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Most studies on the contribution of ants to N3O emissions focus on above-ground species. However, it is un-
certain how belowground-nesting ants affect such gaseous N emissions. Here, we tested the species-specific ef-
fects on N2O emissions in a tropical forest, of three ant species, namely Pheidole capellini (a honeydew harvester),
Odontoponera transversa (a predator), and Pheidologeton affinis (a scavenger). We observed an approximately
three-to six-fold increase in N2O emissions from nests compared to reference soils. Soil temperature and water

increased in ant nests and via regression models explained 54-70% and 78-90% of the emissions respectively.
N20 emissions were closely associated with mediated effects of ants on carbon and nitrogen pools. The emissions
from predatory O. transversa nests were about twice as high as from the nests of honeydew-harvester P. capellini
and saprophagous P. affinis. We postulate that these variations in N3O emissions among ant species are due to the
different extents of modification of soil variables in tropical forest by them.

Atmospheric N»O is a major greenhouse gas with a global-warming
potential approximately 300 times higher than CO. (Battaglia and
Joos, 2018; IPCC, 2006). Tropical forest soils can contribute 14-23% of
N»O emissions to the global budget from natural sources (IPCC, 2007),
but it is uncertain how the emissions are regulated in tropical forest
soils.

Ants affect N2O fluxes through accumulation of food or building
materials, deposition of excreta or residues, and modification of soil
heterogeneity, as a result of the construction of above- and belowground
nests (Cammeraat and Risch, 2008; Wang et al., 2018). Aboveground
nests are hot spots for N release, producing 2-17 times higher N»O than
surrounding soils (Bender and Wood, 2003; Wu et al., 2013). However,
little is known about the emissions modulated by belowground ant nests
in tropical forest soils.

Ants significantly affect NoO effluxes through modifying the prop-
erties of nest soils (Wang et al., 2018). Changes in nest temperature,
humidity and bulk density alter the oxic and anoxic conditions that
affect N2O emissions (Wu et al., 2015). The decreased pH, and increased
C and N pools in ant nests can impinge on electron donors and acceptors,

as well as diversity of bacterial functional groups (e.g., nitrifying,
denitrifying, and No-fixing symbiotic bacteria) that regulate the process
of N,O emissions (Boots et al., 2012; Frouz and Jilkova, 2008; Lan et al.,
2014). In particular, ant species differ in modifications on C and N ac-
cumulations due to different feeding and nesting types, which diversely
affects NoO emissions (Wang et al., 2017).

Ants are often quite abundant with diverse foraging habits due to
disparate food resources and micro-climates in tropical forests (Wang
et al., 2016). Here, we utilized three belowground-nesting ant species
(honeydew-harvester P. capellini, predator O. transversa, and scavenger
P. affinis) (Sonthichai et al., 2006) to identify the species-specific effects
on N»O emissions in a Xishuangbanna tropical forest. We hypothesized
that N»O emissions vary with ant species due to their different extent of
modifications on soil variables.

Within each of three randomly assigned sub-plots (10 m x 10 m; 20
m apart) in three replicated sites (60 m x 50 m, 200 m apart) in Musa
acuminata communities (Table S1), we surveyed nesting traits (Table 1)
for three ant species using a bait method (Wang et al., 2017). In each
subplot, N2O emissions from five nests of each ant species and five pairs
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Table 1

The trait of colonies and nests for three ant species in Xishuangbanna tropical forest
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Ant species Abundance (ind. Body size Nest number Nest density Nest diameter ~ Nest Depth ~ Nest architecture Above- and belowground
nest 1) (mm) per plot (nests ha 1) (cm) (cm)
Pheidole capellini 340 + 327 23+02° 38+9% 3800 + 2317 10.6 + 2.5% 9.2 +1.6% 4 cm piled petals for nesting; 4 chambers in first
layer (4 cm depth), 1 chambers in second layer
Odontoponera 47 £11°¢ 7.8+ 0.4 11+4° 1100 + 84°¢ 8.8 +0.2¢ 10.3 + Few scattered soils; 3 chambers in first layer (5 cm
transversa 2.2% depth), 2 chamber in second layer
Pheidologeton 210 + 18° 1.0 £0.1°  24+6° 2400 + 106" 9.8 +1.7° 8.1+1.0°  Few scattered soils; 3 chambers in first layer (3.5
affinis cm depth), 1 chamber in second layer

Values of ant abundance per nest, nest density and diameter, and total area of nest discs are mean + SE. SE: standard error. Different lowercase letters indicate

significant differences (p < 0.05) between the ant species.

of reference soils were measured tri-monthly from March 2017 to June
2018, using a static chamber technique (Bender and Wood, 2003;
Jilkova et al., 2015). We explored the association of NoO emissions to
soil variables. The details of the study methods are presented in the
supplementary material.

The belowground nests emitted 2.7-6 times higher NyO than nearby
reference soils (Fig. 1A, Table S2). The emissions were distinctly higher
than the values recorded for aboveground nests in subtropical (1.5
times) (Wu et al., 2013) and Mexico rainforest (3 times) (Majeed et al.,
2018). In contrast, they were lower than those in a bermudagrass
pasture (16.5 times) (Bender & Wood et al., 2003). Relatively high nest
emissions in the tropical forest may result from substantial N input by
large ant populations favored by disparate food resources and
micro-climates (Wang et al., 2017). The incorporation of food (rem-
nants) into the nests by ants might greatly affect microbial development,
thus increasing the emissions (Roxo et al., 2010).

The presence of ants increased nest temperature and moisture
compared with reference soils (Fig. 1B and C), thereby stimulating the
emissions of N»O. Soil water contributed more (78-90%) to explanation
of the temporal variations in NoO than soil temperature (54-70%)
(Figs. 2 and 3). Higher level of soil water is beneficial for nitrification as
well as denitrification (Cammeraat and Risch, 2008; Wu et al., 2013). In
particular, a higher N3O emission from O. transversa nests may have
been due to structurally more complex belowground nests with resultant
holding higher water content in vertical tunnels and horizontal cham-
bers, thus favoring soil microorganisms (Frouz and Jilkova, 2008).

Ant activity decreased bulk density and increased microbial carbon
in belowground nests (Table S3; p < 0.05 or 0.01), resulting in a sig-
nificant increase of NyO emissions. The decrease in bulk density is likely
to increase soil permeability, which stirs the microbial nitrification and
denitrification (Dambreville et al., 2008; Xiong et al., 2015). The
increased microbial carbon (~3 times) hinted a higher microbial ac-
tivity in ant nests, which induced a higher potential of increasing the
emissions (Gu et al., 2018).

The size of soil C and N pools was also elevated in nest soils
(Table S3; p < 0.05 or 0.01). Carbon and nitrogen input into ant nests are
the most critical factor for acceleration of NoO emissions, as low nutri-
ents availability can limit microbial processes of nitrification and deni-
trification (He et al., 2018). In particular, the inorganic N components, i.
e., NH; (2.4-3.8 times) and NO3 (2.9-4.2 times), were observably

increased in ant nests compared with reference soils (Table S3; p < 0.05
or 0.01). A higher NHj concentration can stimulate NoO emissions
through increasing nitrification rate, while a higher level of NO3 in-
creases the emissions via denitrification (Zhu et al., 2015).

The contribution of belowground nests to NoO emissions varied with
ant species. O. transversa ants had the lowest abundance and nest den-
sity, but exhibited the highest emissions. This was closely correlated
with higher level of microbial carbon and C and N pools in their nests
(Table S4). The broad-spectrum diet of these predatory ants, including
invertebrate prey and seed elaiosomes (Holldobler and Wilson, 2008),
exhibits a high N concentration, serving as N-rich substrate for potential
microbial nitrification and denitrification (Kotova et al., 2015; Majeed
et al., 2018). The higher C diets of honeydew-harvester P. capellini ants
could nourish additional NyO-releasing microbiota (Benckiser, 2010;
Thompson et al., 2016), their nests thus had the second highest emis-
sions. This might have been due to a higher population that integrated
greater C materials; however, this ant species could not supply sufficient
N substrates to meet the needs of microorganisms. Scavenger P. affinis
had a smaller size of C and N pool, which ranked the lowest emissions
among three ant species.

The belowground-nesting ants contributed 0.4-1.2% of the total
forest floor efflux (Table S5), which was comparable with the values
recorded for aboveground nests in an American pasture (1%). They had
similar contribution to N efflux as aboveground-nesting ants, though the
size of these belowground nests was smaller. This may be due to the
higher ant populations that incorporated richer C and N substrates into
their nests to increase the emissions. In particular, NoO emissions
seemed to have a close association with feeding habits of ants that
affected the nature of the food incorporated into nests. In the future
studies, replicated feeding habits of these ant species would be utilized
to test the hypothesis about what role the different feeding habits have.
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Fig. 1. Temporal variations in N,O emissions (A), temperature (B), and water (C) in the nests of three ant species and their reference soils in Xishuangbanna tropical
forest. Bars are mean =+ SE. SE: standard error. Treatments with the different letters are significantly different (ANOVA with Tukey’s Honest Significant Difference, p

< 0.05).
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Fig. 2. Regression analyses of soil N,O emissions (SN) and soil temperature
(ST) at 15 cm depth in the nests of three ant species (i.e., Pheidole capellini: A,
Odontoponera transversa: B, and Pheidologeton affinis: C), and in the reference
soils (D) in Xishuangbanna tropical forest.
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Fig. 3. Regression analyses of soil N,O emissions (SN) and soil water (SW) at
15 cm depth in the nests of three ant species (Pheidole capellini: A, Odontoponera
transversa: B, and Pheidologeton affinis: C), and in the reference soils (D) in
Xishuangbanna tropical forest.
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