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Accumulations of plant macrofossils in lake sediments and other sedimentary deposits are increasingly being
used to refine our understanding of past vegetation history, ecological processes and related climate conditions.
However, past vegetation studies based on the use of disarticulated plant structures need to consider the specific
potential for fossilisation of different species and different plant organs. Such knowledge is available for many
systems, but the taphonomy of sclerophyll floras is very poorly known.
To provide understanding of the taphonomic processes affecting the representation of sclerophyllous plant
species in fossil assemblages this study investigated the potential source vegetation of plant remains extracted
from modern sediments of a subalpine lake in Tasmania, southernmost Australia. It was found that the vast
majority of the leaf types represented in the sediments belong to broadleaf sclerophyllous species living in
close proximity to the lake, although the representation of species was not related to their values of leaf mass
per unit area.
Additionally, a bias between the abundance of species in the standing vegetation and the number of leaves of the
same species in sediments was observed. Thus, small-leaved shrub species, such as many members of Ericaceae,
produce comparatively many more leaves and tend to be over-represented in sediments. In contrast, even
though, large-leaved tree species such as Eucalyptus and Nothofagus are dominant in the standing vegetation,
they produce substantially fewer foliar organs per ground area of vegetation.
Accounting for these discrepancies, we developed an intrinsic representativity index that provides a more accurate
picture of the relationship between the leaf assemblages incorporated in the sediments and the abundance of these
species in the source vegetation.
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1. Introduction

Evergreen sclerophyll floras are widely distributed around the
world, especially in Mediterranean-type climates, where they represent
the most diverse floras outside the tropics (Cowling et al., 1996).
However, plant macrofossil evidence indicates that diverse sclerophyll
floras existed under wet non-Mediterranean climates in the Cenozoic,
and even as recently as the early Pleistocene, leading to questions about
the link between sclerophylly and dry climates (e.g. Axelrod, 1975;
Chen et al., 2014; Hill, 2004; Palamarev, 1989; Schnitzler et al.,
2011; Sniderman et al., 2013). Plant taphonomic studies investigating
the potential for fossilisation of different plant organs and species in
sclerophyll-dominated environments may, therefore, have important
ences (Life Science Building),
Australia.
torga),
.au (T. Brodribb).
implications for the interpretation of plant macrofossil records. However,
there have been very few such studies.

Accumulations of plant macrofossils (also known as megafossils) in
different depositional environments, such as lakes or streambeds are
used to refine our understanding of past vegetation history, ecological
processes and related climate conditions (e.g. Allen and Huntley,
1999; Birks, 2001; Huntley, 2001; Collinson et al., 2010; Gee, 2005).
However, plant macrofossil assemblages can only be validly interpreted
in the light of the potential biases resulting from the differential preser-
vation of different organs and species. The analysis of plant macrofossils
from surface sediment samples, the recently deposited sediments in
depositional environments such as lakes, can enhance the understand-
ing of processes that determine the differential potential for fossilisation
(Dieffenbacher-Krall and Halteman, 2000; Dieffenbacher-Krall, 2007;
Spicer and Wolfe, 1987).

The potential for fossilisation in plants may vary depending on both
intrinsic and extrinsic factors (Martin, 1999; Spicer, 1991). In particular,
intrinsic factors or individual characteristics of plant organs (e.g. the
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Fig. 1. Location of Lake Dobson in Mount Field National Park, south-central Tasmania, Australia, and vegetation types present in the catchment in colours: (1) white = alpine heath; (3) spots =
alpine moorland; (4) grey = Eucalyptus woodland; (5) dark grey = Mountain rain forest (dominated by Nothofagus cunninghamii); (6) waves = subalpine moorland (buttongrass). The
numbers indicate the surveyed areas of vegetation: 1) Lakeside vegetation, 2) Eagle Tarn Creek vegetation, 3) Golden Stairs Creek vegetation, and 4) Upper catchment vegetation. Details of
the composition of each area are given in the Appendix A.
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Table 1
List of species grouped by clade and family and number of organs founded in the surface sediments samples from Lake Dobson.

Group-family Species Leaves Reproductive structures Presence in catchment

Gymnosperms — conifers
Cupressaceae
Podocarpaceae

Athrotaxis cupressoides D.Don 1955 10 Common throughout in fire refuges
Athrotaxis selaginoides D.Don 35 – Absent from catchment
Athrotaxis laxifolia Hook. 4 – Very rare, few plants around the lake
Diselma archeri Hook.f. 21 – Common in alpine areas
Phyllocladus aspleniifolius (Labill.) Hook.f. 3 – Rare, isolated plants near lake
Pherosphaera hookeriana W. Archer 836 – Common throughout in fire refuges
Microcachrys tetragona (Hook.) Hook.f. 43 – Common, especially at high altitude
Podocarpus lawrencei Hook.f. 8 – Common at mid and high altitude

Angiosperms — dicotyledons and basal angiosperms
Asteraceae Olearia pinifolia (Hook.f.) Benth. 128 9 Common, except in alpine areas

Ozothamnus rodwayi Orchard 1 – Common
Casuarinaceae Allocasuarina zephyrea L.A.S. Johnson – 1 Absent from catchment
Cunoniaceae Bauera rubioides Andrews 1748 – Common throughout
Ericaceae Acrothamnus montanus (R.Br.) Quinn – 6 Common at mid altitudes

Cyathodes straminea R.Br. 36 54 Common throughout
Epacris serpyllifolia R.Br. 12,205 381 Very common throughout
Leptecophylla juniperina (J.R.Forst. & G.Forst.) C.M. Weiller 405 186 Common, except in alpine areas
Planocarpa petiolaris (DC.) C.M.Weiller – 19 Common at mid to high altitude
Richea gunnii Hook.f. – 32 Restricted to boggy areas
Richea pandanifolia Hook.f. – 24 Common throughout
Richea scoparia Hook.f. 159 117 Very common throughout
Richea sprengelioides (R.Br.) F.Muell. – 8 Very common throughout
Sprengelia incarnata Sm. 79 12 Moderately common near lake
Trochocarpa cunninghamii (DC.) W.M.Curtis 481 79 Common near lake
Trochocarpa thymifolia (R.Br.) Spreng. 11 – Very common throughout

Haloragaceae Gonocarpus montanus (Hook.f.) Orchard – 50 Moderately common
Myrtaceae Eucalyptus coccifera Hook.f. 939 1449 Common, except in alpine areas

Eucalyptus subcrenulata Maiden & Blakely 14 161 Common near lake
Leptospermum lanigerum (Aiton) Sm. 2400 72 Common near lake
Leptospermum rupestre Hook.f. – 31 Common near lake
Melaleuca squamea Labill. 2 – Moderately common near lake

Nothofagaceae Nothofagus cunninghamii (Hook.) Oerst. 1352 – Common up to the tree line
Nothofagus gunnii (Hook.f.) Oerst. 2 – Rare

Proteaceae Orites revolutus R.Br. 714 1 Very common throughout
Orites acicularis (R.Br.) Roem. & Schult. 574 – Very common throughout
Orites diversifolius R.Br. 103 – Common low to mid altitude

Rubiaceae Coprosma nitida Hook.f. 170 219 Very common throughout
Rutaceae Nematolepis squamea (Labill.) Paul G.Wilson – 2 Absent?
Santalaceae Exocarpos humifusus R.Br. – 4 Common mid to high altitude
Tremandraceae Tetratheca procumbens Gunn ex Hook.f. – 2 Rare, isolated plant near the lake
Winteraceae Tasmannia lanceolata (Poir.) A.C.Sm. 21 411 Common, especially at high altitude

Angiosperms — monocotyledons
Asteliaceae Astelia alpina R.Br. – 12 Common

Milligania spp. – 32 Alpine waterlogged areas
Cyperaceae Carpha alpina R.Br. – 20 Rare, few plants near lake

Gahnia grandis (Labill.) S.T.Blake – 28 Rare, few plants near lake

Pteridophyta (ferns)
Gleicheniaceae Gleichenia alpina R.Br. 11 – Common near lake
Undet. taxa Three morphotypes – 104 Unknown
Total 24,460 3546
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leaves, leaves document 16 species not recorded as reproductive organs,
and only 14 species were recorded as both (Table 1; Fig. 3).

Common tree and shrub species in closer areas of vegetation to the
lake were well represented in sediments. For instance, common in
both macrofossil assemblages and standing vegetation were Eucalyptus
coccifera, Nothofagus cunninghamii, Epacris serpyllifolia, and the conifers
Athrotaxis cupressoides and Pherosphaera hookeriana. In contrast, rare
species in the standing vegetation and forest litter such as Gahnia grandis,
Carpha alpina, Gonocarpus montanus, and Phyllocladus aspleniifolius were
equally rare in the lake sediments.

Leaf assemblages provided evidence of the presence of 30 plant
species within ten families (Table 1). Overall, leaf assemblages were
dominated by species of shrubs producing small and high number of
leaves, whereas species of trees producing bigger leaves were underrep-
resented in sediments (Table B.1). The twelve most common species
among leaf assemblages accounted for 96% of the total number of leaves.
Epacris serpyllifolia, a shrub from Ericaceae, dominated the leaf counts,
contributing with 50% of the total number of leaves. Other well-
represented species were the conifer Athrotaxis cupressoides (9%),
Leptospermum lanigerum/rupestre (8%), Nothofagus cunninghamii
(7%), and Bauera rubioides (6%), (Table 1; Fig. 4). Additionally, leaf
assemblages recorded the presence of seven other conifer species
from Podocarpaceae and Cupressaceae, the fern Gleichenia alpina, and
three species from Proteaceae (Table 1). These species were absent
from the assemblages of reproductive structures, with the exceptions
of Athrotaxis cupressoides and Orites revolutus that were marginally
represented (Table 1).

The identification of reproductive structures, on the other hand,
revealed the presence of 28 species among 15 families. Three types of
reproductive structure remained with uncertain taxonomic status after
the analysis, while one type was only identified to the family level
(Table 1). The 15 most common species accounted for 94% of the total



Fig. 2. Plant families represented as reproductive structures and leaves (*conifers;
**dicotyledons herbs; ***monocotyledons) in the sediment of Lake Dobson.

Fig. 3. Plant species represented in the sediment of Lake Dobson as leaves and reproductive
structures. Species present only as reproductive structures (open circles), species present
only as leaves (black circles), and species present as both leaves and reproductive
structures (grey circles).
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number of reproductive organs (Fig. 4). The assemblages of reproductive
structures were dominated by the endemic subalpine tree Eucalyptus
coccifera from Myrtaceae (37%), besides the shrubs Epacris serpyllifolia
(15%), Tasmania lanceolata (11%), and Coprosma nitida (6%). Reproductive
organs also revealed the presence of monocotyledonous and dicotyledon-
ous herb species such as Gahnia grandis, Carpha alpina, Astelia alpina, and
Gonocarpus montanus, which were undetectable from the leaf assem-
blages. The reproductive structures also increased the taxonomic
resolution for one of the most important families in sub-alpine/
alpine Tasmania, the Ericaceae family, expanding the number of
identified species from seven to twelve (Table 1).
3.2. Relative abundance

There were positive correlations between the number of leaves in
the lake sediments and the relative abundance of the same species in
the standing vegetation for three of the investigated areas of vegetation
(Table 2). The strongest relationship was with the vegetation along
Eagle Tarn Creek, although the correlation with the lakeside vegetation
was almost as strong. In contrast, the remaining two areas representing
the vegetation in the upper catchment (upland vegetation) and the
vegetation along the Golden Stairs Creek showed a negative and a
weak positive correlation, respectively (Table 2).

The reproductive assemblages showed considerably weaker correla-
tion values than did the leaf assemblages (Table 2). In fact, the lakeside
vegetation was the only area of vegetation that showed a positive and
significant correlation with the floristic signature of reproductive
organs. In contrast, total macrofossil abundance (i.e. sum of leaves and
reproductive structures) strongly improved the ability to predict all
the areas of vegetation, although the agreement was, once again, partic-
ularly strong for the lakeside vegetation and the vegetation along the
Eagle Tarn Creek (Table 2). Despite the positive and significant correla-
tion values, it is clear that there are substantial differences between the
rank-order sequences of abundance of plant material in sediments and in
the standing vegetation, particularly when numbers of leaves are used to
reconstruct the relative abundance of species in the potential source veg-
etation. Tree species such as Eucalyptus coccifera, Eucalyptus subcrenulata,
and Athrotaxis cupressoides were strongly under-represented in leaf
assemblages whereas shrub species such as Epacris serpyllifolia, Bauera
rubioides, and Orites acicularis among others were over-represented
(Fig. 4).
3.3. Leaf mass per area (LMA)

The representation of plant species in sediments was not related to
their values of leaf mass per area (LMA). Furthermore, the correlation
analysis revealed a weak and non-significant (rho = 0.05, p-value =
0.84) association between values of LMA and the representation of
species in sediments of Lake Dobson.

3.4. Leaf counts adjusted by area

Adjusting the number of subfossil leaves in an area basis (leaf counts
of individual species multiplied by the mean leaf area of the same
species) improved the ability to predict the source vegetation for
three of the investigated areas of vegetation compared to leaf counts
(Table 2). However, correlation values and significance levels are different
from those founded using total plant macrofossil material. In particular,
total leaf area representation of the vegetation along the Eagle Tarn
Creek exhibited a much lower and less significant correlation value with
the leaf assemblages (Table 2).

3.5. Differential leaf production

The shrub species produced many more leaves per ground area
than the tree species (Table B.1). Particularly obvious was the
lower number of leaves produced by the Eucalyptus species compared
to Nothofagus cunninghamii and shrub species from Ericaceae (Epacris
serpyllifolia, Leptecophylla juniperina, Trochocarpa thymifolia), Myrtaceae
(Leptospermum lanigerum), and Cunoniaceae (Bauera rubioides). More-
over, the differential productivity of leaves was strongly correlated
with the abundance of leaves of the same taxa represented in sediments
(Table 2).

3.6. Litter samples

We recovered 5137 leaves from the litter samples of the lakeside
vegetation recording the presence of twenty-two tree and shrub species
that represent ~60% of the total number of species, without including
herbs and ferns, recorded in the surveys of vegetation. Five out of the
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