approach to leaf shape compalisons. Taton,36: 1 - 20.

Dilcher, D.L. 1971. A revision of the Eocene flora of southeastern North

America. Palaeobotatt'ist, 20t 7 - 18.

Dilcher, D.L. 1973. A paleoclimatic interpretation of the Eocene f.oras of

southeastern North America. pp. 39 - 59, In, Graham, A. (ed.) Vegetation and

uegetational history of northerrt Latin Anterica. Elsevier, New York'

Dilcher, D.L. LÐ74. Approaches to the identiflcation of Angiosperm leaf

remains. Bot, Reu.r 40: 1- 15r

Dolph, G.E. 1976. Inter-relationships among the gross morphological fea-

tures of Angiosperm leaves. Bull' Torrey Bot. Club,703: 29 - 34'

131



Dolph, G.E. 1977. The effect of different calculational techniclues on the

estimation of leaf area and the constluction of leaf size distributions. BuIL Torrey

Bot. CIub,10a(3): 264 - 269.

Dolph, G.E. 1978, Varia,tiorÌ in leaf size and margin type with respect to

climate. Cour. Forsch.-Inst. Senckenberg, 30: 153 - 158.

Dolph, G.E. 1979. Variation in leaf margin with respect to climate in Costa

Rica. Bull, Torreg Bot. CIub,106(2): 104 - 109.

Dolph, G.E. 1984. Leaf form of the woody plants of Indiana as related to

environment. pp. 51 - 61, In, Margaris, N.S., Arianoustou-Farragitaki, M., and

Oechel, W.C. (eds) Being Aliue on Land. Taslcs for Vegetation Science 13. Junk,

The Hague.

Dolph, G.8., and Dilcher, D.L. 1979a. FoLiar physiognomic analysis as

an aid in determining paleoclimate. Palaeontographica Abt. 8,170: 151 - I72'

Dolph, G.E., and Dilcher, D.L. 1979b. variation in leaf size with respect

to climate in Costa Icica. Biotropica,I2(2): 91 - 99.

Dolph, G.E., and Dilcher, D.L. 1980. Variation in leaf size witli respect

to climate in the Tlopics of the Western Hemisphere. Bull, Torrey Bot' Club,

107 29 - 34,

Dorf, E. 1970. Paleobotanical evidence of Mesozoic and Ceuozoic clirnatic

changes. Proc. N, Amer. Paleontol. Conuen',1: 323 - 346.

Drake, H. and Burrows, C.J. 1980. The influx of potential macrofossils

into Lady Lake, north Westland, New Zealand. N'Z' J. Bot'r 18: 257 - 274,

Dudgeon, D. 1982. Spatial and seasonal variations in the standing crop

of periphyton and allochtl'Lonous detritus in a forest stream in Hong I{ong, with

notes on the magnitude and fate of riparian leaf fall. Archiu. f"tr Hydrobiol.

Suppl.,64(2): 189 - 220,

Duigan, S.L 1951. A catalogue of the Australian Tertiary flota. Proc. RoA.

Soc. Victorfø, 63: 41 - 56.

Duigan, S.L. 1966. The nature and relationships of tl-Le Tertiary brown

coal flora of the Yallourn area in Victolia, Australia. Palaeobotanist,14: I9I -
20r.

732



Eckenwalder, J.E. 1980. Foliar heteromorphisrn \n Poqtulus (Salicaceae), a

soulce of confusion ir-r the taxonomy of Tertiary leaf remains' 'Sysú' Bof', 5: 366

- 383.

Endress, p.K. 1983. Dispersal and distribution in some small archaic relic

angiosperm families (Austrobaileyaceae, Eupornatiaceae, Himantrandaceae, Id-

iospermaceae, and Calycanthaceae). Sonderbd. Naturwiss' uer IIamburg, T: 20I

- 2r7.

Ferguson, D.K. 1985. The origin of leaf-assemblages - new light on an old

problem. F';ev. Palaeobot, Palynol',46: 117 - 188'

Florin, R. 1963. The d,istribution of cor-Lifer and taxad genera in time and

space. Acta Horti' Bergiani,20: L2I - 402.

Floyd, A.G. 1977a. Iky to major rainforest trees it'¿ N.S.W, Research Note

No. 27. Forestry Commission of N'S'W., Sydney'

Floyd, A.G. 1g77b. N..9.I,/. Rctinforest Trees. Pt VI Fantilies Podocarpaceae,

Araucariaceae, Cupressaceae, Fagaceae, Uhnaceae, Moraceae, Urticaceae' Re-

search Note No. 34. Forestry Commission of N.S'W', Sydney'

Floyd, A.G. 1928. 
^I.S, 

\It. Rainlorest Trees. Pt VII Families Proteacea'e,

Santalaceae, Nyctaginaceae, Gylosternoll.aceae, Annouaceae, Eupomati-

aceae, Monimiaceae. Researclt Note No, 35' Forestly Commission of N'S'W',

Sydney.

Floyd,A'G'1979a'(2ncledition)'nr'^9'W'RainforestTrees'PtIFarnily

Lauraceae. Research Note No. 3. Polestry commission of N.s.w., sydney.

Floyd, A.G. 1g7gb. N.S.W. Rainforest Trees. Pt VIII FamiliesMimosaceae,

Caesaipinaceae, PapiliotÌaceae, Simaroubaceae, Burseïaceae' Meliaceae. Res earch

Note No. 38. Forestry Con'rmission of N.S'W., Sydney'

Floyd, A.G. 1979c.(2ncl eclitiol) N.s.w. Rainforest Trees. Pt III Family

Myrtaceae. Researclt, Note Aro. 28. Forestry commission of N.s.w., sydney'

Floyd, A.G. 1979c1. (2ncl edition) N.,g,w. Rainforest Trees, Pt IV Family

Rutaceae. Research Note No. 30. Forestry Comrnission of N'S'W., Sydney,

Floyd, A.G. 1980. 1{,,5,14/, Rairúorest Trees. Pt IX Families Eupholbiaceae,

Anacardiaceae, Corynocaïpaceae, Celastraceae, Siphonodontaceae, Icacinaceae.

133



Research Note No.41. Forestly Commission of N'S'W'' Sydney'

Floyd, A.G. 1981a. N.S,W. Rainforest Trees. Pt X Families Rhamnaceae'

Elaeocarpaceae, Malvaceae, Sterculiaceae, Eucryphiaceae, Flacouttiaceae, Thymeleaceae

Research Note No.43. Forestry commission of N.s.w., sydney.

Floyd, A.G. 198lb. (Znd eclition) JV..9, W. Rainforest Trees, PtII Families

Capparidaceae, Bscalloniaceae, Pittosporaceae, Cunoniaceae, Davidsoniaceae'

Research Note No' 7. Forestry Cornmission of N'S'W', Sydney'

Floyd, A.G. 1981c. (2ncl edition) N.S,W. Rainforest Trees. PtY Families

Sapindaceae, Akariaceae. Resertrch Note No' 32 Forestry Commission of N'S'W',

Sydney.

Floyd, A.G. 1982. N.S.W. Ruinforest Trees, Pt XI Families Araliaceae,

Alangiaceae, Bpacridaceae, Myrsinaceae, sapotaceae, Ebenaceae, symplocaceae'

Oleaceae. Research Note No.48. Forestly Comrnission of N.S.W', Sydney'

Francis, J.E. 1986. Grorvth rings in cretaceous and Tertiary wood from

Antarctica and their palaeoclirnatic implications. Palaeontology,29: 665 - 684'

Francis, 1¡¡.D. 1981. (4th eclition) Australian rain-forest trees (with nonTen-

clatural changes by G.AtI. Chippendale). Aust. Govt. Printing Serv', CanberÌa'

468 pp.

Fraser, L. and vickery, J.w. 1938. The ecology of the uPper williams

River and Barrington Tops District. 2. Rainforest forrnations ' Proc' Linn' Soc,

New South Wales,63: 139 - 184.

Givnish, T.J., and Vermeij, G.J. 1976. sizes and shapes of üane leaves.

' Amer. Naturalist,ll0: 743 - 778'

Givnish, T.J. 1978. Ecological aspects of plant rnorphology: Leaf form in

relation to environment. pp. 83 - I42,In, Sattler, R. (ed.) Theoretical Plant

Morphologg, Acta Biotheoretica 27. suppl.: Folia Biotlteoretica,7.

Givnish, T.J. 1984. Leaf and canopy adaptations in tropical forests. Clì' 5

pp. 51 - 84, In, Medinã, E., and. Vazcluez-Yãnes, c. (eds) Påysiological ecology

of plants of the Wet Tropics. Tasks for Vegetation Science 12. Junk, The Hague'

Godley, E.J. 1960. The botany of southern Chile in relation to New Zealand

and the sub-antarctic. Proc. Roy. Soc. London, Ser. B,152: 457 - 475'

134



Golley, F.B. 1983. ("d) Tlopical rainforest ecosystems; structure and func-

tion. Ecosystems of the þVorld 144. Elsevier, Amsterdam'

Gordon, B. 1971, clim.atic surl)ey; northern region 16 - Queensland. A'¿'s-

tralian Bureau of Meteorology, Melbourne.

Greenwood, D.R. 1987, Barly Tertiary Podocarpaceae: Megafossils from

the Eocene Anglesea locality, Victolia, Australia. Aust. J. Bot.,35(2):111- 133'

Grubb, P.J., Lloyd, J.R., Pennington, T.D., and Whitmore, T'C'

196g. A comparison of montane and lowland rainforest in Ecuador I. The forest

structure, physiognomy and floristics. J' Ecol.,51: 567 - 601'

Grubb, P.J., Lloyd, J.R., Pennington, T.D., and Whitmore, T'C'

1g63. A comparison of montane and lowland rainforest in Ecuador II. The climate

and its effects on the distribution and physiognomy of the forests, J. Ecol.,52:

303 - 333.

HalI, J.8., and Swaine, M.D. 1976. classifrcation and ecology of closed

canopy forest in Ghana. J. Ecol.,64: 913 - 951.

Hall, J.8., and swaine, M.D. 1981. Disúribution and ecology of uascular

plants in a tropical rainforest uegetation in Ghana. Geobotany 1'. Junk, The

Hague. 383 pp.

I{erbert, D.A. 1960, Tropicai and subtropical rainforest in Australia' Aust.

J. ïci..,22: 283 - 290.

IIerbert, D.A. 1966. Ecological segregation and Australian phytogeograph-

icai elements, Proc. Roy. Soc. Qld,,78: 101 - 111.

Herman, P.P.J.r Robertse, P.J., and Grobbelaar, N. 1987' A numer-

ical analysis of the morphology of the leaves of some southern African Pauetta

species. S. Afr. J. Bot.,53(1): 53 - 60'

Hickey, L.J. 1975. The bases of angiosperm phylogeny: vegetative mor-

phology. Ann. Missouri Bot. Gartl.,62: 538 - 589.

Hill, R,s. 1978. Two new species of Boweni¿ }Iook. ex Hook,f. from the

Eocene of eastern Australia, Au'st, J' Bot.,26:837 - 846.

Hill, R.S. 1982. The Bocene megafossil flora of Nerriga, New South Wales,

Australia. Palaeontographica Abt' B, 78L: 44 ' 77.

135



Hill, R.S. 1983a. Bvolution of Notltofagus cunníngltamii and its relationship

to N. moorei inferred fi'om Tasma,nian ma,crofossils. Aust. J. Bot.,3I: 453 - 466.

Hill, R.S. 1983b. Nothofagus maclofossils from the Tertiary of Tasmania.

Alcheringa, 7: 169 - 183.

Hill, R.S. 1986. Lauraceous leaves from the Bocene of Nerriga, New South

Wales, Alcheringa,,l0:327 - 351.

Hill, R.S. 1987a. Discovery of. Nothofagus fruits corresponding to an impor-

tant Tertiary pollelr type. ÀIolure,327: 56 - 58.

Hitl, R.S. 1987b. A re-investigation of Nolhofagus muelleri (Btt.) Patterson

and Cinnamornunx nugtsii Ett. from the Bocene of Vegetable Creek. Alcheringø,

(in press)

Hill, R.S., and Gibson, N. 1986. Distribution of potential macrofossils in

Lake Dobson, South Central Ta,smania, Australia. J, Ecol.r74: 373 - 384'

Hill, R.S., and Macphail, M.K. 1983' Reconstruction of the Oligocene

vegetation at Pioneer, northeast Tasrnauia. Alch'eringa,7: 281- 299.

Holdridge, L.R. 7967. Li,fe zone ecology. Tropical Science Center, SanJose,

Costa Rica.

Holyoak, D.T. i984. Taphonorny of prospective plant macrofos[Asils in a

river catchment on Spitsbergen. New Phytol,98: 405 - 423'

Hoogland, R.D. 1960. Studies in the Cunoniaceae. I. The genera Cer-

atopetalum, Gillbeea, Aistopeto,hrru, and Calycom,is. Aust' J. Bot',8: 318 - 341.

Iloward, R.A. 1969. The ecology of an Elfln Forest in Puerto Rico, 8. Stud-

ies of stem growth and form, aud of leaf structure. J. Arnold Arbor. (Haruard

Uniu.),50: 225 - 262.

Hu Chia-Chi, Crovello, T.J., and Sokal, R.R. 1985. The numerical

taxonomy of some species of Populus based on vegetative charactets, Taxonr54:

t97 - 206.

Hyland, B.P.M. 1977. A revision of the genus Agathis (Araucariaceae) in

Australia. Brunonia,l: 103 - 115.

Hyland, B.P.M. 1983. A revision of Syzygiumand allied genera (Myrtaceae)

in Australia. Aust. J. Bot. Su,ppl. Ser.,9: 1- 163.

136



Johnson, L.A.S., and Briggs, B.G. 1975. on the Proteaceae - the evo-

lution and classification of a southern family. Bot, J. Linn. soc.,70: 83 -
182.

Jones, H.G. 1985. Adaptive signiflcance of leaf development and structural

responses to environment. ch. 8 pp. 155 - 174r In, Baker, N.R., Davies, w.J.,

and Ong, C.I{. Control of Leaf Growtlt. Cambridge Univ. Press.

Kapos, V., and Tanner, E.v.J. 1985. water relations of Jamaican upper

Montane Rainforest trees. Ecology,66: 241 - 250.

Kaushik, N.K., and Hynes, H.B.N. 1971. Th,e fate of leaves that fall

into streams. Archiv. f"ur Hydrobiologie,63: 465 - 515.

Kelly, D.L. 1985. Bpipliytes and climbers of a Jamaican rainforest: vertical

distribution, life-forms and life histories. J. Biogeog.,12" 223 - 24I'

Kemp, E.M. 1978. Tertiary climatic evolution and vegetation history in

the SE Indian Ocean legion. Palaeogeog., Palaeoclimatol., Palaeoecol.,24: 169 -
208.

Kemp, E.M. 1981. Tertiary palaeogeography and the evolution of Aus-

tralian climate. ch. 3, pp. 31 - 50, In, I(east, A. (ed.) Ecological Bi,ogeography

of Austrøliø. Junk, The Hague.

Kershaw, A.P. and Hyland, B.P.M. 1975. Transfer and periodicity in a

rainforest situation. Reu. Palaeobot. Palynol',19: 129 - 138.

Knoll, A.H. 1986. Pattelns of change in plant communities through geo-

logical tirnes. Ch. 7, pp. 126 - 144, In, Diamond, J,, and Case, T'J' (eds)

Communitg Ecology, Harpel and Rowe, New York,

Lange, R.T. 1976. Fossil epiphyllous "germlings", their livir-Lg equivalents

and tlreir palaeohabitat value. Areues Jahrb. Geol. Palaontol. Abh.,l5I: 142 -
165.

Lange, R.T. 1978. Southeln Austlalian Tertiary epiphyllous fungi, modern

equivalents in the Australasian regior-1, alLd habitat indicator value. Can. J. Bot.,

56: 532 - 547.

de Laubenfels, D.J. 1969. A revision of the Malaysian and paciflc rainforest

conifers. 1. Podocarpaceae. J. Ant,old Arbor. (IIaruard Uniu.),50: 274 - 369'

737



Legendre, L., and Legendre, P. 1983. Numerical Ecology, Elsevier, Am-

sterdam. 419 pp,

Lichtenthaler, H.K. 1985, Diffelences in morphology and chemical compo-

sition of leaves grown at different light intensities and clualities. Ch' 10' pp. 201

-22I,In, Baker, N.R., Davies, W.J., ar-rd Ong, C.K. Control of Leaf Growth'

Cambridge Univ. Press. 350 pp'

Lieberman, M., and Lieberlrlanr D., Hartshorn, G., and Peralta, R'

1g8b. Small scale altitudinal variation in lowland wet tropical forest vegetation.

J. EcoI.,73: 505 - 516.

Loveless, A.R. 1961. A nutritional interpretation of sclerophylly based on

the differences in the chemical composition of sclerophyllous and mesophytic

Ieaves. Ann, Bot.,25: 168 - 184'

Loveless, A.R. 1962. Fulther evidence to support a nutritional interpleta-

tion of sclerophylly. Ann. Bot.,26: 551 - 561.

Lowman, M.D. 1986. Light interception and its relation to structural dif-

ferences in three Austlalian lainforest canopies. Aust, J. Ecol., 11(2): 163 -
170.

MacGinitie, H.D. 1969. The Eocene Green River flora of northwestern

colorado and nortl'reastern utah. calil. uniu. Pultls Geol. sci.,83: 1- 140.

MacGinitie, H.D. 1974, An early middle Eocene flora from the YelLowstone-

Absaroka volcanic province, northrvestern Wind River basin, Wyoming, Calif .

Uniu. Pul:ls Geol. ,Sci., 108: 1 - 103.

McQueen, D.R. 1969. lvlacroscopic plant remains in recent lake sedimeuts.

Tuatara, lT: 13 - 19.

Martin, H.A. 1986. On the philosophy and methods used to reconstruct

Tertiary vegetation. Proc. Lir¿n, Soc. New South Wales,l07: 52I - 533.

Morley, 8.D., and Toelken, H.R. (eds) 1983' Flowering Plants in Aus-

tralia. Rigby, Adelaide. 416 pp.

Paijmans, K. (ed.) 1976. New Gu'it¿ea Vegetation. CSIRO / Aust. Natl

Univ. Press, Canbella. 2121>p.

Parkhurst, D.G., and Loucks, O.L. 1972. optimal leaf size in relation

138



to environment. ../. Ecol,,60: 505 - 537.

Potter, F.W., and Dilcher, D.L. 1980. Biostratigraphic analyses of

Eocene clay d,eposits in Henry county, Tennessee. ch. 8, PP. ztl - 225,In,

Dilcher, D.L., and Taylor, T.N. (eds) Biostratigraphy ol Fossil Plants. succes-

sional and Paleoecological Analgses. Dowden, Hutchinson and Ross, Pennnsyl-

vania.

Potts, E}.M., and Jackson, w.D. 1986. Evolutionary plocesses in the

Tasmanian higli altitude eucalypts. ch, 30, pp. 511 - 528, In, Barlow, B.A.

("d.) Flora anrl Fauna of Alpine Australia. CSIRO / Aust. Syst. Bot. Soc.,

Melbourne.

Proctor, J. 1984. Tropical forest litterfall II: The dataset. pp. 83 - 113,

In, Clradwick, A.C. and Sutton, S.L. (eds) Troltical Rainforest: Tlt'e Leeds Sym-

posi,um. Spec. Publ. Leeds Phil. & Lit. Soc.

Proctor, J., Anderson, J.M., Chai, P., and Vallack, H'\ ¡' 1983' Eco-

logical studies in four contrasting lowland rainforests in Gunung Mulu National

Park, Sarawak. I. Forest envirorÌment, structure arld lloristics. J. Ecol',71(1):

237 260.

Rau, G.H. 1976. Dispersal of terrestrial plant litter into a subalpine la,lie'

Oileos,27: L53 - 160.

Raunkiaer, C. 1934. Th,e Life Forms of Plants at'¿d Statistical Geography,

Oxford Univ. Press.

Richards, P.w. 7952. TI¿e Tropical ßainforest; An Ecological study. ca'm-

bridge Univ. Press. 450 pp.

Richards, P..W. 1983. The three-dimensional structure of tropical rain for-

est. pp. 3 - 10, In, Sutton, S.L,, Whitmore, T.C., and Cl-radwick, A.C. (eds)

Tropical Rainforest: Ecology and lu[cntagetnent, Blitish Bcol. Soc. Spec' Publ.

No. 2. Blackwell Sci. Publ., Oxfold. 498 pp.

Rogers, R.W., and Barnes, A. 1986. Leaf demography of the rainforest

shrub Wilkiea macrophylla and its implications for the ecology of foliicolous

lichens. Aust. J. Ecol.,11: 341 - 346'

Rood, S.8., Carnpbell, J.S., and Despins, T. 1986' Natural poplar

139



hybrids from southern Albelta I. Continuous variation for foliar characters. Con.

J. Bot.,64: 1382 - 1388'

Roth, I. 1984. Stratifi,catior-r, in, troytical forests os seen in leal structure,

Taslcs for Vegetation Science 6. Junk, The Hague'

Roth, J.L., and Dilcher, D.L. 1978. some considerations in leaf size and

margin analysis of fossil leaves. Cour' Forsclt',- Inst. Senclcenberg, 30: 165 - 77I'

Salo, J., Kalliola, R., Häkkinen, I., Mäkinen, Y', Niemelä, P',

Puhakka, M. and Coley, P. 1986. River dynamics and the diversity of Amazon

lowland forest. Nature,322: 254 - 267.

scheihing, M., and Pfefferkorn, H. 1984, The taphonomy of land plants

in the Orinoco delta: a model for the incorporation of plant parts in clastic

sediments of Late Carbonifelous Age of Burarnerica. Reu. Palaeobot' Palynol,,

47: 205 - 240.

schlicting, c.D., and Levin, D.A. 1986. Phenotypic plasticity: an evolv-

ing plant character. Bot. J. Lintt" Soc',29: 37 - 47.

Shukla, R.P. 1984. Leaf clynaurics of Tropical tlees related to successsional

states. New Phytol.,97: 697 - 706.

sokal, R.R., crovello, T.J. and lJnnasch, R.s. 1986. Geographic vari-

ation of vegetative characters of Populus deltoides. Syst. Bot',11: 419 - 432'

Spain, A.V. 1984. Litterfall and the standing crop of litter in three tropical

Australian Rainforests. J' Ecol.,72: 947 - 961'

spicer, R.A. and Hill, c.R. 1979. Principal components and corÌespon-

d,ence analyses of cluantita,tive cìata fi'om a Julassic plant bed' P'cv. Palaeobot.

Palgnol,,28: 273 - 299.

Spicer, R.A. 1980, The importance of depositional sorting to the biostratig-

raphy of plant megafossils. pp. 171 - 183, In, Dilcher, D.L., and Taylor, T.N.

(eds) Biosúratigraphy of Fossit Plants. Successional and Paleoecological Analyses.

Dowden, Hutchinson and Ross, Pennsylvania.

Spicer, R.A. 1981-. The sorting and deposition of allochthonous plant mate-

rial in a mod.ern environrnelt at Silrvood Lake, Silwood Park, Berkshire, England.

US Geol. Suru, Prof, PaPer,7143 77PP.

140



spicer, R.4., and wolfe, J.A. 1987. Plant tapl'ronomy of late }lolocene

deposits in Trinity (ClaiL Engle) Lalie, northern California. Palaeobiology,lS(2):

227 - 245.

sugden, A.M. 1985. Leaf anatomy in a venezuelan Montane forest. Boú,

J. Linn. ,ïoc., 90: 23I - 24I.

sumner, G., and Bonell, M. 1986. Circulation and daily rainfall in the

North Queensland wet season. J. Clintatology,6: 531 - 550.

Tanner, E.V.J. 1980. Litterfall in montane rainforests of Jamaica and its

relation to climate. J. EcoI.,68: 833 - 848.

Taylor, S.E. 1975. Optimal leaf form. pp. 73 - 86, In, Gates, D'M',

and scmerl, R.B. (eds) Perspectiues in Bioplrysical Ecology. Ecol. Stuclies t2'

Springer Verlag, Berlin.

Thorne, R.F. 1986. Antarctic elements ir"r Australasian rainforests' Telopea,

2z 6IL - 618.

Tracey, J.G. 1982. The vegetation of the Humid Tropics of North Queens-

/¿nd. CSIRO, Melbourne.

tacey, J.G., and webb, L.J. 1975. Vegetation of the Ilumid Tropical

Region of North Queensland, (15 maps at 1:100,000 scale -l key.) Rainforest EcoI-

ogy Unit, Div. Plant Industry, CSIRO Long Pocket Laboratories, Indooroopilly,

Queensland.

van steen,is, c.G.G.J. 1981. Rh,eophytes of tlte world, sijthoff and No-

ordhoff, Alphen aan den Rijn, The Netherlands, Rockville, Maryland, usA.

vitousek, P.M. and sandford Jnr, R.L. 1986. Nutrient cycling in moist

tropical forest. Ann. Reu. Ecol' Syst.,17: I37 - 168.

Vogel, S. 1970. Convective cooling at low airspeeds and the shape of broad

leaves. J. Enp. Bot.,27: 91 - 101.

'Webb, L.J. 1959. A pliysiognomic classifrcation of Australian rainforests.

J. Ecol.,47: 55I - 570.

Webb, L.J. 1968. Bnvironrnental deterrninants of the structural types of

Australian Rain Forest Vegetatiot. Ecology,49: 296 - 311.

webb, L.J., and tacey, J.G. 1982. Rai,nforests: data on fioristics and site

141



characterisúics. Biogeogr. Inforrn. Syst., Bureau of Flora and Fauna, Canberra''

Webb, L.J., tacey, J.G., Williarns, W.T', and Lance' G'N' 1969'

The pattern of mineral return in leaf litter of three subtropical Australian forests.

Aust, Forestry,S3(2):99 - 110'

\Mebb, L.J., Tracey, J.G., Williams, W.T', and Lancet G'N' 1970'

Studies in the numerical analysis of complex rain-forest communities V. A com-

parison of the properties of llolistic and physiognomic structural data. J' Ecol',

webb, L.J. and lracey, J,G. L972. An ecological comparison of vege-

tation communities on each side of Torres Strait' Ch. 7, In, Walker, D. (ed')

Brid,ge and Barrier: Natural and Cultural llistory of Torres Strait' Publication

No. BG/3. Australian Natl' Univ., Canberra.

'webb, L.J., Tracey, J.G., and Williams, \M.T. 1983. Australian Trop-

ical forests in South East Asian context: some structural- floristic-habitat corn-

parisons. In, Proc. Ecol. soc. Aust., symposium on tlte wet-Dry Tropics,

Darrvin, May 1983.

\Mebb, L.J., tacey, J.G., and Williams, W.T. 1984. A floristic frame-

work of Australian rainforests. Aust, J. Ecol',9: 169 - 198.

\Mebb, L.J., tacey, J.G., and Jessup, L.W. 1986' Recent evidence

for the autochthony of Australian Tlopical and Sub- tropical rainforest floristic

elements. Telopea,2: 575 - 590.

'west, J.G., and Noble, I.R. 1984. Analysis of digitised leaf irna,ges of the

Dodonaea viscosa complex in Australia. Taxonr 33: 595 - 613.

\Mhiffin, T., and Hyland, B.P.M. 1986. Taxonomic and biogeographic

evidence on the relationships of Austlaliau rainforest plants. Telopea, 2: 591 -
610.

whitmore, T.c. 1984. Tropical Rainforests of the Før East. (2nd Edn)

Clarendon Press, Oxford'
'Wolfe, J.A. 1971. Tertiary climatic fluctuations and methods of analysis of

Tertiary fl.oras. Palaeogeog,, Palaeoclin't'atol., Palaeoecol', 9; 27 - 57 .

Wolfe, J.A. 1980a. Temperature parameters of Humid to lvlesic Forests of

r42



Eastern Asia and relation to forests of other regions of the Northern Hemisphere

and Austra,lasia. U.9 GeoL Suruey Prof. Paper,1106: 1 - 37.

\Molfe, J.A. 1980b. Tertiary climates and floristic relationsl.Lips at higher

latitudes in the Northern hemisphere. Palaeogeog., Palaeoclimatol., Palaeoecol',

30: 313 - 323.

'Wolfe, J.A. 1985. Distribution of major vegetational types during the Ter-

tiary. pp. 357 -375, In, The Carbon Cycle and, Atmospheric COz: Natural

Variations Archean to Present. Geophysical Monograph 32. Amer. Geophys.

Union.
'Wolfe, J.A. 1987 The distribution of major vegetational types during the

Tertiary. pp. 357 - 375, In, The Carbon Cycle and Atmospheric CO2. Natu-

ral Variations Archaen to Present. American Geophysical Union, Geophysical

Monograph 32.

Zastawniak, E., \Ãy'rona, R., Gozdzicki, 4., and Birkenmajer, K.

1985. Plant remains from the top part of the Point llennequin Group (Upper

Oligocene), I(ing George Island (South Shetland Islands), Antarctica. Studiø

GeoI. Polska, 81: 143 - 764.

143





APPENDIX 1. Leaf data for all

sites
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B - SAMP],E NUMBER

D : LEAF LENGTH (mm)

F = POSITION OF MÀXIMÀL WIDTH (nun)

Leaf Data for Oliver Creek (CMVF)

A : FOREST TYPE
C = SITE NUMBER
E = LEAF WIDTH (¡nrn)

Site Location:
16 08 S t45 2'7 E

Elevation:
20 metres

No. of Leavea'with
Non-entíre margins;

ABC D E F
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t2 75
1l- 62
37 42
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18 72
14 60
t2 65
08 50
13 54
r.1 85
11 65
13 77
12 60
13 54
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12 4I
12 60
2L 35
39 60
39 53
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50 76
s0 90
52 76
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39 43
46 80
50 6s
45 75
49 73
52 83
40 60
40 50
34 60
48 56
51 50
38 40
39 36
44 44
46 40
45 47
22 30
47 32
22 25
36 32
52 45
36 40
42 42
29 42
33 43
30 43
34 40
30 36
40 48
32 40
49 50
43 42
50 45
32 40
33 46
34 30
33 30
36 26
44 35
2't 25

22 20
56 50
32 30
s3 40
40 52
36 40
51 48
42 45
45 42
s6 53
50 s0
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s9 56
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31 30
39 40
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43 30
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37 32
33 3L
23 26
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42
39
45
35
42
39
15
11
11
09
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46
40
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35
65
56
43
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35
37
42
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45
46
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45
36
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66
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45
40
40
3L
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46
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36
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50
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46
50
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55
70
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234t64 69 80
234131 60 65
234t34 60 80
234 90 44 47

234 65 30 42t
2 3 4 150 62 65

2 3 4 110 45 52
234 80 33 29
234'12 32 33
234 72 30 30
234 80 32 32
234 93 38 40

234Lt2 47 52
234L32 52 51
234100 58 45
234110 47 45
234 82 35 40

234 98 43 42
23 4 81 39 40
234 72 29 2'l
234 86 38 38.
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234 87 3'7 30
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234 90 35 40
234 90 42 38
2 3 4 110 42 48

2 3 4 113 39 s2
234'16 4t 38
234 66 32 30
2 3 4 88 36 40
234 75 30 32
234118 53 50
234 95 46 48
234 75 49 30
234t60 !2 80
234130 11 70
234]-47 11 70
2 3 4 115 !2 50
234]-06 13 60
234r48 15 85
234]-t0 11 50
234105 10 50
234!25 11 65
234t40 L1 80
2 3 4 110 13 45
234t34 t2 70
234t33 09 48
234tt6 13 56
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234ttz 11 55
234t06 !2 50
234122 14 65'
2 3 4 92 09 40
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234 94 53 q2
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234 66 41 30
2 3 4 98 49 48
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42 32
4'7 50
34 3L
50 33
46 45
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46 38
38 28
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35 30
44 42
26 30
42 40
52 52
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25 26
31 40
27 30
09 55
08 40

118 60
40 50
42 48
38 38
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35 2'7
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24 30
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46 42
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40 35
40 3l-
42 3s
32 22
42 42
46 4L

'74
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r_07
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45
80
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107
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38 s3
43 55
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35 s0
36 46
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39 42
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35 44
31 45
45 5't
)o ?tr

23 20
28 46
47 63
30 40
36 55
50 39
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46 34
42 30
49 82
46 6L
4'7 61
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42 58
32 46
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4'7 51
61 62
38 35
43 60
42 50
3'7 49
32 43
23 39
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38 25
35 35
34 32
34 39
30 s0
37 47
46 55
23 39
38 56
29 50
38 52
35 40
30 40

242 7'1

2 4 2 56
242 55
242'73
2 4 2 84
242r1.0
242L06
242L07
24212Q
24212'l
2 4 2 88
242rlL
242 9s
2 4 2 110
242t00
242rlL
242r05
242140
242Lt}
2 4 2 1,"Ì0

242]-06
242r30
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242rL]
242Ltg
242 65
2 4 2 56
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242rzL
2 4 2 84
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242L32
242r32
24213'7
242L38
2 4 2 L06
) d ) 2n.ã

242rt3
2 4 2 140
2 4 2 83
242r27
242L24
242TIT
242r00
2 4 2 83
2 4 2 91
2 4 2 60
2 4 2 75
242 60
242r08
242106
242 9't
242rr2
2 4 2 '74

242723
242t09
242r25
242rtl
2 4 2 B4

ABC D

2421t2
2421r2
242125
24211,1
242r}t
242r21
242122
2 4 2 86
2 4 2 70
2 4 2 86
2 4 2 56
242 60
242105
242 94
242t26
2 4 2 89
242rr5
242122
242140
242t25
242t30
242L00
2 4 2 s6
242 72
242L29
242L}r
2421]-5
242L12
2A27t4
242rr7
2421r0
242 7t
242]-65
242]66
242L40
242L30
242t60
242t10
242 94
242rt9
242]-rg
242126
2 4 2 80
242r20
242 65
242 96
2 4 2 85
242 82
242ttg
242r52
242r02
242142
242t00
242 92
2 4 2 48
242 52
2 4 2 81
242 70

Leaf Data for Mulgrave River (CMVF)

A = FOREST TYPE
C - SITE NUMBER
E = LEAF WIDTH (rnrn)

Site Location:
L't 18 S 145 48 E

Elevation:
120 metres

No. of Leaves wíth
Non-entire Margins;

sample t

B = SÀMPLE NUMBER

D : LEAF LENGTH (nun)

F = POSITION OF MÀXIMAL WIDTH (n'¡n)

EF
37 52
37 50
42 56
38 52
29 46
38 54
I ¿ þJ
40 48
27 38
44 45
22 26
22 22
32 45
31 43
38 57
2't 38
39 50
39 55
50 51
53 4t
50 70
37 40
28 32
32 40
47 61
40 5l-
38 s0
40 51
36 51
35 s0
32 46
24 35
57 91-

62 65
54 50
61 41,
56 70
30 45
28 40
39 50
39 54
44 5l-
43 38
40 60
29 33
35 52
32 4r
a4 4l
44 46
56 52
42 32
50 60
31 s5
43 48
23 30
20 28
25 32
22 30

1

zô

1

1

2

3

4

q



242t22
242t65
242 82
242 95
242124
242L10
242t04
242136
242t31
2421t8
242 63
242105
2 4 2 86
2 4 2 76
242148
242tzt
242t02
2421L0
2 4 2 88
242 93
242t25
24210t
242tts
242 73
242tro
242 96
242 62
242104
2 4 2 86
242 83
2422t0
242L56
242t36
242]-05
242 83
242 68
242t95
2421t4
242t06
242126
242133
242126
242L43
242132
242L00
242]-'15
242r90
242 41
242 7't
242t38
242t36
242t40
242LtA
242trs
242140
242120
242t26
2421t0
242100
2 4 2 74
2 4 2 88
2 4 2 74
2 4 2 78
242 94
242t00
242r00

45 35
68 65
48 31
41 55
39 s5
30 51
33 45
42 64
43 60
39 52
38 32
36 45
29 42
27 32
57 56
36 50
39 54
31 47
28 38
31 44
40 55
33 46
33 50
24 30
45 65
44 53
40 35
39 39
38 50
26 34
98 70
s3 60
55 50
3s 46
30 40
40 26
53 93
40 47
38 s0
42 60
44 62
39 60
45 65
47 60
30 45
67 60
60 70
22 28
27 35
47 60
45 60
48 60
35 50
36 55
41 70
41 55
56 48
36 45
38 49
31 40
37 46
39 44
40 30
28 42
28 47
28 45r

242rtg 33 53
242 7r 41 30
242'76 25 4t
242 82 27 35
242rtz 41 53
242 98 30 50
242 96 33 42
2 4 2 81 3't 32
242L0'7 34 46
242t09 39 50
242r2r 38 55
242!25 43 57
242L10 34 50
242104 28 50
242 98 29 46
242r!4 40 57
242't6 2't 36
242 87 50 45
242!03 45 36
242t20 43 41
242 66 L9 31.

242',75 29 37
242 80 23 37
242 8? 33 40

242 98 36 45
242t03 34 46
242t23 38 56
242t09 50 60

242 60 19 30
242 62 24 30
242t48 37 60

242]-02 36 42
242!10 4L 50
242 96 50 40

252trg 40 45
252 83 37 37
2 5 2 86 4L 40
2521t6 56 54
252!06 3s 45
252 70 37 35
2s2 63 31 31
252t0'7 35 45
252 68 38 30
2s2L62 64 85
252t!0 42 63
252r!8 60 63
252 73 24 31
252 98 53 5s
252 85 29 43
252t02 36 56
252rr0 45 56
252 66 23 3s
252!02 25 36
2 5 2 76 3'7 42
252t25 41 55
252t48 58 61
252!65 62 6"7

252 92 41 45
252 93 50 40
252L00 56 46
2 5 2 '79 44 37
252 91 36 38
2s2 73 38 3s
252 ?0 26 32
2 5 2 76 24 30
252 50 23 26'

252]-06 40 49

252 48 24 25
252 70 28 41
252 66 32 34
2 5 2 '76 28 45

2 5 2 86 36 s0
2 5 2 85 34 4'7

252 66 31 34
252]-L7 46 52
2s2 95 40 45
252L3't 40 65
252 ?5 29 37
252L00 3s 46
252 88 2'7 35
252 8? 29 42
252t3'7 46 65
252L02 51 53
2s2t20 64 6'7

252 92 51 42

252L05 43 51
252 9'7 62 47

252'72 25 30
2 5 2 86 34 4L

252:-56 63 75
252 85 41 43
252 ?0 32 35
252 5? 32 26
252:-06 3'7 37
2521.t7 46 67

252203 78 75
2 5 2 90 42 43

2 5 2 81 38 41
2 5 2 '15 42 38
252 67 37 35
252 82 44 44

252 75 33 35
2 5 2 '73 45 36
252102 31 56
2 5 2 83 27 36
252r]-0 4t 55
252rt6 56 56
252 62 22 30
2 5 2 7'7 37 40

252 6'7 34 36
2 5 2 80 45 4L
2s2 93 29 33
252'77 35 42

2 5 2 85 38 40

2 5 2 68 34 3l-
2s2 57 22 26
2s2 90 29 3s
252 80 29 40

252]-22 61 75
2s2t24 38 60

252 83 39 33
2s2 86 30 33
252 62 l-9 30
252 83 43 4t
252 86 44 42

2 s 2 93 58 4''t

252 61 32 26
252 82 35 41

252 86 29 30
252136 42 51
252r01 35 41
2s2 82 34 53



42 48
61 56
54 4't
65 51
48 52
45 4'.7

61 26
38 32
35 52
26 3s
34 36
39 s0
52 80
51 52
41 46
38 47
43 45
62 s3
s3 63
49 106
31 42
76 105
32 50
41 50
58 63
35 46
40 33
36 35
43 60
35 45
43 47
38 56
50 54
41 75
38 36
34 40
28 24
36 3s
r'1 27
32 3s
23 30
31 23
10 22
4'7 55
31 46
49 56
32 41
25 32
35 61
44 36
35 45
33 40
56 52
2t 22
46 40
42 60
5s 50
35 33
39 45
26 30
86 26
36 46
6't 88
31 38
37 45
57 56r

'76 81
16 15
10 18
11 12
09 t'7
52 '16

s2 s6
36 4'7

48 s8
37 42
64 70
21 16
19 16
63 80
s8 66
43 67
45 50
6s 65
46 66
16 22
29 36
42 50
40 52
4'? 60
39 s0
56 70
44 63
52 60
43 48
58 80
67 '7'7

40 50
23 26
15 ]-'l
11 L'7

13 13
ss 63
50 60
54 66
5'7 61
45 51
47 48
46 46
47 65
61 70
69 6s
25 2'7

45 53
38 34
4't 43
48 50
30 32
66 90
55 '75

35 42
60 66
41 63
39 43
42 61
46 8s
40 '76

s0 12
33 50
46 20
29 20
13 28

232t68
232 54
232 35
232 2'7

232 33
232r32
232L0'7
232 9'7

232trz
232 72
232\35
232 4t
232 34
232r28
232r40
232tt2
232t1z
232tr6
232t26
232 47
232 66
232 91
232t07
232t20
232 93
232t50
232t26
232rL6
232 92
232L44
232J.52
232t02
232 5C

2 3 2 36
2 3 2 30
232 29
232t30
232r2L
232t36
232L20
232t04
232LL)
2 3 2 98
232r2'7
232]-55
232t23
232 5s
232r05
232 65
232 82
2 3 2 96
2 3 2 65
2 3 2 l't]
232r40
232 9s
232r40
232tj'l
2 3 2 98
232r05
232t43
2 3 2 141
232r3'7
232 94
232 63
232 54
232 43

252t22
252]-13
252t02
2521t5
252t23
252r03
25210r
252 94
252120
252 7L
252t23
252 99
252t42
252:-08
252]-15
252r04
252 90
252106
252t22
252t80
252 81
252r80
252t08
2s2 95
252r20
2s2t02
252 7L
2 5 2 68
252L30
252 92
252 85
252 87
252tr1
252142
252 73
2 5 2 85
252 46
2 5 2 73
252 66
2 5 2 76
252 66
252 51
252 34
252rL'l
252 96
252t03
252 87
252 6s
252t16
2 5 2 '76

2 5 2 93
2s2 92
252 97
252 45
252'77
2521,22
252L26
252 73
2 5 2 106
2 5 2 80
232t00
232 87
232162
232 ''Ì6

232 96
232trl

55
45
32
40
47
49
32
27
4t
62
47
38
35
4t
19
36
43
58
46
45
39
39
24
39
40
33
38
39
34
50
52
55
41
44
52
40
31
34
32
33
35
25
26
24
28
38
36
41
24
43
42
27
¿þ
44
2'l
61
68
45
37
44
28
28
43
33
47
31

92
75
46
51
43
45
47
28
50
75
s6
51
50
43
32
51
44
52
46
37
4t
3't
41
52
50
47
50
47
40
33
47
42
40
s6
56
50
30
42
62
60
46
42
46
42
33
48
42
40
33
4'.l
55
32
32
67
37

]-6't
100

55
47
40
37
45
50
J¿
s3
46,

252120
252 90

252L45
252t32
2521L0

2 s 2 86
252 62
2s2 92

2 5 2 85

252t42
252t32
252L17
252t76
252]-02
2s2 51
2s2t30
252 94
252t00
252 93
2 5 2 96
2 5 2 96
252 80
252 77
252r23
252r30
2s2t20
252t36
252IL1
252 81
252 80
252 92
2 5 2 89
2 5 2 86
252tts
252L20
252 97
252 53
252 70
252t12
252t06
252106
2 s 2 88
252L09
2 5 2 70
252 7r
252L08
252 97
252'75
252 6't
252 97
252106
2 5 2 '16

252'70
252LLs
2 5 2 86
2523t6
252t'tz
252126
252]-0s
2 5 2 75
2 5 2 76
252t06
252t00
252 62
252tr2
252t07



232 26
232 43
232145
232t30

09
18
61
60
66
40
26
70
38
50
38
44
47
61
45
49
56
66
28
50
'1r
42
30
46
78
55
48
55
64
23
t4
23
68
58
46
41
24
39
49
57
52
47
66
I2
!2
56
55
4'l
39
55
29
2't
22
42
42
72
48
55
58
50
50
49
5'l
42
?0
6'l

13
2t
68
6't
82
50
25
37
45
45
50
52
67
90
63
76
70
68
58
B8
30
50
40
56
85
76
65
70
65
31
¿Þ
32

105
62
45
43
34
65
70
70
62
46
76
16
25
38
33
53:
44
52
28
37
37
52
52
56
58
57
66
65
66
57
75
45
86
75r

232 ?0 31 35
232Lt} 38 56
232]-35 56 53
2 3 2 76 34 34
232 54 L7 t7
232 31 t2 19
232tt} 44 60

232't4 33 39
2 3 2 14 32 48

232 40 24 20
232L08 4l- s8
232Lj'r 43 57
232r00 44 48

232t65 ?1 76
232!45 60 85
232tL1 57 55
232t60 70 85
232t83 46 93
2 3 2 91 41 4l
2 3 2 88 34 45
232 72 31 36
2 3 2 89 40 42
232t24 50 63
2 3 2 97 41 45
232L35 6l- 67

232!50 59 82
232 93 36 51
232 46 25 22
232 80 46 49
232L42 6'7 ?1
232 92 52 s5
232 60 30 36
232t]-2 50 62
232 82 37 3B

2 3 2 98 85 16
2321L0 56 38
232:-34 53'72
232tL) 46 58
232!40 54 70
232:-20 54 60
2 3 2 L'tg 68 95
232]-L0 43 5L
232 99 49 52
232tt6 43 55
2 3 2 r1.5 56 57
232r30 53't2
232r38 48 70
232 8? 39 4s
232!88 B0 95
232t09 54 50
232122 53 5't
2 3 2 85 40 40
232t07 46 s5
232 76 33 31
232L05 33 s0
232 85 32 s0
2321-29 56 66
232t50 61 83
232t95 44110
232t66'73 88
232:-25 65 60
232]-04 43 50
232t06 47 50
232100 47 57
232 85 40 42
232tL6 47 60

232
232
232
232
232
232
232
232
232

1r.5
50
98

170
L42
100
106

98
98

62
28
44
'75

58
47
44
r\2

45

52
30
44
B6
76
48
45
43
42232 90

232]-00

232t60
232t01
232 51

232 97
232 98
232t09
232t26
232L42
232t20
232t50
232L38
232t5'l
232 92
232165
232 91
232L03
232 80
232rr2
2 3 2 L76
232147
232Lt7
232L4'7
232r43
232 60
232 40
232 66
2322]-6
232125
232 93
232 94
232 56
232tLz
232t20
232L35
232r30
232 9'7
232t47
232 3s
232 38
232 91
2 3 2 88
232t00
232 90
2321r7
232 60
2 3 2 76
232 72
232t02
232r03
232t36
232122
232LLs
232t32
232trO
232t27
232t05
232r42
232t00
232L80
232t42



Leaf Data for Mobo Creek (CMVF)

À = FOREST TYPE
C - SITE NUMBER
E : LEAF WIDTH (nun)

Sit,e Location:
1710S 14539E

Elevation:
720 metres

No. of Leaves witsh
Non-entire Margins;

sample t

B = SAMPLE NUMBER

D = LEAF LENGTH (¡TUN)

F : posITION OF Ì.4AXIMÀL WIDTH (nrrn)

EF
4'7 55
52 69
33 43
34 37
36 46
33 26
4l- 42
46 6l-
39 50
36 40
34 56
45 61
29 33
26 30
33 19
t'l l7
34 60
26 35
54 38
4t 50
40 51
46 37
43 s0
42 48
42 56
28 65
38 60
2'1 30
22 27
28 3s
36 40
29 42
37 44
38 42
37 45
24 35
34 44
42 50
42 50
46 65
45 58
44 56
53 '74

25 30
s5 60
4L 55
4l al
24 27
29 205
40 63
24 30
36 30
3'7 38
31 20
45 52
38 47
39 44
39 46

2LLt40 44 60

2 t r 68 27 30
2 r. l- 106 35 45
2rL 65 20 26
2rLtt2 37 52
2 1, L L32 45 62
2Lt 50 12 2r
2tr 46 22 t1
2 1 1 105 38 58

2 r- 1 116 43 60

2 1 1 116 51 53
2LtL02 38 45
2 1 1 115 54 60

2 r r 85 2'7 3'7

2tr 70 26 33
2lL 97 31 4L
2rt 64 20 21
2r! 50 2t 20
2Lt 53 28 26
2 L r 76 15 36
2r! 72 23 33
2tt 66 2'7 35
2 1 1 108 39 48

2trr31 45 s1
2 r t 89 31 40

2Ltr2'1 42 53
2 1 1 131 49 53
2r|t2 34 34
2 1 1 135 55 62

2 r r '7L 34 36
2rL 92 39 43

2tLr4r 55 62

2 1 1 115 34 55
2!r 9't 32 4L
2 1 1 110 33 50
2 L t L04 45 4'7

2tr'73 26 36
2 1, t ?0 28 32
2trL2t 39 60

2rt 94 29 42

2 1 1 135 39 70
2LL 93 49 32
2 r t 88 37 36
2rL 60 36 22
2 t L 67 30 35
2Lr 81 42 4l
2rt 95 38 47

2 I r 81 38 42

211110 52 50
2LL!32 44 51
2L]-L25 46 62
2LLL28 39 52
2 1 1 1.50 4'7 85

? r- 1 116 30 s?
2 r r 86 32 50
2rr 65 26 26
2 t r 88 30 45
2tr 90 46 4'l
2rr340 34130
2 r L 84 34 42
2rrtr7 34 54
2tt 65 22 29
2 ! I r02 34 4'7

2 1 1 150 56 104
2rt 80 45 32
2 1 l- 110 43 5'7

3

1

1

2

1

2

?

4

ABC D

2 1 1 143
2 1 1 151
2Lt 97
2TI93
2Itr0'l
2!154
2rt 96
2!l]-t7
2LL 95
2 L I 70
2!tJ.0'7
2 1 1 131
2tt 69
2 L I 74
2LI68
2TL 43
2TL126
2Lr'72
2Lt 92
2]-t 93
2tr 97
2!t 93
2 I r r04
2LL 92
2 1 1 LL5
2LT]-Ls
2rtt20
2tt 65
2t161
2tr 66
2r182
2L191
2 1 1 100
2!]-'15
2 ! I 8L
2 I L 't6
2Lt 91
2rlrl2
2 r- 1105
2ttL20
2 1 1 115
2 r. 1 105
2 1 1 l-45
2tL s5
2tlt25
2tl106
2tr 91
2 t t 56
2 1 1 360
2rll25
2tL 64
2tI 62
2!! 82
2r! 63
2trt32
2 1 1 118
2L!102
2ttrt6



90
55

101
145
193
106
rt2
108
113
114
111
172
110
119
115
114
113
125
r47
t24
118
140
t22
117

B5
140

86
96
88
7q

t22
137

96
75

154
130
140
166
117
133

62
134
115

90
t26
L20
100
166
143
L23
130

86
t20
116
110

98
110
108
110
t32
135
106
110

65
r22
t25

3r. 40
36 36
39 45
31 45
46 4''t
26 ?3
45 43
35 45
2'7 33
28 35
co ??

31 40
28 33
25 34
48 77
41 43
38 45
30 32
28 34
43 40
40 42
26 31
32 51
25 26
30 40
3'7 44
32 63
34 22
41 26
25 32
24 33
25 25
29 29
24 3s
44 110
42 36
27 27
28 37
43 60
43 62
43 47
39 52
44 52
38 37
31 37
10 27
43 52
39 52
a2 55
54 60
35 50
29 32
28 30
30 43
4t 45
30 33
18 34
24 3t-
14 31
16 36
z'.t 38
25 37
38 38
28 41
37 33
31 32t

30 38
40 53
33 40
30 36
20 27
32 3'7

36 37
30 25
14 3L
21 30
!'7 2L
2L 23
39 45
38 43
30 45
32 52
34 52
24 30
2l 14
31 s0
33 55
34 48
42 47
29 35
39 55
50 60
46 53
5r. 61
45 55
45 54
31 40
26 36
24 42
34 50
45 4'7

2L 30
3t 33
40 50
31 46
31 50
48 70
6s 150
42 90
38 47
46 53
30 36
40 50
30 25
38 s3
3r. 43
30 30
39 4s
83 1L?
42 35
32 45
33 36
39 60
32 43
25 33
18 28
22 33
29 35
32 4'7

24 26
30 31
47 4'7

22L 95
22rr2'7
2 2 I 88
22180
22r 63
22r 93
22r 90
22t 52
2 2 I 70
2 2 I 78
22t 53
2 2 ! 56
22llr0
221 95
22!t00
22rtLj
22rtrj
22r 57
22r 50
22t 87
22ttls
22L 92
22LL02
22r'15
22]-tLL
22rr40
22tr20
22LL27
22!L06
22lLzr
22t 9'7

2 2 L 75
2 2 t 89
22tL06
22!]-L]
221 60
22t 82
2 2 t 86
22tt00
22t 91
22tr43
22r236
22tL50
22! 96
22rL00
2 2 r 66
22]-720
22r 77
22tt20
22L 97
22L 67
22r 83
221246
22158
22r753
22L 73
22rL32
22J.99
22r 82
22L 57
22L 6'7

22]-80
22LL00
22t 63
22L 82
22L 93

2!t 96
2 t I 84
2tt 93
2 ! L 99
2:-L 95
2rt 58
2!:-90
2 1 1 100
2LJ.'7L
2tt 96
2Ll'17
2tr 94
2rL 7'l
2t175
2tr 64
2r198
2t! 9't
2 I t '16

2tL'12
2tt 95
2 ! t 86
2tt 7l
2tL].r7
2Lt 60
2 I L 85
2tL 97
211135
2t! 43
2II82
2tt 80
2 t r 76
2tr 60
2tt't8
2 t t 't6
22rr90
22t 64
22r 57
2 2 t 78
22LtLt
22t]-1,0
22t 95
22!t05
22trr0
2 2 L 86
22171
22t 55
2 2 L L04
22t 9't
22Ltl6
22t124
22]-r00
22r 64
227 63
22t 97
22tt20
2 2 r '78

221 65
2 2 r 68
22L 64
22L'73
2 2 t 86
221.83
22L 82
22t 82
2 2 t 73
2 2l '10

2tL
2rt
2LL
2IL
2Ll
2tL
2LL
2Ll
2tr
2Ll
2)-l
2t]-
2tr
2Ll
2tt
2tl
2tr
2tr
2tl
2tl
2tr
2tt
2rl
2IT
2Ll
2tL
2tr
2tr
2Lt
2LI
2tI
2rt
2rl
2tl
2Ll
2tt
2tl
2tl
2tL
2LL
2LL
2tL
2tt
2rt
2tt
2tL
2tl
2tt
2tt
2LL
2LL
2LL
2LI
2Lt
2tt
2tt
2tL
2Lt
2LT
2tl
2tt
2L!
2tr
2tr
2TL
2LT

30
30
43
42
46
37
34
39
49
40
37
64
35
40
46
42
52
65
49
39
42
51
41
38
60
49
35
28
40
53
44
50
43
29
46
41
45
54
37
43
I7
44
42
28
44
43
19
44
52
48
44
28
43
41
37
36
46
36
31
45
57
47
37
44
4I
45

38
2l
52
75
95
46
45
50
50
50
53
90
52
54
5'l
57
60
50
66
53
53
64
56
56
41
67
37
42
4't
28
56
61
46
37
83
56
60
73
55
50
2't
s3
51
36
50
63
47
87
66
65
56
40
50
55
45
40
48
47
52
52
65
4'l
50
28
50
52t



2 2 r 76
22t 60
22L 96
22tL22
221 97
22t 90
22L 66
22t 63
2 2 t 86
22r 80
22t 70
22tt00
22t 56
22t 57
2 2 t 74
22t 60
22lll4
22t 85
22t 80
22L 67
22L 70
22t 70
2 2 L '16

22t 81
22L 81
2 2 t 76
22L 83
22L 72
221 92
22ttLL
22t 75
22Ltlt
22! 79
221 92
22L 83
22t 75
22t 95
22rt00
22L 83
22t 73
2 2 t 86
22t 73
22r 93
22tt06
22r 68
2 2 r 86
22tr28
22t 98
22tttï
22llts
22t 90
22]-116
2 2 t 86
22L 90
22tL00
22172
221156
22tt43
2 2 L '76

2 2 1 68
22L 92
22r124
22LL40
22Lt52
22t 82
22! 92

27 35
35 20
38 42
42 61
43 51
35 45
31 37
2L 32
28 40
29 42
27 33
32 50
23 25
22 25
25 30
19 25
44 57
33 37
34 35
27 29
25 31
25 28
27 35
24 37
34 36
14 35
t4 37
35 28
32 42
41 60
29 32
33 46
29 3s
35 42
28 3?
30 33
35 40
35 46
29 36
22 36
39 40
26 30
29 42
35 52
26 2.Ì
44 36
46 58
35 47
41 53
36 52
40 41
50 60
36 42
36 41
34 45
13 32
50 90
58 68
42 43
43 32
36 43
48 55
49 100
48 72
28 45
32 461

22! 93'7t 24
2 2 ! 266 '13 t82
2 2 t 205 50 l'30
22rt90 58130
22tLr3 33 53
2 2 ! 84 28 4l-
22t 66 33 34
221!06 31 50
22r 86 29 40
22ttr} 41 44
22tL!2 35 4'l
22t 91 28 39
22ttLz 39 50
22t!0t 29 46
22t 82 27 34
22t 90 39 4s
22! 81 35 3s
2 2 L 74 27 27
22tr30 46 65
22Lt30 52 62

22rLts 48 65
22t'7t 31- 33
22r120 46 60

22tt00 36 45
22r 84 40 39
22r 94 39 40
22t 67 29 31
22t 65 26 30
22tt90 52r20
22tt!4 34 55
22L 91 24 36
22t'14 21 35
22rt05 3B s2
22t 97 37 43
22r 9't 38 42
22r236 s5130
22L]-t3 39 49
22]-]-02 32 45
2 2 ! 76 42 29
22r 92 37 40
22tt3'7 46 67
22tt57 64 73
22t212 65t25
22rt25 47 70
22rt47 46 63
22t 86 28 38
22t 93 29 40
22Lrt1 40 48
22tt02 59 43
22t!25 50 6'7

22LlL6 44 52
22!t26 43 55
22L 52 28 27
22L 95 36 44
22L 90 30 40
22Lt24 42 56
2 2 t tr'l 3'7 46
22r 82 31 37
2 2 r 91 5't 22
22L 87 4t 46
2 3 l" 150 38 '75

23t 87 28 66
23ttL2 34 63
2 3 t '78 2'7 36
2 3 t 74 22 25
23t 93 38 501

23L
231
231-
23r
23t
23L
231
23r
23r
23r
23L
23t
23t
23t
23t
23L
23t
23t
23L
23t
231
23t
23t
23t
421

23t
23t
23t
23t
23r
23L
23t
231

9't
56

105
r46
rt2
L30

96
53
5'l
'12

76
60
91

114
t20
143
t32

96
r.4 0
t23

86
98
90

!t2
99
65

r.3 6
77
92

166

35
16
34
4L
31
38
30
15
34
22
30
29
ca

42
37
32
39
39
39
4L
27
31
28
¡1 J
49
22
40
23
19
40

45
20
60
?0
70
62
40
20
28
26
37
30
32
52
63
73
75
50
78
50

42
43
4'l
46
30
?0
5t
50
96

23L
23t
23r
23r
23t
23L
23t
23t
23L
23r
23r
231-
23t
23t
23L
23r
23t
23L
23L
23t
23t
23L
23r
23r
23r
23r
23r
231
23L
23r
23r
23L
23L

10c
]-25
105

38
86

l.L5
107

93
62

135
136

79
7L
70
70
63
70

116
95
98
50

702
90

L24
l.10

orl

?8
?5

183
239

49
!52

99
r.3I

90
725

19
40
30
34
25
42
43
33
22
40
41
36
20
14
32
r.9
2'7
44
30
33
15
34
25
40
4'7

23
24
23
40

t29
L5
86
34
aa

40
41

45
'70

60
46
47
60
63
48
30
83
92
41
2'l
29
¿5
31
32
55
42
48
2T
52
45
66
45
35
?3
32

100
110

23
64
43
56

?q



23t206
23LLl2
23ttt6
2 3 1 156
23tr20
23t 1t
2 3 1 156
23t s3
23L 78
23t 90
23t164
231127
23tL20
231109
23tL20
23tLtz
23t 96
23tt20
23t 90
2 3 1 106
23tr27
23]-93
231105
23Lt25
23Lt82
2 3 1 165
231107
23t 90
23t 96
231153
23t .t2

2 3 t s6
23t 7r
2 3 1 190
23ttl{
23tt25
2 3 1 105
23L 91
23t'73
23ttrz
231'tt
23t 82
2 3 t 76
23L 90
2 3 1 101
2 3 1 105
23t 77
23t 92
231138
23rt20
23rt20
23t 91
23L 98
23t 94
23t 90
23L 80
23tL32
23rt22
2 3 r 96
2 3 1 140
23tt22
2 3 L 't4
23t 9''t
231137
2 3 1 116
2 3 1 110

62 t20
38 46
35 50
52 73
35 64
39 33
42 43
26 25
26 35
30 45
59 78
46 57
4t 55
44 51
70 58
52 46
30 46
43 65
35 s0
33 s2
42 57
33 41
54 46
66 60
49 110
57 104
34 4"1

34 43
31 50
81 70
25 35
28 32
32 30
s6 r-00
40 55
43 58
34 52
20 36
2L 33
32 50
32 30
31 40
38 40
47 35
32 46
33 s0
26 30
38 40
50 6'7

43 50
3't 50
35 42
27 48
35 54
30 40
30 42
38 73
28 68
50 s0
46 '10

39 60
25 32
34 43
53 77
42 s3
39 53,

2 3 1 104 38 48
23! 90 41 20
23r'13 51 27
23t 83 30 3s
23!!74 62ttï
23t 92 42 34
2 3 1 104 40 62

23t 81- 40 23
23t 72 32 18
23t 86 32 44
23r 92 39 4t
23rL!6 26 60

23t 9'1 35 44
23tL22 35 54
23r 57 24 26
23L 80 r7 23
23t 83 32 33
23r!45 45 68
23L 90 45 40
23L 77 25 40
23tt22 37 61
23tr25 42 62
23t!45 80 40
231136 64 55
23t 56 25 24
2 3 t 68 18 23
23ttt7 42 53
2 3111-0 37 48
23LL24 4r 62

2 3 t r0'7 32 58
2 31139 '7L 63
2 3 1 l-00 32 48
23]-\t2 50 4'7

2 31- 11s 35 55
2 3 1 110 34 50
2 3 r r25 6'7 5'7

23!209 49126
23! 98 49 48
2 3 1 l-33 42 70
231 92 32 40
2 3 1 150 60 70
231100 31 46
23tL96 48100
2 3 1 l-31 69 58
23t 6'7 2L 32
23! 82 32 5s
2 3 1 110 38 50
2 3 1 115 50 56
23Lt36 36'.76
23t't3 31 4t
23Lr02 29 40

2 3 1 109 34 50
2 3 1 t3'7 52 ''t2

23rr02 54 4L
2 3 1 135 38 70
23r1-22 42 52
23rt20 39 46
231110 49 50
23tr5'7 44 87
2 3 t 81 28 40
2 3 l. 100 51 42
231140 55 65
23t 76 26 3s
231130 44 60
2 3 1 134 68 55
231 93 30 46¡

2 3 1 106 35 50
2 3 1 116 50 5'7

23! 98 33 48
23t ?0 31 35
23t 73 19 28
2 3 1 130 63 6L

23rr20 42 60

2 3 l- l-01 31 50
2 3 L 60 39 30
23! 49 24 26

231110 28 56
2 3 1 106 24 60

23t 85 31 40

23t 8? 34 50
23L 73 24 32
2 3 l. 150 46 81
23:- 81 34 3s
231106 31 53
23r 63 2s 30
231115 32 62

24tr22 38 66

24tt48 48 83
2 4 1 155 30 110
2 4 L 88 30 46
2 4 1 105 33 54
24r 93 32 45

2 4 L L20 39 49

24tr89 46 24
2 4 1 150 46 78
24ttrl 42 43

2 41, L54 50 74
24Ltt] 32 53
24L:-Lr 36 55
24L]-tï 42 50
24Lt24 43 60

2 4 t 84 48 30
24r 64 25 32
2 4 t '75 30 37

2 4 I L37 42 '70

24t 80 23 3?

24rr1,8 36 48

2 4 r rt'l 40 70
2 4 1 108 32 63

24rr4'7 49 83
24rrLz 29 56
24tr79 50 ?5
24 1 90 32 43
24rr40 50 58
2 4 l- 108 38 50
24t230 68195
2 4 1 117 42 51
2 4 L r5'7 54 '75

24L 93 63 55
24M4 42 58
24tL38 45 52
2 4 t 93 39 45
2 4 I t24 41 55
24r 8'7 35 40

24tr:-6 38 53
2 4 1 100 34 53
24!1.L5 40 56
24r 80 35 35
2 4 t 89 29 s0
241t28 42 59
24tt1-8 42 61

24tL04 32 s0



241
24L
24L
24r
24L
24r
241
241-
24]-
24]-
24L
24r
241
24:.
24r
24L
247
24L
24r
24L
24t
241

24!Llz
24t129
24Lt09
24r105
24t 85
24lll4
2 4 1 103
24Ll2l
2 4 1 l-14
2 4 r. 110
241115
24tr20
24llr2
24t]-60
24r 99
24t123
2 4 L 75
24t132
24tL23
24t 61
24rt28
2 4 r 74
2 4 L 70
24t 60
241t24
2 4 I 89
24197
2 4 1 135
24r106
2 4 I 84
24tr32
2 4 1 100
24r 94
24t 90
24]-t25
24197
2 4 1 103
24t 85
24tt05
241130
24t 82
24L 85
24tL20
24rt27
24t109
2 4 I '19

24]-Lls
24]-8't
241105
2 4 1 105
24L]-05
24:-rtg
241t20
241126
24r 87
24173
24Lll4
24tt02
2 4 t 80
2 4 I 99
24195
24L 95
24t 90
24L 73
24r 62
24L 83

32 51
4t 60
38 51
38 54
64 44
32 8'1

32 40
43 46
40 58
42 56
40 65
44 60
31 51
22 '72

35 4'l
46 57
36 3s
45 57
37 64
20 29
42 52
40 27
22 41
21 32
36 59
39 47
35 43
43 55
38 50
40 38
48 65
34 52
31 45
28 42
42 'll
43 45
32 50
26 45
36 62
41 60
33 46
29 4t
42 63
44 67
43 57
37 38
45 52
55 45
41 49
38 60
34 47
49 58
56 60
42 53
50 49
27 46
41 50
36 5s
33 50
44 60
36 50
3r- 43
36 48
19 32
26 29
30 42'

2 4 1 110 34 58
24t 69 31 35
241'78 28 40
24trrt 34 52
24r 70 24 34
2 4 t 98 37 50
2AtL09 33 48
2 4 ! 80 27 38
2 4 r '76 34 3't
24lrl'7 42 55
241!24 37 58
241r25 4'1 67
24I 83 32 44
24tt30 40 13
24t 64 32 25
24rr00 38 64
24L:-20 40 53
24ttr6 38 63
2 4 r. 100 40 50
2 4 r. 109 3'7 53
241110 42 55
2 4 t 81 31 35,

24t 64 22 32
2 4 ! 84 30 42
24r 62 35 36
2 4 t 70 30 30
24t 94 30 49
24r 84 27 44
24L 50 22 25
24t!02 38 50
24r 95 13 34
24t 68 22 29
2 4 r 84 37 48
24L 64 31 34
2 4 t 85 26 34
241105 32 57
2 4 L 89 36 s0
24r 7s 26 3s
241 66 26 32
24t 91 31 43
24t 69 23 35
24L 65 28 34
24t!20 38 64
24r 63 23 33
24! 50 r7 25
24t 94 32 45
24! 91 35 38
241 69 22 33
24!t05 59 51
24tt09 35 58
24rtL) 37 53
2 4 r 6't 38 33
24t 65 5? 30
24r 50 20 29
2 4 t 't5 34 39
24t 92 52 40
24t 96 52 54
24t'78 55 36
24r 7l 26 37
24L 85 26 43
24t 77 09 20
24t 96 30 50
2 4 1 75 37 40
2 4 t 90 38 47
2 4 t 52 10 30
2 4 t 7L 41 39

85
60

Lt2
9s
60

180
82
86
33
60
98
95
60
89
60
85
q?

90
130

't?

5't
66

29 46
18 25
39 60
30 45
2'7 29
60 106
2'7 38
3'7 53
13 16
23 30
34 40
33 s0
23 34
26 44
r_8 30
30 44
30 38
33 3s
40 '75

25 42
2t 31
,)ô ??



Leaf Data for Curtain Fig (CNVF)

A - FOREST TYPE
C - SITE NUMBER
E = LEAF WIDTH (nrn)

Site Location:

Elevation:
c. 750 met'res

No. of Leaves with
Non-entire Margins;

sample t

45

44

46

39

B = SAl"lPf,E NUMBER

D - LEAF LENGTH (TTMT)

F = POSITTON OF MAXIMAL WIDTH (TTUN)

EF
64 44
54 39
38 20
44 2l
41 24
54 35
49 l-8
48 18
43 20
56 2r
50 19
36 L9
40 14
42 3l-
42 35
30 30
35 37
25 27
24 28
32 21
34 31
32 36
34 37
2B 27
50 50
32 39
28 31
¿b JJ

31 37
31 30
31 31
30 30
29 33
35 32
34 26
42 2r
42 25
47 35
39 15
45 25
45 38
43 42
41 37
43 40
46 41
38 36
34 31
33 4L
36 42
32 34
30 40
26 26
34 36
36 32
39 40
4'7 33
54 32
36 l-8

311 69 38 20
311 90 47 22
3 1 1 89 43 22
3 1 1 90 s8 2'7

311 95 46 2r
3 l, 1 84 42 23
3 1 1 92 43 39
311117 43 42

311 8'7 2'7 27
3 1 1 106 36 3'7

3 1 1 87 31 29
3 1 1 106 40 36
3 1 1 114 60 40
3 1 1 85 39 27
3 L 1 83 44 19
311'79 39 l-3
3 1 L 76 45 L7

3 1 1 l-01 56 t7
3 1 1 86 s5 15
311120 44 44
3L111? 42 46
311 '72 27 32
3 1 1 90 42 35
3 1 1 88 37 28
3 1 l. 69 24 26
311 76 24 29
3 1 L l-01 34 33
3 1 1 87 38 25
3 1 1 107 56 40

311121 65 s0
3 t- 1 96 53 42

3 1 1 136 100 36
3 1 1 97 34 3'7

3 1 1 94 54 30
3 1 1 6'7 4'7 13
3 1 1 95 4'7 22
3 1 1 101 30 2'7

311100 37 25
3 1 1 111 39 36
3 1 1 70 30 2'7

311 70 22 26
3 1 1 51 16 20
3 1 1 48 49 11
3 1 1 84 3'7 36
3 1 l- 59 29 25
3 1 1 79 42 30
311 9s 47 32
3 1 1 9'7 48 21
311 94 45 26
3 1 1 70 43 18
3 1 1 67 34 t4
311 57 34 2s
3 1 1 68 41 18

3L1 7'7 3'7 t7
3 1 1 81 49 22
3 1 1 59 36 16
3 1 1 '72 37 t7
3 l" 1 6'7 33 t't
3 1 1 115 42 51
3 1 1 91 39 3'7

3 r. 1 88 73 40
3 l- 1 86 37 42
3 1 1 l-17 39 40
3 1 1 73 34 24
311 87 25 30
311 '7't 3s 29

1

2

3

4

ABC D

311- l-19
311103
3 1 1 '14

3r. 1 93
3 1 1 84
3 1 1 100
3 1 L 88
3 1 1 86
311 77
3 1 l- 98
3 1 1 79
3 1 1 ?8
311- 62
3 1 1 78
3 1 1 94
311 90
3 1 1 90
3 1 1 84
3 1 1 78
311't7
3 1 1- 84
311 92
3 1 1 95
3 1 1 81
311133
3 1 1 104
3 1 1 94
3 1 1 93
3 1 1 100
3 1 1 83
311 87
3 1 1 85
3 1 t 86
3 1 1 87
3 1 l- 68
311-'12
3 1 I 91
311 77
311 63
3 1 1 74
311 94
3 1 1 108
311 B'7

3 1 1 112
3 1 1 111
3 1 1 100
3 1 1 80
3 1 1 101
3 1 1 113
311 9''Ì
3 1 1 112
3 1 1 '7L

3 1 1 95
3 t 1 90
3 1 1 78
3 r. 1 8?
3 1 1 101
3 1 1 83



3 1 1 78
311114
3 1 1 86
3 1 1 99

3 1 1 86
3 1 1 69
3 1 1 18

3 1 1 68
311100
311 '17

3 1 1 88
3 1 1 74
311103
3 1 1 90
311 94
311155

3 1 1 88
311 83
311- 83
3 1 1 86
311111
311103
3 1 1 90
311120
311 93
311104
3rltz'l
3 1 1 104
3 1 1 99
3 1 1 98
311108
311 93
311103
311 67
311 57

3 1 1 74

311 45
311105
311 82
3 1 1 93
3 1 1 75
3 1 1 83
3 1 1 85
3 1 1 80

23
33
33
34
34
28
36
36
27
42
30
31
43
42
34
44
38
44
53
48
44
44
30
47
30
35
41
37
29
43
58
51
56
42
35
3?
43
43
45
45
44
48
40
33
24
37
31
34
28
36
47
5'7
46
40
49
41
47
32
22
48
33
38
4.1

36
32
40

29
40
31
35t
26
40
26
28
29
3't
30
34
75
31
20
20
19
2'1
28
t7
41
37
30
47
33
40
45
34
35
31
42
3?
37
16
23
l7
25
18
30
2'1
18
26
35
4t
20
36
30
35
32
31
29
21
20
I7
20
18
2t
18
t7
42
31
28
30
35,
37
36

Éa

57
60
4'7

50
4L
44
58
40
44
37
40
46
52
56
73
40
29

111
55
57
48
bJ.

61
54
42
39
36
37
39
32
52
58
31
54
47
34
37
47
57
40
2B
28
58
38
49
34
40
52
35
40
49
25
25
49
41!
29
25
26
29
45
47
62
30
26
42

55
48
a<1J

24
23
T7
19
24
L'l
37
40
45
60
42
40
52
J/

37
46
60
36
1?
26
22
23
20
40
28
35
3'7
JU
53
50
35
JJ.
24
26
l7
34
37
30
11
15
30
24
30
2T
2I
22
l'7
25
23
24
16
44
2'7
25
22
19
20
43
29
4'7

26
20
22

32t
32L
32t
32t
32t
321
32t
32t
32r
32t
32r
32t
32r
32]-
321
32r
32r
32t
32L
32L
32t
32]-
32]-
32r
32t
32t
32r
32r
32t
32L
32r
321-
32).
32t
32]-
32t
32L
32L
32t
32t
32r
32r
32L

1r.0
10 6
't6
84
o?

87
'l4
88
83
93
90
66
6'l
61
97

109
]-02

32L
32t
32r
32r
32t
32r
32r
32t
32L
32t
32]-
32L
32L
32r
32t
321
32L
32]-
32L
327
32r
32],
?.)1

311117
3 1 r- l-20
311. 107
3 1 1 99
3 1 1 94
311 87
3 1 1 '19

3 1 1 116
3 1 1 83
3 1 1 85
311115
3 1 1 120
3 1 1 106
3 r. 1 106
311105
3 1 1 126
311101
311100
311147
3 1 1 140
311113
311 96
3 I 1 110
3 1 1 98
3 1 1 96
3 1 1 90
3 1 1 10?
3r-1 97
3 1 1 106
311 93
3 1 1 76
3 1 1 125
3 1 1 114
3 1 1 80
3 2 t 99
3 2 L 86
32t 60
32r 63
32]-95
321113
32187
32t 51
32L 53
32t 93
32t 67
32L 82
32r 63
3 2 L 84
32r 83
32r 58
3 2 t '74

32L 83
32t 60
32r 50
32l116
3 2 t 't9
3 2 t 79
3 2 I '70

32r 64
32]-61
3 2 1 113
32]-90
32TI2I
3 2 r. 69
32L 46
32r 71

86
106

90
117

B7
106

75
86
95
80
b/
7'7

80
60

t_i3
93
88
90
69
68
70

153
8t
73

104
L00

65
69
81

TL2
L20

o¿

]-]-2
54

L9't
!26
r.0 7

68
86
93
85
87
B4
89
79

1)t
r.0 0
r.3 7

90

73 48
53 40
45 31
36 30
49 2'7

49 27
3r. 30
42 36
5l ¿l
32 31
34 32
23 26
24 2t
29 22
39 3'7
1.) A)

41 36
24 24
36 35
33 2'7

66 43
60 30
56 40
4'7 15
51 2'l
40 32
24 25
26 25
41 23
31 27
23 2r
42 43
s0 28
3s 2'7

55 23
43 20
32 t7
38 23
44 '7'l

41 40
31 33
53 38
56 43
33 14
42 24
37 2'l
41 36
3'7 3L
33 28
37 40
22 15
56 B'1

65 55
53 38
49 29
52 24
44 26
3'7 30

4aJ9 ¿O

36 24
34 29
34 2'7

s6 46
5s 43
46 46
32 28

3 1 1 74
3 1 1 88
311 82

3 1 1 89
311 72
311 87
3 1 1 85
3 1 1 108

3 1 1 78
311 84
3 1 1 85
3 1 1 78
3 1 1 83
311 51
31r_ 55
3 l, 1 107
3 1 1 100
3 1 1 85
3 1 1 88
31r. 102
3 1 1 86
3 1 1 85



4L 50
35 31
25 32
37 L'7

48 36
35 30
58 35
34 r7
s8 3sl
27 16
25 20
30 26
40 23
37 L7
49 37
44 32
22 23
27 2B
39 38
25 27
73 57
64 45
56 28
55 26
44 23
52 30
40 l7
s6 30
46 43
31 27
24 2'l
2L 16
40 42
26 24
46 26
54 27
31 16
53 20
42 19
51 22
49 2r
50 23
47 20
40 18
4't 45
26 28
6s 36
38 42
39 35
26 19
35 3'7

5r. 32
40 24
53 23
s0 23
39 29
42 30
48 23
50 2s
51 45
46 2l
4"1 4'l
31 31
38 32
20 23
20 191

34 27
33 25
36 32
4t 36
42 27
5'7 26
50 L't
46 22
53 26
42 30
66 44
39 s0
26 26
37 36
28 27
25 24
35 47

107 56
56 42
60 41
92 100
43 41
46 36
37 33
34 23
45 28
50 30
40 20
75 82
40 47
69 60
47 35
14 11
26 24
53 47
35 25
28 33
30 32
41 22
54 23
43 22
52 24
62 50
62 38
36 35
44 45
80 37
34 33
43 45
33 2'7

36 3s
35 32
47 40
43 38
42 29
51 52
66 60
37 29
32 23
42 34
39 63
38 60
38 65
28 52
40 68
42 80t

68 '18

31 51
45 20
69 34
26 30
39 L'7

7r 90
32 47
30 42
26 42
47 30
45 t7
45 22
38 24
3'7 L'7

38 15
31 13
50 5s
45 65
t7 22
!7 24
49 76
29 48
38 '72

38 6l-
36 s5
'74 70
49 25
50 2r
30 16
28 26
36 33
?) dq

29 34
25 30
40 52
2'l 41-

3 0 4''t

30 4'7

30 51
aa 2a
LL J'

45 24
55 41
47 40
39 18
32 20
55 20
37 14
44 40
34 43
27 43
19 20
24 43
19 30
3'7 50
30 42
46 64
59 70
54 2'7

4'7 26
45 20
51 23
JJ ¿6
50 44
63 s3
40 67

3 3 1 169
331107
3 3 1 74
3 3 1 120
331 63
331 66
3 3 1 187
3 3 1 106
3 3 1 100
3 3 1 91
3 3 1 98
3 3 1 87
3 3 1 84
3 3 1 75
331 66
331'12
3 3 1 58
3 3 1 126
3 3 1 116
3 3 1 4s
331- 47
3 3 1- 1?0
3 3 1 115
3 3 1 153
3 3 1 130
3 3 1 116
331155
3 3 1 100
3 3 l- 81
3 3 l- 63
J J T b-'
3 3 l- 74
J J f II
3 3 1 10
3 3 1 6s
3 3 1 110
3 3 1 95
3 3 1 110
3 3 1 108
3 3 1 116
331't'7
3 3 1 88
331 9'7

3 3 1 9s
3 3 1 69
331. 5'7

3 3 1 74
331. 57
3 3 1 102
3 3 1 110
3 3 1 90
3 3 1 45
3 3 1 100
3 3 1 66
3 3 l- 107
3 3 1 100
3 3 1 1,40
3 3 1 140
3 3 1 98
331 92
331 95
3 3 1 85
331't'7
3 3 1 107
3 3 1 117
33t142

3 2 t 79
3 2 L 86
32Lrl2

3 2 r 86
32r 96
32tt02
32r 62

32]-rl4
32t 83
32t122

3211-30
32L 97

32LL25
32L 7L
32L 97
32r 75
32L 97
32173
32194
32t 63
321100
32t 48
32]- 44
32t 62
32L 62
32L 52
32L 99
32t 87
32177
3 2 r 76
32t!12
3 2 t 76
3 2 1 159
321.t22
32r 99
321113
32t 80
32t 92
32t 65
321105
3 2 1 116
32183
32r 80
32L 46
32Lt27
32t 70
32L 90
3 2 1 100
32t 61
32197
3 2 L 81
32t 83
3 2 t 76
32t 83
3 2 r 84
32t 82
32t]-20
32t 80
32184
32l.90
321105
32t 58
321101
32! 93
3 2 t 86
32t 98
3 2 1 100
32t 68
3 2 t 86
32t 8'7

32t 91
3 2 1 119
32t 64
32tr32
3 2 r 96
32t 92
32r 80
32t 54

32L 82
32LlI7
32r 91
32r 73
32tt20
3 21r-38

107
108
145
119
100
100

83
83

t02
'Ì5

178
103
r.4 3
113

27
'75

130
70
96
96
74

100
77
83

t26
116

87
103
]-25
100
117

90
94
94
92

100
67

IT7
r.3 6

'77

70
110
137
130
]-32
LT2
137
L49

32]-
32r
32r
32t
32r
32r
32t
32r
32r
32t
32L
32t
32t
32L
32L
32t
327
32r
32t
32r
32r
32L
321
32t
32t
32t
32]-
32r
141

32t
32t
32t
32r
32L
32]-
32t
32t
32t
32L
32r
32t
32t
331
331
331
331
331
331



3 3 1 73 22 31
331 69 32 25
3 3 1 8'7 24 38
331 95 26 40
33Ll-12 35 56
3 3 1 96 38 4-l

33L 88 52 22
3 3 1 '19 45 15
3 3 1 '7L 19 24
331 98103 2Q

3 3 L 93 41 30
3 3 L '15 3'7 20
3 3 1 74 39 20
331 87 46 20
3 3 I 2r'7 95 110
3 3 1 63 34 18
331105 33 55
3 3 l- 200 70 90

3 3 1 176 81 '12

3 3 1 193 '77 90
34rtl2 56 45
3 4 1, 92 40 30
3 4 1 96 54 22
3 4 1 99 s3 42
341 93 43 26
3 4 1 81 43 30
341 90 51 28
3 4 1 83 52 2't
3 4 1 83 40 23
3 4 1 '76 46 24
3 4 1 '77 42 27
3 41 '1! 34 31
3 4 1 96 30 36
341 68 27 32
341 82 34 30
3 4 1 113 38 40
341 86 53 22
341 96 47 37
3 411-17 62 38
3 4 1 87 4'7 32
3 4 1 46 43 22
3 4 1 117 44 5'1

3 4 1 16 3't 26
3 4 1 59 26 L'7

3 4 1 74 39 28
341 92 55 25
341 97 55 30
341 82 48 24

36 54
26 45
43 61
51 22
50 18
49 24
50 54
44 30
29 31
27 26
43 40
33 37
32 34
46 34
42 75
26 34
28 42
?0 54
59 67
40 24
34 24
51 20
38 36
38 33
58 5l-
38 46
36 34
70 107
33 68
43 67
43 ?0
62 27
38 t7
32 14
61 '13
43 35
45 45
66 28
57 106
40 65
3s 60
37 56
41 70
26 40
3r. 56
30 52
50 60
54 33
60 s0
66 56
27 60
31 42
45 66

t42 66
31 34
52 13
67 60
64 24
70 30
58 16
54 60
30 56
32 60
31 50
25 45
50 231

88 80
46 24
48 22
3? 20
40 20
50 2t
34 50
27 35
52 s0
47 80
29 45
58 20
56 20
58 22
54 20
4L 20
45 r7
48 13
26 15
26 26
35 55
48 25
25 23
46 30
53 22
31 26
45 2'7

30 15
52 30
45 24
43 20
54 23
4r_ 65
3? 60
24 44

10 6 50
43 18
47 24
s0 20
40 18
37 15
38 r7
50 34
64 '74
32 13
42 70
41 30
3s 25
48 30
38 35
33 20
47 27
33 t7
34 L7
33 20
36 20
46 30
52 24
44 r'7
42 r7
37 18
36 27
33 20
44 56
33 67
25 44t

3 3 1 170
3 3 L 86
331 92
3 3 1 88
3 3 1 86
3 3 1 9s
3 3 1 96
331 66
3 311.27
3 3 1 194
331 9'l
3 3 1 80
331 9s
3 3 1 9s
331 92
3 3 1 8?
3 3 l- 90
331 67
331s3
3 3 1 70
3 3 1 125
3 3 l- 91
3 3 1 60
3 3 1 100
3 3 1 83
3 3 1 73
3 3 l- 80
3 3 1 63
331103
332 8s
3 3 1 '78

3 3 1 90
3 3 1- 140
331135
3 3 1 94
3 3 1 167
3 3 1 90
3 3 1 85
3 3 1 83
3 3 1 70
3 3 1 70
3 3 1 73
3 3 1 93
3 3 1 165
3 3 1 54
3 3 1 136
3 3 1 8l-
3 3 1 76
3 3 1 7'7

331 8'l
33r- 64
3 3 1 106
3 3 1 68
3 3 1 66
3 3 1 '16

3 3 1 60
331 94
3 3 1 80
3 3 1 75
3 3 1 74
331 82
3 3 1 16
331 62
3 3 1 147
3 3 1 120
3 3 1 90

33Lt22
331104
3 3 1 136
331 92
331 85
331 93
3 3 1 139
3 3 1 76
3 3 1 76
331 7t
33177
3 3 1 81
3 3 1 80
331 92
331160
3 3 1 86
331 93
3 3 1 119
331145
3 3 1 79
3 3 1 7t
3 3 1 101-
3 3 1 86
3 3 1 89
3 3 1 126
3 3 1 104
3 3 I 90
33t220
3 3 1 142
331145
331152
331120
3 3 1 74
331 67
3311s0
3 3 1 86
331125
3 3 1 90
33r220
331145
331135
331132
33rr42
331 95
331r22
3 3 r. 110
331144
331110
3311.06
3 3 1 120
331110
331104
331150
3 3 1 146
331 87
331 83
331135
3 3 1 84
331 9'7

331107
331130
3 3 1 120
33L126
331102
3 3 1 100
331 94

3 4 r- 97 46 30
3 4 r. 67 40 2L
34!r25 44 50
3 4 1 107 35 43
3 4 1 03 25 27
3 4 1 95 35 35
3 4 1 98 40 35
341110 44 40
3 41- 77 3'7 2t
3 4 r- '74 28 31
341 99 5s 33
3 4 1 L16 6'7 31
3 4 1 74 46 26
3 4 r. 97 s6 52
3 4 1 95 69 28
341 75 38 23
3 4 1 75 47 24
3 4 1 '77 s0 28



3? 20
28 1-4

40 37
54 30
23 23
11 18
34 3'l
31 40
30 32
58 42
31 32
4t 34
64 44
37 37
28 32
45 25
26 L7

r!2 67
66 51
36 31
32 34
26 r7
23 24
40 36
65 24
38 28
43 22
34 18
78 40
31 41
34 35
36 34
28 22
r7 15
32 37
18 13
30 56
53 48
46 23
39 30
48 26
42 30
5't 28
53 27
32 32
47 42
31 32
34 29
30 28
3'1 30
68 24
25 14
44 43
33 30
24 30
24 30
55 36
53 44
3't 30
30 31
31 23
18 16
22 15
38 31
34 27
22 18r

44 53
47 4l
62 36
29 40
36 3s
42 32
31 32
53 38
49 33
29 35
13 15
28 31
25 26
31 22
42 42
43 27
42 47
37 43
44 38
39 43
35 40
48 44
51 28
40 20
33 24
32 35
31 34
30 30
t7 15
33 24
36 34
46 33
55 34
46 40
32 42
5r- 40
q) )a

42 28
39 35
41 33
28 26
25 28
32 31
28 22
46 46
42 45t
33 40
55 25
43 40
4L 32
33 36
51 30
30 37
55 25
2't 25
32 33
76 55
55 42
35 33
58 31
35 36
46 33
28 33
34 34
43 4l
40 42

31 3't
29 2'7

56 46
38 25
40 36
49 37
46 34
26 3L
56 34
s0 35
26 30
39 37
37 32
36 34
39 4'7

38 4'7

55 26
60 21
32 28
46 28
31 30
24 30
25 30
25 32
30 36
18 23
30 31
33 28
34 30
29 3s
59 34
44 38
43 30
37 33
44 35
?t 2. ô,

31 37
31 38
32 30
24 28
34 36
29 2'7

34 28
23 30
28 30
37 36

341 9'7

3 4 1 74
3 4 1 1L8
341-'18
3 4 1 100

341133
341 97
341 95
3 4 1 93
3 4 1 90
3 4 1 90
3 4 l- 89
3 4 1 l-05
3 4 L 84
3 4 1 88
341 43
341 87
3 4 1 70
3 4 1 74
341 95
341 87
3 4111-5
3 4 1 109
341102
3 411.11
3 4 1 L0?
3 4 1 96
3 4 1 80
3 4 1 75
3 4 1 70
3 4 1 90
3 4 l- 91
34r 92
341 4'7

341 66
3 4 1 96
341 92
34rL]-z
3 4 1 119
3 4 1 101
341 96
3 4 1 89
3 4 1 94
3 4 1 100
3 4 1 85
3 4 1 80
3 4 1 84
3 4 1 7l
3 4 1 6s
34tL32
3 4 1 120
3 4 1 99
3 4 1 90
3 4 1 111
3 4 1 8L
3 4 1 106
3 4 r. 90
3 4 1 90
3 4 1 ?5
341 66
341 82
3 4 1 136
3 4 1 110
341 82
341 97
341 92
3 4 1 85
3 4 1 88
3 4 1 98
3 4 1 102
3 4 1 116

3 4 1 80
341 51
341102
341117
34163
3 4 1 48
3 4 1 93
3 4 1 90
3 4 1 81
3 4 1 104
3 4 1 80
3 4 1 76
3 4 1 99
3 4 1 L04
34193
34177
34157
341157
3 4 1 106
3 4 1 93
341 97
341 53
341 57
3 4 1 93
341 94
3 4 r. 65
3 4 1 98
341 66
3 4 1 104
341 94
341 96
3 4 1 93
3 4 1 68
3 4 1 53
3 4 1 87
3413s
341133
3 4 1 120
3 4 1 70
3 4 1 78
3 4 1 83
34172
3 4 1 78
3 4 1 100
3 4 1 84
341 97
3 4 1 76
34177
3 4 1 '16
3 4 1 78
3 4 1 99
341 46
341114
3 4 1 86
3 4 1 17
3 4 1 79
3 4 1 87
341 96
3 4 1 86
3 4 1 80
3 4 1 'lr
341 42
3 4 1 60
341 67
3 4 1 81
341 54

95
90
8B
87
97
,/b

100
100
r02
116
1a)

95
9'7

64
68
91
66
80
84
98
64
'78

75
90
86
96
94
85
89
93
90

105
96
80
6'7

96
77
86
'76

/b

92

341-
341
341
341
341
34L
341
341-
341
"¿1341
341
341
341
341
341-
341
341
341
?¿1

341
?¿1

341-
341
341
341
341
341-
341
341
341
341
341
341
341
341
341
341
341
341
341



Leaf Data for The Crater (CNVF)

A = FOREST TYPE
C = SITE NUMBER
E - LEAF WIDTH (MM)

Site Location:
1725S r45 29 E

Elevatlon:
c. 1000 meÈres

No. of Leaves with
Non-entire Margins;

sample t

61

14

5L

77

B : SAMPI,E NUMBER

D = LEAF LENGTH (n'n)
F = posITION OF MAXIMÀL WIDTH (n'rn)

ABC D E F

3 t 2l-43 134 45
3t2tzt s6 58
3t2!40 60 65
3t2 69 45 23
3L2 69 45 32
3L2 70 28 43
3t2 82 52 33
312 66 4L 19
3r2tt6 51 54
3 t- 2130 52 62

3 L 2 '76 45 3s
3L2 7't 40 36
3t2rtz 58 57
3]-2]-22 46 5'7

3L2r2'7 57 60

3 t 2 't4 43 30
3L2 62 38 18
3r2 60 39 34
3t2 87 39 38
3r2 61 36 29
3L2L23 63 8l-
3t2 52 26 22
3t2 s1 29 19
3t2 s3 34 25
3:-2]-29 53 60

3t2 78 45 32
3t2 94 50 37
3t2 6',7 41 29
3t2 60 36 18
3t2 49 26 24
3t2 57 31 28
3L2 82 35 s0
3t2t25 62 68
3t2 s2 32 32
3 t 2 75 48 32
3L2'll 45 25
3L2 62 39 29
3L2]-L2 60 56
3L2 54 31 25
3L2 97 45 4'7

3r2 75 39 32
3t2 67 41 26
3!2 61 38 19
3t2 75 49 24
3 t 2 L40 65 '7't

3r2rt'l 50 60
3r2t04 48 46
3t2 ?0 38 34
3L2 72 49 35
3!2 65 36 20
3!2 69 42 30
3t2 85 58 23
3t2 80 51 28
312 62 37 29
3L2 63 39 19
3 1 2 105 58 52
3L2'74 41 32
3L2'7t 44 35

1

2

J

4

3 r 2 '79

3!2 58
3t2 59
3t2L23
3r2 83
3 t 2 80
3 r. 2 105
3r2r23
3!2 82
3 !.2 68
3 t 2 84
3 t 2 '19

312 77
3 r 2 140
3L2 64
3 1 2 105
3t2 6'7

3 1, 2 91
3r2 64
312 49
3r2 58
3t2 85
3L2 58
3t2 8s
3 L 2 78
3r2 45
3t2t45
3L2 58
3 L 2 74
3 1 2 84
3L2 63
3t2 59
3t2 54
3 t 2 't6
3t2 54
3t2 53
3 t 2 98
3 r 2 '75

3r2 83
3 1 2 109
3t2l2l
3t2 65
3L2 66
3 7 2 81
3t2 6s
3 L 2 110
3 T 2 81
3T2 87
3 1 2 140
3r2 64
3 I 2 '75

i r 2 86
3r2 62
3!2 53
3L2 91
3 t 2 68
3L2 69
3 r 2 78
3 r 2 70
3r2 40
3r2 49
3t2 50
3 r 2 79
3t2 8s
3 T 2 88
3t2 66

58 28
35 24
33 23
66 s5
45 21
49 35
42 55
58 54
58 28
4L 29
4'7 31
46 24
50 30
65 69
38 24
52 50
38 35
43 44
36 31
31 18
3s 30
46 38
33 2'7

55 36
44 28
29 24
66 59
35 26
4'7 30
54 32
34 28
34 23
33 18
43 29
35 23
31 22
45 45
40 22
52 30

109 38
56 5'7

36 18
35 13
s3 34
39 23
53 60
46 29
55 35

108 45
39 27
43 32
54 38
42 2r
26 22
35 55
40 32
42 32
45 2'7

40 30
25 13
34 19
26 19
55 34
31 46
29 40
40 22



32
40
30
l_9
T7
20
24
?q
43
24
25
24
a1

4'7

49
39
4I
22
32
28
22
30
2I
30
48
28
22
24
25
?o

48
53
43
30
34
28
20
2'7
25
30
a'7

18
43
31
'13

25
29
z.t
22
26
60
46
ça

51
33
55
49
s9
53
36
36
63
39
41
52
31

2q

42
40
23
2L
20
26
38
50
30
'1.?

34
38
63
51
ça

67
30
38
28
23
40
??

32
66
34
30
32
32
09
58
?q
60
32
40
32
25
35
30
JO
27
25
31
26
64
35
35
30
33
30
6B
63
62
60
43
5't
55
s6
47
56
5l-
9s
38
61
53
40

322'72
322 82
3 2 2 88
322 53
3 2 2 48
322 45
3 2 2 36
322 80
322r02
322 6'7

3 2 2 68
3 2 2 '76

322 58
322t06
322L0'7
322L00
322t]z
322 60
3 2 2 '79

322 6L
322 54
322 81
3 2 2 '70

322 55
322L3'7
322 80
3 2 2 70
322 67
3 2 2 '70

3 2 2 48
322 99
322t23
3 2 2 98
322 6'7

3 2 2 88
322 6'7

3 2 2 s6
322 61
322 5s
322 65
322 50
322 4s
322'77
322 60
322122
322 80
3 2 2 80
3 2 2 68
322'7'7
3 2 2 7t
322L45
322r3s
3 2 2 r50
322L48
322r00
2 ) ) 1?a

322]-30
322L36
3221r'7
322130
322tts
322r43
1 a a 11
JLL

3 2 2 100
3 2 2 93
322'1'7

3L2't2
3r2 62
3L2 63
3L2 61
3!2 70
3t2 58
3 t 2 81
3!2 58
3t2L20
3t2 65
322t22
322 83
3 2 2 76
322t0'7
3 2 2 84
322',72
322 66
322 98
322 47
3 2 2 74
322 4't
322 55
322 60
322 60
322 41
322 58
322 55
322 30
322L20
322 51
3221,24
322 63
322 85
3 2 2 '14

322tt{
322 83
322 62
322 61
322rLA
322L25
322 45
3 2 2 56
322LtA
322r20
322l.05
322r2'7
322 70
322r40
322 80
322 72
322t14
322 66
3 2 2 86
322123
322'7t
322 sB
322t35
322 63
322'72
322 66
322 57
32212L
3 2 2 86
322'7'7
322 64
322 62

312 85
3t2 83
3 1 2 136
3t2 65
312103
3t2 96
3 1 2 163
3t2 68
3 t 2 88
3 t 2 't4
3t2t22
3t2 65
3t2 64
3r2 63
3L2 67
312105
3 L 2 79
3t2 59
3 t 2 74
3t2 63
3t2 65
3t2 70
3t2 56
312110
3 t 2 74
3 1 2 140
312 61
3L2 63
3L2IL6
3t2 90
312111
3r2 64
3 r 2 78
3 t 2 79
3t2 69
3 t 2 75
3t2 75
3L2 60
3t2t28
3L2 68
3t2 77
3t2 55
3t2 81
3t2 6',7

3r2 64
3!2 56
3 1 2 114
3t2tt1
312145
3L2 61
3t2 70
3L2 55
3t2 55
3 1 2 130
3t2 68
3t2ljz
3 I 2 68
3r2 82
3t2'72
3L2 66
3r2 73
3L2 53
3L2t29
3t2 63
3t2 59
3L2 66

45 32
53 29
52 60
45 20
50 ss
42 40
83 80
3't 35
49 40
45 33
52 50
36 26
37 24
37 23
36 28
43 44
45 30
39 27
5? 24
3s 30
40 32
41 39
32 19
30 7s
38 37
54 74
42 22
33 2s
40 7 4

52 35
31 58
40 24
29 42
49 28
26 32
45 26
42 25
36 24
52 65
45 31
48 31
34 23
26 46
39 34
39 29
32 28
34 70
56 59
50 105
36 27
45 L7
41 l7
35 23
46 55
42 15
41 50
42 2l
4't 35
40 33
38 24
44 30
33 24
36 70
35 28
35 19
40 22

42 20
40 27
41 29
35 25
47 34
38 25
46 32
34 25
55 58
32 29
69 61
4'7 36
36 3s
5'7 52
53 38
4'7 35
32 27
48 42
24 20
39 50
?9 29
22 30
23 27
24 3l-
19 22
28 32
27 30
15 L'l
40 52
23 23
45 55
38 31
45 36
45 35
58 73
44 58
2'7 37
33 35
52 s6
49 60
r-9 20
25 2'7

39 s0
37 57
52 52
64 56
32 32
74 69
40 36
45 48
48 77
30 41
43 48
4'7 't 8
33 32
32 36
65 s3
26 30
26 32
24 30
L'7 26
42 54
36 41
35 38
2'7 30
aa ))J1 JJ



31 43
29 32
29 37
15 16
29 32
29 34
43 37
4t 40
54 42
64 80
34 50
2), 20
63 81
25 42
31 46
s2 60
57 54
49 18
30 34
31 32
24 27
43 54
27 26
70 66
62 58'16 57
54 52
35 37
s6 69
18 33
38 37
27 34
20 20
15 16
20 18
24 31
26 30
31 36
28 31
22 30
20 22
22 27
'72 70
43 31
43 42
54 50
47 46
44 39
32 34
47 57
s8 79
51 r7
50 L8
31 34
22 2'.7

23 25
19 20
48 56
44 56
22 36
36 45
22 30
22 24
29 2'l
40 24
35 37

28 35
24 25
50 45
82 82
44 18
40 47
30 37
40 43
3't 45
36 40
24 34
36 48
45 44
96 95
29 35
23 31
35 36
26 28
2't 32
30 3s
25 25
22 30
22 30
36 33
35 40
32 37
25 30
44 32
54 47
64 '7t
'74 72
56 74
72 67
56 7l
63 78
57 67
54 5?
51 46
43 52
60 52
40 45
34 20
30 r'1
26 18
32 26
28 20
34 1.9

11 33
08 15
32 t7
45 20
32 16
2'1 18
34 16
27 16
26 L9
27 15
24 16
23 20
27 20
26 19
33 16
3'7 t4
50 65
55 55
32 30

09 L'7

t2 20
34 20
34 24
36 23
29 11
27 13
29 16
34 15
34 22
38 2r
22 t2
23 15
51 4'l
58 60
47 52
56 5s
61 58
48 51
48 53
39 36
39 38
44 45
62 48
54 4'7

52 44
50 64
2L 25
34 16
35 15
36 13
31 L4
39 2't
35 15
2'l L'Ì
24 ).2
30 13
30 r'7
3'7 15
3r- 15
29 20
29 2t
É2 <?
JJ JJ

63 62
49 50
49 51
33 36
zv ¿¿
09 20
Lt 24
0'7 15

^ô )^
08 L5
10 22
32 l-3
36 14
30 26
42 20
55 52
52 70
70 66
82 80
34 4r
25 30
32 42
34 40

3 3 2 s6
332122
332 60
332 53
332 62
3 3 2 48
332 46
3 3 2 s9
3 3 2 s9
332 5'7

332 62
332 46
332 43
3 3 2 105
332l.20
3 3 2 106
332r20
332113
3 3 2 l-01
332 93
3 3 2 78
3 3 2 '76

3 3 2 90
332 90
3 3 2 98
332 96
332126
332 64
3 3 2 54
35¿bJ
332 57
3 3 2 s6
332 64
3 3 2 68
332 49
3 3 2 40
332 50
332 52
332 63
3 3 2 54
3 3 2 50
332 53
3 3 2 106
? a ) 1)a

332 9'7

3 3 2 105
332 87
3 3 2 s8
332r'12
332r02
332 87
3 3 2 90
3 J ¿ b/
3 3 2 110
332 52
332 62
3 3 2 s6
3 3 2 '74

3 3 2 10s
3 3 2 138
332r32
3 3 2 140
3 3 2 84
332 57
332 85
3 3 2 84

3 2 2 70
322 56
322 80
322t67
322 63
3 2 2 80
322 90
322 8?
322 90
3 2 2 '76

3 2 2 76
322 80
322 94
322].90
3 2 2 70
322 70
3 2 2 70
322 63
3 2 2 66
322 6'.7

322 52
322 66
322 67
322 73
322 6s
322 63
322 50
3 2 2 68
322tr6
322r54
322r42
322r28
322r35
3221]-9
322r23
322L25
332t20
332 9s
3 3 2 106
3 3 2 100
332 92
332 62
332 54
332 49
332 57
332 s3
332 57
3 3 2 103
332 42
332 57
3 3 2 68
332 54
332 49
332 64
332 54
332 s3
332 48
332 45
332 48
332 53
332 44
332 49
3 3 2 61
332122
332115
332 66

322 90
322 61
322'lt
322 2'l
322 61
322 65
3 2 2 81
3 2 2 81
322 90
322t35
322trs
322 50
322r40
3 2 2 66
322 70
322t00
322rL}
322 64
322 64
322 66
322 52
322t20
322 56
322r45
322r25
322t28
322 93
322 68
322!r3
322 54
322 66
322 62
322 4t
322 30
322 33
322 53
322 62
322 6't
322 61
322 60
322 55
322 46
322t36
322 7r
322t01
322r02
322!05
322 97
322 64
322 95
322r49
322 73
322't2
3 2 2 78
322 64
322 66
322 44
322130
322t30
322 83
322105
3 2 2 76
322 60
322 60
322 82
322't7



54 ''15

19 16
08 25
0't 18
29 L'l
37 l'1
37 16
35 t'7
29 t7
28 18
23 18
24 20
26 15
57 63
2l l7
32 25
2'7 3'7

32 38
5r. 52
55 46
39 45
47 47
36 32
4 8 4''l
'73 65
't'7 7 2
36 15
32 15
40 20
41 !4
29 16
24 16
85 9s
89 83
63 70
78 6'7

42 48
24 15
40 l7
40 l'l
29 23
37 14
27 l7
29 ]-'7

32 15
30 18
25 r-9
31 26
28 16
26 18
26 14
26 16
11 16
09 20
55 66
69 60
54 53
34 32
42 36
48 57
56 51
65 75
89 73
38 50
40 20
38 2t

41 19
38 20
35 16
26 L5
2L 14
25 l7
26 20
28 14
47 29
53 23
55 23
41 20
36 L8
52 51
40 65
11 30
09 20
58 46
36 44
48 32
s0 23
46 2L
42 20
51 42
42 55
50 38
34 31
35 33
32 47
48 23
45 23
38 L8
40 20
43 '72

32 30
10 20
10 30
46 29
37 18
89 98
46 1-8

30 23't2 85
4s 62
37 4t
'77 60
58 5't
84 84
23 t7
15 l7
2'.7 15
30 2t
35 19
58 51
37 46
48 s2
30 18
43 l7
40 20
50 63
32 23
26 2r
42 33
53 50
39 43
54 62

48 55
39 50
5s 60
29 16
30 18
28 20
24 r'7
29 16
83 92
48 39
64 5'7

56 45
53 33
51 43
53 41
51 43
65 50
43 36
41 38
26 1.5

rtr¿o lJ
¿tq q r
54 53
29 13
26 13
32 23
¿6 ¿¿

31 23
53 52
43 A'7

60 90
34 3't
36 3'7
'12 55
53 48
24 22
22 20
28 14
38 18
34 20
42 L1
49 t7
49 2L
49 26
32 t2
23 14
25 1,5

23 L4
34 42
24 37
2L 32
23 26
18 19
23 30
'72 63
4't 60
24 35
59 5"1

73 83
46 43
49 18
42 18
32 13
24 09
32 14
34 14

3 4 2 105
342 96
342146
3 4 2 s8
342 54
3 4 2 51
3 4 2 43
3 4 2 45
342t83
3 4 2 93
342]-]-6
3 4 2 88
3 4 2 90
3 4 2 90
3 4 2 93
342r02
3 4 2 110
3 4 2 80
3 4 2 8L
342 42
3 4 2 45
342 92
342L24
342 46
3 A 2 s6
342 50
3 4 2 56
3 4 2 s4
342r22
3 4 2 110
342163
342 e,9

3 4 2 84
342r09
342r04
342 46
3 4 2 39
342 54
342 5'7

342 62
342'73
3 4 2 78
342't'7
3 4 2 94
3 4 2 54
342 37
3 4 2 48
3 4 2 48
3 4 2 90
3 4 2 75
3 4 2 68
342 5'7

3 4 2 40
342 62
3 4 2 130
342L07
3 A 2 '74

342r32
3 4 2 185
3 4 2 't5
3 S 2 78
3 4 2 80
3 4 2 58
3 4 2 41
3 4 2 59
3 4 2 60

3 3 2 69
332 63
3 3 2 s6
332 48
332 40
332 47
332 45
332 51
3 3 2 79
3 3 2 83
332 95
332 6'.7

332 66
332114
3 3 2 106
3 3 2 110
332 80
332t02
3 3 2 99
332 87
3 3 2 80
3 3 2 78
3 3 2 70
3 3 2 88
3 3 2 100
3 3 2 '70

3 3 2 80
3 3 2 86
3 3 2 86
3 3 2 't6
332 73
3 3 2 ?0
3 3 2 70
332L23
332 6'7

332t20
332r27
332 83
3 3 2 66
3 3 2 L84
3 3 2 '78

3 3 2 74
332t6'1
332]-26
332 82
332130
332t32
3 3 2 156
332 40
3 3 2 40
3 3 2 48
332 s4
3 3 2 59
332t23
3 3 2 107
332t22
3 3 2 s6
332 60
332 62
3 3 2 140
332 62
332 45
342'7t
342 94
342 9l-
342127

332]-46
332 33
332't2
3 3 2 81
332 51
332 60
332 60
332 62
332 s2
332 56
332 46
332 46
3 3 2 s6
332t25
332 50
332 s6
332 80
332 81
3 3 2 106
3 3 2 100
332 95
3 3 2 89
332 72
332100
332135
3 3 2 150
332 60
332 s3
332'7L
332 66
332 59
332 42
3 3 2 172
332156
332137
332r34
332102
332 44
3 3 2 ?0
332't2
332 59
332 s8
332 s0
332 s0
332 53
332 s3
332 47
3 3 2 s6
332 s3
332 50
332 s3
332 48
3321t
332 83
332130
332130
332t20
332 70
3 3 2 80
332105
332110
332t22
3 3 2 156
332110
332 70
3 3 2 66



342
342
342
3A2
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342

342
342
3A2
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342
342

342t03
342 70
342 87
3 4 2 100
342 63
3 4 2 98
3 4 2 85
342110
342r43
342r20
3 4 2 105
342 66
342 40
342 54
342 54
342 63
342 55
3 4 2 56
342 57
342 49
342 53
342 85
342 75
342t28
342t45
3 4 2 1.50
342 53
342 61
342 54
342 49
3 4 2 38
342ltg
342 93
3 4 2 109
342 63
342t13
342 61
3 4 2 66
3 4 2 '19

342 51
342 82
342 7t
3 4 2 79
342 57
342 s3
342 53
342 52
3 4 2 90
342113
342t96
342186
342135
342166
3 4 2 100
3 4 2 79
342't2
342 62
3 4 2 '75

342'73
3 4 2 56
3 4 2 301
342L38
342r00
342106
3 4 2 78
342 60

51 46
22 32
30 40
53 40
26 2'7

60 4r
34 43
63 50
66 66
56 58
36 47
33 34
18 18
29 22
29 16
34 2L
33 18
3't 14
34 2t
28 18
31 t7
37 38
37 29
53 57
63 60
54 75
29 t'7
36 23
33 18
31 t2
22 09
52 57
46 45
5'7 48
22 30
35 5s
2t 32
2t 32
28 3't
18 23
29 38
44 28
44 34
29 2t
31 2t
32 20
27 18
50 42
46 52
93 96
43 100
49 65
?0 80
3s 50
46 22
46 26
38 22
43 25
45 20
33 19
7'7 1-80
61 50
36 44
38 47
34 39
26 30

'17 29 36
81 26 40
94 4t 45
s3 2s 28
'72 42 2l
63 34 23
?0 38 20
43 28 15
68 38 19
58 29 18
45 25 13
58 31 2l
62 35 2't
?0 42 28
s6 30 20
s9 36 15
72 39 20
69 38 t7
59 31 16

110 50 45
137 56 60
110 7t 56
r22 63 56
6'7 31 30
82 40 3'7

7s 38 33
106 37 50
63 18 30
80 27 40

105 35 52
80 33 40
8'7 34 42
85 34 4r

t20 46 54
trz 52 50
57 35 18
45 26 14
54 34 r'7
54 31 14
57 34 l.'7

49 34 2t
45 2'.1 l-6
6'7 39 16

L?5 62 92
t62 34 86
1,25 2 4 61
88 34 42
90 28 45
79 45 1B
83 47 22
54 32 23
78 44 24
52 28 22

104 52 47
155 66 75
'14 46 34
90 39 43
93 39 42
91 40 43

138 54 60
130 36 64
8'7 30 42

t02 41 46
88 29 38
90 34 40
66 31 32

81
84
49
1a

56
56
't2
42
66
50

190
150
r62
r52
r.15

83
109

90
105

'7r
153

46
44
29
4t
31
31
41
26
37
2'7
85
61
73
76
50
4I
50
39
46
44
24
61

2T
18
r-0
t'7
13
15
))
I4
20
T2
96
58
86
'75

50
39
53
38
46
50

'72



Leaf Data for Dorrigo (CNVF)

A - EOREST TYPE
C = STTE NUMBER

E - LEÀF WIDTH (rnrn)

Locatíon of Site:
3020s 15245E

Elevation:
c. 200 metres

No. of Leaves with
Non-entire Margins;

B = SÀ}APLE NUMBER

D = LEAF LENGTH (rn¡n)

F = POSITION OF MÀXIMAL WIDTH

ABC D E F

313186 53120
3 1 3 130 39 70
31315? 49r02
3 1 3 88 28 45
3 1 3 80 31 46

3 1 3 75 25 39
313 51 t4 23
313 93 26 39
313 82 23 38
313 82 2'7 42

3 1 3 91 24 52
3 1 3 98 4t 50
3 1 3 89 33 52
313 90 29 62

3 1 3 86 32 s0
3 1 3 '15 25 22
3L3 70 22 32
313 ?0 28 31
313 62 24 28

313 64 20 38
313 47 L2 27
3 1 3 48 10 15

3 1 3 7r !'t 36
313120 26 56
3 1 3 86 2L 38
3 1 3 s6 22 33
3 1 3 52 18 2'7

313 70 26 38
313 88 28 42

3 r. 3 106 4t 50.
313 43 L4 20
313 60 20 29
3 1 3 95 34 56
3 1 3 91 36 52
313 46 20 2r
3 1 3 61 18 26
313 62 2L 30
3 1 3 53 18 30
313 47 18 22
3 1 3 92 30 45
3t3r22 36 60

3 1 3 110 35 6s
3 1 3 96 39 60

3 1 3 145 45 '75

313133 39 72
313 50 r'7 30
313101 29 46
3 1 3 93 32 45
313 88 32 37
3 1 3 '73 25 34
3 1 3 '76 27 40
3 1 3 105 34 62
3 1 3 11? 36 61
3 l. 3 70 22 4r
3 1 3 146 52 85
3L3 85 27 4r
313 42 20 26
3 l- 3 62 2L 31

3 1 3 74 31 3'7

3 1 3 96 36 60

3 1 3 80 24 42

3 1 3 81 27 38

313 82 32 26

3 1 3 100 25 41

3 1 3 91 36 4s
3 1 3 165 65 88

3 1 3 98 36 45

313 73 21 32

313125 4! ?3

3 1 3 104 30 45

3 1 3 '75 32 38

313137 40 82
3 1 3 '7t 19 30
3 1 3 80 20 s0
3 1 3 l-52 48 92

313 42 t'7 20

3 1 3 64 18 30

313 82 21 40

313 83 23 42

3 1 3 102 30 45

3 1 3 '79 20 32

3 1 3 4'7 l-9 19

3 1 3 110 31 65

3 1 3 123 37 '72

3 1 3 90 2'7 4'7

3 L 3 90 30 s5
3 1 3 66 19 35
3 1 3 90 31 60

3 1 3 5't 18 31

3 L 3 83 36 42

3 1 3 100 36 52
3 t 3 121 38 80

3 1 3 105 30 6s
3 1 3 45 16 23

313 12 32 38
313 50 L9 25
3 1 3 93 23 s1
3 1 3 86 23 46

3 1 3 88 2'7 52
3 1 3 63 !7 30
313113 32 50
313 96 32 43
313157 29 13

3 I 3 B5 23 41

3 1 3 l-56 sB 98

3 t 3 r22 4't 75
3 l- 3 130 3'7 70

313 9'7 2'7 49

313100 29 55
3 1 3 '75 28 41
3 1 3 52 t'7 '2'7

3 1 3 '76 22 32
3 1 3 110 35 51
3 1 3 1l-0 35 53
3 I 3 50 16 22
3 1 3 '74 28 38
313 65 21 31
3 1 3 't6 18 33
313 47 !2 2l
3 1 3 ?0 2'7 38
313 66 24 36
3 1 3 70 20 35
3 1 3 40 t2 19

313 66 22 32

(nun)

sampfe z

1

2

3

4

37

38

50

s0



313 28
313l-17
3 1 3 75
313 62
313 85
313107
3 1 3 111
3 1 3 112
3 1 3 98
3 1 3 112
3 1 3 93
3 1 3 83
3 r. 3 73
313 92
313 82
313 67
3 1 3 140
313 92
313 96
3 1 3 90
313132
313 57
313 92
3 1 3 114
3 1 3 120
313130
313 45
313 9'l
313 95
3 1 3 't0
3 1 3 86
3 1 3 84
3 1 3 78
3 1 3 146
3r.3 82
313 99
3r3t42
3 1 3 117
3 1 3 108
3 1 3 96
3 1 3 120
3 1 3 136
3 1 3 81
3 1 3 86
313102
3 1 3 83
3t3t2'l
3 1 3 83
3 1 3 86
313120
3 1 3 100
3 1 3 76
313 96
313 72
3 1 3 88
3 1 3 117
313 69
3 1 3 101
313 92
313 46
3 1 3 137
3 1 3 90
3 1 3 86
313 77
313100
313 62

16 13
35 s0
19 32
22 30
27 51
44 60
34 4'l
36 48
32 42
35 48
29 38
27 36
25 33
37 50
28 42
2L 32
44 85
29 63
32 38
32 45
44 60
2L 30
23 41
42 54
31 61
43 73
15 22
34 47
26 47
25 32
30 41
30 47
29 42
47 65
29 40
25 4'1

48 72
36 5s
45 52
28 3'l
31 58
36 '75

22 42
26 40
26 48
19 36
37 't2
21 46
31 50
39 70
31 62
23 35
30 48
29 36
27 43
36 63
23 33
3'7 48
36 4s
13 2t
39 68
19 42
27 43
23 40
24 50
25 34,

3 1 3 8? 31- 46
313 92 31 50
3 1 3 106 31 50
3 1 3 L6? 48 l'02
313110 36 72
313135 40 '15

3 r. 3 143 47 86
3 1 3 106 40 67

3 1 3 100 2'1 53
313 66 24 3'7

3 1 3 72 23 36
313 45 19 24
3 1 3 45 t'7 22
3 1 3 170 32 85
313112 38 52
3 t- 3 88 33 40

3 1 3 74 28 28

313 64 18 32
313 90 26 43
3 1 3 102 32 s8
313 90 26 s0
313 68 2t 33
3 L 3 83 28 3'7

3 1 3 86 24 3'1

3 1 3 60 18 29
3 1 3 67 19 37
313 76 30 50
313 42 t4 20
3 L 3 34 14 r7
3 1 3 119 36 50
3 1 3 114 33 41
313 64 30 32
3 1 3 91 28 42

313 90 34 4r
323 ?s 19 35
323'7'7 26 35
323 83 r'l 44
323 83 23 42
323r02 2'7 50
323 99 24 s6
3 2 3 85 2'7 50
323 66 2t 31
3 2 3 LLl 39 70
323!t'l 32 A7

3 2 3 105 28 39
3 2 3 86 23 40
323r07 3A 47

323 92 32 40

3 2 3 '75 21 32
323 96 34 46
323138 38 ss
323110 32 51
323 87 27 36
323105 32 35
323 81 2s 31
323t28 39 60

323 61 20 30
3 2 3 108 32 43

3 2 3 s8 23 30

3 2 3 99 39 38
3 2 3 '75 23 40
323 63 L8 30
3 2 3 76 25 41

323 46 L7 2L
323 62 23 3?
323 73 22 43

3 2 3 98 29 42

323 95 37 43
323r2r 3'7 46

323'73 23 40

323 94 33 44

3 2 3 106 39 46

323't2 32 35
323 s0 25 30
323 6't 25 30

323t02 30 51

323 80 22 3?

323 46 11 22

3 2 3 113 38 6s
3 2 3 54 r'7 2'1

323 6'7 14 29

323 65 t1 31

323 9'-7 26 63

3 2 3 101 38 49

323114 44 52

323 46 11 L'7

323 56 13 21

323110 25 50

323 63 16 2r
323'12 24 45

323'73 25 38

323 60 19 3s
323 52 r'7 25

323 95 29 4'7

3 2 3 95 30 40

323 97 27 s6
323 83 26 30
323t02 33 43
3 2 3 110 36 53
323 84 35 43

323 45 15 2l
323'73 24 31
323't5 20 3s
323 61 22 28
323101 37 46

323 49 16 22
323 48 17 24
323 69 20 34
323 62 24 30
323 42 12 2r
323 61 23 32
3 2 3 62 19 36
323 65 20 36
323 81 24 46
323 16 22 44
3 2 3 'tt 23 40
323 96 33 s6
3 2 3 76 25 40

3 2 3 61 18 32
3 2 3 '16 23 35
3 2 3 96 25 3s
323 9"t 28 38
3 2 3 74 25 31
3 2 3 60 18 27
3 2 3 86 32 40

3 2 3 '16 2'7 32
323'75 22 35
323 98 36 46

323 95 28 40

3 2 3 105 3''t 4'7

323 87 32 48

323 63 1s 22



323 87
323108
3 2 3 't6
323 s3
323 9s
323 98
323 81
323115
3 2 3 110
3 2 3 109
3 2 3 49
323 52
323135
323 90
323 72
323 83
3 2 3 79
323 72
323 87
323110
323140
323111
323 80
323 66
3 2 3 70
3 2 3 81
323t66
323101
3 2 3 't8
323 90
323r22
323 83
323 47
323 50
3 2 3 '70

3 2 3 96
323 55
3 2 3 105
3 2 3 150
323 91
323t02
323 ''tt
323 61
323t26
323 9s
323 82
323 95
323100
323 6'7

323 46
3 2 3 134
323 s9
3 2 31.05
323t20
323'15
323 83
3 2 3 109
323t44
323 6s
323 63
323 90
323 80
323 88
323 60
323 97
323r23

20 43
26 61
27 3?
ls 25
27 49
26 47
25 48
35 60
33 5s
30 56
19 25
19 27
34 74
25 47
26 3s
26 3s
25 33
22 34
31 38
34 52
37 75
36 6s
2t 34
22 36
23 42
24 36
55 92
36 50
22 37
28 51
44 58
22 32
19 24
20 30
26 32
32 60
L9 26
33 s3
44 84
24 45
27 55
26 47
t'7 26
34 68
29 50
26 4t
29 47
26 56
16 L6
09 11
42 58
18 24
32 49
38 5s
25 35
36 36
22 50
31 63
20 30
1.9 30
29 45
23 37
30 45
22 30
33 43
37 65

323L02 33 56
323r20 37 ?0
323 93 26 45

323140 32 70
323 80 21 40
323 82 29 46
323 90 30 40
323 60 23 25
323 ?0 29 3s
323 62 22 32
323116 33 7r
323t20 3s 60

323150 47 82
323t37 40 80
323 80 28 4s
3 2 3 1l-0 30 60

3 2 3 130 37 70
323 86 26 47

3 2 3 80 2'7 36
323L66 54 82
323L07 3s 50
3 2 3 137 43 6'7

323 80 23 33
323t02 34 52
323tt'l 38 53
3 2 3 100 39 47
323190 49 96
323130 43 78
323ttz 28 60

323 9s 28 46
323 95 32 52
323r25 42 6s
323trz 3s 52
323r42 38 90
3 2 3 110 40 65

323L02 32 62
323r25 72 s6
323 90 2t 47
3 2 3 151 56 91

3 2 3 78 2t 40

323r22 40 65
3 2 3 133 4L 76
323 95 25 56
3 2 3 106 32 56
3 2 3 86 31 4s
323135 36 76
323 77 32 3s
3 2 3 100 31 45
323 95 34 46
323]-02 37 4'7

323t02 35 5',7

323t02 34 s1
323 63 20 2.t
323 87 24 4s
323 62 t7 32
323 68 20 33
323 66 2t 33
323 7't 24 41

323 92 39 48

3 2 3 86 2't 4L
3 3 3 72 27 30
333 62 22 30
3 3 3 '7L 18 36
333 91 27 46
3 3 3 110 30 70
3 3 3 '74 22 34

3 3 3 105 31 56
333 80 26 50
3 3 '3 86 25 51
3 3 3 91 26 45

3 3 3 95 33 s6
333 82 26 43

3 3 3 115 30 58
333]-62 s2 91
333 65 23 35
333 73 24 33
333'12 2! 32
333'77 2s 3?

3 3 3 49 19 24
3 3 3 148 s3 64

3 3 3 109 34 50
3 3 3 129 45 51
3 3 3 90 31 40

3 3 3 108 3s 5s
3 3 3 13? 41 85
3 3 3 85 26 41
3 3 3 7t 26 37

3 3 3 95 28 4'7

333 50 r7 25

3 3 3 5'7 7'7 21
3 3 3 Ls8 59 103
333 67 25 33
3 3 3 146 40 70
333 56 2L 2s
333 60 28 26

333 62 22 30
3 3 3 s6 29 3s
3 3 3 1.26 36 '75

3 3 3 70 26 36
3 3 3 Ls2 39 '76

333'72 26 4L

3 3 3 '7s 20 40

3 3 3 83 2'1 4'7

3 3 3 t22 40 '70

3 3 3 109 36 70
3 3 3 103 32 65

333 82 25 46
333 82 24 47

3 3 3 125 4L B't

3 3 3 98 30 60
3 3 3 93 31 s6
3 3 3 146 35 75
3 3 3 l-36 35 86
3 3 3 101 28 s1
3 3 3 90 19 45
3 3 3 86 28 56
3 3 3 120 3'7 75
3 3 3 100 28 60

333 81 26 43
3 3 3 126 40 82
3 3 3 100 34 '7t

333 86 33 37
3 3 3 100 3't 46
3 3 3113 3'7 46
3 3 3 76 2'7 33
333 66 23 30
333 55 26 26
333 s6 24 29
3 3 3 36 t2 L-l

3 3 3 52 19 26
3 3 3 153 58 7'7

3 3 3 103 3l- 44



37 53
40 43
28 37
38 s3
10 15
32 36
22 32
16 40
43 76
11 l-8
27 63
29 58
27 60
26 50
2t 40
25 70
24 45
59 147
36 70
43 80
22 3'7

5r. 123
35 't6
t'7 30
19 26
19 25
18 25
37 50
34 54
36 35
31 36
24 27
24 25
22 41
29 60
2L 2't
22 3L
27 50
?9 54
19 30
24 37
23 4t
29 51
28 50
25 41
36 85
27 42
37 6s
29 51
28 51
24 45
25 40
27 4'7

30 52
38 82
22 37
29 36
28 45
23 32
36 87
39 82
3't 82
60 115
33 7t
25 45
28 47

32 45
29 38
25 s6
t2 23
t2 ]-'l
22 25
28 40
33 40
18 29
36 50
13 20
14 r'7
19 26
20 27
29 53
28 s8
35 76
22 32
24 40
30 55
44 65
21 31
3s 63
27 37
33 42
28 43
35 45
28 34
23 55
24 63
29 5s
26 46
21 38
24 40
r-4 23
2't 51
33 50
34 61
37 '15

s3 83
24 38
2'7 44
32 40
31 42
25 26
36 s5
26 43
28 43
41 4'1

2'7 32
29 37
37 36
28 36
38 50
29 62
44 66
16 33
38 52
20 3'7

r.5 26
24 37
2L 26
28 32
20 22
31 32
24 33

21, 31
20 2L
2t 2'l
33 4'7

32 56
11 20
46 72
3s 6s
3'7 55
28 36
aa ça

33 73
34 37
34 42
16 23
14 15
18 24
20 30
26 36
18 2'7

42 58
31 4L
Z I JJ
38 58
34 45
r'7 30
28 36
38 48
30 45
r7 20
24 42
t't 32
40 60
15 22
19 35
23 43
30 43
26 36
29 35
36 55
r-5 26
r.5 22
28 61
26 4r
23 52
28 50
2'7 52
25 3'7
19 2'7

36 51
!'l 2'7

19 2'7

26 45
35 40
31 40
19 28
10 22
14 25
13 23
23 40
26 30
3 6 50
30 38
26 37
2s 35
20 25

3 3 3 68
333 4'7

3 3 3 61
3 3 3 102
3 3 3 9L
3 3 3 36
3 3 3 130
3 3 3 l-00
3 3 3 87
3 3 3 56
3 3 3 101-

3 3 3 132
333 9'7

3 3 3 '76

333 4'7

333 33
3 3 3 56
3 3 3 60
3 3 3 '75

3 3 3 s3
343r42
3 4 3 9s
3 4 3 83
3431,29
3 4 3 101
343 61
3 4 3 't6

3 4 3 104
343 99
3 4 3 45
3 4 3 89
3 4 3 7r
3 4 3 10b
343 4'l
343 66
3 4 3 95
343 92
3 4 3 '76

3 4 3 B0
3 4 3 l-02
3 4 3 56
343 52
3 4 3 100
343 82
3 4 3 106
3 4 3 90
3 4 3 86
3 4 3 7s
3 4 3 55
3 4 3 115
3 4 3 61
3 4 3 58
3 4 3 104
3 4 3 '16

3 4 3 106
343 62
3 4 3 45
3 4 3 55
343 52
3 4 3 105
J q J bþ
3 4 3 110
3 4 3 86
3 4 3 8s
3 4 3 80
3 4 3 s6

333 82
3 3 3 96
333t22
333 57
3 3 3 s0
333 67
333 9'l
3 3 3 75
333 62
3 3 3 100
3 3 3 39
333 33
333 s0
333 s?
333 96
3 3 3 96
3 3 3 120
333 5't
3 3 3 't3
3 3 3 110
3 3 3 125
3 3 3 s9
3 3 3 144
3 3 3 75
333103
3 3 3 l-01
3 3 3 114
333 6'7

333 9s
333 9s
3 3 3 100
3 3 3 83
3 3 3 '76

333 82
333 s1
3 3 3 86
3 3 3 93
3 3 3 106
33312s
3 3 3 L4s
3 3 3 86
3 3 3 93
3 3 3 108
3 3 3 9s
3 3 3 7'7

3 3 3 115
3 3 3 9s
3 3 3 88
3 3 3 110
3 3 3 88
333 97
3 3 3 100
3 3 3 109
3 3 3 109
3 3 3 106
3 3 3 123
333 72
3 3 3 106
333 66
333 s0
333 94
333 62
3 3 3 76
3 3 3 41
333 82
3 3 3 80

3 3 3 110
3 3 3 90
3 3 3 76
3 3 3 118
3 3 3 45
3 3 3 85
333't2
3 3 3 60
3 3 3 130
3 3 3 41
3 3 3 96
333 96
333 91
3 3 3 91
3 3 3 78
3 3 3 120
3 3 3 81
333220
3 3 3 125
3 3 3 146
3 3 3 13
3 3 3 200
3 3 3 135
3 3 3 s8
333 ss
333 4t
333 s2
333123
3 3 3 117
3 3 3 100
333't7
333 6s
3 3 3 60
333 85
3 3 3 100
333 61
333 s8
3 3 3 9s
3 3 3 8s
3 3 3 6s
3 3 3 '15

333 82
333 9s
333 99
3 3 3 ?0
3 3 3 126
3 3 3 ?3
3 3 3 106
3 3 3 86
333 8s
333 82
3 3 3 80
3 3 3 98
3 3 3 91
333145
3 3 3 7s
333 92
3 3 3 90
3 3 3 1t
333132
3 3 3 140
333132
333227
3 3 3 130
3 3 3 89
3 3 3 73



343 75 23 32
3 4 3 86 33 37
343 82 30 40

3 4 3 14 29 33
343 s0 !7 22
343 85 23 45
3 4 3 76 18 40

343 7t 20 33
343 61 20 32
343 36 13 L7

3 4 3 79 23 40

3 4 3 90 32 50
343 50 15 23
3 4 3 85 26 42
3 4 3 ?1 22 36
3 4 3 60 2't 32
3 4 3 73 26 4t
343 71 26 38
343175 5s 81
3 4 3 116 34 47
3 4 3 ?3 2L 30
3 4 3 86 28 36
343 69 28 30
3 4 3 90 35 42

3 4 3 80 36 45
3 4 3102 3'7 50
3 4 3 55 19 30
3 4 3 '76 23 30
343 1'7 21,32
3 4 3 80 28 37
343 52 19 25
3 4 3 90 87 44
3 4 3 s6 18 25
343 47 20 22
343 ?3 22 32
3 4 3 96 25 55
343 75 23 37
3 4 3 90 2'7 42
343 95 26 43
343 65 25 35
343 92 30 50
3 4 3 76 22 42
343112 29 60
3 4 3 106 28 53
343130 40 72
343102 44 6s
343t20 38 55
343125 37 57
343t26 42 60

3 4 3 115 34 50
343t20 3't 60

3 4 3 108 36 50
3 4 3 76 2s 36
3 4 3 83 32 40
343 68 25 32
3 4 3 84 28 38
343t27 4L 60
3 4 3 130 44 70
343 95 37 43
343 64 18 32
3 4 3 80 29 40
343 66 t7 30
343160 42 92
343160 46 96
3 4 3 79 22 40
3 4 3 116 2'l 56

3 4 3 84 24 40
3 4 3 85 2t 40
3 4 3 80 23 40
343 6s 2t 30
343!t2 33 56
3 4 3 '76 23 3s
3 4 3 84 34 42

3 4 3 105 31 50
3 4 3 98 34 45
3431.24 44 52
343'72 19 30
3 4 3 93 32 3'7

3 4 3 95 29 4s
3 4 3 125 39 60
343 64 18 30
343 40 23 20
3 4 3 110 31 61
343 66 l-8 30
3 4 3 105 38 52
343 93 23 46
343 52 18 25
3 4 3 87 3L 42
343 60 L7 26
3 4 3 87 30 50
343 66 26 32
3 4 3 70 2t 37
3 4 3 't0 24 36
343 64 20 30
343 28 12 t'7
3 4 3 '76 26 42

3 4 3 85 33 45

3 4 3 83 32 45
3 4 3 140 34 67

3 4 3 150 50 75
3 4 3 147 33 't6
343L22 36 67
3 4 3 61 19 27
343100 25 55
3 4 3 113 27 50
3 4 3 80 20 40
3 4 3 1l-5 33 60
343 82 23 38
343 90 25 46
3 4 3 9'7 33 38
3 4 3 83 2't 42

3 4 3 '74 26 33
343 82 31 35
343 18 26 35
3 4 3 60 16 35
3 4 3 85 23 43
343 ?3 22 32
3 4 3 'ts 22 36
343 46 14 2r
343 7'7 26 45
3 4 3 93 31 40
3 4 3 86 30 40
3 4 3 80 22 35
3 4 3 75 22 35
3 4 3 83 2'7 40

343 58 22 27
3 4 3 81 29 36
343 61 2L 28
343 78 28 37
3 4 3 50 19 26
343 63 22 30
3 4 3 '73 24 36

343 63 24 33
343 91 32 42

343 92 33 42

343 93 29 46

343 77 29 42

3 4 3 s6 23 2't
343 ?0 23 32
343 80 26 45
3 4 3 80 23 45
3 4 3 61 19 33
343r25 4r B0

343 86 26 ss
3 4 3 116 34 55
343 60 21 26
3 4 3 ?0 26 33
343 68 28 32
3 4 3 6'7 38 38
3 4 3 7r 28 3'7

343 s8 18 26
3 4 3 '7t 2L 30
343 61 20 29
3 4 3 81 33 42

343 82 31 45
343 43 1-3 2L
3 4 3 86 28 36
3 4 3 70 27 21
3 4 3 93 33 4s
3 4 3 91 35 s2
3 4 3 86 28 48

3 4 3 70 28 3'7

343'7'7 18 40

3 4 3 51 l-8 25
343 50 t2 25
343'72 24 35
3 4 3 81 31 39
3 4 3 80 24 38
3 4 3 6'1 23 31
3 4 3 63 27 2'7

3 4 3 74 26 31
3 4 3 8? 36 45
3 4 3 145 54 ?0
3 4 3 82 36 40
3 4 3 36 10 20
3 4 3 106 31 52
3 4 3 70 23 35
343 63 26 35



Leaf Data for Mt Haig (SNVF)

À = FOREST TYPE
C - SITE NUMBER

E = LEAF WIDTH (nun)

Síte Location:
l'7 05 s 145 35 E

Elevation:
1160 metres

No. of Leaves with
Non-entire Margins;

sample *

B - SAMPLE NUMBER

D : LEAF LENGTH (TTUN)

F = POSITTON OF MÀXIMÀL WIDTH (TUN)

EF
3'7 42
3 6 s5
33 28
39 42
35 4r
3'7 36
31 31-

44 55
29 25
20 20
r'7 18
23 25
12 30
23 15
24 25
1.5 20
20 20
20 22
18 20
19 16
77 2L
37 53
42 56
33 51
36 41
29 26
31 31
26 25
29 34
26 28
31 3'7
18 20
4s 69
26 40
29 37
3s 32
27 30
29 32
28 43
22 24
l-3 14
25 26
23 20
22 30
30 27
t2 r.6
28 22
26 28
22 33
24 22
2'1 29
27 31
18 20
33 103
32 50
24 35
21 36
24 35

1 5 l- 55 23 24
l- 51- 51 24 20
151 56 23 24
151 64 24 25
1- 51 6't 31 26
151 57 28 2'7

1 5 1 '76 25 40

1 5 1 80 31 33
151 43 l-5 20
r.51 22 12 8

1 5 1 3L L4 I
1 5 1 33 15 10
1 5 1 19 2'7 45

151 69 26 22
1 5 1 58 25 31
L51 75 29 3?

1 5 1 92 32 5l-
1 5 1 38 !'l 18
1 5 1 l-11 45 45
1 5 1 90 25 50
1 5 1 101 29 40

1 s 1 56 30 28
1 5 1 4'7 30 23
1 5 l- 41 23 24
1- 5 1 43 2L 20
1 5 1 48 13 r'7
15l- 53 15 20
1 5 1 80 33 35
151 53 24 24
1 5 1 10 28 35
1 5 1 96 36 43
151 65 29 20
151 55 23 22
1 5 1 56 24 23
1 5 1 110 35 42

151 58 26 24
1 5 1 '76 19 32
151 60 27 28
1 5 1 48 l-8 23
r.51 45 r'7 2r
151 52 26 22
151 66 27 30
1 5 1 96 25 42

1 5 1 120 37 53
r. 5 1 103 37 40

1 5 I 8'7 3l- 31
r. 5 1 8'7 34 35
151 'l'7 32 29
1 5 1 88 37 34
151 6'7 26 25
151 69 26 26
1 5 1 87 33 30
151 82 39 42

1 5 1 96 42 4I
151 32 11 t2
151 65 24 27
r. 5 1 60 27 26
151 65 30 23
1 5 1 68 18 29
1 5 1 52 19 20
1 5 1 56 16 23
1 5 1 80 19 45
1 5 1 39 24 20
151 92 50 4s
1 5 1 '7'7 30 4r

r151100 30 45

1

2

4

J

5

43

11

ABC D

1 5 l- 90
1 5 1 85
r- 5 1 58
1 5 1 85
1 5 1 83
1 5 1 68
151 6L
151111
151 52
151 49
1 5 1 40
l-5L 66
151- 6't
151 33
1 5 1 59
151 44
1 5 1 53
1 5 1 53
1 5 1 54
1 5 1 45
1 5 1 45
1 5 1 116
1 5 1 100
t- 5 1 105
r- 5 1 84
1 5 1 60
L51 62
151 50
1 5 1 75
1 5 1 61
r- 5 1 '74

r. 5 1 45
151153
I 5 I 85
1 5 1 '.73

1 5 1 '7L

1 5 1 56
r.5l- 60
r-51 97
1 5 1 60
r- 5 1 36
1 5 1 't0
1 5 1 6L
151 64
1-51 82
1 5 1 45
r.51 62
1 5 1 7L
1 5 1 '75

1 5 I 60
r.51 67
151- 64
151 43
1 5 1 190
1 5 1 106
1 5 1 86
1 5 1 '78

1 5 1 78



2L
2I
2L
2I
2T
2I
2I
2T
2I
¿!

2L
2I
2L
2!

31 46
22 35
2L 30
2t 32
34 32
r7 30
2'7 27
t 5 31
2't 30
12 20
20 20
42 4L
24 24
4'7 60

'75

55
52
56
85
A6
?0
b¿
bI
E1

40
/b
45

113

1

1
L
1

1

1

1
1
1

1

1

1
1
1
1

1
1
L
1

1

1

1

1

1

t-

26 4L
29 30
28 40
25 35
28 2'l
27 2l
37 26
33 43
21 26
34 3't
36 40
32 37
31 45
26 37
16 13
t7 2l
11 7

49 2t0
40 1-40
37 t20
4r t20
29 95
29 82
36 3s
33 40
26 22
24 26
2t 16
22 24
29 34
26 35
32 50
34 45
32 36
16 30
20 22
23 25
52 43
19 l7
20 r.8
15 22
18 2t
18 31
25 43
2L 28
33 30
30 40
21 24
30 36
21 25
t2 16
2'7 45
30 30
27 31
24 34
34 2'.t

38 51
40 45
25 26
27 36
27 2't
2t 20
23 20
24 22
22 14
20 2ll

26 22
22 16
44 70
2'7 45
26 30
t'7 2'7

24 34
22 36
2'7 26
19 29
18 31
20 r.8
L9 t'7
L9 26
2t 18
2L 23
23 26
26 27
1- 9 ]-'7

!7 25
r.5 15
15 20
19 L8
13 16
10 l'l
19 23
28 25
15 I
25 26
9 L8

18 20
r7 13
18 L1
18 18
53 '76

30 52
19 38
26 26
24 2t
45 49
34 40
24 36
30 50
28 42
28 36
3r- 30
26 30
21 3'7
20 30
30 3s
24 28
19 22
2L 30
24 21
29 36
t7 20
20 2't
23 30
24 22
r.6 20
L4 16
49 61
23 52
14 25
38 32
21 52t

151 62
1 5 1 56
l5ll27
r. 5 1 8s
1 s l. 80
151 66
L 5 1 76
1 5 1 80
151 44
151 66
1 5 l. 60
151 43
151 42
1 5 l- 60
151 46
151 55
151 46
L51 55
151 3'7

1 5 1 50
151 37
151 46
r-51 41
151 32
1 5 1 35
151 46
151 52
1 5 1 30
1 5 1 56
1 5 1 40
151 42
151 37
1 5 1 36
1 5 1 50
t2lt54
t2t 83
l2r 90
l2l '75

t2t 46
r 2 t 85
1 2 1 108
t 2 t 74
I 2 t '16

t2l'72
L 2 t '10

L 2 I ?5
t2r 60
l2r 53
T2L 50

1 5 1 86
1 5 1 70
1 5 1 76
1 5 1 70
151 57
151 66
151 63
151102
151 55
1 5 l- 96
15 r- 83
151 72
15r. 91,

151 91
151 30
151 53
15123
t 5 r 270
t5r246
151210
151210
1 5 1 166
151152
1 5 1 95
1 5 1 100
151 5'l
151 63
1 5 1 39
151 60
151 60
r.51 65
151104
151 92
1 5 1 75
1 5 1 50
15157
1 5 1 58
151 97
15153
151 55
1 5 1 60
151 51
1 5 1 70
1 5 1 96
1 5 1 60
1 s 1 80
151 66
1 5 1 60
1 5 1 76
151 67
151 31
1 5 1 90
1 5 1 61
151 62
1 5 1 65
1 5 1 't5
1 5 1 120
151105
151 55
1 5 1 90
l- 5 1 '14

1 5 1 54
15157
151 53
15r. 3"1

1 5 1 50

2t 43 20 23
2113 6 3

2t 48 22 26
2 t 86 26 40

2l 41 14 17

2t 50 26 27
2 r r4B 34 '78

2 r '74 31 47

21100 28 52
2 1 113 40 68

2L 62 20 31
t2158 15 t'7
L2L s2 15 t't
L 2 L 27 ? 10

t2r 2'7 9 9

!2130 10 13
L2]-LL6 43 50
r. 2 1 103 33 s5
r2t ?8 28 26
t 2 L 40 19 23
L2t 70 24 32
t2L'77 26 43
1,21 46 19 25
t 2 r 40 18 22
L2t 41 14 16
L2L 50 14 19
t2r 44 L9 23
r 2 r '74 2t 32
t2\ 44 18 22
! 2 t 56 27 30
r 2 t 80 39 40
r 2 L 80 38 4r
I 2 t '12 18 32
l2! 91 22 52
L2!t02 38 32
t2r 6L 25 25
t2t 61 24 30
t2r 60 28 30
L2L 44 r7 22
t2r 80 29 50
12L'70 18 42
L2L1,t4 26 60
r 2 ! t20 2'7 6'7

1 2 1 105 43 40
t2t 59 24 26
L2r 60 2'1 25
r2L 57 23 26
t2t 54 2L 20
r 2 t 56 19 30
r 2l 34 10 l-5
r2r 3'7 15 14
t2L 38 7 16

l2L'71
L2I53
I2t 49
t2L 53
t2t 65
L2I 64
I 2 I 40
1,21 72
t2]-54
r2l 57
r2t 45
!2L 32
t2rL32
L2LIO2
t2t 53
L21'72
1 a 1 0a
L L L J'



t2l. 47
t2]-43
1 2 1 108
121151
t2t 8'7

121105
I2L 80
t 2 t '16

t2r 90
1 2 1 100
t2t 66
t 2 t 76
121113
t2r 62
L2175
t2r ?5
t2t 68
t2t 7L
L2t 72
L2180
t2tL6l
L2tr20
121111
t2t 91
t2r 83
t2t 81
r2t 75
!2L 68
t 2 r 70
r2l70
I2L 7I
r 2 t 76
T2I72
L2t 73
t 2 1, 80
r2t 49
t2151
1 2 1 115
1 2 1 109
t2r 96
t2L]-48
l-21,82
I2T 88
t2L ?3
t2t 80
! 2 r 79
121110
t2155
t2L 50
!2r 33
t2t 95
r2t 68
r2r'18
L 2 I ?O

]-21 40
t2r 40
t2l 42
r2131
t2L 48
t2L 44
T2L 54
!2t 43
I2I 60
t2t 63
t2r 56
!2154

13 l-5
L1 20
24 57
33 83
22 50
29 63
34 50
2L 3'7

37 60
47 45
29 32
35 38
22 70
25 42
33 42
37 37
27 30
27 30
35 40
34 35
43 91
43 68
43 65
23 55
18 50
37 28
45 40
28 42
20 4't
30 47
30 43
30 35
30 47
25 25
37 40
20 22
2t 20
22 6'7

21 60
24 60
50 ?0
26 50
34 48
25 28
3'7 40
38 42
45 60
24 30
20 23
15 15
30 48
28 30
29 30
!4 30
1t 20
18 18
!2 12
13 15
2'1 24
21 22
2s 26
2t 26
18 20
29 3s
20 26
16 25t

r2t 51 23 24
r2t 5'7 23 40
r 2 L 5'7 23 31
L2L ?3 26 31
t2L 42 10 22
! 2 L 36 I L4
l2L 49 L8 20
t2]-t32 2'7 '75

r2tLt} 30 65

r2tt54 33 85
r2tLrz 2'? 60

!2t 96 28 s5
l2Ltl? 42 5'7

!2r 85 26 52
t2l 96 31 53
121133 51 85
r2t 36 t2 19
L2t 59 28 36
L2t 57 24 28
r2t 60 18 25
121116 23 63
L2r 79 29 32
t2t 70 26 4t
t2t 93 3'7 5s
!2t'7r 27 25
!2Lt40 55 70
t2r!20 25 70
t2!r07 24 65

1 2 1 180 38 107
L2t 73 41 40
r2! 7r 38 41
r2r 63 26 40
t2t 6'7 32 30
L2r 4'7 32 24
t2r 57 24 28
t2t 56 29 27
t2l 5L 24 t7
r 2 t 36 11 12
t2Lr'77 31 95
L2r 60 26 34
t2l 83 31 44
t2L 82 33 42
t21]-32 32't5
r2Lt33 53't6
t2!!02 25 60
!2t 66 14 42
t2L 46 13 15
! 2 r '74 29 33
r2t'7t 26 40
r2]-'72 37 35
r2t 90 46 26
t 2 r 74 31 40
:-2r s3 23 30
!2t 98 22 55
t2t 64 2L 25
L2rt90 36115
r2t 49 22 29
t 2 r 56 22 2'7

1 2 r 87 33 57
r2]-r04 23 60
r.31 94 34 55
1 3 1- 't4 37 43
1 3 1 60 21 30
131 44 13 25
131 72 25 28
131 36 12 101

41 t'7 2l
3'7 16 16
35 14 t2
43 19 25
'70 28 35
36 12 14
3t- 12 11
43 14 15
28 t4 12
s6 22 25
54 20 24
't'7 24 2'7

62 77 2'7

52 20 26
80 22 30
'74 24 28
53 19 30
84 27 42
50 15 26
26 09 09
38 1-1 20
48 30 22
44 14 15
60 19 30
42 19 30
45 20 2'1

57 18 24
42 20 20
39 14 11
36 13 t2
'72 32 34
30 19 20
35 r'7 20
32 10 10
40 14 20
35 10 10
40 15 20
35 2L 22
36 19 20
4'7 2Q 26
40 20 20
85 36 40
40 10 t2
53 18 30
30 12 11
32 11 10
92 38 3s
60 23 45
6'7 20 30
'73 36 35
50 23 30
40 10 10
39 23 r'7
46 20 25
38 11 L2

131
l-31
131
131
131
131
131
131
131
131
131
l-31
1-31-
l-31
r-31
131
131
131
131
131
131
131
131
131-
131
r-31
131-
131
131
131
131
131
131

11 10
14 15
L2 11
r.1 10
27 27
1 É 1)

44 50
13 13
aa 11

12 L2
l-3 12

33
46
37
30
70
40

104
40
50
34
5U

131
131.
131
131-
131
131
131
131
131
131
131
r.31
131
131-
131
131
131
1-31-
131
131
131
13L
r-31
1-31
131
131
131
131
131
131
131
r-31
131



131
131
131
131
131
131
131
131
13r.
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
r.31
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131

40 18 25
50 15 23
44 13 20
46 23 23
50 19 24
35 13 16
60 t7 22
82 33 40
40 11 13
62 29 30
66 24 26
62 22 31
44 18 23
35 12 11
42 t2 12
30 15 15
27 16 l'l
41 2t 24
40 13 13
35 t7 20
34 t4 18
38 t'l 15
35 17 10
43 L'7 26
34 11 10
39 18 20
38 15 12
'72 18 34
43 16 20
83 36 42
42 l't 20
33 23 1s
7',7 26 30
8't 30 56
62 18 21
55 21 26
50 2'1 22
40 2L 23
35 10 12
4'7 18 16

110 3 5 4'7

40 r'7 20
34 L0 20
46 t7 26

103 32 42
31 09 10
34 10 11
38 18 20
43 14 13
46 L4 22
43 13 25
36 t2 22
34 18 20
46 19 20
36 13 10
40 18 22
75 24 28
32 t2 10
64 24 30
45 2t 2t
54 23 28
50 1s 23
65 24 27
65 r7 2s
62 23 27
3'7 14 22t

L31 64 L9 25
131 63 26 24
1 3 1 74 32 30
1 3 l. 81 29 29
1 3 1 ?0 25 30
1 3 1 91 26 41
r. 3 1 41 23 16
1 3 1 91 30 32
131 68 26 24
131 43 r7 25
1 3 1 36 15 20
131 35 t2 20
1 3 l- 84 23 35
1 3 1 62 26 30
131 60 24 24
1 3 1 94 37 3'7

131 57 2t 2s
131 44 14 24
1 3 1 42 1.8 22
131 52 20 24
131 ?5 26 25
1 3 1 13 21- 32
131110 32 40

1 3 1 98 34 36
1 3 1 108 30 38
1 3 1 96 34 36
131 68 22 28
131 60 25 22
r. 3 1 '79 22 32
131 52 29 27
1 3 1 17 30 30
131 4'.7 28 27
131 51 2t 25
131 52 28 23
131 44 26 23
13l- '72 35 34
1311-13 29 47

1 3 L 111 30 45
1 3 1 107 50 45

1 3 1 LL6 26 55
1 3 1 48 20 30
1 3 l- 45 14 13
131 92 24 41
131 68 27 32
131 67 21 25
131 4'7 20 26
131 51 26 26
131 '72 26 35
1 3 1 47 18 25
1 3 1 '72 33 32
1 3 1 147 43 16
1 3 1 68 38 36
131 58 31 24
131 62 19 26
131'72 32 46
r.31116 35 46
1 3 l. 94 30 36
131 68 28 25
r.31 67 28 33
131 63 24 30
131 5'7 24 30
131 47 20 24
131 63 20 26
r. 3 1 78 22 32
1 3 1 76 27 28
1 3 1 8'7 30 401

85 34 40
83 30 3'7

80 24 30
s5 32 28
48 24 22
48 24 22
4'7 31 2'l
56 32 2'7

44 29 20
6i 31 29
46 28 26
49 30 26
42 27 25
52 30 23
62 22 26
B0 30 s0
?0 30 25
46 24 20
53 25 2'7

39 21 18
s9 20 22
48 74 20
9 5 2'7 3'7
'76 35 40
'7L 29 33
50 L4 22
54 33 30
66 38 28
70 3'1 35
46 28 23
49 30 26
53 31 26
56 33 2'7

50 20 l7
36 1.9 20
36 16 t2
nc ao ??
I J LV

87 24 40
'72 2't 28
63 18 30

118 42 4'7

7'7 30 30
64 30 25
?0 25 2s

131
131
131
131
IJ.L
131
131-
r.31
131
13L
131
131
r-31
r.3L
131
131.
r-31
131
131
131
141
141
141
141
141

92
84
8B
o<

7t
54
50

r. r.0
80

t- 01
107

80
85
70
'7t
62
63
58
55
bt

L02
116

24
2B
42
2'7

24
2I
tq
32
19
34
26
26
2B
27
JJ
aa

24
2I
¿o
28
24
27

40
40
31
43
32
26
25
42
32
50
50
?5
40
2'7
39
30
2<

2'7

30
30
45
55

141
141
141
141
141
141
141
141
141
141
141
141
141-
141-
141-
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
r.41
141
141
141
141
1"41
141
141
141
141
141



14 r. 55
1 4 1 45
141 4l
1 4 1 40
141 48
1 4 1 48
1 4 1 107

! 4 r ].'14
14111?
1 4 1 105
141 96
141 66
1 4 1 89
1 4 1 98
1 4 1 58
1 4 1 44
1 4 1 45

1 4 I 83
141 66
141 48
1 4 1 104
1 4 1 86
1 4 1 78
1 4 1 114
1 4 1 81
141 92
1 4 1 60
141 6'7

141 5'l
14152
1 4 1 50
141 42
1 4 1 34
1 4 1 95
141 62

1 4 1 51
t4L726
1 4 r. 100
141 66
1 4 1 116
1 4 1 83

29 9s
28 s0
37 43
29 40
25 32
28 36
31 32
26 21
t7 16
09 20
2'7 25
30 20
36 18
26 r.8
30 24
30 24
45 4'7

43 34
5q J t

33 22
24 44
31 35
29 37
33 34
30 32
33 40
27 36
26 27
22 27
24 28
21 18
15 t7
22 20
3s 3'7

31 27
32 25
27 25
34 30
34 26
36 25
28 26
45 62
35 46
35 31
39 40
31 23
13 16
20 23
t4 12
16 27
23 34
33 40
33 18
18 28
30 27
22 18
39 30
28 24
33 25
25 22
30 23
46 61
29 35
25 32
61 57
32 361

141130 34 52
1 4 1 't2 34 23
141 34 t4 L5
1 4 1 42 15 i5
141 54 31 25
l- 4 I 56 22 25
141 37 22 L'7

141 47 28 22
1 4 1 30 14 13
141 51 32 26
L 4 1 51 33 26
141 47 32 22
141 40 26 20
141 5l- 32 24
141 43 25 20
1 4 1 150 3'1 ?0
t4I 85 32 42
1 4 1 90 39 40
1 4 1 86 29 42
1 4 1 85 1.8 34
1 4 l- 90 4t 40

141 62 33 26
l- 41 51 30 21
l- 4 1 57 34 24
r- 4 1 38 15 16
1 4 1 30 11 11
14L 62 26 20
1 4 l- 116 42 45
1 4 1 85 29 31
141 55 35 25
141 46 31 2l
1 4 1 56 29 26
141 44 28 22
141 52 30 27
1 4 1 ?5 38 31
r4LL02 38 45
r. 4 1 60 2'7 22
1 4 1 42 1l- 1-'7

1 4 1 3'7 16 16
r- 41 34 24 18
141 43 25 22
1 4 1 '72 3'7 32
r. 4 I 80 36 36
1 4 1 86 33 31
141 51 21 25
141 46 29 22t
141 44 29 22
14l- 45 26 22
141 't'7 26 32
1 4 1 '76 22 42
1 4 1 113 39 63
1 4 1 83 37 38
141 '7'7 2'7 40

r. 4 1 66 r'7 31
141 60 23 30
1 4 l- 80 34 41
141 59 32 23
1 4 1 90 40 34
1 4 l- 106 46 45
L41 32 L7 t4
141 44 t'7 L7
1 4 1 56 18 22
141 44 24 22
141 32 2L 15
r. 4 1 42 15 15
L 4 1 35 15 13

1 4 1 51
141 49
l-41 47
1 4 1 48
1 4 1 45
1 4 1 50
1 4 1 '78

141 72
1 4 1 81
1 4 1 133
l- 4 1 114
141 52
1 4 1 100
1 4 1 70
1 4 L 51
l- 4 1 33
141- 46
1 4 1 31-

1 4 1 50
141 46
141 49
l-41 4'7

1 4 1 58
141 44
1 4 1 59
r- 4 1 35
1 4 1 86
1 4 1 50
141 46
1 4 1 34
141 42
t- 4 1 3L
r.41. 41
1 4 1 40
1 4 L ?0
1 4 1 60
1 4 1 58
141 4'7

1 4 1 '7r
1 4 1 45
1 4 1 38
1 4 1 38
1 4 1 33
141 42
1 4 l. 56
r.41 32

33 24
26 24
28 25
.)ô )q

27 2L
30 2,5

42 45
20 35
2L 45
2'7 60
32 4r
18 30
39 40
2'1 26
36 2'7

23 15
a1 aa

22 14
30 26
30 23
19 20
!'l 18
21, 15
15 13
33 2r
),'7 1 5
1a at
JL

19 18
r'l r'7
L4 13
L2 L6
14 12
r.6 13
15 16
25 28
27 27
21 20

âE
-Lb ¿J

32 36
12 20
t2 L'l
t4 22
12 15
2L 16
22 18
21, 13

141 54

1 4 1 51
r4]-]-l2
141 87
1 4 1 66
1 4 1 75
141 57
1 4 1 40
141 53
141 31
141 52
1 4 1 74
1 4 1 80
1 4 1 48
1 4 1 56

141 48
1 4 1 54
1 4 r. 53
141 49

1 4 1 61
141 44
141 48

141 57
141 37

141 4l



Leaf Data for Mt Lewís Road (SNVF) II2
tr2
tr2
Lt2
TL2
Ll2
tr2
]-72
1.L2
tl2
tL2
tr2
]-r2
II2
tr2
tL2
LL¿
rL2
tl2
!L2
]-L2
7r2
tt2
tr2
LL2
rL2
Ll2
lL2
tt2
II2
rt2
tl2
L]-2
tL2
LL2
Lt2
!r2
tl2
tl2
TT2
LL2
tr2
r]-2
tL2
lL2
ll2
TL2
LT2
lr2
:-t2
LL2
LI2
tr2
IT2
LL2
:-ll2
LT2
rl-2
LI2
TI2
IT2
LI2
TT2
t72
ll2
tr2

ABC
Ll2
tt2
rt2
lL2
LL2
Ll2
!L2
ll2
tt2
Ll2
tl2
Ll2
lt2
tt2
tt2
tl2
tL2
rt2
tr2
rl2
rl2
LT2
Lt2
tl2
lL2
tl2
t]-2
lL2
tl2
tl2
tl2
!12
tr2
tL2
rl2
rt2
LI2
LL2
Ll2
LL2
tt2
Ll2
ll2
TL2
II2
lL2
!!2
tr2
1L2
ll2
IT2
LL2
Ll2
tl2
Ll2
rt2
Lt2
r]-2

'77 31 40
60 22 3l-
56 19 2'7

4't 20 23
69 11 16
49 r'7 23
56 26 26
53 !7 25
37 12 27
36 19 2L
81 15 20
62 11 22
88 42 2'7

62 28 20
4'7 23 25
40 19 19
32 18 16
47 35 22
70 26 35
68 28 30
62 28 33
?0 34 36
60 23 34
't'7 35 45
57 32 26
5'7 22 21
48 21 27
56 33 28
56 16 27
80 26 36
4'7 r.6 20
60 1'7 28
51 18 25
4r r.8 28
49 21 32
5'1 2t 26
96 16 30
39 21 2r

100 26 51
66 2'7 30
74 23 35
6s 2L 30
'70 25 34
92 32 45
55 24 30
60 24 30
64 32 46
56 21 32
56 22 25
42 25 ]-'1

53 19 26
45 16 24
60 29 27
45 22 2'7

47 23 27
60 23 3L
46 19 22
69 29 26
6s 20 35
46 20 22
43 22 22
53 29 25
45 26 22
50 28 '2r
65 42 28
85 41 50

A = FOREST TYPE
C = SITE NUMBER

E = LEAF WIDTH (run)

Site Location:
1633S 14517E

Elevation:
c. 1200 metres

No. of Leaves with
Non-entire Margins;

sample t

B - SAMPLE NUMBER

D = LEAF LENGTH (¡TUN)

F : POSITION OF MAXIMÀL WIDTH (nrrn)

DEF
96 3? 48
40 16 20
88 36 26
52 23 22
70 12 20
80 l-3 27
52 l-1 16
42 13 20
?5 23 43
77 21 45
45 15 2r
46 15 20
60 20 30
47 l7 22
51 24 32
83 13 3s
?0 12 22
76 13 22
7t 11 20
46 0B 11
40 07 12
-12 11 16
74 12 16
97 47 25
'7r 33 36
61 35 29
57 19 26
66 29 31
43 23 18
4t 23 l-6
66 2'7 30
42 L6 r7
28 09 14
36 L3 77
47 16 20
40 16 25
67 34 50
46 l-8 25
44 26 26
59 22 23
5s 19 27
43 19 25
46 18 25
56 L7 34
s0 20 22
66 30 31
70 32 32
27 13 13
86 39 40
82 30 40
76 32 32
65 2'7 1.9

41 25 ]-'7

30 16 11
l-03 36 50
61 20 21
50 22 2s
86 22 4'7

4

6

4

1

2

?



t t 2 76
L!2 72
LI2 57
LI2 7I
t t 2 76
rt2 65
rt2 55
rt2 65
!t2 39
IL2 47
r- 1 2 113
tt2 52
tt2 62
t 1,2 51
tt2 55
IT2 50
II2 64
tL2 60
Lt2 45
tL2 63
tt2 61
tL2 62
tt2 5'.1

Lt2 61
tt2 75
t t 2 70
Lt2 46
tt2 66
rt2 66
rl2 47
t!2 54
L L 2 59
LI2 50
L I 2 56
TT2 50
tt2 60
tr2 5't
tt2 64
LT2 57
tr2 63
LI2 56
rt2 56
TL2 56
tt2 55
tt2 60
1 1 2 101
!L2 65
! 12 '18

L I 2 70
t r 2 80
tt2'17
tL2 57
rt2 66
lt2 44
tt2 67
!L2 52
tL2 75
rt2 8't
tr2 60
t L 2 70
t I 2 70
tL2 66
IT2 62
TL2 51
IL2 55
rr2t5'l

37 431

33 34
31 22
36 4t
32 32
28 30
26 26
24 34
16 20
26 22
2't 60
16 27
28 32
27 30
18 25
16 22
32 30
22 30
15 22
25 34
23 25
15 22
29 18
37 24
33 33
33 24
23 22
35 33
33 27
23 2t
26 25
25 30
23 23
24 30
31 31
26 27
28 32
21 30
19 26
22 30
t7 30
19 30
23 32
t't 25
18 26
42 52
27 30
35 25
t2 20
28 36
33 36
34 32
31 28
2'7 2l
27 32
2'7 23
28 37
40 22
23 26
33 35
32 3s
27 3'7
24 32
20 22
15 23
55 75t

tt2 80 35 40

rt2 86 35 42,
!L2 76 31 30
tt2 70 28 40

tr2 70 42 40

Lt2 62 3L 2'7

Lr2 68 38 3s
rt2 85 41 4'1

tt2 57 23 27
t ! 2 4'7 30 22
tL2'76 3s 33
It2 59 30 28
tt2 53 21 35
rt2 5'7 20 27
t!2 65 30 2'7

rt2'16 35 35
!t2 76 45 35
!L2 49 20 20
tr2 46 14 20
!t2!26 3B 70
!t2 96 42 43
Lr2t20 52 67

rr2t65 37100
t t 2 't6 38 42
Lt2 93 46 26
Lr2 85 40 53
I 1 2 100 45 68
Lr2t06 34 62
tt2 62 30 34
t!2 65 t2 r7
L!2 80 37 4r
t L 2 '14 30 3't
rt2 43 26 23
tt2L!7 33 62
t22 ?5 23 40
L 2 2 '10 21 35
r22 55 16 30
t 2 2 76 22 40
r22 85 29 50
L22 51 26 25
r22 37 2r 18
t22 45 25 2I
!22 46 24 23
L22 50 25 25
r22 50 24 22
t22 29 2L 15
L22 46 23 2t
t22 85 t2 20
r22 85 12 25
r22 76 13 26
L 2 2 '74 L2 2l
r22 80 11 20
t22 82 14 19
r22 80 11 25
L22 82 13 20
I 2 2 86 13 2r
7 2 2 ?0 1l- 18
r 2 2 68 L2 16
r22 77 14 25
L22 36 23 L'7

r22 41 24 19
r 2 2 38 20 t'7
t22 52 24 2l
r22 46 25 2L
\22 38 24 16
L22 50 25 2rl

L22 80 36 37
r22 63 26 30
r22 53 25 L8

L22 80 23 45
t22 90 26 50
L22t00 29 50
r22'15 20 46
!22 80 24 50
L 2 2 69 23 34
122 5'7 2L 33
r22 75 12 20
r22 59 t2 L't
t22 70 12 20
722 7r 13 I'7
t22 58 23 2r
t22 53 29 25
t22 62 33 2'7

t22 49 25 22

r22 45 24 2l
r22 45 23 20
122 55 35 2s
t22 40 2'l l-8

t22 64 33 30
t22 43 21 20
t22 49 25 20
t22 46 24 19
t22 66 25 30
t22 45 19 25
r22 50 24 23
t22 47 2t 26
t22 8C 32 41
t22 64 29 30
t22 80 24 40

L22 80 25 50
t22 6'7 20 35
L 2 2 8'7 27 45
I 2 2 76 23 42

L22rLs 16 30
1, 2 2 9'7 16 20
!22 75 14 20
r22 95 18 25
r22t30 50 65

I 2 2 't'7 38 3'7

t22 66 28 24
L22 33 26 16
t22 63 39 25
r22 52 2'7 23
L22 44 29 t'7
\22 54 32 24
!22 5s 33 23
!22 33 20 15
r22 79 34 3'7

r22 62 32 28
t 2 2 80 29 34
r22 70 32 31
L22L60 6s 90
!22 66 29 2'7

r22 51 28 22
L22 66 35 2'7

r22 5l- 33 2r
r22 44 26 19
r22 44 2'l 20
r 2 2 38 2L 16
r22 49 24 2L
r22 89 13 24
r22 96 74 20



!22
1,22
t22
L22
r22
!22
t22
t22
t22
t22
t22
t22
122
t22
t22
r22
!22
t22
t22
r22
L22
L22
t22
t22
122
t22
L22
L22
L22
t22
r22
t22
t22
122
L22
!22
L22
r22
L22
r22
L22
r22
t22
L22
t22
t22
t22
r22
),22
t22
t22
t22
t22
r22
t22
r22
t22
t22
t22
t22
t22
t22
t22
L22
r22
t22

95 27 55,
86 29 46
66 2t 40
62 29 27
65 2s 3s
64 30 31
54 29 26
86 37 42
50 26 30
38 22 16
73 53 34
57 33 25
54 33 23
45 27 t'7
47 27 20
48 28 22
55 31 24
60 28 27
50 29 22
52 22 24
80 3s 38

13r. 60 60
59 28 32
58 24 28
63 29 30
70 28 35
65 29 35

r.06 58 45
80 39 40
90 t7 23
86 t2 20
98 L1 25
70 10 20
96 t2 20
40 29 r'7
39 26 t'7
43 26 2l
55 29 25
60 30 25
53 32 24
47 25 2L
72 29 3s
55 28 26
76 25 40

t32 40 85
63 2't 33
59 33 2'7

63 27 26
48 22 27
76 24 45
86 22 4'7

76 23 40
86 24 54
55 25 25
50 27 23
38 24 1-'t

58 31 24
56 37 24
55 27 25
49 28 2L
28 18 t4
s3 32 22
66 29 30
83 45 40
59 28 2r
50 26 !'7,

r22 60 26 27
t22 59 23 26
t22 65 28 30
t22 52 28 22
r22 52 26 23
r22 47 26 27
t22 49 26 22
t2212 32 2'7

t22 85 t2 20
L22 80 t7 26
r22 91 t4 2L
t22 69 14 18
t22 80 t4 20
r 2 2 '74 38 35
r22rt6 45 60
t22 87 42 40
t22 64 33 30
t22 95 42 63
t22 67 30 38
t22 63 28 30
t22 ?5 35 28
L 2 2 't8 30 36
r22 65 26 33
! 2 2 80 16 30
t22 83 11 l-5
t 2 2 75 22 45
L22 57 L8 33
t22 80 29 4'7

t22 49 26 2r
t22 62 30 28
t 2 2 40 27 L8
t22 46 28 20
r22 s8 30 22
)-22 53 32 26
r 2 2 88 42 35
r22 57 2B 26
t22 58 34 2'7

r22 56 26 23
1,22 54 32 25
r22 53 25 23
L22 46 24 21
r22 60 27 26
r22 4'7 28 2r
r22 s8 30 26
L22 56 28 23
t22 47 28 2t
r22 45 24 20
L22 38 29 L8
t22 44 22 t'7
t22 4'7 20 25
r22 65 35 34
t22 63 30 32
L22]-46 45 95
r22 50 23 30
r22 80 25 45
r22t05 31 54
t22 75 22 45
t 2 2 76 2'7 42
722 52 18 26
t22 74 20 42
r 4 2 41 19 19
L42 46 29 20
t42 56 28 24
L42 49 24 23
L42 49 27 2tt
L42 41 26 l-B

t42 49 23 22
1, 4 2 76 28 25
r42 60 23 2L
r42 59 21 20
t42 50 19 25
r42 54 2L 20
1. 4 2 r}t 43 3l-
t42 32 18 L6
t42 46 22 24
!42 43 28 l-6
L42 41 23 15
t42 4! 23 l-9
r42 56 28 25
t42 43 30 2L
t42 41 24 22
t42 41 20 L7

!42 4L 26 19
!42 63 24 22
r42 60 29 25
t42 48 15 30
t42 65 39 34
t42 60 27 26
1 4 2 100 60 57

L42'78 12 20
t42 92 36 50
t 4 2 19 33 4l-
I 4 2 ?8 50 3l-
t42 65 33 30
r42 38 24 t7
t42 48 31 23
r42 48 28 20
:-42 52 30 20
r 4 2 39 2'7 r'7
!42 48 29 24
t42 59 26 26
r 4 2 50 30 23
r 4 2 '72 3'7 2'7

L42 61 30 26
L42 6'7 32 26
r42 65 29 28
r42 65 26 31
]-42'15 24 38
r42 4'7 L7 23
t 4 2 45 l-9 22
r42 80 30 40

t42r20 50 60

r42 46 t't 27
t 4 2 '73 34 35
L42 91 38 44

r 4 2 '7r 31 40

L421,r2 38 66

r 4 ?- 74 30 3s
t42 6t 30 35
t 4 2 68 30 34
L42L00 46 51
t42 58 25 2r
t42 66 23 24
r42'7'7 33 42

t42L38 36 63

L42L53 46 92
!42 61 32 2l
]-42 49 28 22
L42 42 22 L9

r42 57 34 25
!42 40 27 2L
L42 50 23 L'7



t42
t42
L42
t42
L42
t42
L42
t42
L42
t42
t42
1,42
t42
t42
t42
142
r42
r42
r42
r42

t42 60
t42 53
t42 70
L42 56
L42 52
r42 51
r 4 2 59
t42 56
t42 43
t42 53
r42 51
t42 38
r42 46
L 4 2 48
L42 37
t42122
t 4 2 86
!42 98
L 4 2 78
t42!20
t42 70
r 4 2 70
142'12
L42 5?
t42 65
r 4 2 80
t 4 2 48
! 4 2 68
t 4 2 88
142 57
L 4 2 85
!42 93
! 4 2 88
r 4 2 81
r 4 2 39
l-42 42
t42 37
r 4 2 '15
L42 35
t42 73
t42 50
!42 49
L 4 2 48
142 51
L 4 2 36
t42'72
L42t20
L42 92
r 4 2 86
r42]-40
L42r23
t 4 2 86
t42 96
t42'l'7
t42 52
t42 62
t42 52
L 4 2 80
t42 50
L42 45
t42 53
t42 35
t42 4l
r 4 2 51
t42 55
t 4 2 36

31 25
32 23
41 30
30 25
32 25
29 20
29 28
33 24
26 20
29 24
27 22
20 t'l
24 23
24 22
22 18
3'7 64
24 46
43 27
36 26
33 62
12 18
29 25
27 2'l
25 23
28 37
36 43
28 25
30 3't
38 50
28 33
38 s3
60 42
28 28
31 35
]-'l r7
22 18
25 t7
31 32
20 16
35 28
29 2t
30 20
26 18
32 24
21. L6
34 32
43 73
30 50
30 53
43 82
33 64
24 43
43 25
43 37
27 25
23 29
27 25
37 31
28 23
25 22
2'7 23
26 r'7
23 18
26 22
27 25
23 15,

r42 54 26 27
L42 56 26 29'
t42 47 18 25
t42 83 37 42
t42 76 42 53
t42 76 29 38
t 4 2 '16 32 37
r 4 2 '74 33 4t
t42 66 27 32
t42 57 2'7 29
r42 67 L4 t'l
142 67 22 30
t 4 2 59 r'7 36
!42 65 2'7 25
r42 53 21 17
t42 s6 25 27
t42'72 30 30
r42't6 30 29
t42 66 2'7 2't
I 4 2 86 36 34,
t42 53 29 2t
!42 37 23 t1
!42 44 24 25
!42 33 22 l-8
r42 42 28 L8
r42r04 55 28
!42 82 29 34
t 4 2 15 32 31
r 4 2 ?0 2'7 30
r42 53 26 24
t42 88 43 46
L42 46 2\ 26
!42 s'.'t 26 32
1 4 2 100 30 52
t 4 2 6'1 31 3'7

t 4 2 97 41 48
!42 98 42 43
t 4 2 93 46 38
t42 49 29 22
t42 45 26 20
:-42 44 30 22
:-42 44 23 19
r42 55 29 25
t42 48 23 2L
L42 51 28 22
L42'76 28 35
!42 72 31 38
r42 6'7 30 42

t42 60 28 2'7

t42 44 23 22
t42 55 2'l 24
142 54 28 2l
L42 29 19 12
t42 44 31 20
L42 47 21 22
L 4 2 36 23 16
t42 57 35 25
L 4 2 38 21 18
!42 57 3'7 23
!42 60 27 26
r42 45 29 20
L42 48 28 18
t 4 2 41- 21 18
r 4 2 58 31 25
L42 55 28 25
L42 75 37 28

46
48
48
4B
4'7

44
Jb
42
<q

90
s3
39
A6
Jb
43
3B
¿q

4'7

34
42

30
24
29
zô
29
23
23
24
aa

38
28
22
20
20
21
aa

19
20
15
2t

2T
18
22
19
2t
20
L7
19
ô<

47
25
t_6

25
13
r_9

1-8
aa

22
r.5
20



LeafDataforWashpooL/CoombadjhaCreek(SNVFNewSouthWales)

B = SAMPI,E NUMBER

D : LEÀF LENGTH (TI¡N)

F : POSITION OF MÀXIMÀL WIDTH

1 1 5 91
1 1 5 60

(nun) 1 l_ 5 36
1 1 5 5L
l- 1 5 65
r- 1 5 56
II5LI2
115 52
r. 15 82
115'12
1 1 5 60
1 1 5 50
r. L 5 89
1 1 5 85
1 1 5 90
1 1 5 61
1 1 5 ?5
l. 1 5 '76

1 1 5 '75

1 1 5 '70

1 1 5 87
1 1 5 58
1 1 5 't3
1 1 5 40
r. 1 5 45
L 1 5 68
1 1 5 '14

1 1 5 73
1 l- 5 56
1 l- 5 80
1 1 5 88
1 1 5 68
1 1 5 50
1 1 5 'll
1 1 5 90
1 1 5 60
1 l- 5 50
r. L 5 86
1 1 5 60
1 I 5 58
1 1 5 65
115 53
1 1 5 53
l- 1 5 5L
115 5'7

1 I 5 50
1 1 5 50
I l- 5 61
1 1 5 36
1 1 5 '12

L 1 5 '77

1 1 5 78
1 1 5 '72

1 1 5 91
1 1 5 83
115 97
1 1 5 86
L15 66
115 62
1 1 5 63
1 1 5 54
1 1 5 78
1 1 5 '75

1 1 5 93
1 1 5 74
1 1 5 73

ABC
115
115
115
l_l_5
115
115
115
115
115
r. 15
L15
1r.5
11,5
115
115
115
r-15
115
115
1l-5
115
r. 15
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
r-15
r. 15
115
115
115
115
115
115
1L5
115
115
115
115
115
115
115
115
r. 15
115
115

DEF
46 L5 22
55 20 25
't! 2L 3l-
52 18 22
'7t 19 50
56 L7 23
54 r'7 25
?5 21 32
66 20 27
54 15 20
'77 20 35
't2 19 30
'15 22 34
54 r7 25
38 13 L5
59 l-9 27
60 L9 28
45 t2 22
47 t2 22
54 !2 25
41 11 20
62 2t 30
80 33 37
90 29 41
62 l-8 30
76 26 36
4t 13 20
5s 16 25
51 16 28
51 18 22
51 15 23
63 t7 33
?8 29 36
€,7 19 34
'7'1 25 3 9

68 r'7 38
85 2t 41
96 3l- 4s

105 34 54
98 29 46
70 24 31
80 28 36
70 23 35
70 2t 34
85 28 4t
80 2"Ì 36
39 12 19
54 21 30
50 18 26
49 16 22
60 19 26
82 26 3'.1

60 21 29
'65 28 27

60 15 26
50 t2 22
41 09 20
60 1.4 26

31 45
aa t o

09 r'7
15 25
r'7 30
L'7 23
33 6s
l-8 23
)A ?1

23 3?
2L 2'l
2L 20
26 41
25 44
26 5s
21 30
25 34
2t 35
24 30
25 33
2'7 36
11 aC
L I LJ

23 25
72 20
t4 20
aa )a

23 3s
29 35
18 23
23 36
28 4'7

25 31
t7 2r
26 30
31 46
21 26
15 23
29 40
23 26
19 28
24 31
20 22
18 25
13 25
15 ¿6
13 22
13 24
15 2'7

10 l'l
26 31
28 35
27 35
25 32
28 45
21 43
2'1 46
25 40
r-9 26
15 26
20 26
18 22
22 36
21 31
26 36
24 31
29 3s

A - FOREST TYPE
C - SITE NUMBER
E = LEAF WIDTH (r,un)

SiEe Location:
29285 t52228

Elevation:
C. 800 metres

No. of Leaves with
Non-entíre Marginsi

sample t

63

81

93

67

1

2

4



1 1 5 73 18 32
1 1 5 60 18 26
115 57 !'1 26
1 1 5 59 r'l 26
1 r. 5 83 23 35
1 1 5 51 t'7 23
L 1 5 100 27 51
115 55 18 25
1 1 5 51 15 22
115 46 t7 26
115 54 22 r7
11s 42 13 13
1 1 5 '16 2'7 36
115 5'1 t7 26
115 s9 20 26
1 1 5 74 30 36
115 7t 26 35
1 1 5 37 13 18
115 47 18 22
115 53 t1 24
115 46 14 20
115102 37 53
1 1 5 62 33 30
1 1 5 92 34 41
115 45 18 20
115 53 t7 23
115 43 t2 2L
115 47 13 2L
1 1 5 81 23 40
1 1 5 81 24 31
1 1 5 ?3 21 36
115119 35 56
115 72 29 37
115 33 11 t7
115 47 18 23
1 1 5 49 16 26
115 49 t4 18
1 1 5 '19 25 36
1 1 5 35 12 16
115 85 2'7 43
115108 24 56
r. 1 5 60 22 31
115 50 2! 28
1 1 5 88 31 46
1 1 5 't9 27 35
1 1 5 76 28 42
r. 15105 33 51
1 1 5 7L 24 35
115115 34 57
1 1 5 56 18 26
115 70 21 32
115 55 18 26
115 61 2L 2't
1 1 5 '70 23 35
115 68 25 33
115 96 31 53
115 67 27 33
115 56 26 23
115 58 20 2s
1 1 5 61 t7 26
1 1 5 86 30 37
115110 29 58
115 55 13 26
1 1 5 30 09 15
115 55 15 25
115 60 15 251

115 49 2t 25
1 L 5 90 27 43
1 1 5 107 36 52
115 52 20 24
1 1 5 86 29 42
1 1 5 85 27 33
115 69 21 32
1 1 5 't5 30 35
r- 1 5 60 23 24
115 72 24 32
l-15 64 23 26
115 59 l7 22
115114 33 54
1 1 5 89 25 40
1 1 5 77 21 36
115 50 L5 20
'1. 1 5 42 16 20
115 63 2L 25
1 1 5 79 22 3'7

115 66 23 30
1 1 5 65 L8 3l-
1 1 5 88 29 47

L 1 5 68 19 27
1 1 5 63 15 31
115 ?0 22 25
L 1 5 65 22 30
1 1 5 78 23 34
1 1 5 88 25 4'7

1 1 5 79 23 39
115 87 23 37
115 76 20 31
115 64 18 25
1 1 5 '74 26 36
1 1 5 85 30 42

r25 55 15 2'7

L25 51 r'7 20
t25 55 L4 26
!25 52 13 25
!25 45 L3 23
r25 s0 15 25
! 2 5 52 1.8 23
r25 5s 23 26
!25 45 L'l 20
t 2 5 50 19 25
:-25 45 !'7 2L
L25 45 16 22
t25 4t 15 2l
t25 73 36 38
125105 28 52
L25 94 24 42
t25 54 22 23
!25 70 2L 30
r25 60 22 2'7

r25 75 29 3s
t25 66 22 30
L2s 73 23 30
L25 55 18 22
!25 50 t'7 2L
t25 57 20 23
r25 66 20 23
!25 70 31 34
1.25 50 18 23
r25 51 20 2L
r25 70 25 30
r25 93 3s 43
]-25 46 LB 201

r25 63 21 30
L25 5'l 24 28
1-25 46 23 22
r25 54 19 25
125 61 19 28
r25 5? 21 30
)-25 48 26 25
t25 48 22 23
t25 55 19 28
t25 51 21 25
t25 sL 20 25
t 2 5 4'7 18 25
L25 s0 !'7 25
t25 48 15 25
t25 42 16 20
t25 35 L2 18
725 46 L9 2r
r25 38 l-8 20
r25 50 t7 25
r25 60 L'7 28
r25 50 18 20
t25 46 14 20
L 2 5 '72 23 36
r25'76 22 35
r 2 5 '76 19 37
!25 7L 19 32
L25 62 22 33
t25 84 2't 40

125 B1 32 45

t25 75 24 31

t25 6'7 23 28
L25 52 19 25
r.2 5105 32 51
t 2 5 81 30 40

r25t2L 45 65
r25 70 25 3l-
r25 66 21 30
!25'76 28 33
t25 65 24 29
1 2 5 103 31 3'7

L25 72 24 29
125 65 20 23
t25'76 25 37
t25 80 24 38
r25 61 22 23
L25 61 21 28
1 2 5 105 33 56
t25 46 L6 L9
r25 ?0 24 2'7

L25 52 23 23
L25 60 2L 29
t25 55 2! 28
t 2 5 70 34 32
r25 57 20 30
L25 52 15 23
!25 45 19 23
t25 48 20 24
r25 58 22 25
t25 56 16 26
7 2 5 58 18 2'7

r25 28 09 13
t25 55 20 2'7

r25 55 20 22
r 2 5 68 31 36
r25L16 4'7 5?
t 2 5 40 15 t't



L25
t25
t25
t25
r25
L25
t25
!25
t25
r25
t25
t25
t25
1,25
r25
t25
:-25
t25
:-25
t25
t25
t25
t25
t25
t25
r25
t25
t25
t25
t25
t25
t25
r25
L25
L25
L25
L25
t25
r25
L25
r25
]-25
L25
r25
r25
L25
L25
]-25
L25
t25
\25
r25
L25
]-25
L25
t25
t25
L25
L25
:-25
r-35
1îq

135
r_35
135
l_J5

r25
]-25
t25
r25
t25
t25
t25
L25
t25
t25
L25
r25
L25
r25
t25
t25
t25
t25
t25
t25
r25
L25
t25
L25
t25
t25
t25
t25
L25
t25
L25
L25
r25
L25
t25
t25
t25
L25
t25
r25
]-25
t25
r25
r25
L25
t25
t25
r25
L25
t25
r25
t25
]-25
r25
L25
t25
L25
r¿5
t25
t25
L25
L¿'
L25
L25
t25
r25

82
75
76
65
40
58
74

r.10
51
72
59
51

1s6
70
56

tt2
85
62
56
55
51
59
60
35
38
66
66
s6
50
54
52
44
42
51
44
30
53
56
55
55
40
53
35

110
100

73
86
7t
72
94
61
54
50
57
'79
39
82
85
70
62
82
52
95
65

100
85

2't
26
26
23
16
24
2'7
3B
2L
23
20
2t
33
18
20
40
34
23
2t
20
20
24
18
14
l2
19
19
18
16
l4
20
16
13
15
t2
t2
20
22
22
20
13
22
I7
50
31
26
30
30
27
31
24
20
20
22
28
t4
33
28
18
18
25
2t
26
20
25
26

381
32
3s
34
20
21
36
51
2l
27
28
27
75
32
¿ô
55
40
30
27
27
25
26
27
16
18
28
28
26
2t
26
25
23
20
23
22
15
25
2'l
26
2'7
20
26
18
60
50
34
38
35
36
4't
28
26
2I

29
18
42
40
?q
30
35
2t
46
31
50
40,

9't
7T
87
72
73
86
75

106
58
51
50
5l-
60
65
?0
72
61
80
85
6s
43
64
46
42
39
54
50
37
59
56
6s
56
53
57
37
45
41
48
54
50
45
46
30
50
43
44
2'7

32
þt
5'7
72
58
51
77
78
69
3'7
6s
62
B6
46
Ê^
qq

60
46
55

3L
2't
27
24
23
30
23
42
32
18
r.9
2I
22
20
26
22
2!
ao

32
¿J
22
20
l'7
18
L'l
22
L7
L2
2L
20
22
20
18
18
13
16
18
2L
23
2t
r'7
t_9

13
J.b
16
20
l2
13
2?
20
2'7
t'1
15
)q

¿ô
23
13
25
26
ttr

16
11
L3
1q

11
L2

46
3s
39
32
30
36
JI
53
30
22
27
26
30
32
32
36
30
38
38
J¿
22
30
22
2T
20
2'7
24
t1
25
30
30
27
26
27
2L
2L
20
26
27
25
23
23
15
23
24
22
15
t7
28
23
34
22
19
34
40
28
18
33
31
42
2t
2t
25
27
20
25,

135 55 r4 25
135 46 11 20
135 52 13 23
1 3 5 s0 L3 22
1 3 5 40 09 20
1 3 5 2'l 08 L4
13 5 55 1.3 2t
r-35 46 13 20
r- 3 5 61 15 30
l-35 62 15 25
L 3 5 76 20 32
1 3 5 91 l-6 40

1 3 5 54 1.5 25
13s 81 2L 45
1 3 5 54 !'7 26
135 62 19 32
l- 3 5 56 18 26
135 53 19 23
r. 3 5 39 L6 18
1 3 5 38 14 20
1 3 5 56 15 22
135 62 16 28
1 3 5 6L 12 30
135 56 1s 26
135 5? 14 26
1 3 5 46 10 20
135 55 26 28
1 3 5 ?5 19 36
1 3 5 61 16 30
L35 64 20 31
1 3 5 '13 2! 32
135 70 20 37
1 3 5 86 23 39
135 92 2L 42
1 3 5 s6 13 30
135 52 13 22
135 47 t2 20
135 44 13 2t
135 52 11 25
1 3 5 45 11 2r
1 3 5 36 09 L2
1 3 5 65 ls 30
1 3 5 sL 13 22
135 46 L2 20
1- 3 s 60 16 26
13 5 65 7'7 23
1 3 5 60 1s 25
1 3 5 42 11 20
1 3 5 53 11 25
1 3 5 51 14 20
r.3 5 41 11 20
135 54 15 24
135 45 L2 2L
135 50 18 22
135 38 t2 20
1 3 5 50 16 25
135 35 10 2Q

1 3 5 34 08 20
r- 3 5 s9 18 2'7

135 46 !4 22
135 50 L7 26
1 3 5 56 20 20
135 68 23 26
1 3 5 61 19 2'7

13 5 53 r'7 25
1 3 s 49 19 23



135
r.35
135
135
IJJ
135
L35
135
13s
135
135
135
135
L35
IJ)
r_35
135
135
t-J)
135
145
145
145
145
145
145
145
145
145
145
145
r.45
145
145
145
145
145
145
t-45
145
145
145
t-45
145
145
r-45
145
145
145
145
l_45
1ÁÉ
fIJ

145
145
145
145
145
145
145
145
145
1¿q
145
145
145
145

n2qIJJ

135
135
135
135
r.35
135
135
135
135
135
135
135
135
135
135
135
135
135
135
t 35
135
135
135
135
135
135
135
13s
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
tJ5
135
135
135
135
135
135
13s
135

135 46
135 60
1 3 5 36
135130
135 97
135 57
135 53
135 45
135 62
13s 66
1 3 5 60
1 3 5 60
135 55
13s 55
135 50
135 51
135 51
135 50
135 s0
135 55
135 28
1 3 5 70
135 52
135 50
135113
1 3 5 70
1 3 s 60
135 47
1 3 5 56
135 47
1 3 5 56
1 3 5 56
1 3 5 41
1 3 5 90
1 3 5 60
135 62
135 82
1 3 5 79
1 3 5 9l-
1 3 5 60
1 3 5 70
135 97
135117
135100
1 3 5 80
1 3 s 66
135 66
1 3 s 60
1 3 5 6r.
1 3 5 s6
1 3 5 100
135 5'l
135 35
L 3 5 70
r. 3 5 69
1 3 5 59
1 3 5 91
1 3 5 91
1 3 5 76
t35r22
1 3 5 80
1 3 5 83
1 3 5 84
135 69
135 64
135 6't

19 20
16 28
15 18
44 53
26 52
L7 27
13 25
t2 22
16 30
16 30
13 26
14 26
13 25
15 25
11 23
L1 22
13 23
18 28
t2 20
15 25
08 15
16 32
11 22
14 20
30 60
2L 35
24 24
22 20
20 27
1.9 22
19 26
20 33
15 20
25 45
24 25
25 30
30 37
25 30
28 42
25 28
23 26
27 50
2s 60
24 50
18 32
16 26
16 30
13 25
15 26
15 22
36 s0
19 28
t2 l'1
20 32
22 22
20 26
27 46
27 4r
2t 40
28 60
28 41
29 40
27 39
26 301

23 28
29 36

82 23
55 18
56 l-9
57 l-9
56 20
62 2t
72 16
?0 t7
60 16
61 13
52 13
50 l-3
60 12
60 14
60 17
42 t2
35 10
40 r.3
40 10
50 13
4! L3
42 r.3
56 2t

r32 44
87 25
67 r-8
'7'7 25
84 31
75 28
75 2'l
8s 33

110 36
57 25'73 25
95 3L
66 19
64 22
66 27
81 23
60 L'7'70 16
65 16
60 15
54 14
36 09
41 11
42 11
44 09
44 r-0
45 16
52 13
51 13
50 14
60 13
56 L6
55 15
50 13
s0 t2
50 L4
50 11
55 14
56 t7
52 t2
53 12
52 15
48 11

46 14 2L
51 20 25
62 25 32
5'7 22 20
62 22 30
57 19 20
'77 28 33
43 14 20
28 13 12
27 06 L3
35 11 r'7
41 11 2r
42 11 20
37 11 r'7
35 08 r'7
60 L2 25
52 13 25
55 14 22
42 1l- 20
35 10 15
80 23 38
65 20 31
55 1-9 2'7

36 13 14
'72 26 37
55 19 30
73 23 37
57 t4 25
42 15 ]-'7

54 15 28
41 13 l-6
69 28 31
50 15 2L
65 21 29
45 15 2r
50 19 25
81 2'l 41
3? 14 l7
50 14 22
60 20 26
68 23 26
62 22 30
35 11 r'7
45 11 20
33 13 16
52 L3 25
38 L2 20
60 20 26
'76 28 33
62 r'7 30
55 20 29
51 15 24
90 24 45
58 16 28
?5 23 2'7

48 11 25
6 0 r't 2'7

56 19 26
49 10 22
46 t4 20
42 16 20
4'7 14 2L
4'7 r- 6 25
56 19 30
58 20 2'7

50 16 22

35
2'1

I

26
22
28
30
30
30
25
28
23
25
25
27
25
18
Ib
20
20
20
20
20
¿ô
't0
42
32
JO
4L
33
33
40
52
23
32
46
29
21
JO
42
26
30
32
25
23
t7
18
20
20
20
2L
25
22
22
27
25
25
22
ac

22
24
25
.)q

)?

25
25t
2I



22 31
25 42
28 361
21 34
33 s5
20 31
2L 37
1.9 29
26 3s
25 32
22 35
20 32
25 37
25 30
t4 2L
14 22
19 23
2L 52
25 34
28 36
16 29
23 38
25 45
27 32
2'7 46
18 32
18 26
19 29
19 30
26 31
19 27
18 25
13 18
19 28
19 30
14 22
16 22
20 30
13 18
28 36
20 26
15 15
22 40
t7 27
25 35
19 30
t7 26
23 30
13 20
15 25
25 37
20 25
22 26
2t 32
25 36
29 45
2t 30
28 41
13 22
13 23
2L 31
26 35
29 50
25 35
22 35
23 32,

26 35
t'7 23
23 27
14 22
19 31
22 29
26 40
t7 22
t7 2L
2L 29
18 25
19 42
19 35
r-5 25
20 32
19 30
2L 35
r.9 31.

t- 6 2'7

24 40
25 37
2L 30
2t 32
19 25
25 40
22 28
23 35
26 35
18 30
25 32
20 32
19 3s
25 50
19 2'7

16 22
13 t7
22 35
23 40
16 26
21 3'7

20 30
13 20
25 35
18 24
23 35
2L 32t
28 41
23 4t
25 4r
22 32
18 2l
15 2l
19 22
29 3s
t't 22
25 29
15 18
23 37
16 24
16 26
14 2r
15 20
15 24
18 34
15 19
1B 20

16 2l
14 2l
18 2'7

18 35
¿J J /

13 26
26 32
19 2'7

19 23
18 t7
13 26
r'7 23
12 25
30 40
21 30
1-8 25
19 2't
20 30
22 30
a À 1a

2L 31
15 31
24 2r
18 28
r'7 35
14 25
18 25
t'7 20
2'7 52
21 50
14 24
22 30
11 25
L6 20
L8 26
20 31
2'7 40
aa )a¿¿ ¿4

r-3 t'7
22 2"t
12 20
23 30
23 32
22 3s
ac ?qLJ JJ

20 32

50
50
60
65
/b
51
65
56
46
39
ça

51
51
78
6B
52
55
60
68
65
62
61
b/
54
q1

58
60
43

100
B5
45
65
50
40
52
62
70
bJ
40
6'7

4l
67
'7t
80
78
60

145
145
r_45
145
145
145
145
145
145
r-45
145
145
145
145
t-45
145
145
145
145
145
145
145
145
145
145
145
145
145
r.45
145
145
145
145
145
L45
145
1¿q
145
145
145
145
145
145
145
t_45
145

145 72
145 55
1 4 5 ?5
1 4 5 45
1 4 5 63
r- 4 5 70
1 4 5 86
1 4 5 50
145 44
145 57
1 4 5 60
1 4 5 78
1 4 5 ?8
1 4 5 54
145 66
145 51
145 72
1.45 64
1 4 5 59
1 4 5 8L
1 4 5 '70

1 4 5 65
1 4 5 65
1 4 5 55
1 4 5 '16

1 4 5 6l-
r- 4 5 75
1 4 5 66
145 55
I ¿t 5 /þ
1 4 5 61
1 4 5 65
1 4 5 85
145 67
145 53
1 4 5 45
1 4 5 13
1 4 5 80
1 4 5 58
1 4 5 78
r- 4 5 65
1 4 5 41
1 4 5 '70

1 4 5 60
r. 4 5 65
I 4 5 60
1 4 5 8s
r 4 5 81
1 4 5 81
145 5'7

145 5?
145 44
145 52
145 72
145 52
1 4 5 7L
145 46
1 4 5 '74

145 5'7

1 4 5 51
L45 46
145 49
1 4 5 51
1 4 5 '7r
1 4 5 45
1 4 5 51

1 4 5 70
1 4 5 91
1 4 5 91
1 4 5 73
1 4 5 110
1 4 5 65
145 77
1 4 5 56
145 72
14 5 '12

1 4 5 75
1 4 5 '16

145 82
1 4 5 70
1 4 5 51
145 49
1 4 5 61
1 4 5 93
1 4 5 '14

1 4 5 75
1 4 5 58
1 4 5 86
1 4 5 93
1 4 5 '70

1 4 5 91
145 62
1 4 5 61
1 4 5 60
145 57
145 64
145 57
145 4't
145 42
145 57
1 4 5 61
145 45
145 51
145 65
145 4L
1 4 5 '16

145 53
145 37
145 72
145 55
145 72
145 62
1 4 5 56
145 67
1 4 5 40
145 55
1 4 5 90
145 55
1 4 5 69
1.4 5 '70

145 72
1 4 5 100
1 4 5 59

1 4 5 70
1 4 5 80
1 4 5 98
145 72
145 67
1 4 5 65

145 87
1 4 5 54
145 52



Leaf Data for Mt Lewis EP18 (SNVF)

A = FOREST TYPE
C = SITE NUMBER

E = LEAF WIDTH (run)

SiÈe Location:
1631S 14516E

Elevation:
1050 metres

No. of Leaves with
Non-entire Margins,'

sample t

B = SAMPLE NUMBER

D = LEAF LENGTH (TUN)

F : POSITÍON OF MAXIMAL WIDTH

ABC D E F

rL3256 72!36
1 1- 3 L20 35 5't
113 85 35 47

113 76 57 4L

L13 56 26 35
113 50 24 32
113 40 24 26
1t- 3 85 37 35

1 1- 3 56 19 26
11-3 51 22 22
r. 1 3 75 22 37
1 1 3 '14 22 38
113 61 20 3L
l-13 91 29 48

1- 13 85 30 42
113 96 30 42

113 82 30 4t
1- 13 66 L7 48
113 82 2'1 31
113 55 22 18

113 42 22 L4
r-13 52 27 l-8
113 68 32 26
113 90 28 4r
113 72 25 35
113 93 35 50
1 l- 3 85 33 42
113 64 t7 30
r. 13 42 14 20
1 1 3 59 27 2't
1-13 s9 29 26
1-13 59 27 28
rL3r25 38 60

113100 29 48
113 72 20 32
1 l- 3 62 16 28
113 39 22 2s
r-13 46 25 28
113 57 32 37
113 51 28 3l-
113 56 28 37
113 52 15 23
113130 34 72
1L3 80 31 40
r. 13 48 20 12
r- l- 3 51- 28 L8
113 67 38 42
r. l- 3 32 16 20
1-13 58 28 37
LL3 58 27 32
113 58 3L 39
113 67 4L 45
113 62 31 37
113120 43 65
113 79 26 46
113 70 27 42
113 7L 20 30
1 1 3 56 l-6 27
1 1 3 1l-0 37 53

113 46 16 25
r. 1 3 99 3'1 37
1 r. 3 76 25 30

tL3toz 37 50

r- r. 3 '19 t7 30
r. 1 3 4L 22 18

113 42 20 20
11-3 51 23 23
1 r- 3 '74 2L 32
113 56 35 32

L13 5? 33 38
1 L 3 56 31 3't
113 55 27 35
L 1 3 s8 32 36
1l- 3 70 35 40

L 1 3 90 36 22

113'13 28 20

113 73 30 30
r- 1 3 115 36 52

l-13 75 28 46
L 1 3 80 32 40

LL3106 28 48

1 1 3 86 30 42

1 l- 3 61 23 30
L L 3 81 22 38
rL3]-26 66 53
113 ?5 2t 28

1L 3 61 l-8 26
tt3723 5L 4L

r. 13 L?8 54 98
1, 13 42 20 25
r-13 46 26 27
r. 13 64 32 43
113 45 23 14
1 1 3 4s 16 22
r. 13 43 18 L6
r- 13 46 18 25
113103 75 60

L13 77 50 46
r- 1 3 180 62 95
1L3 55 10 24
1 1- 3 76 22 40
tL3t22 30 60

1 1 3 80 23 3't
L 1 3 72 23 36
L13 68 24 35
113102 32 52
Lt3!32 43 62

l-13 42 21 12
113 49 20 t4
113 s6 25 25
113 47 23 20
r. 13 46 !7 20
113 50.2t 24
r. 13 49 24 30
r. 1 3 't5 40 47

113 50 L7 22
1 l- 3 85 27 37
113 65 20 32
113 77 30 40

1 l- 3 136 45 70
1 1 3 108 40 38
r-l-3 80 29 32
113 64 24 33
r- 1 3 76 25 40

113 53 l-4 24

(run)

1

2

3

4

5

11

L7

3



1 t- 3 60 23 30
113 56 26 35
113 62 29 40
113 79 28 40
113'71 2',1 40
113 ?0 24 32
113 69 21 33
113 97 29 43
113 90 43 52
r. 13120 35 53
113103 47 52
113 72 32 4r
113 66 23 30
113 65 32 42
113 7l 24 31
113 60 t7 30
r-13 72 19 32
113 52 22 15
1 1 3 52 l-9 t7
113 49 30 t7
113 45 19 L4
113 52 29 2L
113168 36 92

r- 13 90 38 56
113 7L 31 40
113 82 29 4L
113 87 34 46

1 1 3 106 36 56
113 67 20 30
113 43 L4 17
113 55 25 t7
113 70 24 3L
113 90 31 43

113 57 32 36
113 70 23 35
1 1 3 80 L9 45
113 82 31 42
113 79 33 4L
113150 62 51
11310? 36 45
1 1 3 .61 20 30
113 67 20 30
113 65 t7 30
113 54 30 t7
113 49 26 16
113 61 23 26
1l-3 61 22 31
1 1 3 50 18 25
1l-3 53 20 25
113110 32 s3
113145 80 64
113 83 30 40
113102 49 40
113 94 52 24
113 77 37 24
1 1 3 61 36 23
113 86 28 37
L13 32 12 16
1 1 3 90 30 48

1 L 3 50 1.9 26
113 44 18 20
113 42 L5 22
113 56 24 36
113 57 19 27
1 1. 3 86 32 43
113 96 32 47

113 90 34 35
LL3126 4L 72
113 85 38 36
1 1 3 65 18 32
L13 6L 25 33
113 36 15 1-8

r- 1 3 45 15 22
1r.3 51 18 24
1L3 60 27 27
113 90 34 45
113 56 20 32
r- 1 3 86 27 40
113 80 27 40
113 75 28 32
1- 1 3 ?0 23 27
113102 30 43

1 1- 3 76 25 4L
113100 35 47
113 76 22 37
113 77 25 40
113 84 2L 33
113 79 20 28
113 77 22 25
1L3 32 18 13
1L3 ?5 22 42
113101 28 50
113 65 23 33

113 68 23 31
113 ?0 2L 32
L1-3 95 26 40
1L3 95 30 47

1L3 82 20 40
r. 13 98 40 43
t23 6s 39 32
t23'10 33 32
r23 60 29 30
r23 60 23 30
t23 46 19 25
t23 65 25 30
t23 60 27 32
L23]-t6 30 70

L23L45 43 90
r23 57 23 40
r23 62 29 40
r23 66 23 35
t23 65 20 32
t23 60 23 2L
L23 45 26 t4
t23 64 23 30
L23 63 22 30
L23 53 L5 25
L23 36 16 1-8

:-23 40 l-3 20
t23 73 36 26
r23 52 18 22
r23 66 22 28
L23 40 16 20
L23 50 22 30
L 2 3 276 61 1-50

r23 86 24 50
r23lt2 32't2
t23 67 26 30
t23 s2 24 15
L23 53 21 23
L23 52 26 27
L23 65 27 32

L23 72 34 35

t23'14 32 35
r23 80 39 40

L23 60 29 40

L23 61 29 38

t23 46 22 30

t23 47 23 32
r23 41. L7 26
r23 53 28 3s
r23 72 38 46

!23 62 25 34
L23 80 36 45

L23 66 27 18

L 2 3 76 26 3't
L23 57 20 27

L23 50 1-6 22
t23 56 L7 25
L23 53 10 26
123158 48 76
t23 47 19 22
L23 52 24 27

L23 7l 36 40

L23 6s 29 30
L23 62 24 30
t23 63 28 23
L23 55 27 35
L23 60 25 35
L23 3s 15 20

L23 60 30 3s
L23 72 31 50
L23 56 28 40

L 2 3 t76 44 l-00
L23 83 32 4't
t23 64 25 3s
L23 81 30 45

123 88 31 46

L23 91 27 45
t23 56 l-5 25
L23 80 26 4s
L23 74 34 19
L23 81 38 27

123155 47 80
L23:-20 35 66
L23 85 2't 45
t23 62 26 30
t23 s5 18 2s
L23 70 36 32
L23 52 23 24
L23 62 27 30
t23 60 22 26
L23 72 30 35
r23't6 30 3s
r23 55 2'1 22
r23 90 34 40
L23 56 L8 25
L23 28 09 12
L23 44 t4 20

L23 4L L8 15

L23 70 34 45

L23100 29 50
L23 ?0 27 30
L23 50 25 20
t23 66 20 22
L23 70 3L 32
t23 60 24 27
r23 51 27 35



L23 55 24 36
t23 s5 28 36
t23L40 46 70

t23 76 25 36
t23 92 30 s0
L23 46 16 22

L23 s5 20 23
L23 ?0 32 45

t23 88 40 30

L23 47 24 15

L23 39 19 t2
r23 93 43 25
t23 65 20 30

t23 42 15 20

t23 92 30 38
t23t20 45 50

123110 42 45

t23 91 30 40

r23 80 38 40

t23 96 47 48
t23LL2 51 58
L23 98 30 50

t23 67 20 32
L23 60 27 31
L23 68 30 38

L23 45 19 23
L23 42 18 22

L23 59 24 2'l
!23 42 23 2r
L23L32 38 68

L23 63 2L 23
L23 63 2L 30
L23 65 33 40

L23 57 29 36
L23 67 28 42

t23 90 29 50
L23 62 21 25
L23 82 26 31
L23L26 33 65
L23 55 20 16
L23 55 20 26
t23 5s 23 25
123 42 L4 20
L23 55 18 30
L23 61 26 2'l
L23 70 26 38
L23 70 28 38
L23 84 42 45
t23 82 3't 40

t23 50 23 2t
L23 69 31 35

123 59 42 33
123105 30 50
L23 90 26 46
L23 95 2't 45
L23 80 28 3s
r23 85 30 4s
12310s 33 52
L23 86 4L s5
1.23 70 33 46
t23 65 30 40
123103 3s 38
L23 7r 27 23
t23 68 29 29
L23 48 23 2t
L23 50 20 t2

L23 67 31 23
t23 74 26 26
L23 52 20 24
t23 53 26 26
L23 47 t7 18

123100 35 42

r23L56 43 72
L23t04 30 51
r23L04 31 52
!23 96 31 46

t23 82 33 31
L23'tL 33 40

t23 58 29 3s
t23 73 35 38
t23 ?5 34 40

t23228 62126
t23 52 27 3s
t23 60 24 40

t23 97 31 50
t23t07 45 s5
!23rt]- 38 57
t23 75 32 28
!23 57 18 22
t23 54 24 15
t23 4t 18 14
t23 57 25 25
L23 sB 29 28

r23t23 35 65
L 2 31.00 27 46
r23 82 29 45
r23 79 26 40
r23 7L 24 35
L23 8? 31 36
t23 72 28 3s
L23 49 2L 25
L23 51 24 27
r23 76 30 4s
t23 51 26 30
r23 62 3l- 38
t23 62 3L 31
r23 62 30 31
r23 ?0 27 30
r23 60 26 30
t23 76 37 36
L23 66 27 30
L23 66 37 1-8

t23L27 48 63
t23 56 L7 25
!23 ?0 20 30
!23 70 33 30
r23 70 26 30
t23 37 16 18
r23 82 39 4s
t23 83 35 47
r23 76 27 38
r23 80 26 42
L23 5s 32 22
t23 58 24 28
t23 45 25 25
1- 4 3190 45 1-15

143 4L 15 20
143 41 13 20
1 4 3 76 24 36
143 76 26 40
1 4 3 't4 21' 36
L43 90 26 42

1 4 3 78 22 40

1-43 79 32 26
143 s3 26 t7
1 4 3 45 25 30

l-43 66 31 40

1 4 3 91. 36 52

143'76 22 38

143 62 29 32
143 51 18 30

143 55 16 26
143 92 28 43

143 82 24 40

143 53 L5 26
1 4 3 75 32 38
1 4 3 80 33 27

143 76 L7 30
r- 4 3 81 20 32

1 4 3 79 28 34
143 6s 25 30
143 65 24 31
143 43 L4 2L
143 8? 28 43

t- 4 3 78 28 40

143 81 28 37
143 65 20 30

143 92 25 50
143 80 26 40

143 95 28 50
L43 60 1s 30
l- 4 3 80 2t 40

143 62 20 32
r. 4 3 67 26 36
143 95 39 40

r.43 93 37 37
1 4 3 95 31 43

1 4 3 45 18 22
143 77 30 20
143 56 26 14
143 82 46 30
143 64 22 26
14 3 53 2'? 33
143 51 24 35
143 60 29 40

1 4 3 79 31 52
1 4 3 81 38 52
143 73 23 3s
1 4 3 146 34 76
143 78 3L 18

143 57 26 L7

143 83 38 L7
14 3 61. 22 13
143 47 14 22
143 77 L7 32
r-43't2 25 26
143 7L 28 34
143 48 13 20
1 4 3 76 32 35
143 7t 23 34
L 4 3 86 23 42
143 73 25 36
143 52 16 25
t.4 3 78 22 40

14 3 6't 26 35
r-43 68 23 33
143 86 32 46
143 79 24 38



143 73 30 38
1 4 3 58 22 30
143 84 29 34
143 56 26 38
143 52 28 33
1 4 3 54 22 33
143 83 34 52
143 50 26 20
143 56 33 30
143 94 42 s6
143 89 25 42

143103 33 51
1 4 3 79 23 39
143 65 23 35
143 82 26 42
t43 66 13 28
143 58 11 22
143 93 40 20
143 35 14 20
143 73 36 46
14 3 '17 38 47

143 47 26 30
1 4 3 80 23 40
143 72 26 35
14 3 67 19, 36
143 72 33 4L
143 7L 23 40
r. 4 3 70 25 32
L43 70 26 26
143 60 13 22
143 83 30 31
143 85 29 3s
143156 47 86
143 56 29 20
143 65 3l- 24
143 51 L8 26
143 57 11 25
143 53 18 25
1 4 3 60 22 30
143 60 21 32
143 63 18 3s
143 51 26 15
t43 60 23 18
143 65 29 20
L43 66 29 38
143 70 22 40
143 60 19 30
1.43 7t 23 35
143 82 24 4l
143 5't 28 40
143 53 27 32
143 77 30 52
143 56 26 25
143 52 16 26
14310? 35 52
L 4 3 235 61 l-30
143 61 29 30
143 56 26 20
143 94 27 50
143 65 23 32
143.68 23 33
143 80 37 42
143 59 26 30
143 69 26 36
143 83 30 45
143 79 25 40

143 B0 26 42
14 3 66 1.8 35
1-43 56 19 30
143 42 1s 23
1 4 3 62 33 40
143 43 26 26
143 51 31 35
143 56 30 40
143 47 23 35
t-43 60 L2 25
143 58 L7 30
143 60 L7 30
1- 4 3 5? 16 28
l-43 52 22 26
143 ?0 34 35
143 70 28 31
143 88 35 36
1- 4 3 76 23 38
1 4 3 76 34 36
143 72 26 32
1 4 3 62 19 30
143 54 19 26
143 92 30 50
143 84 25 42
143 88 28 42
1- 4 3 96 28 46
l-43'tl 20 36
143 69 25 35
143 80 24 60
143105 23 53
143 72 30 35
143 56 26 27
1 4 3 74 33 35
l- 4 3 84 4t 55
143 69 29 50
143 56 26 40
143 50 30 35
143 52 29 35
L43 62 27 42
14 3 90 31- 3s
r.4 3 80 30 30
143'16 25 45
L43 60 20 30
1 4 3 76 16 37
143 55 11 30
143 66 25 30
143 63 2L 30
143 62 r7 30
143 72 19 32
143 69 26 47
14 3 73 34 1.6

L43 86 45 20
1 4 3 7't 36 20
143 70 29 36
143 91 29 48
143 78 24 40
r-43 63 t7 35
143 51 r7 30
143 60 28 32
143 67 26 40
143 85 26 46
143 47 22 32
143 56 25 40
1 4 3 60 25 40
143 34 t7 25
143 67 35 48

143 43 20 30

1 4 3 42 L9 26
1-43 75 2L 40

r.43 82 27 42

143104 55 55

143 90 31 42

143 55 16 30

1 4 3 80 28 36
143 50 t4 26
143 89 50 30

143 63 2t 26
l-43 94 33 3',t

143 95 51 18

L 4 3 74 37 45
143 92 23 47

r-43 78 19 40

1 4 3 96 3l- 46

143110 26 68

143 81 2'7 42

153 56 18 26
153 61 t4 26
L53 84 26 4r
1 5 3 86 32 45

153 62 22 2t
1 5 3 '70 36 25
153 52 20 l7
153 55 20 L4

1-53 49 24 15

L53 53 31 23
153 42 r7 Ll-
1 5 3 85 35 28

1s3 6s 33 20
r- 5 3 84 36 20

15 3 40 23 1-3

t-53 65 32 23
153 62 33 26
153 64 40 2t
153 42 18 20
153 73 28 30
15 3 80 2'7 40

153 52 18 30
153 45 L5 22

1 5 3 68 19 30
153 ?5 2t 35
153 66 t7 32
1 5 3 98 34 52
153106 33 56
153 98 32 47

153 68 3s 31
Ls3 80 28 3s
153 50 28 26
153 4L L7 L7
1 5 3 68 30 22
153 44 22 L9
1 5 3 53 22 18
1.53 44 21 L0
r.53 46 L4 15
1 5 3 33 t7 l-6
153 64 23 23
153 48 20 22
153 85 35 40
153 60 L4 26
153 52 32 l-3
153 56 27 20
153 4L 18 L5
153 50 22 20



153 53 20 20
153 55 2L 28
153 50 25 24
153 70 22 38
153 66 36 28
153 53 22 20
153L42 51 52
153 66 2L 3l-
1 s 3 58 22 30
153 44 l-1 20
153 6s 20 30
153 66 15 25
1 5 3 90 33 45
153 86 30 42
153 85 23 46
153 96 33 45

153 66 27 32
1 5 3 't6 25 37
153 96 38 46

153 77 23 3't
1 5 3 83 3l- 27

153 32 L5 11
153 63 33 28
153 56 28 L7
153 63 31 20
15 3 58 26 l-8
153 70 38 22
153 45 24 22
153 s3 30 20
153128 30 20
153 62 20 30
153 50 13 22
153 52 L9 23
153 58 t7 27
L53L27 45 60
153105 34 50
153 88 33 45
15311? 45 58
1 5 3 85 3l' 4r
153130 41 70
153 62 26 23
153 87 4L 28
153 66 26 26
153 63 29 22
153 44 17 15
153 53 19 2r
153 67 32 24
153 3B 20 L2
153 68 28 30
r.53 52 22 26
153 4L L7 L7
153 50 26 26
1 5 3 62 33 3L
153 80 18 40
153 87 26 40
153 69 19 31
1 5 3 65 l-6 26
153 60 16 26
153 61 16 30
1 5 3 s3 l-6 26
153 50 L2 22
r.5 3 60 18 28
1 5 3 97 36 s0
153 64 24 32
153 83 l7 4L
153 81 24 40

1-53 66 18 35
1s3 90 26 4L
1 s 3 42 14 18
L53 s0 1-8 20
153 41 19 16
1s3 66 26 26
153 64 19 30
153 46 15 20
153 45 15 20
153 62 15 26
153 50 20 25
153 46 20 23
1 5 3 38 23 l-1
r-53 50 26 l-8
r.5 3 48 31 )"1

L53 5L 23 29
153 67 35 26
153 56 23 23
1s3110 29 50
1 5 3 85 39 23
153 63 27 2t
153100 50 40
153 60 18 26
153100 22 46
15 3 64 l-8 18
r- 5 3 l-06 30 47
153 57 14 25
l-53 95 30 42
153 50 18 t7
l-53 5? 2L 23
153 43 t7 16
153 4't 22 28
153 45 20 20
153 33 2s 11
153 ?0 29 30
153 68 36 t7
1 5 3 68 31 22
153 60 27 L9
L53 59 26 26
153 66 24 34
153 72 25 35
15 31-10 39 58
153 98 43 30
153 ?0 L4 30
L53r22 43 56
153102 2t 37
153 68 28 28
153 87 53 25
153 70 23 35
1s3 86 3s 38
153 98 28 46
1s3 86 33 42
L 5 3 85 32 s0
1 s 3 80 23 3s
r-53 36 28 12
153 54 25 20
153 35 15 13
1s3 53 28 15
153 54 36 18
1 5 3 70 36 26
r. 5 3 66 34 26
153 64 27 30
1s3 50 09 22
153 57 16 27
153 75 20 35
1s3 56 22 27

1 s 3 36
153 60
15 3l-16
1s3 46
153 4t
153 46
153 60
153 60
1 5 3 ',16

153 60
153 91
153 7t
r-53 60
153100
153112
1 5 3 96
1 5 3 75
1-53 66
1s3 54
153 47
1 5 3 56
153 39
1 5 3 80
153113
153107
l-53 93
153120
r.5 3104
153 87
1 s 3 96
153100
L53 83
153 64
1 s 3 96
1 5 3 56
153 61
1 5 3 s8
1 s 3 76
1 5 3 85
1 s 3 80
L53'l]-
153 61
153 55
153 43
1 5 3 68

L't 18
L4 28
38 s3
16 l7
25 L4
24 15
28 l-5
16 28
22 35
1.6 26
22 40
18 35
23 28
39 50
3'7 51
37 50
28 37
23 3l-
19 26
19 L7
L7 27
26 13
22 37
44 53
40 5't
35 46
38 60
33 52
41 38
46 32
32 36
29 42
22 31
21 45
20 22
26 23
29 22
35 28
25 42
26 42
25 30
21 26
27 23
23 2r
34 30



Leaf Dat,a for Barrington ToPs (MFF)

A = FOREST TYPE
C = SITE NUMBER

E - LEAF WIDTH (TTUN)

Site Location:
3200s15129E

Elevation:
c. 1500 metres

No. of Leaves with
Non-entire Margins;

sample t

8?

99

85

93

B = SAMPLE NUMBER

D : LEÀF I,ENGTH (nm)

F : POSITION OF MÀXIMAL WTDTH

DEF
61 26 25
49 24 15
52 23 20
38 20 11
24 t-5 9

30 19 13
47 !7 2t
43 25 13
38 18 16
3'7 t4 16
50 2t r7
58 27 26
64 27 36
38 14 t'7
34 14 1-8

29 13 15
43 18 l-8
4L 15 16
31 16 ).2
29 r7 13
32 18 13
28 14 12
27 !2 12
34 14 14
32 15 13
26 12 10
30 14 13
34 16 l-5
29 14 13
t'7 15 7

28208
54 20 25
25 L8 9

33 30 L3
65 28 25
57 20 25
59 20 24
55 29 23
50 23 20
42 l-8 16
29 22 11
27 23 t2
55 29 15
31 28 L3
?0 33 35
37 16 L6
40 l-5 t7
33 14 1.8

35 15 14
35 18 13
38 13 L6
2'7 L2 9

35 14 L7
41 16 18
20 16 8

22L4I
42 16 18
s4 20 20

4 1 I 25 L8 I
4 1 1 48 22 15
4 1 1 50 28 16
411 28 2t 10
4 1 1 54 18 24
4 1 1 42 18 16
411 53 25 15
411 44 20 LB

411 4'l 22 13
411 45 l'7 20
4 1 1 43 23 13
4 1 1 40 16 15
4 1 1 40 18 L3
411 43 25 14
4 r. 1 38 r'7 14
4 1 1 33 18 L2
4 1 1 48 19 20
4 1 1 34 15 Ll-
4 1 1 36 r'7 13
4 L 1 34 18 11
4 1 1 40 25 15
4 r- 1 33 r'7 16
411 25 !4 72
4 1 1 36 21 16
4 1 1 4L L7 16
411 28 12 11
411- 51 18 25
411 46 2t 2r
4 r. I 48 23 26
4 1 1 31 t4 16
4 r. 1 45 26 27
4 L 1 76 29 22
4 1 1 24 19 8

4 r. 1 6'7 2'l 2'7

4r. l- 46 32 t4
411- 5? 23 22
4 1 1 35 2L 10
411 52 19 2t
4 1 1 54 18 25
4 1 1 65 30 18

4 r- 1 36 23 13
4 r. 1 43 28 15
4 1 1 '78 45 30
411 52 22 2!
4 1 1 56 24 22
411 61 2'7 23
4 1 1 40 15 13
4 1 1 53 30 16
4 1 1 3'l 19 12
4 1 1 48 22 16
4 1 1 5l- t'l :j'7

411 56 21 23
4 1 1 35 L9 11
411 45 20 L4
4 1 1 42 21 1"8

411 55 20 22
411 46 24 l7
411 30 20 11
411 46 22 15
4 1 1 48 19 18
411 38 20 L2
411 82 36 22
4 1 1 80 28 33
4 1 1 '74 34 28
4 1 1 20 13 'l

411 45 13 23

(nrn)

I

1

2

3

4

ABC
411
411
¿11
411
411
41L
411
411
411-
411
411
41L
411
411
411
411
411
411
411
411
411
411
411
4r. 1

411
411
411
411
411
411
4L1
411
411
411
4L1
411
411
411
4l-1
4t 1

411
411
411
411
411
411.
411
411
411
411
411
411.
411-
411
411
411
411
411



411
411
411
411
411
411
411-
411
411
411-
411
411
411
411
411
411
411
4r-1
411
4LL
411
411
411
411
411
411
411.
411.
411
411
411
411
411
411
421
42t
42r
42r
421
421
42t
42t
42L
42t
42L
42r
42r
42t
42r
42r
421
42t
42r
421
421
42t
42r
421
42r
42L
42t
421
42r
421
421
42L

411
411
411
411
411
411
411
411
411
411
411
411
4tL
411
4l]-
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
4r. 1

411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
311
411
411
411
411
411
411
411
411
411

38 L8 18
47 22 22t
45 15 20
48 19 18
30 18 10
69 23 28
66 2t 28
46 t7 19
34 19 16
36 t7 14
43 18 16
63 29 18
62 2'7 20
39 25 14
33 23 t2
55 27 20
58 23 18
42 27 11
46 19 18
48 29 14
54 24 18
45 26 t4
52 25 L9
29 23 10
47 24 13
46 22 2L
30 L4 L2
34 14 15
43 22 25
49 22 22
63 28 35
37 33 r7
85 34 2s
61 20 25
48 15 20
26 20 11
39 25 t4
69 26 30
47 25 16
34 16 11
35 L7 16
52 19 25
51 26 18
37 22 12
37 22 l-5
35 18 12
55 19 23
80 48 33
84 38 27
5'7 29 r7
54 23 22
60 20 26
52 22 20
68 32 2r
61 26 L'l
53 26 22
24157
59 32 1s
67 22 30
'7t 24 30
38 19 16
4L 23 16
55 28 L'7

64 25 27
63 29 26'
25 12 11

25219
38 20 16
2rt48
30 24 10
58 19 26t
54 23 2t
62 2'7 33
50 22 27
4t r.6 20
't'7 33 40
32 20 t2
37 25 t7
43 22 20
43 18 t't
1L 25 21
73 36 23
69 36 28
54 20 2r
60 28 26
73 26 2'l
65 27 28
43 24 15
70 30 2'l
69 24 27
4't L7 19
61 24 30
7t 2'1 31
70 26 30
83 29 35
86 32 32
53 l-8 20
31 19 10
2'7 14 13
29 L3 L1
'78 30 28
26 22 08
38 28 13
l-5 14 05
38 30 L2
42 23 14
t'7 15 05
52 32 13
4! 26 t2
48 31 t4
31 2L 08
5'l 30 16
30 19 10
49 23 2l
46 19 19
45 18 19
52 l-9 2L
32 14 14
51 23 26
27 20 08
62 26 20
46 19 L8
46 19 17
4L 28 ]-'7

53 19 18
56 19 23
5s 26 18
30 14 13
60 24 28
56 25 29
50 2L 25
3s 16 16

42r 36 2'7 12
421,23 15 07
4 2 t 56 34 18
42t 47 28 13
42t B'7 39 30
42r 53 30 15
42L 36 23 12
42t 25 16 0B

42! 47 2'7 2Q

42r 54 l-9 23
42r 53 30 2'7

42:- 45 24 14

42r 61 26 18
42l- 35 20 10
42t 63 29 1s
4 2 r 80 3l- 36
42L 60 25 27
42L 27 19 0?

42t 48 29 15
42t 46 19 16
42t!06 39 43
42L 97 3't 3't
42L 48 2L l-8
42L 46 2L 16
42L 64 23 29
42t 55 23 16
42r 38 20 t4
42r 40 21 11
42t 40 20 10

4 2 t 57 24 18

4 2 t 4i 19 14
4 2 7 36 16 14
4 2 t ?5 19 09
4 2 t 31 19 09
42t 26 23 09
42! 44 26 ]-'7

42L 36 24 12
42t 35 22 t2
42! 34 20 11
42r 36 20 11
42L 35 L'l 11
42! 33 18 09
42]- 28 L9 10
42r 4'7 21 20
42]- 50 21 2l
4 2 I 43 17 r'7
42L 36 15 15
42r 53 28 2L
4 2 L 80 34 22
4 2 1 '16 40 24
4 21 50 3l- 13
421 32 20 L0

42r 92 31 42

4 2 L '76 29 37
4?. 160 26 30
4 2 ! 58 24 2'7

42t 46 20 20
4 2 r 73 31 16
4 2 1 50 22 15
42r'7L 26 23
42t'70 26 22
4 2 t 32 16 10
42l. 39 20 15
42r 56 23 24
42L 42 22 15
4 2 1 36 20 16



42t 37 14 r7
42! 70 30 24
42t 66 26 24,
421 ?3 31 26
42t 65 24 22
42r 44 19 L?
42r 59 23 25
42L 50 16 25
42L 42 2L 23
421 45 18 25
42t 29 14 13
42t 28 L3 10
42r 34 23 1L
42t 33 22 10
42:- 37 24 L2
42t 35 20 10
42t 40 23 L3
42r 34 26 1L
42t 43 2! 14
42t 43 20 L3
42L 42 25 13
4 2 r 92 34 38
4 2 r 86 32 36
4 2 t 67 30 30
42t s5 23 22
42r 64 33 r7
42t 43 24 12
42r 61 28 28
42t 4'7 23 15
42t 36 l-6 15
42t 61 28 L7

42t 71 33 25
42L 54 23 22
42r 48 2t 20
42t 58 25 22
42L 36 16 16
42t 30 19 10
42t 52 32 L5
42r 28 l-9 10
42t 46 26 r7
42L 77 30 23
42L 65 29 20
42t 50 25 16
421 40 2L 13
4 2 r 39 l-9 11
4 2 r 84 2'7 38
42! 54 28 27
42t 42 16 20
42t 45 20 22
42r 82 31 40
4 2 t 83 36 36
42t 40 19 20
42t 4't 21 22
4 2 t 4't 18 18
42r 21 16 07
42L 42 1.9 13
42L 37 18 15
42t 79 35 27
42t 67 29 25
4 2 r 56 25 t'l
42t 40 18 13
42L 60 31 201

42r 64 30 26
42L 97 52 34
42t 70 26 25
42 1 50 32 t4

42t 41 27 13
42t 42 2r 12
4 2l 40 18 t'7
42r 55 24 16
4 2 t 38 1-8 t7
42r 52 20 26
42t 43 26 15'
42L 53 2'7 2r
42t 60 32 r'7
42t 47 27 16
42t 51 L9 22
42r 31 16 l-1
42! 36 L5 15
42t 5't 22 26
42r 66 29 20
42t 45 27 13
42t 59 24 25
421 32 14 11
42! 5? 20 30
42r 58 26 27
42t 50 22 l-6
42t 55 24 l-6
42! 6'7 32 22
A2r ?3 33 25
42t 26 20 10
42t 52 29 16
42L 50 25 20
42t 49 22 l-8
42t 52 26 16

42t 60 23 25
42! 6s 28 22
42t 40 22 12
42r 51 20 25
42r 45 23 16
42t 86 33 30
4 2 t 25 18 09
42! 7t 33 32
42L 4'7 24 22
a2I38 19 12
421 24 L3 10
427 78 32 28
42r 6s 26 23
42r'76 33 22
4 2 r '72 30 35
421 52 24 22
42L 4'7 2'7 14
4 2 L 45 23 16
427 40 2l t2
4 2 t 4'7 30 15
4 3 1 51 L6 22
4 3 1 59 22 16
4 3 l- 41 25 L2
431 40 25 11
4 3 1 26 18 08
4 3 1 19 13 08
4 3 1 68 29 22
431 68 2t 28
4 3 1 '74 28 32
431 5'7 22 26
4 3 1 74 30 25
431 56 22 24
431 49 23 18r
431 72 27 29
431 68 28 22
4 3 1 43 19 22
4 3 1 '7t 26 33

431 60 18 26

4 31 '?3 28 33
431 61 29 28

4 31 45 l-8 2L
431 46 L8 20

4 3 1 34 15 L4

4 3 1 48 26 14

4 3 1, 30 2t 0'7

431 51 28 L2

431 53 2t 25

431- 66 21 27

431 44 20 15

431 52 2! 18
431 32 14 12
4 3 l- 40 15 l7
431 62 23 26

4 3 1 54 34 15

431 49 29 t2
4 3 1 28 22 09
431 39 24 13
4 3 1 31 20 L0

4 3 1 66 19 30
431 64 19 29

431 65 26 28
431 57 23 23

431 52 23 22
4 3 1 5'1 L9 26

4 3 1 45 19 2r
431 44 19 20

4 3 1 54 19 26

4 3 1 34 L4 l-4

431 35 15 t4
431 38 14 t4
4 3 1 3'7 11 15

4 3 1 35 15 13
4 3 1 25 10 L1
4 3 l- 3'7 16 15
4 3 l- 40 15 15
4 3 1 45 15 22
4 3 1 52 L9 23

4 3 1 24 16 0'1

4 3 1 29 22 08
4 31 50 23 L'7

4 3 1 3L 21 09
4 3 1 '74 30 22
4 3 1 50 24 14

4 3 1 45 23 16
4 3 1 59 30 16
4 3 1 74 29 29
4 3 1 2'7 20 09
4 3 1 31 20 08
431 39 26 12

4 3 1 40 21 15
431 51 2L 2r
431 55 2L 2r
431. 52 2r r'7
431 57 2'7 25
4 3 1 68 2'7 30

4 3 l- 59 31 20
4 3 1 29 19 09
4 3 1 2'l 18 09
431 32 23 10
4 3 1 38 20 11
4 3 1 39 l-3 16
431 42 2! 16
431 70 23 28



43
43
43
43
43
43
43
{J
43
44
44
44
44
44
44
44
44
44
44
44
44
44

431.
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
¿? t

431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431.
431
431
431
431
431
431
431
431
431
431
431
431
431
431
431-
431

55 L8 27
s0 20 23
42 19 19'
28 t2 10
38 15 L4
35 l-5 15
43 18 18
35 13 t2
35 16 15
34 15 14
64 25 26
55 26 16
51 18 20
69 26 28
s3 23 15
50 26 14
54 23 20
63 2't t''t
40 20 11
24 18 0?
56 23 23
43 20 t4
41 19 14
89 37 36
81 33 32
B7 33 32
84 31 3?
76 30 2'7

36 24 11
33 23 11
36 t'7 15
44 30 15
43 24 t2
38 25 13
47 27 L4
41 18 19
39 15 15
38 16 15
27 10 09
61 23 28
54 30 t7
6't 27 28
'76 28 27
46 2'7 12
31 23 09
37 t'7 L6
31 11. 12
33 11 13
3't 16 16'33 12 !2
40 L4 16
30 t2 t2
30 Ll t2
30 L2 L2
52 16 25
49 33 13
64 31 22
'17 33 32
'76 30 26
s6 26 22
44 24 10
42 22 18
36 18 t2
5 4 r'r. 25'
42 24 t2
56 19 20

431 50 23 20
431 60 2t 30
4 3 1 34 13 r'7
431 49 21 15
4 3 l- 38 2t 16
4 3 1 51 24 22
431 57 27 20
431 42 20 14

4 31- 43 l-5 20
431 56 23 22
4 3 1 3'7 t't 11
431 56 24 2L,
431 52 28 14
4 3 1 4t t'7 16
4 3 1 53 19 2t
4 3 1 62 19 30
4 3 1 45 18 L7

4 31. 43 29 14
431 s4 23 20
4 3 1 38 15 t7
431 26 L2 08
4 3 l- 29 16 10
4 3 1 50 19 L5
4 3 1 25 19 08
431 56 20 26
4 3 1 4r L9 r'l
431 s'7 23 24
431 60 26 r7
431 46 16 20
431 44 18 t1
431 46 22 15
4 3 1 34 19 10
4 3 1 32 2t 09
4 31 4t 18 l-1
4 3 1 55 21 19
4 3 1 40 22 09
431 74 26 30
431 s5 28 15
4 3 1 28 18 09
4 3 1 38 15 16
431 47 19 22
43L 62 37 23
431 5'7 26 t7
4 3 1 70 31 21
4 3 1 56 34 16
431 60 23 2s
4 3 1 68 35 25
431 72 24 26
431 70 32 26
431 58 24 22
431 57 34 r7
431 51 2L 12
4 3 1 31 21 08
4 3 1 34 19 11
4 3 1 30 22 11
431 29 L7 11
4 3 1 42 19 t'l
4 3 1 29 15 11
431 52 20 22
431 60 29 r7
4 3 l- 63 29 161

4 3 1 31 16 14
431 40 13 20
431 32 19 t2
431 33 13 L4
4 3 1 40 18 16

2'7 L'7 07
46 2'7 10
24 15 10
41 19 L'7

55 20 30
46 2L 20
60 26 26
33 rA 13
45 18 20
48 24 13
19 16 10
63 31 25
50 2L l-6
53 28 L'7

48 22 12
34 22 11
2L 18 l-0
30 t'7 11
32 24 11
43 24 L2
5'7 20 2'7

39 13 18
62 33 t'7
36 2r 12
33 2L 10
28 r'7 08
s5 20 26
42 1,9 L2
36 18 14
55 34 20
38 r'7 12
22 16 0'7

56 22 26
36 28 1l-
38 23 11
34 20 08
34 26 L2
2'7 18 07
54 18 24
'78 30 30
20 r't 07
4'7 29 16
58 2'7 20
53 27 20
46 16 18
23 18 07
64 28 r'l
65 28 26
48 25 20
40 28 L4
32 23 10
30 22 10
32 21 09
2't 22 0'7

4 5 r'7 r'7
43 15 r'7
60 22 26
57 24 24
36 12 13
41 13 L9
39 L2 16
39 22 13
44 22 15
34 20 11
48 28 14
38 20 15

1

1

1

1

L

1

1

1

1

L

1

1

1

1

1

1

1

1

1

I
1

1

44r
441
44r
44r
44t
44L
44r
441
441
44r
AA1
44r
44]-
441
441
44r
44r
441
441
44t
44r
44r
44r
441
441
44]-
44r
441
441
441
441
441
4 41
4 41,
441
44r
44t
441
441"
44r
44r
441
44L
44t



44 1 33 25 10
4 4 1 38 18 11
44 1 59 2L 25t
44t 49 19 20
44r 58 27 25
44! 47 22 13
441 45 26 15
44t 43 2L 14
44t 45 18 18
44t 75 31 30
4 4 r 38 18 14
441 38 22 t4
4 4 t 49 23 16
44t 40 24 13
441. 52 25 14
44L 35 20 t2
44L 49 24 r7
44L 63 28 28
44t 44 20 23
44t 61 32 27
44t 61 24 28
44L 60 20 26
44r 46 18 20
44:-52 2'7 ]-'7

44r 92 35 41
44t 80 32 33
44L 77 36 30
4 4 L 66 30 27
44! 25 2t 10
44L 51 20 2L
44L 51 23 2t
44L 52 16 l7
44t 68 33 t7
44t 68 28 30
44L 66 26 23
44t 2t t7 06
44t 50 24 14
4 4 t ?0 33 20
4 4 1 34 12 15
44t s8 22 23
44! 51 15 23
44r 53 t7 22
44r 39 24 12
44t 47 19 2l
44L 32 22 11
44t 32 t'7 13
44t 55 21 25
44L 68 34 30
4 4 r 45 22 16
441 50 25 20
44t 24 18 08
44168 2't 29
441 60 24 25
44! 49 21 22
4 4 1 64 22 31
4 4 1 82 30 39
441 54 25 25
44L 50 22 26
441 47 21 23
44r 77 28 30
44t 60 25 25
4 4 L 56 23 251

4 4 L 28 L'7 09
4 4 r 30 19 09
44r 35 25 11
4 4 I 43 23 13

44r 32 21 10
44L 41 24 L4
44 1 41 2t L2
4 4 t 8'l 3'7 33
4 4 t 41 20 16
4 4 I 5l- 16 25
4 4 L 86 30 37
44I 3? 18 14
44L 30 20 10
44t 50 2t 15
44t 66 30 25
44! 63 29 29
44t 68 29 25
44L 57 24 14
4 4 r 62 2'7 16
44r 52 28 15
441 28 L7 10
4 4 ! 58 30 L7
44L 45 22 20
4 4 1 70 24 31
44t 42 20 2L
4 4 t 8l- 29 36
44 1 61 24 30
44r 56 23 27
441 45 t7 22
44t 35 r7 15
4 4 L 39 23 16
44t 39 15 16
4 4 L 39 22 16
44! 29 19 07
4 4 r 70 27 30
44r 87 33 37
44L'16 28 30
4 4 ! 30 20 09'
44t 51 23 t2
4 4 r 40 22 18
44r 63 27 26
4 4 1 100 37 43
44L 99 3s 43
44t 55 23 19
4 4 t 2'7 16 11
44t 62 28 25
44t 66 30 30
4 4 r 70 30 30
44r 66 37 23
4 4 r 76 28 32
4 4 1 59 21 16
44! 34 l-8 13
4 4 ! 22 16 06
44 1 55 29 15
44! 53 23 20
4 4 r 66 23 30
44t 68 24 30
44L 65 22 28
44t 66 23 31
44L 73 23 30
44t 77 30 38
4 4 L '73 34 34
44t 8? 37 3B

44! 83 33 3?
44L 42 2l t4
4 4 t 40 18 12
4 4 r 27 L9 08
44r 42 23 t7
4 4 r 44 18 18
4 4 t 48 18 20

44I
44r
44t
441
441
441
44r
44r
44r
44L
44r
44t
441
44I
44L
441
44r
441
44r
44L
44L
44r
441
44L
44r
44r
44I
44r

43 25
sr- 30
45 18
32 23
32 23
29 20
?8 29
6'7 26
'76 19
25 20
60 26
80 44
54 26
34 2'7

4'7 L'l
50 16
63 33
57 23
4L 7'7

42 19
4'l 23
40 20
60 23
48 2'7

46 2'7

61 30
49 24
25 20
58 29
4'1 22
50 2L
53 2L
62 25
55 24
38 r'l

44]-
44r
44I
441
441
447
44t

15
20
20
IU
09
10
32
30
22
09
otr

30
19
t_0

19
'¿u

2t
20
l'7
12
16
1a

23
16
15
25
Ib
T4
19
l.J
18
20
23
22
18



Leaf Data for Mt Windsor Stream Site (SNVF)

A - FOREST TYPE
C : SITE NUMBER
D : I,EÀF WIDTH (TUN)

B : SAMPLE NUMBER

D : LEAF LENGTH (run)

E : POSITION OF MÀXIM'A'L WIDTH

ABC D E F

911 83 29 37
911 75 28 26
911 49 25 20
9 1 1 s6 2t 19

9 1 1 100 48 52

9 r- 1 ?0 19 37

9 1 1 51 25 18
911 50 24 23
911 52 26 32
911 s8 28 40

911- 4L 24 20

9 1 1 50 35 27

9 l. 1 66 29 3s
911 46 15 15

911 52 24 36
911 45 31 20
911 55 26 22

911 85 29 32
911 33 24 20
911 58 18 24
911 7s 38 36
911 80 23 32
911 44 15 20

911- 52 26 34
911 60 2s 30
9 l- 1 56 23 30
911 90 38 46

9 1 1 60 32 30
9 l- 1 70 26 36
911110 30 50
911 87 30 60
911 54 22 30

9 l- 1 75 44 40

911 54 t7 23
911 32 16 14

9 1 1 35 t2 l-6
9 1 1 68 25 43

911 63 25 30
9 1 1 74 28 50
9 1 1 65 19 30
9 1 1 40 16 14
911 42 77 L't
911 2s 07 10
9 1 1 48 l-9 20

911 4't 23 20

911 42 18 L7

911 72 30 36
911 90 30 40

911 46 12 22
91L 77 25 28
911 46 24 22
9 1 1 68 32 40

9 1 1- 86 2L 38
911 55 20 24
911 40 t2 20
9Ltt20 34 s5
911 46 28 35
911 70 40 40

9 1 1 70 36 36

911 85 34 50

911 55 16 25
911 45 25 25
911136 47 70

911 83 43 45

911 89 42 42

911 ?0 25 50
911 50 22 25
911 56 27 18

911 60 29 22

911 87 46 55
9 1 1 55 19 22

911 57 25 22
911 34 11 20
911 62 25 40
911107 44 52
911 8? 38 47

911 46 32 22

911 56 31 38
911 72 38 50
gLtr02 44 60

911 ?0 24 27

911 55 29 25
911100 35 56
9 1 1 60 32 40
911 40 20 25
9 1 1 90 34 40

911 90 25 40
911 ?0 32 35
911 45 24 22
911 66 25 28
911 62 26 38
9 1 1 83 3'7 45

911 53 18 30
911 48 34 30
911 72 38 40

911 76 40 40

911 50 22 27
911110 52 60

911 80 32 42
9LLt20 36 60

9 1 1 105 37 40

911 4't 25 28

911 91 44 50
9 1 1 76 29 32
911 92 46 50
911 78 40 53
9 1 1 80 4'7 42
911 80 31 4't
911 47 22 25
911 60 35 40

911 68 24 40

911 47 r7 30
9 1 1 't6 40 3'1

911 35 t7 22
911 4L 16 26
911 60 28 22
911 39 2r L7

911 24 12 12

911 90 28 40

911 60 20 22
911 45 20 18

911 56 27 27
911 65 38 2't
9L1 55 30 2s
911 60 25 28

(¡run)

Site Location:
16 13 S 145 04 E

Efevation:
c. 880 metres

No. of Leaves with
Non-entire Margins,'

sample å

18

L7

1

2



911 8't
9 1 1 80
9 1 1 90
9 1 1 86
9 r. 1 70
911 60
911 66
91L 52
911 58
91145
9 r- 1 56
91157
911 66
9 r. 1 36
9 1 1 100
91153
91127
9L!r29
911130
9 1 1 78
9 1 1 60
9tLL25
9LL1L0
911 65
911 80
911 63
911 92
91177
9 1 L 74
911100
911 42
911 60
911 50
9 1 1 '16

911 s2
9r. 1 97
911 95
9L1 64
911 87
911 96
911113
91155
911110
9 1 1 86
911 61
9 1 1 90
911 31
911 54
9t170
911 47
911 47
911 40
9 1 1 s6
911 82
9 1 1 109
911 98
9 1 1 76
91155
91173
9 1 1 75
911 95
9l-1 46
91157
911 7L
9 1 1 76
9 1 1 74

40 42
27 43
43 60
31 54
38 25
30 22
40 30
28 t7
L8 15
20 30
24 38
28 43
28 20
1-3 20
44 43
24 20
2t 1-3

63 54
50 60
36 48
18 34
62 70
49 66
24 38
33 23
23 t7
28 40
26 38
46 29
44 48
22 15
20 40
20 23
22 30
26 26
30 40
29 3''ì
26 30
40 50
46 60
s0 63
20 2L
48 50
24 45
r.6 30
36 40
r.6 15
28 33
18 40
2L T2
25 22
t7 15
30 22
52 43
41 50
49 58
30 31
32 20
32 30
27 30
49 42
16 23
27 3L
26 24
30 43
43 50

911 30 L5 1-5

911 72 28 23
9 1 1 150 '16 65

911 ?0 29 35

9 1 l- 80 50 29
911 35 20 23
911 54 2L 22
9LL 7t 31 23
911 56 24 27

911 62 30 23
9 1 l- 83 30 32

911 63 24 32

91L 43 l-8 20
gltLLz 40 48

9 1 1- 61 28 38

91L 47 25 27

9l- 1- 56 2L 40

9 1 L 94 36 38

911- 67 42 29
9 1 l- ?0 50 30

911 92 30 42

9 1 L 80 32 50

911 55 22 2L
911- 46 14 22

911 40 22 20

9 1 1 88 39 46

9l- 1130 s0 65

9 1 1- 70 23 36

911 60 2L 23
911 't7 41 35
9l. l- 63 26 35

911- 45 20 2L
9Ll-110 30 44
g2Lr07 29 35
g2t 62 25 23
g2t 80 27 30
g2r 70 21 30
92:-]-22 42 65
g2tt3L 66 60
g2t 53 24 26
g2t 68 27 35
g2t 7L 24 40
g2t 56 29 33
g2L 55 26 23
g2L 7L 30 26
g2L't0 24 37
g2ttAL 52 80
g2r 52 r7 25
g2L 98 36 s0
g2L 27 15 L2
g2L 60 30 26
g2Lrt9 42 40

92ttr1 63 45
921105 35 36
g2L 78 42 30
92L 75 31 4t
g2LL07 29 40

921110 30 43
92L 80 28 25
g 2 t 89 4'1 40
g2t 57 18 30
92L 80 34 40

92L 76 34 38
92Llr4 39 42

92Lt40 38 60
g2t 70 30 28

g2L ?3 29 3s
g2L 6L 2L 40
g2tL46 43 60
g2LL20 60 40
g2L 84 30 s0
921100 34 42
g2t 76 30 40
g2Ltt2 52 50
g2L 66 20 30
g2r 66 40 24
g2L 63 l7 40
g2L 80 32 42
g2L 93 44 30
g2L 58 2t 20
g2L 49 22 30
g2L 65 27 43

92t 59 24 2'l
g2L 69 30 42
g2L'17 27 33
g2t s0 18 32
g2L 68 30 28
g2l 67 38 28
g2L ?0 25 3L
g2t 40 15 25
g2L 5L 19 2r
g2t 47 23 20
g2L 3'1 18 22
g2! 55 29 31
g2]-L50 52 58
g2L 94 43 35
g2L 66 32 20
g2t 6't 27 42
g2]-r07 40 60
g2t ?8 28 37

921106 55 50

9 2 l- 100 42 4t
g2L76L 72't4
g 2 t 88 39 4t
g2L 83 32 52
g2L 94 36 42
g2L'74 40 36

92t 84 39 52
g2! 74 36 38

92L 92 38 43
g2t 65 34 28
g2LLt6 54 48
g2Lt70 6L 78
g2t 60 24 25
g2t 88 42 33
9 2 L 100 32 40
g2t 90 53 35
g2rt50 51 70
g2t 80 26 33
g2LL06 68 52
g2Lr57 60 70
g2r 66 25 38
921,53 20 31
g2t 83 46 40
g2Lt46 56 76
g2L 56 l-8 30
g2t 74 29 30
g2r 93 40 60

92ltrt 4L 45

92L 7t 22 43
g2LtL2 49 42
g2LL02 32 36



g2L 75 28 40
g2L 90 33 40
g2L 68 22 28

921L08 38 45
g2L 73 30 32
g2L1-40 51 88
g2L 48 27 28
g2L 96 s4 62

92r 90 4l- 36
g2)-L40 59 55
921105 46 45
g2L 85 31 37
g2t 40 19 20
g2tt02 35 50
g2! 82 29 37
g2Lr22 44 53
g2L s6 22 30
g2t 7t 25 48
g2L 95 43 40
g2L 76 35 40
g2L 83 33 30
g2r 93 30 43
g2L 96 44 45
g2! 80 40 31
g2l 48 21 23
g2LL03 52 48
g2L 77 38 35
g2L 80 33 32
g2L 53 23 22
921130 63 55
9 2 1 138 s9 62

92L 93 48 40

921106 49 45
g2Lt30 62 s0
g2L 8s 24 43
g2t 72 26 24
g2! 79 30 50
g2! 57 28 36
g2t 72 32 45
g2LL06 47 62
92L 81 34 35
92r 87 45 50
g2L 32 10 20
g2L 80 41 38
g2tt90 60 92
g2tt03 43 42

92L 42 16 2L
g2L 82 34 40

921 73 25 32
921110 48 55
921110 48 53
g2tL06 44 50
92L 80 30 3l-
g2LL20 53 76
92L 77 27 35
92L 55 16 27
92t204 54l.02
92L 50 l-9 25
92L 94 37 40
921135 52 65
92L 70 37 30
92L 67 30 25
92L't8 24 28
92L 54 29 25
92]- 60 20 3s
92! 96 39 40

g2L s8 22 30
g2L 84 49 35
g2t 99 39 60
g2L 64 30 31-

g2L 58 27 26
g2! 50 19 22
g2L 52 23 20
g2L 55 20 25
g2t 76 26 30
g2L 66 2',7 30
g2L 98 40 3s
g2L 90 48 50
g2! 50 22 L'l
g2L 36 t4 t4
g2L 42 24 16
g2L 3',r- 15 16
g2r 58 19 25
g2L 68 2L 40
g2! s3 20 34
g2Lt04 44 42
g2t 87 32 3s
92L 81 36 47
g2t 57 29 24
g2L 64 2L 26
g2r 45 22 26
g2L 25 L0 t2
g2r 9l- 42 35
g2L 51 28 24
g2t 72 31 30
g2t 62 29 28

,g2L 80 35 30
g2t 56 24 26
g2L 93 50 4t
g2L 72 38 33
g2t s5 26 2s
g2t'75 44 30
g2L 63 25 30
g2L 96 33 40
g2t 74 30 3s
g2L 61 26 28
g2L 74 26 30
g2L 77 31 36
g2L s7 29 20
g2r 63 28 36
g2L 25 l-8 L3
g2L 43 2t 24
g2! 6'1 23 32

92L 61 34 36
g2! 72 28 34
g2L 5't 28 27
g2L 76 39 32

92t 63 30 26
g2r 53 34 23
g2l 46 28 20
g2t 47 L7 20
g2t 64 26 36
g'2L 80 31 38

92L 4t 16 25
92L 44 13 16



Leaf Data for Coombadjha Ck Stream Site (SNVF)

A : FOREST TYPE
C = SITE NUMBER
E = LEAF WIDTH (nm)

Site Location:
29285 t52 22 E

Elevation:
c. 800 metres

No. of Leaves with
Non-entire Margins;

sample z

91

B : SAMPIE NUMBER

D = LEAF LENGTH (r,rn)

F : POSITION OF MAXIMÀI, WIDTH

ABC D E F

972 38 16 20
gL2 91 30 39
gL2 85 28 38
gL2 74 23 2L
gt2 s8 r7 24
gl2 67 26 33
gt2 52 18 2s
gr2 55 2t 2t
gr2 6't 24 28
gL2 45 26 22

9L2 30 12 l-4
gL2 86 22 46
gL2 74 25 40

9:-2 60 19 30

9L2 36 13 t7
gL2 40 18 r7
gL2 53 27 32
gL2 50 24 25
gt2 81 31 37
9L2L0L 31 50
gL2 69 24 34
gL2 53 l-8 22
gL2 61 19 19
gL2 57 2s 32
gL2 7L 24 25
gr2 63 22 28
gr2 43 16 L8
gL2 60 25 28

9r2 52 18 L'7
gL2 6s 22 30
gL2 80 26 37
gt2 68 25 24
9t2 42 77 l7
g!2 53 1-9 20
gL2 85 26 37
gt2 7t 21 32
gr2 55 19 23
gr2't4 25 30
gt2 62 18 28
gL2 64 25 3L
gt2 6't 22 30
9t2 53 19 24
9r2 53 21 27
gLz 46 19 25
g!2 69 23 30
gL2 80 28 36
gL2 66 27 31
gL2 52 24 26
gt2 60 22 30
9L2L07 24 5'7
gr2 92 30 42

9r2L]-0 30 47
gL2 68 2'Ì 29
gL2 49 19 22
gt2 40 13 20
9t2 68 t7 3l-
9!2 36 15 74

9t2 6s 19 25
9r2 82 32 42

gr2 68 24 30
9t2 76 2'1 35
9t2 69 31 30

9L2 64 2! 26
gL2 50 19 22
9L2 67 28 34
gr2 62 20 26
gr2 78 29 32
9r2 65 29 35
gL2 62 21 26
gL2 81 30 40

9t2 44 22 20
gl2 32 l-s 16
9t2 97 30 4s
9r2 80 24 40

9L2 40 19 18

9L2 41 18 19

9L2 39 16 18

9L2r22 48 58

9r2 87 27 31
gt2 75 23 30
gt2 58 19 27

9r2 68 18 34
gt2 72 28 36
9r2 75 26 34
9t2 86 32 4r
gl2 75 25 32
g1-2 60 20 30
gt2 55 18 28

9t2 62 20 3s
gL2 98 38 48

9L2 62 20 30
9L2 7L 19 27

9t2 70 23 30
gr2L02 7'7 60

9!2L37 18 80
9t2 50 12 25
9t2 48 15 22
9t2 59 24 27
9L2 s8 33 31
9!2 81 26 33
9L2 90 24 40

9t2 85 26 3'1

9L2 76 23 36
9L2 40 16 18
9L2 42 16 20
9]-2 57 2L 22
9L2 76 24 33
9\2 88 2''t 34
9L2'tr 36 30
912100 32 46
9L2 69 22 33
9t2 69 26 25
9:-2 93 38 40

9r2 91 2'7 46
9r2 52 16 23
9t2 65 2s 33
9r2 55 2t 24
9r2'7r 25 30
9L2 54 20 2s
9L2 52 2t 24
9]-2 4r t't 20
9t2 22 09 09
9L2 48 r7 23
9t2 45 l-6 20
91,2 40 14 1'4

(run)

1



gL2 54 18 25
gt2 62 L7 28
gt2 46 19 26
gL2 58 L7 30
gL2 55 21 3l'
gl2 45 15 20
gL2 58 18 24
gL2 6s 20 32
gt2 79 33 36
g!2 59 23 26
9L2 40 15 l7
g!2 40 14 20
gL2 s0 23 25
gL2 ?0 L2 40
gL2t32 23 68

9t2 60 09 28

912 57 20 26
gr2 45 13 2L
9L2 48 2t 23
9t2 42 !7 2r
gr2 82 29 39
gt2 65 23 30

9L2 55 2t 26
gt2 40 22 20

912 45 t7 22
gt2 66 2L 31
gL2 62 22 27
gt2 49 19 25
9r2 45 L6 2r
g!2 60 21 26
gt2 60 23 24
gL2 52 22 25
gL2 4t 16 20
gt2 51 20 28
gt2 5l- 18 23
gr2 48 23 25
9:-2 55 t7 22
gL2 63 24 28
g!2 81 31 50
gL2 61 33 40

9L2 72 27 45

9L2 66 2L 40
gt2 35 14 20
gl2 30 14 15
912110 35 52
gt2 35 14 16
gt2 37 13 16
gl2 60 r7 22
gl2 64 18 2'7
gL2 90 39 43
9L2 4L 19 19
gL2 55 18 26
gL2 90 31 40

9L2 77 28 37
gL2 63 25 29
gL2 85 26 43
gL2 5s 23 3l-
g!2 55 20 27

9r2 67 23 31
gr2 35 13 16
gL2 50 L7 26
gt2't8 23 35
gt2 69 24 37
gt2 46 15 22
gt2 76 36 32
gL2 6s 23 28

59 22 27
33 18 16
38 14 20
60 20 32
67 23 35
64 20 31
75 27 30
61 18 27
40 14 l7
87 26 40
73 26 35
50 16 27
71 25 36
70 23 31
47 18 2L
55 18 25
58 L7 26
51 18 25
64 20 28
52 14 16
47 16 23
62 2L 31
59 20 28
24 L2 12
31 07 15
57 22 26
34 t4 L7
68 27 32
62 19 25
?0 24 33
58 20 28
81 24 3?
50 19 18

9t2
9L2
9L2
9L2
9L2
9L2
9L2
9t2
9t2
912
9L2
9t2
9L2
9L2
9]-2
9t2
9L2
9t2
9L2
9!2
9r2
912
9L2
9L2
9r2
9t2
9t2
9r2
9L2
912
9!2
9L2
9L2





APPENDIX 2- Leaf data for

Discriminant AnalYsis.



t POSITION LEAF AREÀ non-entire
m10 20 50 80 90 mlO 20 50 80 90 zI,EAF LENGTH

m 1020 50
LEÀF }JIDTH

90 m1020508090
RELATIVE WIDTH
m102050809

L2I0154253o.1L0881152674Ig25333931232939434850384451576114a406]-2202903
131 058 35 40 052 012 os2 22 L2 74 zt áá sz 38 2s 32 37 43 s0 45 33 38 4s s2 ss 09 03 04 07 ls 19 0s

141 063 38 46 055 07? 099 21 75 20 28 33 31 46 29 36 44 58 64 45 36 40 46 50 53 12 04 06 11 11 22 43

1510?141530640821012616:.:926323739283339455044363944495313050611i823L]¡
11206343500600.'t208625L5112433314t2.1344148554.1324348535811050609162004
r22 o6s 44 50 063 0?8 088 26 14 20 zã sl. :s 43 17 3! 46 53 60 44 27 41 46 50 56 L2 06 07 10 13 17 06

L42 062 41 46 056 074 0g2 29 21 23 28 3a 38 49 36 42 49 56 63 46 3'l 42 46 50 55 13 06 07 10 11 23 04

113 0?s 46 s6 070 086 10? 28 rB 20 ,; á; áé ig áa r 37 46 ss 48 3s 44 48 s4 62 L6 06 08 11 20 28 0s

123 073 47 s5 066 óãã ros 28 r8 2t 21 34 38 40 30 33 40 46 so 49 3't 44 4s s5 63 1s 06 08 12 \8 24 rt

143 071 51 56 070 083 092 26 7't 20 26 37 35 37 21 29 35 46 50 50 37 43 50 59 66 13 06 08 12 I7 20 I7

153068445306408309926.16:]82sss2.140263238465342323.144495113050610I82403
11s 06? 4.7 54 066 078 090 2L 13 16 Zl Zt zg 92 26 29 32 35 38 46 4L 43 46 49 52 10 04 06 09 14 11 63

I2s o1z 42 50 058 012 086 22 t5 L't zi za zt 36 29 32 36 39 42 4'7 41 45 48 50 52 10 05 05 80 13 17 81

13s 059 41 50 os6 066 084 11 rL L2 rc zà zt 29 23 25 28 33 37 46 40 43 46 48 s1 08 03 04 06 10 14 93

t45 062 4s s1 061 012 osr 20 14 rs ú àa zø 32 2'7 zs 32 3s 31 4i 4L 44 4s s0 s3 09 c4 0s 08 t2 14 G'l

21,I lo2 65 ?9 1oo 119 136 38 26 29 38 45 49 38 30 33 31 42 49 46 40 43 46 49 53 27 72 L4 26 3'7 44 03

221. Os| 6s 16 0s2111 130 35 24 27 Zi Ái sa 3't 2s 32 36 41 46 4'7 40 44 46 so ss 2s ro 74 21 33 42 0L

231 106 71 84 103 I23 I44 38 24 2B Si aø sa 36 28 30 34 40 50 48 39 44 41 52 56 29 'J'I 15 24 37 54 01

24I Ogg 64 80 097 116 t29 36 23 28 zâ sz qa 31 30 32 35 39 47 50 42 46 50 53 58 25 10 15 23 33 38 02

232 106 52 88 107 131 150 46 23 33 Sá ie el 43 3s 39 42 41 53 50 44 47 sO 53 58 36 08 t7 32 s4 62 0L

2421067185105L22I4o392730384553312931sa+05246384246485429131826374616
252 0g1 6.t 16 093 !r2 L28 40 26 3L ¡ã sr so 42 3t 35 40 49 56 48 40 44 48 52 s6 21 t2 L6 24 36 43 !3

223 116 1s 92 rr2 130 160 41 13 30 só is oo 36 10 31 38 44 50 49 4t 44 48 52 56 32 LO 13 29 43 54 01

233 rr2 16 92 rro 130 150 47 72 21 Ào iz az 35 10 30 31 44 51 4'.- 31 41 46 50 58 34 10 16 28 42 67 26

243 to8 io s2 roz 125 160 38 12 21 ãé so sr 40 10 34 42 49 56 46 31 42 46 50 54 3I 09 12 26 40 51 01

2s3 109 65 86 110 126 r4o 4r t2 21 Áo iz ez 40 12 33 ti qt se 4'7 sg 43 48 s1 s6 32 09 13 24 41 64 0t

311 091 70 79 089 101 114 4! 29 33 aó se se 46 32 31 4€' 53 61 33 23 21 35 38 42 26 15 18 23 32 39 45

32.), Osr 63 ?5 087 103 t-20 42 26 3L Àt sz sl 41 33 38 4Ë 55 61 34 26 30 34 38 43 27 12 75 24 36 43 44

331 101 66 1.? O94 r2o t45 43 2't 3t Áo sz ez 44 2'7 30 44 53 59 31 23 21 40 46 49 31' 14 r'l 26 :'>g 54 46

34108866770900g1!1240263038505545323643536236283337404324L21522323839
312 og1 56 63 074 090 123 44 32 35 iz sz s' 56 40 50 5B 62 65 43 32 31 49 41 53 25 L3 t5 21 31 45 61

322 084 s3 63 o?s los 130 38 22 24 3; ¡é fi 45 34 38 4s s0 s't 4s 42 44 48 s4 61 24 08 10 1? 3't 50 74

332 o8o 48 s6 070 to2 L26 38 2t 26 ãi io 58 49 3s 45 53 s8 61 38 24 28 3't 4't sI 23 o? 09 16 35 47 s1

342 08s 49 s7 078 104 136 40 2s 28 ãi st er 4s 3s 42 sL 51 62 4L 26 33 44 48 50 26 09 Lr 20 36 52 71

313 oeo 52 70 088 los 130 2s 18 2! áe se qo 33 26 2s ái se ¿o 51 43 46 so ss 60 19 06 09 16 26 33 3'1

323 o9o 52 12 081 to5 125 28 r8 2r il ss 39 32 26 28 3L 34 37 49 42 46 49 54 58 18 07 09 16 26 31 38

333 091 56 71 088 106 130 29 Lg 22 ie zø sg 32 26 29 32 35 38 5L 41 46 51 57 63 19 07 09 16 27 34 50

343 083 s6 67 080 o9s 116 27 !8 ZO iá sz 31 33 26 Zg li za 39 49 43 45 48 52 s6 t6 o? 09 14 21 29 50

411046283504505606922L4:]62121294935404654653930343943480?030406LOL28'1
421 oso 31 38 047 060 o?s 24 16 rs àá zg 32 so 38 42 46 5't 66 37 29 31 35 42 47 09 04 0s 07 12 1s 99

431 o4g 30 37 046 057 068 22 15 16 it Zl zo 47 35 39 sS sS ee 31 28 32 38 42 46 07 03 04 07 10 13 85

441 053 30 38 049 061 073 23 r't r8 iá za 30 49 35 39 47 57 ?1 38 28 32 38 43 46 08 04 05 07 12 ts 93

911 068 42 47 065 087 1oo 2s 77 2r iá ss 44 44 31 3s 43 52 56 49 37 40 48 59 64 1s os o'7 ra 22 28 18

921 081 50 57 076 103 119 34 Lg 23 âó qq sz 42 32 35 41 49 53 17 37 40 45 55 61 20 01 09 15 29 40 7'l

9.].206240470610760862275 r121263036293135404441404346505310040508131691












































































