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Abstract

The impact of climate change, notably more frequent and extreme drought, on soil invertebrate
communities essential to the survival of the Australian subalpine ecosystem, remains a relatively
unexplored concept. Using samples collected from the AMRF FutureClim site near Mt Perisher,
we studied how a simulated drought environment influences soil invertebrate community
composition, diversity and abundance, to predict what may occur in Kosciuszko National Park’s
near future. The significant decrease in overall abundance of soil invertebrates observed under
drought conditions, coupled with variations in the composition of orders and feeding guilds
suggests possible negative impacts of decreased moisture availability on these communities.
Whilst only preliminary findings, this research is beneficial in raising awareness on how every
aspect of the environment, whether as big as the trees or as small as the grains of soil, is a
significant contributor toward the ecosystem’s survival.

Introduction

In terrestrial environments like the Australian Alps, soil invertebrates not only act as fundamental
bioindicators of the overall health and abundance of the ecosystem (Lavelle et al., 2006), but also
sustain essential biological processes that maintain the delicate balance of the biosphere
(Goncharov et al., 2023). In nature, primary resources like carbon, nitrogen, phosphorous and
energy are finite, and therefore must be recycled and reused. By regulating organic matter
decomposition (Fitter et al., 2005; Yin et al., 2023), soil invertebrates facilitate the release of these
resources back into the ecosystem, allowing the cycle to continue (Steinwandter et al., 2018; Gaven-
Centol et al., 2023). Due to the various trophic levels involved in this process, it is only maintainable
if a diverse soil invertebrate community is present in a high enough abundance to fulfill the demand
of the ecosystem (Semeraro et al,, 2022; Nash et al., 2013). This in turn influences the growth and
productivity of native plant species (Wardle et al., 2004), and therefore the distribution of the fauna
that rely on it (Figueroa et al., 2021). The importance of soil invertebrate community diversity has
been previously documented by Decaéns et al. (2006) who found that an extreme abundance of
herbivorous invertebrate negatively affected the surrounding flora, with subsequent impacts on



fauna species higher up the trophic chain (Decaéns et al, 2006). Predatory soil invertebrates help to
reduce overgrazing by herbivores, with can disproportionately affect native species compared with
invasives (Smith & Williams, 2022). Additionally, decomposers and detritovores aerate and
redistribute nutrients throughout the soil, increasing water retention and reducing run-off erosion.
This is one of the factors that enables the Kosciuszko National Park to contribute up to 30% of the
water received annually by the Murray-Darling Basin (National Parks Association NSW, 2016).

The effects of climate change, including increased temperatures, altered precipitation, and
increased atmospheric CO, will have detrimental impacts on global ecosystem functions and lead to
diversity losses (Masson-Delmotte et al., 2021; Hooper et al., 2012). These changes are likely to
influence soil invertebrate community dynamics, and the essential services of litter decomposition,
as well as carbon and nutrient cycling that they provide (Goncharov et al.,, 2023). Additionally,
climate change will impact the frequency and intensity of extreme weather events such as droughts
(Yuan et al., 2023), which have the potential to alter population dynamics and disturb ecosystem
functions (Scheffer and Carpenter, 2003). Predictions for 2050 in Kosciuszko National Park indicate
that temperatures will rise between 0.6°C - 2.9°C, precipitation rates will decrease, and the
frequency and intensity of droughts will increase (Worboys et al., 2011). Furthermore, the alpine
tree line will rise and decrease the habitat of endemic high-altitude flora and fauna, increasing
competition pressures and augmenting ecosystem processes (Griffiths et al, 2021; Masson-
Delmotte et al, 2021; Hooper et al, 2012). The unique environmental and cultural attributes of this
region in Australia emphasise its significance for conservation and protection against climate-
change induced diversity loss (Mansergh et al., 2004). Given limited research on soil invertebrates
in this region, combined with their vital roles in supporting biodiversity and the environment, it is
critical to prioritise research on their abundance, diversity, and response to extreme conditions,
such as drought.

Existing literature on Australian soil invertebrates is sparse, and there is no consensus surrounding
the responses of soil invertebrates to drought. Some research suggests that drought conditions will
cause a decrease in soil invertebrate abundance due to reduced moisture availability, and a loss of
carbon due to reduced photosynthesis by plants (Seeber et al, 2012; Kardol et al, 2011; Lindberg et
al, 2002). Contrasting papers suggest the certain adaptations in behaviour will mitigate the effects
of drought on soil invertebrates (Torode et al, 2016; Fitter et al, 2005). Changes in community
composition of soil invertebrates as a result to drought are also documented by Kardol et al. (2011)
and attributed to changes in the quantity and quality of available nutrients. A preceding study in the
Australian Alps investigating arthropod community composition along a snowmelt gradient found
that notably higher predator numbers were observed in late-melting zones characterised by low
soil moisture availability (Green & Slatyer, 2020).The effect of temperature on soil invertebrates,
and on invertebrate communities within the Northern Hemisphere is better documented. Figueroa
etal. (2021) found that increased air temperatures resulted in slower leaf litter decomposition and
decreased invertebrate abundance and diversity in Massachusetts, United States. Studies in Iceland
investigating the effect of an increase in soil temperature on soil invertebrate abundance and
diversity concluded similar results, with the caveat that certain species became more abundant at
higher temperatures with implications to flora abundance and diversity (Robinson et al, 2018;
Escribano-Alvarez et al, 2022).

In this study we seek to investigate the effect of a simulated drought on the diversity and
abundance of orders present in soil invertebrate communities within the sub-alpine zone of
Kosciuszko National Park. Additionally, we seek to understand the impact of drought on the
abundance and diversity of feeding guilds to gain insight into functional changes in the soil
ecosystem in response to reduced moisture availability. This research represents novel and



preliminary insights into the response of soil invertebrates to drought within the Australian sub-
alpine zone.

We hypothesise that reduced moisture availability and the associated change in available nutrients
in drought sites will reduce the overall abundance of soil invertebrates, as well as reduce
abundance within orders and feeding guilds. Furthermore, we hypothesise that reduced moisture
availability and differences in the abundance and quality of certain nutrients will cause a loss of
diversity in both orders and feeding guild. This reflects the differences in the functionality, as well
as adaptations and behavioural responses of different groupings to the environmental stress.

Methods

Study site

This study was conducted at the Australian Mountain Research Facility’s FutureClim site, an alpine
grassy herb field located near Mt Perisher in Kosciuszko National Park (elevation 1600m, 36° 22’
20.3803” S, 148° 25’ 52.2516" E). Soil collection occurred on the morning of the 27th of November
2023, in clear conditions, following two days of intermittent rain.

The Aqueduct site contains 5 blocks of four “climate-controlled shelters” or treatment plots
(approx. 4m2 area): a control treatment, heat treatment (uses vertical heating tubes buried 70cm
below the soil surface and clear polycarbonate walls to maintain a minimum temperature of +4°C),
drought treatment (uses clear polycarbonate panels to block approximately 40% of rainfall) and a
combined heat/drought treatment. The non-heated plots are bordered with gardening mesh to
prevent disturbance from local fauna. Each plot also has a buffer zone indicated by wooden stakes;
a 0.5m wide perimeter around the 2x2 working area. For this study, the control and drought
treatment plots from each of the 5 blocks were used, totalling 10 test sites.

Figure 1 - Kosciuszko National Park; Australian Mountain Research Facility FutureClim Site Schematic with 5 labelled
blocks each including a control (C), drought (D), heated (H), and heated drought (B) plot.
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Field methods

At each of the 10 sites, a soil volume of approximately 529cm3 was taken from the lower perimeter
of the site, within the buffer zone to minimise impacts on concurrent experiments. The soil was
collected using a corer with a diameter of 7.4cm which went to a depth of approximately 12cm. The
corer was hammered in with a mallet and then prised out using a trowel if necessary. The collected
soil was placed in a labelled Ziploc bag for transport back to the laboratory.

A soil moisture probe was used to take measurements at 5 different points within each of the 10
plots providing average values for both control and drought treatments.

Laboratory methods

Soil collected, segregated by site, was placed into Berlese funnels (10 in total). Each Berlese funnel
consisted of a 15cm diameter plastic funnel above a glass jar containing approximately 25mL of
70% ethanol. The funnels featured two plastic mesh squares in the stem to prevent large soil
aggregates entering the ethanol. The tops of the funnels were covered with aluminium foil, which
was duct-taped around the opening of the jar to prevent invertebrates from escaping. The Berlese
funnels were positioned 23cm below three 250W heating lamps in a random order and left under
the heat for 17 hours.

After this period, the foil covering was removed, and the distance between the funnels and the heat
lamps was reduced to 12cm. Simultaneously, the ethanol was replaced, allowing for examination of
the contents that had been collected until that point. The collected ethanol was poured into small
petri-dishes and viewed under a dissecting microscope. Paint brushes were used to isolate
specimens from any soil sediment. This allowed for morphological identification of invertebrates to
order, and family where possible, with the assistance of CSIRO insect identification keys (CSIRO,
n.d.) and resource person, Kate Farkas.

The ethanol jars were inspected again 24 hours later, and then the soil within the Berlese funnels
was carefully searched through for any larger organisms unaffected by the heat lamp or unable to
pass through the mesh in the funnels’ stem.

Identification

The number of individuals and orders from each of the 10 plots were recorded. Individuals
identified as worms (Order: Opisthopora) were not included in subsequent analysis due to
uncertainty with their identification.

Invertebrates were separated into feeding guilds using a table (Table 1.) adapted from Andrew &
Hughes (2005) and Simberloff & Dayan (2003). The order Coleoptera was further separated into 3
distinct families, Carabidae, Staphylinidae and Scarabidae (CSIRO, n.d) to reflect the different
feeding guilds that they are a part of. Ants were designated to their own feeding guild due to the
variety of functional roles they fulfil (Andersen, 1995) and their high relative abundance across the
two treatments. The single larva that was observed could not be identified to order and was
consequently included in the ‘Various’ guild.



Table 1: Soil invertebrate orders and feeding group used in analyses

Feeding guild Orders included
Predators Coleoptera: Carabid, Staphylinidae
Detritovores/ Scavengers Collembola, Coleoptera: Scarabidae, Diplopoda
Ants Hymenoptera: Formicidae
Various Acari, Diplura, Phyllodocida, larvae

Data Analysis

Data analysis was completed in Excel (Version 16.78). Two sample T-tests (o = 0.05) assuming
unequal variance were conducted to compare the soil moisture measurements between conditions,
and for the comparing the overall abundance of individuals in each treatment. ANOVA tests (a =
0.05) were conducted to compare the individual abundance within orders and feeding guilds
between drought and control plots.

Relative abundance, also the proportion of individuals of one grouping out of the total number of
individuals found per volume per plot, was calculated using the equation:

no.of individuals within grouping
overall no.of individuals

relative abundance =

Shannon’s diversity Index (H") was calculated to compare the diversity of orders and feeding guilds
between treatments. It was calculated using the equation:

S
H = — zpilnpi
i=1

Where p; is the proportion of individuals of a grouping found divided by the total number of
individuals found (relative abundance), s is the number of groupings, In is the natural log and S is
the sum of calculation.

Results

A total of 43 invertebrates from 7 different orders (plus larvae that could not be identified to order)
were recovered from the soil samples across the 10 sites. 32 of these individuals were found in the
control plots with the remaining 11 found in drought plots.

6 orders of invertebrates were present in the control treatment whereas only 4 orders were
present in the drought treatment. Only Hymenoptera and Coleoptera were present in samples from
both treatments. The orders Collembola, Acari, Diplopoda and Diplura occurred exclusively in the
control treatment, and Phyllodocida and the larvae only occurred in the drought treatment.

There were no incidences of orders designated to the feeding guild ‘Scavengers/ detritovores’ in the
drought treatment.



Table 2: Soil invertebrate order/ family incidence across control and drought treatments.

Control | Drought
Hymenoptera 1
Collembola
Acari
Coleoptera
Staphylinidae
Larvae
Phyllodocida
Coleoptera
Carabidae
Diplopoda
Diplura
Coleoptera
Scarabidae
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Soil Moisture

Soil moisture in the control shelters (mean = 3.88%m SE = 0.495, n = 15) was significantly higher
(p=0.003) than in the drought shelters (mean = 2.30%, SE = 0.510, n = 15), confirming that the rain-
exclusion panels effectively reduced soil moisture at the drought sites.

Effect of simulated drought on soil invertebrate abundance

There was a significant difference in the mean number of total individuals found in 100cm3 of soil
between the control (mean = 1.21, SE = 0.23, n=5) and drought sites (mean = 0.45, SE = 0.22, n=5) [t
=2.38,df =8, P =0.0222] (Figure 2.)
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Figure 2. The mean number of individual invertebrates found in 100cm3 of soil. Blue represents the control sites and
orange represents the drought sites.



No significant difference (Table 3.) was found between mean number of individuals in each feeding
guild per volume of the control and the drought sites. The feeding guild ‘Ants’ had the highest
relative abundance across both treatments (Figure 3.). There was a higher abundance of individuals
within the feeding guild ‘Predators’ in the drought treatment though this difference was not
significant (Table 3.)
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Figure 3i. Abundance as the mean number of individuals within a feeding guild per 100cm3 of soil. Standard error shown by
error bars. Blue represents the control sites; orange represents the drought sites.

Table 3: ANOVA test statistics comparing individuals within each feeding guild per 100cm3 of control (C) and drought (D)
soil.

Feeding Guild Mean Number df F-stat P value
Predators C:0.11 10 8 0.24 0.64
D:0.19
Scavengers C:0.42 10 8 2.8 0.15
D: 0
Ants C:0.53 10 8 2.1 0.18
D:0.19
Various C:0.15 10 8 0.4 0.54
D: 0.076

Although different orders were present between the control and drought treatments, there were no
significant differences (Table 4.) in abundance within orders across the treatments. Hymenoptera
had the highest abundance in the control sites, and Hymenoptera and Coleoptera had the joint
highest abundance in the drought treatment (Figure 4.).
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Figure 4. Abundance as the mean number of individuals within order grouping per 100cm3 of soil. The error bars

represent standard error. Blue represents the control plots and orange represents the drought plots.

Table 4: ANOVA test statistics for individuals by order/ 100cm3 of soil.

Order
Hymenoptera

Collembola
Acari
Coleoptera

Larvae
Phyllodocida
Diplopoda

Diplura

Mean
C:0.53
D: 0.19
C:09
D:0

C: 0.075
D:0
C:0.1
D: 0.19
C:0

D: 0.038
C:0

D: 0.038
C:0.19
D:0
C:0.076
D:0

Number
10

10

10

10

10

10

10

10

df
8

F-stat
2.1

2.5

2.7

0.24

0.24

P value
0.18

0.15

0.14

0.64

0.35

0.35

0.64

0.35




Effect of simulated drought on diversity.

Figure 5. shows that the relative abundance of every feeding guild except ‘Scavengers/
Detritovores’ was higher in the drought treatment, however this pattern was not statistically
significant (Table 5.). The value of Shannon’s diversity index for feeding guilds in the control
treatment was 1.32, and for the drought treatment was 1.03.

Table 5. ANOVA test statistics for individuals by feeding guild/ 100cm3 of soil.

Feeding Guild Mean Number df F-stat P value
Predators C:0.11 10 8 0.24 0.64

D: 0.19
Detritovores/ C:0.42 10 8 2.8 0.13
Scavengers D: 0
Ants C:0.53 10 8 2.7 0.14

D: 0.19
Various C:0.15 10 8 0.4 0.54

D: 0.076
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Figure 5. The relative abundance of feeding guilds in both the control (blue) and drought (orange) sites. Relative
abundance was calculated by dividing the number of individuals within the feeding guild by the total number of
individuals within each treatment.
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The values of Shannon’s diversity index for taxonomic diversity in the control treatment and
drought treatments were 1.55 and 1.14 respectively. Figure 6 displays that for the control
treatment, the order with the highest relative abundance was Hymenoptera, and the order with the
lowest was Acari. For the drought treatment, Coleoptera had the highest relative abundance, with
Phyllodocida and larvae had the lowest relative abundances.
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Figure 6. The relative abundance of orders in both the control (blue) and drought (orange) sites. Relative abundance was
calculated by dividing the number of individuals within the order by the total number of individuals within the treatment.

Discussion

This study investigated the impact of simulated drought on the abundance and diversity of soil-
invertebrates in the Perisher sub-alpine zone of Kosciuszko National Park. After validating there
was a drought effect, this experiment considered the effects on overall abundance, as well as the
distribution of individuals across orders and feeding guilds. Furthermore, the study compared
order diversity and feeding guild diversity between the control and drought treatments using
Shannon’s diversity index.

While the small number of soil samples collected and small sample sizes for soil invertebrates
extracted means that statistical analysis is limited, the information gathered by the study suggests
differences in abundance and diversity in the drought and control treatments. The initial hypothesis
regarding a decrease in invertebrate abundance in drought conditions was partially supported by
the results as there was a significant decrease in soil invertebrate abundance in the drought sites
compared the control sites. However, the absence of significant changes in abundance within
orders and feeding guilds did not support this hypothesis.

There is a mixed consensus in the literature for the responses of soil invertebrates to drought, with
some studies reporting no change in abundance (Torode et al, 2016) and others reporting
decreased abundance (Kardol et al, 2011; Seeber et al, 2012). Water availability both directly and
indirectly influences soil invertebrates’ abundance and activity, potentially causing deeper
burrowing or evasion (Eisenhauer et al, 2012; Barnett & Facey 2016; Corbett, 2021). This
behaviour can make drought-related changes in abundance difficult to discern, especially
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considering the depth of sampling that occurred in this study. A further consideration is that within
the subalpine area, an already extreme environment, minor perturbations like a moderate drought
may not cause variation in abundance and diversity due to pre-existing selection for highly plastic
traits (Figueroa et al, 2021). Similar results of significant overall changes in soil invertebrate
abundance without significant changes in order or functional grouping abundance have previously
be attributed to the notion that drought creates a uniform pressure across the broader ecosystem
and effects individuals somewhat equally (Bessell-Koprek et al, 2023; Lindberg & Bengtsson, 2005).

The higher Shannon'’s diversity index value for feeding guilds in the control treatment would
suggest that there is greater diversity in feeding guilds in communities existing outside of drought
conditions, supporting the second hypothesis. However, the higher Shannon’s diversity index value
for orders in the drought treatment suggests more diversity in order under drought conditions. A
change in order diversity or feeding guild diversity could represent a change to the stability of the
ecosystem and impact the services provided by soil invertebrates. Existing literature suggests that
invertebrate diversity will be reduced by drought, influenced by the reallocation of resources by
plants (Dijkstra et al, 2012) leading to a cascade effect within food webs to higher trophic levels.
Losses of phylogenetic and functional richness following drought have also been reported (Peguero
etal, 2019). Interestingly, the result of a higher relative abundance of predator species within the
control treatment, though not statistically validated, is similar to the results of Green & Slayter
(2020) which saw a higher abundance of predators in areas of low water-availability.

The significant decrease in total abundance of soil invertebrates in the drought sites highlights the
importance of conducting broader-scale research to ascertain the true extent of reduced soil
moisture on these communities. Changes in diversity noted in the limited data further emphasise
this need for continued research to elucidate the effects of drought on the function of soil
invertebrate communities.

Invertebrates are underrepresented in ecological studies, particularly in the Southern Hemisphere
and Australia (Green & Slatyer, 2020; Andrew & Hughes, 2005). By decomposing organic matter,
creating porosity, influencing aggregation, regulating microbial communities, and influencing plant
growth, the impact of soil invertebrate activities scales to a whole environment level (Lavelle et al,
2006). The importance of soil invertebrates to the landscape, especially in places of environmental
and cultural significance like Kosciuszko National Park cannot be overstated. Any future research
that investigates the effect of climatic perturbations on soil invertebrate abundance and diversity
will help to better inform current and future land management and conservation.

Whilst this study only looked at changes in soil moisture content due to reduced incidence of
rainfall as a potential cause for change in soil invertebrate communities, the importance of water
relations in mediating above and below-ground interactions within the soil landscape has been
indicated by several studies (Johnson et al, 2011; Torode et al, 2016). It is essential to consider a
variety of different influences when investigating the response of soil invertebrates to drought. In
conjunction with more frequent extreme weather events and reduced precipitation under climate
change, temperatures are predicted to rise in Kosciuszko National Park (Worboys et al, 2011). The
response of soil invertebrates to both drought and increased temperatures will provide valuable
insights into how these communities might function in the future. Increased temperatures have
been reported to impact the community composition of invertebrates and cause range increases in
invasive species (Nash, 2013), as well as increase the abundance of invertebrate populations
(Andrew & Hughes, 2005). Another avenue for future research in conjunction with soil moisture is
the effect of fungal biomass on soil invertebrates. Fungivores were not a feeding guild explicitly
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represented in this study, and previous literature suggests that alterations in fungi due to soil
moisture may affect soil invertebrate community composition (Lindberg et al, 2002)

It is also important to note that there is a disparity between field-based studies and laboratory
experiments investigating soil invertebrate communities. Studies like those by Figueroa et al.
(2021) and Robinson et al. (2018) which occurred under strictly contained conditions do not have
the capacity to reflect the natural variation of these communities in nature (Nash et al, 2013). Any
future studies that occur in situ in the Australia alpine region would provide vital information about
the functioning of soil invertebrates in this prominent cultural and environmental landscape.

Limitations

Limitations of the study primarily revolve around the relatively low number of samples and small
sample sizes of extracted invertebrates, which means that interpretation of our data and statistical
analyses should be done with caution. A further implication of this was that calculating diversity
indexes based on broad taxonomic or functional groups does not allow us to account for specific
functional differences within those groups. Soil invertebrates often fill highly specialised roles in
the ecosystem, particularly in carbon and nutrient recycling. We were unable to determine impacts
of drought on specific species and their functional roles due to broad groupings used in analysis.
Expanding the number of independent soil samples in our experiment would facilitate robust
statistical tests to help discern the relationships between soil invertebrate abundance, diversity and
drought. The relatively small difference in soil moisture between control and drought treatments,
although significant, potentially buffered any changes in abundance or diversity within the drought
treatment. Future studies should allow the Berlese funnels to stand for more time, to allow
adequate passage of invertebrates into the ethanol trap, increasing the sample size of extracted
individuals and preventing manual sifting.

Conclusion

This study presents preliminary findings for the effects of simulated drought on soil invertebrate
abundance and diversity in the sub-alpine zone of Kosciuszko National Park. The observed
significant decrease in overall abundance of soil invertebrates within the drought treatment, along
with discernible differences between in the composition of orders and feeding guilds points to
possible adverse effects of reduced soil moisture on these communities. Changes to the abundance
and composition of soil invertebrate communities are amplified across the broader ecosystem
given their vital roles in nutrient cycling, maintaining soil health, and influencing plant growth.
Investigations into the dynamics of soil invertebrate communities are underpinned by the need for
further research to aid understanding of responses to different environmental stressors, and
subsequent consequences of these responses to the rest of the ecosystem.
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