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Invertebrates are the dominant faunal group in most terrestrial habitats. They play important roles,

often incompletely understood, in maintaining essential ecosystem services. Despite the enormous envi-
ronmental changes to the North Central Region of Victoria since European settlement, and despite the lack
of information about how these changes affected the native invertebrate fauna, it is not too late to include
invertebrates in the management and restoration of native habitats in the region. This paper provides an
overview of our understanding about terrestrial invertebrates in the region, and provides some suggestions
on how to elevate the profile and utility of invertebrates in conservation management.
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THE invertebrate fauna inhabiting terrestrial ecosys-
tems in Australia is abundant, diverse, and fulfils a
variety of ecological roles (Austin et al. 2004). Inver-
tebrates include over 1.2 million described species
alone encompassing over 95% of all described ani-
mal species on Earth (IUCN 2008). They represent
the overwhelming majority of species in forest and
other terrestrial ecosystems and thereby comprise a
significantly major component of ecosystem biodi-
versity (Schowalter 2000; Taylor & Doran 2001). In-
vertebrates are functionally diverse and contribute to
ecological processes by facilitating nutrient cycling,
pollination, seed dispersal, soil aeration, food sources
for higher level animals, and by acting as biological
control agents (Seastedt 1984; Wilson 1992; Packham
et al. 1992; Taylor & Doran 2001). These processes
are essential to maintaining sustainable ecosystem
processes. Any changes in the absolute and relative
invertebrate abundance and alteration or loss of some
or all of these processes may result in ecosystem col-
lapse, adjustment of invertebrate contributions to
critical processes or simplification of processes that
are subsequently maintained by exotic or more com-
mon species, with resultant loss of biodiversity (Sea-
stedt 1984; Schowalter 2000). Maintaining inverte-
brate biodiversity is in some respects an ‘insurance
policy’ to allow adaptation to environmental change,
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whether human-induced or the more subtle changes
associated with climate change.

Very few parts of Victoria have had the benefit of
having substantial inventories conducted of their ter-
restrial invertebrate fauna prior to large-scale change
being imposed following European settlement. The
main exceptions are the Victorian Mallee regions
(Yen et al. 2006), East Gippsland, the Central High-
lands and the alpine regions, where the impacts have
either been minimal or thinly spread across the ter-
rain. The North Central region, especially within the
regionally characteristic Box-Ironbark forests, un-
derwent massive changes associated with vegetation
clearance and gold mining long before any consid-
eration was given to systematic invertebrate surveys
being conducted (Yen & Hinkley 1997). The once
widespread Box-Ironbark forests are now restricted
to small non-contiguous areas within national parks
and other protected areas, surrounded by exotic pas-
tures, land cleared for other agriculture or other hu-
man disturbed areas. These remnants also typically
suffer from the loss of a major structural component,
namely large old trees (Mac Nally et. al. 2000), which
are substantial habitats for invertebrates.

This paper will review current knowledge of
invertebrate fauna of the North Central region and
attempt to determine whether it has been adversely
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or otherwise affected by past and present land use
practices. It is hoped this review will both provide
direction and highlight knowledge gaps in our under-
standing of the invertebrate fauna of this region and
how we can use this information to adapt to future
changes in both land use and climatic settings.

CURRENT KNOWLEDGE STATUS

Historical and Collections Data

A characteristic of biological studies in Australia
is that environments developed after European set-
tlement were heavily disturbed before any sort of
systematic inventory was undertaken. This was the
case with Victoria’s lowland grasslands, with the
enormous changes associated with agriculture and
grazing in the western basalt plains (Barlow & Ross
2001), and in the areas where alluvial gold was found,
enormous vegetation clearance and soil disturbance
occurred. Consequently, any information on inverte-
brates within the North Central region is based on an-
ecdotal observations by settlers and field naturalists.
Examples include: invertebrates (Halford Hennell
1890); beetles and moths (Anderson 1891); molluscs
and butterflies (Billinghurst 1893, 1895); beetles and
butterflies (Best 1898); moths and butterflies (Haase
1900); beetles (Paton & Daley 1922); and spiders
(Perry 1952). The vast majority of quantitative sci-
entific research has been in the last 30 years, and in
many cases it has involved research focused on heav-
ily disturbed environments.

Museum collections are one source of informa-
tion about invertebrates collected within the region.
Museum Victoria has 862 species of arachnids and
insects listed as having type specimens from within
the North Central region. This list is dominated by
beetles (316 species), flies (154), moths (154) and
bees, wasps and sawflies (105). Based on collection
specimen records, the Museum Victoria Bioinfor-
matics database also lists 71 species of butterflies
from the region: Hesperiidae (17 species); Lycaeni-
dae (24); Nymphalidae (20); Papilionidae (4); and
Pieridae (6). This database is based on a 1.5° x 1°
grid system, and the North Central region fits into 18
grids (although it should be noted the grid bounda-
ries and the boundaries of the North Central region

do not correspond precisely at the edges). When the
number of grids within which each butterfly species
has been recorded was determined: 17 species were
found in only one grid, 16 in 2 grids, 10 in 3 grids, 9
in 4 grids, 2 in 5 grids, 7 in 6 grids, 5 in 7 grids, 3 in 8
grids, 2 in 9 grids, and 3 species were found in more
than 9 grids. The most widespread species in terms
of number of grids was the introduced vegetable pest
Cabbage White butterfly, Pieris rapae rapae.

The ultimate aim of invertebrate biologists is to
be able to identify specimens in their group of inter-
est and relate their abundance and distribution to hab-
itat condition. For the North Central region, this has
been attempted with ants, although this information
is not readily accessible (Hinkley, unpublished data;
Horrocks & Brown 2008; Yen, unpublished data). At
least one regional identification guide has been pub-
lished for spiders (Shield 2001).

Surveys and Research

The surviving forest remnants are highly disturbed
habitats and present fundamental problems for use in
baseline studies of invertebrate fauna in the region.
Such studies or data that do exist are generally based
on historical information collected by field natural-
ists, by type insect specimens residing within mu-
seum collections, and through research conducted
for specific land use purposes such as impacts of
fuel reduction burning on litter invertebrates, pest in-
vertebrates of native forests and plantations and the
impact of Box-Ironbark regeneration on litter inver-
tebrates (Collett 2001, 2003; Yen & Hinkley 1997).
All these studies were generally conducted on an in-
dividual needs basis, with little coordination between
them. Nonetheless, despite the paucity of data and
other relevant information as well as the problems
involved in obtaining reliable baseline information, it
is important we attempt to understand whether these
land-use change processes have impacted adversely
or otherwise on the invertebrate fauna of the North
Central region. We discuss the extant data drawn
from natural landscapes, agricultural landscapes and
land managed for forestry.

(a) Natural Environment. The Victorian Government
review of the Box-Ironbark forests during the 1990s
led to the first broad scale invertebrate survey in the
region (Environment Conservation Council 1997).
However, as this was restricted to Box-Ironbark for-
ests, other vegetation types were not included, so the
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regions’s remnant northern plains grasslands and the
River Red Gum forests, for example, were not as-
sessed. In this survey, pitfall trapping (9 cm diam-
eter) of ground active invertebrates was undertaken
at 80 sites, all of which were located in Box-Ironbark
forests (although not all of these sites were in the
NCCMA region). The invertebrates were identified
to the higher taxonomic level (orders), and the most
abundant group, the ants, were identified to species.
A total of 37 orders was caught in the pitfall traps,
and the main invertebrate orders by species rich-
ness, were Hymenoptera (ants); Coleoptera (beetles);
Diptera (flies) and Hemiptera (bugs). Ants were the
dominant group, representing over 55% of all indi-
viduals collected and a total of over 200 species (Yen
& Hinkley 1997). While ants dominated the sites,
species composition was highly variable, with only
one species of Rhytidiponera found in all 80 sites and
164 species found in less than 10% of the sites.

One of the recommendations of the Environment
Conservation Council study (ECC 1997) resulted in
the creation of new parks within the Box-Ironbark
forests, and part of this involved an experiment to as-
certain the effects of thinning of selected trees to pro-
mote faster growth of larger trees (Pigott et al. 2010).
As with the earlier invertebrate survey, this study
involved pitfall trapping of ground-dwelling inverte-
brates (although traps of 2 cm diameter were used).
A total of 26 invertebrate orders was collected, with
six groups dominant: ants (Hymenoptera), springtails
(Collembola), mites (Acarina), beetles (Coleoptera),
spiders (Araneae) and flies (Diptera). Once again,
ants dominated the fauna, representing around 70-
80% of all individuals at most sites if springtails were
excluded, and a total of more than 100 species. The
dominant ant genera were Rhytidiponera (represent-
ed by only one species), Iridomyrmex (six species but
dominated by /ridomyrmex spp. 1 and 3), Monomori-
um (eight species, with dominance by Monomorium
spp. 1, 2 and 4), Pheidole (three species, all in large
numbers), Melophorus (five species, dominated by
Melophorus spp. 1, 2 and 3), Doleromyrma (one spe-
cies), Crematogaster (three species) and Notoncus
(four species, dominated by Notoncus spp. 1 and 2).

An indication of the relationship between ants
found within the North Central region and other parts
of Victoria can be gleaned when the compositions of
the functional groups are compared. Data are avail-
able from the drier Mallee region (Andersen 1984)
and a wetter open forest at Wilsons Promontory (An-
dersen 1986). The results of these papers suggest that

the Box-Ironbark forest is intermediate between the
drier and wetter environments.

In an ecological thinning study undertaken
between 2004-2007 in Box-Ironbark forests, cor-
relations were sought with invertebrate order data
(number of orders, total abundance, abundance of
individual orders) and ants (ant species richness and
ant total abundance). Significant correlations were
found with five key environmental factors: Litter
depth is significantly correlated with seven inverte-
brate groups, coarse woody debris (CWD)<10 cm
diameter with three invertebrate groups, CWD>10
cm diameter with six invertebrate parameters, under-
storey cover with five invertebrate groups, and un-
derstorey richness with four invertebrate parameters.
Surprisingly, despite the large number of ant species
collected, there were no significant correlations with
any other factors except ant abundance with CWD
>10 cm diameter. The results indicate that for some
invertebrate orders, the structure of the ground layer
(litter area, litter depth and CWD) is important in
providing suitable habitat. Understorey cover and
richness may influence ground layer invertebrates
through provision of shade, but they can also be an
important source of leaf litter and CWD (Palmer et
al. 2010). There were also several significant correla-
tions between ordinal and ant data and environmental
factors. These included significant correlations with
litter area, litter depth, CWD (both <10 and >10 cm
in diameter), understorey plant cover and richness.
The number of invertebrate orders whose abundance
was correlated with litter or CWD factors indicates
the importance of these ground elements for inverte-
brates. Management of these factors, either through
controlling timber harvesting or fire, could have a
significant effect on the development of the ground
dwelling invertebrate fauna, and this is a manage-
ment area that requires careful consideration and
planning (Palmer et al. 2010).

Invertebrate studies in vegetation types that were
not Box-Ironbark forests include grassy-woodlands
and native grasslands. Yen et al. (1996) conducted a
survey of remnant blocks of grassy-woodland domi-
nated by River Red Gum Eucalyptus camaldulensis
Dehnh. or Grey Box E. microcarpa Maiden in the
northern plains. This study involved several different
collecting methods, so the range of invertebrates col-
lected was greater than in the pitfall trap surveys dis-
cussed earlier. Ward et al. (2002) examined the beetle
data from this survey in greater detail and 342 mor-
phospecies from 46 families of beetles were found.
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While pitfall trapping caught the greatest number of
families (72%), morphospecies (56%) and specimens
(50%), direct searching and sweep netting yielded a
large number of morphospecies not caught by pitfall
trapping. Horrocks and Brown (2008) conducted an
ant survey of the Korrak Korrak Grassland Reserve,
a small area of native grassland owned by Trust for
Nature that has never been cultivated. The results of
pitfall trapping showed that ants were the numeri-
cally dominant arthropod present, and a total of 51
ant species from 17 genera were recorded from pitfall
traps. Opportunistic searching yielded an additional
two species.

(b) Agriculture. Much of the region was developed
for grazing or cropping very early after European
settlement. This involved the clearance or selective
destruction of native vegetation, resulting in either
monoculture systems of exotic plants or a mixture of
remaining native plants with exotics. The effect on
native invertebrates would have varied according to
the ecosystem changes and to their dependence on
habitat factors. For example, loss of native plant spe-
cies could have seen the loss of plant-species-specific
insects such as herbivores and pollinators. More gen-
eralist native invertebrates capable of surviving in
simplified habitats or able to feed on a wider range of
plant species could also increase in abundance. The
latter includes native insect herbivores that used ex-
otic agricultural plants. Conversely, introduced exot-
ic invertebrates would have affected remnant native
vegetation. Agriculture has also seen the introduction
of ‘beneficial’ invertebrates for biological control
(parasitoids of plant-feeding insects), and decompos-
ers (such as dung beetles and earthworms). Control
of agricultural pests includes use of insecticides, with
potential adverse effects on non-target invertebrates.
The greater use of herbicides to control weeds may
have adverse effects on invertebrates. A recent study
showed that herbicides caused metabolic stress in a
species of earthworm (Rochfort et al. 2009) although
the longer-term effects on earthworm function are
not known.

The integration of native vegetation (remnants,
shelterbelts, roadsides) with production systems
could be seen as potentially both conflicting and
complementary: native plants are seen as habitat for
potential crop pests such as insects and birds, yet on
the other hand, they can act as a habitat for beneficial
invertebrates and vertebrates (Yunusa et al. 2002).
Opportunities also exist to use insects and birds in

integrated pest management to the benefit of agri-
cultural systems. Sislov (1998 cited in Yunusa et al.
2002) gives examples of birds feeding on insects, and
suggests that the use of native plants to provide re-
sources to beneficial invertebrates could reduce pests
such as Light-brown Apple Moth Epiphyas postvit-
tana, Apple Dimpling Bug (ampylomma liebknechti;
Elephant Weevil Orthorrhinus cylindrinostris and
the Two Spotted Mite Tetranychus urticae.

(c) Forestry. In terms of quantitative studies within
forestry, most have concerned three main areas, name-
ly: (1) the impacts of fuel reduction burning on litter
invertebrates in dry sclerophyll eucalypt forests; (2)
pests of exotic softwood and native hardwood planta-
tions; and (3) pest complexes within remnant native
forests in the region. Following the devastating 1983
Ash Wednesday fires, multidisciplinary studies were
established within the Wombat State Forest south of
Daylesford to examine the impacts of repeated fuel
reduction burning on a variety of terrestrial groups
including invertebrates. Research by Neumann and
Tolhurst (1991) and Collett (1998, 1999, 2003) cov-
ered fire impacts on a range of ordinal invertebrate
groups, while Collett and Neumann (1995) and Neu-
mann et al. (1995) conducted more detailed research
into fire effects on individual species level taxa fol-
lowing on from the findings of the initial ordinal level
studies. Softwood and hardwood plantation research
has focused specifically on pest issues causing mor-
tality at the initial plantation establishment phase and
damage causing loss of incremental growth in the first
three years after planting (Farrow et al. 1994; Floyd
et al. 1994; Neumann & Collett 1997a, b; Collett &
Neumann 2002), while past studies in native forests
have focused predominantly on damaging pest out-
breaks, particularly by psyllid Cardiaspina spp. and
the gumleaf skeletoniser Uraba lugens in River Red
Gum Eucalyptus camaldulensis forests lining the
major waterways of the region including the Murray
River (Harris 1972; Harris et al. 1977; Collett 2001).
As previously indicated, this research, particularly
within plantations and native forests, was generally
in response to specific pest issues rather than as part
of a coordinated ongoing regional research strategy.
The fire effects study however, could be viewed in a
more regional and statewide context as the findings
have potential application not only within the north
central region, but in other forest types also affected
by fire.
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HOW MAJOR ENVIRONMENTAL
CHANGES HAVE AFFECTED THE
INVERTEBRATE FAUNA

As previously acknowledged, the lack of adequate,
or indeed in most cases, any pre-existing baseline
data, makes it difficult to determine first the extent to
which any change has occurred, or second if a change
has occurred at all. Consequently the following dis-
cussion is based upon predictions from the broader
scientific knowledge of the effects of habitat changes
in invertebrates.

Habitat changes

No doubt the first major change to the north central
region after European settlement was native vegeta-
tion clearance, either associated with grazing, or other
forms of agriculture or with gold mining. Vegetation
clearance immediately removed the habitat of plant-
dependent invertebrates (herbivores and their associ-
ated natural enemies and plant pollinators) because
of the loss of both overstorey and understorey plants.
This has flow-on effects: first, reduced resources to
flower-feeding species including pollinators; and
second, loss of food for ground and soil active plant
decomposers. The removal of large trees and the lack
of replacement also mean that there is little CWD of
larger diameters acting both as habitat and as a food
source.

While some areas were not subjected to whole-
sale clearance, fragmentation can have more subtle
but equally detrimental effects on invertebrates. The
extent of these effects depends upon the size and
shape of the fragments, and the dispersal abilities
of the invertebrates. Invertebrates with low disper-
sal powers left in small sized remnants could decline
over time due to inbreeding depression. Other factors
that influence plant physiology, such as the effects
of long-term drought on flowering, can also result in
pollinator decline if the pollinators are unable to dis-
perse to find floral resources.

Gold mining has had obvious effects through
loss of vegetative cover and often the areas that were
heavily mined have effectively no top soil. This loss
occurred very early in the gold rush, and therefore it
is likely that the associated soil fauna was also lost
during this initial stage. The slow rate of plant growth
in these areas means that the natural system of or-
ganic input from plants to the ground layer is also
very slow. Consequently the area is characterised by

a lot of bare ground on exposed rocks and very thin
litter layers.

Agriculture (in terms of grazing and cropping)
has resulted in a simplified habitat often dominated
by exotic plant species. Amongst other things, it has
profoundly modified the indigenous vegetation both
structurally and in plant species composition. De-
pending on the type of agriculture and the manage-
ment undertaken, invertebrates can be affected by:
(1) simplification of habitat; (2) a more gradual loss
(compared to rapid loss during mining) of top soil
(through erosion); (3) addition of artificial fertilisers;
(4) introduction of exotic invertebrates; and (5) in-
creased use of pesticides and its detrimental effects
on non-target groups and selection for pesticide-re-
sistant biotypes in the target pests.

As previously indicated, the lack of baseline data
in the region makes it difficult to place change in
context. In terms of changes in hydrology regimes,
however, available information suggests that the
shallow-rooted pasture plant species which have re-
placed forests following clearing are less effective in
removing moisture from the sodic subsoils. The deep
percolation of water has resulted across the region
in the raising of groundwater tables, leading to sa-
line discharges in lower parts of the landscape, ac-
counting for increased stream salinity, and increased
salinity of bore water used for plant and tree irriga-
tion (Dyson & Jenkin 1981; Bren et al. 1993; Baker
et al. 1994). With increasing water volumes mov-
ing through the soil in cleared regions, soluble salts
have been more effectively leached through to the
underlying bedrock groundwater system, leading to
situations where cleared lands may contain up to half
the salts present in adjacent forested areas (Dyson &
Jenkin 1981). However, the range of soil types across
the region makes it difficult to ascribe a single hydro-
logical regime as typical across the region.

Threatened invertebrate species

The sometimes poor knowledge of invertebrates in
the region makes it highly likely that past land man-
agement regimes and practices may have resulted in
species declining and/or disappearing without our
knowledge of their existence and subsequent de-
cline.

The North Central region has nine Victorian
Flora and Fauna Guarantee Act (1988) listed spe-
cies of invertebrates. These include five species of
butterflies (Large Ant Blue Acrodipsas brisbanensis,
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Fiery Jewel Hypochrysops ignitus ignitus, Icilius
Blue Jalmenus icilius, Southern Purple Azure Ogyris
genoveva araxes, Eltham Copper Butterfly Paralucia
pyrodiscus lucida), two species of moths (Sun Moth
Synemon theresa, Golden Sun Moth Synemon plana)
and two species of ants (Myrmecia sp. 17, Perono-
myrmex bartoni). The Golden Sun Moth is also listed
under the Commonwealth Environment Protection
and Biodiversity Conservation Act (1999) as Criti-
cally Endangered. For most of these species, habitat
loss, degradation and fragmentation is listed as the
cause of decline (Webster 1992; Jelinek & White
1996; O’Dwyer et al. 2000; Douglas 2003). Virtu-
ally nothing is known about the ant Peronomyrmex
bartoni except that it is very rare: this species is
known only from two individuals (Shattuck & Hin-
kley 2002). On the positive side, the Eltham Copper
Butterfly has been recorded in new locations at Cas-
tlemaine and at Bendigo in recent years (Canzano et
al. 2007; J. Barker, pers. comm. 2010).

DISCUSSION

The lack of baseline information on the invertebrate
fauna of the north central region means that many en-
vironmental management decisions impacting upon
invertebrates (when invetebrates are even taken into
consideration) are made based on some assumptions
including:

(1) The high number of invertebrate species
means that the loss of some species may not adverse-
ly affect ecological processes. We do not know how
many species can actually be lost without adverse ef-
fects on these processes, but certain functions (such
as plant species-specific pollinating species) will be
affected with the loss of one species.

(2) Vegetation communities are an adequate and
effective surrogate for invertebrates. Mac Nally et al.
(2002) showed that Box-Ironbark forest Ecological
Vegetation Communities (EVCs) are not good sur-
rogates of most animal groups. It is assumed that the
fauna associated with vegetation communities is the
same throughout the range of those communities;
this does not consider the spatial species turnover of
diverse groups such as invertebrates where the inver-
tebrate species composition may be very different
within the same vegetation community.

(3) As long as ecological processes are main-
tained, it does not matter if it is an exotic species that
performs the function. Exotic species have been in-
troduced to increase productivity without assessing

possible long-term effects, such as honeybees for
pollination, earthworms for soil fertility, biological
control agents and dung beetles.

Knowledge gaps and future directions for inverte-
brate research

The following highlights some of the current knowl-
edge gaps, and potential future research directions
to address invertebrate issues in the north central
region.

(1) Important remnant habitats. There is an urgent
need to study invertebrates within good quality rem-
nants representative of significant habitats in the re-
gion, such as older Box-Ironbark forests (with large
old trees), and the Northern Plains grasslands. There
are also some larger less disturbed areas in the western
parts of the region that require study. While many en-
vironments have been permanently lost or altered, pro-
tection of the best remnants will require inventories of
selected groups of invertebrates, and an adequate under-
standing of ecological processes for maintenance and
restoration of these systems. Remnant older forests are
important because they provide the opportunity to as-
sess the invertebrate fauna and associated processes in
systems with larger old trees, larger coarse woody de-
bris, and more leaf litter. This information is important
to assist with restoration aims. As an example, there
is virtually no information currently available regard-
ing Northern Plains grasslands invertebrates on which
to base ongoing management programs, highlighting
the requirement of such information. However, some
important and high quality remnants may only survive
in small remnant reserves such as roadside, rail and
other reserves, and these will require studying with a
greater emphasis on their longer term viability because
of their greater vulnerability.

(2) Habitat gaps. Invertebrate fauna studies in the
region have involved primarily ground active spe-
cies (predominantly collected using pitfall trapping
means only) and pests of agricultural or forest sys-
tems. There is a dearth of knowledge on the canopy
faunas of overstorey and major understorey plants,
especially eucalypts and wattles. Furthermore, the
loss of topsoil in the gold digging regions means that
we have little understanding of the role of inverte-
brates in nutrient cycling in those environments, an
important component of studies examining ecosys-
tem restoration.



106 N.G. COLLETT & A.L. YEN

(3) Significant invertebrate groups. There is an ur-
gent need for an increased understanding of the role
of functionally significant invertebrate groups such as
the termites, where little information exists on the role
this important group plays in the region. While there
have been several ant studies, there is a need to estab-
lish a uniform identification (voucher) system for ants
in order to more effectively utilise and manage data
(both past and future). The oecophorid moths, very
important in decomposition of eucalypt leaves, also
require us to develop a more detailed understanding
as to their role. Finally, we also need a greater under-
standing of processes affecting threatened invertebrate
species, in order to develop monitoring programs and
management systems to facilitate more selective and
effective conservation management.

4) Ecological interactions. Further research is re-
quired on a number of significant ecological interac-
tions such as those between the invertebrate fauna of
overstorey and understorey plants (both of which are
important for habitat and food). For example, some
species may live in the overstorey at certain times of
the year and rely on understorey resources at other
times as driven by different flowering times or the
availability of prey resources.

The invertebrate fauna of the canopy is generally
not well known in the region except for production
forestry in the region. River Red Gum elsewhere has
a very rich and diverse canopy invertebrate fauna
(Yen et al. 2002). Such studies are required in the
north central region to more accurately assess rich-
ness of canopy invertebrate fauna, while more work
is also required on the saproxylic fauna as little is
known about this fauna due to the destruction of
large older trees.

In terms of ecological linkages between flower-
ing plants, insects and birds, the following illustrate
some ecological interactions requiring examination
to facilitate greater understanding of such processes
in the region. The following are examples that illus-
trate the dependence of vertebrates on invertebrates:
(1) Regent Honeyeater Xanthomyza phrygia. Insects
are a necessary dietary component, especially during
breeding, are gleaned from foliage and bark, and also
taken in flight (Menkhorst 2003); (2) Brush-tailed
Phascogale Phascogale tapoatafa are arboreal mam-
mals that forage for predominantly large insects, spi-
ders and centipedes, on the trunks and major branch-
es of rough-barked trees and fallen logs. Eucalypt
nectar may be taken when ironbarks or boxes are

flowering (Humphries & Seebeck 2003); (3) Use of
invertebrates by hollow-dependent vertebrates (Al-
exander 1997): Powerful Owl Ninox strenua, Brush-
tailed Phascogale Phascogale tapoatafa, Squirrel
Glider Petaurus norfolcensis, Barking Owl Ninox
connivens, and (4) In Terrick Terrick National Park,
Michael (2001) noted the importance of spider bur-
rows as habitat for some lizards.

(5) Effects of land use. The way in which different
intensive land uses affect invertebrates requires as-
sessment in order to develop more ecologically sus-
tainable practices that benefit both native biodiversi-
ty and farm productivity. This includes the processes
within production systems (crops, grazing lands,
production forests), as well as adjacent remnant na-
tive vegetation. While there is considerable support
for revegetation (restoration) projects, there needs to
be a clear picture of what the aims of such programs
are for invertebrates, and how they can be achieved
without unforeseen adverse consequences. For ex-
ample, while revegetation involving corridors is seen
as beneficial for native biodiversity, if not planned or
implemented correctly they can act as corridors for
the movement of pests and diseases.

(6) Effects of introduced invertebrates and pest man-
agement. The effects of deliberately or accidentally
introduced invertebrates on native flora and fauna re-
quires urgent assessment. While the European Hon-
eybee Apis mellifera is now naturalised in Australia,
there is ongoing discussion and controversy about its
environmental effects, especially with reference to
management of feral bee colonies (Paton 1996; Paini
2004). One aspect of pest management practices that
requires immediate attention is the inappropriate use
of chemicals to control these feral colonies. There are
not only issues with the residues and other associ-
ated longer-term consequences, but also, the impact
of their inappropriate use on non-target groups, espe-
cially on beneficial invertebrates.

(7) Effects of fire on invertebrates. A recent review by
Tolsma et al. (2007a,b) of fire and associated fauna
issues in the north central region found that research
into the effects of fire on invertebrates is often con-
founded by high natural variability, and it is often
difficult to determine the pre-European climax com-
munity involved in such settings. Furthermore, such
studies are generally only in response to meeting the
needs of sometimes strict ecological and/or manage-
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ment parameters and generally applicable within a
relatively narrow range of situations and land use
types. Studies by Collett (1998, 1999, 2003) and
Collett and Neumann (1995) have established some
tentative baseline data concerning burning frequency
and seasonal impacts, as well as potential key indi-
cator invertebrate taxa. However, more research is
required on lower taxonomic levels (i.e. genus and
species), as well as into the effects of fire on termites,
known to be key drivers of secondary productivity in
these forests.

(8) Climate change. All the above issues have the
significant potential to be affected by future climate
change. Climate change has the ability to break syn-
chronous relationships (such as pollinator-flower re-
lationships, parasitoid-host relationships), and also
affect the population dynamics of different inverte-
brate species, resulting in either the range expansion
or contraction of invertebrates. The impacts of cli-
mate change on native and exotic pest complexes is
also little understood, requiring the ongoing develop-
ment of surveillance and predictive modelling tools
to quantify their impacts more accurately.

(9) Understanding and acceptance of invertebrates.
While there is a lot to be done to raise our under-
standing of invertebrates to a level where this can
be effectively used in management decision-making
in the region, there are a few priorities that require
immediate consideration. Firstly, known important
‘bioindicator’ groups representative of broader in-
vertebrate taxa need to be selected and routinely used
in land management decisions. However, for this to
be effective, there is a need to standardise collecting/
monitoring techniques, as well as the initial selection
of suitable indicator species. Secondly, the inverte-
brates of good quality remnant habitats need to be as-
sessed in order to assist determination of restoration
targets and baselines (i.e. establishing invertebrate
benchmarks). Finally, the profile of invertebrates
needs to be raised with the key message that only a
very small percentage are potential pests and that the
vast majority of species in the region are essential
and important in maintaining ecosystem services.

It is evident that there are still major knowledge
gaps for the terrestrial invertebrates in the north cen-
tral region of Victoria. These gaps inhibit the manage-
ment of the ecological systems in the region. Inver-
tebrates represent the most substantial, if not the key
faunal component of terrestrial ecosystems and they

need to be considered when issues such as reserve
management, habitat restoration and development
decisions are under discussion. The future challenge
is determining how much knowledge of invertebrates
is essential to make these decisions and to prioritise
the required research for resourcing.
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