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ABSTRACT

Natural History (NH) involves observing and describing the biological charac-
teristics of organisms within their environments. However, despite its central
role in supporting the development of modern ecology, evolutionary biology,
and conservation, NH is often mistakenly regarded as unscientific. Additionally,
the decline of NH in training, scientific journals, open calls, grant proposals, and
textbooks is partly related to the rise of disciplines, such as molecular biology
and theoretical ecology, both of which have higher acceptance rates in more
impactful journals. This chapter provides an overview of the NH knowledge rela-
ted to ants in Brazil. Only ~11% of the Brazilian species have published NH data.
Furthermore, NH papers represent 25% of those focused on ant diversity,
and ~34% of the NH papers and less than 6% of abstracts from the Simpdsio
Internacional de Mirmecologia include the term ‘Natural History'. Secondly,
acknowledging the undeniable importance of NH as both a starting point and
an ultimate reference in any myrmecological research, we present compelling
descriptive and integrative NH studies across Brazilian biomes. These approa-
ches have value in stimulating our curiosity, inspiring new questions, addressing
taxonomic problems, and advancing theory. We conclude with recommendations
for both established and early-career scientists in myrmecology to support and
integrate NH into their projects, emphasizing the long-term value of NH data
for scientific progress.
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INTRODUCTION

There is no single, widely accepted definition of Natural History (NH), which
was once a synonym to all natural sciences (TEWKSBURY et al,, 2014). Those
days are long past, though, and how “healthy” NH is today depends entirely on
the definition chosen, ranging from being basically dead to living happily and
well as a part of modern ecology. Regardless of the exact formulation, many
definitions agree that one central focus of NH is the observation and description
of biological aspects of organisms in their environments (TEWKSBURY et al.,
2014; BARROWS et al., 2016). This does not mean that NH cannot be systematic,
include hypothesis-testing or take advantage of modern techniques (TOSA et al.,
2021), but that gathering basic observational data is still a legitimate scientific
goal, since we are in dire need of it for most organisms.

Unfortunately, NH has experienced a steady decline over the last decades
(TEWKSBURY et al,, 2014). This includes less representativeness in training (i.e.,
taxon-specific biology and field courses), scientific journals, grant proposals,
and textbooks (TOSA et al., 2021). Part of this phenomenon has been attributed
to the rise of other prominent areas, such as molecular biology and theoretical
ecology, leading to less focus on observing organisms in their habitats (WILL-
SON; ARMESTO, 2006). Those newer areas are boosted by higher acceptance
rates in more impactful journals and increased funding. Consequently, more and
more students and early-career researchers are shifting away from investigating
and teaching NH (TEWKSBURY et al., 2014).

In myrmecology, the scenario is not different. Approximately 1,600 ant
species/subspecies occur in Brazil, representing about 10% of the global diversity
(ANTWEB, 2025). Nevertheless, the biology of the majority of species, locally and
globally, remains largely unexplored, due to four main reasons highlighted by
Rosumek (2017): taxonomic uncertainty, high species richness, lack of descrip-
tive or observational studies, and prevalent use of morphospecies. Furthermore,
the common misconception among many scientists that the NH approach is
unscientific worsens this scenario (TOSA et al., 2021).

An exploratory search into databases (Google Scholar, SciELO, Sco-
pus, Web of Science) using the four possible combinations for the keywords
‘Formicidae or Ant + Natural History or Biology + Brazil', in both English and
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Portuguese, resulted in 82 documents'. Additional active search into the Bra-
zilian researchers resume database (Curriculum Lattes) of 20 well-known
researchers? for their studies on ants in Brazil resulted in 109 new documents.
The total dataset included 190 documents, but seven were excluded from the
final database (Supplemental Table S1), which encompasses 183 documents
and a time range from 1949 to 2024 (Supplemental Table S2). Comparatively, an
overview of the Brazilian ant diversity studies between 1970 and 2021 compiled
491 papers (FEITOSA et al., 2022).

A similar approach was used to analyze works on ants' NH presented
in one of the most important scientific meetings in myrmecology: the Simpdsio
Internacional de Mirmecologia - an International Ant Meeting, an event always
held in Brazil. When looking into the abstracts of the last four events, works
related to distinct aspects of ant NH represented from ~40% (in 2015, 2017,
and 2019) to ~60% (2023) of all studies (Supplemental Figure S1) - although
abstracts that explicitly used the term ‘natural history’ summed less than 6%
in all years. This suggests that the amount of work on ant NH presented at the
conference is not necessarily being translated into publications. For example,
the amount of published NH studies is 25% of the number of papers on ant
diversity, which may reflect a lower rate of journal acceptance of NH studies
(TEWKSBURY et al., 2014).

Despite this trend, and in a seemingly contradictory way, the importance
of NH among life scientists remains unquestioned (BARROWS et al., 2016). The
observation of nature and NH have long been the foundation of major advan-
ces in ecology, evolution, and conservation (TRAVIS, 2020). They continue to
provide fundamental knowledge of natural systems necessary to set up more
comprehensive theories and to validate modeling hypotheses and laboratory
experiments (NANGLU et al., 2023).

" Including manuscripts (article, short or scientific note/communication), book chapters, honor thesis, master
dissertation, doctoral thesis, and talks and abstracts published from scientific meetings.

2 A Harada, MPEG; A. J. Mayhé-Nunes, UFRRJ; B. Jahyny, UNIVASF; C. R. F. Branddo, MZ-USP; C. Mariano,
UESC; tE. M. de O. Diehl, UNISINOS; tH. G. Fowler, UNESP Rio Claro; H. L. Vasconcelos, UFU; I. Leal, UFPE; J.
H. C. Delabie, CEPLAC/UESC; J. Lattke, UFPR; K. Del-Claro, UFU; L. C. Forti, UNESP Botucatu; M. S. C. Morini,
UMC; N. G. Chéline, IP-USP; O. Bueno, UNESP Rio Claro; P. S. Oliveira, UNICAMP; R. M. Feitosa, UFPR; R. R. da
Silva, MPEG; and Y. Quinet, UECE.
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Regardless of the debate surrounding the definition of NH, our exploratory
literature survey is composed by studies on: nesting place, behavior, and foun-
dation; nest structure/architecture (internal, external); colony size/demography/
composition/densities, distribution, and associated fauna; colony or foraging
activity/schedule/behavior; diet; and details of the reproductive caste (mating
period, reproductive strategy). Out of the 183 documents, only 61 contain the
term NH in at least one section of the document?®, and among the documents that
do not contain the term NH (122), the terms 'Biology’, ‘Biological’, or ‘Life Cycle'
appear mainly in the title of 39 of them (Supplemental Table S3). The majority of
the documents describe one or more aspects of NH for a single species (FORTI
et al., 2017, PACHECO; ANJOS; DEL-CLARO, 2022; PRADO et al.,, 2022) or a
few species within the same genus (BRANDAO; SILVA; DINIZ, 2015; JESOVNIK,
2017). Conversely, few studies review one or two aspects of the NH for several
species, such as mating flight (NASCIMENTO; DELABIE; DELLA-LUCIA, 2011),
or trophic resources and period of activity (ROSUMEK, 2017). Furthermore, the
dataset gathers NH data on 190 species belonging to 59 genera (Supplemental
Table S4). Clearly, many species must be better studied to deepen and broaden
understanding of nature and its biological and ecological processes, which
indeed warrants enthusiastic encouragement from scientists.

Recently, Tosa et al. (2021) proposed that we have entered into the “Nex-
t-Generation Natural History”. This phase is characterized by technological
advances (i.e.,, UCEs, eDNA, Autonomous Recording Units), open-access data
(i.e.,, GBIF), and community science (i.e., iNaturalist), along with direct obser-
vations of the species in their natural environment. Such a renaissance can
already be seen in myrmecology, as new ant databases have emerged, including
AntCat, AntWeb, and AntWiki (for species cataloging, specimen records, and
general information), AntMaps, GABI, and GABI-I (for biogeography and species
distribution), GLAD (for functional traits), FORMIS (for ant literature), and the
HGD (for Hymenoptera genomic data). Importantly, these databases remain
dependent on NH observations, which are endless given that we live in a world

3 Title, Keywords, Abstract, Introduction, Objective(s), Material & Methods, Results, Discussion, Conclusion.

104

Brazilian Myrmecology: Exploring the World’s Richest Ant Fauna



where most living organisms are still unknown, many are poorly studied, and
only a few—such as the leafcutter ants Atta*—are well documented (WILSON,
2017; POWERS, 2025). In this chapter, we present exciting NH studies of not
so well-documented ant species from two different perspectives. First, from a
descriptive approach, we highlight how detailed and opportunistic observa-
tions can spark curiosity and guide new research questions—here illustrated
by Dinoponera, Strumigenys, and army ants. Secondly, through an integrative
approach, we show how NH can both benefit and contribute to molecular, mor-
phological, and ecological data. This is evident in resolving taxonomic problems
in Camponotus and Wasmannia, and in identifying promising models—such as
Hylomyrma—for testing theories of caste development.

MOTHER MARY'’S PUPPIES: LIFE AND BEHAVIOR OF
DINOPONERA GIGANTEA —R. L. C. DELIMA

Dinoponera gigantea, found in the tropical forests of Peru and northern
Brazil, is an impressive ant species with the largest workers in the world (3-4
cm) (DIAS; LATTKE, 2021). Its nests are built at the bases of trees or on thick
lianas, and workers forage individually for fruits, seeds, small live prey, and dead
animals (FOURCASSIE; OLIVEIRA, 2002). This queenless species relies on a
reproductive worker (gamergate), whose status is established through hierar-
chies formed by agonistic interactions (MONNIN; RATNIEKS; BRANDAO, 2003).
Grooming behavior is also linked to these hierarchies and can help identify the
gamergate (LIMA, 2023).

Despite its remarkable traits, D. gigantea remains poorly studied in the
field, like most ant species. Polydomy was proposed for this species by Four-
cassié and Oliveira (2002), but its occurrence is still uncertain. This prompted
us to observe D. gigantea in its natural habitat, in Braganga, Par4, Brazil, during
2019 and 2020 (LIMA, 2023). Locally, D. gigantea is known as Cachorrinhos-de-
-Nossa-Senhora (Mother Mary's Puppies) or Formigédo Preto (Big Black Ant),

4 The taxonomic references (author and year) for all genera and species mentioned in the chapter are listed in the
supplemental table S5.
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and is often mistaken for Paraponera clavata, the bullet ant. Residents report
that D. gigantea has a painful sting and is commonly found in cassava crops.

Regardless of its large size, their nests are inconspicuous. To find them,
we offered apples with honey or sardines in front of foragers or directly into
their jaws, then followed them to their nests. To date, 33 nests were found along
secondary forest edges and one in primary forest. Most were located at the base
of the palm tree Tucunzeiro (Astrocaryum aculeatum G. Mey.), and had 1 to 4
entrances (1.8-3.8 cm in diameter). Occasionally, independent chambers were
found about 1 m from the main nest structure. Nests were typically less than 5
m apart, suggesting overlapping foraging areas.

Foraging typically occurred during milder temperatures—at dawn and late
afternoon. Foragers primarily carried seeds and fruit, though we also observed
them carrying a live bee and a small frog (Figure 1B). Individual variations in
foraging were evident: some workers, possibly more experienced, returned
quickly to the nest, while others were more “hesitant”, often taking much longer
and hiding under, often hiding under dry leaves for extended periods. The ants
were docile and did not react aggressively when carefully handled. The workers
frequently climbed trees, for unclear reasons (Figure 1C). Dead workers were
commonly found along trails, and foragers were observed carrying them away
from the nest. Dinoponera gigantea was never observed foraging in the rain. Pit-
fall traps captured 22 workers during the dry season (June-November) and two
during the rainy season (December-May), indicating reduced activity; however,
no significant differences were found in the numbers of workers, pupae, larvae,
or males between the two periods.

Figure 1 - Dinoponera gigantea brood chamber (A), carrying a frog (B), and climbing tree (C).
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Colonies had an average of 50.40 workers (SD = 17.79). Larvae, pupae,
eggs, and males were found in deeper chambers (Figure 1A). A probe camera
revealed likely Pheidole spp. and beetle larvae cohabiting peacefully inside the
nests. No agonistic interactions or interspecific competition were observed
during fieldwork. Many nests were near those of P. clavata nests, and on one
occasion, a D. gigantea worker entered a bullet ant nest, though it was not seen
exiting. Dinoponera gigantea also foraged near Eciton hamatum, and even when
placed on the Eciton trail by us, neither species showed aggression.

Our data reveal new aspects of D. gigantea's natural history in an area
with no prior records of occurrence. We found limited evidence—relatively high
nest density, presence of independent nest chambers, and absence of agonis-
tic interactions—suggesting that D. gigantea may form polydomous colonies.
However, we did not identify nests sharing resources or examine population
genetics. Nonetheless, D. gigantea provides a useful model to investigate how
dominance hierarchies are established in more complex systems.

WHAT DO WE KNOW ABOUT BRAZILIAN STRUMIGENYS? — G.
F. JACINTHO & E. A. DOS SANTOS-NETO

Strumigenys is a remarkable group of ants known for its incredible diver-
sity, ranking as the third most speciose ant genus, with over 880 extant species
globally distributed (BOLTON, 2025). Of these, 214 species, categorized into 43
groups, inhabit the Neotropics (CHAUL; JACINTHO; SANTOS-NETO, unpubli-
shed). Brazil alone includes 106 species in 30 groups, a number that interestingly
mirrors the country’s area within the Neotropical realm.

In recent decades, the widespread use of Winkler extractors has coin-
cided with a significant rise in the number of Strumigenys species recorded in
Brazil—from 80 to 106 species since Bolton's global revision in 2000 (SILVA;
CHAUL; FEITOSA, 2022). This increase suggests that most Strumigenys species
inhabit or forage within the leaf litter or upper soil layers. However, is this the
complete picture?

To dig this deeper, we conducted a bibliographic survey on the NH of
Brazilian Strumigenys species. We reviewed original species descriptions, Bolton's
global revision (2000), and data from AntWiki, AntWeb, and Google Scholar.

107

ISBN 978-65-83998-48 Vol. 1-Ano 2025 - www.cientificadigital.org



Unsurprisingly, detailed NH information remains scarce. Of the 106 Brazilian
species, 85 include data on sampling methods in their descriptions, most of
which involve collecting from leaf litter or soil—suggesting that these species
likely inhabit or forage in these microhabitats. However, only 37 species have
data that go beyond the sampling method. This lack of detailed NH information
may lead to an overly narrow understanding of Strumigenys species, reinfor-
cing the assumption that most species are restricted to the leaf litter, despite
known exceptions.

Recent fieldwork in southern Bahia using less-explored methods—such
as the sampling of invertebrates in epiphytes and bromeliads (DAROCHA et al.,
2015)—yielded surprising results. Notably, it expanded the known distribution
of species in the schulzi-group previously unrecorded in Brazil or thought to
be restricted to the Amazon, including Strumigenys castanea and S. orchibia
(SANTOS-NETO; CHAUL; DELABIE, 2024). It also led to the discovery of a larger
undescribed species resembling the tiny giants in the precava- and mandibula-
ris-groups, whose queens can exceed 5 mm. These findings indicate that some
species prefer arboreal environments and epiphytes for nesting and foraging,
while others may favor deeper soil layers (Figure 2A-C; additional images on
Supplemental Figure S2). These under-sampled habitats may harbor novel and
valuable facts about these tiny ants.

Figure 2 - Brazilian Strumigenys' habitats. Strumigenys borgmeierinesting on bromeliad (A), S. smithii
foraging on a rotten log (B), and S. subedentata nesting in the leaf litter (C).

Source: (A-C) Esperidido A. dos Santos-Neto (2023).

Beyond habitat preferences, even less is known about other aspects of
the NH of Brazilian Strumigenys—such as predation behavior, diet, and repro-
duction. Our literature review found only four studies addressing these topics.
Two report ergatoid queens in four species (CHAUL; SCHROEDER, 2014; SILVA;
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BRANDAO, 2014); one describes the trap-jaw mechanism in a species likely
Strumigenys rogeri, an invasive species recently found in Brazil (GRONEMBERG,
1996; SANTOS-NETO et al,, 2023); and another compares morphology and
behavior in the thaxteri-group (LATTKE; SILVA; DELSINNE, 2018).

To encourage broader sampling and stimulate further NH observation
of Strumigenys species, we provide a database (Supplemental Table S6) that
compiles published and personal data. It includes updated species distribu-
tions, potential nesting sites—from soil layers to arboreal strata and association
with epiphytes—as well as foraging behavior, diet preferences, and other rele-
vant NH data, such as the presence of ergatoid and intercaste.

SURVIVING ARMY ANT ATTACKS — H. P. DE LIMA & I. N. DE
SOUZA

An epic battle unfolds when army ants—armed with stingers and well-
-developed mandibles—raid other ant species. In the chaos, some prey species
flee, others seal their nests, or fight to the death (LIMA, 2022). These attacks
can cause devastating losses, sometimes wiping out entire colonies (POWELL;
CLARK, 2004). Yet, some colonies manage to survive using little-described
defensive strategies (SWARTZ, 1998). Here, we document how ants under army
ant attack survived in two Brazilian biomes: Amazon and Caatinga (Dry Forest).

a) Survival camps of Dolichoderus attelaboides: For six days, the defen-
se behavior of D. attelaboides during an Eciton rapax raid in northeastern
Parg, Brazilian Amazon, was recorded (Figure 3A). The D. attelaboides
nest was located inside the trunk of a small tree. At 7 am, the E. rapax
approach triggered a rapid evacuation. Some workers fled with imma-
tures toward the canopy (Supplemental Video S1), while others jumped
to the ground, occasionally dropping immatures. These were either cap-
tured by E. rapax or retrieved by nestmates and carried to safety. Esca-
pees formed small groups of four or five, often sheltering together or
climbing low bushes. Five minutes later, a new target—a Camponotus
sp. colony—was attacked by the army ants (Supplemental Video S2).
Minutes after the first attack, E. rapax climbed vines and branches to
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capture D. attelaboides immatures placed in the canopy for safety. This
second attack was brief; no predator or prey were observed near the
nest afterward afterward. By the end of the day, the nest showed no
signs of activity. A search of the area revealed several small D. attelaboi-
des “survival camps” in small cavities or spaces between leaves, each
with stationary workers and at least one visible worker (Figure 3B). Over
five days, workers were seen returning to the nest, sometimes carrying
immatures (Figure 3C). By the sixth day, the camps were gone, sugges-
ting the colony had reestablished. These camps likely reduced E. rapax’s
ability to track D. attelaboides, aiding escape and nest recovery.

Figure 3 - Eciton rapax immobilizing Cephalotes atratus (A); Dolichoderus attelaboides carrying
immature sheltering behind a leaf (B) and returning to its nest (C); and Eciton vagans invasion into
an Ectatomma edentatum colony (D).

Source: (A-C) Hilario Pévoas de Lima (2019), and (D) Igor N. de Souza (2022).

b) Colony defenses against army ant predation: strategy or panic?
Two cases of army ant predation and prey defense were observed in
Paraiba state, northeastern Brazil, in the Caatinga: Eciton vagans vs. Ec-
tatomma edentatum, and Neivamyrmex goeldii vs. Solenopsis geminata.
In interactions between E. vagans and E. edentatum, 16 attacks on Ecta-
tomma nests were observed, with workers as the main targets. During
invasions, E. vagans engaged in a “tug of war” as they entered the Ecta-
tomma nests (Figure 3D). The narrow nest entrance hindered predator
access to brood chambers, while Ectatomma workers formed an effi-
cient defensive blockade. Unable to reach the brood, E. vagans preyed
on the defending workers. Each attack lasted about two hours, killing
many Ectatomma workers but leaving the brood unharmed, allowing
colony survival. The fire ant S. geminata responds to army ant raids by
effectively “running for the hills” Upon detecting N. goeldii foraging near
the nest, Solenopsis quickly emitted alarm signals that triggered a nest
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evacuation: workers and alates climbed nearby plants, carrying eggs,
larvae, and pupae, which they stored on leaves—similar to Dolichoderus
survival camps. The fire ants remained in this refuge for about two hou-
rs, returning to the nest with the brood after N. goeldii left.

Across biomes, the pressure to survive army ant attacks has shaped diverse
anti-predator strategies, best understood through the social-level costs of pre-
dation. Survival often depends on preserving key colony members—especially
the queen and enough workers to rebuild. Yet, prey success hinders predator
success, driving predators to become more efficient. This creates an evolutionary
arms race with no clear winners, ultimately balancing both populations in these
dynamic predator-prey interactions.

WASMANNIA: A SONG OF NICE ANT FIRES — F. B. ROSUMEK

We often draw attention to how difficult it is to investigate certain cryptic
species in the field, or shudder at the daunting task of studying a hundred-or
thousand-species rich genus. Not surprisingly, many of the largest, commonest
and most widespread ant genera do not even have their taxonomy consolida-
ted, much less other aspects of their biology. However, sometimes a species
does not need to be extremely hard to observe or be part of a huge group to be
unknown. All it takes is to have an outstandingly famous cousin and live in their
shadow for a long time. This is the case of the little fire ants.

Wasmannia auropunctata has an extensive research history, not only
because of its importance as a highly aggressive invasive species, but also due
to its unique reproductive biology (MONTGOMERY et al,, 2022). Comparatively,
little to nothing is known about the other ten species. As an additional problem,
before Longino and Fernadndez (2007) taxonomic review, there were not proper
identification sources in the literature, so in many cases other species were
misidentified as W. auropunctata.

That was the case in the Atlantic Forest of southern Brazil, where pre-
viously W. auropunctata was thought to be common in terrestrial bromeliads,
which are usually found in clusters on soil or rocks in that area (ROSUMEK et al.,
2008). Years later, in 2017, we looked again at those bromeliads and noticed that,
while W. auropunctata occurs at the site, the one in the plants was Wasmannia
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affinis instead, a species endemic to the Atlantic Forest and—not surprisingly—
virtually unknown (ROSUMEK, 2017). This prompted us to look more closely at
this curious interaction, and we performed more observations in 2023,

Wasmannia affinis was found on 64% of the 50 bromeliad clusters obser-
ved, a frequency higher than in previous samples on the ground. The nests
were almost always located in the inner basal part of the outer leaves (dead or
alive), which accumulate more soil and less water (Figure 4A-C). Although other
ant nests were found during the work, W, affinis was by far the most common
inhabitant. We found from one to five nests per cluster, and the number of nests
was higher in larger clusters (Spearman, rs = 0.5, p < 0.01).

Figure 4 - Nests of Wasmannia affinis inside the bromeliad Nidularium inocentii. White arrows indicate
clusters of light brown Wasmannia ants.

Source: (A-C) Felix B. Rosumek (2023).

Also interesting was the apparent preference for a specific bromeliad,
Nidularium inocentii, again an endemic species to the Atlantic Forest. Nests were
found almost twice as often in clusters of this species than of other bromeliads (f
= 0.70 vs f = 0.38, Chi-square, p < 0.05). In 2017 (spring) we observed eggs and
larvae, but in 2023 there was not brood during autumn, and we found eggs just
in a single nest on the first days of July (winter). Thus, reproduction is seasonal,
but the ants nest in the bromeliads all year round. Finally, the colonies could be
polygynous, with up to three dealate queens observed in nests.

A fascinating thing about NH—and perhaps one of the reasons why we
will never investigate everything—is how a few qualitative observations may
raise intriguing questions, leading us to more systematic observations, and
then to even more questions. Are bromeliads the main nesting site for W. affi-
nis? They are often found in litter samples, baits, and pitfalls, thus some ground
nesting would also be expected. Curiously, however, a study focused on twig
nests—a common nesting resource loved by ants—found no W. affinis inside

112

Brazilian Myrmecology: Exploring the World's Richest Ant Fauna



them (FERNANDES et al., 2020). In any case, does W. affinis have a preferential
association with N. inocentii? s it contextual or consistent across their over-
lapping distributional range? These questions may one day be answered, as
long as curious researchers keep sitting on the forest floor, looking at little ants
doing their business.

THE EXTRAORDINARY FEMALE PHENOTYPES WITHIN
HYLOMYRMA — M. A. ULYSSEA

In the first taxonomic revision of the ant genus Hylomyrma, Kempf (1973)
described a variation of Hylomyrma reitteri from a single specimen collected in
Agudos, Sao Paulo, Brazil. Now recognized as H. lopesi, the specimen exhibits
a worker-like morphology with a central ocellus and was referred to as “inter-
caste, pseudogyne or gynergate”. Unaware at the time, Kempf's note marked
the beginning of our understanding of the genus’ remarkable adult female
morphological diversity.

After a 48-year gap, the second revision of Hylomyrma nearly doubled
the genus size, describing 14 new species (ULYSSEA; BRANDAO, 2021). This
study, based entirely on museum specimens, found that 11 of the 30 recognized
species present intercastes (I)—specimens that combine worker- and queen-
-like traits within a system where winged queens (WQ, reproductive caste) and
workers (W, non-reproductive caste, flightless) are the extreme outcomes of a
developmental pathway. Unlike most ants, where | are rare (MOLET; WHEELER,;
PEETERS, 2012), Hylomyrma shows a surprising frequency of such forms. Even
more fascinating, three closely related species—H. balzani, H. lopesi, and H. reit-
teri—display the widest-documented range of female phenotypes (W, WQ, and
four I phenotypes). In H. primavesi and H. reitteri, | outnumber W in collections
(~78%). Hylomyrma primavesi is especially unique, with only ergatoid queen
reported to date (EQ) (ULYSSEA; FARDER-GOMES; PRADO, 2024).

Until recently, Hylomyrma biology was virtually unknown, limited to brief
notes on H. versuta kept in the lab by Wilson (WHEELER; WHEELER, 1960),
and scattered mentions in taxonomic revisions. In 2024, the first systematized
species-level NH account was published for H. primavesi, an endemic species
from rupestrian grassland in Santana do Riacho, Minas Gerais, Brazil (ULYSSEA;
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FARDER-GOMES; PRADO, 2024). Its nests, built in sandy soil, are shallow and
simple, consisting of a single tunnel linking a curved nest entrance to the final
chamber. Colonies are small (~7-65W/I) and have one ergatoid queen. Foraging
is solitary, and prey consists of very tiny insects.

Female phenotypes in H. primavesi are nearly the same size (Figure 5).
EQs are easily distinguished under a stereoscope by their more segmented
mesosoma. However, distinguishing W from I is often difficult due to the conti-
nuous morphological variation in traits like ocelli number, mesosoma segmen-
tation, gaster size, and reproductive tract development. As such, H. primavesi
is a rare myrmicine species with minimal differentiation between reproductive
and non-reproductive castes.

Figure 5 - Hylomyrma primavesi female phenotypes. Worker (A), intercaste (B), and ergatoid queen
(C), external morphology; and femalesinside the nest (D). White arrows indicate ocellus, promesonotal
junction and metanotal groove in B, and ocelliin C.

N PEiR - L '
Source: (A-C) Monica A. Ulysséa (2017, 2021), and (D) Fabiano F. Albertoni (2024).

These data from H. primavesi colonies, along with morphological data
from H. balzani, H. lopesi and H. reitteri, place Hylomyrma as a promising model
for understanding caste evolution. It may represent a useful system for testing
models of ant caste development: the standard model (WHEELER, 1986) and
the hourglass model (TRIBLE; KRONAUER, 2021).

Interestingly, the seed-harvester genus Pogonomyrmex—sister group to
Hylomyrma—exhibits an even broader range of female phenotypes, paralleling
the diversity seen across all ants (PEETERS; KELLER; JOHSON, 2012). In Pogo-
nomyrmex, the non-reproductive caste includes minor and major workers, while
the reproductive caste may consist of WQ, EQ, or both. It is worth mentioning
that the EQ is flightless and may lack wings entirely, have abnormally reduced
wings, or only wing buds. Given their close evolutionary relatedness, and the fact
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that species are continuously evolving, it is plausible that Hylomyrma species
with dimorphic queens—or even minor and major workers—may eventually be
found. But such discoveries will depend on continued fieldwork centered on
nest collection and NH observations of these shy and inconspicuous species.

NATURAL HISTORY BEYOND THE FIELD: INSIGHTS FROM
CAMPONOTUS SPECIES — M. AZEVEDO-SILVA

Although NH traditionally relies on field observations, some questions are
difficult to answer through direct observation alone. For instance, how can we
determine a queen’s mating frequency without witnessing copulation, especially
since males die soon after? How do we measure polygyny and reproductive
partitioning among coexistent queens without invasive approaches? And how
can we study reproductive behavior and describe the following dispersal of
alates if virgin queens and males commonly fly away from the paternal nest to
mate? Such questions require more than field data. In these cases, NH studies
may benefit greatly from molecular tools—as demonstrated in studies of two
Camponotus species abundant in the Cerrado (Brazilian Savanna): Camponotus
renggeri and C. rufipes.

Both species are common in Cerrado, feeding on extrafloral nectaries and
trophobiont insects, and are considered important plant defensive mutualists
(RONQUE; FOURCASSIE; OLIVEIRA, 2018). Their morphological similarity led to
historical taxonomic uncertainty. To address this, Ronque and colleagues (2016,
2018) applied an integrative taxonomic approach and confirmed their status
as distinct species based in the following traits: (i) habitat (C. renggeri nests
mainly in forest-like formations, while C. rufipes nests almost exclusively in open
Cerrado); (ii) nest architecture (C. renggeri nests mainly in fallen dead trunks,
while C. rufipes builds nests using dry straw); (iii) nest persistence (C. renggeri
nests are less persistent over time); (iv) nest distribution (random for C. renggeri
and aggregated for C. rufipes); and (v) colony size (smaller in C. renggeri). Mole-
cular data further supported this distinction, revealing separate genetic clusters
with no hybridization between. Together, these multiple sources of evidence
confirmed C. renggeri and C. rufipes as valid, distinct species.
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Azevedo-Silva and colleagues (2020) went back to the field and conducted
extensive sampling of C. renggeri and C. rufipes nests. Using a non-destructive
approach and worker genotypes, they reconstructed parental lineages and des-
cribed the species’ breeding systems. Both species present facultative polygyny
(i.e.,, multiple queens coexisting and laying eggs in the same colony). Moreover,
multiple mating (polyandry) was also observed, with C. rufipes queens showing
higher mating frequencies than C. renggeri queens. Molecular data showed
that in C. renggeri polygynous colonies, coexisting queens are unrelated, while
in C. rufipes, queens are closely related. For both species, queens and male
mates are genetically unrelated, indicating mechanisms to avoid inbreeding. In C.
rufipes, males are responsible for introducing new alleles into colonies, contri-
buting to gene flow. Despite differences in breeding systems, genetic diversity
within colonies did not differ, suggesting that varied reproductive strategies do
not lead to distinct genetic variation in ants.

Molecular data have also been used to investigate dispersal patterns of
nests, queens, and males in C. renggeri and C. rufipes (AZEVEDO-SILVA et al.,
2023). Using a landscape genetics approach, researchers assessed how different
land-use types influence dispersal. They found that landscape composition does
not affect nest relocation in both Camponotus species. However, dispersal of
reproductive castes differs: in C. renggeri, queen and male dispersal is primarily
limited by geographic distance, while in C. rufipes, dispersal is highly influenced
by landscape composition—queens are more likely to disperse through forest-like
formations, whereas males tend to disperse through human-modified areas.

These examples highlight the power of molecular tools in NH research.
Core traits—such as reproduction, colony structure, and dispersal—were
revealed, all of which are crucial for understanding population viability and
survival. Although molecular methods may seem high-tech, they have opened
new avenues of investigation that are difficult or impossible to answer only
through NH observations alone. Still, they should not replace traditional field
observations, which provide the foundational knowledge—habitats, nest structure,
and colony demographics—needed to frame and interpret molecular results. The
case of these two Camponotus species illustrate how NH can be an integrative
discipline, combining diverse data sources to deepen our understanding of
organisms in nature.
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PERSPECTIVES

In this chapter, we have explored various aspects of ant NH across different
species, biomes, and research approaches. These exciting studies underscore the
undeniable importance of NH as both a foundation for new scientific questions
and as a framework for interpreting molecular, ecological, and morphological
data. We hope to inspire both aspiring and experienced myrmecologists to
engage more deeply with ant NH—an area still rich with unanswered questions,
especially within Brazil's diverse biomes and remarkable ant diversity. To con-
clude,, we offer the following recommendations:

1) Simple, opportunistic observations of the natural world can spark new
research avenues, help answer long-standing questions, and lead to
important discoveries. So, during your fieldwork, take time to simply
observe what ants are doing. Be careful to not hastily label a few in-
teresting observations as a “pattern’; but also do not dismiss them as
mere anecdotes.

2) If you are a NH enthusiast, make sure to publish your observations or
archive your data—these records are essential for advancing scientific
knowledge (SHEEHAN; MILLER, 2021). Platforms like AntWeb serve
as valuable repositories. Although descriptive NH data has often been
overlooked by journals favoring hypothesis-driven research, this is be-
ginning to change. In 2020, Ecology and Evolution introduced a Nature
Notes manuscript category, followed by Biotropica's Natural History
Field Notes in 2021 (POWERS, 2025). You may still face resistance
from some editors/reviewers wanting to cut side observations from

broader ecological papers—but sometimes, it is worth the fight.

3) Even if you are more of a “lab person” than a “field person’, NH is still
for you! Many open questions in ant NH require molecular, chemical,
morphological, or technological approaches. It is time to recognize
NH as an integrative area—one that embraces diverse methods to de-
epen our understanding of ants’ world.
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4) If you lead a research group, NH offers an excellent entry point for
undergraduate students to science. You can encourage them to ob-
serve nature carefully, ask questions, and seek answers. NH projects
are also flexible in location and typically low-cost, making them ideal
for training the next generation of scientists.

5) When submitting a manuscript or conference abstract, consider whe-
ther your work includes elements of ant NH. If it does, explicitly inclu-
de the term “natural history” in your keywords or abstract. This simple
step helps other NH scientists find your work and increases NH visi-
bility—an important contribution in today’s era of “big data” science.

6) Always support fellow researchers working with ant's NH. Cite their
work, foster fruitful collaborations, and discuss your findings with
them. Since NH data are not always publicly available, these exchan-
ges can offer valuable insights for all.

7) Finally, NH needs the support of students, faculties, administrators,
and funding agencies. Even if NH is not the central focus of your work,
include NH data and highlight its relevance in your projects, manus-
cripts and talks. This collective effort is crucial to countering the on-
going decline in NH research.

Supplemental material information: https://doi.org/10.5281/zenod0.16738971

Acknowledgements

Esperidido A. dos Santos-Neto thanks to Fundagdo de Amparo a Pesquisa
do Estado da Bahia (BOL0413/2020); Felix B. Rosumek thanks to Pedro V. Bian-
cdo, Gabriel J. Becker and Frederico R. Marcineiro for fieldwork assistance;
Gabriela de F. Jacintho thanks to Conselho Nacional de Desenvolvimento
Cientifico e Tecnolégico (CNPq) (grant 140195/2023-8) and to Julio C. M. Chaul
for sharing his knowledge on Strumigenys species; Hilario P. de Lima thanks to
CNPq (grant 140224/2018-1) and to Universidade do Estado do Par4; Igor N. de
Souza thanks to Coordenagao de Aperfeicoamento de Pessoal de Nivel Superior
- Brasil (CAPES) - Finance Code 001, and to Universidade de S&do Paulo and

118

Brazilian Myrmecology: Exploring the World’s Richest Ant Fauna


https://doi.org/10.5281/zenodo.16738971

Universidade Federal da Paraiba; Marianne A. Silva thanks to the Sao Paulo
Research Foundation (FAPESP) (grant #2022/06529-2); Ménica A. Ulysséa
thanks to CNPq (grant #172721/2023-7) and to FAPESP (grant #2018/11453-0);
and Raquel L. C. de Lima thanks to CNPq (grant 140223/2018-5).

REFERENCES

ANTWEB. Antweb Version 8.114. California Academy of Science. 2025. Available at: <https://www.
antweb.org>. Accessed on: 29 July 2025.

AZEVEDO-SILVA, M. et al. Breeding systems and genetic diversity in tropical carpenter ant colonies:
different strategies for similar outcomes in Brazilian Cerrado savanna. Zoological Journal of the
Linnean Society, v. 190, n. 3, p. 1020-1035, 2020. DOI. 10.1093/zoolinnean/zlaa035.

AZEVEDO-SILVA, M. et al. Landscape genetics in a highly threatened environment: how relevant to
ants is the physiognomic mosaic of the cerrado savanna? Conservation Genetics, v. 24, p. 709-719,
2023. DOI. 101007/s10592-023-01537-y.

BARROWS, C. W. et al. At a crossroads: The nature of natural history in the twenty-first century.
BioScience, v. 66, n. 7, p. 592-599, 2016. DOI. 101093/biosci/biw043.

BOLTON, B. The ant tribe Dacetini. Memoirs of the American Entomological Institute, v. 65, p.
1-1028, 2000.

BOLTON, B. An online catalog of the ants of the world. 2025. Available at: <https://antcat.org >.
Accessed on: 26 July 2025.

BRANDAO, C. R. F; SILVA, P. R,; DINIZ, J. L. M. Taxonomic revision of the Neotropical Myrmicinae
ant genus Blepharidatta Wheeler. Zootaxa, 4012, v. 1, p. 033-056, 2015. DOI 1011646/z0otaxa.4012.1.2.

CHAUL, J.C.M,; JACINTHO, G. F,; SANTOS-NETO, E. A. Strumigenys sp. nov. (Formicidae: Myrmicinae),
a new species from Central Amazon. Unpublished.

CHAUL, J. C. M,; SCHROEDER, J. H. Morphologically deviant ant workers may represent hidden
reproductive caste in Strumigenys. In: Il International Symposium of Ecology and Evolution, 2014,
Vigosa.

DAROCHA, W. D. et al. How does bromeliad distribution structure the arboreal ant assemblage
(Hymenoptera: Formicidae) on a single tree in a Brazilian Atlantic forest agroecosystem? Myrmecological
News, v. 21, p. 83-92, 2015. DOI. 10.25849/myrmecol.news_021:083.

DIAS, A. M,; LATTKE, J. E. Large ants are not easy-the taxonomy of Dinoponera Roger (Hymenoptera:
Formicidae: Ponerinae). European journal of taxonomy, v. 784, p. 1-66, 2021. DOI. 10.5852/
€jt.2021.7841603.

FEITOSA, R. M. et al. Ants of Brazil: an overview based on 50 years of diversity studies. Systematics
and Biodiversity, v. 20, n. 1, p. 1-27. DOI. 101080/14772000.2022.2089268.

119

ol. T-Ano 2025 - www.cientificadigital.org




FERNANDES, T. T. et al. Occurrence of ants (Hymenoptera: Formicidae) in both leaf litter and twigs in
Atlantic forest. Sociobiology, v. 67, n. 2, p. 163-172, 30 Jun. 2020. DOI. 10.13102/sociobiology.v67i2.4504.

FORTI, L. C. et al. Discovering the Giant Nest Architecture of Grass-Cutting Ants, Atta capiguara
(Hymenoptera, Formicidae). Insects, v. 8, n. 2, p. 1-13 DOI. 10.3390/insects8020039.

FOURCASSIE, V,; OLIVEIRA, P. S, Foraging ecology of the giant Amazonian ant Dinoponera gigantea
(Hymenoptera, Formicidae, Ponerinae): activity schedule, diet and spatial foraging patterns. Journal
of Natural History, v. 36, n. 18, p. 2211-2227, 2002, DOI. 101080/00222930110097149.

GRONENBERG, W. The trap-jaw mechanism in the dacetine ants Daceton armigerum and Strumigenys
sp. Journal of experimental biology, v. 199, n. 9, p. 2021-2033, 1996. DOI. 10.1242/jeb199.9.2021.

JESOVNIK, A. Taxonomic revision, phylogenomic analyses, and natural history of the fungus-
farming ant genus Sericomyrmex (Hymenoptera: Formicidae). 343 p. Tese. (Doctor of Philosophy),
University of Maryland, USA, 2017.

KEMPF, W. W. A revision of the Neotropical myrmicine ant genus Hylomyrma Forel (Hymenoptera:
Formicidae). Studia Entomologica, v. 16, p. 225-260, 1973.

LATTKE, J. E; DA SILVA, T. S. R; DELSINNE, T. Taxonomy and natural history of Strumigenys thaxteri
Wheeler and Strumigenys reticeps (Kempf) (Hymenoptera: Formicidae). Zootaxa, v. 4438, n. 1, p.
137-147, 2018. DOI. 10.11646/z00taxa.4438.1.6.

LIMA, H. P. DE. Formigas de correi¢cao do género Eciton (Latreille, 1804): interagcdo predador presa,
forrageio e nidificagéo. Tese (Doutorado em Psicologia), Universidade de Sdo Paulo, Sdo Paulo, 2022.

LIMA, R. L. C. Comportamento e hierarquia reprodutiva em Dinoponera gigantea (Perty, 1833).
Tese (Doutorado em Psicologia), Universidade de S&o Paulo, Sdo Paulo, 2023.

LONGINO, J. T, FERNANDEZ, F. Taxonomic review of the genus Wasmannia. Memoirs of the American
Entomological Institute, v. 80, p. 271-289, 2007.

MOLET, M.; WHEELER, D.; PEETERS, C. Evolution of novel mosaic castes in ants: Modularity,
phenotypic plasticity, and colonial buffering. The American Naturalist, v. 180, n. 3, p. 328-341, 2012.
DOI.101086/667368.

MONNIN, T RATNIEKS, F. L. W.; BRANDAO, C.R. F. Reproductive conflict in animal societies: hierarchy
length increases with colony size in queenless ponerine ants. Behavioral Ecology and Sociobiology,
v. 54, p. 71-79, 2003. DOI. 101007/s00265-003-0600-9.

MONTGOMERY, M. P. et al. The Little Fire Ant (Hymenoptera: Formicidae): A Global Perspective. Annals
of the Entomological Society of America, v. 115, n. 6, p. 427-448, 2022. DOI 101093/aesa/saac016.

NANGLU, K. et al. The nature of science: The fundamental role of natural history in ecology, evolution,
conservation, and education. Ecology and Evolution, v. 13, 10621, 2023. DOI. 10.1002/ece310621.

NASCIMENTO, I. C. do; DELABIE, J. H. C; DELLA-LUCIA, T. M. C. Phenology of mating flight in
Ecitoninae (Hymenoptera: Formicidae) in a Brazilian Atlantic Forest location. Annales de la Société
Entomologique de France, v. 47, n. 1-2, p. 112-118, 2011. DOI. 10.1080/00379271.2011.10697702.

PACHECO, P. S. M. Jr; ANJOS, D. V.; DEL-CLARO, K. Natural history and daily rhythm activity of the
myrmecophytic ant, Pseudomyrmex concolor Smith (Hymenoptera, Formicidae). Insectes Sociaux,
v. 69, p. 81-92, 2022, DOI. 10.1007/s00040-022-00847-7.

120

Brazilian Myrmecology: Exploring the World's Richest Ant Fauna


https://www.zotero.org/google-docs/?broken=zVTnqa
https://www.zotero.org/google-docs/?broken=zVTnqa
https://www.zotero.org/google-docs/?broken=zVTnqa
https://www.zotero.org/google-docs/?broken=zVTnqa
https://www.zotero.org/google-docs/?broken=zVTnqa
https://www.zotero.org/google-docs/?broken=zVTnqa

PEETERS, C,; KELLER, R. A,; JOHNSON, R. A. Selection against aerial dispersal in ants: two non-
flying queen phenotypes in Pogonomyrmex laticeps. PLOS One, v. 7, n. 10, e47727. 2012, DOI. 101371/
journal.pone.0047727.

POWELL, S.; CLARK, E. Combat between large derived societies: A subterranean army ant established
as a predator of mature leaf-cutting ant colonies. Insectes Sociaux, v. 51, n. 4, p. 342-351, 2004. DOI.
10.1007/s00040-004-0752-2.

POWERS, J. S. A place for natural history in the 21st century. Biotropica, v. 57, €13364, 2025, DOI.
101111/btp13364.

PRADO, L. P. et al. A natural history account of Megalomyrmex ayri Brand&o, 1990 (Hymenoptera:
Formicidae: Myrmicinae). Insectes Sociaux, v. 69, p. 123-130, 2022. DOI. 101007/s00040-021-00840-6.

RONQUE, M. U. V. et al. Three ways to distinguish species: using behavioral, ecological, and molecular
data to tell apart two closely related ants, Camponotus renggeriand Camponotus rufipes (Hymenoptera:
formicidae). Zoological Journal of the Linnean Society, v. 176, p. 170-181, 2016. DOI. 101111/20j12303.

RONQUE, M. U. V,; FOURCASSIE, V., OLIVEIRA, P. S. Ecology and field biology of two
dominant Camponotus ants (Hymenoptera: Formicidae) in the Brazilian savannah. Journal of Natural
History, v. 52, n. 3-4, p. 237-252, 2018. DOI. 101080/00222933.20171420833.

ROSUMEK, F. B. Natural history of ants: what we (do not) know about trophic and temporal niches of
neotropical species. Sociobiology, v. 66, n. 3, p. 244-255, 2017. DOI. 10.13102/sociobiology.v64i3.1623.

ROSUMEK, F. B. et al. Formigas de solo e de bromélias em uma &rea de Mata Atlantica, Ilha de Santa
Catarina, sul do Brasil: Levantamento de espécies e novos registros. Biotemas, v. 21, n. 4, p. 81-89,
2008. DOI. 10.5007/2175-7925.2008v21n4p81.

SANTOS-NETO, E. A; CHAUL, J. C.M,; DELABIE, J. H. C. New Species and New Records of Strumigenys
Smith, 1860 (Formicidae: Myrmicinae) from the Neotropical schulzi species group. Taxonomy, v. 4, p.
633-648. 2024. DOI. 10.3390/taxonomy4030032.

SANTOS-NETO, E. A. et al. First Records of the Exotic Ant Strumigenys rogeri, Emery 1890 in Brazil.
Sociobiology, v. 70, n. 4, €9886-€9886, 2023. DOI. 10.13102/sociobiology.v70i4.9886.

SHEEHAN, M. J.; MILLER, S. E. The promises and challenges of archiving insect behavior and natural
history in a changing world. Current Opinion in Insect Science, v. 45, p. 115-120, 2021. DOI. 101016/j.
€0is.2021.03.008.

SILVA, T. S. R: BRANDAO, C. R. F. Further ergatoid gyne records in the ant tribe Dacetini (Formicidae:
Myrmicinae). Neotropical Entomology, v. 43, n. 2, p. 161-171, 2014. DOI. 101007/s13744-013-0192-7.

SILVA, T. S. R; CHAUL, J. C. M,; FEITOSA, R. M. Lectotype designation and redescription of four
commonly collected Neotropical species of Strumigenys (Hymenoptera: Formicidae). European
Journal of Taxonomy, v. 798, n. 1, p. 103-126, 2022. DOI. 10.5852/¢jt.2022.7981673.

SWARTZ, M. B. Predation on an Atta cephalotes Colony by an Army Ant Nomamyrmex esenbecki.
Biotropica, v. 30, n. 4, p. 682-684, 1998. DOI. 10.1111/j1744-7429.1998.tb00110.X.

TEWKSBURY, J. J. et al. Natural History's Place in Science and Society. BioScience, v. 64, n. 4, p.
300-310, 2014. DOI. 101093/biosci/biu032.

TOSA, M. I. et al. The Rapid Rise of Next-Generation Natural History. Frontiers in Ecology and
Evolution, v. 9, 698131, 2021. DOI. 10.3389/fev0.2021.698131.

121

ol. T-Ano 2025 - www.cientificadigital.org



https://www.zotero.org/google-docs/?broken=5SD6RG
https://www.zotero.org/google-docs/?broken=5SD6RG
https://www.zotero.org/google-docs/?broken=5SD6RG
https://www.zotero.org/google-docs/?broken=5SD6RG
https://www.zotero.org/google-docs/?broken=5SD6RG
https://www.zotero.org/google-docs/?broken=NkJTf7
https://www.zotero.org/google-docs/?broken=NkJTf7
https://www.zotero.org/google-docs/?broken=NkJTf7
https://www.zotero.org/google-docs/?broken=NkJTf7
https://www.zotero.org/google-docs/?broken=NkJTf7
https://www.zotero.org/google-docs/?broken=NkJTf7
https://www.zotero.org/google-docs/?broken=NkJTf7
https://www.zotero.org/google-docs/?broken=NkJTf7

TRAVIS, J. Where Is Natural History in Ecological, Evolutionary, and Behavioral Science? American
Naturalist, v. 196, n. 1, p. 1-8, 2020. DOI. 10.1086/708765.

TRIBLE, W.; KRONAUER, D. J. C. Hourglass model for developmental evolution of ant castes. Trends
in Ecology & Evolution, v. 36, p. 100-103, 2021. DOI. 101016/jtree.2020.11.010.

ULYSSEA, M. A; BRANDAO, C. R. F. Taxonomic revision of the Neotropical ant genus Hylomyrma
Forel, 1912 (Hymenoptera: Formicidae: Myrmicinae), with the description of fourteen new species.
Zootaxa, v. 5055, n. 1, p. 1-137,2021. DOI. 10.11646/zootaxa.5055.1.1.

ULYSSEA, M. A,; FARDER-GOMES, C. F; PRADO, L. P. Biological notes, nest architecture, and
morphology of the remarkable ant Hylomyrma primavesi Ulysséa, 2021 (Hymenoptera: Formicidae:
Myrmicinae). Myrmecological News, v. 34, p. 1-20, 2024. DOI. 10.25849/myrmecol.news_034:001.

WHEELER, D. E. Developmental and physiological determinants of caste in social Hymenoptera:
evolutionary implications. The American Naturalist, v. 128, n. 1, p. 13-34, 1986. DOI. 101086/284536.

WHEELER, G. C,; WHEELER, J. Supplementary studies on the larvae of the Myrmicinae. Proceedings
of the Entomological Society of Washington, v. 62, n. 1, p. 1-32, 1960.

WILSON, E. O. Biodiversity research requires more boots on the ground. Nature, Ecology & Evolution,
v. 1, n. 1, p. 1590-1591, 2017. DOI. 10.1038/541559-017-0360-y.

WILLSON, M. F; ARMESTO, J. J. Is natural history really dead? Toward the rebirth of natural history.
Revista Chilena de Historia Natural, v. 79, p. 279-283, 2006.

122

Brazilian Myrmecology: Exploring the World's Richest Ant Fauna



