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Abstract: Termites are key ecosystem engineers whose
nesting activities influence soil structure, nutrient dynamics,
and microbial communities, particularly in resource-
limited environments. In semiarid ecosystems, where
soils are typically low in organic carbon, termite-induced
modifications may help sustain belowground biological
activity. Constrictotermes cyphergaster is a widespread arboreal
termite in the Brazilian Caatinga whose nests maintain
consistent subterranean connections with the soil, yet the
microbial implications of these structures remain poorly
understood. In this study, we assessed fungal abundance in
soils associated with the nesting system of C. cyphergaster at
two semiarid sites with contrasting precipitation regimes and
soil classes. Soil samples were collected from beneath arboreal
nests, from termite-built hypogeous constructions, and
from surrounding soils, and fungal density was quantified
using colony-forming wunits. Fungal abundance differed
significantly among sampling points at both sites, with
higher densities consistently observed in soils influenced
by termite structures compared to surrounding soils. These
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results suggest that the nesting system of
C. cyphergaster creates localized conditions
that favor fungal proliferation. Our findings
highlight the ecological importance of arboreal
termites with subterranean connections in
structuring soil microbial communities and
emphasize their potential role in maintaining
soil functioning in semiarid landscapes.

Key words: Ecosystem engineering, termites, soil
fungi, semiarid ecosystems, caatinga.

Termites are widely recognized as ecosystem
engineers whose profoundly affects soil
structure, chemistry, and biological functioning,
particularly in nutrient-limited environments
(Adamson, 1943; Lee and Wood, 1971; Jouquet
et al., 2016). Through the construction of nests,
galleries, and subterranean structures, termites
redistribute organic matter and minerals, modify
soil porosity, and generate spatial heterogeneity
that can persist long after colony abandonment
(Chen et al., 2021). These modifications often
translate into localized hotspots of biological
activity, with cascading effects on soil food
webs and ecosystem processes (Chen et al.,
2018; Baker et al., 2020; Davies et al., 2024).

One of the most consistent consequences
of termite engineering is the enrichment
of soil organic matter associated with their
constructions (Sheikh and Kayani, 1982;
Brossard et al., 2007; Joseph et al., 2013). Soil
organic matter represents the primary reservoir
of carbon and nitrogen for soil microorganisms,
underpinning microbial metabolism, growth,
and enzymatic activity (Hu et al., 2020; Sokol
et al., 2022). In systems with low baseline
carbon, even modest increases in organic inputs
may enhance microbial biomass and activity,
thereby influencing nutrient cycling and
decomposition dynamics (Gunapala and Scow,
1998; Bach and Hofmockel, 2015; Soong et al.,
2018). Experimental and observational studies
have demonstrated higher microbial biomass
in termite mounds relative to surrounding
soils (Fall et al., 2004; Lépez-Hernandez, 2001;
Pinheiro et al., 2013; Baker et al., 2020), as well
as in soils influenced by hypogeous termite
constructions compared to termite-free areas
(Yan et al., 2021; Chen et al., 2023).

Soil microbial communities, particularly
bacteria and fungi, are central to terrestrial
ecosystem functioning. They mediate organic

matter decomposition, regulate nutrient
availability, and link aboveground and
belowground compartments through complex
trophic and biogeochemical pathways (Van
der Heijden et al., 2008; Bardgett and Van der
Putten, 2014). While bacteria are key drivers
of nitrogen cycling processes (Yang et al.,
2021), fungi often dominate carbon turnover,
especially under conditions of environmental
stress or low nutrient availability (Fontaine et al.,
2011; Fabian et al., 2017). Fungal communities
exhibit remarkable physiological plasticity,
enabling efficient decomposition of plant
material and the establishment of symbiotic
interactions that facilitate carbon capture and
translocation within soils (Clemmensen et al.,
2013). Consequently, shifts in fungal abundance
can signal meaningful changes in soil functional
capacity.

In semiarid ecosystems, these processes
are particularly essential. Soils in drylands
are typically characterized by low organic
carbon content, high spatial heterogeneity, and
strong exposure to climatic extremes (Lal, 2004;
Plaza et al., 2018; Chen et al., 2022), making
them highly sensitive to biotic drivers of soil
functioning. In the Brazilian semiarid region,
soils are predominantly classified as Yermic
Eutric Leptosols according to the WRB system
(IUSS, 2022), corresponding to Neossolos under
the Brazilian Soil Classification System (Santos
et al., 2018).

Biological inputs from ecosystem engineers,
such as termites, are decisive for maintaining
soil microbial activity and ecosystem resilience
in soils with low carbon stocks (Enagbonma et
al., 2021; Aratjo-Filho et al., 2022).

The Constrictotermes cyphergaster (Silvestri,
1901) (Termitidae: Nasutitermitinae) is a
widespread termite species in the Brazilian
semiarid that constructs conspicuous arboreal
nests throughout the Caatinga biome
(Vasconcellos et al.,, 2007; Bezerra-Gusmao
et al., 2011). Although these nests are built
aboveground, they maintain a consistent,
well-defined physical connection with the soil
through galleries and subterranean structures
(Oliveira et al., 2022; de Oliveira et al., 2026a; de
Oliveira et al., 2026b). Recent field observations
suggest that these hypogeous constructions
function as integral components of the nesting
system, potentially modifying soil conditions
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beneath and around arboreal nests. Despite
growing interest in termite-soil interactions,
the influence of arboreal termite species with
subterranean connections on soil microbial
communities remains poorly explored.

In this study, we evaluated whether the
nesting system of C. cyphergaster affects fungal
abundance in soils of the Caatinga semiarid
region. We hypothesized that the subterranean
constructions associated with arboreal nests
enhance fungal density by locally modifying
soil conditions, particularly through organic
matter inputs and microclimatic buffering.
Given the low carbon content of semiarid soils,
even localized termite-induced alterations may
have ecologically meaningful consequences for
microbial communities and, by extension, soil
functioning.

Fieldwork was conducted at two Caatinga
forest sites in northeastern Brazil, selected to
represent contrasting precipitation regimes and
soil classes within the semiarid region. Site 1 was
located in the municipality of Campina Grande
(=7.2800, —35.9760), characterized by a Dystric
Gleysol formed from gneiss weathering and an
average annual precipitation of approximately
800 mm. Site 2 was located in the municipality
of Cabaceiras (-7.3736, —36.2804), where an
Eutric Regosol formed from gneiss weathering
occurs under markedly drier conditions, with an
average annual precipitation of approximately
400 mm. At each site, three arboreal nests of
C. cyphergaster were selected, with nests spaced
at least 20 m apart to ensure independence.

For each nest, soil samples were collected
from three distinct sampling points: (i) soil
directly beneath the arboreal nest (“below
nest soil”), sampled from the upper 8 cm of
the soil surface; (ii) hypogeous construction,
consisting of soil material taken directly from
the subterranean structure built by termites;
and (iii) surrounding soil, sampled at a distance
of 1.5 m from the nest base at a depth of 8
cm. Standardized collection protocols were
applied across sites to minimize sampling bias,
and all samples were stored under controlled
conditions prior to laboratory analyses.

Fungal abundance was quantified using
culture-based methods, with colony-forming
units (CFUs) used as a proxy for fungal density.
Ten grams of soil from each sample were
suspended in 90 ml of 0.9% saline solution and

agitated for 15 minutes, then serially decimal
diluted from 107 to 10*. Aliquots of 0.1 ml
from each dilution were plated onto Martin
medium supplemented with streptomycin
sulfate (Menzies, 1965). Plates were prepared
in triplicate and incubated at 25°C for 96 hours.
Colonies were counted on plates containing
between 30 and 300 CFUs. Differences in
fungal abundance among sampling points
were analyzed using generalized linear models
with a negative binomial error distribution
to account for overdispersion in count data.
Separate models were fitted for each site, with
significance assessed via analysis of deviance
and post hoc comparisons performed using
Tukey-adjusted contrasts based on estimated
marginal means (Lenth, 2023). All analyses
were conducted in R (R Core Team, 2022).

Fungal abundance differed significantly
among sampling points at both sites, indicating
a consistent influence of termite-associated
structures on soil fungal density (Site 1: X*=7.46,
df = 2, P=0.024; Site 2: X?>=6.07, df = 2, P=0.048;
Fig. 1).

At Site 1, CFU counts were significantly
higher within the hypogeous constructions
compared to the surrounding soil (Z = 2.74,
P = 0.016), while soils beneath nests exhibited
intermediate values that did not differ
statistically from the other sampling points.
At Site 2, fungal abundance was significantly
higher in the “below nest soil” compared
to surrounding soils (Z = 2.40, P = 0.044),
whereas hypogeous constructions did not differ
significantly from either category. Despite site-
specific differences in the spatial expression
of this effect, both locations showed elevated
fungal density in soils influenced by termite
nesting systems relative to adjacent, termite-
unaffected soils.

These findings support the hypothesis that
the nesting system of C. cyphergaster enhances
fungal abundance in semiarid soils, even under
contrasting precipitation regimes and soil
classes. The observed patterns are consistent
with the notion that termite constructions
function as localized zones of improved habitat
quality for microorganisms (Chouvenc et al.,
2011; Li and Greening, 2022), particularly in
environments characterized by low organic
carbon availability. By adding organic inputs
and creating buffered microhabitats with less
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Fig. 1. Colony-forming units (CFU) of soil fungi at three sampling points associated with Constrictotermes cyphergaster nests:
soil directly beneath the arboreal nest (Below nest soil), termite-built hypogeous construction (Hypogeous construction), and
surrounding soil (Surrounding). Data are shown for two Caatinga sites, Site 1 (Campina Grande; light-grey rectangles) and Site
2 (Cabaceiras; dark-grey rectangles). Bars represent mean values, and vertical lines indicate the standard error of the mean.

stressful and more stable temperature and
moisture conditions (Aiki et al., 2019; Joseph
et al., 2016), termite structures mitigate some of
the abiotic constraints that limit fungal growth
in exposed semiarid soils (Bonachela et al.,
2015). Excessive solar radiation and associated
increases in temperature and water loss can
negatively affect fungal diversity and enzymatic
activity (Braga et al., 2015; de Oliveira et al.,
2020; Misiak et al., 2020), including amylase
production (Pasin et al., 2022), suggesting that
microclimatic regulation by termites may play
a complementary role alongside organic matter
enrichment.

From a broader ecological perspective, the
role of arboreal termites linked to hypogeous
structures expands the concept of ecosystem
engineering beyond conspicuous mounds,
encompassing subtler, yet functionally
significant, modifications of the soil. In semiarid
landscapes increasingly affected by land-use
change, human pressure, and desertification
processes (Zhao et al.,, 2005; Moreno-de Las
Heras et al., 2011; IPCC, 2019; Franca Rocha
et al.,, 2024), such biogenic structures may
represent notable stabilizing elements that
sustain soil microbial activity and associated

ecosystem functions. Although based on a
limited sampling design, this study highlights
the ecological relevance of C. cyphergaster
nesting systems as drivers of belowground
biological organization in the Caatinga. Future
studies integrating molecular approaches,
functional assays, and larger spatial scales will
be essential to elucidate the role of arboreal
termites in shaping soil microbial diversity and
functioning in dryland ecosystems.
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