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ABSTRACT

Termites are ecosystem engineers whose nest-building activities alter soil
structure and nutrient cycling. In this study, we assessed the characteristics and
diversity of nest building termite assemblages in a white-sand forest fragment
near Iquitos, Loreto, Peru. We surveyed ten 30 x 30 m plots in the forest to
quantify nest density, taxonomic composition, nest-type, botanical substrates,
nest coloration, and spatial variation in nest abundance. A total of 156 nests were
recorded, representing five genera: Nasutitermes, Embiratermes, Coptotermes,
Constrictotermes, and Termes. The most common botanical substrates associated
with nest building belonged to the families Euphorbiaceae, Moraceae, and
Fabaceae, particularly Alchornea triplinervia. Most nests were arboreal (58,0%)
and dark brown in color (57,05%). Nest abundance increased significantly
with greater distance from the road. In conclusion, despite the low nutrient
availability, the white-sand forest fragment supports a dense and diverse
assemblage of nest building termites.
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ENSAMBLAJES DE TERMITAS CONSTRUCTORAS DE NIDOS EN
UN FRAGMENTO DE BOSQUE AMAZONICO DE ARENA BLANCA,
LORETO-PERU

RESUMEN

Las termitas son ingenieras del ecosistema cuyas actividades de construccion
de nidos alteran la estructura del suelo y el ciclo de nutrientes. En este estudio,
evaluamos las caracteristicas y diversidad de las comunidades de termitas
constructoras de nidos en un fragmento de bosque de arena blanca cerca de
Iquitos, Loreto, Pert. Estudiamos diez parcelas de 30 x 30 m en el bosque para
cuantificar la densidad de nidos, la composicién taxonémica, la diversidad de
tipos de nidos, los sustratos botanicos, la coloracion de los nidos y la variacion
espacial en la abundancia de nidos. Se registré un total de 156 nidos, que
representaron cinco géneros: Nasutitermes, Embiratermes, Coptotermes,
Constrictotermesy Termes. Los sustratos botanicos mas comunes asociados con
la construccidn de nidos pertenecian a las familias Euphorbiaceae, Moraceae y
Fabaceae, particularmente Alchornea triplinervia. La mayoria de los nidos eran
arboéreos (58,0%) y de color marrén oscuro (57,05%). La abundancia de nidos
aumentd significativamente con el aumento de la distancia desde la carretera.
En conclusion, a pesar de la baja disponibilidad de nutrientes, el fragmento
de bosque de arena blanca estudiado alberga un conjunto denso y diverso de
termitas constructoras de nidos.

PALABRAS CLAVE: Amazonia, caracteristicas ecolodgicas, interacciones, insectos
sociales
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INTRODUCTION

Termites are essential ecosystem engineers
that modified the physical and biological envi-
ronments (Bignell & Eggleton, 2000; Holt &
Lepage, 2000; Luke et al, 2014; Oliveira et al.,
2021; Wijas & Atkinson, 2021). Termite nests are
conspicuous structures whose architecture and
material composition confer critical ecological
functions across a wide range of biomes (Noirot
& Darlington, 2000). Their functions inclu-
des the modification of soil structure, nutrient
cycling, vegetation distribution and drainage
patterns (Ackerman et al., 2007; Apolinario &
Martius, 2004; Bonachela et al,, 2015; Muvengwi
& Witkowski, 2020; Mees et al., 2021; Alves et
al, 2022). In the Amazon forest, studies suggest
that nest-building termites drives soil formation,
regulate hydrology and create fertile islands that
enhance plant recruitment and heterogeneity
(Ackerman et al, 2007; Apolinario & Martius,
2004; Duran-Bautista et al., 2020).

White-sand forests of the eastern Amazon
constitute nutrient-poor ecosystems characte-
rized by low soil fertility and specialized plant
assemblages (Zarate et al.,, 2013). These habitats
are increasingly fragmented by deforestation,
climate-driven droughts and expanding road
networks, all of which undermine key ecological
processes and reshape patterns of biodiversity
(Moulatlet et al., 2021).

For example, roads fragment continuous forest
and generate novel microclimatic gradients,
hydrological flow and vegetation structure at the
forest boundary (Nunes et al, 2022). However,
despite their ecological importance, nest-building
termite assemblages in Amazonian white-sand
fragments remain poorly characterized with
most studies focused on species inventories in
central Amazonia, with a limited integration of
nest architecture, botanical substrates or lands-
cape-scale spatial patterns in relation to road
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disturbance (Casalla & Korb, 2019; Vasconcellos
etal, 2010).

Most studies on the relative abundance and
spatial distribution of nest types (e.g., epigeal,
arboreal, and subterranean) have focused on
varzea floodplains, agroforestry systems, or
terra firme forests (Bezerra-Gusmao et al., 2013;
Martius, 1994). The selection of nest construc-
tion substrates, which is shaped by a complex
interplay of biotic and abiotic factors, including
plant species composition, soil physicochemical
properties, and microclimatic conditions, has
received limited attention (Bronstein et al., 2006;
Muvengwi & Witkowski, 2020). Additionally,
traits such as nests coloration, which are clo-
sely linked to material composition, and the
decline in nests and termite diversity due to
habitat fragmentation in Amazonian ecosystems
remains unexplored, leaving a substantial gap
in our understanding of termite nesting ecology
(Almeida et al,, 2017; Sales et al., 2018).

In this study, we characterized nest-building
termite assemblages in a white-sand forest frag-
ment near Iquitos, Loreto, Peru. We quantified
nest density, assessed taxonomic composition
and nest-type diversity, documented the botani-
cal substrates and color variation, and evaluated
the variation in nest abundance along a distur-
bance gradient linked to forest-edge proximity.

MATERIALS AND METHODS
STUDY AREA

The study area was a forest fragment at Centro
de Investigacion y Ensefianza Forestal - CIEFOR,
Puerto Almendra, Iquitos, Loreto, Pert (3°49'40"
S,73°22'30" W) at 122 m a.s.l,, of the Universidad
Nacional de la Amazonia Peruana- UNAP, cove-
ring 1 000 ha of secondary forest. The average
of annual precipitation is 2979.3 mm; the ave-
rage annual temperature is 26.4 °C; the annual
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average maximum and minimum temperatures
reach 31.6 °C and 21.6 °C respectively and the
average of annual relative humidity is 82.1%. The
botanical assemblages in the study area are simi-
lar to those described by Zarate et al. (2013). The
sampled area is bordered by the Zungarocoha
road (Figure 1).

SAMPLING AND DATA COLLECTION

We established ten 900 m? plots, each mea-
suring 30x30 m. The initial plots were located at
distances of 130 m from the Zungarococha road
(Figure 1), followed by subsequent plots each
30 m: 160 m, 190 m, 220 m, 250 m, 280 m, and
310 m. Sampling was conducted from 8:00 am to
12:00 pm between July and August 2023.

73°24'0"0 73°22'40"0

3°49'20"S

3°50'40"S

73°22'40"0

73°24'0"0

73°21'20"0

73°21'20"0

We detected the termite nests in each plot by
visual surveys. We identified the termite species
to genus using the key of Constantino (1999).
The taxonomic identification of botanic substrate
(family and species) of each termite nests was
made in situ by an Amazonian botanic specialist
of the Instituto de Investigaciones de la Amazonia
Peruana- IIAP. We obtained the followed data
from each nest: type (arboreal, epigeum and gal-
leries- Figure 2); substratum (arboreum, shrub,
fall tree and liana) and color (dark brown, brow-
nish, light brown and greyish). To detect changes
in the spatial variation in nests abundance we
obtained the linear distance (in m) between the
middle of each plot to the Zungarococha road
edge (Figure 1).

3°49'20"S

3°50'40"S

Department of Loreto-Peru

Figure 1. Map of geographic sampling for data collection in a white sand forest fragment in the
department of Loreto, Perd. Purplish square is the sampling area.
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-'.

Figure 2. Classification of termite nest types detected in 10 plots of 30x30 m in a forest fragment in
Loreto, Peru: A-C= Arboreum type; D-E= Galleries type; F= Epigeum.
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DATA ANALYSIS

We determined the total and relative abun-
dance of termite nests by total area and per
square meter. We calculated the percentage
of occurrence of nests by botanical family and
their presence by plant species. We performed
a chi-squared test to determine the statistical
significance between plant species and termite
genus. We assessed the occurrence percentage of
termite nest types, substratum, and color. We per-
formed a linear regression analysis of the logy,
of the distance from the road to each plot versus
the log;o of the number of nests in each plot. We
performed a chi-squared test to determine the
statistical significance of the occurrence of ter-
mite genus occurrence across plot distances.

For data analysis, we treated the presence of
each nest as an independent sample. However,
termites can often extend their nests through
subterranean galleries and emerge as other
mounds in different locations. All analyses were
performed using standard package of R software
v.4.2.1. (R Core Team, 2015).

RESULTS

We detected a total of 156 nests in 900 m? of
sample area of five termite genus: Coptotermes,
Constrictotermes, Nasutitermes, Embiratermes
and Termes, four sub-Families: Coptotermitinae,
Nasutitermitinae, Syntermitinae and Termitinae
and two Families: Rhinotermitidae and
Termitidae. The relative abundance of mounds in
was 0,17 mounds/m?.

The genus Nasutitermes was the most abun-
dant (60,90% of occurrence, n= 95), followed
by Embiratermes (33,33% of ocurence, n=52);
Coptotermes (3.85% of occurrence, n= 3,85);
Constrictotermes (1,28% of occurrence, n=2) and
Termes (0,64% of occurrence, n= 1) (Table 1)
(Supplementary Material 1).

Vol. 34 (1) 2025. e34808

PLANT SUBSTRATES

Termite nests were identified in 34 bota-
nical families. The family Euphorbiaceae had
the highest occurrence (15,30%), followed
by Fabaceae (13,50%), Moraceae (9,40%),
Rubiaceae (7,10%), Lauraceae (5,90%), and
Myristicaceae (5,30%) (Figure 3A), Alchornea
triplinervia was the species with the most mound
occurrences (14,70%), followed by Brosimum
utile (7,10%), Iryanthera ulei and Ocotea oblonga
(4,70%), Eschweilera coriacea and Remijia peru-
viana (4,10%), and Pourouma tomentosa and
Protium sp., (3,50%) (Figure 3B). The chi-squa-
red test revealed significant differences between
plant species (X-squared = 285,27; df = 244;
p-value = 0,035). The occurrence of plant species
by termite genus is detailed in Supplementary
Material 2.

TYPE, SUBSTRATUM, AND COLOR OF NESTS

The most abundant type was arboreum
(58% occurrence), followed by epigeum (37%
occurrence) and galleries (5% occurrence), The
predominant substratum was tree (62,3%),
followed by shrub (28,2%), fall tree (7,7%), and
liana (1,9%), The most common color was dark
brown (57,05%), followed by brownish (32,05%),
light brown (5,77%), and grayish (5,13%) (Table
2, Figure 4) (Supplementary Material 3).

NESTS ABUNDANCE SPATIAL VARIATION

The linear regression analysis revealed a posi-
tive edge effect between road distance and plot
distance (p-value = 0,01), with a coefficient of
determination (R?) of 0.53 for the relationship
between mound abundance and road distance
(Figure 5A). The percentage of termite genus
increased with the distance from the road (Figure
5B). The chi-squared test determined significant
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Table 1. Termite nests abundance in a white sand fragment forests in the department of Loreto, Peru.

Relative Relative Percentage
Famil Sub Famil Genus Nest abundance abundacen (%) of nest
y y abundance (Nest/total (Nest/900 ocurrence in
nests) m?Z¥) 900 m?
Rhinotermitidae  Coptotermitinae Coptotermes 6 0.04 0.0067 3.85
Constrictotermes 2 0.01 0.0022 1.28
Nasutitermitinae
Nasutitermes 95 0.61 0.1056 60.90
Termitidae
Syntermitinae Embiratermes 52 0.33 0.0578 33.33
Termitinae Termes 1 0.01 0.0011 0.64

Table 2. Percentage (%) of occurrence of nest by type, substratum and color in 900 m?in a white sand fragment
forests in the department of Loreto, Peru. (-) represent not ocurrence.

Type of mound Mound substratum Mound color
£ £ n - <
Genus ] 5 g o c o 2 © 5 a «S| ¢
5| 5| 2| 2|28 2| 8| 3| £ |58|®28
2 a © Fl1EF | w | 5] & o Of | “m
2 ] O (o)

Constrictotermes 100 - 100 - - - 100 - - -
Coptotermes 50 33,33 | 16,66 | 50 16,66 | 33,33 | - - 20 80 -
Embiratermes 38,46 | 53,84 | 769 |5384 | 11,53 | 3461 | - 4,16 25 62,50 | 8,33
Nasutitermes 68,42 | 28,42 3,15 | 66,31 | 526 | 2526 |3,15| 2,17 | 38,04 | 54,44 543

Termes - 100 - 100 - - - - - 100 -

differences in termite genus relative to plot distan-
ces (X-squared = 118,65; df = 36; p-value = 0,001).

DISCUSSION

Our results revealed a surprisingly robust
nest abundance for an edaphically harsh envi-
ronment. We recorded five genera, Nasutitermes,
Embiratermes, Coptotermes, Constrictotermes and
Termes, in 0.9 ha. Our termite nest density (156
per 0.09 ha) substantially exceeds the 79 mounds
reported by Ackerman et al. (2007) across 0.104
ha of secondary forest in Brazil. However, it was
lower than the 275 nests and six subfamilies
reported by Dambros et al. (2013) in a fragmen-
ted terra firme forest in Central Amazonia.

Vol. 34 (1) 2025. e34808

Our observed generic richness is comparable
to that in earlier studies of termite assembla-
ges in forest fragments. For example, Fonseca
de Souza & Brown (1994) recorded six genera
(nine species) in a central Amazonian remnant,
Junqueira & Diehl (2009) reported seven genera
in a successional forest fragment in Sdo Paulo,
Brazil; and Genet et al. (2001) listed eight genus
in a subtropical dry forest fragment in Puerto
Rico. However, our richness is lower than the
values reported from Dambros et al. (2013), that
reported six subfamilies in a fragmented terra
firme forest in Central Amazonia; Constantino
(2013) documented 31 genera across terra firme
and Varzea ecosystems; Palin et al. (2011) that
identified 23 genera in the Tambopata National
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Reserve, Peru; and Casalla & Korb (2019) that
recorded 17 genera in a Colombian dry forest
fragment. These discrepancies in diversity likely
reflect differences in habitat continuity, soil
fertility, sampling effort, plot size and taxono-
mic resolution (morphospecies versus genus),
underscoring the need for cautious cross-study
comparisons.

Our findings highlight Nasutitermes and
Embiratermes as the dominant species in the
white-sand fragment. These genera are known
for their broad ecological amplitude and ability
to inhabit urban, anthropogenic, and both dis-
10% %  turbed and undisturbed forest environments
(Bustamante & Martius, 1998; Vasconcellos et
al, 2010; Scheffrahn & Su, 2005; Boulogne et
al, 2017; Mello et al,, 2014; Lima et al, 2018).
Although terra firme and flooded forests differ
markedly from white-sand in terms of soil fer-
tility and vegetation structure, several studies
have reported similar dominance of the subfa-
mily Nasutitermitinae, especially Nasutitermes
(Ackerman et al, 2009; Pinzon et al., 2017). The
abundance ofboth genus is closely associates with
forest structural and environmental parameters,
particularly leaf litter biomass, woody plant basal
area and mean tree diameter. These parameters
exhibit strong, positive correlations with termite
nests density (Davies et al, 2003; Jones et al,
2003; Apolinario & Martius, 2004; Vasconcellos
etal, 2010; Dahlsjo & Iniguez, 2020).

We observed that termite genera exhibited
non-random associations with certain botanical
families. Nasutitermes and Embiratermes were
frequently associated with the Euphorbiaceae
family, particularly Alchornea triplinervia, while

Euphorbiaceae -
Fabaceae -
Moraceae -

Rubiaceae -
Lauraceae -
Myristicaceae =

Lecythidaceae -

rticaceae =
Burseraceae -
Sapindaceae -

Anacardiaceae -

Violaceae -

Melastomataceae -
Indeterminado -
Marantaceae -
Elaeocarpaceae -
lusiaceae -
Sapotaceae -
lyrtaceae =
Metteniusaceae -
Arecaceae -
Aquifoliaceae -
Annonaceae -
Salicaceae -
Piperaceae -
Phyllanthaceae -
Nyctﬁ/([;maceae b
eliaceae -
Malvaceae -
Chrysobalanaceae -
aryocaraceae -
Bignoniaceae -

. Apocynaceae -
Anisophylleaceae -

Families
llllllllllIIIIIIIIIIIIIIIII|‘||||‘

0%

N
N
R

Total

Alchornea triplinervia =
Brosimum utile =

Ocotea oblonga -
Iryanthera ulei =

Rem/{/a peruviana =
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Pourouma tomentosa =
Tapirira guianensis =
Talisia cerasina =
Indeterminado -

Tachigali loretensis =
Sloanea durissima =
inorea racemosa -
Ischnos:ﬁ;hon obliquus -

. Inga altissima -
Amaioya corymbosa -
Zyqgia basijuga -
Tovomita ladrina =
Symphonia globulifera -
Swartzia sp. -

Pouteria sp. -

Parkia igneiflora -

) eX nayana -
Hymenolobium pulcherrimum -
Wmenaea, oblongifolia =
elicostylis tomentosa -
Guatteria sp. =

. Eugenia sp.. -
Diplotropis martiusii =
Dendrobangia boliviana -
Cedrelinga cateniformis =
Xylosma intermedia -
Sterculia apetala -

Piper arboreum =

arkia sp. =

Neea floribunda -

.. Naucleopsis sp. =
Miconia symplectocaulos =
. Miconia sp. =

. Miconia punctata =
Miconia biglandulosa =
Matayba macrocarpa =
Lon¢hocarpus nicou =
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Anaueria brasiliensis =
Amaigua guianensis =
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0% 5% 10% 150, Coptotermes occurred across several plant

Total taxa, with notable frequency in Brosimum utile

Figure 3. A: Total percent of occurrence (%) (Moraceae). Constrictotermes showed higher

of termite nests in plant families in the sam- occurrence in Amaioua corymbosa (Rubiaceae)
pled area. B: Total percent of occurrence P .

5 . : o and Ilex nayana (Aquifoliaceae). Despite these

(%) of termite nests in plant species in the )
sampled area. patterns, termites do not appear to respond to
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Embiratermes

Type of
termite mound

[ Arboreum

B Epigeum
[ Galleries

Nasusitermes Termes
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M Fall tree

B shrub
Liana
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[ Grayish
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!
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Figure 4. Percentage of occurrence of termite nest by genus in the sampled area. A= types; B= subs-
tratum and C= color of nests.

specific environmental cues such as botanical
identity; instead, mound placement likely reflects
stochastic dispersal via alate flight, followed by
nest construction in structurally accessible subs-
trates rather than selective ones (Araujo et al.,
2010). The predominance of dark-brown color
in nests (57%) suggests incorporation of humi-
c-rich organic material. Such pigmentation may
enhance solar absorption, mitigate thermal
fluctuations and stabilize internal nest tempe-
ratures (Noirot & Darlington, 2000; Paejaroen
et al., 2021). Furthermore, the predominance of

Vol. 34 (1) 2025. e34808

arboreal nests (58%) underscores the impor-
tance of above-ground vegetation architecture
in substrate selection. Termites appear to exploit
buttresses and low-lying branches to access
drier, better-aerated microhabitats within an
otherwise saturated soil matrix.

Although our sampling represents a single
unit and modest spatial extent, the clear gradient
in nest abundance and genus (Figure 5) from the
road into the forest appears to reflect an edge
effect. Microclimatic shifts created by the edge,
including higher temperatures, lower humidity,
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Figure 5. A: Linear regression between the distance of plots from the road edge versus the abundance
of termite nests. B: Variation in termite genus across distance from road edge.
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and variable soil moisture, alter niche availability
and favor termite taxa with broader physiologi-
cal tolerances (Almeida et al., 2017). Comparable
results have been reported in Amazonia. Fonseca
de Souza & Brown (1994) and Dambros et al.
(2013) documented reduced termite occurrence
and altered community composition near forest
edges. Dosso et al. (2017) demonstrated rapid,
short-term changes in termite assemblages
following slash-and-burn disturbances.

CONCLUSIONS

Our study demonstrates that even nutrient-
poor white-sand forest fragments near Iquitos
support dense, and taxonomically rich, nest-buil-
ding termite assemblages. The predominance of
nests constructed primarily on Euphorbiaceae,
Fabaceae and Moraceae families, especially
Alchornea triplinervia, and the high frequency
of dark-brown nests reflect consistent substrate
selection and material use strategies. The posi-
tive relationship between nest abundance and
distance from the road highlights the sensitivity
of termite engineers to disturbances. These fin-
dings underscore the resilience of termites in
maintaining soil turnover and microhabitat hete-
rogeneity under extreme edaphic constraints,
and they emphasize the need to incorporate ter-
mite-mediated processes into conservation and
management plans for fragmented white-sand
ecosystems.

ACKNOWLEDGMENTS

We would like to express our gratitude to the
Universidad Nacional de la Amazonia Peruana
(UNAP) and the Centro de Investigaciéon y
Ensefianza Forestal (CIEFOR) for providing the
research site and logistical support for this study.
Additionally, we also extend our appreciation to
our colleagues who participated in the fieldwork

Vol. 34 (1) 2025. e34808

and data collection during the challenging con-
ditions in the white sand forest fragment. RBPG
received Ph.D fellowship from Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior
- Brasil (CAPES) - Finance Code 001, CAPES
(Coordenacao de Aperfeicoamento de Pessoal
de Nivel Superior) and FAPEAM (Fundagdo de
Amparo a Pesquisa do Estado do Amazonas). RRZ
thanks CIRNA for equipment support. RRZ and
CMAM thanks the Vicerectorado de Investigacién
of UNAP.

REFERENCES

Abe, S.S.; Wakatsuki, T. 2010. Possible influence
of termites (Macrotermes bellicosus) on
forms and composition of free sesquioxides in
tropical soils. Pedobiologia, 53(5), 301-306.
https://doi.org/https://doi.org/10.1016/j.
pedobi.2010.02.002

Ackerman, I.; Ackerman, L., Teixeira, W.G.;
Riha, S.J. 2007. The impact of mound-
building termites on surface soil properties
in a secondary forest of Central Amazonia.
Applied Soil Ecology, 37, 267-276. https://doi.
org/10.1016/j.apsoil.2007.08.005

Albrecht, M.; Gotelli, N.J. 2001. Spatial and
temporal niche partitioning in grassland ants.
Oecologia, 126(1), 134-141. https://doi.
org/10.1007/s004420000494

Almeida, C.S.; Cristaldo, PF; Florencio, D.F;
Ribeiro, E.J.M.; Cruz, N.G.; Silva, E.A.; Costa,
D.A. 2017. The impact of edge effect on
termite community ( Blattodea: Isoptera )
in fragments of Brazilian Atlantic Rainforest.
Brazilian Journal of Biology, 77(3), 519-526.

Alves, ER.; Aguilera-Olivares, D.; Rocha, M.M,;
Arab, A. 2022. Termites are the main dung
removals in a degraded landscape in Brazil.
Frontiers in Ecology and Evolution, 10(10).
https://doi.org/10.3389 /fevo.2022.982602

DOI: https://doi.org/10.24841/fav34i1.808 11



FOLIA

Amazdénica Nest-building termite assemblages in a white-sand amazonian forest fragment, Loreto, Peru

Apolinario, FE.; Martius, C. 2004. Ecological role
of termites (Insecta, Isoptera) in tree trunks
in central Amazonian rain forests. Forest
Ecology and Management, 194(1), 23-28.
https://doi.org/https://doi.org/10.1016/j.
foreco.2004.01.052

Batista, F; Melo, R. ; Leandro, C.; Medeiros,
D.; Lopes, PJ. 2020. Resisténcia Natural da
Madeira de Seis Espécies a Nasutitermes
corniger Motsch. em Condigdo de Campo.
Madera Bosques, 26, e2622017. https://doi.
org/10.21829/myb.2020.2622017

Bignell, D. Eggleton, P. 2000. Termites
in Ecosystems. Termites: Evolution,
Sociality, Symbioses, Ecology. https://doi.
org/10.1007/978-94-017-3223-9_17

Birnbaum, S.S.L.; Abbot, P. 2018. Insect
adaptations toward plant toxins in milkweed-
herbivores systems - a review. Entomologia
Experimentalis et Applicata, 166(5), 357-366.
https://doi.org/https://doi.org/10.1111/
eea.12659

Black, H.LJ.; Okwakol, M.J.N. 1997. Agricultural
intensification, soil biodiversity and
agroecosystem function in the tropics: the role
of termites. Applied Soil Ecology, 6(1), 37-53.
https://doi.org/https://doi.org/10.1016/
S0929-1393(96)00153-9

Bonachela,].A.; Pringle, R.M.; Sheffer, E.; Coverdale,
T.C.; Guyton,].A.; Caylor, K.K.; Levin,S.A.; Tarnita,
C.E. 2015. Termite mounds can increase the
robustness of dryland ecosystems to climatic
change. Science, 347(6222), 651-655. https://
doi.org/10.1126/science.1261487

Bronstein, J.L.; Alarcon, R.; Geber, M. 2006. The
evolution of plant-insect mutualisms. The New
Phytologist, 172(3), 412-428. https://doi.
org/10.1111/j.1469-8137.2006.01864.x

Chen, C.; Singh, AK,; Yang, B.; Wang, H. Liu,
W. 2023. Effect of termite mounds on soil
microbial communities and microbial
processes: Implications for soil carbon and

Vol. 34 (1) 2025. e34808

nitrogen cycling. Geoderma, 431, 116368.
https://doi.org/https://doi.org/10.1016/j.
geoderma.2023.116368

Constantino, R. 1999. Chave ilustrada para a
identificacao dos géneros de cupins (Insecta:
[soptera) que ocorrem no Brasil. Papéis Avulsos
de Zoologia, 40(25), 387-448.

Corassa, J.; Pires, E.; Rodrigues, V.; Tariga, T.
2014. Témitas Associados a Degradacado
de Cinco Espécies Florestais em Campo de
Apodrecimento. Florestae Ambiente,21,78-84.
https://doi.org/10.4322 /floram.2014.014

da Silva, 1.B.; Costa-Leonardo, A.M. 2023. On
the reproductive strategies post-colony
foundation: major termite pest species
with distinct ecological habits differ in their
oviposition dynamics. Bulletin of Entomological
Research, 113(5), 716-724. https://doi.org/
DOI: 10.1017/S0007485323000421

Duran-Bautista, E.H.; Armbrecht, I.; Serrao Acioli,
A.N.; Suarez, ]J.C.; Romero, M., Quintero, M.;
Lavelle, P. 2020. Termites as indicators of soil
ecosystem services in transformed amazon
landscapes. Ecological Indicators,117,106550.
https://doi.org/https://doi.org/10.1016/j.
ecolind.2020.106550

Farji-Brener, A.G.; Werenkraut, V. 2017. The
effects of ant nests on soil fertility and plant
performance:ameta-analysis.JournalofAnimal
Ecology, 86(4), 866-877. https://doi.org/
https://doi.org/10.1111/1365-2656.12672

Fonseca de Souza, O.; Brown, V.K. 1994, Effects of
Habitat Fragmentation on Amazonian Termite
Communities. Journal of Tropical Ecology,
10(2), 197-206.

Genet, ].A. ; Genet, K.S. ; Burton, T.M. ; Murphy,
P.G.; Lugo, A.E. 2001. Response of termite
community and wood decomposition rates
to habitat fragmentation in a subtropical dry
forest. Tropical Ecology, 42(1), 35-49.

Holt, J.A.; Lepage, M. 2000. Termites and
Soil Properties. In T. Abe, D.E. Bignell, &

DOI: https://doi.org/10.24841/fa.v34i1.808 12



FOLIA

Amazdénica Nest-building termite assemblages in a white-sand amazonian forest fragment, Loreto, Peru

M. Higashi (Eds.), Termites: Evolution,
Sociality, Symbioses, Ecology (pp. 389-
407). Springer Netherlands. https://doi.

org/10.1007/978-94-017-3223-9_18

Inta, R. ; Lai, J.C.S. ; Fu, EW,; Evans, TA. 2007.
Termites live in a material world: exploration
of their ability to differentiate between food
sources. Journal of the Royal Society, Interface,
4(15), 735-744. https://doi.org/10.1098/
rsif.2007.0223

Jouquet, P. ; Traoré, S. ; Choosai, C. ; Hartmann,
C.; Bignell, D. 2011. Influence of termites on
ecosystem functioning. Ecosystem services
provided by termites. European Journal of
Soil Biology, 47(4), 215-222. https://doi.org/
https://doi.org/10.1016/j.ejsobi.2011.05.005

Korb, J.; Katrantzis, S. 2004. Influence of
environmental conditions on the expression
of the sexual dispersal phenotype in
a lower termite: implications for the
evolution of workers in termites. Evolution
& Development, 6(5), 342-352. https://doi.
org/10.1111/j.1525-142X.2004.04042.x

Liang, S.; Wang, C.; Ahmad, F; Yin, X,; Hu, Y,; Mo, J.
2020. Exploring the effect of plant substrates
on bacterial community structure in termite
fungus-combs. PLoS ONE, 15(5), 3-5. https://
doi.org/10.1371/journal.pone.0232329

Lima, S.; Gervasio, M.; Nunes, R.; Moura, R;
Queiroz, C. 2018. Termite Mounds Effects
on Soil Properties in the Atlantic. Revista
Brasileira de Ciencia Do Solo, 42, 1-14.

Luke, S.H.; Fayle, TM.; Eggleton, P; Turner, E.
C.; Davies, R.G. 2014. Functional structure of
ant and termite assemblages in old growth
forest, logged forest and oil palm plantation
in Malaysian Borneo. Biodiversity and
Conservation, 23(11),2817-2832. https://doi.
org/10.1007/s10531-014-0750-2

Martinez, C., Mosquera, 0., Nino, ]. 2017.
Medicinal plants from the genus Alchornea
(Euphorbiaceae): A review of their

Vol. 34 (1) 2025. e34808

ethnopharmacology uses and phytochemistry.
Boletin Latinoamericanoy Del Caribe de Plantas
Medicinales y Aromaticas, 16, 162-205.

Mees, F; Mujinya, B.B.; Baert, G.; Van Ranst,
E. 2021. The construction of terrestrial
mounds and arboreal nests by termites - A
micromorphological approach for species
from Katanga, DR Congo. Catena, 202, 105287.
https://doi.org/https://doi.org/10.1016/j.
catena.2021.105287

Mello, A.P. de; Costa, B.G. da; da Silva, A.C.; Silva,
A.M.B.; Bezerra-Gusmao, M.A. 2014. Termites
in historical buildings and residences in the
semiarid region of Brazil. Sociobiology, 61(3
SE-Research  Article-Termites), 318-323.
https://doi.org/10.13102/sociobiology.
v61i3.318-323

Moulatlet, G.M.; Ambriz, E.; Guevara, J.; Lépez,
K.G.; Rodes-Blanco, M.; Guerra-Arévalo, N.;
Ortega-Andrade, H.M.; Meneses, P. 2021.
Multi-taxa ecological responses to habitat
loss and fragmentation in western amazonia
as revealed by rapeld biodiversity surveys.
Acta Amazonica, 51(3), 234-243. https://doi.
org/10.1590/1809-4392202004532

Mujinya, B.B.; Mees, E; Erens, H.; Dumon, M,
Baert, G.; Boeckx, P; Ngongo, M.; Van Ranst,
E. 2013. Clay composition and properties
in termite mounds of the Lubumbashi
area, D.R. Congo. Geoderma, 192, 304-315.
https://doi.org/https://doi.org/10.1016/j.
geoderma.2012.08.010

Muvengwi, J.; Witkowski, E.T.F. 2020. Cascading
effects of termite mounds in African savannas.
New Zealand Journal of Botany, 58(3),
167-193. https://doi.org/10.1080/00288
25X.2020.1767162

Mees, F; Basile, B,M.; Geert, B.; Van Ranst
2021. The construction of terrestrial
mounds and arboreal nests by termites
- A micromorphological approach for
species from Katanga, DR Congo, CATENA,

DOI: https:/doi.org/10.24841/fa.v34i1.808 13



FOLIA

Amazdénica Nest-building termite assemblages in a white-sand amazonian forest fragment, Loreto, Peru

202: 105287  https://doi.org/10.1016/j.
catena.2021.105287.

Nelsen, M.P; Ree, R.H.; Moreau, C.S. 2018. Ant-
plant interactions evolved through increasing
interdependence. Proceedings of the National
Academy of Sciences of the United States of
America, 115(48), 12253-12258. https://doi.
org/10.1073/pnas.1719794115

Nunes, M.H.; Camargo, ]J.L.C.; Vincent, G.; Calders,
K.; Oliveira, R.S.; Huete, A.; Mendes de Moura,
Y.; Nelson, B.; Smith, M.N.; Stark, S.C.; Maeda,
E.E. 2022. Forest fragmentation impacts the
seasonality of Amazonian evergreen canopies.
Nature Communications, 13(1), 917. https://
doi.org/10.1038/s41467-022-28490-7

Oliveira, D.; Moura Araujo, E.; Frade, E.; Pimentel,
L.; Cerri, C. 2021. The neglected contribution
of mound-building termites on CH4 emissions
in Brazilian pastures. Revista Brasileira
de Zootecnia, 50, e20200185. https://doi.
org/10.37496/rbz5020200185

R Core team. 2015. R Core Team. In R: A Language
and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna,
Austria. ISBN 3-900051-07-0, URL http://
www.R-project.org/. (Vol. 55, pp. 275-286).

Roux, E.A,; Roux, M.; Korb, J. 2009. Selection
on defensive traits in a sterile caste - caste
evolution: a mechanism to overcome
life-history trade-offs? Evolution &

Development, 11(1), 80-87. https://doi.
org/10.1111/j.1525-142X.2008.00304 x
Sales, C.De; Natalia, V.; Azevedo, R.; Wellington, ].;
Morais, D. 2018. Road-associated edge effects
in Amazonia change termite community
composition by modifying environmental
conditions. Journal for Nature Conservation,
21(5), 279-285. https://doi.org/10.1016/].
jnc.2013.02.003

Santos, T.F; Mesquita, V.P,; Araujo, ].S.; Baccaro,
FB. 2023. Edge effects on ant diversity and
functional composition in a forest fragment
in the Central Amazon. Sociobiology, 70(1),
1-9. https://doi.org/10.13102 /sociobiology.
v70i1.7657

Wijas, B.; Atkinson, ]. 2021. Termites in
restoration: the forgotten insect? Restoration
Ecology, 29(8), e13511. https://doi.org/
https://doi.org/10.1111/rec.13511

Zarate, R.; Mori, T; Valles, L. 2013. Composicién
floristica, diversidad y estructura de los
Bosques sobre arena blanca de la Reserva
Nacional Allpahuayo-Mishana, Loreto, Perut.
Arnaldoa 19(2): 237-247.

Recibido: 20 de diciembre de 2024 Aceptado para publicacién: 03 de julio de 2025

Vol. 34 (1) 2025. e34808

DOI: https:/doi.org/10.24841/fav34i1.808 14



FOURA

Amazdnica Nest-building termite assemblages in a white-sand amazonian forest fragment, Loreto, Peru

SUPPLEMENTARY MATERIAL 1. Genus taxonomic diversity of termites reported in 10 plots of 30x30 m in a white
sand forest fragment in Amazonia. A: Family: Termitidae; Sub- Family: Syntermitinae; Genus: Embiratermes;

B: Family: Termitidae; Sub-Family: Nasutitermitinae; Genus: Nasutitermes. C: Family: Termitidae; Sub- Family:
Termitinae; Genus: Termes. D: Family: Termitidae; Sub-Family: Nasutitermitinae; Genus: Constrictotermes; E:
Family: Rhinotermitidae; Sub-Family: Coptotermitinae; Genus: Coptotermes. F: Family: Termitidae; Sub- Family:
Nasutitermitinae; Genus: Nasutitermes.
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SUPPLEMENTARY MATERIAL 2. Total occurrence of termite nests in plant species in 900 m?in a white sand fragment forests in Iquitos, Loreto, Peru.

Plant species

Genus

Constrictotermes

Coptotermes

Embiratermes

Embiratermes Termes

Agouticarpa velutina

1

Alchornea triplinervia

18

Amaioua corymbosa

Amaioua guianensis

Anaueria brasiliensis

Aniba panurensis

[ SN SN =

Anisophyllea guianensis

Attalea maripa

Bertholletia excelsa

Brosimum utile

Caryocar glabrum

Cedrelinga cateniformis

|~ |0~
e

Conceveiba martiana

Dendrobangia boliviana

N

Didymocistus chrysadenius

Diplotropis martiusii

Eschweilera coriacea

Eugenia sp.

Ficus guianensis

Geonoma stricta

Guarea sp.

Guatteria sp.

Helicostylis tomentosa

Hymenaea oblongifolia

Hymenolobium pulcherrimum

llex nayana

Indeterminado

N~ NN IR IR I W -

Inga altissima

Iryanthera tricornis

=

Iryanthera ulei

Ischnosiphon obliquus

Jacaranda macrocarpa

Lacmellea floribunda
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SUPPLEMENTARY MATERIAL 2. Continue

Plant species Genus
Constrictotermes | Coptotermes | Embiratermes | Embiratermes Termes
Leonia glycycarpa 1
Licania octandra 1
Lonchocarpus nicou 1
Matayba macrocarpa 1
Miconia biglandulosa 1
Miconia punctata 1
Miconia sp. 1
Miconia symplectocaulos 1
Naucleopsis sp. 1
Neea floribunda 1
Ocotea oblonga 3 5
Parkia igneiflora 1 1
Parkia sp. 1
Piper arboreum 1
Pourouma tomentosa 2 4
Pouteria sp. 2
Protium sp. 5
Remijia peruviana 1 4
Rinorea racemosa 3
Sloanea durissima 3
Sterculia apetala 1
Swartzia sp. 2
Symphonia globulifera 1
Tachigali loretensis 2
Talisia cerasina 4
Tapirira guianensis 1 4
Tovomita laurina 2
Xylosma intermedia
Zygia basijuga 1 1
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SUPPLEMENTARY MATERIAL 3. Percentage of occurrence of termite nest by genus in the sampled area. A= types;
B= substratum and C= color of nests.
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