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Abstract Although fire ants have been extensively stud-
ied, not much has been published about the structure and
building material of their nests and even less on the lining of
chamber walls. Nests built in unconsolidated sandy soils of
Solenopsis electra and Solenopsis nr. macdonaghi, studied
in La Pampa and Chubut (Argentina), respectively, show
organic linings, which are reported herein for the first time.
It is hypothesized that these organic linings may be of fecal
origin, since there is no organic rich horizon in those soils.
Apart from its significance as regards ant architecture and
nest function, the presence of organic linings in ant nests is
important for interpreting fossil nests, which have been
often assigned to termites based on the presence of organic
linings.
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Introduction

Not much is known on the use of organic matter as building
and lining material by ants nesting in soils, which, in
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contrast, is extensively used by the other main group of
eusocial soil nesting insects: the termites (Noirot, 1970;
Grassé, 1984; Genise, 1997; Cosarinsky, 2006). On the
other hand, inorganic linings have been recorded in soil
nests of different ants (Bruch, 1916; Déjean and Lachaud,
1994; Wang et al., 1995; Green et al., 1999; Halfen and
Hasiotis, 2010; Cosarinsky and Roces, 2011).

Despite being one of the most recognized ants, not much
has been published on fire ant nests (Tschinkel, 2003, 2006),
and even less on their wall linings. Green et al. (1999) found
no organic linings in nests of Solenopsis invicta and
Solenopsis richteri Forel in the USA, but an inorganic one
produced by illuviation. Cosarinsky (2006) found no
organic lining in nests of species of Solenopsis sp. from
Entre Rios (Argentina). Similarly, one of us (FC) checked
several nests of Solenopsis saevissima (Smith) from Tuc-
uman (Argentina) for organic linings with negative results.

However, we will show herein that at least some species
of this genus, namely Solenopsis electra Forel and Solen-
opsis near macdonaghi Santschi, nesting in single grained
sandy soils from La Pampa and Chubut (Argentina),
respectively, line the walls with organic matter, probably of
fecal origin. Both species belong to the “fire ant” group or
“Solenopsis saevissima species group” (Pitts et al., 2005),
which includes only mound-building species, in contrast to
the “thief ants” group of Solenopsis. The latter are char-
acterized by the formation of small colonies, frequently
displaying a lestobiotic lifestyle, occupying the nest walls of
other ants.

Materials and methods

Ant’s identification were made by comparison with speci-
mens previously identified and deposited in the Kusnezov’s
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Collection, Instituto-Fundacion Miguel Lillo, Tucuman
(IFML), Argentina and following keys and characters pro-
posed by Trager (1991) and Pitts et al. (2005). Voucher
specimens of identified ants for this study were deposited
also in the Instituto-Fundacion Miguel Lillo: S. electra
(IFML#12655), S. nr. macdonaghi (IFML#12656), and
S. saevissima (IFML#12657).

Thin sections of nests were prepared using blue epoxy
resin to easily recognize the porosity. They were observed
and photographed with a petrographic microscope Nikon
Optiphot using plane polarised light (PPL) and cross polari-
sed light (XPL). Nomenclature for micromorphological des-
criptions was taken from the Handbook of Soil Thin Section
description by Bullock et al. (1985).

Results
Solenopsis electra nests

Two nests of S. electra, one abandoned and one active, were
the only ones found at Gran Salitral, La Pampa province,
Argentina (37°24'31”S, 67°12'54"W). This locality is
dominated by dunes and interdunes, showing mostly bare
sandy soils with sparse halophyte shrubs, surrounding a
saline depression (Fig. 1a). The active nest was located
beside a dune, close to the saline depression. It was com-
posed of a conical mound 30 cm high and 35 c¢m in diameter
(Fig. 1b), which continued below surface with a cylindrical
area 30 cm deep (Fig. 1c). Both the mound and the hypo-
geous part of the nest were composed of an alveolar
structure of interconnected, horizontal to inclined chambers,
about 0.5 cm high, which most noticeable feature was a
dark lining contrasting with the light soil matrix (Fig. 1d).

Thin sections of the mound showed mainly a single
grained microstructure and a subordinate bridged grain
microstructure, the latter due to the presence of grains
coated with dark fine matter (25-30 %). High porosity
(30 %) is represented by equant to elongated voids, single or
interconnected among grains. The coarse fraction is com-
posed of single mineral grains and some rock fragments
moderately sorted (50-500 pm), mostly ranging from silt to
very fine sand. The coarse fraction is composed mostly of
lithic fragments of volcanic and sedimentary rocks, whereas
twining plagioclase and volcanic glass shards are less
common, and quartz, altered feldspar and heavy minerals
are scarce. The fine fraction, only represented by grain
coatings, had no clay minerals. The lining of walls is
composed mainly by grains coated with a dark fine matter
(Fig. le), which observed with XPL is opaque, crossed by
abundant fungus hyphae, and consequently organic in origin
(Fig. 1f). Coated grains are also included in the matrix. The
organic matter produced in several cases bridges among
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grains. Beneath the organic lining, there is a layer,
0.5-1 mm thick, showing less porosity than the matrix.

Solenopsis near macdonaghi nests

Two nests of S. nr. macdonaghi, 25-30 cm wide and
2040 cm high, were studied in the Punta Peligro area at
southern Chubut Province (45°30/34”S, 67°13’02"W). This
is the southernmost record of S. nr. macdonaghi known and
reported herein for the first time. The study site is charac-
terized by fluvial and aeolian sandy deposits, and shrubby
vegetation. Two excavated nests, ellipsoid-shaped, were
active, and occurred in sandy soils deprived of an organic
horizon (Fig. 2a). As in the nests of S. electra, the internal
architecture of the hypogeous part was alveolar, with
chambers about 0.5 cm high and 0.5-1 cm long. Chambers
show a preferential horizontal elongation and tiered
arrangement (Fig. 2a—c).

Thin sections show mainly a single grained microstruc-
ture and a subordinate bridged grain microstructure, the
latter due to the presence of grains coated with dark fine
matter (10 %). High porosity (30 %) is represented by
single packing voids, symmetric to elongated, intercon-
nected among grains. The coarse fraction is composed of
single mineral grains and poorly sorted rock fragments
(50-1000 pm), mostly ranging from medium to coarse
sand. The coarse fraction is mostly composed of twining and
zoned plagioclase and lithic fragments of volcanic, granitic,
and sedimentary rocks, whereas quartz, altered feldspar,
volcanic glass shards, and heavy minerals are scarce. The
fine fraction, only represented by grain coatings, has no clay
minerals. The lining of walls is composed mainly by a layer
of dark fine matter (Fig. 2d), which observed with XPL is
opaque, crossed by abundant fungus hyphae, and conse-
quently organic in origin. This organic lining coats grains
included in the matrix (Fig. 2f), in many cases producing
bridges among them (Fig. 2e). Some galleries, which pre-
serve old linings, are filled with more oriented, packed, and
sorted (about 150 pum) grains than the matrix (Fig. 2f).

Discussion

The use of organic material as lining material in ant nests in
soils is poorly known and most recorded cases correspond to
mound building species. Cowan et al. (1985) found a dark,
“macerated fine organic matter (leaves, rootlets)” coating
the walls of galleries in the mound of Camponotus intre-
pidus (Kirby) (Formicinae) nests. In addition, they observed
that coarse organic debris (leaves, twigs, charcoal) were
used as a thatch to protect the mound against rainsplash
erosion. Mounds of Iridomyrmex purpureus (F. Smith)
(Dolichoderinae) were also covered with coarse organic
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Fig. 1 Solenopsis electra.

a Low relief sandy area, where
the nest was located, bordering a
dune and close to the saline
depression (left and bottom) at
Gran Salitral, b broken mound
showing the internal structure
composed of a boxwork of
interconnected galleries. Mound
diameter: 35 cm, ¢ hypogeous
part of the nest, d detail of the
structure showing the dark
lining contrasting with the light
soil matrix. Bar 1 cm, e thin
section observed with PPL
showing the matrix composed of
single grains, some of them
coated with dark fine matter. The
lining is composed mostly of
coated grains. Bar 200 pm, f the
same section observed with XPL
showing that the dark fine matter
is opaque. Bar 200 pm

debris and miscellaneous materials. Organic materials were
present in the A soil horizon of that site. Peeters et al. (1994)
observed that pieces of cocoons were used to deposit a
“wallpaper lining” in soil nests of Harpegnathos saltator
Jerdon (Ponerinae). Wang et al. (1995) found that nest walls
of Lasius niger (L.) (Formicinae) had dark infillings resem-
bling fused spheres between sand grains. These authors
proposed no origin for this material, apart from pointing out
that it was not observed in the soil matrix and that it was
unknown from the activities of other ants. Old World Lasius
ants of the subgenera Dendrolasius and Chthonolasius
cultivate fungus with honeydew to reinforce carton nests
built in tree and soil cavities (Mueller et al., 2001; Schlick-
Steiner et al., 2008). Cosarinsky (2006) described linings of
walls in Camponotus punctulatus Mayr (Formicinae) nests
as composed of silt particles densely embedded in a dark,
yellowish or reddish brown mass of clay, and fine, organic
matter.

The nests of both species of Solenopsis studied herein,
S. electra and S. nr. macdonaghi, occurring in single grained
sandy soils show the same fine dark matter as wall linings,
grain coatings, and bridges among grains. The coated and
bridged grains found inside the matrix are probably the
product of repetitive infilling, reworking of galleries and
linings (Fig. 2f), and mixture of materials within the nests as
observed in other ants (i.e., Halfen and Hasiotis, 2010). Thin
sections demonstrate that the lining is composed of organic
matter crossed by fungus hyphae. These linings, grain
coatings, and bridges are probably responsible for the sta-
bility of the nests in these single grained sandy soils.
Figure 2b shows that even in a weathered section of a soil
composed exclusively of sand, the nest of S. nr. macdonaghi,
remains as a cohesive, resistant structure. This organic
matter is probably of fecal origin because of (1) its black
colour similar to fecal material of other Solenopsis (Howard
and Tschinkel, 1976), and (2) the lack of organic-rich layers
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Fig. 2 Solenopsis nr.
macdonaghi. a, b Nests located
in a sandy soil with sparse
vegetation from Punta Peligro,
¢ detail of the boxwork showing
the dark lining contrasting with
the light soil matrix, d thin
section showing the matrix
composed of single grains, some
of them coated with dark fine
matter. The lining is composed
of a layer of organic matter. Bar
700 pm, e detail showing
organic matter crossed by
fungus hyphae forming the
lining, and coating and forming
bridges among grains. Bar

150 pm, f detail of the lining of
an old chamber filled with well-
sorted smaller grains in contrast
with unsorted, larger ones of the
matrix. Note also the grains
coated with organic matter. Bar
250 pm

in the sandy soils, where they occur (Figs. la, 2a). Organic
coatings on grains (organans) are developed in soils from
humid climates and thick plant litter, such as Spodosols and
Andosols (Duchaufour, 1978; Shoji et al., 1993), very dif-
ferent from the cases of the pure sand Entisols, where the
nests occur.

Howard and Tschinkel (1976) described that Solenopsis
invicta Buren produces black fecal material, which was
thrown outside of the nest. In other cases, the excreta remain
in the mounds, where it is considered to be a source of
element enrichment (Green et al., 1999) favouring plant
growth (Chen, 2007). When reared in laboratory gel nests,
the workers of this species deposited fecal droplets along the
edge of the artificial nests (Chen, 2005, 2007), which indi-
cates that these ants can use actively fecal droplets as a
building material. These observations suggested to Chen
(2005, 2007) that organic acids, which are antimicrobial
agents found in Solenopsis mounds, could be incorporated
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to the nests by the excreta, together with secretions. If so,
fecal linings extended along the whole chamber system of
S. electra and S. nr. macdonaghi would have an antimi-
crobial function besides stabilization. Zettler et al. (2002)
found that Solenopsis invicta mounds contain greater fungal
abundance and lower species richness than the surrounding
soil because of the changes that ants produce in the physical
and chemical components of soil. Accordingly, the abun-
dant fungus hyphae found in the linings of S. electra and
S. nr. macdonaghi nests probably results from organic
enrichment, and in turn, the mass of hyphae probably aid in
lining cohesiveness or in maintenance of colony microen-
vironment. Schlick-Steiner et al. (2008) found five asco-
mycete fungi contributing to the reinforcement of walls in
nests of species of Lasius (Dendrolasius) and Lasius
(Chthonolasius). The ants cultivate, manage, and transmit
across generations these specific fungi, reflecting the
importance that this mutualism has for nest architecture.
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Apart from its significance for ant architecture and nest
function, the presence of organic linings in ant nests is
important for the interpretation of fossil nests (Genise,
2004). Organic linings in fossil nests in palaecosols attributed
to social insects are usually considered to be a diagnostic
character for termite origin. For example, Krausichnus
trompitus from the Oligocene Jebel Qatrani Formation of
Egypt was considered a termite nest (Genise and Bown,
1994) mostly based on the organic linings of its walls. The
same was proposed for South American records of Kraus-
ichnus (Genise et al., 1998; Netto et al., 2007). These
attributions may be revised under the light of the new
evidence presented herein. More recently, Genise and Farina
(2011) analysing Pleistocene nests with organic linings
from Buenos Aires, Argentina, proposed tentatively ants as
putative producers based on a preliminary observation of
Solenopsis electra nests described herein.

Acknowledgments JFG thanks Ricardo Melchor and Martin
Umazano for assistance during field work at Gran Salitral, La Pampa,
which was funded by Project 185/CN from Facultad de Ciencias Ex-
actas y Naturales (Universidad Nacional de La Pampa) to Ricardo
Melchor. MK thanks Pablo Puerta for assistance during work at Punta
Peligro. Logistic support in Chubut was provided by the Museo Egidio
Feruglio (Trelew, Chubut). We thank Viky Sanchez for microphoto-
graphs, and the Editor Johan Billen and two anonymous reviewers for
improving the original manuscript. This is a contribution of grants
PICT 1972 to Jorge F. Genise, PICT 0180 to Marcelo Krause from the
Agencia Nacional de Promocion Cientifica y Tecnoldgica of Argen-
tina, and CIUNT 26/G413 from the Secretaria de Ciencia y Tecnologia
de la Universidad de Tucuman, Argentina, to Fabiana Cuezzo.

References

Bullock P., Fedoroff N., Jongerius A., Tursina T. and Babel U. 1985.
Handbook of Soil Thin Section Description. Waine Research
Publications, Albrighton.

Bruch C. 1916. Contribucién al estudio de las hormigas de la provincia
de San Luis. Rev. Mus. La Plata 23: 291-357

Chen J. 2005. Excretion of phosphoric acid by red imported fire ants,
Solenopsis invicta Buren (Hymenoptera, Formicidae). Physiol.
Ecol. 34: 1009-1012

Chen J. 2007. Qualitative analysis of red imported fire ant nests
constructed in silica gel. J. Chem. Ecol. 33: 631-642

Cosarinsky M. 2006. Nest micromorphology of the Neotropical mound
building ants Camponotus punctulatus and Solenopsis sp. Socio-
biology 47: 1-15

Cosarinsky M.I. and Roces F. 2011. The construction of turrets for nest
ventilation in the grass-cutting ant Atta vollenweideri: import and
assembly of building materials. J. Insect Behav. 25: 222-241

Cowan J.A., Humphreys G.S., Mitchell P.B. and Murphy C.L. 1985.
An assessment of pedoturbation by two species of mound-
building ants, Camponotus intrepidus (Kirby) and lridomyrmex
purpureus (F. Smith). Austr. J. Soil Res. 22: 95-107

Déjean A. and Lachaud J.P. 1994. Ecology and behavior of the seed-
eating ponerine ant Brachyponera senaarensis (Mayr). Insect.
Soc. 41: 191-210

Duchaufour P. 1978. Manual de Edafologia. Masson Ed. Paris

Genise J.F. 1997. A fossil termite nest from the Marplatan stage (late
Pliocene) of Argentina: palaeoclimatic indicator. Palaeogeogr.
Palaeoclimat. Palaeoecol. 136: 139-144

Genise J.F. 2004. Ichnotaxonomy and ichnostratigraphy of chambered
trace fossils in palaeosols attributed to coleopterans, termites and
ants. In: The Application of Ichnology to Palaeoenvironmental
and Stratigraphic Analysis (Mcllroy D., Ed) Geological Society
of London Special Publications 228: 419453

Genise J.F. and Bown T.M. 1994. New trace fossils of termites
(Insecta: Isoptera) from the Late Eocene-Early Miocene of Egypt,
and the reconstruction of ancient isopteran social behavior.
Ichnos 3: 155-183

Genise J.F., Pazos P.J., Gonzilez M.G., T6falo R.O. and Verde M.
1998. Hallazgo de termiteros y tubos meniscados en la Formacién
Asencio (Cretacico superior- Terciario inferior) R.O. del Uru-
guay. Res. 3rd Reun. Arg. Icnologia y Ist Reun. Icnologia
Mercosur, Mar del Plata. pp 12-13

Genise J.F. and Farina J.L.. 2011. Ants and xenarthrans involved in a
Quaternary food web from Argentina as reflected by their fossil
nests and palaeocaves. Lethaia 45: 411-422

Grassé P. 1984. Termitologia. Tome II. Masson Ed. Paris.

Green W.P., Pettry D.E. and Switzer R.E. 1999. Structure and
hydrology of mounds of the imported fire ants in the southeastern
United States. Geoderma 93: 1-17

Halfen A.F. and Hasiotis S.T. 2010. Neoichnological study of the
traces and burrowing behaviors of the western harvester ant
Pogonomyrmex occidentalis (Insecta: Hymenoptera: Formici-
dae): Paleopedogenic and paleoecological implications. Palaios
25: 703-705

Howard D.F. and Tschinkel W.R. 1976. Aspects of necrophoric
behavior in the red imported fire ant, Solenopsis invicta.
Behaviour 56: 157-180

Mueller U.G., Schultz T.R., Currie C.R., Adams R.M. and Malloch D.
2001. The origin of the attine ant-fungus mutualism. Quart. Rev.
Biol. 76: 169-197

Netto R.G., Tognoli FM.W., de Gibert J.M. and de Oliveira M.Z.
2007. Paleosol evolution in nearshore fluviatile pleistocene
deposits of the Chui Formation, south of Brazil. Libr. Res. 5th
Reun. Arg. Icnologia y 3th Reun. Icnologia Mercosur, Ushuaia.
p55

Noirot C. 1970. The nests of Termites. In: Biology of Termites (Krishna
K. and Weesner F.M., Eds). Volume II. Academic Press. New
York. pp 73-126

Peeters C., Holldobler B., Moffett M. and Musthak Ali T.M. 1994.
“Wall-papering” and elaborate nest architecture in the ponerine
ant Harpegnathos saltator. Insect. Soc. 41: 211-218

Pitts J.P., McHugh J.V. and Ross K.G. 2005. Cladistic analysis of the
fire ants of the Solenopsis saevissima species-group (Hymeno-
ptera: Formicidae). Zool. Scr. 34: 493-505

Schlick-Steiner B.C., Steiner F.M., Konrad H., Seifert B., Christian E.,
Moder K., Stauffer C. and Crozier R.H. 2008. Specificity and
transmission mosaic of ant nest-wall fungi. Proc. Natl Acad. Sci.
105: 940-943

Shoji S., Nanzyo M. and Dahlgreen R. 1993. Volcanic Ash Soils.
Genesis, properties and utilization. Developments in Soil Science
21. Elsevier, Amsterdam.

Trager J.C. 1991. A revision of the fire ants, Solenopsis germinata
group (Hymenoptera: Formicidae: Myrmicinae). J. N.Y. Entomol.
Soc. 99: 141-198

Tschinkel W.R. 2003. Subterranean ant nests: trace fossils past and
future? Palaeogeogr. Palaeoclimat. Palaeoecol. 192: 321-333

Tschinkel W.R. 2006. The Fire Ants. Belknap/Harvard University
Press.

Wang D., McSweeney K., Lowery B. and Norman J.M. 1995. Nest
structure of ant Lasius neoniger Emery and its implications to soil
modification. Geoderma 66: 259-272

Zettler J.A., MclInnis T., Allen C.R. and Spira T.P. 2002. Biodiversity
of fungi in red imported fire ant (Hymenoptera: Formicidae)
mounds. Ann. Ent. Soc. Amer. 95: 487-491

@ Springer



	Organic linings in nests of the fire ants Solenopsis electra Forel and Solenopsis nr. macdonaghi Santschi from Argentina
	Abstract
	Introduction
	Materials and methods
	Results
	Solenopsis electra nests
	Solenopsis near macdonaghi nests

	Discussion
	Acknowledgments
	References


