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Abstract

Ecosystems are projected to experience altered precipitation patterns

associated with climate change, with some areas becoming wetter and others

drier. Both above- and belowground communities will be impacted by such

rainfall changes, yet research has predominantly focused on the flora and

fauna aboveground. Still, there is a growing body of literature for the effects

of altered precipitation on soil fauna. Nematodes are diverse and abundant

in most soils, represent multiple trophic levels, and influence essential soil

processes, making this group a good proxy for broader impacts on soil food

webs. Hence, we assessed the effects of increased and reduced rainfall amount

on total and trophic-level abundances of nematodes using a meta-analytical

approach based on 46 independent observations from 37 field studies and

tested whether effects differed among ecosystem types and with treatment

duration (<1 year, short term; >1 year, long term). Overall, total and trophic

group’s abundances, except fungal feeders, were negatively impacted by

reduced rainfall irrespectively of treatment duration. Increased rainfall had a

positive effect on total abundances and plant parasitic nematodes, but only

in longer term studies (>1 year). The impacts of altered rainfall were consis-

tent across the ecosystems studied; however, most studies focus on grasslands

and deserts, making it difficult to draw broad generalizations. Reductions in

rainfall are therefore likely to decrease soil nematode abundance, with less

pronounced effects on fungal feeders. Increased rainfall, on the other hand,

may favor plant parasites, likely due to increased plant productivity. Hence,

projections of reduced rainfall will have significant negative impacts on nem-

atode abundances, at least in grasslands and deserts, with cascading effects

on soil processes.
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INTRODUCTION

Global circulation models predict significant changes in
precipitation amount and frequency, with reduced rain-
fall expected in most nonpolar regions, which will impact
flora and fauna, both above- and belowground, in most
biomes (Singh et al., 2019). The effects of altered rainfall
amount on vegetation, and to a lesser degree fauna, have
been studied widely aboveground while less attention has
been given to belowground responses (Blankinship
et al., 2011; Liu et al., 2016). In recent years, however,
there has been increasing interest in belowground biotic
responses given their importance to ecosystem functions
(Kojima et al., 2014; van den Hoogen et al., 2019).
Among soil biota, nematodes are an ideal study group as
they are very abundant, highly diverse, represent multiple
trophic levels, and regulate soil processes through their
interactions with plants, microbes, and other soil fauna
(Guan et al., 2019). Understanding how nematodes are
impacted by climate change is therefore important to
predicting changes in ecosystem functions under future
conditions (Papatheodorou et al., 2012).

Soil nematodes are semiaquatic animals that rely on
water films or water-filled soil pores for movement;
hence, changes in water availability are likely to affect
their activity in the short term and nematode abundances
and community composition in the longer term (Nzogela
et al., 2020). A recent global survey of nematode trophic
groups showed that nematode abundances are positively
correlated with mean annual precipitation, at least when
other factors, such as soil carbon (C) and nutrients, are
not limiting abundances (van den Hoogen et al., 2019).
Moreover, physical and chemical properties as well as
biotic interactions may moderate responses to changes
in rainfall, for example, warming and changes in rainfall
may interact to influence nematode abundances given
the effect of temperature on physiological processes
(Nielsen et al., 2015). Hence, it is expected that reduced
and increased rainfall amount will have negative and
positive effects on nematode abundances, respectively,
unless other factors are limiting abundances (A’Bear
et al., 2014), with particularly large effects where nema-
todes are limited by water availability (Stott, 2016).

Nematodes are generally grouped by feeding prefer-
ences, including bacterivores, fungivores, herbivores, omni-
vores, and predators (Xiaoming et al., 2013), that affect soil
processes differently and are likely to show contrasting
responses to climate changes given their resources may
be differentially impacted (Dong et al., 2013). For example,
plant parasitic nematodes could benefit more than other
trophic groups where increased rainfall results in greater
plant productivity but has limited effects on other resour-
ces, such as microbial biomass (Olusanya et al., 2019).

Conversely, plant parasitic nematodes may be the most
impacted trophic group in drought-affected soils due
to the lack of plant growth. Similarly, fungivore and
bacterivore nematodes are likely to be impacted differ-
ently by altered rainfall given that bacteria and fungi
show contrasting relationships with soil water availabil-
ity. Fungi appear to be more desiccation resistant than
bacteria (Barnard et al., 2013) and would therefore be less
impacted by drought. Hence, fungivore nematodes may
not be as severely impacted by reduced water availability
compared with other trophic groups (Bouwman &
Zwart, 1994; Jones et al., 1969). Furthermore, increases
or reductions in plant parasites and microbial grazers
may impact predatory nematode abundances due to
resource availability and could have cascading effects
throughout the soil food web (Chiew et al., 2011). In gen-
eral, due to the consensus that decreased precipitation
increases the survival stresses on organisms (Diakhaté
et al., 2016), it can be predicted that the response ratios
for decreased precipitation will be significantly greater
than the increased rainfall responses (Ilieva-Makulec &
De Boeck, 2013).

Experimental studies in both the field and laboratory
have shown that nematode abundances typically respond
negatively to reduced water availability while responses
to increased water availability are more inconsistent
(Cesarz et al., 2017; Pengfei et al., 2018). Still, some
studies found limited effects of reduced rainfall on nem-
atode abundances (Sylvain et al., 2014; Vandegehuchte
et al., 2015). Moreover, a few notable studies have found
contrasting responses across nematode trophic groups to
altered precipitation (Andriuzzi et al., 2020; Ankrom
et al., 2020). Noticeably, plant parasites typically show
a stronger response to increased rainfall than other
nematode trophic groups (Guogang et al., 2020). Two
meta-analyses assessing soil biotic responses to global
changes provide strong evidence that altered rainfall
regimes influence nematode assemblages. Blankinship
et al. (2011) found that reduced rainfall was more likely
to reduce nematode abundances in colder and drier
ecosystems. Treatment effect sizes were variable but
largely depended on ecosystem type, given differences
in temperature and rainfall, suggesting that nematode
responses are governed by contemporary environmental
conditions. Another meta-analysis similarly found
mostly negative responses to decreased precipitation
and mostly positive responses to increased precipitation
(A’Bear et al., 2014). This meta-analysis furthermore
found that nematode trophic groups showed contrasting
responses to rainfall manipulations while responses gen-
erally were stronger in experiments of longer duration
(A’Bear et al., 2014). This could potentially be due to the
trophic groups having different tolerances to rainfall
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and potentially increased rainfall having a relatively
slower response rate compared with reduced rainfall,
where the impact is felt immediately. Thus, it is critical
to understand in what ways differing experimental
lengths impact response ratios for both rainfall changes,
to contextualize and refine experimental designs in the
future.

Since the most recent meta-analysis in 2014, 25 new
studies have manipulated rainfall to test effects on soil
nematode abundances under field conditions (e.g., Feng
et al., 2019; Guogang et al., 2020; Quanhui et al., 2018),
making it possible to evaluate the effects across studies in
different ecosystem types, across rainfall gradients, and
of different duration. Here, we present the results of a
meta-analysis of how altered rainfall amounts impact
total nematode and trophic group’s abundances with the
aim of addressing the following three questions: (1) How
does reduced and increased rainfall affect nematode
total and trophic group’s abundances? (2) Are responses
consistent across rainfall gradients and ecosystem type?
(3) Are responses affected by experimental duration?

METHODS

Literature search and paper selection

We collected relevant papers through an online search of
the Web of Science Core Collection database focusing on
the effect of altered rainfall regimes, specifically reduced
and increased rainfall amount relative to ambient condi-
tions at a site, on total and/or trophic group’s abundances
of nematodes. Nematode trophic groups were categorized
as plant parasites, bacterial feeders, fungal feeders, and
omnivores–predators. The “topic search” keyword filter
included variations of the following words: “nematode”
and “function” and “rainfall” and “precipitation” and
“increased” OR “flood” and “drought” and “decreased.”
References of the papers used in the analysis were also
checked for relevant studies that did not come up using
the search terms. Papers of any publication year were
included within the analysis when they were completed
using a robust experimental design. Specifically, experi-
ments included had to experimentally manipulate rain-
fall under field conditions and include an appropriate
ambient rainfall control, include at least three replicates,
and treatments must be imposed for more than 1 month.

Data collection and extraction

If a paper matched the criteria (as described above), we
recorded total nematode abundance and abundance of

nematode trophic groups including corresponding
standard deviation (±SD) and sample sizes (N) for ambi-
ent, increased, and reduced rainfall. If SD was not avail-
able, we calculated SD by multiplying standard error and
square root of the sample size (SE = SD/√N). The XE,
SDE, and NE represent the experimental group (E) mean,
SD, and sample size while XC, SDC, and NC represent
the control group (C) mean, SD, and sample size
(Blankinship et al., 2011; Hedges et al., 1999). Meta-data
were prepared directly from tables or extracted from
figures using WebPlotDigitizer v. 4.1 (Rohatgi, 2012)
where possible or obtained directly from the author.
Data were organized as total nematode abundance and
nematode trophic group’s abundances under ambient,
increased, and/or decreased rainfall. We obtained
46 independent observations of nematode responses to
altered rainfall amounts from 37 relevant papers. We
also included unpublished observations from six dryland
sites (Nyngan, Cobar, Broken Hill, and Milparinka in New
South Wales, and Charleville and Quilpie in Queensland)
across eastern Australia where rainfall was manipulated
for 4 years (Bristol et al., unpublished data). Our
meta-analysis included a total of 227 individual measures of
nematodes (total and trophic group) under ambient and
altered rainfall (increased and decreased). Treatment size
ranged from �20% to �80% reduction and 15%–300%
increased rainfall relative to ambient conditions at the
sites. In studies with multiple time points or treatments,
only data from the last year were collected to use bal-
anced sampling across studies and avoid concerns of
pseudo-replication, which would lead to some experi-
ments carrying greater weight in the analysis.

Calculation of effect size and
interpretation

We calculated ratio of means (ROM) to represent mean
effect sizes, given the large variation of measurements
between papers, using the metacont function from meta-
phor package in R (Viechtbauer, 2020). We did not pre-
sent effects size as Hedges’ d/standardized mean difference
(SMD) due to similar results between treatment groups
(data not present). ROMs are calculated using the natu-
ral logarithm of mean abundance of nematodes in experi-
mental groups (i.e., increased or decreased rainfall) to that
of the control group (ambient rainfall) with corresponding
SD and sample size (N) of individual observations. ROM
values >1 and <1 represent positive and negative treatment
effects on nematode abundances, respectively. ROM
values that do not differ from 1 indicate no treatment
effects on nematode trophic group’s abundances. We
tested for publication bias by producing a histogram of
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effect size to check the data of depression around zero
(Begg & Mazumdar, 1994).

Meta-analysis

All meta-data were analyzed using R version 4.0.3
(R Development Core Team, 2020). We chose random-effects
models to quantify effects of increased and decreased
rainfall relative to ambient rainfall on individual
response variables (i.e., the relative abundance of nema-
tode trophic groups). Due to the high variation in each
treatment effect in the papers collected, and the sam-
pling variation, the random-effects model was chosen to
be best suited for this analysis (Rosenberg et al., 2000).
Multiple subcategories were used to demonstrate the effects
of altered rainfall regimes on total nematode abundance
and nematode trophic groups across all studies and whether
these differ among ecosystem types, experimental duration,
and precipitation at the site (Appendix S1: Tables S1 and
S2). Additionally, we used linear regressions to test whether
response ratios of total or trophic groups were related to
mean annual precipitation or treatment size across the
studies to assess whether treatment effects are moderated
by local conditions or experimental design, respectively.

RESULTS

Total and trophic group responses
to altered rainfall

The effect of altered rainfall varied across total and tro-
phic group’s abundances (Figure 1). Total nematode
abundances were 45.4% lower in the decreased rainfall
treatments across all studies (ROM = 0.546, n = 27,
p = 0.008), while there was no effect of increased
rainfall. The abundance of plant parasites was 46.0% lower
in the decreased rainfall treatments (ROM = 0.5399,
n = 19, p = 0.04), but no effect of increased rainfall was
observed across all observations (Figure 1). The abundance
of omnivores and predators was 59.8% lower in the
decreased rainfall treatment (ROM = 0.4019, n = 19,
p < 0.001), but was not affected by increased rainfall
(ROM = 1.1012, n = 22, p = 0.6782). Fungivores were
not significantly different under reduced or increased
rainfall. Bacterivores showed a significant reduction of 35.9%
under decreased rainfall conditions (ROM = 0.6403, n = 20,
p < 0.0001).

There was no correlation between nematode total
or trophic group’s abundance response ratios and mean
annual rainfall of individual studies, except for a negative
correlation between the effect size of increased rainfall

for omnivores/predators with increased precipitation
and the effect size of decreased rainfall for fungivores
with decreased precipitation (Appendix S1: Figure S1).
Similarly, there was no correlation between nematode
abundances and treatment size for reduced or increased
rainfall treatments. Hence, treatment size was not
included as a variable in the meta-analysis.

F I GURE 1 Mean response ratio (± bootstrapped 95% CI) of

increased and decreased rainfall treatments relative to ambient

rainfall for total and nematode trophic group’s abundances: Plant
parasites, omnivores and predators (Om/Pr), fungivores, and

bacterivores. Ratio of means (ROM), which measures the response

ratio; the dotted line represents no response, ROM values

>1 represent positive treatment effects on nematode abundances,

and ROM values <1 represent negative treatment effects on

nematode abundances; n = number of observations included in

each treatment, p value indicates the level of significance.

4 of 10 BRISTOL ET AL.

 21508925, 2023, 1, D
ow

nloaded from
 https://esajournals.onlinelibrary.w

iley.com
/doi/10.1002/ecs2.4364 by W

estern Sydney U
niversity, W

iley O
nline L

ibrary on [26/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Effects of altered rainfall across ecosystem
types

The effects of altered rainfall regimes on nematode abun-
dances varied among ecosystem types (Figure 2). Nematode
abundances were 39.2% lower in desert ecosystems under
decreased rainfall conditions (ROM= 0.608, n= 11, p= 0.041),
54.9% in grasslands (ROM = 0.451, n = 10, p = 0.004), and
54.9% in other ecosystems (ROM = 0.451, n = 6, p = 0.048)
under decreased rainfall conditions. However, no effect was
observed for increased rainfall (Figure 2).

Effects of experimental duration
on nematode responses

The effect of altered rainfall differed among short-term
and longer term studies (Figure 3). Reduced rainfall had

a negative effect on total abundances both in short-term
(<1 year) (ROM = 0.4094, n = 11, p = 0.004) and
long-term (>1 year) studies (ROM = 0.6300, n = 16,
p = 0.006; Figure 3). By contrast, increased rainfall only
had a significant positive effect on total abundances
(ROM = 1.1831, n = 18, p = 0.027) and plant parasitic
nematodes (ROM = 1.6401, n = 13, p = 0.010) in the
longer term studies. Likewise, fungivores showed a ten-
dency to increased abundances (47.2%) in longer time
studies (ROM = 1.4722, n = 13, p = 0.059; Figure 3). By
contrast, bacterivores were only significantly negatively
impacted by reduced rainfall condition irrespective of
experimental length (short term; ROM = 0.2670, n = 8,
p = 0.0018; long term; ROM = 0.6204, n = 12, p = 0.024;
Figure 3).

DISCUSSION

Our results show strong evidence that projected changes
in rainfall will have significant consequences for nema-
tode communities, but that the effects differ among
trophic groups, ecosystems, and with experimental dura-
tion. Overall, we found that nematode abundances were
45% lower in reduced rainfall treatments across all stud-
ies, whereas increased rainfall had no effect on total or
trophic group’s abundances. All trophic groups, except
fungivores, showed a negative response to rainfall reduc-
tions, although the effect was particularly pronounced
for omnivores and predators (59.8% reduction relative to
ambient). However, our results suggest that the effect of
increased rainfall may take longer to manifest, with a
9% increase in total nematode abundances, driven by a
strong increase in plant parasites, in longer term studies
(i.e., >1 year). Reduced rainfall resulted in a 39.2% reduc-
tion of nematodes in deserts and a 54.9% reduction in
grasslands—the two main ecosystems studied. The observed
changes in nematode abundances are likely to have cascad-
ing repercussions on essential soil processes, including
nutrient mineralization and primary productivity.

Nematode trophic group responses
to altered rainfall amounts

As expected, our meta-analysis supports the notion that
nematodes are sensitive to rainfall reductions despite
many nematodes thought to be quite resilient to drought
(Dima et al., 2015; Zhang et al., 2019). However, the
impacts of reduced rainfall differed considerably across
trophic groups, with very pronounced effects in most
feeding types, except fungal-feeding nematodes.
Omnivorous and predatory nematodes rely on the

F I GURE 2 Mean response ratio (± bootstrapped 95% CI) of

decreased and increased rainfall treatments on nematodes in

different ecosystem types: Desert, grassland, others (which include

subtropical forests, temperate forests, coniferous forests, wetland

forests, boreal forests, and evergreen forests; n = 14); ratio of means

(ROM), which measures the response ratio; dotted line represents no

response, ROM values >1 represent the treatment positively

impacting nematode abundances, and ROM values <1 represent the

treatment negatively impacting nematode abundances; n = number

of data sets included in each treatment, with the associated p value.
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availability of resources that may be affected by water
limitation and appear to be more sensitive to distur-
bance compared with other trophic groups (Krashevska
et al., 2019), perhaps explaining why this group is so
heavily impacted. Fungi are considered more drought
resistant than bacteria (Barnard et al., 2013), which
would suggest that resource availability for fungal

feeders would be less impacted by reduced rainfall than
other trophic groups (Guan et al., 2019), even if there
are some direct negative effects of water stress (Wagner
et al., 2015). However, few studies have assessed the
effects on fungal feeders and fungal biomass simulta-
neously, making it difficult to test this assumption.
Plant parasites were somewhat less impacted by reduced

F I GURE 3 Mean response ratio (± bootstrapped 95% CI) of increased and decreased rainfall treatments in different experimental time

periods (<1 year and >1 year), for total and nematode trophic group’s abundances: Plant parasitic nematodes (PPN), omnivores and

predators (Om/Pr), fungivore, and bacterivores. Ratio of means (ROM), which measures the response ratio; the dotted line represents no

response, ROM values >1 represent positive treatment effects on nematode abundances, and ROM values <1 represent negative treatment

effects on nematode abundances; n = number of observations included in each treatment, with the associated p value.
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rainfall compared with the other trophic groups, except
fungivores, possibly because plants provide a more
favorable habitat (Olusanya et al., 2019). Given that
nematodes are largely dependent on precipitation as all
soil fauna are constrained by water availability, at least
below certain threshold values (Fehmi & Kong, 2012),
we expected a negative correlation between nematode
abundances and drought treatments, with greater
effect sizes where reduced rainfall results in water limi-
tation. However, response ratios were not related to
mean annual rainfall across the study sites, except for
a weak albeit significant negative correlation between
omnivore–predator effect sizes and rainfall, indicating that
the impact of reduced rainfall is relatively consistent and
therefore predictable.

It was generally expected that rainfall would have
positive impacts on both above- and belowground fauna,
particularly in water-limited systems. Surprisingly, total
and trophic group’s abundances showed no response to
increased rainfall across all studies, with individual stud-
ies ranging from negative (e.g., Feng et al., 2016;
Maranhão et al., 2018) to neutral (e.g., Papatheodorou
et al., 2012) and positive (e.g., Andriuzzi et al., 2018;
Cesarz et al., 2017) effects. However, it appears that the
benefit of increased rainfall may take longer to manifest
given the higher total abundances and more plant para-
sitic nematodes observed in the longer term experiments
only. This is likely because reductions in rainfall have
more immediate impacts on nematodes due to increased
stress as well as longer term indirect effects through
changes in resource availability, whereas increased water
availability is more likely to predominantly have longer
term impacts due to enhanced resource availability
(Golluscio et al., 1998; Guan et al., 2019). However,
the effects of rainfall changes will also be moderated
by antecedent rainfall conditions at the study site
irrespective of longer term rainfall (Nielsen & Ball, 2015).

The positive response of plant parasites to increased
rainfall in longer term studies (>1 year) may be due to a
more rapid increase in plant growth relative to changes
in other resources (e.g., microbial biomass, prey for pred-
atory nematodes) (Bardgett & van der Putten, 2014). For
example, bacteria and fungi primarily utilize resources
derived from plants through rhizodeposition, root
growth, and litter inputs, indicating that these organ-
isms will respond to increased plant growth but may not
be strongly limited by water per se (Fisher et al., 2013).
Similarly, microbial grazers will respond to the increase
in bacterial and fungal biomass and activity in the lon-
ger term, but this relationship may take longer to mani-
fest. However, increased abundances of plant parasitic
nematodes would lead to heightened feeding on plant
roots, which could reduce plant growth and thereby

suppress effects at higher trophic levels (Guan et al., 2019).
Similarly, an increase in feeding activities of microbial
grazers could suppress microbial biomass and activity,
resulting in weaker responses to increased rainfall
(Nielsen, 2019). Furthermore, an increase in predators
may cause a decrease in overall nematode abundance
(Freckman et al., 1987; Maranhão et al., 2018). Our
results hence suggest that climate change may result in
altered soil food web composition given observed
trophic-group-specific responses.

While climate change is expected to cause increased
and decreased precipitation depending on location (Singh
et al., 2019), our results show that decreased rainfall will
have the strongest andmost substantial effects on nematode
communities. This trend is consistent with individual stud-
ies finding that drought affects abundances more than
increased rainfall (e.g., Andriuzzi et al., 2018; Feng et al.,
2013). The previous meta-analysis by A’Bear et al. (2014)
similarly found negative effects of drought on both plant
feeders and bacterial feeders, whereas we also observed
negative effects on omnivores–predators. A’Bear et al.
(2014) also found that increases in precipitation had a posi-
tive effect on nematode abundances across all available
studies at that time, while we only observed positive effects
in studies of longer duration (i.e., >1 year). Focusing
solely on field studies may change the outcome,
whereby effects of longer duration studies may simply
take longer to manifest compared with a greenhouse
where an isolated environment could speed up the pro-
cess. As plant parasites were seen to only increase in lon-
ger term studies, it is critical that we assess the effects of
climate change over realistic timelines to more accurately
represent changes in our ecosystems. The observed
responses to changes in rainfall are well supported in the
literature currently, with a few exceptions, which is not
surprising as water is well known to be a major driver of
the interactions between aboveground and belowground
systems (Nielsen & Ball, 2015).

Effect across ecosystem types and with
experimental duration

Most ecosystems studied were drylands and grasslands
where primary productivity is already water-limited (Knapp
et al., 2020; Maranhão et al., 2018) and the abundance of
soil fauna communities is expected to be similarly
constrained by resource availability (Guan et al., 2019).
While nematodes are generally considered relatively
drought tolerant (Nielsen & Ball, 2015), our meta-analysis
shows that soil nematodes in drylands and grasslands will
be severely negatively impacted by a further reduction in
water availability, likely because resource availability is
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further exacerbated or due to stress-driven mortality.
Dryland systems are broadly expected to experience
reduced rainfall reduction (Zhang et al., 2019), indicat-
ing that nematode abundances and ecosystem functions
may be severely affected in these widespread ecosystems
under future climates. Few papers have manipulated
rainfall in forest systems likely because water is not con-
sidered a key limiting factor to most forests and because
water is difficult to manipulate effectively in deep-rooted
plants (Feng et al., 2013). While decreased rainfall did
impact nematode abundances in forest ecosystems, the
correlation was weaker than in deserts and grasslands.

Conversely, it is expected that an increase in precipi-
tation in ecosystems where water is the limiting factor
would alleviate resource constraints, thus facilitating
plant growth and microbial activity (Nielsen & Ball, 2015),
which in turn would promote nematode abundances.
However, organisms that occur naturally in water-limited
ecosystems are typically well adapted to drought condi-
tions, which might limit their capacity to quickly respond
to increased water availability, for example, due to slow
growth rates and longer reproductive cycles (Golluscio
et al., 1998). Similarly, in ecosystems with abundant water
availability, increased rainfall did not appear to alleviate
resource constraints. Nematodes may be more tolerant to
reductions in resources such as rainfall; however, they are
still semiaquatic organisms, meaning they are not comfort-
able with reductions in rainfall across space and time
regardless of their drought tolerance.

Our results show that experimental duration has a
strong impact on the outcome of manipulative studies.
Specifically, reduced rainfall has immediate impacts on
nematode abundances, whereas increased rainfall takes
longer to manifest, with correlations not statistically signif-
icant across short-term studies (<1 year). Hence, it may be
impractical to reach conclusions about the effects of
increased rainfall on soil biota in short experiments
(Freckman et al., 1987; Maranhão et al., 2018). However,
as discussed above, in the longer term, enhanced resource
availability will likely result in increased nematode num-
bers and shifts in community composition. Similarly, the
consequences of reduced rainfall may not be persistent in
the long term. For example, over time, species that can
survive in water-limited conditions are likely to become
more prominent or more drought-tolerant species may col-
onize, thus the impacts of reduced rainfall could be less
severe over a longer period (Diakhaté et al., 2016). This
could suggest that the effects observed initially may be
ameliorated over time but may also result in changes in
community composition as more water-stress-tolerant spe-
cies become more abundant. Such changes in community
composition may impact the ecosystem more broadly over
a larger time that we have not yet observed. Finally, it is

worth noting that primary production shows a stronger
relationship with mean annual precipitation than with
interannual rainfall variability (Golluscio et al., 1998),
indicating that the effect of altered rainfall regimes
through changes in resource availability and quality may
take considerable time to manifest (Nielsen et al., 2015).

CONCLUSION

Climate change projections predict less rainfall in most
nonpolar regions (Singh et al., 2019). Our results show
that such reductions in rainfall will have substantial con-
sequences for soil nematodes globally (45% decrease on
average), although fungal feeders may not be impacted.
By contrast, increases in rainfall will have weaker
impacts on nematode abundances, at least initially favor-
ing plant parasitic nematodes, potentially resulting in
cascading impacts on plant growth due to greater root
herbivory. Our results therefore suggest predominantly
negative effects of climate change on nematodes in most
ecosystems, which is expected to impact important soil
processes, such as nutrient cycling and decomposition.
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