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H I G H L I G H T S

• Soil microbes may be impacted by saltwater intrusion (SWI).
• We simulated a SWI event and documented changes in bacterial community composition.
• Sites with no history of SWI did not respond as they are not pre-conditioned to respond to saltwater.
• Sulfate-reducing bacteria increased following saltwater treatment at sites with a history of SWI.
• Saltwater impacts bacteria causing a shift in cycling of essential nutrients.
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Saltwater intrusion (SWI) can result in the loss of dominant vegetation from freshwater habitats. In northern
Australia, sea level is predicted to rise 17–50 cm by 2030–2070. Thiswill exacerbate the impact of SWI, threaten-
ing Ramsar-listed habitats. Soil bacteria in these habitats play a significant role in biogeochemical cycling, regu-
lating availability of essential nutrients such as nitrogen to vegetation. However, there is limited understanding
as to how SWI will impact these soil bacteria. Floodplain soil samples were collected from the South Alligator
River floodplain in Northern Australia from sites with contrasting histories of SWI. A SWI event was simulated
over 7 days with treatments of saltwater and freshwater. Bacterial community composition before and after
treatment were measured using next generation sequencing of bacterial DNA. Sites with no history of SWI
showed no significant changes in community taxonomic composition following treatments, suggesting the com-
munity at these sites have broad functional capacity which may be due to their historic conditioning over many
years. Sites with a history of SWI showed a significant response to both treatments. Following saltwater treat-
ment, there was an increase in sulfate-reducing bacteria, which are known to have an impact on carbon and ni-
trogen cycling.We suggest that the impact of SWI causes a shift in the soil bacteriawhich alters the community to
one which is more specialised, with implications for the cycling of essential elements and nutrients.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Soil bacterial communities are some of the most plentiful and di-
verse on the planet with an estimated 2.6 × 1029 cells (Whitman et al.,
1998; Lozupone andKnight, 2007). Inwetlands and freshwater habitats,
soil bacteria contribute greatly to biogeochemical cycling of key nutri-
ents, such as nitrogen, phosphorus, sulfur and methane, and are an im-
portant sink for carbon (Fuhrman, 2009). These nutrients are essential
to plant growth, and the soil bacterial community has an important

role in regulating their availability. However, the composition and func-
tion of bacteria can be altered by abiotic changes, such as salinity (Horz
et al., 2004; Lozupone and Knight, 2007; Jeffries et al., 2012). Under in-
creased salinity regimes, bacterial communities display increases in car-
bon cycling and photosynthesis and decreases in phosphate and
nitrogen cycling (Jackson and Vallaire, 2009; Jeffries et al., 2012;
Cañedo-Argüelles et al., 2014).

Saltwater intrusion (SWI) has a significant effect on freshwater eco-
systems (Mulrennan and Woodroffe, 1998; Long et al., 2012). The pro-
cess involves saltwater moving into freshwater habitats due to a
number of complex local features, including tidal influences, low alti-
tude, sea-level rise, rainfall, boat traffic and the impact of feral animals
(Mulrennan and Woodroffe, 1998; Petty et al., 2007; Hughes, 2010).
This can result in the die-off of dominant vegetation and the loss of
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suitable habitat for aquatic and terrestrial organisms (Winn et al., 2006;
Bowman et al., 2010). Grasses such as Pseudoraphis spinescens and
Hymenachne acutigluma, which are a major component of the vegeta-
tion on freshwater floodplains, and Melaleuca species will potentially
be lost due to SWI (Finlayson, 1991). The debris of these grasses left at
the end of the wet season and the leaf litter from theMelaleuca species
is rich in nitrogen, phosphorous and potassium and they are important
contributors to elemental cycling on the floodplains (Finlayson, 1991;
Finlayson et al., 1993). Thus, a loss of these grass andMelaleuca species
causes a decrease in available nutrients such as nitrogen. Freshwater
vegetation species in Kakadu National Park are predicted to decline at
≈3.7 psu (practical salinity units) while mangroves in Northern
Australia prefer a moderate salinity range of 16 to 50 psu (Ball, 1998).
Thesefindings suggest that following SWI, therewill potentially be a pe-
riod of low vegetation and a decrease in nutrient availability on the
floodplains.

The Intergovernmental Panel on Climate Change predictions suggest
increases of 17–50 cmby 2030–2070 (Stocker et al., 2013). This rise will
amplify the occurrence of SWI inmany areas, threatening the ecological
function and maintenance of biodiversity in high-value wetlands. Be-
cause of the region's low topography, extensive areas in Northern
Australia are susceptible to sea level rise (Hughes, 2010). Some areas
have already undergone dramatic changes caused by SWI (Mulrennan
and Woodroffe, 1998; Petty et al., 2007). On the Lower Mary River
floodplains located adjacent to Kakadu National Park, more than
17,000 ha of freshwater habitat have been destroyed due to SWI
(Mulrennan and Woodroffe, 1998; Bowman et al., 2010). This example
provides awindow into potential future impacts that predicted sea level
rise scenarios could have on nearby World Heritage-listed Kakadu Na-
tional Park and its extensive range of Ramsar-listed freshwater habitats.

To investigate the impact of SWI on the soil bacterial community of
these wetland systems, we simulated a laboratory-based SWI event on
floodplain soils collected from sites with contrasting histories of SWI.
Changes in bacterial community function and biogeochemical cycling
is often indicated by changes in bacterial community composition

(Reed andMartiny, 2013). Therefore, bacterial community composition
was monitored before and after treatments with saltwater and
freshwater.

2. Materials and methods

2.1. Study sites

The South Alligator River is located 220 km east of Darwin in the
World Heritage-listed Kakadu National Park, Northern Territory,
Australia (Fig. 1). It is a macro-tidal river 160 km in length with a tidal
range of 5–6 m which extends 105 km up the river (Woodroffe et al.,
1989). The floodplains flanking the river were previously covered
with mangrove swamps up until 6000 year BP (before present)
(Woodroffe et al., 1985, 1989). It was at this time that sea-level
stabilised and the floodplains became the sedge and grass floodplain
that exists today. The region is dominated by a tropical monsoonal cli-
mate, with a highly seasonal rainfall regime that defines two distinct
seasons, the Dry and theWet. Variation in rainfall, including rainfall in-
tensity and the duration of the Wet season produces an immense
change in the quantity of freshwater runoff transported across the
catchment. The average annual rainfall of the region from Darwin to
the Alligator Rivers is between 1300 and 1600 mm (Eliot et al., 2000).
In contrast to this, very little rain falls during the Dry season months
fromMay to September and this markedly affects the salinity structure
of the river. The pronounced seasonality of the climate may be a signif-
icant factor in affecting regional vulnerability to saltwater intrusion
(Woodroffe and Mulrennan, 1993).

Sites defined byWoodroffe et al. (1986) as lower floodplainwere se-
lected with different histories of SWI. Site 7 (12°37′19.95″S, 132°29′
22.25″E) had a history of SWI as indicated by tidal creek extension
and mangrove encroachment around the site since the 1950s (Cobb
et al., 2007). Soil salinity of replicates at this site was 5.62 ± 0.24 psu.
Site 10 (12°33′5.57″S, 132°27′29.23″E) had no history of SWI and soil

Fig. 1. Location of study site. Location of South Alligator River floodplain, KakaduNational Park (A)with location in reference to Northern Territory, Australia (inset). Sampling site with no
history of saltwater intrusion (B) and sampling site with a history of saltwater intrusion (C) are shown enlarged.
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