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Introduction

Abstract

The Atlantic Forest is a biodiversity hotspot, and myrmecologists broadly study its
numerous habitats. Even so, much of its biodiversity remains to be discovered, and
the choice of collection methods and habitats to be explored directly affect the results
obtained, especially in the case of species with cryptic habits, such as Cylindromyrmex
ants. The ant subfamily Dorylinae has 11 genera registered in the Neotropics,
with Cylindromyrmex Mayr, 1870 being a lineage to the region. The present study
reports new records of three Cylindromyrmex species in 13 municipalities located
in the Atlantic Forest in southeastern Brazil. It also describes the effect of sampling
techniques and habitats on species records. The 78 examined herein specimens
belong to the species C. brasiliensis Emery, 1901, C. brevitarsus Santschi, 1925, and
C. longiceps André, 1892, and were collected manually or with Malaise traps. Records
are distributed along the Espirito Santo state, with a tendency towards higher
records in municipalities with mountainous habitats. All records in this region of the
Atlantic Forest are associated with the hottest months and with the highest rainfall,
suggesting a possible preference for nuptial flights in the summer. Most records of
the three Cylindromyrmex species occurred in forested areas (93%), whereas few
records belong to urban areas (7%). Although manual collections and Malaise traps
are not widely used in research or surveys of ant diversity, these techniques could
potentially reveal essential findings for ant ecology.

it is a compilation of ant distribution data between 1886 and
2020 (Silva et al., 2022). Even with these extensive efforts

The Atlantic Forest is recognized as a biodiversity
hotspot, although its area has been substantially reduced over
the years (Ribeiro et al., 2011; Resende et al., 2018). It is also
the most well-studied biome in Brazil by myrmecologists
(Feitosa et al., 2022; Lewinsohn et al., 2022; Schmidt et al.,
2022; Queiroz et al., 2023), with numerous ant biodiversity
projects executed in Brazilian states still containing Atlantic
Forest remnants (e.g., FAPESP 2008). An extensive database
of Atlantic Forest ants was recently published as a data paper;
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over the years, knowledge gaps remain to be filled, such as
occurrence records of Cylindromyrmex Mayr, 1870 species
in the state of Espirito Santo. The genus has been recorded
in the surrounding states, which makes its presence likely in
Espirito Santo (Baccaro et al., 2015).

Ant diversity surveys are directly affected by the choice
of sampling methods, separately or in combination (Souza et
al., 2012; Vicente et al., 2016; Souza & Araujo, 2020). Pitfall
traps and Winkler extractors are the most commonly used
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methods, and one of their advantages versus other methods is
obtaining a high diversity of ants (Souza et al., 2012; Gomes
et al., 2018; Przybyszewski et al., 2020; Schmidt et al.,
2022). Species that nest or inhabit underground strata, hollow
stems in the canopy, and, in general, are not commonly seen
foraging on the soil surface or in the litter are usually not
collected with these techniques (Prado et al., 2016; Vicente
etal., 2019). Another factor that directly affects ant surveys is
the environments in which they are carried out. Researchers
have dedicated years to studying which mechanisms affect
and structure assemblages in different habitats and scales
(Levin, 1992; Mcgill, 2010). Ant species do not respond
equally to these changes. One of the reasons for their ecological
success is the diversity of mechanisms they use in different
microhabitats, especially when it comes to feeding and
nesting (Holldobler & Wilson, 1990). Variations in the
environmental gradient within the same habitat, between
habitats, and even domains generate different responses in
the distribution of ant morphological and functional metrics
(e.g., richness, abundance, and composition) (Guilherme et
al., 2019; Rosenberg et al., 2023; Schultheiss et al., 2022).
Among the 27 Dorylinae genera, Cylindromyrmex has
an exclusively Neotropical lineage with 13 species (ten living
and three extinct) (De Andrade, 1998; Borowiec, 2016),
distributed from Mexico to Uruguay (De Andrade, 1998;
Quiroz-Robledo, 2003; Janicki et al., 2016; Guénard et al.,
2017). Cylindromyrmex ants are seemingly associated with
termites, at least in part, either as their inquilines (Wheeler,
1936; Overal & Bandeira, 1985) or as predators of them (De

Andrade, 1998; Borowiec, 2016). Another hypothesis raised
by some researchers is that these ants are invasive foragers
of arboreal ant nests since the only complete nest series
containing brood and reproductives are known only from
wood, apparently (Fernandez & Escobar, 1997; De Andrade,
1998; Mariano et al., 2004).

In this study, we use Cylindromyrmex as an example
to describe the effect of habitat choices and collection
techniques on species records. Also, we here report records
of Cylindromyrmex species in southeastern Brazil, and
following previous reports, we confirm their distribution
along the Atlantic Forest.

Material and Methods
Database

We initially verified the distribution of Cylindromyrmex
in Brazil using the Atlantic Forest and database (Silva et al.,
2022). Additionally, we consulted other databases that compile
information on ant distribution: 1. AntWeb.org (2022) and
2. antmaps.org (Janicki et al., 2016; Guénard et al., 2017) to
confirm the presence or absence of Cylindromyrmex for the
state of Espirito Santo.

We also used data compiled by Silva et al. (2022) to
verify the total number of ant species records in different
habitats and with diverse sampling techniques. Due to the
high number of these and their combinations (70), Figures
1 and 2, with information on species records from Brazil
and Espirito Santo, show only those with the highest values.
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Fig 1. Number of ant species records in Brazil (red bars) and in the Espirito Santo state (green bars) for the main sampling techniques.
The Y-axis is on a logarithmic scale, with raw values inside the bars. Data from Silva et al. (2022).
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We also removed species records that were obtained through
a combination of sampling techniques or lacked information
(NA) about them. We adopted a similar procedure for the
considered habitats.

Entomological Collections

To verify whether there were specimens of
Cylindromyrmex collected in Espirito Santo deposited in
collections, we examined samples deposited in the entomo-
logical collection of the Federal University of Espirito Santo
(UFES) and entomological collection and the Hymenoptera
collection of the Museu de Zoologia da Universidade de Sao
Paulo (MZSP). When found, specimens of Cylindromyrmex
were then identified to species whenever possible.

Collected specimens

We manually collected Cylindromyrmex specimens in
an urban area surrounded by remnants of tropical ombrophilous
forest in the Atlantic Forest corridor at Santa Teresa, a
mountainous region of Espirito Santo. We identified the
specimens using available taxonomic keys by Brown
(1975) and De Andrade (1998, 2001) while also comparing
our material with that preserved in the collection of the
Universidade Federal do Espirito Santo (UFES). The material
of such collection was previously identified by specialists
(Rodrigo Feitosa and John Lattke). Voucher specimens were
deposited in the Invertebrate Collection of the Instituto
Nacional da Mata Atlantica (INMA).

Log specimens records

Results

The Winkler technique showed Brazil’s most species
records, followed by pitfall trapping, manual collection,
and baits (Figure 1). The Winkler technique accumulated
approximately 48% more records than pitfall traps and 90%
more records than manual collection. When considering only
Espirito Santo, we found a similar pattern, with the Winkler
technique showing the highest amount of records, followed
by manual collection and pitfall trapping (Figure 1). The
Winkler technique accumulated about 72% more records than
manual collection and 92% more records than pitfall trapping.

The vast majority of species records in Brazil belong
to forested, natural habitats. The forest phytophysiognomies
with the highest records were Cerrado and Restinga. The
urban areas showed only 601 records; 1.5% of the records
were found in secondary forests, the most species-rich habitats
in Brazil (Figure 2). We found a similar pattern in Espirito
Santo, with natural habitats dominating the number of records.
However, in that state, ant species had an elevated value in
Restinga habitats (Figure 2).

Seventy-eight Cylindromyrmex specimens were recorded
for the Atlantic Forest in Espirito Santo. These were
distributed in 13 localities (Figure 3) and sampled manually
or with Malaise traps between September and January, which
are the rainiest seasons in the state (Table 1).

Among the total number of individuals registered for
Espirito Santo, five (7%) were manually collected in the city
of Santa Teresa, a mountainous region located at the central
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Fig 2. Number of ant records in Brazil (red bars) and in the Espirito Santo state (green bars) showing some of the main habitat and
biome types. The Y-axis is on a logarithmic scale, with raw values inside the bars. Data from Silva et al. (2022).
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Fig 3. The geographic location of municipalities with records of Cylindromyrmex species in Espirito Santo. Red points represent
Malaise trap sampling, and blue points represent manual collections. Each point size is visualized relative to the total number of

records in the municipality. Data from Silva et al. (2022).

corridor of the Atlantic Forest. These specimens were collected ~ collections, covering several phytophysiognomies. We
in an urban habitat and identified as C. brevitarsus Santschi, registered 50 males, 19 queens, and six workers. Males were
1925, and C. longiceps André, 1892 (Figure 4; Table 1). identified as genus only. The species recorded in Malaise

Most Cylindromyrmex records (71) for Espirito Santo  traps were C. brasiliensis Emery, 1901, C. brevitarsus, and
come from Malaise trap samples deposited in entomological  C. longiceps (Table 1).

Fig 4. Photos of Cylindromyrmex longiceps (A: Lateral view, B: Dorsal view, C: Head in frontal view) and Cylindromyrmex brevitarsus (D:
Lateral view, E: Dorsal view, F: Head in frontal view) sampled in Santa Teresa, ES and deposited in MBML; and Cylindromyrmex sp. (male)
(G: Lateral view, H: Dorsal view, I: Head in frontal view) sampled in Linhares, ES, and deposited in MZSP. Scale bar = 2mm.
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Discussion

Confirmed Cylindromyrmex records in Espirito Santo

As far as we know, this is the first study to list
Cylindromyrmex species in Espirito Santo, and we also
confirm and expand the genus distribution in Brazil. Although
the Atlantic Forest is the most extensively studied Brazilian
biome in regards to ant diversity and distribution in the last two
centuries (Feitosa et al., 2022; Schmidt et al., 2022; Silva et al.,
2022; Queiroz et al., 2023), some genera (e.g., Acanthostichus,
Leptanilloides, Neocerapachys, Sphinctomyrmex) classified
by some specialists as “probably present”, have not yet been
found in the region (Antmaps, 2022; Baccaro et al., 2015).
Among these was Cylindromyrmex, which until 2015 had its
distribution status in Espirito Santo as “probable” (Baccaro
et al., 2015, p. 154). However, Azevedo et al. (2015) finally
confirmed it as occurring in this state. Unfortunately, this
work was published in a journal with low recognition by the
international academic community, significantly restricting
the dissemination of their findings. So much so that until
today, AntMaps, AntWeb, AntWiki, and the data paper by
Silva et al. (2022) have yet to update the records of this genus
for Espirito Santo.

This case seems to be more common than we imagine.
A few years ago, a similar situation occurred with the male
caste of Martialis heureka, Rabeling & Verhaagh, 2008. There
were specimens deposited in the entomological collection
of the National Institute for Amazonian Research (INPA),
but they were only officially described 30 years after being
collected (Boudinot, 2015). In the case of the registration
of Cylindromyrmex for Espirito Santo, the time between
collections and official registration was shorter (21 years) but
still quite long. The absence or reduced number of professionals
working on updating and computerizing Brazilian biological
collections, together with research published in journals of
low international relevance, appears to contribute to this kind
of situation.

Sampling techniques and habitat type: do they matter for
species discovery

Since Cylindromyrmex species are either predators
and/or inquilines of termites, and colonies are found primarily
on cavities and hollow branches, this increases the difficulty
of collecting some of its species. In this study, we obtained
records of Cylindromyrmex species using the Malaise flight
interception trap and manual collection of ants. Also, we
obtained information from collections in urban habitats,
where biodiversity inventories are usually neglected. We
recorded the three species of Cylindromyrmex, C. brasiliensis,
C. brevitarsus, and C. longiceps, from samples of Malaise
traps from different areas of the Atlantic Forest of Espirito
Santo, usually associated with rural habitats or within the arca
of a nature reserve, deposited in entomological collections.

Cylindromyrmex brevitarsus and C. longiceps were also
collected manually in an urban habitat surrounded by Atlantic
Forest remnants.

The use of multiple sampling techniques can be helpful
due to their complementary effect in better representing the
studied fauna (Olson, 1991; Bestelmeyer et al., 2000), with
some sampling techniques, however, having redundant effects
(Parr & Chown, 1999; Souza et al., 2012). The collecting
of ant species in Brazil is associated with the massive use
of Winkler extractors, pitfall traps, and baits (Silva et al.,
2022), which in recent decades have been considered by
specialists as the most common ant sampling techniques
(Alonso & Agosti, 2000; Bestelmeyer et al., 2000; Delabie
et al., 2000). Similarly, in Espirito Santo, most ant records
were obtained using these techniques. However, there is also
a pronounced use of manual collection and Malaise traps, the
only techniques where we found records of Cylindromyrmex
species in the state. In general, Malaise trapping is not the
most efficient in terms of assessing ant diversity (Delabie &
Reis, 2000; Queiroz et al., 2023), but it can be helpful in ant
inventories, especially in tropical forests, where flight nuptials
appear to have wide frequencies and durations (Kaspari et al.,
2001a, b). Furthermore, flight interception traps are profitable
for capturing species with more cryptic habits, such as
Cylindromyrmex (Delabie & Reis, 2000), which are rarely seen
on the surface of the soil or leaf litter and are more associated
with the hypogeic stratum or hollow branches in the canopy
for nesting and forage (Wheeler, 1936; Overal & Bandeira,
1985; De Andrade, 1998; Borowiec, 2016). In Espirito Santo,
the majority of Cylindromyrmex records (93%) occurred with
alates in the Malaise trap, concentrated in the hottest months
of the year according to other states (Delabie & Reis, 2000),
reinforcing the usefulness of this trap in inventories and
studies of ant phenology.

The Atlantic Forest and the Cerrado are the domains
best studied by myrmecologists in Brazil (Feitosa et al., 2022;
Lewinsohn et al., 2022; Queiroz et al., 2023; Schmidt et al.,
2022). Not surprisingly, the vast majority of species records
in Brazil compiled by Silva et al. (2022) have occurred in
forested habitats. Urban areas have few species records as
compared to other habitats studied. The state of Espirito Santo
follows the same pattern, with forest habitats dominating the
number of ant species records. Still, the situation in urban
habitats is more extreme, as no records were computed. Urban
habitats surrounded by forests or urban forest fragments are
often neglected in biodiversity studies (Savard et al., 2000;
Santos, 2016), although there are reports that these areas can
function as essential repositories of wildlife (Souza & Aratijo,
2020). The situation has improved in recent decades with
increased studies in urban habitats (Stringer et al., 2009;
Santos, 2016; Perfecto & Philpott, 2023). In our study, 67%
of Cylindromyrmex species recorded for Espirito Santo were
collected manually in urban habitats, evidencing the potential
biodiversity these places can harbor.
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There is a good chance that ant data is likely “hidden” in
entomological collections because it is not digitally available
in full in any publicly accessible repository. Alternatively,
some of these data are published in scientific journals that,
for various reasons (e.g., Publications of species records in
journals not indexed in international search databases; journals
with dubious reputation), are not accessible via international
search engines by most researchers. Factors like these create
obstacles to biodiversity knowledge in one of the most studied
biomes by myrmecologists over the last few decades. It is
important to emphasize that we are not criticizing the curators
and researchers, as they are at the end of the curation and
publication process. The lack of funding for science due to
multiple cuts over the years (Escobar, 2015; 2019; Angelo,
2017) contributes considerably to these knowledge gaps about
Brazilian biodiversity.

Conclusion

In this study, we show evidence of how the choice
of sampling techniques associated with unexplored habitats
can reveal hidden facets of ant biodiversity. Although the
Malaise trap and manual collection are not the most efficient
techniques regarding richness, abundance, and composition
for ant biodiversity inventories, both techniques can be
useful for collecting ants with more reclusive foraging and
nesting habits. These techniques, whenever possible, should
be associated with other collection methods for a better
overview of ant diversity. Furthermore, habitats such as urban
environments surrounded by forest remnants can function
as important repositories of biodiversity and should not be
neglected in biodiversity inventories. Finally, we suggest
that collection curators and researchers work together so
that primary collection data is in secure, publicly accessible
repositories. We also propose that researchers exercise caution
when publishing their results so that they are readily available
to the public in quality scientific journals.
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