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ABSTRACT. We provide a list for the ants collected in the leaf litter, soil and vegetation of the Parque Estadual Sdo Camilo, an

important conservation unit of Atlantic Forest in Parané, Brazil, and one of the oldest in the state. We report 108 species, of

which eight species and two genera represent new records for Southern Brazil. Seven species are reported for the first time

in Parana. Our work is the first ant list for the western limit of the state, and reveals a surprisingly high number of species

considering the extension of the study area. We highlight the importance of integrating different sampling techniques to

explore ant diversity, and to conduct baseline studies in protected areas to document biodiversity.

KEY WORDS. Biome, conservation, Malaise, pitfall, Winkler.

INTRODUCTION

Originally, the Brazilian Atlantic Forest encompassed a 1.5
million km? of the national territory, extending through most
of the Brazilian coast and interior areas of Central and Southern
regions (Ribeiro et al. 2011). However, the biome has suffered
with a drastic habitat loss and fragmentation, mainly derived
from anthropogenic activities. Currently, the extension of the
Atlantic Forest in Brazil is nearly 0.28-0.30 million km? mainly
represented by small, isolated and degraded fragments (Rosa et
al. 2021a). Some of those fragments are located in protected
areas of the country (Rosa et al. 2021b).

The state of Parana, Southern Brazil, is covered by two of
the six officially recognized Brazilian biomes (MMA 2021): the
Atlantic Forest and the Cerrado. While the Cerrado is restricted
to small, isolated fragments in the northern portion of the state
(Oliveira and Feitosa 2021), the Atlantic Forest occupies most of
Parand’s surface, including areas of semideciduous seasonal for-
ests, ombrophilous forests with Araucaria and natural grasslands
(Franco et al. 2021). One of the conservation unities stablished
to protect the Atlantic Forest in the state is the Parque Estadual
Sao Camilo (hereafter PESC), created in 1990 and once named
Reserva Bioldgica de Sdo Camilo (IAT 2022a). The park covers an
area of 3.85 km? at the western limit of Parana, near the border
with Paraguay, representing only 0.0002% of the native fragments
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of the Atlantic Forest in the state (Cortez and Gongalves 2015).
The PESC is also a strategic point to link other preserved areas in
at least 15 municipalities at the southwestern of the state (IAT
2022a). Nevertheless, the published studies aimed to report the
biological diversity of PESC have been focused on a few taxa (i.e.
fungus, plants, bats, bees and wasps) (Ferreira and Cortez 2012,
Dias and Cortez 2013, Alves and Cortez 2014, da Silva Cruz and
Cortez 2015, Cortez and Gongalves 2015, Oliveira and Gongalves
2017, Batista 2018, Silva-Filho et al. 2019). In addition, anthropic
pressures as hunting activities, animal traps and pesticides in the
immediate surroundings, and irregular plant extraction represent
a threat for the maintenance and preservation of the park’s biodi-
versity that need to be urgently addressed (IAT 2022b).

Insects play essential roles in the environment, mainly
related to a high sensitivity to ecosystem alterations. Among
the insects, ants (Hymenoptera, Formicidae) are a well-studied
group in Brazil (Ramalho et al. 2020). Biomass and dominance
of ants in terrestrial ecosystems make them crucial in processes
of bioturbation, nutrient cycling, decomposition, seed disper-
sal and energy flow. Moreover, their importance as biological
indicators and pest regulators has also been long recognized
(Elizalde et al. 2020, Ribas et al. 2012).

One of the first steps to improve our understanding about
biodiversity and how the ecosystems are being affected by an-
thropic activities is to identify the organisms inhabiting them
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(Souza-Campana et al. 2019). In that sense, baseline studies, as
species lists, are a powerful tool to do so (Camacho and Vascon-
celos 2015). We here provided a list of the ant species in the
Parque Estadual Sdo Camilo based on four sampling techniques.
Our findings revealed a high local richness, also including new
geographic records of species and genera for the Parana and
Southern Brazil.

MATERIAL AND METHODS

Study site

The study area was the Parque Estadual Sao Camilo, located
at 8 km of the central area of the municipality of Palotina, Parana
state (see Supplementary file Movie 1). The park has an average
elevation of about 250 m average above sea level, and a Cfa climate
type according to Koéppen classification (IAT 2022b). The PESC is
embedded in a broad matrix of anthropic use, and is covered by
areas of submontane semideciduous seasonal forests interrupted
by intermediate stages of plant succession, and pioneer formations
with fluvio-lacustrine influence (IAT 2022b) (Fig. 1).

Experimental design

We established five sampling points at PESC at the semide-
cidual forest areas, two in the south limits of the park and three

adjacent to the visitor’s trail and the administrative center (Table
1, Fig. 1). We collected the ants under the collection permit IAT
21.19/15.713.531-7, at the second week of December 2020. Four
techniques were employed, including non-baited epigean pitfall
traps, Winkler extractors of leaf litter, free hand-collection in
vegetation and soil strata, and a flight interception Malaise trap.
Our study was a rapid survey, the sampling was not standardized,
and there were no replicates. All the techniques, except by the
Malaise trap, were employed in the first point, Winkler and
hand-collection in the second point, Malaise and hand-collec-
tion in the third point, hand-collection in the fourth point, and
pitfall and Winkler in the fifth point. The pitfall traps consisted
in 25 plastic 200 ml cups containing a solution of water and li-
quid unscented soap, with the opening positioned at the ground
level. We kept the traps in the field for 48 hours, after that, we
removed them and sorted the ants (Lasmar et al. 2017). We
randomly selected areas to implement the Winkler technique as
described by Fisher (1999), except by the ant sorting, which was
carried out with ants still alive in white trails. After collecting
31 sifted litter samples, we transported them to our field lab at
the PESC administrative center, and sorted the specimens until
ant activity ceased. We performed hand-collection of ants in soil
and vegetation strata. The Malaise trap was installed adjacent
to the visitor’s trail of the park, and kept in field for 72 hours

Palotina

025 05 0,75 1km

Scale 1:15000
EPSG: 4674 - SIRGAS: 2000
Parque Estadual Sao Camilo (PESC)

Legend

[--1 Atlantic Forest
Buffer area
[ Limits of PESC
O Sampling points
I Submontane semidecidual seasonal forest
Intermediate stage of plant succession
Il Pioneer formation with fluvio-lacustrine influence

Figure 1. Map showing the collection points indicated by yellow circles at Parque Estadual Sdo Camilo, Palotina, Parana state, Southern
Brazil. The photos show the main environments explored, and the green filled polygons depict the vegetation cover of the park. Photos:
N. Ladino, 8-11/12/2020.

2/10 ZOOLOGIA 39: €22001 | https://doi.org/10.1590/51984-4689.v39.e22001 | May 20, 2022



LOGIA

5.+ An International Journal for Zoology

Ants of an Atlantic Forest remnant in Parana, Brazil

Table 1. Collection points at Parque Estadual Sao Camilo, Palotina, PR. Brazil.

Coordinates

Point number Point name Description Elevation (m)
Latitude (S), Longitude (W)
1 Limit 1 Park’s limit, after the inner road -24.321467 -53.914033 329
2 Limit 2 Park’s limit, before the inner road -24.321397 -53.921367 323
3 Trail 1 Restricted access trail -24.306951 -53.905590 288
4 Station Visitor's center -24.306864 -53.904087 287
5 Trail 2 Visitor’s trail -24.309035 -53.905160 283

(Montgomery et al. 2021). All samples were stored in vials
with ethanol at 100%, and transported to the Laboratério de
Sistematica e Biologia de Formigas at the Universidade Federal
do Parand, where the ants were separated in morphospecies,
dry-mounted, pinned, and labelled.

Ant identification

We firstly identified the ants to the genus level using
Baccaro et al. (2015). For the identification of species, we used
specific taxonomic publications (Gongalves 1961, Watkins 1976,
Kugler and Brown 1982, Mackay and Mackay 2010, Longino
2013, Johnson and Cover 2015, Ortiz et al. 2019, Oliveira et
al. 2021). For the identification of Rogeria species we consulted
Otavio Guilherme Morais Silva (Museu Paraense Emilio Goeldi).
For the identification of Odontomachus and Pachycondyla species
we consulted unpublished keys provided by Eder Cleyton Bar-
bosa de Franca and Frederico Rottgers Marcineiro (Universidade
Federal do Parand). For the species of Pheidole we used the interac-
tive key as implemented in the Lucid platform, provided by John
T. Longino (https://sites.google.com/site/newworldpheidole/
home), along with Wilson’s monography (2003), and AntWeb
(2022). We listed the unidentified ants as morphospecies and
deposited vouchers of all collected specimens at the Entomo-
logical Collection Padre Jesus Santiago Moure (DZUP), at Uni-
versidade Federal do Parana, Curitiba, Brazil. The new records
for Parana state and Southern Brazil were determined by the
revision of taxonomic works and ant surveys carried out in this
region, together with the information provided by Antmaps.
org (Janicki et al. 2016).

Data treatment

We elaborated a dataset including specimens records by
subfamily, genus, species, collection point, and sampling tech-
nique. The dataset was analyzed in the R environment with the
R Base package (R Core Team 2020), and the graph relating the
number of species by genus in each subfamily was made with
the ggplot2 package (Wickham 2016). Our list was compared
with other records for ants in the region (see Golias et al. 2018,
Holdefer et al. 2017, Franco and Feitosa 2018, Martins et al. 2019,
Franco et al. 2021, Oliveira and Feitosa 2021). We elaborated
a map of the study area in Brazil with the collection points es-
tablished at PESC in QGIS v.3.16.7 (QGIS 2021), the vegetation
cover was retrieved from IAT (2022b). Also, provided a time-lapse
video derived from aerial images of changes in land cover over

ZOOLOGIA 39: e22001 | https://doi.org/10.1590/51984-4689.v39.e22001 | May 20, 2022

time in Palotina, obtained in Google Earth Pro, v. 7.3.4.8248,
as supplementary material (see Supplementary file Movie 1).
High-resolution photos from new ant genera records were elabo-
rated with a Zeiss Axiocam 305 camera coupled to a Zeiss Stereo
Discovery V20 stereomicroscope. Parameters of brightness and
contrast were enhanced in Adobe Photoshop CC2014, and the
figure plates were elaborated in Adobe Illustrator 2020.

RESULTS

We recorded 108 species at PESC, distributed in 41 genera
and eight subfamilies (Table 2, Fig. 2). Ten species were exclusive-
ly collected with pitfall traps, 29 with Winkler extractors, three
with Malaise and 12 by hand-collection, from which seven were
solely found in vegetation. Pheidole was the richest genus with
27 species (25.2%), followed by Solenopsis with eight (7.5%) and
Camponotus with seven (6.5%). We reported the species Rasopone
ferruginea (Smith, 1858), Thaumatomyrmex mutilatus Mayr, 1887,
Pheidole lucretii Santschi, 1923, Brachymyrmex santschii Menozzi,
1927 and Carebara brevipilosa Fernandez, 2004 for the first time
in Parand; while we firstly recorded Anochetus bispinosus (Smith,
1858), Rogeria scobinata Kugler, 1994, Solenopsis iheringi Forel,
1908, Strumigenys hyphata (Brown, 1953), and Wasmannia iheringi
for Southern Brazil (Figs 3-11).

DISCUSSION

We present here the first list of the ants occurring in the
Parque Estadual Sdo Camilo, Parana, increasing the number of
species formerly recorded for the state. We found that less than
30 species listed in the PESC are shared with other areas of the
state based on previous studies on ant diversity in Parana (Hol-
defer et al. 2017, Franco and Feitosa 2018, Golias et al. 2018,
Martins et al. 2019, Franco et al. 2021, Oliveira and Feitosa 2021).

Different works have cited the advantages of combining
sampling techniques for rapid ant surveys (e.g. Delabie et al.
2020, Salata et al. 2020). This approach has a positive impact
on the reported richness, collection of different ant guilds,
and the comprehension of the community structure of ants
(Delabie et al. 2020, Salata et al. 2020). Implementing the four
sampling techniques applied here was crucial to achieve the
results we present, once ants establish their nests and forage in
different substrates (Soares and Schoereder 2001). Among the
outcomes of using these sampling techniques we outstand that
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Figure 2. Number of ant species per genus recorded in the Parque

Estadual Sao Camilo, Palotina, PR, Brazil.

the epigean pitfall and Winkler techniques were effective to
reveal ants inhabiting or foraging in the soil, litter and rotten
wood. On the other hand, species of Cephalotes and Nesomyrmex,
two exclusively arboreal ant genera listed here, were obtained
only by hand-collection, once we did not use any technique to
explore the arboreal ant fauna. Moreover, the single species of
Neivamyrmex and Neoponera marginata (Roger, 1861), two taxa
known by their nomadic habits, were also exclusively captured
by hand-collection. In fact, trails of N. marginata were widely

4/10

spread along the PESC visitors trail, but we fail to record the
species at the collection points established (see Supplementary
file Movie 2). Finally, the Malaise trap allowed us to register
a great representativity of ant queens and males. Otherwise,
those individuals would have been difficult to capture, since
most techniques aimed to collect ants on our study are focused
on workers.

The ants recorded in PESC where collected inside a
fragment of submontane semidecidual seasonal forest in an
advanced stage of recovery (IAT 2022b, Cortez and Gongalves
2015). This forest type was once considered one of the richest in
Brazil in terms of wood volume per unit of area due to a fertile
soil derived from basalt (IAT 2022b). Also, the high humidity
and wide range substrates for nesting and forage as mold, leaf
litter and well-developed roots provide conditions that favor
the establishment of ant colonies (Inkotte et al. 2022). Ants in
these environments are more prone to be captured with Winkler
extractors, which could explain the higher number of exclusive
species obtained with this technique in our study. The prevalence
of species of Pheidole, Solenopsis and Camponotus in our list is an
expected outcome. Together, these taxa account for nearly 40%
of the number of ant species collected here and correspond to
genera known by their high diversity worldwide. Pheidole is the
richest ant genera, with around 150 species recognized in Brazil
(Casadei-Ferreira et al. 2020). Camponotus and Solenopsis include
species commonly sampled in ant inventories, and stand out
for their diversity and complex taxonomy, particularly in South
America (Pacheco et al. 2013, Mackay 2019).

Among the new records made here, our discovery of C.
brevipilosa, R. ferruginea and T. mutilatus in the PESC filled the oc-
currence gap for these three genera in Southern Brazil. The south-
ernmost occurrence for this species before ours was recorded in
Misiones, Argentina (Hanisch et al. 2018). Rasopone ferruginea
was already known from Santa Catarina and Rio Grande do Sul,
but has never been reported to Parané until now (Cantarelli et al.
2015, Martins et al. 2019). This species is exclusively Neotropi-
cal, and the southernmost limit of its distribution is Formosa,
Argentina (Leponce et al. 2004, Theunis et al. 2005). The un-
precedent record of T. mutilatus was rather expected in Parana,
since neighboring states also reported its presence (Branddo et
al. 1991, Kempf 1975, Ulysséa et al. 2011, Demetrio et al. 2017).
Outside Brazil, the southernmost records of T. mutilatus include
Paraguay (Wild 2007) and Misiones, Argentina (Hanisch et al.
2015). Before our work, A. bispinosus was only known from the
states of Central and Northern Brazil (Brown 1978). Thus, our
finding constitutes the southernmost record for the distribution
of this species in South America. Similarly, S. hyphata was also
known so far by a few states Central-North Brazil. Despite the
few records in Brazil, the occurrence of W. iheringi, S. iheringi and
R. scobinata was not surprising, since these species have been
collected in Sao Paulo, a state that borders Parana to the north
(Kugler 1994, Longino and Fernandez 2007, Pacheco et al. 2013).
Also, S. iheringi and R. scobinata have been reported in Paraguay
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Figures 3-11. Full-face, lateral and dorsal view of the new genera records for the Parand state and Southern Brazil according to the survey
carried out in the Parque Estadual Sdo Camilo, Palotina: (3-5) Carebara brevipilosa; (6-8) Rasopone ferruginea; (9-11) Thaumatomyrmex
mutilatus. Scale: 0.2 mm.

and states of north Argentina (Kugler 1994, Wild 2007, Pacheco
et al. 2013, Hanisch et al. 2015, 2018). Some works published
in the last decade have reported the presence of Brachymyrmex
santschii in Southern Brazil, but solely in Santa Catarina (da Silva
1999, Favretto et al. 2013, Ulysséa et al. 2011). Nevertheless, the
most recent taxonomic revision of Brachymyrmex report this
species for Costa Rica and Panama (Ortiz-Sepulveda et al. 2019).
Finally, the species Pheidole lucrettii was only known from Santa
Catarina state until our work (Ulysséa et al. 2011), and we here
expand its distribution to the north.

We reported an important contribution to the knowledge
of ants from Southern Brazil, and added taxonomic novelties for
the ant diversity in Parana (Table 2, Fig. 2, Figs 3-11). Still, we are

ZOOLOGIA 39: e22001 | https://doi.org/10.1590/51984-4689.v39.e22001 | May 20, 2022

certain that the ant diversity of the region remains underestimat-
ed. The PESC represents a refuge for biodiversity, and one of the
last forest fragments of considerable size in Palotina (Cortez and
Gongalves 2015). Considering this, a greater sampling effort and
the publication of taxonomic works could lead to more species
reported to this area. Our results are evidence of the historical lack
of ant surveys in the state, which can be related to the low amount
or even the absence of ant specialists based in Parana institutions
so far (Andrade and Feitosa 2020). Complementary to this, the
current scenario of systematic dismantling of environmental
policies enhanced by the current Brazilian government, suggest
a disheartening panorama for the maintenance of ecosystem
services within the country biomes (Lira et al. 2021).
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Table 2. List of ants of the Parque Estadual Sao Camilo, Palotina, PR,
Brazil, discriminated by collection point and sampling technique:
pitfall (P), Winkler (W), Malaise (M), and hand-collection (H; S: soil,
V: vegetation). New records for the Parana state are indicated by
one asterisk (*), and new records for Southern Brazil are indicated

by two asterisks (**).

Table 1. Continued.

Subfamily/Taxon

Technique

P W M

Subfamily/Taxon

Technique

w M

Amblyoponinae
Fulakora sp. 1
Prionopelta amabilis Borgmeier, 1949
Dolichoderinae
Dorymyrmex brunneus Forel, 1908
Linepithema iniquum (Mayr, 1870)
Linepithema micans (Forel, 1908)
Dorylinae
Acanthostichus sp.
Neivamyrmex bohlsi (Emery, 1896)
Neocerapachys sp.
Ectatomminae
Ectatomma edentatum Roger, 1863
Holcoponera striatula (Mayr, 1884)
Gnamptogenys sulcata (Smith, 1858)
Formicinae
Brachymyrmex admotus Mayr, 1887
Brachymyrmex santschii Menozzi, 1927 *
Brachymyrmex sp.
Camponotus ager (Smith, 1858)
Camponotus atriceps (Smith, 1858)
Camponotus cingulatus Mayr, 1862
Camponotus crassus Mayr, 1862
Camponotus sericeiventris (Guérin-Méneville, 1838)
Camponotus sp. 1
Camponotus zenon Forel, 1912
Myrmelachista gagatina Emery, 1894
Nylanderia sp. 1
Nylanderia sp. 2
Myrmicinae
Acromyrmex subterraneus (Forel, 1893)
Apterostigma gr. pilosum sp. 1
Apterostigma wasmannii Forel, 1892
Atta sexdens (Linnaeus, 1758)
Carebara brevipilosa Fernandez, 2004 *
Cephalotes atratus (Linnaeus, 1758)
Cephalotes clypeatus (Fabricius, 1804)
Cephalotes eduarduli (Forel, 1921)
Cephalotes maculatus (Smith, 1876)
Cephalotes pusillus (Klug, 1824)
Crematogaster evallans Forel, 1911
Cyphomyrmex minutus Mayr, 1862
Cyphomyrmex sp. 1
Cyphomyrmex sp. 2
Megalomyrmex drifti Kempf, 1961
Mycetomoellerius sp.

Mycetophylax sp.

6/10

xX X X X X

xX X X X X

b

xX X X X

xX X X X X

X X X X X X X

Continues

Mycetophylax strigatus (Mayr, 1887)
Mycocepurus smithii (Forel, 1893)
Myrmicocrypta sp.

Nesomyrmex spininodis (Mayr, 1887)
Octostruma balzani (Emery, 1894)
Pheidole brevicona Mayr, 1887
Pheidole fimbriata Roger, 1863
Pheidole gertrudae Forel, 1886
Pheidole gr. diligens sp.1

Pheidole gr. flavens

Pheidole gr. flavens sp. 1

Pheidole gr. flavens sp. 2

Pheidole gr. flavens sp. 3

Pheidole gr. flavens sp. 4

Pheidole jelskii Mayr, 1884

Pheidole lucretii Santschi, 1923 *
Pheidole pr. rufipilis

Pheidole radoszkowskii Mayr, 1884
Pheidole subarmata Mayr, 1884
Pheidole triconstricta Forel, 1886

Pheidole sp.

-

Pheidole sp. 2
Pheidole sp. 3
Pheidole sp. 4
Pheidole sp. 5
Pheidole sp. 6
Pheidole sp. 7
Pheidole sp. 8
Pheidole sp. 9

Pheidole sp. 10

Pheidole sp. 11

Pheidole sp. 12

Pogonomyrmex naegelii Emery, 1878
Rogeria scobinata Kugler, 1994 **

Solenopsis iheringi Forel, 1908 **

Solenopsis sp.
Solenopsis sp. 2
Solenopsis sp. 4
Solenopsis sp. 5
Solenopsis sp. 6
Solenopsis sp. 7
Solenopsis sp. 8
Strumigenys denticulata Mayr, 1887
Strumigenys elongata Roger, 1863
Strumigenys hyphata (Brown, 1953) **
Strumigenys louisianae Roger, 1863
Wasmannia auropunctata (Roger, 1863)
Wasmannia iheringi Forel, 1908 **
Ponerinae
Anochetus bispinosus (Smith, 1858) **
Hypoponera foreli (Mayr, 1887)
Hypoponera sp. 1
Hypoponera sp. 2

X

xX X X X

X X X X X X X xX X X X X
> X X X X X x X X X X X X
x

X X X X X X

X X X X

Continues

ZOOLOGIA 39: €22001 | https://doi.org/10.1590/51984-4689.v39.e22001 | May 20, 2022



LOGIA

5.+ An International Journal for Zoology

Ants of an Atlantic Forest remnant in Parana, Brazil

Table 1. Continued.

Technique
Subfamily/Taxon H
P W M ——m7—

S Vv
Hypoponera sp. 3 X X
Hypoponera sp. 4 X
Neoponera marginata (Roger, 1861) X
Neoponera villosa (Fabricius, 1804) X X
Odontomachus chelifer (Latreille, 1802) X X
Odontomachus haematodus (Linnaeus, 1758) X
QOdontomachus meinerti Forel, 1905 X
Pachycondyla harpax (Fabricius, 1804) X X
Pachycondyla striata Smith, 1858 X X
Rasopone ferruginea (Smith, 1858) * X
Thaumatomyrmex mutilatus Mayr, 1887 * X X

Pseudomyrmecinae

Pseudomyrmex gracilis (Fabricius, 1804) X X
Pseudomyrmex gr. pallidus sp. 1 X X
Pseudomyrmex gr. pallidus sp. 2 X
Pseudomyrmex phyllophilus (Smith, 1858) X X X
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