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SUMMARY

The boundaries between pre-1988 rehabilitation (containing non-native eucalypt
species) and adjacent post-1988 rehabilitation and forest areas were monitored to
investigate whether eastern Australian eucalypts planted in pre-1988 rehabilitation
were posing a potential weed problem. Eastern Australian eucalypts had only
recruited in post-1988 haul road rehabilitation and not into other post-1988
rehabilitation or native forest areas. Burning resulted in the proliferation of the eastern
Australian eucalypts within the pre-1988 rehabilitation. In haul road rehabilitation,
particularly young haul road areas, the exotic recruits were recorded at very high
densities (1.35 plants m?), however we expect that considerable mortality will occur
over time, as observed in the old haul road rehabilitation areas. Possible options for
the management of haul road rehabilitation where eastern Australian eucalypts have
proliferated are proposed.

INTRODUCTION

Alcoa World Alumina Australia has been rehabilitating bauxite mines in the northern
jarrah Eucalyptus marginata) forest in southhwest Western Australia since 1966.
During this time, Alcoa has undertaken and supported an extensive research program
into all aspects of rehabilitation. As a result, rehabilitation aims and practices have
changed considerably over the past three decades.

When rehabilitation operations commenced in the jarrah forest, there was concern that
species susceptible to dieback (caused by Phytophthora cinnamomi) would not
survive and therefore should not be planted in large numbers (Colquhoun, 1992). For
that reason, the overstorey species selected for early-rehabilitation areas were chosen
based on their potential for timber production and their resistance to dieback.
Rehabilitated bauxite mines were planted with a range of native (e.g. E. wandoo,
Corymbia calophylla and E. accedens) and eastern Australian eucalypt species (e.g.
C. maculata, E. resinifera and E. saligna). Rehabilitation of bauxite mines with non
native species took place from 1966 to 1987, until monitoring of jarrah surviva in
various pits indicated that, except in water gaining sites, jarrah surviva rates were
comparable to that of other eucalypt species considered more resistant to dieback
(Ward and Koch, 1993). Subsequently, since 1988, a native overstorey has been
established in retabilitated sites by seeding jarrah and marri (C. calophylla).



Recently, concerns have been raised that the eastern Australian eucalypts established
in sites rehabilitated prior to 1988 may be invading areas of native forest and post-
1988 rehabilitation. For example, C. maculata and E. resinifera seedlings have been
observed on parts of recently rehabilitated haul roads at the Jarrahdale mine (pers.
obs.). Grant et al. (1997) found that the eastern Australian eucalypts in pre-1988
rehabilitation proliferate following autumn burning. This demonstrates that these
species are capable of recruiting in high numbers in disturbed areas, such as newly
rehabilitated bauxite mines, or burnt forest and rehabilitation areas. However, the
ability of these species to invade adjacent native ecosystems and their potential to

become a weed problem has not been assessed.

Environmental weeds are defined as plants that invade natural ecosystems and can
cause maor modifications to indigenous biodiversity and ecosystem function
(Williams and West, 2000). Despite the fact that the eastern Australian eucalypt
species are actually ‘native’ to Australia, previous cases have suggested that there is
still the potential to severely disrupt native ecosystems. In Australia, examples of such
‘weeds include Leptospermum laevigatum, Acacia baileyana and Pittosporum
undulatum (Mullet, 1996).

Factors considered to influence the susceptibility of plant communities to invasion
include the availability of space (Pickett et al., 1987) and disturbance (Burke and
Grime, 1996). Eucalyptus seedling establishment rates, in particular, are often higher
following disturbances such as fire or clearing (Cunningham 1960, Christensen and
Schuster 1979, Abbott 1984). Parts of the Jarrahdale mine have been prescribed burnt
and the boundary areas between pre-1988 and post-1988 rehabilitation and forest
areas represent highly disturbed areas. The mining process and subsequent ripping of
the soil surface during rehabilitation, alack of vegetative cover (especially when new
rehabilitation is young) and the use of heavy machinery, are factors that contribute to
the vulnerability of rehabilitation areas to weed invasion. This disturbance is
particularly severe along old haul roads where the soil is more compacted prior to
ripping and generally rehabilitated with stockpiled, rather than fresh, topsoil.

The main objective of this study was to investigate whether eastern Austraian
eucalypts planted in Alcoa's rehabilitation areas prior to 1988 are posing a potential
environmental weed problem in adjoining forest and post-1988 rehabilitation. In
addition, the role of fire disturbance on the rate of exotic seedling recruitment into

adjacent areas was aso investigated. Evaluating the extent of non-native eucalypt
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invasion into adjacent areas will be used to estimate the threat to post-1988
rehabilitation and forest areas in the future and to propose potential long-term

management strategies for pre-1988 rehabilitated pits.

METHODOLOGY

Site Sdlection

This study was undertaken at the Jarrahdale mine, which operated from 1963 to 1998
and has now been decommissioned and rehabilitated. Jarrahdale offers a variety of
rehabilitation ages and combinations of borders between pre-1988 rehabilitation, post-
1988 rehabilitation and the unmined forest. In addition, the Jarrahdale mine contains
burnt rehabilitation sites from a previous study (Grant et al., 1997), which were used
to observe and monitor the effect of fire disturbance on the rate of seedling
establishment. A total of six boundary types were chosen to monitor the invasion by
the eastern Australian eucalypts namely pre-1988/post 1988, pre-1988/young haul Rd,
pre-1988/old haul Rd, burnt pre-1988/forest, burnt pre-1988/burnt forest and unburnt
pre-1988/forest. Young haul roads were less than three years-old and old haul roads
were greater than three years-old. Three replicate sites were monitored for each

treatment boundary, giving atotal of 15 sites (Table 1).

Experimental Design

At each of the 18 sites, three 40 m transects were positioned across the boundary,
running from the pre-1988 rehabilitated pits across the boundary and into the forest,
post-1988 or haul road rehabilitation. Thus, a total of 54 transects were sampled
during this study. The boundary line was determined by identifying the border
between the different vegetation characteristics such as height and age, stand
distribution (seeded or planted in rows) and the presence of eastern Australian
eucalypts in the overstorey. The contours of the rip lines also provided a good

indication of the pit boundary.



Table 1: Site details of the boundary treatments investigated.

Treatment  Transect Grid Planted Species (pre-1988)
Boundary # Reference
Pre-1988/Post 1 F3619 Eucalyptus diversicolor, E. globulus, E. resinifera, E.
1988 wandoo, E. laeliae, E. accedens.
2 G3820 C. maculata, C. calophylla, E. resinifera
3 H3813 E. resinifera, C. maculata, E. accedens, E. wandoo,
E. laeliae.
Pre-1988/Y oung 1 G3819 C. calophylla, E. resinifera, E. wandoo, E. marginata
Haul Rd (may also contain E. megacarpa and E. patens).
2 G3819 C. calophylla, E. resinifera, E. wandoo, E. marginata
(may also contain E. megacarpa and E. patens).
3 H3813 E. resinifera, C. maculata, E. accedens, E. wandoo,
E. laeliae.
Pre-1988/0Id 1 F3623 E. diversicolor, E. globulus, E. resinifera, E. wandoo,
Haul Rd E. laeliae, E. accedens.
2 F3703 E. wandoo, E. la€liae, E. resinifera, C. maculata, E.
accedens.
3 F3606 E. muellerana, C. maculata, C. calophylla, E.
resinifera.
Burnt pre-1988/ 1 G3816 E. resinifera, C. maculata, E. accedens, E. wandoo,
Forest E. laeliae.
2 G3815 E. resinifera, C. maculata, E. accedens, E. wandoo,
E. laeliae, C. calophylla.
3 G3816 E. resinifera, C. maculata, E. accedens, E. wandoo,
E. laeliae
Burnt pre-1988/ 1 F3610 E. muellerana, C. maculata, C. calophylla, E.
Burnt Forest resinifera.
2 F3610 E. muellerana, C. maculata, C. calophylla, E.
resinifera.
3 F3610 E. muellerana, C. maculata, C. calophylla, E.
resinifera.
Unburnt pre- 1 G3823 C. calophylla, E. resinifera, E. wandoo, E.
1988/ Forest marginata, E. megacarpa
2 H3813 E. resinifera, E accedens, C. maculata, , E. wandoo,
E. laeliae
3 H3817 E. resinifera, E. accedens, C. maculata, E. wandoo,
E. laeliae

The position of the first transect (A) was calculated according to a random number of
paces from the corner boundary of the pits (between 10 and 100). The next two
transects (B and C) were placed 20 m from transect A (Figure 1). Sampling plots (2 m
X 2 m) were then placed along each transect at 1, 5 and 20 m dther side of the
boundary line. Therefore, a total of 324 (2 m x 2 m) plots was monitored during this
study. The transect into the pre-1988 rehabilitation was assigned negative distances
(in metres) and the post-1988 areas were assigned positive distances from the
boundary. Within each plot, the number and height of any eastern Australian
eucalypts present was recorded. It proved difficult to determine the developmental
stage of the exotic eucalypt species because both C. maculata and E. resinifera

develop lignotuberous swellings at an early age, which is the usual indication that
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jarrah E. marginata) has developed into a coppice. Therefore, the height of the

recruits was used as an indication of the devel opmental stage of the recruits.
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Figure 1. Summary of experimental design with each site having three 40 m transects
positioned perpendicular to the pit boundary. Plots were then positioned at 1, 5 and 20
m either side of the boundary, giving atotal of 18 plots at each site.

RESULTS

A total of 247 eastern Australian eucalypt recruits were recorded across all boundary
types (0.23 plants m?). Of these, 158 (64%) were recruits into post-1988 haul road
rehabilitation areas and the remainder of the recruits were recorded in pre-1988
rehabilitation. There were no eastern Australian eucalypt recruits recorded in the post-
1988 nonthaul road rehabilitation areas or native forest. Three species of eastern
Australian eucalypts were recorded, namely Corymbia maculata, E. resinifera and E.
globulus. Eucalyptus resinifera accounted for approximately 89% of the total recruits
recorded in the post-1988 haul road rehabilitation. Eucalyptus globulus only
accounted for 3% of the total recruits recorded, and no more than two were present in
any one plot.

The eastern Australian eucalypts occurred at relatively high densities within the
young and old haul road rehabilitation areas (Figures 2 and 3). However, the densities

of the eastern Australian eucalypts that had recruited into the old haul road



rehabilitation were not as high as the young haul rehabilitation. In particular, the
densities of E. resinifera at 1, 5 and 20 m into the young haul road rehabilitation
greatly exceed the desired densities of jarrah (1300 stems ha* or 0.13 stems m?) in
newly rehabilitated areas.

There was very low recruitment in the pre-1988 rehabilitation areas except in an area
that had been prescribed burnt. Burning resulted in alarge number of E. resinifera and
C. maculata recruits at 20 m into the burnt pre-1988 rehabilitation (Figures 4 and 5).
These areas had the greatest mean density of eastern Australian eucalypts of al the
treatments. Despite this, recruits were not present a 1 and 5 m into the pre-1988
rehabilitation or in the burnt or unburnt adjacent native forest.

Eucalyptus resinifera had a greater mean height than the C. maculata recruits,
particularly in the older rehabilitation sites (Figures 6 and 7). All the recruits recorded
were relatively small in size with the greatest average height of E. resinifera being
less than 35 cm. Only one E. resinifera sapling, which had a height of 320 cm, was
recorded in an old haul road area. This tree was not included in the mean height data
as it was the only recruit present in that plot. However, E. resinifera was still
considerably taller on average in the old haul road rehabilitation. There did not appear
to be any strong correlation between the distance from the boundary and the height of

recruits.
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Figure 2: Mean density of eastern Australian eucalypts across the boundary between
pre-1988 rehabilitation to young haul road rehabilitation.
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Figure 3: Mean density of eastern Australian eucalypts across the boundary between
pre-1988 rehabilitation to old haul road rehabilitation.
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Figure 4. Mean density of eastern Australian eucalypts across the boundary between
burnt pre-1988 rehabilitation to adjacent native forest.
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Figure 5. Mean density of eastern Australian eucalypts across the boundary between
burnt pre-1988 rehabilitation to adjacent burnt native forest.
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Figure 6. Average height of E. resinifera at distance from the boundary line in
different rehabilitation treatments.



¢ Young haul Rd A Burnt pre-1988 @ Pre-1988

45 7
40 A

—
£ 35
&)
\_/30_
=
o) 25 A
£ 20
% 15 x
) i
2 10 % I

5_

0 T

im 5m 20m

Distance from Boundary along Transect

Figure 7. Average height of C. maculata at distance from the boundary line in
different rehabilitation trestments.

DISCUSSION

Eastern Australian eucalypts are not recruiting into the native forest areas and most
post-1988 rehabilitation aeas. These areas were relatively undisturbed and aready
stocked with trees and thus were not particularly vulnerable to invasion. However, the
eastern Australian eucalypts have recruited into post-1988 haul road rehabilitation and
have recruited in very high numbers following the burning of pre-1988 rehabilitation.
The high recruitment of these species in haul road and burnt pre-1988 rehabilitation
and the lack of recruitment in other areas, indicates that the eastern Australian

eucalypts require disturbance to successfully recruit into an area.

Recruitment of the eastern Australian eucalypts into post-1988 rehabilitation was
greatest in the young haul road areas. It has been well documented that disturbed
areas such as roadsides and firebreaks tend to have a high proportion of exotic species
(Amor and Stevens, 1975; Christensen and Burrows, 1986; Panetta and Hopkins,
1991). Like roadsides and firebreaks, young haul road rehabilitation is more open to
invasion by the eastern Australian eucaypts than other post-1988 rehabilitation.
Young haul road soils are more disturbed and there is greater available space, light
and less competition with other plants. In addition, when these haul road areas were
rehabilitated, the adjacent pre-1988 rehabilitation was already a mature forest. These
eastern Australian trees were producing many seed that were dispersed from a height

that meant seed could easily reach the haul road aress.



The densities of eastern Australian eucalypts were much lower in the old haul road
areas compared with the young haul road areas. In particular, the density of E.
resinifera was 25 times less in the old haul road areas, which suggested that although
recruitment into young haul road areas is extremely high, mortality of seedlings over
time is also high. However, examination of eastern Australian eucalypt densities when
the older haul roads were nine months old showed that no non native species were
recorded (Mattiske, 1995). It is likely that this is an identification error as no eastern
Australian eucalypts were recorded in any pits that year (~ 550 ha of rehabilitation). It
is therefore not clear if these sites contained high densities of eastern Australian

eucalypts when they were young.

Both E. resinifera and E. globulus are self-thinning (Grant, pers. comm.). However,
once established, E. resinifera is likely to become a sapling rather than remaining
suppressed as a coppice or seedling (Grant, pers. comm.). On the other hand, C.
maculata behaves more like jarrah and may remain suppressed when in competition
for resources. This study found that the E. resinifera recruits were taler than the C.
maculata recruits, which supports this theory. There was no correlation between
height and distance from the boundary except in the young haul road sites where there
was an increase in mean height of both E. resinifera and C. maculatafrom 1to 5 m
from the boundary. Thisis most likely due to greater light availability at 5 m from the
boundary, since the canopy of the pre-1988 rehabilitation largely shaded the plots 1 m
into the haul road rehabilitation.

Eastern Australian eucalypts recruited in high numbers following autumn burning in
the pre-1988 areas and have persisted eight years after burning. Future plans to burn
these areas will need to consider the consequence of increasing the densities of
eastern Australian eucalypts in these areas. Grant et al. (1997) found that eastern
Australian eucalypts proliferate in burnt areas of pre-1988 mine rehabilitation,
following autumn burning (Grant et al., 1997). However, very few eastern Australian
eucalypts established after spring burning. Thus, pre-1988 areas should be burnt in

spring to minimise the proliferation of eastern Australian eucalypts.

Burning pre-1988 rehabilitation adjacent to native forest did not promote recruitment
into the native forest areas. Within the burnt pre-1988 rehabilitation high recruitment
of the eastern Australian eucalypts was recorded at 20 m, but not at 1 and 5 m from
the boundary. This was probably due to lower fire-intensity at the boundaries because

of edging or back burning. Hence, there was less disturbance at the boundary line to
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promote recruitment of the eastern Australian eucalypts into the adjacent native forest.
However, it is possible that if the fire had burnt across the boundary into the native
forest or if pre-1988 areas were burnt adjacent to haul road areas, there would be high

recruitment into the disturbed areas.

One of the priorities of post-1988 rehabilitation is to restore the botanical diversity of
the pre-mining jarrah forest. Invasion of the eastern Australian eucalypts into
rehabilitation areas outside those in which they were intentionally planted may
jeopardise the success of the post-1988 rehabilitation through competition with the
more desirable jarrah forest species. This is of particular concern since a number of
eastern Australian species, including E. globulus, are aready occurring as
environmental weeds in Western Australia (Groves, 1999).

Although recruitment of E. globulus was negligible at the sites monitored during this
study (very low count of species in only a few plots), this species is still a concern
within post-1988 rehabilitation. It must be considered that the sites monitored during
this study were chosen randomly, and many haul road rehabilitation areas were
obviously not monitored. There are haul road areas within the Jarrahdale mine where
E. globulus is extremely dense, and taller than the jarrah coppices (pers. obs.). A more
comprehensive assessment may need to be undertaken to map the distribution of

invaded nonnative species along haul road rehabilitation.

CONCLUSIONSAND RECOMMENDATIONS

The eastern Australian eucaypts planted in pre-1988 rehabilitation only pose a
potential weed problem to haul road rehabilitation areas. It may be that there is no
need to do anything about the invasion into these small areas. However, at this stage
the impact of these eastern Australian eucalypts on the long-term development of the
rehabilitated jarrah forest is unknown but they have the potential to alter the desired
conditions and the resource availability at these sites, especidly if allowed to grow to
maturity. Considering that there may be unforseen impacts in the future, management
at an early age would be the most practical solution. For this reason, we recommend
that weeding or spraying of the exotic species is undertaken at approximately 23
years of age when the jarrah have established as coppices and it is less likely that the
removed exotic eucalypts will be replaced by further recruitment. This means that
removal of these species should take place now in most of the new haul road

rehabilitation areas at Jarrahdale. The options and outcomes for management of the
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potential weed problem caused by the eastern Australian eucalypts in the haul road

areas are outlined in Table 2. Areas that have high densities of eastern Australian

eucalypts can be identified from the routine nine-month monitoring because counting

native and nonnative species is part of the assessment. Burning pre-1988

rehabilitation in autumn led to proliferation of the eastern Australian eucalypts within

these areas. Thus, we also recommend that when pre-1988 rehabilitation is prescribed

burnt that it be carried out in spring to minimise the proliferation of the eastern

Australian eucalypts.

Table 2: Options for management of eastern Australian eucalypts that have recruited
into post-1988 rehabilitation areas.

OPTION OUTCOMES
Do nothing Advantages
No cost.
E. resinifera and C. maculata are self-thinning and are likely to reduce
in density overtime.
Disadvantages
The occurrence of fire may increase exotic eucalypt densities.
The exotic eucalypts may compete for resources with the seeded jarrah
forest species and alter the intended ecology of the area.
Future M anagement
Future management strategies may be required for these areas.
Chemical or manual Advantages
removal in high density Less labour intensive than complete removal of all exotic eucalypts in
areas at 1-2 years-of-age post-1988 areas.

Treatment at the age where prrah coppices are established should
decrease the chances of further recruitment.

Disadvantages
Possibility of further recruitment.
Herbicide treatment may cause mortality of neighbouring plants.

Future M anagement
Treated areas will require follow-up monitoring at nine-months to assess
the success of the exotics removal.

Chemical or manual
removal of all eastern
Australian eucalypts in haul
road areas at 12 years-of-

age

Advantages
Ensures that the exotic eucalypts will cause no future problems in the
post-1988 areas.

Disadvantages
Greater cost and labour intensive.

Future M anagement
Follow-up monitoring at nine-months will be required to ensure that
thereis no further recruitment.

Chemical or manual
removal at 5-15 years-of-age

Advantages

Some species will self-thin.

Further recruitment less likely due to greater stocking of trees.
Disadvantages

Control or removal of individualswill be more difficult.
Future Management
= Should not be required.
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