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Abstract

There is newly invigorated interest in intensifying agriculture in northern Australia, and
research has identified up to 17 M ha of suitable soils, much of which are floodplains.
Given that 88% of these best soils for agriculture occur outside the current protected area
network, and floodplains are a minority habitat in northern Australia, developing northern
Australia whilst maintaining its biodiversity will be a great challenge. Ants are a particu-
larly prominent and diverse faunal group within northern Australia, but almost nothing is
known of the floodplain fauna. We sampled 20 pairs of plots in floodplains and surround-
ing savannas in three locations in the high rainfall zone of the Northern Territory to inves-
tigate the ant faunal composition of the floodplains, to determine to what extent they are
comprised of species unique to floodplains or just a subset of the broader savanna fauna.
We collected 114 species from 29 genera. Eighteen species were found only in floodplain
plots, but only three were definitively floodplain specialists and another four had a propen-
sity for clay soils. For all locations combined, savanna plots contained approximately 1.7
times more species than floodplain plots. Multivariate analysis found that the two habitats
supported distinct ant faunas and the three locations also had distinct faunas. Nine species
in this study were new to science, suggesting that there are many other species yet to be
discovered. The results indicate that floodplains have conservation value for ant biodiver-
sity, as is the case for other components of the biota. Efforts to intensify agriculture on
north Australian floodplains therefore need to have effective conservation considerations if
we are to achieve ecologically sustainable development.
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Introduction

Northern Australia is exceptional in global standards because it contains a relatively low
human population living within the largest intact savannas in the world, covering approxi-
mately 2 million square kilometres (Woinarski et al. 2007). The greatest land-use through-
out northern Australia is pastoralism, whereby livestock are stocked at low density through-
out large areas of predominantly untransformed environments. But the development of
northern Australia using more intensive forms of agriculture has been the policy ambition
for many governments for over a century. This political aspiration is driven by perceived
opportunities for Australia to trade more with Asia in food commodities, as well as broader
national policy goals surrounding regional development (Australian Government 2015). As
a result there have been numerous attempts to establish intensive agriculture in northern
Australia, most of which have failed (Bauer 1977; Ash 2013). Regardless, political will
to develop the north has recently been reinvigorated (Joint Select Committee on Northern
Australia 2014; Australian Government 2015), and there is now much scientific scrutiny
into what capacity the landscape holds and what opportunities can be pursued (CSIRO
2009; Petheram et al. 2018). Given that habitat transformation or destruction is the greatest
cause of biodiversity loss globally (Brooks et al. 2002; Travis 2003), developing north-
ern Australia whilst maintaining its biodiversity will be a great challenge (Moran-Ordéiiez
et al. 2017), requiring a balance between conservation and agricultural interests (Wilson
et al. 2010; Shackelford et al. 2015).

Research to date has identified up to 17 M ha (14%) of soils in northern Australia suit-
able for intensive, irrigated agriculture (CSIRO 2009; Webster et al. 2009; Wilson et al.
2009). Much of these soils include those of the relatively fertile floodplains associated with
the major river systems that drain the high-rainfall, subcoastal regions. Of the non-savanna
habitats within northern Australia, seasonally-inundated floodplains are among the least
studied for their biota, with conservation attention to date focusing instead on the region’s
sandstone country and rainforest patches. A predominate finding of rainforest studies has
been high levels of endemism and biotic composition that is highly disjunct with that in
the broader landscape, and species that often have very localised distributions (Russel-
Smith 1991; Gambold and Woinarski 1993; Woinarski 1993; Andersen et al. 2007). Such
characteristics make these habitats and their biota vulnerable to disturbance. Floodplain
plants, and to a lesser extent vertebrates, are also comprised largely of species restricted to
this habitat, although predominantly with broad geographic distributions (Woinarski and
Braithwaite 1991; Cowie et al. 2000; Halford and Fensham 2014). However, practically
nothing is known about the largest faunal group, the invertebrates. Given that 88% of the
best soils for agriculture occur outside the current protected area network (Moran-Ordéiiez
et al. 2017) greater knowledge of the floodplain invertebrate fauna is required if develop-
ment is to be achieved without the loss of species.

Ants are a particularly prominent faunal group within Australia, and have been found
to be important drivers of soil-based ecological processes in both natural and agricultural
systems (Cammeraat and Risch 2008; Evans et al. 2011; Del Toro et al. 2012). Ants are
also notably diverse within Australia, having potentially around 10,000 species (Andersen
2016; Oberprierler et al. 2018). Much of this species diversity occurs within northern
Australia, with more than 900 species being recorded from the Top End of the Northern
Territory alone (Andersen et al. 2018), which encompasses only 10% of northern Aus-
tralia within a single climatic zone. Yet very little of northern Australia has been sampled
for ants, and there are many species that remain to be discovered especially from within
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under-sampled habitats. To date there has been no formal ant sampling in floodplains in
northern Australia, and very limited sampling of the most similar habitat—seasonally-
waterlogged (black/clay) soils (Andersen 1993; Hoffmann 2000, 2003; Andersen et al.
2015). General findings from the studies on black soils is that these habitats support lower
ant diversity than surrounding well-drained soils, that there are numerous species that are
likely to be specialists of these habitats, and that the species composition of the communi-
ties as displayed by functional group profiles (Andersen 1995) are markedly different, with
savanna ant communities containing more Generalised Myrmicinae, Hot-climate Special-
ists and other minor functional groups. Here, we provide the first survey of floodplain ant
communities in northern Australia, to determine to what extent they are comprised of spe-
cies unique to floodplains or just a subset of the broader savanna fauna, and to consider the
conservation implications of proposed land-use intensification within these environments.

Methods
Study sites

The study was conducted throughout the upper latitudes of Australia’s Northern Territory
(Fig. 1), where the rainfall is highest in the Northern Territory. We focused on the higher
rainfall region because this is where most of the floodplains occur. The region has a sea-
sonal monsoonal climate, with high temperatures (17-33 °C) throughout the year and an
annual rainfall of approximately 1200-1800 mm falling predominantly during the summer
wet season. Ant communities were sampled in three locations: Darwin, Melville Island
(hereafter referred to as Melville) and North East Arnhem Land (hereafter referred to as

Fig. 1 Map of the plots in the three study locations
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Arnhem) to cover the breadth of the northern-most latitudes of the Northern Territory. All
sites had little prior history of anthropogenic disturbance. Sites around Darwin were vacant
government land that had been de-stocked of cattle more than 50 years prior, and those
at Melville and Arnhem were Aboriginal Freehold tenure with no history of utilisation.
At most, all locations have been subject to some utilisation by feral pigs and Asian water
buffalo.

Sampling

At each of the three locations, ants were sampled in paired plots on a floodplain having clay
soil and an adjacent savanna having well-drained loam soil (Darwin: 10 pairs; Melville: 8
pairs; and Arnhem: 2 pairs) giving a total of 40 plots. Only two pairs were possible in Arn-
hem due to the scarcity of floodplains in the region where we could access. Floodplains
ranged in size from 2 to 30 ha, most often being oblong-shaped following a shallow drain-
age line, with a distance of <200 m across the width. As such, some floodplain plots were
only 50 m away from the savanna edge, but this distance is deemed far greater than the
foraging distance of most species so edge effects were not considered an issue. In all cases,
paired plots were spaced 100260 m apart, and were closer to each other than to other plots
which were always farther than 340 m apart. At Darwin and Melville, two pairs of plots
were used per discrete floodplain, whereas only one pair of plots was used per floodplain
in Arnhem due to space constraints. Ants were sampled at each plot using an array of 15
pitfall traps (4.2 cm diameter specimen containers), partly filled with ethylene glycol as a
preservative. Pitfall traps were set in a 3 x5 grid with 10 m spacing and operated for 48 h.
Darwin plots were sampled in June 2011, Melville in July 2011 and Arnhem in September
2013. Ants were sorted to species-level, and undescribed species were matched with spe-
cies numbers (e.g. sp. 4) in the CSIRO Darwin laboratory ant collection. Where a species
couldn’t be matched it was given a letter code that applies to this study only.

Analysis

To assess sampling completeness of the two habitats at each of the three locations, we cre-
ated individual-based rarefaction curves using EstimateS (Colwell 2013). Plot-level species
richness of the habitats by location and of the two habitats for all locations combined was
compared using a one-way ANOVA and a non-parametric Mann—Whitney U-test respec-
tively in Statistica 11. A Cochran’s test was used to confirm data homogeneity for the one-
way ANOVA.

Each species was classified as a floodplain specialist or not based on the collection data
found here, coupled with the collection data of specimens of the same species held at the
CSIRO Darwin laboratory. The CSIRO Darwin laboratory holds by far the most compre-
hensive collection of northern Australian ants, containing specimens from extensive hand
collections made by numerous researchers, and vouchers from all published ant surveys
conducted in northern Australia over the past 30 years. This collection is now increasingly
being used to quantify the biogeography of Australia’s ants (e.g. Andersen 2016; Andersen
et al. 2015, 2018).

The species composition of the two habitats was compared using non-metric multidi-
mensional scaling of species presence/absence data in Primer 6 (Clarke and Gorley 2003).
The similarity matrix was constructed using a Bray—Curtis association index. ANOSIM
was used to test for clustering of plots within the two habitats.
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Species were assigned to functional groups (Online Appendix 1) based on ant responses
to stress and disturbance (Andersen 1995). Eight functional groups are relevant to this
study: Dominant Dolichoderinae (primarily species of Iridomyrmex), Generalised Myr-
micinae (Monomorium, Crematogaster and Pheidole), Opportunists (predominantly
Rhytidoponera, Nylanderia and Tetramorium), Subordinate Camponotini (predominantly
Camponotus and Polyrhachis), Hot-climate Specialists (Melophorus, Meranoplus and
some Monomorium), Tropical-climate Specialists (Oecophylla smaragdina), Cryptic Spe-
cies (predominantly Solenopsis, Hypoponera and Strumigenys) and Specialised Predators
(Pseudoneoponera, Leptogenys and Ectomomyrmex). Because only environmental stress is
applicable in this study (i.e. all sites were free from anthropogenic disturbance), and flood-
plains present greater stress than savanna for ant habitat, we anticipated a greater propor-
tion of Opportunitsts to Generalised Myrmicinae in floodplains, lower presence of minor
specialist groups in floodplains, but a less predictable dynamic for Dominant Dolichoderi-
nae because both habitats are open from an ant’s perspective with the ground receiving
high levels of solar insolation. Tropical-climate Specialists, Cryptic Species and Special-
ist Predators were collected too infrequently for meaningful analysis individually, so they
were grouped together as Others. The mean plot-level contribution of each functional
group to species-richness and abundance was compared between the two habitats using the
non-parametric Mann—Whitney U-test in Statistica 11.

Results

Overall we sampled 14,199 ants comprising 114 species from 29 genera (Online Appen-
dix 1); 71 species from Darwin, 73 from Melville and 30 from Arnhem. The most speciose
genera were Pheidole (15 species), Monomorium (12), Iridomyrmex (10) and Rhytidopon-
era (10). Rarefaction analysis showed that the ant faunas of the three locations and two
habitats were sufficiently well sampled to make meaningful comparisons between them
(Fig. 2). Five species were found in both habitats in all three locations: Monomorium sp.
24, Pheidole sp. 3, Iridomyrmex sp. 1, Iridomyrmex pallidus and Camponotus crozieri.
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Fig.2 Rarefaction curve showing species accumulation in pitfall traps of the savannas (S) and floodplains

(F), and of each location X habitat combination: Arnhem Floodplain (AF), Arnhem Savanna (AS), Darwin
Floodplain (DF), Darwin Savanna (DS), Melville Floodplain (MF) and Melville Savanna (MS)
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Twelve species were found in savanna in all three locations and an additional 53 species
were found only in savanna plots. Seven species, Rhytidoponera sp. 2, Cardiocondyla ata-
lanta, Monomorium sp. 24, Pheidole sp. 3, Iridomyrmex pallidus, Iridomyrmex sp. 1 and
Camponotus crozieri were found in floodplain at all three locations, and an additional 18
species were found only in floodplain. Of these 18, based on additional specimens within
the CSIRO Darwin ant collection, only Pheidole sp. B and Iridomyrmex obscurus) are
clearly floodplain specialists, and the new Melophorus from Melville belongs to a complex
of floodplain specialists, but on clay soils in lower rainfall areas that merely waterlog, not
flood. Four other species, Nylanderia sp. C, Pseudoneoponera sp. A and sp. 11, and Rhyti-
doponera haeckeli have been predominantly collected on clay/waterlogged soils. All others
have previously been collected in non-floodplain habitats with the exception of the new
Pheidole species whose habitat affiliation cannot be confidently determined. Notably, no
exotic ant species were collected in floodplain plots (Online Appendix 1).

Species richness was greater in savanna compared with floodplain plots at all three loca-
tions, especially at Darwin (Fig. 3), but only statistically so in Darwin (One-way ANOVA:
Fs=13.7, P<0.0001). For all locations combined, savanna plots contained approximately
1.7 times more species than floodplain plots (10 vs. 17), with this difference being statsti-
cally significant (Mann—Whitney U-test: Richness, U=43, z=4.2, P<0.0001).

Multivariate analysis found that the two habitats savanna and floodplain plots sup-
ported distinct ant faunas (Fig. 4; ANOSIM: R=0.348, P=0.001). Additionally, the two
well-sampled locations of Darwin and Melville also supported distinct faunas (ANOSIM:
R=0.411, P=0.001), indicating regional as well as habitat distinctions.

Functional group profiles of the two habitats were very similar for both species compo-
sition and abundance (Fig. 5). Only the relative contribution of the abundance of Opportun-
ists and Generalised Myrmicinae differed significantly between the two habitats (Table 1),
with there being more Opportunists in floodplain and more Generalised Myrmicinae in
savanna.
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Fig.3 Mean (+SE) ant species richness per plot in the savannas and floodplains of each location: Arnhem
floodplain (AF), Arnhem savanna (AS), Darwin floodplain (DF), Darwin savanna (DS), Melville floodplain
(MF) and Melville savanna (MS). Letters in the graph indicate statistical separation
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tions of Darwin (triangles), Melville (squares), and Arnhem (circles), and in the two habitats of floodplain
(closed symbols) and savanna (open symbols). 2D stress=0.16
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Fig.5 Relative contribution of species richness and abundance of functional groups in the two habitats for
all plots combined. Functional group codes: DD Dominant Dolichoderinae, SC Subordinate Camponotini,
HCS Hot-climate Specialists, OPP Opportunists, GM Generalised Myrmicinae

Discussion

The floodplain ant fauna

This study provides the first assessment of ant species diversity and uniqueness within
floodplains of northern Australia, and is one of only a few assessments of ant communities
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Table 1 Results of Mann—Whitney U-tests of ant functional group data between floodplain and savanna
plots for all three locations combined

Floodplain Savanna U z P
%Species richness
Dominant Dolichoderinae 26.7+2.3 18.6+1.6 100 2.69 0.007
Subordinate Camponotini 8.4+2 10.2+1.3 162 1.01 0.31
Hot-climate Specialists 53+14 104+1.9 129 1.91 0.056
Opportunists 37.0£2.7 26.9+2.1 109 2.45 0.014
Generalised Myrmicinae 175+2.4 27+1.5 85 3.11 0.002
Others 5115 7+13 163 0.99 0.32
%Abundance
Dominant Dolichoderinae 54.6+6.3 65+4.6 157 1.15 0.25
Subordinate Camponotini 2.1+0.9 1+0.2 174 0.69 0.49
Hot-climate Specialists 1.7+0.7 2.1+0.5 144 1.5 0.13
Opportunists 353+6.2 9+22 65 3.63 < 0.0001
Generalised Myrmicinae 54+14 21.6+3.5 45 4.17 < 0.0001
Others 09+0.3 1.4+0.6 162 1.01 0.31

Bold indicates significance of P <0.05. Data are mean + SE

in flood-prone environments anywhere in Australia (Meeson et al. 2002; Ballinger et al.
2007; Horrocks et al. 2012). Approximately 7% of the floodplain ant fauna were either
floodplain specialists or are predominantly associated with clay soils, and the composi-
tional mix of the floodplain ant fauna was distinctly different to the savanna fauna. This
compositional distinctiveness is consistent with all other studies comparing ant community
composition on waterlogged vs well-drained soils (Andersen 1993; Hoffmann 2000, 2003;
Andersen et al. 2015), for other taxa in the same environments (Woinarski and Braithwaite
1991; Cowie et al. 2000; Halford and Fensham 2014) as well as for taxa inhabiting other
minority habitats throuhgout northern Australia (Russel-Smith 1991; Gambold and Woin-
arski 1993; Woinarski 1993; Andersen et al. 2007).

The biological significance of the regional fauna was further highlighted by nine species
being collected for the first time, two being found only within floodplain. Notably all nine
new species were found within Melville and Arnhem, both of which are regions that have
not been well surveyed for ants and no doubt contain many more as-yet unknown species.
Notably there were no exotic ants present in floodplain and very few in savanna, charac-
teristic of most of northern Australia where there has been very little land transformation
from anthropogenic utilization.

Unsurprisingly, floodplain contained both lower plot-level and total ant diversity than
savanna, as has been found in studies contrasting the ant faunas of clay versus well drained
soils in northern Australia (Andersen 1993; Hoffmann 2000, 2003; Andersen et al. 2015).
Surviving even short-term inundation is challenging for ants, requiring adaptive behav-
iours that either allow persistence under water, or flexibility to move colonies to dry loca-
tions (Nielsen 2011). The strategies used by ants in the seasonally-inundated floodplains
of northern Australia are completely unknown. Additional challenges would also be faced
for underground nest integrity when the water recedes, and the soil contorts, forming deep
cracks. Such dynamic soil movement and reduced soil volume would require species to be
highly flexible in nest spatial configuration. Finally, floodplains support few, if any, trees,
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which results in fewer carbohydrate and niche resources for ants, both of which are impor-
tant drivers of localised ant diversity (Bliithgen et al. 2000, 2004; Klimes et al. 2012).

That the functional group profiles of the savanna versus floodplain faunas were remark-
ably similar was not expected. But in line with the predictable dynamics of the Australian
functional group scheme (Andersen 1995), Opportunist abundance and species richness
contributed relatively more in floodplain than savanna, with the reverse being so for Gener-
alised Myrmicinae.

Not surprisingly, the combined findings of floodplain having lower species diversity, a
greater proportion of Opportunistic species, and compositionally distinct fauna comprised
of both habitat specialists and broader generalists from surrounding habitats is consistent
with global patterns of ant communities in flooded environments (Majer and Delabie 1994;
Milford 1999; Glaser 2007; Nielsen 2011). One exception though is the central South
American floodplain systems, especially along the Rio Parana and the Rio Paraguay, which
is the native range of three of the world’s worst invasive ant species: the red imported fire
ant Solenopsis invicta, the Argentine ant Linepithema humile and the little fire ant Was-
mannia auropunctata, as well as others that have become problematic outside of their
native range: S. richteri, Pheidole obscurithorax, Pseudomyrmex gracilis and Nylanderia
fulva. The ant communities in these systems appear to be speciose and highly competitive
(LeBrun et al. 2007; Calcattera et al. 2010), potentially with a greater number of aggressive
species relative to most other flooded ant communities. It is postulated that the combi-
nation of high interspecific competition with the environmental challenge of flooding has
selected for traits that make these, and potentially other, species successful invasive species
(LeBrun et al. 2007).

Conservation implications

So what can be said of the potential impacts of land utilisation for commercial purposes
in floodplains? Ultimately any impacts will be dependent upon the type of land use that
is implemented, and such impacts are predictable from what is known of the responses of
ants to disturbance globally. Following we present the current and likely future land uses
in order of increasing disturbance and ecological impacts. Notably, this disturbance gradi-
ent and the ecological consequences would apply to flooplain systems globally, not just in
northern Australia.

The current usage of floodplain systems in northern Australia is predominantly cat-
tle grazing on otherwise unmodified land, or at most with the addition of “improved”
pastures (exotic fodder species) such as olive hymenachne Hymenachne amplexicaulis
and para grass Urochloa mutica. Nothing is known of the effects of cattle grazing on
seasonally-inundated floodplain ant communities in Australia’s wet tropics, nor of the
interaction with introduced pasture species. However, research of grazing impacts on
ant communities within natural grasslands in semi-arid Northern Territory on season-
ally-waterlogged soils has found that grazing induces species compositional changes,
but does not necessarily affect total species richness (Hoffmann 2000); patterns that
hold globally for grazing on all soil types (Hoffmann 2010; Arcoverde et al. 2017). The
major caveat though being that such research into the effects of grazing globally has
been conducted in systems that have been grazed for many decades, often historically
at higher intensities. Therefore there are extremely few truly ungrazed areas to measure
as a real control (most often none within any study), so realistically grazing-sensitive
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species would have undergone their significant negative dynamics long ago, leaving
behind a fauna to be measured that is much more grazing tolerant.

Should cattle grazing intensify in floodplains, there are two conservation considera-
tions. First is the lack of refugia for habitat specialists that may be grazing-sensitive.
Such species in semi-arid and arid regions would possibly be able to persist in water-
logged locations most distant from water sources where grazing pressure is lowest, but
no such refugia exist on a seasonally-inundated floodplains without physical ungulate
exclusion (i.e. fencing). Second is that increasing cattle production is likely to come
from the introduction and promotion of exotic fodder species. Notably the two pasture
species favoured in floodplain systems, and potentially others, are also serious conserva-
tion threats through their habit of forming monocultures and modifying environmental
dynamics such as fire regimes, shading and hydrology, all which reduce coexistence of
native biota (Holm et al. 1977; Ferdinands et al. 2005; Godfree et al. 2017).

The greatest environmental impacts would occur from land modification for intensive
agriculture, whereby all native vegetation would be removed and the soil tilled. Such
habitat change induces greatest species loss for all taxa, particularly of specialised and
arboreal species, leaving only a few disturbance-tolerant and generalist species persist-
ing (Kondoh 1978; Gémez et al. 2003; House et al. 2012; Botha et al. 2015; Solar et al.
2016). This level of habitat and resultant faunistic change is very comparable to the
effects of urbanisation (McKinney 2008; Heterick et al. 2000; Buczkowski and Rich-
mond 2012). More native species are able to be conserved when tillage does not occur
(Fernandez et al. 2018), and when structural diversity and plant diversity is relatively
greater (i.e., monoculture crop vs. mixed-species cropping, tree crops or crops with
grassy inter-crop spaces) (Perfecto et al. 2003; Briihl and Eltz 2010; Fayle et al. 2010;
Gaigher and Samways 2010; Chong et al. 2011). Maximal species diversity is retained
when long-term crops (e.g. coffee) are embedded within minimally transformed natural
vegetation (Perfecto et al. 1997, 2003; De la Mora et al. 2013).

Historically, there have been multiple attempts to establish rice and cotton indus-
tries on seasonally-inundated floodplains throughout northern Australia, but most have
failed, including all within the Northern Territory (Ash 2013). There were many reasons
why these operations failed, including high pest load, difficult market access, high pro-
duction costs, and poor management (Bauer 1977), all challenges that still persist today.
But new technologies, new varieties of plants better adapted to local conditions, new
markets, improved supply-chain infrastructure, and greater understanding of the require-
ments of agricultural production in northern Australia are likely to result in future
attempts to grow these and other crops at commercial scales. All of these operations
will have the greatest impact on floodplain biota.

In summary, north Australian floodplains contain high ant diversity, with some
unique ant species, and faunal compositions that are both distinct from surrounding
habitats as well as distinct regionally. This faunal distinctiveness, coupled with the lack
of exotic species, suggests that floodplains have definite conservation value for ant bio-
diversity. Given that this study found nine species new to science in a relatively small
sampling effort, no doubt there are numerous other floodplain specialist species yet to
be discovered in floodplains across the greater breadth of northern Australia. These out-
comes reflect those of other biota in floodplains, and strongly suggest that efforts to
intensify agriculture on north Australian floodplains need to also have effective conser-
vation considerations if we are to achieve ecologically sustainable development.
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