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Abstract. Ecological studies of century-scale vegetation changes in Australia were quantitatively reviewed by
assessing relevant papers according to a range of methodological and environmental attributes. In general, century-
scale vegetation dynamics are rarely studied by Australian ecologists. Most studies of century-scale changes are
short-term studies with one sampling period, and few long-term experimental studies exist. Century-scale changes
are well documented in open forests, grassy woodlands, tussock grasslands and rainforests, but little information is
available from lowland heathlands, herblands or hummock grasslands. Tall open forests and rainforests have
received the most comprehensive attention. Five major genres of research were recognised from a multivariate
analysis of methodological attributes: (1) single-species tree-ring and fire-scar studies; (2) forest dynamics and age-
structure studies; (3) floristic degradation studies (usually caused by stock grazing); (4) archival benchmarking
studies; and (5) palynological research. These genres tend to focus on different ecosystems and ecosystem
attributes, giving incomplete pictures of vegetation changes even in some well-studied ecosystems. In all genres
other than forest dynamics studies, century-scale changes are commonly described by comparing present conditions
with a pre-European reference point, and few studies have documented successive vegetation changes within the
period of European occupation. Considerable opportunity exists to document long-term ecosystem responses to
successive disturbances resulting from European disturbance regimes.

Over the next century in many landscapes…the history of the land will continue to control ecological
processes and influence future changes more than much-debated global climate change (Foster 2000, p. 28).

Introduction

A comprehensive understanding of ecosystem dynamics
requires information on vegetation changes over wide
temporal (and spatial) scales: from gradual changes over
millenia in response to climatic cycles, to transitory
dynamics immediately after disturbances. Unfortunately,
most ecosystem research has focused on long-term changes
(palynological studies of >>1000 years) or short-term
dynamics (ecological studies of <<10 years duration). While
technical advances in fine-scale palynology and sediment
analysis have helped bridge this temporal divide (Wasson
and Clark 1985), relatively little information is available
from many ecosystems on vegetation dynamics over
centuries (Clark 1990). Yet we clearly need to understand
how and why ecosystems change over centuries (and longer)
if we wish to sustainably manage natural ecosystems ‘in
perpetuity’.

A knowledge of how ecosystems change over centuries is
important for many reasons. For example, long-term
successional changes may not be apparent from initial, short-
term dynamics; short-term climatic conditions will not be

typical of conditions over the longer term; long-term
changes may be affected by rare events of unknown
frequency; many ecosystem processes are slow (e.g. soil
formation) and take place over centuries and millenia;
individuals of many species survive for centuries, imparting
an inertia to successional changes which may not be apparent
in the short term; and the outcomes from past events can
greatly influence the course of future changes (Austin 1981;
Austin and Williams 1988; Clark 1990; Westoby 1991;
Foster 2000).

Furthermore, many Australian ecosystems have been
profoundly altered during 200 years of European
colonisation (Adamson and Fox 1982; Hobbs and Hopkins
1990). Consequently, many conservation policies are
predicated on vegetation benchmarks set at the time of
European colonisation, including vegetation clearance
legislation, ecosystem reservation targets and many reserve
management plans. While these benchmarks typically
involve patterns (e.g. changes in extent or abundance) rather
than processes (e.g. changes in fire regimes), a clear
knowledge of long-term fluctuations in patterns and
processes is vital if management initiatives are to succeed.
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Unfortunately, the required historical and ecological data are
often unavailable, imprecise or ambiguous.

Research on century-scale changes in Australian
vegetation includes the following two distinct, but often
interrelated, intellectual pursuits: (1) documenting the
effects of human activities, both indigenous and European,
on natural ecosystems; and (2) studying successional
dynamics in natural ecosystems, often in relatively
undisturbed areas. A number of comprehensive reviews are
available on European impacts on Australian ecosystems
(e.g. Adamson and Fox 1982; Hobbs and Hopkins 1990;
Kirkpatrick 1999; Young 2000) and on ecosystem dynamics
in specific ecosystems (e.g. Gill et al. 1981; Groves 1994;
Bowman 2000; Bradstock et al. 2002). However, little
information is available to assess how Australian ecologists
have studied these century-scale changes. Which ecosystems
are most commonly studied, which data sources are relied on
and which methods are routinely used? Given the
widespread popular interest in ecological history (e.g.
Bolton 1981; Rolls 1981; Flannery 1994; White 1997), the
paucity of information on how ecologists have investigated
century-scale vegetation changes is somewhat surprising.
Yet this information is important for assessing the
comprehensive-ness, adequacy and representativeness of our
understanding of vegetation changes across Australia.

This paper has the following two aims: (1) to describe
where and how ecologists have studied century-scale
vegetation changes in Australia, including the range of
ecosystems studied and the sources of evidence used; and
(2) to identify major research genres or styles, by analysing
the methods used in studies of century-scale changes.

Methods

A quantitative meta-analysis of research on century-scale vegetation
changes was undertaken by assessing methodological attributes of all
relevant papers. Studies were included in this review if they fulfilled the
following criteria: (1) changes in terrestrial vegetation over periods of
approximately 50–200 years were comprehensively documented;
(2) quantitative ecological data were collected and analysed. Narrative-
based historical reviews and environmental histories were excluded;
(3) ecosystems or dominant species were studied. Papers which
documented declining ranges of individual species (e.g. threatened
species) were excluded; (4) historical studies of ecosystem processes
(e.g. changing fire regimes) were included if the impacts on vegetation
were comprehensively described; (5) studies of successive aerial
photographs were included when range changes were compared with an
older (pre-1940s) benchmark; (6) palynological studies were included
where considerable attention was given to vegetation changes in the
past few centuries; and (7) the review was primarily restricted to journal
articles, rather than books or monographs.

All relevant papers were collated from Australian Journal of Botany
(1953–2000), Australian Journal of Ecology/Austral Ecology
(1976–2000) and Australian Forestry (1974–2000) and by electronic
searches of Biological Conservation, Conservation Biology, Ecology,
Journal of Biogeography and Journal of Ecology for the period
1993–2000. All relevant references that were quoted in these papers
were also included. The review is comprehensive but not exhaustive,
particularly for palynological studies (see Dodson and Mooney 2002

for further discussion) and pastoral and rangeland studies, for which a
voluminous literature exists.

A clear distinction is made in this review between studies of
century-scale vegetation changes and studies of ‘environmental
history’ or ‘historical ecology’, for the following three reasons:
(1) many environmental histories are narrative based, often with little
ecological component, and were excluded from review; (2) the field of
historical ecology encompasses studies of decadal changes (Clark
1990; Swetnam et al. 1999), whereas the emphasis here is on longer-
term changes over centuries; (3) some ecological studies of century-
scale vegetation changes (e.g. some forest recruitment studies) are
essentially ahistorical and would rarely be considered as
‘environmental histories’. Thus, this review excludes narrative
histories, covers a more restrictive time period (c. 50–200 years) and
includes a broader range of ecological studies than would be included
in a review of environmental history in Australia (cf. Bowman 2001).

A limitation of this analysis is that suites of papers which
individually describe short-term phenomena (e.g. fire-induced
mortality), but which collectively address long-term dynamics
(e.g. effects of fire regimes), were not included. Our understanding of
the mechanisms driving century-scale vegetation dynamics obviously
incorporates a large literature on short-term processes. However, such
studies are beyond the scope of a single review.

Quantitative analyses

In all, 101 relevant articles were quantitatively analysed by using
11 methodological and environmental attributes, each with optional
attribute states, giving 88 attribute states in total (Table 1). The attention
each attribute state received in each paper was subjectively evaluated by
using three categories: none, minor or substantial. Most attribute states
in Table 1 are self-explanatory, but the following require some
explanation.

(a) Sampling design

The category ‘descriptive (single sample/site/region)’ included some
papers that used many data sets from different areas within a region, but
which did not analytically compare these data. The ‘comparative—one
or more gradients/samples’ category excluded simple chronosequences
and degradation sequences but included multivariate analyses along
multiple environmental gradients. The ‘comparative—multiple
comparisons’ category included studies that collected comparative data
from many sites, but which did not analytically compare these data
(e.g. many size- and age-class studies that present histograms from
many sites).

(b) Number of sampling periods

The number of sampling periods shows the number of times that
sample sites were visited or studied by the researchers, not the number
of successive data sets. Thus, most studies that used successive aerial
photographs were based on just one sampling period. A 5-year period
was arbitrarily defined as a single sampling period, to differentiate
studies based on repeated monitoring over long time periods from
short-term studies that took 2–3 years to complete.

(c) Vegetation types

Vegetation types were grouped according to a simplified structural
scheme based on Specht (1970), with the following amendments. Three
types of woodlands were recognised on the basis of understorey
structure and climatic zones (i.e. temperate grassy woodlands,
temperate shrubby woodlands and tropical savannas). ‘Heathlands’
were distinguished from ‘shrublands’. Lowland, species-rich
ecosystems dominated by shrubs on infertile soils in mediterranean or
maritime climatic zones were classed as ‘heathlands’, whereas species-
poor lowland ecosystems dominated by shrubs on fertile soils
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Table 1. Percentage frequency of occurrence of 88 methodological and environmental attributes in 101 studies of century-scale 
vegetation changes in Australia, and percentage frequency of each attribute state in five genres recognised from the unweighted, paired 

group, arithmetic averaging (UPGMA) classification of 101 studies
Vegetation type, climatic zone and explanatory variables were not included in the UPGMA analysis. Attributes occurring in >60% of samples in 

each genre are shown in bold

Attribute Degree of consideration Genre 1 Genre 2 Genre 3 Genre 4 Genre 5a Genre 5b
Major Minor Total Single spp. 

tree ring
Forest 

dynamics
Floristic 

degradation
Archival 

benchmark
Palynology Isotopes

Number of papers 11 23 26 28 11 2
Sampling design

Descriptive (single sample, site/region) 40 40 27 26 79 73 50
Comparative (>1 sample)—chronosequence 11 11 43 4
Comparative—degradation sequence 13 13 46 4
Comparative—1 or more gradients/samples 29 29 45 17 50 14 27
Comparative—multiple comparisons 14 14 27 30 4 7 50
Experimental treatments/plots 2 2 4 11 2

Number of sampling periods (>5 years apart)
1 93 93 100 78 88 100 100 100
2 3 3 4 8
3–5 1 1 4
>5 4 4 13 4

Time span covered
>5000 years 4 4 4 27
500–5000 years 9 9 4 73
200–500 years 18 18 73 43
50–200 years 63 63 27 52 96 82
<50 years 7 7 4 4 11 100

Information sources
Historical literature (pre-1920) 15 13 28 9 7 13 50 14
Archival records 13 10 23 27 7 12 38
Historical illustrations/photographs 6 6 12 4 8 21
Historical maps/plans (pre-1920) 15 5 20 12 48 9
Permanent photo points/profile diagrams 2 3 5 13 2
Oral history 2 11 13 5 2 4 18 5
Aerial photographs 29 12 41 18 37 31 52 9 50
Satellite imagery 3 1 4 13
Regional resource maps and reports 19 19 38 9 13 38 41 27
Field physical environmental measurements 42 15 57 9 67 79 36 23

Vegetation attributes
Pollen, stratigraphy 11 11 100
Opal phytoliths, carbonates/histology 2 2 9 50
Radiocarbon/lead-210 dating 13 3 16 14 2 4 95 50
Carbon isotopes 2 2 100
Dendrochronology 15 9 24 73 37 6 5
Fire scar dating and assessment 9 10 19 59 20 6 5
Vegetation remains (stumps, stags, logs) 9 8 17 9 35 10 5
Species distribution mapping 1 2 3 2 2 4
Stand age- or size-class sampling 24 6 30 50 70 17 4
Vegetation type, ecosystem mapping 32 4 36 28 19 75 14
Abundance, biomass, density (few species) 25 9 34 9 57 27 23 100
Floristic composition, density 45 2 47 52 77 14 91

Statistical analysis
Descriptive, textual/graphical 100 100 91 100 100 100 100 100
Univariate statistics/regression analyses 36 17 53 27 46 77 16 55 25
Multivariate statistics 19 1 20 13 63
Mathematical/predictive modelling 5 5 18 4 4 4

Ecosystem changes
Destruction, loss 28 3 31 14 2 38 63
Degradation 33 7 40 18 20 81 16 32 50
Extent (boundary, range changes) 32 32 30 31 54 18
Internal age, size structure/density 38 13 51 77 85 33 29
Internal composition 48 10 58 59 83 18 100 100

Temporal focus
Retrospective, benchmarking, loss 32 9 41 27 11 38 68 18
Continual (plant growth) 4 4 36
Continual (vegetation dynamics) 19 3 22 9 50 4 64
Continual (sequential human impacts) 10 2 12 23 4 9 27 100
Present (as a result of past impacts/processes) 56 3 59 41 67 81 39 32 100
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(e.g. floodplains) and montane and subalpine shrublands (including all
Tasmanian examples) were classed as ‘shrublands’. It was occasionally
difficult to categorise vegetation types reported in some papers, as
vegetation descriptions were often brief and structural terms varied
greatly between papers. However, this is unlikely to alter the general
trends reported here.

(d) Temporal focus

The ‘temporal focus’ category describes the time period used (often
implicitly) as a reference point in each paper. Thus, studies that
compared current distributions with pre-European benchmarks were
categorised as having a ‘retrospective’ focus, whereas papers that
described the extent to which current phenomena were affected by past
processes or impacts, but without any nostalgic or retrospective
viewpoint, were said to focus on the ‘present’. Many studies had no
particular temporal focus, but instead documented ‘continual’
ecosystem changes.

Multivariate analysis

A multivariate clustering analysis was used to identify the major genres
of century-scale ecological research, on the basis of  the methods used

in each paper. Environmental attributes (vegetation type and climatic
zone) and explanatory variables were excluded from this analysis
(Table 1). A matrix of 101 papers by 51 attribute states was analysed by
classification and ordination techniques. Data were classified by using
the hierarchical, agglomerative, flexible, unweighted, paired group,
arithmetic averaging (UPGMA) procedure, based on range-
standardised attribute states, the Bray–Curtis dissimilarity coefficient
and beta = –0.1, in the PATN package (Belbin 1994). The same data set
was then ordinated by global, non-metric multidimensional scaling
(NMDS) with the Bray–Curtis dissimilarity coefficient and default
options in the PATN package. A four-dimensional ordination analysis
was used as this resulted in considerably lower stress (0.14536) than
analyses with fewer dimensions.

Results

In general, century-scale vegetation changes have received
little attention from Australian ecologists. Only 101 papers
were found which met the selection criteria (see Methods),
including fewer than 2% of papers (44 of 2571) in all issues
of Australian Journal of Botany and Australian Journal of

Table 1. (continued)

Attribute Degree of consideration Genre 1 Genre 2 Genre 3 Genre 4 Genre 5a Genre 5b
Major Minor Total Single spp. 

tree ring
Forest 

dynamics
Floristic 

degradation
Archival 

benchmark
Palynology Isotopes

Vegetation type
Rainforest, closed forest 27 1 28 52 8 39 27
Tall open forest 20 20 36 48 8 11
Forest, open forest 35 5 40 36 22 27 68 45
Sclerophyll (heathy/shrubby) woodland 13 13 9 9 12 21 9
Grassy woodland 33 2 35 9 13 50 43 36 100
Savannah 7 7 9 4 12 4 9
Shrubland, scrub (fertile, species-poor) 25 3 28 39 23 29 27 100
Lowland heathland (infertile, species-rich) 4 4 9 9 4
Sedgeland 12 12 17 4 4 55
Tussock grassland 28 4 32 13 50 43 36
Herbland 3 3 4 4 9
Wetland, swamp/marsh 14 2 16 9 4 4 21 64
Riverine, riparian 5 6 11 4 29 18
Coastal, near-coastal 16 1 17 17 4 36 18

Climatic zone
Tropical, subtropical 25 25 27 9 19 46 18
Temperate 60 60 55 70 58 57 64
Semi-arid, arid 15 15 13 31 7 100
Alpine, subalpine 7 1 8 18 9 7 18

Explanatory factors
Natural environmental variables (e.g. soils) 29 18 47 52 62 50 45
Grazing—stock 36 11 47 18 30 85 32 45 100
Grazing—marsupials 1 4 5 17 4
Grazing—feral animals 9 4 13 17 15 14 9
Burning—undefined ignition 12 1 13 27 35 4 9
Burning—lightning 3 8 11 27 9 8 11 9
Burning—aboriginal 13 9 22 36 22 12 25 27
Burning—european 37 7 44 64 48 35 36 55 50
Agriculture—general 21 1 22 9 19 39 45
Vegetation clearance 21 7 28 13 38 46 18
Cropping 4 4 8 7
Soil disturbance, erosion 6 4 10 9 8 7 36
Fertilisation, eutrophication 7 1 8 23 4 9
Altered water, flooding regimes 6 6 7 36
Wind, cyclone damage 2 2 7
Forestry, timber harvesting 2 12 14 27 9 4 18 27
Urbanisation 7 3 10 9 12 18 9
European impact (general) 83 10 93 100 70 100 96 100 100
Aboriginal impact (general) 10 18 28 45 17 12 43 36
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Ecology/Austral Ecology. The 101 relevant papers are listed
in the Appendix.

Not surprisingly, the degree of documentation of changes
varied among ecosystems and regions (Table 1). Century-
scale changes have been frequently studied in temperate
forests, woodlands, tussock grasslands and rainforests, but
lowland heathlands, herblands and hummock grasslands have
received little attention (Fig. 1). Most studies have been
conducted in temperate regions (60%), but a number of studies
have been conducted in tropical and/or subtropical regions
(25%), arid/semi-arid regions (15%) and alpine areas (8%).

Few studies involved repeated sampling. Most study areas
(93%) were sampled just once and only four studies had
more than five sampling periods (>5 years apart): Crisp
(1978) and Crisp and Lange (1976) in a semi-arid shrubland
at Koonamore in South Australia, Wahren et al. (1994) in
alpine grassland and shrubland in the Bogong High Plains
and Ashton (2000a) in tall open forest at Wallaby Creek in
Victoria. These are the only ‘long-term’ ecological studies
included in this review. Only one study was primarily based
on a single series of (unreplicated) long-term experimental
plots: the alpine grazing study by Wahren et al. (1994).
While many papers (40%) described changes at a single site
or region, most papers (53%) compared multiple sites
arranged along environmental gradients, degradation
sequences or chronosequences (Table 1).

Floristic composition was the most commonly sampled
vegetation attribute (47%), followed by vegetation
boundaries (36%), the abundance of selected species (34%)
and stand size- and age-structures (30%). The most common
information sources, other than field vegetation sampling,
were field measurements of environmental features

(e.g. soils) and aerial photographs. Collected data were
usually analysed very simply and most studies used
rudimentary statistics: univariate statistics were used in only
53% of papers and multivariate analyses in 20% (Table 1).

Most papers (58%) described changes in internal
composition, but changes in internal structure (51%) and
boundaries or ranges (32%) were also commonly reported.
These changes were often deemed to be negative and internal
degradation (40%) and destruction (31%) were frequent
themes. The most common temporal perspective was to
interpret current vegetation patterns as an outcome of past
events or processes (59%). However, many papers had a
retrospective focus (41%), with a strong emphasis on past
vegetation patterns. Most of these papers described
ecosystem degradation or destruction. Another third of
papers described continual changes without strong temporal
benchmarking. This approach was most commonly adopted
in studies of forest dynamics, where ecological changes were
described with no obvious preference for one phase over
another.

Most papers attributed vegetation changes to European
impacts (93%), especially European burning regimes, stock
grazing, vegetation clearance and agriculture (Table 1).
Aboriginal impacts (usually due to fire regimes) received
prominent attention in a small proportion of papers (13%),
but minor attention in many more (28% in total). Natural
environmental variables (such as soils and aspect) were
widely reported (47%), but were typically invoked to explain
spatial patterns rather than historical changes.

Genre classification

Five distinctive genres (one with two subgenres) were
identified from the classification of methodological
attributes: (1) single-species tree-ring and fire-scar studies;
(2) forest dynamics and age-structure studies; (3) floristic
degradation studies; (4) archival benchmarking studies; and
(5) palynological studies (Fig. 2; Tables 1, 2). The ordination
plots illustrate the close relationships, and lack of substantial
demarcations, between many genres (Fig. 2). Notwith-
standing the obvious gradients, all genres are clearly
identifiable along different axes of the ordination space
(Fig. 2a–d). Characteristic features of each genre are
described below.

(a) Genre 1: single-species tree-ring and fire-scar studies 
(n = 11)

Papers in this genre studied the following two related
topics: (1) the ages of dominant species and (2) fire
histories. Both topics involved similar methods and tree
rings and fire scars were measured to identify the ages of
plants and dates of fire events. Studies were conducted in
temperate, tropical and alpine regions, especially in open
forests and tall open forests (both 36%; Tables 1, 2). Most
studies (73%) assessed changes over 200–500 years,
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Fig. 1. Percentage frequency of occurrence of major vegetation
types in 101 papers on century-scale vegetation changes in Australia
(n = 101).
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reflecting the longevity of the species studied. The major
sampling methods were dendrochronology (73%), fire-scar
dating (59%) and size- or age-class sampling (50%) and all
study sites were only sampled once. Consequently, results

usually described changes in internal size or age structures
(77%), rather than changes in boundaries or floristic
composition. Data analysis was usually very simple, without
statistics (Tables 1, 2).

Fig. 2. Output from non-metric multidimensional scaling (NMDS) ordination of 101 papers on century-scale vegetation changes in Australia,
showing the major genres identified from the unweighted, paired group, arithmetic averaging (UPGMA) clustering analysis.
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Fire was the most common explanatory variable for
historical changes (91%), especially European burning
regimes. The temporal perspective varied, including studies
in which no temporal benchmark was apparent and those
which described present patterns as an outcome of past
events or processes. Only two studies implied a retrospective
pre-European benchmark.

(b) Genre 2: forest dynamics and age-structure studies 
(n = 23)

Papers in this genre focused on long-term vegetation
dynamics, successional changes and recruitment events,
especially in relatively undisturbed ecosystems. Most studies
were conducted in temperate climates (70%), in rainforests
(52%), tall open forests (48%), shrublands (39%) and open
forests (22%) and occasionally in other ecosystems
(Table 1). Vegetation changes over 50–500 years were
documented. A variety of sampling designs was commonly
used, especially chronosequences (43%), but degradation
sequences were never employed.

Studies in this genre typically sampled more vegetation
attributes than other genres, with an average of 3.8
vegetation attributes per paper, compared with
approximately two attributes in other genres. The vegetation
attributes that were most commonly sampled were size or
age structure (70%), the abundance of selected species
(57%) and floristic composition (52%). Most sites were
sampled just once (78%), but this genre also included all
long-term studies that had five or more sampling periods
(Crisp and Lange 1976; Crisp 1978; Wahren et al. 1994;
Ashton 2000a). Univariate statistics were more commonly
used than multivariate analyses (46% cf. 13%).

Changes in internal age or size structure (85%) and
internal composition (59%) were most commonly described,
and few studies (2%) described ecosystem destruction or
losses. The most common explanatory variable was fire
(83%), either from European (48%) or undefined ignitions
(35%). Despite the long-term nature of many studies
(200–500 years), Aboriginal impacts were rarely considered
in detail; Aboriginal burning was mentioned in 22% of
papers, but usually received little attention. Most papers
described continually changing vegetation dynamics with no
obvious temporal benchmark (50%), or interpreted present
patterns as the outcomes from past processes or events
(67%). While some papers included both perspectives, few
papers had a retrospective focus (11%).

Studies in this genre addressed similar questions to the
dendrochronological papers in Genre 1, but sampling and
analyses were usually more complex and varied and focused
on ecosystem changes rather than growth rates of individual
species. Dendrochronology and fire-scar sampling were the
primary sampling methods in Genre 1, but usually
provided minor, supplementary information to papers in
Genre 2.

(c) Genre 3: floristic degradation studies (n = 26)

The primary concern of papers in this genre was
degradation of grasslands and woodlands by European
grazing stock, and most studies emphasised changes in plant
composition rather than vegetation structure. Most studies
were conducted in temperate (58%) or semi-arid (31%)
regions, usually in grassy woodlands or tussock grasslands
(both 50%) and less commonly in open forests (27%) or
shrublands (23%). Documented vegetation changes never
exceeded 200 years.

Sampling was usually conducted along degradation
sequences (46%) or multiple environmental gradients
incorporating degradation sequences (50%). In contrast to
all other genres, this genre included no descriptive, non-
comparative studies of single sites or regions. Statistical
analyses tended to be more complex than in other genres and
usually included univariate (77%) and multivariate (63%)
analyses of floristic data.

Floristic composition was most commonly sampled
(77%) and sampling of stand size- or age-structures was
uncommon (17%). Consequently, results usually
documented changes in internal composition (83%), and
changes to ecosystem boundaries (31%) and internal
structure (33%) were less commonly reported. Most changes
were perceived to be negative and ecosystem degradation
was a common theme (81%).

All studies in this genre attributed changes to
European impacts and rarely to Aboriginal management.
Most changes were attributed to grazing stock (85%).
The most common temporal perspective (81%) was to
interpret present conditions as an outcome of past
management, but 38% of studies included some degree of
retrospectivity. Temporal perspectives tended to be related
to research agendas. Production-orientated studies
typically focused on the present and interpreted current
conditions as outcomes of past activities, with little
nostalgia or concern for past losses (e.g. Biddiscombe
1953; Barker and Lange 1969; Hacker 1987). By
contrast, most biodiversity studies were strongly
retrospective and highlighted degradation and losses
(e.g. Fensham 1989; Prober and Thiele 1995). Owing to
the reliance on degradation sequences, most studies
compared present vegetation conditions with an inferred
original state and few studies documented sequential
changes at particular localities.

A number of papers that were classified in this genre
(e.g. Bowman and Latz 1993; Bowman and Panton 1993;
Ashton 2000b: Appendix) could be grouped more
appropriately with forest dynamics studies in Genre 2. Their
classification into this genre was possibly influenced by their
reference to vegetation destruction, which was a
characteristic feature of many studies in Genre 3, but rarely
mentioned in forest dynamics studies in Genre 2.
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(d) Genre 4: archival benchmarking studies (n = 28)

The primary concern of papers in this genre was the
impact of human activities (usually European) on natural
ecosystems. Whilst all other genres analysed ecological data
collected from the field, the main data source for studies in
this genre was historical, including old documents, maps and
photographs (Table 1).

This genre included a wider variety of ecosystems than
other genres (Table 1), especially from subtropical and
tropical regions (46% of studies). Most studies were
conducted in open forests (68%), but tussock grasslands
(43%), grassy woodlands (43%), rainforests (39%) and
shrublands (29%) were all commonly studied (Tables 1, 2).
Most studies (79%) focused on a single site or region and
sampling was always conducted just once. The duration of
recorded changes never exceeded 200 years. Statistical
analyses were rare in this genre; only 16% of studies used
univariate statistics and none used multivariate analyses.
Boundary changes (usually declines) were more commonly
reported (54%) than changes in internal structure (29%) or
composition (18%) and many papers documented ecosystem
destruction (63%).

Three subtly different subgenres can be recognised within
this genre, on the basis of the following primary information
sources: (a) aerial photographs; (c) historical maps and
archival information; and (c) historical literature and archival
information. These three styles were recognised at a lower
level in the UPGMA classification.

The first subgenre used aerial photographs to map
successive changes in vegetation boundaries, with little use
of the historical literature or archival information (e.g. Bren
1992; Bennett 1994; Harrington and Sanderson 1994).
Changes were usually described in terms of ongoing losses
to ecosystems or structural features. These studies were
usually strongly retrospective in focus and described changes
in relation to pre-European benchmarks.

The second subgenre used historical maps rather than
aerial photographs, supplemented by archival and historical
literature, to document the original extent (and sometimes
structure) of depleted vegetation types. All studies in this
subgenre had a strong retrospective focus. Range changes
since European settlement were commonly documented, but
some studies (e.g. Croft et al. 1997; Fensham and Holman
1998) also used historical information to document changes
in tree density and ecosystem structure. Vegetation losses
were invariably due to vegetation clearance for agriculture.

Both of the above subgenres had similar aims and the
major difference was the primary data source (aerial
photographs or historical maps). Most studies that analysed
historical plans (subgenre 2) were from temperate regions
cleared for cities or agriculture, where natural vegetation
patterns were obliterated before aerial photographs were
taken. By contrast, aerial photograph studies in the first

subgenre were from a variety of ecosystems, often tropical or
subtropical and vegetation changes were often attributed to
changes in Aboriginal and European fire regimes, rather than
vegetation clearance (e.g. Harrington and Sanderson 1994;
Bowman et al. 1999).

The third subgenre largely relied on archival reports,
plans and historical literature, often supplemented by aerial
photographs. Most papers in this subgenre described the
impacts of successive European activities on natural
ecosystems and thus incorporated European history to a
greater extent than any other genre (e.g. Pulsford et al. 1993;
Lunt 1998; Hill et al. 2000). Boundary changes (usually
losses) were commonly described but, reflecting the broader
information base, changes in internal composition or
structure were also often discussed. In contrast to the
previous two subgenres, all papers in this subgenre
interpreted present patterns as outcomes of past impacts and
none had a retrospective focus.

 (e) Genre 5a: palynological studies (n = 11)

Pollen studies documenting century-scale vegetation
changes have been conducted in a wide variety of vegetation
types (Table 1), but since moist sites are required for pollen
preservation, studies have been strongly biased towards
wetlands (64%) and wetland vegetation types such as
sedgelands (55%). Most studies have been conducted in
temperate regions (64%) and no studies were encountered
from semi-arid or arid regions. All sites were sampled just
once and most studies (73%) sampled single sites only. The
temporal duration of studies exceeded all other methods and
typically ranged from 500 to 5000 years (longer-term studies
with minimal attention to century-scale changes were
excluded). Vegetation sampling was largely restricted to
pollen and stratigraphic surveys, with carbon-14 or lead-210
dating. Statistical analyses often involved basic univariate
tests (64%).

Most studies documented changes in floristic
composition (91%), and changes in boundaries or internal
structure were rarely documented. Vegetation changes were
attributed to many factors (Table 1), including burning by
Europeans (55%), stock grazing and agriculture (both 45%).
Most studies focused on European (100%) rather than
Aboriginal (36%) impacts. The temporal perspective of
pollen studies included continual, ongoing changes with no
apparent benchmarking (64%) and interpreting present
patterns in light of past processes (36%). Few papers were
retrospective (18%).

(f) Genre 5b: carbon isotope studies (n = 2)

Two distinctive studies by Witt et al. (1996, 2000) were
classified with palynological studies, perhaps because of the
shared use of radiocarbon dating. Both studies used carbon
isotope analysis of sheep products (wool and faeces) to
identify changes in species abundances in semi-arid grassy
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woodlands and shrublands. Methods included carbon
isotopes (Witt et al. 1996, 2000) and plant histological
analysis and radiocarbon dating (Witt et al. 2000). The
results of both studies documented changes in plant
composition (not boundary or structural changes) due to
stock grazing. Both studies had similar objectives to the
floristic degradation studies in Genre 3, but documented
sequential changes in plant composition at particular sites,
rather than inferring past changes from degradation
sequences.

Discussion

The above review highlights the diversity of research on
century-scale vegetation changes in Australia. The effects of
floods, cyclones, European and Aboriginal fire regimes,
grazing stock, feral animals, timber harvesting, urban
development and vegetation clearance have all been
documented in one ecosystem or another. However, the
results also highlight great variations between ecosystems,
not only in the number of studies conducted, but also in the
methods used and ecological attributes studied. These
differences reflect different research interests in different
ecosystems (e.g. stock grazing is more common in
woodlands than rainforests), plus impediments to the use of
particular methods in different ecosystems (e.g. tree rings
cannot be studied in grasslands).

The classification of five research genres provides a
useful framework for discussing century-scale ecological
research in Australia. As shown by the ordination analyses
(Fig. 2), these genres are not disparate and unrelated, but
instead occupy zones along continua. The absence of
disparate styles is to be expected given the restrictive
selection criteria for the analysis (see Methods). 

The utility of the classification can be demonstrated in the
following two ways: (1) the five genres are characterised by
different methodologies and are easily recognised, both
intuitively and analytically; and (2) most papers were
appropriately classified into groups containing similar,
related papers. However, despite its utility, a number of
papers (14%) intuitively appear to have been classified into
inappropriate genres (Appendix). The analysis was
undertaken to identify high-level genres rather than to
impose a priori themes and it was not intended to ‘pigeon-
hole’ papers into particular genres. Consequently, these
papers have been subjectively reclassified into more
appropriate genres in the Appendix.

In addition to documenting changes in different
ecosystems, the five research genres also document different
types of ecological changes. Thus, forest dynamics studies
have focused on structural and floristic changes, whereas
tree-ring studies have documented structural changes, and
floristic degradation studies have documented floristic
changes with little consideration of structural or boundary
changes. By contrast, archival benchmarking studies have

described boundary changes (especially range declines) in
many ecosystems, with less attention to internal floristic or
structural changes. Palynological studies differ from most
other genres in documenting sequential floristic changes at
particular sites, rather than using space-for-time
substitutions such as chronosequences or degradation
sequences. Overall, the forest dynamics genre has provided
the most comprehensive understanding of century-scale
changes, due to the inclusion of a greater number of
ecosystem attributes in most studies, including structural,
compositional and boundary attributes.

Ecosystem comparisons

The paucity of relevant research in ecosystems such as
hummock grasslands and lowland heathlands reflects the
existence of one or more of the following three constraints: a
paucity of researchers (or research funding), a paucity of
analysable data, or a paucity of real ecological changes.
Different reasons may apply in different ecosystems. All
three constraints may be relevant in arid hummock
grasslands. By contrast, data constraints are likely to be most
restrictive in lowland heathlands, which otherwise receive
considerable research attention (e.g. Specht 1981; Keith and
Bradstock 1994; Keith et al. 2002).

Heathland data constraints may be due to a number of
factors: (1) heathland fires often occur at decadal rather than
100-year intervals (Keith et al. 2002), giving greater
imperative to the study of shorter-term ecosystem responses;
(2) frequent burning destroys evidence of past events, such
as growth rings and fire scars on shrubs; (3) disturbance
events before the earliest aerial photographs in the 1940s
were rarely documented accurately and are often obscured by
more recent disturbances, especially fires; and
(4) degradation sequences are generally inappropriate, other
than to document anthropogenic disturbances such as urban
encroachment (e.g. Clements 1983; Rose and Fairweather
1997).

In marked contrast to lowland heathlands, many studies
have described century-scale vegetation changes in
temperate grassy woodlands. However, a strong reliance on
a limited methodological base (i.e. degradation sequences)
greatly restricts our understanding of structural woodland
changes. While abundant information is available on
changes to herbaceous species (e.g. Moore 1964; McIntyre
and Lavorel 1994; Prober and Thiele 1995), there is little
quantitative information on structural changes in tree and
shrub densities, or on sequential changes in particular sites.

The paucity of data on structural changes was highlighted
in a vigorous recent debate about pre-European tree densities
in woodlands in New South Wales (e.g. Rolls 1981, 1999,
2000; Norris et al. 1991; Flannery 1994, 1998; Ryan et al.
1995; Benson and Redpath 1997, 1998; Croft et al. 1997),
much of which focused on alternative interpretations of
limited archival and historical literature. Although a number
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of recent studies (e.g. Croft et al. 1997; Lunt 1997b;
Fensham and Holman 1998; Lunt et al. 2001) provide useful
methods to advance our understanding of past woodland
densities, at present much of the ‘certainty’ implied from
both sides of this debate is not supported by accurate
ecological data. In contrast, considerable information is
available on structural changes in savannah woodlands due to
changing fire regimes (e.g. Bowman and Panton 1993;
Bowman 1997; Crowley and Garnett 1998).

Despite extensive research on shrub encroachment over
the past century in semi-arid shrublands and woodlands (e.g.
Harrington et al. 1979; Walker et al. 1981; Hodgkinson and
Harrington 1985; Noble 1997), surprisingly few studies
provide quantitative ecological data on century-scale
structural changes in these ecosystems and only one paper
was included in this quantitative analysis (Oxley 1987). By
contrast, reviews of shrub encroachment have relied on
archival, historical and anecdotal accounts. This has
generated a rich understanding of broad ecological changes
and social impacts (e.g. Rolls 1981; Noble 1997). However,
further work is required to embed this history in spatial,
geographic and ecological contexts, by addressing issues
such as spatial variations in tree densities prior to dense
recruitment and the spatial extent and magnitude of structural
changes since the late 1800s (e.g. Pulsford et al. 1993).

Even though fewer relevant studies have been conducted
in tall open forests than in some other ecosystems (Fig. 1),
the most comprehensive information on century-scale
vegetation changes is from tall open forests and rainforests
in Tasmania and Victoria (e.g. Gilbert 1959; Jackson 1968;
Howard 1973; Brown and Podger 1982; Ellis 1985; Read and
Hill 1988; Dodson et al. 1998; McCarthy and Lindenmayer
1998; Hickey et al. 1999; Ashton 2000a, 2000b). The strong
research interest in Tasmania reflects the enormity of
structural, compositional and boundary changes that have
resulted from different fire regimes in high rainfall areas of
Tasmania (Gilbert 1959; Jackson 1968; Mount 1979).
Detailed regional studies of vegetation changes and
successional relationships within and between rainforests,
tall open forests, shrublands and grasslands (e.g. Ellis 1985;
Ashton 2000a), are unparalleled in other Australian regions
and ecosystems.

Long-term ecological research

The paucity of long-term ecological studies in Australia (and
elsewhere) is well known (Austin 1981; Westoby 1991; Hahs
2001). As a consequence, long-term ecological studies have
made a very small contribution to our understanding of
century-scale vegetation changes. Instead, this knowledge
has largely been derived from short-term studies of
palynological cores, stand structures, space-for-time
substitutions (degradation sequences and chronosequences)
and archival information. Long-term vegetation studies are
difficult to manage and fund and require great personal

dedication for their success. Consequently, few long-term
studies have been, or are likely to be, maintained in Australia
(Westoby 1991).

Only three study areas that have been sampled for more
than approximately 50 years warranted inclusion in this
review: the semi-arid Koonamore Grazing Reserve in South
Australia, monitored since 1925 (R. Sinclair, pers. comm.,
March 2001); the Bogong High Plains alpine grazing plots,
studied since 1945 (Wahren et al. 1994; D. Williams, pers.
comm., April 2001); and David Ashton’s (2000a, 2000b)
research on tall open forest in Wallaby Creek, conducted
from 1949 to 1997. None of these studies included replicated
plots from different experimental treatments. The
Koonamore study has just one, unreplicated, treatment
(grazing exclusion), the Bogong High Plains study has
unreplicated grazed and ungrazed treatments and Ashton’s
studies include a mixture of fixed plots monitored at various
intervals and shorter-term chronosequences. Nevertheless,
these few long-term studies demonstrate the variability and
unpredictability of many vegetation changes and highlight
the diversity of temporal changes that cannot be deduced
from most short-term studies based on chronosequences or
degradation sequences.

The above long-term studies were initiated before the
upsurge of ecological research since the 1970s and more
long-term studies can be expected in the future, as newer
studies mature (Hahs 2001). However, rather than investing
heavily in new long-term study sites, it may prove more
efficient to develop a more opportunistic strategy of
encouraging new researchers to resample sites used in earlier
studies (e.g. Ashton 2000a, 2000b). While this approach has
an element of serendipity and more limited outcomes
(Austin 1981), it may have a better chance of success than
attempting to initiate and maintain many new long-term
studies.

Predicting future vegetation changes

Many historical ecological studies are justified by statements
akin to, ‘to successfully conserve ecosystems in the future,
we need to understand why they have changed in the past’.
Consequently, it is worth considering the contribution of
century-scale vegetation studies to ecologists and vegetation
managers. Studies on century-scale vegetation changes have
contributed to the development of models of vegetation
succession under different disturbance regimes, as
highlighted by Noble and Slatyer’s (1980) modelling of data
from Gilbert (1959) and Jackson (1968). Such models have
proven useful for predicting the impacts of different
management regimes on future vegetation changes.

In a review of long-term research in Australia, Westoby
(1991, p. 203) asserted that, ‘Global change…is plainly the
most important applied problem for…ecologists’ and
suggested that a high priority for long-term research should
be to measure changes over time, ‘on the premise that we
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need to begin collecting a coherent record now, in order to
have data against which to assess any understanding or
models of global change we may develop in 10, 30 or 50
years’ time’ (Westoby 1991, p. 200). Unfortunately, many
studies of century-scale vegetation changes may have little to
contribute to our understanding of future global changes,
owing to their short-term duration, use of space-for-time
substitutions, and site specificity, which prevents the
separation of local, regional and global influences. Most
archival benchmarking studies (Genre 4) have limited
applicability in this context, as many are expressly historical
and aim to document past changes but not to predict future
trends. Indeed, a common (often implicit) agenda is to
change the direction of future trends, by providing
information to influence land-management decisions.
Dendrochronological and palynological studies have the
greatest potential to provide long-term data to document
global climate changes, though studies conducted over
millenia rather than centuries may prove most useful in this
regard.

Future research directions

Future research on century-scale vegetation changes will be
influenced by new technologies and evolving intellectual and
applied agendas. Technological developments can provide
new tools to both investigate past changes (e.g. Witt et al.
2000) and to monitor future changes (e.g. satellite imagery).
Furthermore, ongoing monitoring of study sites established
in recent decades will expand our understanding of the long-
term effects of management and environmental factors on
plant composition.

A number of areas requiring further study are apparent
from this review. First, there is little information on century-
scale vegetation changes in many ecosystems, especially
lowland heathlands, hummock grasslands and herblands.
Second, even in well-studied ecosystems, our knowledge of
century-scale changes is often partial, as a result of a strong
reliance on a limited methodological base (e.g. floristic
degradation sequences in grassy woodlands) and a greater
variety of research approaches are required to broaden our
understanding of changes in these systems. It is hoped that
further research will correct these imbalances, to provide a
more mature understanding of century-scale vegetation
dynamics in all major Australian ecosystems.

Finally, considerable opportunity exists to document
long-term ecosystem responses to successive disturbances
resulting from European utilisation and management (e.g.
Motzkin et al. 1996, 1999; Foster et al. 1998). Relatively
little attention has been given to documenting the impacts of
successive waves of European agricultural or industrial
developments on vegetation structure and composition.
Instead, most studies provide simple comparisons of pre-
European and current conditions, or document implied
historical changes by using space-for-time substitutions.

Consequently, successive ecological changes throughout the
19th and early 20th centuries have rarely been described in
detail. This research agenda will require the use of a wide
variety of research methods, including greater integration of
ecological field measurements and historical archival
material.

The above agenda is not purely historical, as the persistent
effects of past events and processes have great potential to
influence the outcomes of future events. As noted by Clark
(1990, p. 18), ‘Studies of the recent past, on a time-scale of
decades to centuries, are critical for understanding the
dynamics of Australian ecosystems before and since
European settlement in 1788 and for predicting effects of
local, regional and global environmental changes over the
next few decades and centuries’. It is hoped that century-
scale vegetation changes will receive greater attention from
ecologists in the 21st century.
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Appendix. Results from unweighted, paired group, arithmetic averaging (UPGMA) clustering of 101 papers on century-scale vegetation 
changes into five methodological genres

Genres: (1) single-species tree-ring and fire-scar studies; (2) forest dynamics and age-structure studies; (3) floristic degradation studies; (4) archival 
benchmarking studies based on (4a) aerial photographs, (4b) historical maps and (4c) historical and archival literature; (5a) palynology and 

(5b) carbon isotope studies. Where UPGMA classification results appear counterintuitive, a subjective reclassification is indicated in parentheses

Reference Genre Reference Genre

Ash (1983) 1 Hill et al. (2000) 4c
Ash (1988) 4a (2) Hopkins and Robinson (1981) 2
Ashton (1976) 2 Howard (1973) 2
Ashton (2000a) 2 Jackson (1968) 2
Ashton (2000b) 3 (2 or 4b) Jeans (1978) 4b
Banks (1989) 1 Jenkins and Kershaw (1997) 5a
Banks (1997) 1 Johnson (2000) 5a
Barker (1988) 1 (2) Johnson et al. (2000) 4a
Barker (1991) 2 Knott et al. (1998) 4c
Barker and Lange (1969) 3 Lamont and Downes (1979) 1
Bennett (1994) 4a Lawrence (1999) 4c
Biddiscombe (1953) 3 Lunney and Leary (1988) 4b
Boon and Dodson (1992) 5a Lunt (1997a) 4b
Bowman (1997) 2 Lunt (1997b) 4b
Bowman and Latz (1993) 3 (2) Lunt (1997c) 3
Bowman and Panton (1993) 3 (2) Lunt (1998) 4c
Bowman et al. (1999) 4a McCarthy and Lindenmayer (1998) 1 (2)
Boyd et al. (1999) 5a McIntyre and Lavorel (1994) 3
Bren (1992) 4a McIntyre et al. (1995) 3
Bromham et al. (1999) 3 McLoughlin (1987) 4b
Brown and Podger (1982) 2 Mills (1988) 4b
Bulow-Olsen et al. (1982) 1 Mooney et al. (1997) 5a
Burrows et al. (1995) 1 Moore (1953) 3
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Cullen and Kirkpatrick (1988) 2 Pickard (1982) 3
Dodson (1974) 5a Podger et al. (1988) 2 (2 or 4)
Dodson (1986) 5a Price and Bowman (1994) 1 (2)
Dodson et al. (1994a) 5a Prober and Thiele (1995) 3
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Dodson et al. (1998) 5a Read and Hill (1983) 2
Dorrough and Ash (1999) 3 Read and Hill (1988) 2
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Fensham and Skull (1999) 3 Unwin (1989) 2
Fensham et al. (1998) 4a Wahren et al. (1994) 2 (2 or 3)
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