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Tree Densities Last Century on the Lowland
Gippsland Plain, Victoria

IAN D. LUNT

Tree densities in the mid /8oos were calculated for /6 areas on the
lowland Gippsland plain, Victoria, using data on historical maps. The
plotless, closest individual method was used on map data, which listed
the distance and compass bearings of trees from allotment corners.
Densities ranged from 2 to 59 trees per hectare, with most estimates
below 30 trees per hectare. Sparsest trees were in and near areas
mapped as 'open plains' and the densest tree cover was on seasonally
flooded river flats. Whilst it seems prudent to treat such figures as
indicative rather than precise, this simple method holds considerable
promise for obtaining quantitative estimates of tree densities before
widespread clearing.

In areas where native vegetation has been
substantially cleared, historical maps provide
an invaluable source for reconstructing past
vegetation patterns. Such maps have often been
used to construct maps of 'pre-European'
vegetation and to link these patterns with
environmental features such as soils and
geology (eg Jeans, 1978; Mills, 1988; Smith,
1988; Fensham, 1989; Lunt, I997a). Unfor-
tunately, historical sources usually provide little
quantitative information on features such as tree
densities or the relative abundances of dominant
species. Such information is useful for
vegetation management and restoration, and in
assessing landscape changes since European
colonisation (eg Walker et al., 1993).

Dr Lunt was formerly at the School of Botany, La Trobe
University, Bundoora. Victoria 3083. Present address: Post-
doctoral Research Fellow. Johnstone Centre, Charles Sturt
University, PO Box 189, Albury, New South Wales 2640.

Tree densities have been dramatically
reduced over much of temperate Australia in
the past 200 years (Woodgate and Black, 1988;
Graetz et aI., 1995). However, more subtle
changes in tree densities and abundances have
also occurred in surviving remnants. Some early
observers reported localised increases in tree
densities and Howitt (1890) attributed such
changes to the cessation of regular Aboriginal
burning. Unfortunately, such changes are
difficult to quantify, since most early vegetation
descriptions use qualitative, subjective terms,
such as 'open forest' or 'dense scrub'. Many
early illustrations provide valuable visual
images, but their fidelity to the original
landscape is often questionable.

North American ecologists have shown that
some survey plans provide a useful source of
quantitative data, from which tree densities can
be estimated (Cottam, 1949; Cottam and Curtis,
1956). In this paper, survey plans are used to

Au.ftralian Geographical Studie .•• December 1997.35(3):342-348



Tree Densities on Lowland Gippsland Plain

estimate tree densities in grassy forests and
woodlands on the lowland Gippsland plain, in
eastern Victoria (Fig. I, in Lunt, I997a). The
region was settled in the early 1840s and
originally supported extensive grasslands,
grassy forests and woodlands, and riverine
scrubland (Lunt, I997a), but most vegetation
has since been cleared for agriculture and only
small remnants survive (Aldrick et aI., 1988;
Lunt, I997b).

Methods
Historical plans of the region were examined at
the Central Plans Office of the Department of
Natural Resources and Environment in
Melbourne, and 92 maps which contained
references to vegetation patterns were collated
and analysed (Lunt, I997a). All map numbers in
this paper (Table I, column I) follow the
microfiche filing code numbers at the Central
Plans Office.

Twenty maps included tables showing the
distance and compass bearings of marked trees
from allotment corners or fence posts. All were
from intensively subdivided agricultural and
township areas. These tables provide valuable
data on two features: (I) they allow a
quantitative assessment of the frequencies of
various species groups (eg 60 per cent gum, 28
per cent box, 12 per cent oak) in an area, and (2)
tree densities can be calculated from the 15
maps which show the distances from allotment
corners to the closest tree, using the plotless,
closest individual method of Cottam and Curtis
(1956). By this method, the average tree density
can be obtained using the formula: density =
0.25 * (mean distance)-2 (Cottam and Curtis,
1956; Greig-Smith, 1983). This method requires
that comer-to-tree distances are measured at all
allotment corners, regardless of the practicality
to the surveyor of measuring long distances in
sparsely treed areas. In practice, some maps
listed no distances for many corners, especially
in sparsely timbered areas. Where trees could
not be marked, the surveyors instead noted that,
'All the remaining angles are distinctly marked
with stake, trench and no. on the ground' (map
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PA 046). This more laborious alternative was
presumably adopted when trees were too far
distant to mark the allotment corner usefully.

In calculating tree densities, all treeless points
which were clearly within a broad treeless area
(i.e. part of an 'open plain') were excluded from
analysis, except for one set of points which was
entirely within an 'open plain'. Treeless points
within timbered areas were treated in two ways
to obtain maximum and minimum density
estimates. Maxima were obtained by ignoring
treeless points, thereby resulting in an over-
estimation of actual tree densities. Minima were
obtained by assuming an arbitrary corner-to-tree
distance, 5 m longer than the maximum corner-
to-tree distance, which was recorded on the
same map sheet. Both methods were used on all
maps which had treeless points at some
allotment corners; density data are presented
with and without the inclusion of treeless points.
Often, more than one tree was blazed on many
allotment corners, with one in each of the four
contiguous lots (eg one in the lot northwest of
the corner, one to the southwest, etc). In such
cases, only the closest tree to the corner was
used in density calculations, although all trees
were used in assessments of relative frequencies
of tree species. Five maps showed the distance
of trees from fence posts along boundary fences,
rather than from allotment corners. Tree
densities were not calculated from these maps,
but they were used to calculate the relative
proportions of different tree types.

All historical plans listed common names,
such as 'gum', 'box' or 'oak', rather than
scientific species names. Many common names
may encompass a number of currently
recognised species. Probable species identities
(Table II) were determined from a survey of
remnant vegetation on the lowland Gippsland
plain (Lunt, 1997b) and by reference to regional
vegetation descriptions (Land Conservation
Council Victoria, 1982; Aldrick et at., 1988).

Results
Tree density estimates were obtained from 16
areas on 15 map sheets. Separate calculations
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were undertaken for clearly defined 'open plain'
and 'forest' areas on one map. Plots of the
running-mean demonstrated substantial in-
stability in density calculations for maps with
20 or fewer data points, leaving eleven reliable
density calculations, based on 24 to 136 data
points (Table I).

Density estimates varied from a minimum of
2-9 trees!ha (depending upon the calculation
method), in an area annotated as 'open plains
good agricultural land' , near Denison and
Winnindoo, to a reliable maximum of 59 trees!
ha in an area annotated as 'good agricultural
land liable to be flooded in very wet seasons' at
Stratford township on the banks of the Avon
River (Table I). An unreliable maximum (based
on just 20 sample points) of 83 trees/ha was also
obtained in Stratford township. However, an
estimate from exactly the same area, based on
twice as many sample points (n = 43) on an
earlier mapsheet (FEA TR 393: Table I) gave
only 34 treeslha, suggesting a probable over-
estimation from the 20 point calculation.

Tree densities were calculated by two methods
for maps in which no trees were recorded at some
allotment corners (see methods). In most cases,
the effect of the calculation method was
relatively minor (Table I). One of the most
notable differences in density estimates occurred
in an 'open plains' area, where trees were absent
from 48 per cent of the 31 allotment corners
(Map PA D48b I, Table I). Ignoring these corners
led to a maximum density of 9 trees!ha, whereas
including them led to just 2 treeslha. Densities of
between 18 and 30 treeslha were recorded from
an adjacent 'thickly timbered ... gum and she
oak' zone on the same mapsheet. The three most
common species groups, gum, box and sheoaks,
accounted for 92 per cent of all records (Table II)
and dominated all but one list (on map PAS242),
which was co-dominated by 'gum' and 'myrtle'
(presumably the small tree, Bursaria spinosa
Cav.).

Discussion
The above results provide quantified values for
the relative abundances of different tree taxa and
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their densities shortly after European settlement.
Such data cannot be obtained from other sources.
The general picture is of a very open woodland
environment, dominated by 'gum, box and oak':
ie. Eucalyptus and Allocasuarina species. This
general pattern of species dominance is similar
to that of surviving remnants, most of which are
dominated by Eucalyptus tereticornis Smith
('gum'), with varying amounts of E.
polyanthemos Schauer, E. bridgesiana R. Baker
('boxes'), Allocasuarina littoralis (Salisb.) L.
Johnson and, to a lesser extent, A. verticillata
(Lam.) L. Johnson ('oaks') (Land Conservation
Council Victoria 1982; Aldrick et aI., 1988;
Lunt, 1997b).

However, the densities obtained (generally
<30 trees/ha) are extremely low compared to
tree densities in vegetation remnants and along
roadsides. For instance, 285 treeslha were
recorded from a 200 x 10 m transect in the
Moormurng Flora and Fauna Reserve (Lunt,
unpub!. data), the best quality reserve in the
region. Other vegetation remnants support
similar tree densities. However, higher densities
of regrowth timber are to be expected, since all
vegetation in the region has been logged in the
past.

The over-riding impression from all
calculations is of very low tree densities, even
in areas annotated as 'thickly' or 'heavily
timbered' (Table I). To give three examples,
(I) 8-13 treeslha were estimated from an area
south of the Denison plain, annotated 'generally
light soil, heavily timbered with gum, she oak
and honeysuckle'; (2) 20--24 trees/ha were
estimated from Sale township, within a broader
area annotated, 'very poor white clay land,
heavily timbered with large red gum, box and a
few oaks and cherry trees'; and (3) 18-30 trees!
ha were estimated near Denison, which was
annotated 'gum and she oak forest' and 'wet
marshy land, thickly timbered with gum and she
oak'. Notions of 'light' and 'heavy' timber are
entirely relative and are likely to have changed
over the past century.

Early literature sources all stress the 'open'
nature of the vegetation across the region, with
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the obvious exception of streamside 'tea tree
thickets', and Howitt (1890) described
substantial increases in tree density shortly after
settlement, following the abandonment of
aboriginal burning. The low densities suggested
here accord with open landscapes illustrated by
Eugene von Guerard and others (illustrated in
Fletcher, 1988; Brightling, 1989; Lunt, 1993),
and described by many early settlers (see Lunt,
I997a). However, beyond this general
concordance with early literature sources and
early illustrations, there remains no valid
method to corroborate the low density figures
obtained here. All density measurements were
obtained from areas surrounding the treeless
plains, or from township sites on river flats.
Consequently, the figures obtained here may be
substantially lower than might be expected in
more heavily forested country of higher rainfall,
further west towards Traralgon and east towards
Bairnsdale.

Some additional qualifications to the
accuracy of the method are required. Firstly,
the method assumes that there has been no
wholesale clearing of vegetation before surveys
were undertaken. Consequently, the approach is
likely to be of most benefit in areas which were
settled rather late in Australia's history.
Gippsland was settled in the 1840s and most
of the maps used were prepared within 20 years
of settlement, before widespread clearing.
Secondly, the method assumes that plants are
distributed randomly, rather then clumped or
regularly dispersed. Unfortunately, the form of
the underlying distribution pattern (and hence
the appropriateness of this assumption) cannot
be assessed from the distance data alone (Clark
and Evans, 1954; Pielou, 1959). However,
small-scale patterns of non-randomness, such
as might arise from competition, are unlikely to
seriously affect the results, since the scale of the
measuring grid (i.e. the distance between the
allotment corners) was usually considerably
greater than the distances between neighbouring
trees. Thirdly, it is assumed that surveyors
always selected the closest tree to each
allotment corner. In practice, this assumption
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may be erroneous if surveyors routinely selected
large or conspicuous, distant trees over closer
specimens. Despite this caveat, there was an
obvious practical requirement for marked trees
to be located as close as possible to allotment
corners, thereby preventing density estimates
from being grossly under-estimated.

Some evidence is available that surveyors
selected trees of certain species over others. In
an historical study of woodlands on the
Bellarine Peninsula in southern Victoria,
densities of 3 to 16 trees/ha were calculated
(Lunt, 1997c), which are of a similar order of
magnitude to the lower densities recorded here.
However, in that study, a major discrepancy was
found between the frequency with which
Banksia marginata was recorded in map
annotations (as 'honeysuckle'), and in tables
showing tree distances. Banksia marginata was
commonly listed as a co-dominant tree in map
annotations, but represented just I percent of
entries in the tables from which tree densities
were calculated, which suggests that surveyors
regularly chose to mark allotment corners with
gums and oaks rather than honeysuckles. If this
explanation is correct, then the resultant
densities may need to be almost doubled to
accommodate Banksia populations (Lunt,
1997c). Consequently, it seems prudent to treat
all results as order of magnitude estimates rather
than precise figures. In most cases though, even
an indicative 'round number' (such as 10, 50,
100 or 500 trees/ha) provides far more
information than is otherwise available from
subjective descriptions such as 'lightly
timbered' .

The ability to undertake such analyses is
largely predicated on the existence of many,
detailed maps. Within the region studied, map
detail was strongly correlated with agricultural
productivity. Little information was available
for unproductive areas, where intensive sub-
division was not possible, whereas the
maximum information was available for
productive areas, where many allotments could
be developed. Township maps followed this
general trend, since virtually all townships in the
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region are situated on productive river flats.
Historical map analyses would probably prove
far less fruitful: (I) in regions which were
settled long before maps were constructed, by
which time considerable vegetation changes
would already have occurred; (2) where surveys
were conducted long before 1860, since less
information was recorded by surveyors prior to
this date (Jeans, 1978); and (3) where land
productivity is generally low, precluding
intensive occupation, and hence reducing the
administrative requirement for detailed surveys.
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