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... I believe Myrmecology is even more significant
for tropical ecology than Ornithology, because the
impact of ants in tropical habitats is tremendous.
In addition ants served for many disciplines as
model systems, for example, Sociobiology, Com-
munication Biology, Chemical Ecology, and
in recent years ants and other social insects
have become model organisms for the study of
Epigenetics ... (Bert Holldobler in a message
sent to the organizers of the XX Simpésio de
Mirmecologia (2011) which was held at
Petropolis, Brazil)

Knowledge about Neotropical ants began to accumulate
ever since European colonization, when the Portuguese
owner of a sugarcane factory in the Reconcavo region of
Bahia, Brazil, Gabriel Soares de Souza in 1587 [1] and the
Spaniard José Celestino Mutis in 1780s [2, 3] made the first
observations about ants in their American habitats. These
observations were soon followed by more texts published
by naturalist travelers in the XIX Century reporting ant
behavior, among whom Bates [4] is one between the best
known. Myrmecology as a discipline of entomology took its
roots when these travelers and a myriad of correspondents
distributed throughout the American continent sent bio-
logical material to European collections where taxonomists
such as Auguste Forel, Carlo Emery, or Felix Santschi
could study and describe considerable amounts of new
ant material [5]. In the meantime, Forel, Santschi (as
Forel’s secretary), and Edouard Bugnion (Forel’s brother-in-
law) made a memorable travel (1896) through the Sierra

Nevada de Santa Marta region in the northeast of Colombia,
where they subsequently accumulated ant observations and
experiences which they will use throughout their lives.
Interestingly, all the three produced independent memories
of the Colombian expedition ([6, 7], Santschi’s notes in
[8]). Other important contributors to earlier Neotropical
myrmecology in the XIX and XX centuries were the German
mycologist Alfred Méller in southern Brazil and Franciscan
priests Thomas Borgmeier and Walter Kempf; the Brazilians
Herman Luederwaldt, Karol Lenko, Mario Autuori, Elpidio
Amante, and Cincinnato Rory Gongalves; the Argentineans
Carlos Bruch, Angel Gallardo, and Nicolas Kusnezov; and the
North Americans William M. Mann, Neal Albert Weber, and
William Morton Wheeler [9-14]. Research output from the
Neotropical Region still remained modest until the Second
World War. This began to change with the rapid development
of national infrastructures that started to occur in the
1960s and the burgeoning of new universities in the 1970s
and 1980s. Most of the older scientific contributions were
historically devoted to taxonomy and leaf-cutter ant damage
and control, but the topics which have called the attention
of myrmecologists in recent years have been much more
diverse and concerned essentially with ant communities, ant-
plant relations, mutualisms, biomonitoring, biogeography;,
morphology and anatomy, genetics and cytogenetics, and
taxonomy.

Selection of exculsive identifiers for publications from
the Neotropics makes it difficult to measure output from
publication databases, but taking leaf cutter ants as a
surrogate, and using key words Acromyrmex, Atta, or Attini,
as search identifiers in the ant database Formis 2011 [15],
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FiGure 1: The exponential spread of papers containing the words
Acromyrmex, Atta, or Attini in the title, abstract, or key words (n =
6,561). The regression is calculated for the period from 1850-2010.
Although the tribe is not exclusively Neotropical, we estimate an
annual output of 300 leaf-cutter ants papers by 2020. Formis 2011
[15].
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Figure 2: The exponential spread of World ant literature (n =
46,182). The regression is based on annual production and is
calculated for the period between 1800 and 2010. An extrapolation
estimates to 1,700 for the number of projected papers on ant biology
for 2020. Formis 2011 [15].

indicates an almost exponential increase in output from
Latin America during the latter part of the last century
through to the present time (Figure 1). This pattern closely
follows World trends (Figure 2) and, assuming that for every
paper published on leaf cutter ants, another four to six papers
are currently produced on other Neotropical ant species, the
Latin American ant literature could soon account for one
third of annual World ant literature. So great is this increase,
that extrapolation suggests an annual output of 1700 papers
(World lower estimation) per year by the time of 2020.
This enthusiasm for ants is matched by the existence of a
Latin American Sections of the International Union for the
Study of Social Insects, and also by a very attractive biennual
Simpésio de Mirmecologia, which is traditionally attended
by hundreds of scientists and students from Brazil and, in
the recent years, by an increasing number of scientists from
elsewhere in the Americas, Europe, and Australia.

This volume brings together some of the recent research
on ants in the Neotropical Region and includes contributions
by authors from Argentina, Australia, Belgium, Brazil,
Colombia, Costa Rica, Ecuador, France, French Guiana,
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Mexico, Venezuela, and USA. Six of the contributions are
concerned with taxonomy and systematics of the ant fauna
and reflect the spread of interest in ant taxonomy and the new
integrative taxonomy approach [16]. One is concerned with
ant morphology and continues the long tradition in Brazil of
identifying special features within local ants. A further three
papers address aspects of ant biology, including division of
labour, chemical recruitment, and behavioural differentia-
tion between castes, with emphasis on reproduction.

Three of the papers are concerned with the ecology
of individual species, while a further five take a com-
munity ecology approach to the fauna. In addition, since
the Neotropics contain some of the World’s biodiversity
hotspots, five other papers describe various aspects of the
interactions between ants and some of the unique plant
species which occur in this region. There is one paper on
leaf cutter ants which, interestingly, indicates that leaf cutting
activity can influence the local spread of fire in Amazon
ecosystems.

The influence of the ALL protocol [17] and the use
of Winkler sampling in studies of community ecology are
evident in some of the papers, although one contribution
discusses the potential for a new sampling method, sub-
terranean trapping, to augment existing techniques. Finally,
the use of ants as bioindicators, originally pioneered in
Australia [18], has escalated throughout countries in the
Neotropical Region, and one paper reviews such studies in
Brazil, presenting ideas for improvements to the procedure.

Perusal of the papers in this volume, and those elsewhere,
indicates that a sizeable proportion of Neotropical ant
species have yet to be described, and researchers in these
groups tend to assign ants to morphospecies; they may
even use morphospecies codes for described species if they
do not have ready access to the main museums where
reference collections are held. This unsatisfactory situation
is confounded by the fact that each research group tends to
adopt its own morphospecies coding system, or even a
separate coding system for each individual study! Thus we
have endless papers featuring Pheidole sp. 1, Pheidole sp. 2,
and Pheidole sp. 3, but we have no idea whether they are the
same species or not.

This imposes serious limitations for the making of
comparisons between studies—a lost opportunity indeed. It
is a relatively simple matter to determine an ant to genus level
and assign codes to perceptibly different morphospecies, but
obtaining determinations requires access to keys, museums,
or specialists, and producing a uniform morphospecies
coding system requires a system of voucher specimens,
deposited in secure and accessible locations, which is a
requirment to be inserted in “material and methods” by
many of the entomological journals. All of this takes time and
money.

What can we do to overcome this impediment? We sug-
gest that each of the major countries have at least one, and
preferably more, central reference collections, comprising
formally determined material plus vouchers of coded mor-
phospecies, all compiled using a standardised numbering
and data-based system. Attempts should be made to “clone”
these collections, or at least regional subsets of the material,
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and placing the subcollections in strategic regions of the
country where they are accessible to local research groups. As
an adjunct to this, keys to the material should be produced,
illustrated with line drawings or photographs, and rapidly
made available on the internet. The existence of undescribed
“morphospecies” need be no bar to the production of keys.
Heterick’s [19] recent book A guide to the Ants of South-
Western Australia features keys and line diagrams of the 500
or so species which exist there, of which almost half are only
known by morphospecies codes. We admit that coordination
of collections from the various research groups would be an
enormous task, especially if cross-national coordination was
involved. At the very least, integrated collections for each
country could be assembled, with each having a prefix letter
before the code number (e.g., Pheidole sp. Bl, Pheidole sp.
B2, and Pheidole sp. B3, etc. for Brazil, e.g.). Subsequent
integration of the national collections, at least for individual
genera, could then be undertaken as specialist projects or
could be coordinated through organized groups, possibly
under the direction of the International Union for the Study
of Social Insects (IUSSI).

To assemble these “national” collections and keys would
require dedicated staff, a committed and guaranteed amount
of resources, with security of tenure. However, considering
the importance of ants in our natural and cultural land-
scapes, and their increasing importance in the disciplines
linked to Neotropical entomology as a whole, this might well
be a good investment. Major research organisations, govern-
ments, and national or international philanthropic funding
bodies should seriously consider this option. An embryo of
this effort is the site http://www.antweb.org/ maintained by
the Californian Academy of Sciences, which has the explicit
mission of documenting, through high-quality imagery, the
whole ant diversity of the Planet, beginning with the types.
Besides offering the option of “digital curation” for countries
or areas, initiatives like this can encourage taxonomists to
have consensus on the delimitation of morphospecies of large
or problematic genera, together with the well-known genera
with broad morphological variation. It is critical that the few
researchers with access to types can offer high-quality photos
of them, in order to assist those who have to rely less on loans
and risky mail.

The numerous internet sites which currently exist about
ants, specialized symposia, ant field courses, and many other
activities clearly show that the tropical myrmecology lives a
golden era with a very promising future.
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Tatuidris kapasi sp. nov. (Formicidae: Agroecomyrmecinae), the second known species of “armadillo ant”, is described after a
remarkable specimen collected in French Guiana. This species can be easily distinguished from Tatuidris tatusia by characters
related to the shape of the mesosoma and petiole as well as to the pilosity, the sculpture, and the color.

1. Introduction

As a result of the constant acquisition of new morphological
and molecular data, combined with a big increase in the
collection of biological material, the last decades have seen
a true revolution in ant systematics and phylogeny [1, 2]. In
spite of this, some rare genera of ants still remain unusually
mysterious. A long time after their original description, they
continue to reveal a low taxonomical diversity and are rarely
collected in the field. Frequently, their phylogenetic relation-
ships also remain poorly understood. The Neotropical genus
Tatuidris (Formicidae: Agroecomyrmecinae) was described
by Brown and Kempf in the 1967 issue of Psyche [3] after a
peculiar new species collected in El Salvador. Until now, this
genus has remained monotypic and very isolated in the Fam-
ily Formicidae. The type species, Tatuidris tatusia, is known
only from the very distinctive morphology of the worker that
combines some primitive and derived characters, while its
biology is completely unknown [4]. In addition, morpholog-
ical and molecular studies have caused some authors to hold
differing points of view regarding the phylogenetic position

of Tatuidris in the family Formicidae. Thus, based on its
morphology, the genus was initially placed in the subfamily
Myrmicinae [3], within the tribe Agroecomyrmecini. The
genus was then transferred to the Agroecomyrmecinae [5],
a new subfamily proposed by Bolton, who has suggested
that this taxon might be the sister group to all Myrmicinae.
More recently, the genus was again combined in the Myr-
micinae [6] and then returned to the Agroecomyrmecinae
as a poneroid [7] and more latterly as a poneromorph [8].
However, based on morphological characters, in a very recent
paper, Keller [9] corroborated Bolton’s former proposal [5]
in considering that Tatuidris is the sister group to the Myr-
micinae. Recently, some new molecular data have led other
authors to argument that Tatuidris may be the sister group to
the subfamily Paraponerinae in some rooted trees but placed
it next to Amblyoponinae in some other analyses [10-12].
In such a context, the search for new species of Tatuidris
and the study of their morphology represents an important
challenge for better understanding the phylogenetic relation-
ships of this genus within the Formicidae. Here we report
the recent finding in French Guiana of a remarkable single



specimen of Tatuidris that differs from T. tatusia in several
distinctive morphological characters, and this paper aims to
describe it.

2. Material and Methods

Morphological examination of specimens was completed at
various magnifications using a light stereomicroscope Olym-
pus SZX7. Morphometric measures were made with a Carl
Zeiss measuring microscope and recorded to the nearest
0.01 mm. All measurements are given in millimeters, using
the following definitions and abbreviations:

CI: Cephalic Index: HW 100/HL,
EL: Eye Length: the maximum diameter of the eye,

GL: Gaster length: the length of the gaster in lateral
view from the anteriormost point of first gastral
segment (fourth abdominal segment) to the posterior
most point (sting omitted),

HFL: Hind Femur Length: maximum length of hind
femur in anterior view,

HL: Head Length: the length of the head proper,
excluding the mandibles; measured in full-face view
from the midpoint of the anterior clypeal margin to
a line drawn across the posterior margin from its
highest points,

HW: Head Width: the maximum width of the head
in full face view,

LA7: Length of Antennal segment 7: maximum
length of the seventh (apical) antennal segment,

ML: Mandible Length: length of a mandible mea-
sured in ventral view from its basal articulation to its
apex,

PeNTI: Petiole Node Index: (PeNW 100/PeNL),

PeL: Petiole Length: the maximum length of the
petiole in lateral view,

PeNL: Petiolar Node Length: the maximum length of
the petiole node in dorsal view,

PeNW: Petiolar Node Width: the maximum width of
the petiole node in dorsal view,

PpL: Postpetiole Length: the maximum postpetiole
length in lateral view,

PpNL: Postpetiolar Node Length: the maximum
length of the postpetiole node in dorsal view,

PpNW: Postpetiolar Node Width: the maximum
width of the postpetiole node in dorsal view,

PrW: Pronotum Width: the maximum width of the
pronotum in dorsal view,

PrpW: Propodeum Width: the maximum width
between the propodeum angles as seen in dorsal view,

SL: Scape Length: the maximum straight line of the
antennal scape, excluding the condylar bulb,

TL: Total Length (HL + ML + WL + PL + PPL + GL),
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WL: Weber’s Length: diagonal length, measured in
lateral view, from the anterior margin of the prono-
tum (excluding the collar) to the posterior extremity
of the metapleural lobe.

The microphotographs were made using the following
sequential process: the specimen was first filmed using a
video camera (Sony Full HD 1080 AVCHD, 10.2 Mp) mount-
ed on a light microscope (Zeiss Jena), while the resolution
was continuously scanned from the top to the bottom of the
holotype specimen; the videos (in format.mts) were pro-
cessed using the free software ImagGrab 5.0 (available at
http://paul.glagla.free.fr/imagegrab.htm) in order to extract
the sharpest images referable to differing focal points, and
composite pictures were then assembled using the free
software Combine ZM (available at http://www.hadleyweb
.pwp.blueyonder.co.uk/index.htm). Finally, each optimum
microphotograph was improved using Adobe Element Pho-
toshop software (version 6.0).

The terminology for the external morphology and the
surface sculpturing follows [13-15]. In the description and
the diagnosis of this new species, our terminology referring
to the pilosity describes the variation in size of the setae
observed in T. tatusia and Tatuidris kapasi sp. nov. Thus, we
recognize four setal types depending on their length: that is,
very short (about 0.016 mm), short (about 0.05 mm), inter-
mediate (about 0.11 mm), and long (about 0.3 mm). Also,
the characters of the tribe and the genus are not mentioned
(for a complete summary of the taxonomic characters, see
[3,5]).

Depository of the Holotype. The unique known specimen
of the taxon is deposited in the collection of the Laboratorio
de Mirmecologia at the Cocoa Research Center at CEPLAC
(Itabuna-BA, Brazil), referred to by the CPDC acronym
[16]. Comparative data for Tatuidris tatusia were obtained
from the literature [3] and direct observations on micropho-
tographs of high-resolution available in AntWeb site [17].

3. Results

3.1. Tatuidris kapasi Lacau and Groc: New Species. See
Figures 1, 2, 3, 4, 5, and 6.

3.2. Type Material. Holotype worker: specimen deposited at
CPDC and labeled “Guyane Francaise, Montagne de Kaw,
NO4 38.21 /W052 17.36 , Alt. 260 m., ix.2008, Winkler trap,
Col. S. Grog, A. Dejean, and B. Corbara”.

3.3. Etymology. “kapasi” is the Wayanas’ Amerindian
(French Guiana, Surinam, and Brazil) word for “armadillo”, a
mammal belonging to the Order Cingulata. The generic and
specific names of the first described species [6] referred to the
same animal group.

3.4. Diagnosis. The worker of Tatuidris kapasi exhibits all the
diagnostic characters of the tribe Agroecomyrmecini and the
genus Tatuidris. It differs from the worker of T. tatusia in
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FIGURE 1: Tatuidris kapasi: holotype worker. Habitus: left lateral
view.

0.2mm

FIGURE 3: Tatuidris kapasi: holotype worker. Detail of head: left side
view.

0.2mm

Ficure 4: Tatuidris kapasi: holotype worker. Mesosoma: dorsal
view.

the following characters (states for T. tatusia indicated in
brackets): occipital border a little more concave (nearly
straight); about 5-6 facets in each eye (about 10 facets); cly-
peus with the free margin medially straight and laterally
concave (free margin concave overall); pronotum with the
ventral sector of lateral faces smooth and shining (with
longitudinal rugulae); dorsum of mesosoma mostly sculp-
tured with concentric rugulae and carinulae (mostly smooth
and shining); mesosoma as seen from above with lateral
margins moderately converging backward (Propodeum
width/Pronotum width = 0.55) (lateral margins more con-
verging backward (Propodeum width/Pronotum width =
0.45)); mesopleuron with anterior crest wider and ventrally
truncated (crest narrower and not truncated); mesopleuron
smooth and shining, except for punctuations and areo-
lae on its ventral margin (with longitudinal rugulae and
areolations); metapleuron punctate and areolate, and with
longitudinal rugulae around the metapleural gland orifice
(metapleuron with areolations); the bulla of the metapleural
gland (visible through the integument when observed in
profile), forming a ring whose posterodorsal margin is fused
with the posterolateral margin of the propodeum (the bulla
of the metapleural gland forming a ring that is distinctly
separated from the posterolateral margin of propodeum);
propodeal declivity less concave in lateral view (more con-
cave); propodeal spiracle separated from declivitous margin
of propodeum by two diameters (separated by no more than
one diameter); viewed dorsally, petiolar node twice as wide as
long (viewed dorsally, shape of petiolar node subrectangular,
the node no more than about 1.5 times as wide as long);
viewed dorsally, shape of postpetiolar node rectangular, and
not wider behind than in front (viewed dorsally, shape of
postpetiolar node subrectangular, and a little wider behind
than in front); and dorsum of the petiolar and postpetiolar
nodes with superficial concentric rugulae and carinulae
(smooth and shining). Moreover, the pilosity is markedly
more dense all over the body (more scattered) and does not
include any long suberect setae (long suberect setae present).



FIGURE 5: Tatuidris kapasi, holotype worker. Detail of petiole and
postpetiole, left lateral view.

FIGURE 6: Tatuidris kapasi, holotype worker. Detail of petiole and
postpetiole, dorsal view.

Furthermore, despite the fact that T kapasi is known only
by a single specimen and T. tatusia by two specimens for-
mally described, the following comparative measurements
suggest an overall size differential between the two species:
the head shape is a little wider in T. kapasi (CIL: 125,78)
than in T. tatusia (CI: 118,2 = 1.56, min-max: 117.07-119.28
(n = 2)), the scape is slightly shorter in T. kapasi (SL 0,32)
than in T tatusia (SL 0,4 (n = 1)), the pronotum is narrower
in T. kapasi (PrW 0,64) than in T. tatusia (PrW 0,79 (n = 1)),
and the shape of the petiole node in dorsal view is more
noticeably rectangular in T. kapasi (PeNI 200) than in T.
tatusia (PeNI 153.64 (n = 1)).

4. Description

Worker. Measurements (Holotype): TL 3.42, CI 125.80, EL
0.05, GL 1.00, HFL 0.50, HL 0.70, HW 0.93, LA7 0.27, ML
0.39, PeL 0.21, PeNI 200, PeNL 0.18, PeNW 0.36, PpL 0.28,
PpNL 0.25, PpNW 0.45, PrW 0.64, SL 0.32, WL 0.80.

Except for the diagnostic characters, the external mor-
phology of Tatusia kapasi sp. nov. is very similar to that of T.
tatusia. In our discussion, the shared characters are regarded
by ourselves as sufficient for the two species to be placed
within the same genus. The spatial distribution and patterns
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of the sculpture and pilosity as well as the body color of this
new species are described hereafter.

Sculpture. It includes head dorsum wholly smooth and shin-
ing, except for occipital sector covered with transverse car-
inulae; outer surface of mandibles smooth and shining
except for longitudinal superficial striae on ventral (external)
margin; ventrolateral sector of the head longitudinally carin-
ulate; antennal scape shagreened and superficially areolate;
pronotum ventrolaterally smooth and shining; dorsum of
mesosoma with concentric rugulae and carinulae; meso-
pleuron smooth and shining except for punctuations and
areolae on ventral margin; metapleuron with punctuations
and areolae and longitudinal rugulae around the metapleural
gland orifice; propodeal declivity mostly smooth and shining
with fine striae and reticulate; petiolar and postpetiolar
nodes laterally finely longitudinally carinulate.

Pilosity. It includes dorsum of head, mesosoma, petiole, and
postpetiole with abundant setae, all fine, flexuous, and de-
cumbent, varying in size and distribution as follows: some
very short and relatively dense (i.e., those on clypeus and
the outer surface of mandibles); others short and dense
(those on dorsum of head, clypeus, mesosoma, petiolar, and
postpetiolar nodes, and gaster); and others intermediate and
dense (namely, setae on dorsum of head, mesosoma, petiolar,
and postpetiolar nodes, dorsum of gaster and tibia). No long
setae present.

Color. Body brownish-ferruginous, thick margins often ap-
pearing more blackish; legs brownish-yellowish.

Gyne and Male. They are unknown.

Geographic Range. This new species is known only from the
type locality in French Guiana, situated at 260 m altitude in
the Kaw Mountains, on a side exposed to the trade winds,
near a great cave sheltering a big bat community. The local
vegetation is typical of Amazonian lowland rainforest that
is never flooded. New records of this species will probably
occur in other localities of the Guiana Shield in the near
future. However, the fact that no other specimen of Tatuidris
has been recorded yet in the recent studies on ant biodiversity
in the Guiana Shield, even using Winkler traps or other
methods at a large scale [18, 19], suggests that this genus is
genuinely rare in the Guianas, its members possibly spatially
separated in small, isolated populations.

Biology. The biology of this species is unknown, but the
fact that the type specimen was found in a leaf-litter sam-
ple, using a Winkler trap, suggests that it nests in some
microhabitats of the leaf-litter or more or less deeply in the
soil. It is also noteworthy that the leaf-litter sample (surface
of 1m?) in which T. kapasi was caught was characterized
by a very high specific richness: a total of 20 other ant
species belonging to 12 genera was recorded (Groc et al.,
unpublished information). Such richness in a unique leaf-
litter sample is uncommon in Neotropical forests [19].
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5. Comments and Discussion

The description of this new species of Tatuidris is an impor-
tant event for Myrmecology, since the genus has remained
monotypic for over 40 years. However, as noted by Longino
[4], the advent of litter sifting and Winkler extraction as a
popular method of ant collecting in the last decade led to
the discovery of new species belonging to genera previously
considered as rare and poorly diversified. This is the case
for the new species here described. This genus has been
revealed to be not as rare as it was believed to be since several
new specimens were recently collected in various Neotrop-
ical countries: Brazil, Colombia, Costa Rica, El Salvador,
Ecuador, French Guiana, Mexico, Nicaragua, Panama, and
Peru (see specimens imaged on the Websites: Ants of Costa
Rica [4] and AntWeb [17]). In this context, D. Donoso is
currently performing a first revision of this genus based on
the new material deposited in myrmecological collections in
the world.

While T. kapasi exhibits a distinct morphology from that
of T. tatusia, it possesses all the diagnostic characters of Agro-
ecomyrmecinae and Agroecomyrmecini. The next step will
consist in studying the whole biology of these ants for which
literature is particularly scarce. Tatuidris kapasi has peculiar
mandibular brushes and a powerful elongated sting similar
to that of T. tatusia. Brown and Kempf suggested that such
adaptations indicates that armadillo ants might be specialist
predators of active or slippery arthropod prey [3]. Also, we
note that the flat pencil of stiff, curved yellow setae borne
at the extensor angle on the forelegs, an apomorphy of this
genus, may be used by these ants in order to clean the
massive brush of heavy setae present along the inner surface
near the masticatory margin of the mandible, through a
movement directed forward. Thus, these characters could
potentially represent an adaptation to feed on prey bearing
a defensive pilosity. Moreover, the morphology of the gyne
and the male of Tatuidris has never been described. However,
microphotographs of a gyne and a male, together winged, are
offered in the site Antweb, suggesting that a normal sexual
reproduction by swarming occurs in this genus.
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We describe the use of ants as indicators in Brazil, based on a critical review of published articles. The analysis of fifty-eight papers,
encompassing a range of almost 25 years, indicates an increased number of studies using ants as indicators in the last decade.
Among the parameters analyzed in the papers, species composition is the most suitable to evaluate the effect of the disturbance on
ant communities. The use of other metrics that consider the specificity and fidelity (e.g., IndVal index) of ant species to a level or
state of disturbance is also highly desirable. We discuss several alternative ways of overcoming many of the drawbacks related to
the robustness of the results and to reduce the financial, logistic, and time costs involved with the use of ants as indicators in moni-
toring programs. By doing so, we expect to encourage new research on ants as bioindicators as well as to summarize current know-

ledge, facilitating further research.

1. Introduction

Intensive exploitation of natural resources and the resulting
impacts on pristine habitats have led to calls from the scien-
tific community and the general public to measure or moni-
tor the level of these environmental impacts [1-3]. Bioindi-
cators are a useful way to evaluate such impacts, since chang-
es in their population dynamics or community parameters
can indicate an environmental state more easily, quickly, and
safely and with lower financial and labour inputs than direct
measurements [4-6].

McGeoch [7] divided the general use of the term bioin-
dication into three categories according to the three main ap-
plications: (i) environmental indicators: used to detect or
monitor changes in the environmental state, (ii) ecological
indicators: used to demonstrate the impact of an environ-
mental stress on the biota or monitor longer-term stress-in-
duced changes in the biota, and (iii) biodiversity indicators:
used to identify the diversity of a taxa in a specified area or to
monitor changes in biodiversity.

Therefore, there are several characteristics that an indi-
cator species must have, the most notable being ease of mea-
surement, sensitivity to environmental stress, and predictable
responses to environmental stress [4, 8]. The use of certain
species or groups of species as indicators of successful rehabi-
litation practices or for environmental monitoring has been
recommended in recent years (e.g., [5, 6, 9]).

Ants have been used as a powerful tool in several ecolog-
ical studies [10, 11]. This group has useful characteristics for
successful indication and monitoring of environmental im-
pacts, including widespread distribution, high abundance,
importance in ecosystem functioning, ease of sampling, and
relatively well-known taxonomy and ecology [12].

Thus, ants have been used as indicators of several envi-
ronmental impacts, such as fire, deforestation and logging,
agricultural intensification, mining, and urbanization [13,
14]. The first study suggesting the use of ants as indicators
was in the early 1980s [15], and the use of ants as indicators is
now widespread in Australia (e.g., [16-19]) and is becoming



a major focus of myrmecological research worldwide (e.g.,
[20-25]).

Although ants are a simple, cheap, and powerful indi-
cator of environmental impacts and rehabilitation (e.g., in
Australia [17]), in Brazil, a country which harbours enor-
mous diversity and complexity of habitats, the standard use
of ants as indicators is still relatively new and should be eval-
uated in greater detail (see [26, 27]). According to Philpott
et al. [14] and Gardner [6], a critical need is the selection of
ant species that are affected by distinct types of disturbance
in different regions, in order to guarantee their usefulness as
good indicators.

Therefore, as we described above, given the international
use of ants as indicators, several studies have investigated the
use of ants as indicators in Brazil. In order to describe the
background of bioindication with ants in Brazil, we carried
out a critical review of several studies concerned directly or
indirectly with the use of ants as indicators.

Using the three categories proposed by McGeoch [7], en-
vironmental, ecological, or biodiversity indicators, we des-
cribe the historical development of ants as indicators and
evaluate the implications of these studies. Additionally, we
highlight ways of overcoming the major challenges to the
widespread use of ants as tools in environmental monitoring
programs.

2. Methods

We searched for papers regarding ants as indicators, restrict-
ing our search to those carried out in Brazil. To encompass
a broad time range of papers, we used the following key-
words in Portuguese and English, respectively: “formiga,”
“ant,” “indicador,” “bioindicador,” “indicator,” “bioindica-
tor,” “Brasil,” “Brazil,” and the combination of the words
cited above in the Scielo and in the ISI Web of Knowledge
websites. We also used papers from our personal archives,
gathered under several keywords.

In all papers, we accessed the following information: the
language, the general idea of the paper (i.e., descriptive,
a general survey, a test of correlations or hypotheses), if
the paper specifically analyzed ants as indicators; the aims;
the ant sampling methodology, the parameters of ant fauna
which were analyzed (i.e., diversity, composition, population
dynamics), the environmental parameters which were ob-
served, the results which were obtained, and the main con-
clusion reached in the study.

We define the paper as specifically analyzing ants as indi-
cators if it explicitly declared this intention in the aim or
the introduction (Explicit indication papers). However, if
this criteria was not clear but the article still analyzed ants
as indicators, we defined these as “Implicit indication pa-
pers.” Papers in which the major aim was not the use of
ants as bioindicators, but which presented results that could
Potentially enable the use of ants as indicators, were consid-
ered as “Potential indication papers.” Finally, papers that did
not meet any of the above criteria, that is, did not mention
in any way the use of ants as indicators, or with results
that could not be used to evaluate ants as indicators, were
considered as “Indirect bioindication papers.”
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The disturbances or aims investigated in the papers were
split into the categories “Agriculture,” “Vegetation type,” and
“Human land-use,” according to the habitats studied, name-
ly: habitats with agricultural activities only, habitats with nat-
ural vegetation only, and habitats with both agricultural acti-
vities and natural habitats. Similarly, “Succession” studies
were those investigating natural succession, and “Restora-
tion” studies were those evaluating different rehabilitation
techniques, such as succession following managed restora-
tion efforts.

We used McGeoch [7] as a reference to decide if the ants
were used as environmental, ecological, or biodiversity indi-
cators in the reviewed papers (see McGeoch’s [7] definition
in the introduction section). Moreover, we defined ant spec-
ies as indicators when there was a species list in the paper
showing the occurrence of ants in specific sites or when the
author considered the ant species to be an indicator else-
where in the paper. If the ant species occurred in just one
habitat, we considered the species to be an indicator of the
specific habitat.

We verified the most frequent responses of ants to dis-
turbance, summarizing responses, and relating the most fre-
quent responses to the most frequently used sampling meth-
odologies to determine if there were any trends. To study
this relationship, we considered only methodologies that had
been used in at least three papers.

3. Results

We analyzed 58 papers, which encompassed a span of almost
25 years (from 1987 to 2010). Among the papers, only one
was not classed as an “indication paper” or “Potential indi-
cation paper” [83]. The others specifically mentioned the in-
tention to use ants as indicators (either explicitly, using the
word “indicator,” or implicitly, using ants as a tool or model
to indicate the ecological and environmental parameters) (38
papers) or at least have the Potential to do so (17 papers)
(Table 1). Two papers [84, 85] were not included in the table
because the scope of the papers was not to analyse ants as in-
dicators but to suggest new tools to simplify their use as
indicators.

From the 58 papers, exactly half (29) were published in
English and the other half in Portuguese. Among the “Poten-
tial indication papers,” 11 were published in English and
six in Portuguese, while among the “indication papers” the
number of papers written in Portuguese (22) was higher than
the papers written in English (18).

Papers directly concerned with the use of ants as bio-
indicators began almost 10 years after the development of
“Potential indication papers”, in which the main focus was
the response of ant communities to several disturbances (e.g.,
logging and land use). Only in the last decade has there been
a positive trend of papers using ants as model organisms for
bioindication in Brazil (Figure 1).

Regarding ant sampling procedures, 34 studies used only
a single sampling method: 14 used two, six used three, and
four opted for more than three methods. The methodologies
used to capture ants were baits, beating, Berlese extraction,
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FIGURE 1: Trend of the number of analyzed papers regarding ants as
indicators in Brazil. Indication papers—paper specifies (explicitly
or implicitly) the intention of analyzing ants as indicators in the
aim or introduction. Potential indication paper—the above criteria
was not met, but the paper presents results that could potentially
enable the use of ants as indicators.

hand collecting, pitfall traps, sweeping, Tretzel traps and
Winkler’s extractors. Among these methodologies, the most
commonly used were baits (used in 26 studies), followed by
hand collecting, pitfall traps and Winkler’s extractors (used
in 20 studies each), and Berlese extraction (used in five stud-
ies).

The majority of studies sampled ants at the soil surface
(44), but some studies also considered the soil surface to-
gether with other habitats, including litter (10), vegetation
(7), combination of the above (6). Some other studies did not
sample ants at the soil surface, but only in the litter (11),
vegetation (two), or in twigs (one), respectively.

The main impacts studied were succession (12), human
land-use (11), restoration (6), and agriculture (5). Just a few
papers (13) analyzed other environmental parameters besid-
es disturbance (Table 1).

The parameters of the ant faunas that were most com-
monly related to the disturbance type were ant species rich-
ness or diversity indexes (42) and species composition (35)
(Table 1). In these papers, if we considered only those that
analyzed ant species diversity and composition rigorously
(i.e., with statistical tests), the actual number of papers that
analyzed ant species diversity decreased to 28, and those that
analyzed ant species composition dropped to 22.

Regarding species composition, in 33 papers this param-
eter was sensitive to disturbance, although if we considered
only those papers with statistical analyses, the number dec-
reases to 21. Summarizing the papers that analyze species
richness or diversity, the responses found were species rich-
ness or diversity increased with disturbance (1), decreased
with disturbance (18), changed with disturbance (when there
is any clear trend in the response of ants to disturbance) (11),

and not affected by disturbance (12). If we considered only
papers that tested ant species richness or diversity statisti-
cally, the numbers changed to increase with disturbance (1),
decrease with disturbance (11), change with disturbance (5),
and not affected by disturbance (11).

By connecting the main responses found in the papers
(ant species richness, diversity, or ant species composition)
to the main methodologies used to sample ants, we can verify
some trends (Figure 2). First, species composition was sensi-
tive to disturbance in the majority of papers in which this
parameter was tested, irrespective of the sampling method-
ology, namely, baits plus hand collecting, multiple sampling
methods, or pitfall traps. Second, most papers that analyzed
species richness or diversity showed that these metrics were
also responsive to disturbance, although the sole use of baits
or the Winkler did not show any trend, while only using pit-
fall traps revealed a positive response of ant species richness
or diversity to disturbance. Nevertheless, when we consid-
ered only those papers with statistical tests (Figure 3) or
without statistical tests (Figure 4), the trend for species
composition remained the same, but for species richness
the use of multiple methods to sample ants showed a higher
number of responses to disturbance.

The ants were used as environmental indicators in the
majority of studies (42 out of 55) but were also used as eco-
logical indicators (10 papers) and as biodiversity indicators
in only one paper. In 20 papers there was a species list, and;
therefore, we could determine some of the ant species that
served as indicators of certain habitats. The parameters used
in the papers to define a species as an indicator were fre-
quency of ant occurrence (11 papers), presence or absence of
ant species (8 papers), and the indicator value (IndVal) (1
paper). Irrespective of the parameter used by the authors, 187
ant species were defined as indicators and linked to speci-
fic habitats (Table 2). The genera with higher numbers of
indicator species were Camponotus (18), Pseudomyrmex (12),
Pachycondyla (11), Ectatomma (9), Gnamptogenys (9), Acro-
myrmex (8), and Cephalotes (8). The sites with the most
indicator species were forest (39 species), Eucalyptus (37),
savanna (34), control or undisturbed sites (nonburnt) (29),
primary forest (25), early succession sites (19), disturbed
sites (15), secondary forest (14), intermediate succession sites
(13), burnt sites, low human land-use-impacted sites and
pasture (9), late succession (8), and strong human land-use-
impacted sites (5).

4. Discussion

It has been possible to determine the history of research car-
ried out in Brazil by searching for the use of ants as indicators
over the last 25 years (Figure 1). From 1987 to 1991, there
were only “Potential indication papers.” In 1992 the first “In-
dication papers” were published, which increased in the fol-
lowing years and exceeded the “Potential indication papers”
in 2001.

Regarding the idiom of the papers, it is interesting to ob-
serve that half of the papers are still published in Portuguese.
In spite of the growing internationalization of Brazilian
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FIGURE 2: Papers that analyzed (a) ant species composition and/or (b) ant species richness/diversity with and without statistical tests and
their responses to habitat disturbance through the use of different ant sampling methodologies. Composition changed—species composition
altered by disturbance. Composition not changed—species composition not altered by disturbance. S increased—species richness or diversity
increased with disturbance. S not altered—species richness or diversity not affected by disturbance. S decreased—species richness or diversity
decreased with disturbance. S changed—species richness or diversity changed with disturbance when there is any clear trend in the response
of ants to disturbance.
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FIGURE 3: Papers that analyzed (a) ant species composition and/or (b) ant species richness/diversity with statistical tests and their responses
to habitat disturbance through the use of different ant sampling methodologies. Composition changed—species composition altered by
disturbance. Composition not changed—species composition not altered by disturbance. S increased—species richness or diversity increased
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with disturbance. S changed—species richness or diversity changed with disturbance when there is any clear trend in the response of ants to
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FIGURE 4: Papers that analyzed (a) ant species composition and/or (b) ant species richness/diversity without statistical tests and their res-
ponses to habitat disturbance through the use of different ant sampling methodologies. Composition changed—species composition altered
by disturbance. Composition not changed—species composition not altered by disturbance. S increased—species richness or diversity in-
creased with disturbance. S not altered—species richness or diversity not affected by disturbance. S decreased—species richness or diversity
decreased with disturbance. S changed—species richness or diversity changed with disturbance when there is any clear trend in the response

of ants to disturbance.

research [86, 87], many Brazilian studies that use ants as bio-
indicators cannot have an international impact since they are
in Portuguese. We determined at least two main reasons for
this. The first is the “publish or perish” policy in Brazilian
(and worldwide) science, which demands the publication of
as many papers as possible in the shortest feasible time span,
in which case publishing in Portuguese can be a way to
speed up publication time. The second explanation may be
that, due to problems with the style of writing of the papers,
many international journals reject Brazilian papers. Despite
these two issues, in this historical scenario, there is an im-
proving and maturing of bioindication studies using ants,
which is shown by the explicit use of the term “indication”
in these papers. Furthermore, the increasing knowledge ex-
change with researchers from other countries reinforces the
maturation of this area of research. Examples include Brazil-
ian scientists that complete their Ph.D. studies abroad the
possibility for doctorate students to undertake international
exchange programs, and the internationalization of the Bra-
zilian Symposium of Myrmecology.

However, it is important to clarify that although some au-
thors explicitly used the term indicator in the introduction or
in the aim of their papers (our criteria defined these papers as
“Indication papers”), the authors did not always in reality use
ants as indicators, either because they did not sample pro-
perly (i.e., sampling in just one habitat, without different
levels of the disturbance/restoration and control sites) or be-
cause they did not analyze their results rigorously (i.e., did
not include a satisfactory statistical analysis). Conversely,
some authors did not use the term indicator in their papers,

but they did test the Potential use of ants as indicators, and
were cautious in the above points.

The majority of articles that used ants as environmental
indicators (sensu [7]) may be due to the fact that this is the
simplest way to detect a change in the environmental state
of the habitat but not necessarily the best one. The use of
ecological indicators has the advantage of encompassing a
broad response as they demonstrate the disturbance effect on
the biota, not only for ants [6].

Moreover, the sampling of different environmental
parameters and their correlation with the biota is essential,
because their inclusion increases the predictive power of the
study. If we recognize the environmental parameters that
are most sensitive to disturbance and their effect on the
biota, we may be able to more accurately monitor the effects
of disturbance. Consequently, we may be able to choose
the restoration effort according to the most appropriate or
effective environmental parameters in order to promote the
recovery of the biota [6, 7].

Regarding the number of ant sampling techniques used,
although the majority of the papers used only one method,
several studies (e.g., [52, 77, 88]) have highlighted the fact
that ant communities show a pronounced vertical stratifi-
cation, and ant faunas specific to each microhabitat may
present specific ecological traits and distinct sensitivity to
the same environmental impact [67, 89-91]; therefore, more
than one sampling method must be considered [13]. On the
other hand, the use of several sampling methods increases
the financial costs and the time needed to collect, sort, and
process the data [13]. Thus, since environmental monitoring
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programs usually have short-term goals, it is desirable to
balance the benefits and costs of using several types of sam-
pling methods compared to using only one sampling method
which could achieve similar reliable results (Figures 2(a)
and 2(b)), compare multiple sampling and pitfall outcomes)
about the patterns and aims under investigation.

The most used sampling method in the studies was at-
tractive baits, which are more suitable for behavioural ques-
tions [92] and are useful for verifying the presence and popu-
lation trends of invasive and keystone ant species [13]. How-
ever, this sampling method results in biased information
about ant diversity (e.g., species richness and composition)
because many ants have selective diets, and some ants can do-
minate the baits to the exclusion of a broad range of other
ant species [92]. This notion concerning the use of baits in
bioindication papers is confirmed in Figures 3(a) and 3(b),
which shows that the sole use of baits revealed apparently un-
changing species composition and no trend in species rich-
ness. Thus, Underwood and Fisher [13] recommend the use
of pitfall traps and litter sampling (The Winkler and/or Ber-
lese extractors) as effective ant sampling methods for moni-
toring goals related to the effect of habitat disturbance and
transformation on ant diversity, which is corroborated in
Figures 3(a), 3(b), 4(a), and 4(b).

Species richness and diversity and species composition
are the parameters of ant communities most commonly ana-
lyzed in the papers. However, species richness and diversity
should be used as an evaluative method with caution, since
several studies have shown that these parameters were not
affected by disturbance (Table 1), and only a narrow number
of papers showed a trend in the response of ant species
richness to disturbance (see Figures 3 and 4). This coarse re-
lationship of species richness to disturbance is probably be-
cause ants are generalists, so the loss of some sensitive spec-
ies to disturbance is compensated by the invasion of other
opportunist species or more generalists. Moreover, in dyn-
amic sites under frequent habitat transformation and distur-
bance, there is no change in species richness among sites at
different restoration times, because perturbation events “re-
set” the ant community to the same stage [93].

In this way, as Hoffmann [94] has highlighted, the dis-
turbance induced changes in species composition, but not
necessarily in species richness. Moreover, the recovery of
species composition takes longer than species richness [95]
and has a strong relation to the vegetation structure [19, 64,
96-99], which changes with disturbance events. Thus, species
composition should be a better parameter to evaluate the
effect of disturbance on ant communities, even in areas with
frequent perturbations, as described by Gollan et al. [93].

Using the same argument, the quantification of the rela-
tionship between each ant species and different disturbances
(or level of disturbance) or habitats should be very useful, as
it is important to decrease the time spent in indication stud-
ies. The general public and stakeholders need to know rapidly
if the habitat is impacted or recovering, so recognizing which
species can be associated positively or negatively with dis-
turbance or restoration is a very desirable tool.

Several of the papers we analyzed described species oc-
curring exclusively or more frequently in specific habitats

Psyche

(Table 2), but we are concerned with the lack of rigour with
which this has been carried out in most studies (exception
in [82]), as there is no control about the specificity and fide-
lity of these ant species and few statistical analyses to validate
the results. This lack of rigour may explain why there are
some ant species with contradictory patterns of occurrence,
such as species being present in disturbed versus undisturbed
sites, such as Acromyrmex balzani, Camponotus trapezoideus,
Dorymyrmex pyramicus, Ectatomma tuberculatum, Odonto-
machus haematodus, and Pseudomyrmex tenuis (see Table 2).
Moreover, these ant species might also be generalists, and the
choice of better criteria should enable us to distinguish bet-
ween inappropriate sampling design and truly generalist ant
species. The use of the IndVal index [8], mentioned below, is
one option to overcome this drawback.

The Indicator Value (IndVal) suggested by Dufréne and
Legendre [8] combines a measure of the habitat specificity of
a species to a level of disturbance, or to a disturbance state,
with its fidelity within that state. The random reallocation
procedure of samples within sample groups can be used to
test the significance of the IndVal measure for each species.
The use of this method has increased (e.g., [100-105]) and
has a number of advantages over other methods [6].

Some species seem to have more consistent responses to
disturbance or specificity to some habitats, but this consis-
tency is very difficult to assert due to the lack of rigour with
which the ants were related to disturbance or habitats (pre-
sence or frequency of occurrence) and the lack of standar-
dization regarding the level of disturbance in the papers. The
habitats sampled in one paper may be defined as undistur-
bed, which may be different from the habitats studied in ano-
ther paper that are defined as more degraded (or less) and
should also be defined as an undisturbed habitat. In our pa-
per (including Table 2), we used the definition of disturbed
or undisturbed given by the original authors.

Thus, following the disturbance definition used by the
authors, some species are present in disturbed habitats in
more than one paper, and, therefore, could be indicators of
disturbed habitats, such as Atta sexdens rubropilosa, Cam-
ponotus crassus, Camponotus melanoticus, Camponotus novo-
granadensis, Odontomachus meinerti, Pachycondyla villosa,
Pseudomyrmex termitarius, and Solenopsis saevissima. In the
same way, some species could be indicators of undisturbed
habitats, such as Labidus coecus, Pachycondyla arhuaca, Pach-
yeondyla stigma, and Sericomymex bondari. There are also
some species that are indicators of specific habitats, such as
indicators of forests (Discothyrea sexarticulata, Ectatomma
lugens, Labidus coecus, and Typhlomyrmex major) and indica-
tors of savannas (Camponotus latangulus, Pheidole fimbriata,
and Strumigenys perparva).

One of the major mistakes related to the use of a taxon
as an indicator is the personal motivation of the researchers.
There are two ways of avoiding this mistake; several taxa
should be rigorously tested a priori to select the best one [4]
or studied a posteriori to validate the response of the indicator
[7]. Very few studies have compared how different taxa, in-
cluding ants, perform under different disturbances (see [89,
101, 106-109]).
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TaBLE 2: Species of ants defined as indicators, indicating the parameter used by the authors (Parameter) when linking each ant species to
each habitat type (Habitat) and the paper (Reference).

Ant species

Parameter

Habitat

Reference

Acanthognathus brevicornis

Acanthognathus ocellatus
Acanthognathus rudis
Acanthoponera mucronata

Frequency of occurrence
Frequency of occurrence
Frequency of occurrence

Frequency of occurrence

Secondary forest and area at early succession

Primary forest
Primary forest

Native forest remnant

Silva et al. [75]
Silva et al. [75]
Silva et al. [75]
Ilha et al. [48]

Acromyrmex balzani

Presence/absence
Presence/absence

Presence/absence

Eucalyptus forestry

Low human land-use-impacted sites

Undisturbed sites—control site

Marinho et al. [50]
Delabie et al. [35]
Diehl et al. [58]

Acromyrmex coronatus

Frequency of occurrence

Frequency of occurrence

Forest fragments

Preserved savanna

Lapola and Fowler [49]
Ramos et al. [37]

Acromyrmex lobicornis
Acromyrmex lundi

Acromyrmex niger
Acromyrmex rugosus

Acromyrmex striatus

Acromyrmex subterraneus

Presence/absence
Frequency of occurrence

Presence/absence
Frequency of occurrence

Presence/absence

Frequency of occurrence

Undisturbed sites—control site

Secondary forest

Eucalyptus forestry

Turnera ulmifolia field

Undisturbed sites—control site

Forest fragments

Diehl et al. [58]
Schmidt and Diehl [52]
Marinho et al. [50]

Santana-Reis and
Santos [51]

Diehl et al. [58]
Lapola and Fowler [49]

Acromyrmex subterraneus brunneus Presence/absence Eucalyptus forestry Marinho et al. [50]
Acromyrmex subterraneus subterraneus  Presence/absence Eucalyptus forestry Marinho et al. [50]
Acropyga decedens Frequency of occurrence Pasture Dias et al. [45]
Amblyopone armigera Frequency of occurrence Preserved savanna Ramos et al. [37]
Presence/absence Savanna—cerrado sensu stricto Marinho et al. [50]
Frequency of occurrence  Secondary forest and area at early succession Silva et al. [75]
Amblyopone elongata Frequency of occurrence Primary forest Silva et al. [75]

Anochetus diegensis
Anochetus mayri
Anochetus neglectus
Anochetus targionii
Apterostigma acre
Apterostigma bolivianum
Atta robusta

Frequency of occurrence
Frequency of occurrence
Frequency of occurrence
Frequency of occurrence
Frequency of occurrence
Frequency of occurrence

Frequency of occurrence

Preserved savanna
Control site (nonburnt)
Pasture
Pasture
Forest fragment
Forest fragment

Control site (nonburnt)

Ramos et al. [37]
Teixeira et al. [39]
Dias et al. [45]
Dias et al. [45]
Dias et al. [45]
Dias et al. [45]
Teixeira et al. [39]

Atta sexdens rubropilosa

Presence/absence
Frequency of occurrence

Presence/absence

Area at early succession
Disturbed savanna

Eucalyptus forestry

Coelho et al. [60]
Ramos et al. [37]
Marinho et al. [50]

Azteca alfari

Azteca muelleri
Basiceros disciger
Blepharidatta brasiliensis
Brachymyrmex coactus
Camponotus arboreus
Camponotus atriceps
Camponotus bidens
Camponotus burtoni

Camponotus claviscapus

Presence/absence
Frequency of occurrence
Frequency of occurrence
Frequency of occurrence
Frequency of occurrence
Frequency of occurrence

Presence/absence

Presence/absence

Presence/absence

Presence/absence

Area at late succession stage—dry season

Control site (nonburnt)

Forest fragments

Area at late succession stage

Secondary forest and area at early succession

Control site (nonburnt)

Reforestated area at intermediate succession stage

Low human land-use-impacted sites

Eucalyptus forestry
Undisturbed sites

Neves et al. [73]
Teixeira et al. [39]
Lapola and Fowler [49]
Vasconcelos [76]
Silva et al. [75]
Teixeira et al. [39]
Coelho et al. [60]
Delabie et al. [67
Marinho et al. [50]
Delabie et al. [35]

Camponotus crassus

Presence/absence
Frequency of occurrence
Frequency of occurrence

Frequency of occurrence

Burned restinga
Burnt site
Disturbed sites

Secondary forest and forest edge

Endringer et al. [38]
Teixeira et al. [39]
Diehl et al. [58]
Leal et al. [71]
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TaBLE 2: Continued.

Psyche

Ant species

Parameter

Habitat

Reference

IndVal

Savanna—rvegetation and ground stratum

Vasconcelos and
Vilhena [82]

Camponotus fastigatus

Frequency of occurrence

Preserved savanna

Ramos et al. [37]

Camponotus latangulus

Frequency of occurrence

Presence/absence

Preserved savanna

Savanna—cerrado sensu stricto

Ramos et al. [37]
Marinho et al. [50]

Camponotus leydigi

Frequency of occurrence

Area at early succession

Vasconcelos [76]

Camponotus melanoticus

Presence/absence
Frequency of occurrence

Presence/absence

Eucalyptus forestry
Pasture

Area at early succession

Marinho et al. [50]
Dias et al. [45]
Coelho et al. [60]

Camponotus novogranadensis

Frequency of occurrence

Presence/absence
IndVal

Frequency of occurrence

Area at early succession

Eucalyptus forestry
Forest—vegetation and ground stratum

Disturbed savanna

Vasconcelos [76]
Marinho et al. [50]

Vasconcelos and
Vilhena [82]

Ramos et al. [37]

Camponotus punctatus minutior

Camponotus renggeri

Frequency of occurrence

Presence/absence

Preserved savanna

Eucalyptus forestry

Ramos et al. [37]
Marinho et al. [50]

Camponotus rufipes

Frequency of occurrence
Presence/absence

Frequency of occurrence

Disturbed savanna
Eucalyptus forestry

Forest fragments

Ramos et al. [37]
Marinho et al. [50]
Lapola and Fowler [49]

Camponotus sericeiventris

Frequency of occurrence

Native forest remnant

Ilha et al. [48]

Camponotus trapezoideus

Frequency of occurrence
Frequency of occurrence

Frequency of occurrence

Burnt site
Forest fragment

Preserved savanna

Teixeira et al. [39]
Dias et al. [45]
Ramos et al. [37]

Camponotus vitatus
Camponotus westermanni
Cardiocondyla obscurior

Carebara urichi

Presence/absence
Presence/absence
Presence/absence

Frequency of occurrence

Low human land-use-impacted sites
Strong human land-used-impacted sites
Area at intermediate succession

Preserved savanna

Delabie et al. [35]
Delabie et al. [35]
Coelho et al. [60]
Ramos et al. [37]

Cephalotes atratus

Frequency of occurrence

Control site (nonburnt)

Teixeira et al. [39]
Vasconcelos and

IndVal Forest—vegetation stratum Vilhena [82]
Cephalotes grandinosus Presence/absence Forest Lopes et al. [81]
Cephalotes minutus Presence/absence Area at early succession—dry season Neves et al. 73]
Presence/absence Low human land-use-impacted sites Delabie et al. [35]
Cephalotes pallidicephalus Presence/absence Low human land-use-impacted sites Delabie et al. [35]

Cephalotes pavonii Frequency of occurrence Burnt site Teixeira et al. [39]
Cephalotes pellans Presence/absence Area at intermediate succession—wet season Neves et al. [73]
. . Vasconcelos and
Cephalotes pusillus IndVal Savanna—rvegetation and ground stratum .
4 P v ves grou " Vilhena [82]
Cephalotes simillimus IndVal Savanna—rvegetation stratum Vas.concelos and
Vilhena [82]
o . Vasconcelos and
Crematogaster brasiliensis IndVal Forest—vegetation and ground stratum .
8 8 8 Vilhena [82]
Crematogaster erecta Presence/absence Area at intermediate succession Coelho et al. [60]
. Vasconcelos and
IndVal S —vegetat d d strat
ndVa avanna—vegetation and ground stratum Vilhena [82]
. . Vasconcelos and
Crematogaster limata IndVal Forest—vegetation and ground stratum .
S ves grou . Vilhena [82]
Crematogaster minutissima IndVal Forest—ground stratum Vasconcelos and

Crematogaster nigropilosa

Frequency of occurrence

Native forest remnant

Vilhena [82]
Ilha et al. [48]
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Ant species

Parameter

Habitat

Reference

Crematogaster quadriformis

IndVal

Savanna—ground stratum

Vasconcelos and
Vilhena [82]

Cyphomyrmex laevigatus
Cyphomyrmex major

Cyphomyrmex olitor

Frequency of occurrence
Frequency of occurrence

Frequency of occurrence

Forest fragments
Forest fragments

Primary forest

Lapola and Fowler [49]
Lapola and Fowler [49]
Silva et al. [75]

Cyphomyrmex peltatus

Frequency of occurrence
Presence/absence

Frequency of occurrence

Disturbed savanna
Eucalyptus forestry

Forest fragments

Ramos et al. [37]
Marinho et al. [50]
Dias et al. [45]

Cyphomyrmex plaumanni

Frequency of occurrence

Primary forest

Silva et al. [75]

Cyphomyrmex salvini

Frequency of occurrence

Frequency of occurrence

Area at early succession

Control site (nonburnt)

Vasconcelos [76]
Teixeira et al. [39]

Cyphomyrmex transversus

Frequency of occurrence

Preserved savanna

Ramos et al. [37]

Discothyrea sexarticulata

Frequency of occurrence

Frequency of occurrence

Forest fragment

Primary forest

Dias et al. [45]
Silva et al. [75]

Vasconcelos and

Dolichoderus attelaboides IndVal Forest—rvegetation stratum Vilhena [82]
Dolichoderus bispinosus IndVal Forest—vegetation stratum Va\iicl?lr;;icfzg]nd
Dolichoderus schulzi Presence/absence Undisturbed sites Delabie et al. [35]
Dolichoderus voraginosus Presence/absence Area at early succession—dry season Neves et al. [73]
Dorymyrmex guianensis IndVal Savanna—ground stratum Va\iiclcl)lzizl?;;]nd
Dorymyrmex pyramicus Frequency of occurrence Burnt site Teixeira et al. [39]
Presence/absence Undisturbed sites Delabie et al. [35]
Dorymyrmex thoracicus IndVal Savanna—ground stratum Vasconcelos and

Eciton quadriglume

Frequency of occurrence

Forest fragments

Vilhena [82]
Lapola and Fowler [49]

Ectatomma brunneum

Presence/absence
Frequency of occurrence

Presence/absence

Eucalyptus forestry
Area at early succession

Low human land-use-impacted sites

Marinho et al. [50]
Braga et al. [54]
Delabie et al. [35]

Ectatomma edentatum

Frequency of occurrence

Preserved savanna

Ramos et al. [37]

Ectatomma lugens

Frequency of occurrence

IndVal

Area at late succession stage

Forest—ground stratum

Vasconcelos [76]

Vasconcelos and
Vilhena [82]

Ectatomma muticum

Ectatomma opaciventre

Frequency of occurrence

IndVal

Control site (nonburnt)

Savanna—ground stratum

Teixeira et al. [39]

Vasconcelos and
Vilhena [82]

Ectatomma permagnum Frequency of occurrence Control site (nonburnt) Teixeira et al. [39]
Frequency of occurrence Eucalyptus forestry Braga et al. [54]

Presence/absence Eucalyptus forestry Marinho et al. [50]

Ectatomma planidens Frequency of occurrence Disturbed savanna Ramos et al. [37]

Presence/absence

Eucalyptus forestry

Marinho et al. [50]

Ectatomma quadridens

Frequency of occurrence

Area at early succession

Vasconcelos [76]

Ectatomma tuberculatum

Frequency of occurrence
Presence/absence
Presence/absence

Frequency of occurrence

Frequency of occurrence

Area at early succession
Burned restinga
Eucalyptus forestry
Area at late succession stage

Secondary forest and forest edge

Silva et al. [75]
Endringer et al. [38]
Marinho et al. [50]
Braga et al. [54]
Leal et al. [71]

Forelius maranhoensis

Gnamptogenys acuminata

IndVal

Frequency of occurrence

Savanna—ground stratum

Forest fragments

Vasconcelos and
Vilhena [82]

Lapola and Fowler [49]
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Gnamptogenys continua

Frequency of occurrence

Primary forest

Silva et al. [75]

Gnamptogenys horni

Gnamptogenys mediatrix

Frequency of occurrence

Frequency of occurrence

Area at late succession stage

Forest fragment

Vasconcelos [76]
Dias et al. [45]

Gnamptogenys moelleri

Frequency of occurrence

Frequency of occurrence

Pasture

Secondary forest and area at early succession

Dias et al. [45]
Schmidt and Diehl [52]

Gnamptogenys reichenspergeri

Frequency of occurrence

Primary forest

Silva et al. [75]

Gnamptogenys striatula Presence/absence Eucalyptus forestry Marinho et al. [50]
IndVal Forest—ground stratum Vi;iclir;f:al?;;]nd
Gnamptogenys sulcata Presence/absence Area at early succession—wet season Neves et al. [73]

Gnamptogenys tortuolosa
Heteroponera flava
Heteroponera microps
Hylomyrma balzani
Hylomyrma reitteri
Hypoponera foeda
Hypoponera foreli

Hypoponera opacior

Frequency of occurrence
Frequency of occurrence
Frequency of occurrence
Frequency of occurrence
Frequency of occurrence
Frequency of occurrence
Frequency of occurrence

Frequency of occurrence

Intermediate disturbed area
Forest fragment
Disturbed habitat (Eucalyptus)
Forest fragments
Forest fragments
Native forest remnant
Preserved savanna
Disturbed habitat (Eucalyptus)

Vasconcelos [76]
Dias et al. [45]
Ilha et al. [48]

Lapola and Fowler [49]
Lapola and Fowler [49]
Ilha et al. [48]

Ramos et al. [37]

Ilha et al. [48]

Labidus coecus

Frequency of occurrence

Forest fragments

Lapola and Fowler [49]

Presence/absence Undisturbed sites Delabie et al. [35]
Labidus praedator Frequency of occurrence Disturbed savanna Ramos et al. [37]
Presence/absence Eucalyptus forestry Marinho et al. [50]
Frequency of occurrence Secondary forest Schmidt and Diehl [52]
Leptogenys pusilla Frequency of occurrence Control site (nonburnt) Teixeira et al. [39]

Leptothorax asper Presence/absence Eucalyptus forestry Marinho et al. [50]
Leptothorax spininodis Presence/absence Eucalyptus forestry Marinho et al. [50]
Linepithema humile Frequency of occurrence Burnt site Teixeira et al. [39]

Frequency of occurrence
Presence/absence

Frequency of occurrence

Disturbed savanna
Eucalyptus forestry

Forest fragments

Ramos et al. [37]
Marinho et al. [50]
Lapola and Fowler [49]

Megalomyrmex goeldii
Mycetagroicus cerradensis
Mycetarotes paralelus
Mycetophylax conformis
Mpyrmicocrypta foreli
Neivamyrmex orthonotus
Nesomyrmex spininodis

Octostruma balzani

Frequency of occurrence
Frequency of occurrence
Presence/absence
Presence/absence
Frequency of occurrence
Presence/absence
Presence/absence

Frequency of occurrence

Area at early succession
Disturbed savanna
Area revegetated with native species
Strong human land-used-impacted sites
Preserved savanna
Eucalyptus forestry
Strong human land-used-impacted sites

Area at intermediate succession

Silva et al. [75]
Ramos et al. [37]
Pereira et al. [64]
Delabie et al. [35]
Ramos et al. [37]

Marinho et al. [50]
Delabie et al. [35]
Braga et al. [54]

Octostruma jheringhi

Frequency of occurrence

Frequency of occurrence

Forest fragment

Preserved savanna

Dias et al. [45]
Ramos et al. [37]

Odontomachus affinis
Odontomachus bauri
Odontomachus brunneus

Odontomachus caelatus

Frequency of occurrence
Presence/absence
Frequency of occurrence

Frequency of occurrence

Secondary forest
Eucalyptus forestry
Preserved savanna

Area at late succession stage

Silva et al. [75]
Marinho et al. [50]
Ramos et al. [37]

Vasconcelos [76]

Odontomachus chelifer

Frequency of occurrence
Frequency of occurrence
Frequency of occurrence

Frequency of occurrence

Pasture
Preserved savanna
Secondary forest and area at early succession

Secondary forest and area at early succession

Braga et al. [54]
Ramos et al. [37]
Schmidt and Diehl [52]
Silva et al. [75]
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Habitat

Reference

Odontomachus haematodus

Frequency of occurrence
Presence/absence

Frequency of occurrence

IndVal

Area at intermediate succession
Burned restinga

Control site (nonburnt)

Forest—ground stratum

Braga et al. [54]
Endringer et al. [38]
Teixeira et al. [39]

Vasconcelos and
Vilhena [82]

Odontomachus meinerti

Frequency of occurrence

Presence/absence

Disturbed savanna

Eucalyptus forestry

Ramos et al. [37]
Marinho et al. [50]

Oxyepoecus plaumanni
Oxyepoecus rastratus

Pachycondyla apicalis

Frequency of occurrence
Frequency of occurrence

Presence/absence

Primary forest
Primary forest

Eucalyptus forestry

Silva et al. [75]
Silva et al. [75]
Marinho et al. [50]

Pachycondyla arhuaca

Frequency of occurrence

Presence/absence

Area at late succession stage

Primary restinga

Braga et al. [54]
Endringer et al. [38]

Pachycondyla bucki
Pachycondyla crassinoda

Pachycondyla ferruginea

Frequency of occurrence
IndVal

Frequency of occurrence

Primary forest
Forest—ground stratum

Secondary forest and area at early succession

Silva et al. [75]

Vasconcelos and
Vilhena [82]

Silva et al. [75]

Pachycondyla gilberti Presence/absence Eucalyptus forestry Marinho et al. [50]

Pachycondyla harpax Presence/absence Eucalyptus forestry Marinho et al. [50]
IndVal Forest—ground stratum Viiﬁ?;;j?;;]nd

Presence/absence Low human land-use-impacted sites Delabie et al. [35]

Pachycondyla obscuricornis

Frequency of occurrence

Eucalyptus (reforestation)

Lapola and Fowler [49]

Pachycondyla stigma

Frequency of occurrence

Frequency of occurrence

Control site (nonburnt)

Primary forest

Teixeira et al. [39]
Braga et al. [54]

Pachycondyla striata

Frequency of occurrence
Presence/absence
Frequency of occurrence

Frequency of occurrence

Preserved savanna
Savanna—-cerrado sensu stricto
Secondary forest and area at early succession

Secondary forest and area at early succession

Ramos et al. [37]
Marinho et al. [50]
Schmidt and Diehl [52]
Silva et al. [75]

Pachycondyla villosa

Presence/absence

Frequency of occurrence

Burned restinga

Disturbed savanna

Endringer et al. [38]
Ramos et al. [37]

Paratrechina longicornis Presence/absence Eucalyptus forestry Marinho et al. [50]
Presence/absence Undisturbed sites Delabie et al. [35]
Pheidole diligens Presence/absence Area at intermediate succession Coelho et al. [60]
Pheidole embolopyx Frequency of occurrence Area at late succession stage Vasconcelos [76]
Pheidole exigua IndVal Forest—ground stratum Va\iiclirelizlﬁza]nd
Pheidole fimbriata Frequency of occurrence Preserved savanna Ramos et al. [37]
Presence/absence Savanna—cerrado sensu stricto Marinho et al. [50]
Pheidole fracticeps IndVal Forest—ground stratum Va\jiclirelf;l(iz za]nd
Pheidole radoszkowskii Presence/absence Low human land-use-impacted sites Delabie et al. [35]
Pheidole scalaris Presence/absence Area at early succession—wet season Neves et al. [73]
Pogonomyrmex abdominalis Presence/absence Eucalyptus forestry Marinho et al. [50]
Pogonomyrmex naegelii Presence/absence Area at intermediate succession Coelho et al. [60]

Prionopelta punctulata
Pseudomyrmex elongatus

Pseudomyrmex filiformis

Pseudomyrmex flavidulus

Frequency of occurrence
Frequency of occurrence

Frequency of occurrence

IndVal

Secondary forest and area at early succession
Control site (nonburnt)

Control site (nonburnt)

Savanna—rvegetation stratum

Silva et al. [75]
Teixeira et al. [39]
Teixeira et al. [39]

Vasconcelos and
Vilhena [82]
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Pseudomyrmex gracilis Presence/absence Area at intermediate succession Coelho et al. [60]
IndVal Savanna—rvegetation stratum Vi;iclir;f:al?;;]nd
Presence/absence Eucalyptus forestry Marinho et al. [50]
Pseudomyrmex kuenckeli Presence/absence Undisturbed sites Delabie et al. [35]
Pseudomyrmex oculatus Presence/absence Area at intermediate succession Coelho et al. [60]

Frequency of occurrence

Control site (nonburnt)

Teixeira et al. [39]

Presence/absence Eucalyptus forestry Marinho et al. [50]

IndVal Forest—vegetation stratum Vi;;?gfi?;;?d

Pseudomyrmex schuppi Presence/absence Area at intermediate succession Coelho et al. [60]
Pseudomyrmex sericeus Presence/absence Undisturbed sites Delabie et al. [35]
Pseudomyrmex simplex Presence/absence Eucalyptus forestry Marinho et al. [50]
Pseudomyrmex spiculus Presence/absence Undisturbed sites Delabie et al. [35]

Pseudomyrmex tenuis

Frequency of occurrence
IndVal

Presence/absence
Frequency of occurrence

Frequency of occurrence

Area at early succession

Forest—rvegetation and ground stratum

Strong human land-use-impacted sites

Area at intermediate succession

Control site (nonburnt)

Vasconcelos [76]

Vasconcelos and
Vilhena [82]

Delabie et al. [35]
Braga et al. [54]
Teixeira et al. [39]

Pseudomyrmex termitarius

Presence/absence

Frequency of occurrence
IndVal

Presence/absence

Area at early succession—dry season

Pasture

Savanna—rvegetation stratum

Eucalyptus forestry

Neves et al. [73]
Braga et al. [54]

Vasconcelos and
Vilhena [82]

Marinho et al. [50]

Pyramica appretiata
Pyramica denticulata
Pyramica lygatrix
Pyramica rugithorax

Pyramica schulzi

Frequency of occurrence
Frequency of occurrence
Frequency of occurrence
Frequency of occurrence

Presence/absence

Primary forest
Area at early succession
Primary forest

Primary forest

Strong human land-use-impacted sites

Silva et al. [75]
Silva et al. [75]
Silva et al. [75]
Silva et al. [75]
Delabie et al. [35]

Pyramica subdentata

Frequency of occurrence

Frequency of occurrence

Preserved savanna

Secondary forest and area at early succession

Ramos et al. [37]
Silva et al. [75]

Pyramica zeteki

Frequency of occurrence

Preserved savanna

Ramos et al. [37]

Sericomymex bondari

Frequency of occurrence

Presence/absence

Control site (nonburnt)

Low human land-use-impacted sites

Teixeira et al. [39]
Delabie et al. [35]

Simopelta curvata

Frequency of occurrence

Pasture (edge)

Dias et al. [45]

Solenopsis geminata

Frequency of occurrence

Frequency of occurrence

Area at early succession

Caesalpinia echinata forest

Vasconcelos [76]

Santana-Reis and
Santos [51]

Solenopsis saevissima

Frequency of occurrence

Disturbed sites

Ilha et al. [48]

Presence/absence Eucalyptus forestry Marinho et al. [50]

Solenopsis substituta Frequency of occurrence Burnt site Teixeira et al. [39]
Presence/absence Eucalyptus forestry Marinho et al. [50]

IndVal Savanna—ground stratum Vasconcelos and

Vilhena [82]

Sphinctomyrmex stali
Stegomyrmex vizzotoi

Strumigenys denticulata

Frequency of occurrence
Frequency of occurrence

Frequency of occurrence

Primary forest

Primary forest

Intermediate disturbed area

Silva et al. [75]
Silva et al. [75]

Vasconcelos [76]

Strumigenys elongata

Frequency of occurrence

Frequency of occurrence

Area at early succession

Preserved savanna

Silva et al. [75]
Ramos et al. [37]
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Strumigenys perparva Presence/absence

Frequency of occurrence

Savanna—cerrado sensu stricto

Preserved savanna

Marinho et al. [50]
Ramos et al. [37]

Tapinoma melanocephalum Frequency of occurrence

Frequency of occurrence

Disturbed habitat (Eucalyptus)

Forest fragments

Ilha et al. [48]
Lapola and Fowler [49]

Trachymyrmex cornetzi Frequency of occurrence

Trachymyrmex fuscus Frequency of occurrence

Control site (nonburnt)

Pasture (edge)

Teixeira et al. [39]
Dias et al. [45]

Trachymyrmex zeteki Frequency of occurrence

Primary forest

Silva et al. [75]

Typhlomyrmex major Frequency of occurrence

Frequency of occurrence

Forest fragments

Primary forest

Lapola and Fowler [49]
Silva et al. [75]

Typhlomyrmex pusillus Frequency of occurrence

Primary forest

Silva et al. [75]

Wasmannia auropunctata Presence/absence

Frequency of occurrence

Area at intermediate succession

Control site (nonburnt)

Coelho et al. [60]
Teixeira et al. [39]

Wasmannia rochai Presence/absence

Area at early succession

Coelho et al. [60]

The majority of studies end at the seventh step of the
“Procedural steps in bioindicator studies” according to
McGeoch [7], which is “Based on the nature of the rela-
tionship, either accept or reject the species, higher level taxon
or assemblage as an indicator,” and just investigate the nature
of the relationship between the disturbance and the indica-
tor. To validate the organism as a suitable indicator, we must
move to step eight (Establish the robustness of the indicator
by developing and testing appropriate hypotheses under dif-
ferent conditions)—establish the robustness of the indicator
by testing the same relationship in other areas or at different
times (to validate the indicator) [6, 14, 103].

We would like to flag some issues to improve and vali-
date the use of ants as indicators in environmental monitor-
ing programs, including consideration of robust criteria for
the validation of ants as indicators, sampling in different sea-
sons and under different disturbances with comparable
methodologies, collecting ants with different sampling meth-
odologies in order to recognize that the responses of different
ant life styles could be different for the same disturbance, and
evaluation of different environmental parameters (biotic and
abiotic) to correlate with the ants’ response along the dis-
turbance/restoration gradients. The search for indicator ant
species should be with analyses that consider their fidelity
and specificity to the habitats (e.g., “IndVal” index), in order
to more quickly achieve monitoring goals. Finally, evaluating
the functional loss of ant species in disturbed habitats will
improve predictions about the functional implication of the
disturbance.

Moreover, incorporating new approaches that efficiently
simplify the study may help to decrease the problems related
to time spent identifying ant species, as suggested by Groc
et al. [85]. In this study, the authors introduced a new
method based on mixed-level taxonomic sufficiency, highly
focused on higher-taxon surrogacy. Under this method, only
ant species pre established as “indicator taxa” must be taxo-
nomically identified to species level, while other species may
be identified to higher (and easier to identify) levels, such as
genera. By using this mixed-level approach, the authors

argue that a considerable improvement in cost effectiveness
can be achieved, mainly by reducing the necessity for well-
trained taxonomists to be involved in the study. This is highly
desirable in monitoring programs, where time and budget
are key limiting factors.

Also, species which have been identified as possible indi-
cators because they occur in specific habitats or conditions
still require validation for reliable use as bioindicators, and
their presence or frequency in specific conditions can gene-
rate testable hypothesis about their relationship with these
habitats and conditions, which in turn can validate the use of
these species as bioindicators.

In conclusion, we point out that the use of ants as indica-
tors in Brazil has been improving each year. Ants are a useful
tool not only because they are sensitive to environmental
changes, as related in the papers we reviewed but also because
they are keystone species in several ecological processes and,
therefore, provide reliable inferences about the ecological
and functional implications of disturbances.

We should continue to study ants in Brazil, with proper
a priori hypothesis tests and sampling designs, statistical
analysis and standardized methods, in order to reach the
same widespread acceptance of ants as indicators that is com-
mon in Australia, as well as to improve our understanding of
ant dynamics for predictive frameworks. Moreover, we need
to build an effective bridge between our accumulated knowl-
edge (almost 25 years of research) of ants as bioindicators
and monitoring programs developed to examine natural
resources and areas.
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We surveyed ant fauna in the leaf litter in an Atlantic Semideciduous forest in the State Park of Rio Doce (PERD). The work
aimed to produce basic information about habitat effects on diversity, as well as about how the ant fauna in a such buffered forest
habitat, as the litter layer, could respond the climate variation in a short and long term. We sampled two years in two distinct
forest physiognomies, which respond to different geomorphologic backgrounds, in dry and rainy seasons. Species composition,
richness and abundance of these forests were distinct. However, both forests hosted similar numbers of rare and specialized, habitat
demanding species, thus suggesting both are similarly well preserved, despite distinct physiognomies. However, the lower and more
open forest was, more susceptible to dry season effects, showing a steeper decline in species numbers in such season, but similar
numbers in the wet seasons. The pattern varied between years, which corroborates the hypothesis of a strongly variable community
in response to subtle climatic variation among years. The present results are baselines for future long term monitoring projects,
and could support protocols for early warnings of global climatic changes effects on biodiversity.

1. Introduction maintenance [7, 8]. Conversely, the insect fauna that domi-
o . ) ) nates the litter is a fundamental factor for its transformation.
Species richness and composition respond to different habi- In a whole tropical forest, ants and termites are the most

tat variables and abiotic factors that influence climate, sea- important animals in relation to biomass and relative
sonality, humidity, topograp}‘l(y, and lithology [1:‘.1]- The  abundance. Ants are found in virtually all strata of forests,
construction of the concept of “habitat components” is based  playing a key role in structuring ecological communities in
on the interactions between abiotic and biotic variables, tropical ecosystems [9]. They are responsible for processes
which result in the parameters on which the niches of species  of soil mineralization due to its extensive bioturbation
evolve [5]. One habitat component which is hardly studied is activity [10], promoting changes in physical environments
its temporal variance, due to the fact that it is highly unpre- [7], and, consequently, a vast movement of nutrients [8,
dictable [6]. 11]. Furthermore, an ant assemblage responds positively to

Forest litter is a crucial habitat compartment for mineral =~ natural succession [12-14], causing feedback responses, such
cycling, humidity retention, and, greatly, to biodiversity = as plant species dispersal and seed collecting [15-17]. They



are also responsible for important predation rates on tropical
forests (e.g., army ants) [11].

For ant assemblages, the negative effects of low temper-
ature [18], intense rainfalls (daily and cumulative), plus the
positive effects of high relative humidity of the understorey
and forest ground, influence directly the foraging and nesting
[19]. The effect of intense rainfall may occur due to inter-
ference in the communication process between individuals,
by literally washing down the worker’s chemical trails, or by
flooding areas with soils less susceptible to drainage [20].
Thus, these factors affect many phenological activities in the
colonies [20, 21] and are crucial parameters in structuring
ground-dwelling ant assemblages in tropical forests [18—20].
Additionally, it may have confounding positive effects with
the rainfall, such as increasing humidity or increasing the
litter volume [22], thus resulting in a difficulty to evaluate
the real effects on the ants assemblages.

Therefore, the way how seasons and years (namely
general weather conditions) should affect ant species param-
eters along time must be highly variable and unpredictable.
Campos et al. [23] have shown that arboreal ant assemblage
in an Atlantic semideciduous forest, in the State Park of
Rio Doce, responded as strongly to host trees as to time
passing, and more significantly than to seasonality. Further,
the authors observed that changes in ant fauna was not
affected by the host plant habitat specificities, such as being
in a forest artificial border, within the forest, or in a natural
lake ashore. In other words, ant species composition and
relative density may respond to more subtle components of
the environment.

In the present study, we aimed to evaluate the effects of
habitats and temporal variation on the litter-dwelling ant
species richness, abundance, and composition in this same
semideciduous Atlantic forest. In order to investigate the
hypothesis that temporal variation may have stronger effect
than habitat specificities, we sampled in two contrasting
forest physiognomies, in two different geomorphologic back-
grounds.

2. Materials and Methods

2.1. Study Sites. Samples were taken in the State Park of Rio
Doce (PERD-IEF), Marliéria, Minas Gerais. This is approx-
imately 36,000 ha of protected forests and lakes, compris-
ing part of the municipalities of Timéteo, Marliéria, and
Dionisio—between the parallels 19 48 18 —19 29 24 S and
meridians 42 38 30 —42 28 18 W. The park is bound in
the East by the Doce River and Piracicaba River to the
North [24]. The vegetation is characterized as lower montane
Atlantic semideciduous forest, with a percentage of decid-
uous trees between 20 and 50% [25, 26]. The forest varies
greatly in physiognomy and soil conditions from north to
south. Also, the park preserves the largest natural lake system
in the Atlantic rainforest domain (10% of its area) that
resulted from geological movements around the old Doce
river and affluents during the Pleistocene [27].

The climate is tropical humid mesothermal [28]. The
wet season occurs from October to March and the dry
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FIGURE 1: Map showing the location of the PERD and the study
sites in relation to the surrounding region. Star at the north showing
the location of Macuco’s IMA (TM) and at the south showing the
Gambazinho’s IMA (LG) (Source: [22].)

season from April to September [29]. Samples were taken in
August (dry season) and November (rainy season) in the
years of 2005 and 2006, in two different areas: the Lagoa
do Gambazinho’s IMA (Integrated Monitoring Array) (here-
after LG) (southern PERD) and the Trilha Macuco ou
Juquita’s IMA (hereafter TM) (northern PERD) (Figure 1).

The LG is composed by a secondary, edaphically con-
strained low forest vegetation (10-15 m high) [30] in an area
with irregular topography, varying from hills to lowlands,
with permanent and temporary swamps [31]. In the TM,
there is a predominance of high and medium forest in the
lowlands and medium forests in the slopes and crests, with
little topographic variation, but the presence of alternating
hills and lowlands. The whole area of the TM is in an old
alluvial terrace, the paleochannel of the Belem River (tribu-
tary of Doce River), while LG has a distinct geological unit,
and this entire area lies on a unit called litostatigragphic
Mantiqueira Complex [31].

2.2. Sampling Design. The study areas are two permanent
plots of 100 ha (IMA) produced during the Rio Doce TEAM
Project, a long-term project coordinated by the Conservation
International through the TEAM (Tropical Ecology, Assess-
ment, and Monitoring) Initiative network [32]. The samples
used in this work are part of Rio Doce TEAM Project—Ant
Protocol [33]. The chosen areas are permanent plots set to
attend several projects, and transects were easily set in a full
random design due to the existence of open narrow research
paths. Eight transects were sampled per season in both areas,
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TasLE 1: Number of hits (records) and overall frequency (%) of ant species per IMA, LG, and TM.
2005 2006
Species LG ™ LG ™ Frequency
(%)
Wet Dry Wet Dry Wet Dry Wet Dry

Solenopsis (Diplorhoptrum) spl 27 26 23 27 34 36 3 26 63.13
Pyramica denticulata (Mayr, 1887) 21 16 1 15 27 22 19 19 43.75
Brachymyrmex australis Forel, 1901 12 22 12 28 4 22 13 18 40.94
Strumigenys elongata Roger,1863 13 9 6 12 21 13 16 18 33.75
Hypoponera trigona (Mayr, 1887) 16 1 8 9 13 15 24 19 32.81
Pheidole diligens Smith F., 1858 1 7 11 15 11 21 15 24 32.81
Odontomachus meinerti Forel, 1905 12 11 8 19 19 15 12 32.19
Solenopsis (Diplorhoptrum)sp5 29 7 24 6 13 11 4 30.31
Hypoponera distinguenda Emery, 1890 13 12 1 11 18 19 12 7 29.06
Pheidole cf. flavens Roger, 1863 5 14 3 1 18 16 16 9 25.63
Crematogaster longispina Emery,1890 1 4 13 5 17 5 17 8 21.88
Wasmannia auropunctata (Roger,1863) 9 6 6 4 26 1 11 1 20.00
Strumigenys cf. silvestrii Emery, 1906 13 11 11 9 16 19.38
Pheidole cf. dimidiata (Emery, 1894) 1 6 2 1 17 5 18 17.50
Pheidole midas Wilson, 2003 7 11 2 5 9 9 11 17.19
Carebarella spl 5 2 2 8 11 4 14 8 16.88
Sericomyrmex cf. bondari Borgmeier, 1937 14 5 1 9 5 12 6 1 16.56
Apterostigma gp. pilosum Mayr, 1865 6 8 1 11 4 13 3 14.38
Solenopsis (Diplorhoptrum) sp2 4 7 5 13 3 6 8 14.38
Brachymyrmex longicornis Forel, 1907 1 13 9 9 12 13.75
Pachycondyla gp. harpax (Fabricius,1804) 9 4 6 2 5 3 3 10.00
Solenopsis sp4 1 1 11 7 11 9.69
Pheidole cf. minutula Mayr, 1878 1 5 8 4 1 11 9.38
Brachymyrmex sp3 15 1 8 5 9.06
Pyramica crassicornis (Mayr,1887) 6 5 1 3 4 1 9 9.06
Cyphomyrmex tranversus Emery, 1894 1 1 1 4 5 7 8 8.44
Octostruma iheringi (Emery,1888) 2 1 1 1 2 7 5 7 8.13
Crematogaster (Orthocrema) sp6 3 7 4 5 2 1 3 7.81
Hylomyrma reitteri (Mayr,1887) 3 5 2 3 9 3 7.81
Solenopsis cf. terricola Menozzi, 1931 4 5 3 2 3 3 5 7.81
Octostruma rugifera (Mayr, 1887) 4 5 5 8 6.88
Hypoponera sp6 3 5 1 1 1 9 1 6.56
Pyramica eggersi (Emery,1890) 1 1 11 5 2 6.25
Crematogaster nigropilosa Mayr, 1887 6 7 5 1 1 6.25
Mpycocepurus smithii Forel, 1893 1 3 1 3 3 2 2 4 5.94
Carebara panamensis (Wheeler, 1925) 2 2 1 4 4 5 5.63
Rogeria besucheti Kluger, 1994 2 1 4 2 4 5 5.63
Discothyrea sexarticulata Borgmeier,1954 1 2 5 4 5 5.31
Megalomyrmex modestus Emery, 1896 2 3 1 3 2 6 5.31
Crematogaster limata Smithi E,, 1858 3 4 6 1 1 1 5.00
Paratrechina sp4 1 1 2 4 4.69
Ectatomma permagnum Forel, 1908 3 1 1 3 3 1 4.38
Brachymyrmex heeri Forel, 1874 6 5 1 1 4.06
Octostruma cf. balzani (Emery, 1894) 2 4 6 1 4.06
Carebara urichi (Wheeler, 1922) 1 1 2 1 1 1 5 3.75
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TasLE 1: Continued.
2005
Species Frequenc
LG ™ ‘(1%) ¥
Wet Dry Wet Dry Wet Dry Wet

Dolichoderus imitator Emery, 1894 4 3 1 3.75
Acromyrmex subterraneus brunneus Forel, 1912 2 2 2 1 1 3 3.44
g;r:f;i%tgss (Tanaemyrmex) punctulatus andigenus 1 3 3 | ) 3.44
Hylomyrma sp2 1 1 3 3.44
Pyramica sp5 1 5 3.44
Strumigenys perparva (Brown, 1958) 1 1 1 1 5 3.13
Megalomyrmex drifti Kempf, 1961 3 4 1 1 1 3.13
Pheidole sp9 4 3.13
Brachymyrmex sp5 6 2.81
Ectatomma tuberculatum (Olivier,1792) 1 1 3 2 2.81
Pachycondyla venusta Forel, 1912 2 1 1 1 2.81
Pyramica alberti (Forel, 1893) 3 6 2.81
Pyramica brevicornis (Mann, 1922) 1 1 2 3 1 1 2.81
Brachymyrmex cf. pictus Mayr, 1887 1 1 4 2.50
Ectatomma suzanae Almeida, 1986 1 3 2.50
Hypoponera foreli (Mayr, 1887) 1 1 1 2 2.50
Hypoponera cf. punctatissima (Roger 1859) 2 6 2.50
Prionopelta antillana Forel, 1909 1 1 2 2 2.50
Pyramica subedentata (Mayr, 1887) 2 1 1 2 2.50
Trachymyrmex cornetzi Forel, 1912 1 1 3 1 2.50
Hypoponera sp8 3 2 2.19
Odontomachus haematodus (Linnaeus,1758) 1 1 1 2.19
Wasmannia cf. sigmoidae (Mayr, 1884) 7 2.19
Acanthognathus ocellatus Mayr, 1887 1 1 1 1.88
Brachymyrmex sp7 5 1 1.88
Myrmicocrypta squamosa Smith E, 1860 1 2 2 1 1.88
Pachycondyla gilberti Kempf, 1960 1 1 1 1 1.88
Pheidole sp13 3 2 1 1.88
Pyramica maynei (Forel, 1916) 3 2 1.88
Solenopsis sp16 1 3 2 1.88
Strumigenys precava (Brown, 1954) 1 2 2 1.88
Acropyga goeldii Forel, 1893 1 1.56
Apterostigma sp5 3 2 1.56
Brachymyrmex sp4 4 1 1.56
ICg;Zponotus (Tanaemyrmex) melanoticus Emery, 1 1 1 ) 156
Megalomyrmex goeldii Forel, 1912 5 1.56
Pheidole sp12 5 1.56
Solenopsis sp6 2 3 1.56
Linepithema pulex Wild, 2007 1 1 1 1 1.56
Wasmannia sp3 1 1 2 1.25
Cryptomyrmex longinodus Férnandez & Brandao,

2003 2 2 1.25
Amblyopone lurilabes Lattke, 1991 1 2 1.25
Crematogaster acuta (Fabricius,1804) 4 1.25
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TasLE 1: Continued.
2005 2006

Species G ™ G ™ Frequency

(%)

Wet Dry Wet Dry Wet Dry Wet Dry

Gnamptogenys porcata (Emery,1896) 1 1 2 1.25
Paratrechina steinheili (Forel, 1893) 1 3 1.25
Pheidole sp14 1 1 2 1.25
Pheidole sp16 1 3 1.25
Wasmannia rochai Forel, 1912 1 1 1 1 1.25
Amblyopone cf. armigera Mayr, 1897 1 1 1 0.94
Brachymyrmex sp8 1 2 0.94
Camponotus (Mymocladoecus) latangulus Roger,
1863 2 1 0.94
Camponotus (Myrmophaenus) novogranadensis
Maye, 1870 1 1 1 0.94
Crematogaster sp3 2 1 0.94
Cyphomyrmex peltatus (Kempf, 1966) 1 2 0.94
Eurhopalothrix prox. bruchi Santischi, 1922 1 1 1 0.94
Gnamptogenys gracilis (Santischi, 1929) 1 2 0.94
Octostruma sp4 1 1 1 0.94
Paratrechina sp6 1 2 0.94
Solenopsis sp14 2 1 0.94
Trachymyrmex prox. relictus Borgmeier, 1934 1 1 1 0.94
Azteca cf. alfari Emery, 1893 1 1 0.63
Camponotus femoratus (Fabricius,1804) 1 1 0.63
Cephalotes pusillus (Klug,1824) 1 1 0.63
Crematogaster curvispinosa Mayr, 1862 2 0.63
Hylomyrma sp3 1 1 0.63
Hypoponera sp12 1 1 0.63
Megalomyrmex silvestrii Wheeler W.M., 1909 1 1 0.63
Mycocepurus goeldii Forel, 1893 2 0.63
Myrmelachista (Hincksidris) sp2 1 1 0.63
Pachycondyla verenae (Forel, 1922) 1 1 0.63
Pheidole sp4 1 1 0.63
Pseudomyrmex tenius (Fabricius, 1804) 2 0.63
Rogeria microma Kempf, 1961 2 0.63
Solenopsis sp3 2 0.63
Stegomyrmex olindae Feitosa, Branddo & Diniz,
2008 2 0.63
Wasmannia cf. lutzi Forel, 1908 2 0.63
Acanthognathus prox. rudis Brown & Kempf, 1969 1 0.31
Acropyga smithii Forel, 1893 1 0.31
Anochetus diegensis Forel, 1912 1 0.31
Brachymyrmex sp9 1 0.31
Camponotus (Tanaemyrmex) balzani Emery, 1894 1 0.31
Camponotus (Myrmoclaedocus) bidens Mayr, 1870 1 0.31
Camponotus (Mymocladoecus) crassus (Mayr, 1862) 1 0.31
Camponotus (Mymocladoecus) rectangularis Emery, 0.31

1890




6 Psyche
TasLE 1: Continued.
2005 2006

Species e ™ G ™ Frequency

(%)

Wet Dry Wet Dry Wet Dry Wet Dry

Camponotus (Myrmobrachys) trapezoideus Mayr,
1870 1 0.31
Carebara pilosa Férnandez, 2004 1 0.31
Cephalotes maculatus (Smith F.,1876) 1 0.31
Cerapachys splendens Borgmeier, 1957 1 0.31
Crematogaster sp8 1 0.31
Dolichoderus lutosus Smith F,, 1858 1 0.31
Eciton burchelli (Westwood, 1842) 1 0.31
Gnamptogenys sp3 1 0.31
Heteroponera angulata Borgmeier, 1959 1 0.31
Hypoponera sp10 1 0.31
Hypoponera sp13 1 0.31
Hypoponera sp17 1 0.31
Labidus coecus (Latreille, 1802) 1 0.31
Linepithema iniquum (Mayr, 1870) 1 0.31
Mpyrmelachista spl 1 0.31
Myrmelachista sp3 1 0.31
Neivamyrmex spl 1 0.31
Nesomyrmex spininoidis Mayr, 1887 1 0.31
Nesomyrmex wilda Smith M.R., 1943 1 0.31
Pachycondyla ferruginea Smithi E., 1858 1 0.31
Pachycondyla villosa inversa Smith E., 1858 1 0.31
Pheidole fallax Mayr, 1870 1 0.31
Pheidole sp17 1 0.31
Pseudomyrmex gp. pallidus Smith F., 1855 1 0.31
Pyramica appretiata (Borgmeier, 1954) 1 0.31
Rogeria scobinata (Kluger, 1994) 1 0.31
Solenopsis (Euophthalma) globularia Smith F., 1858 1 0.31
Solenopsis sp15 1 0.31
Strumigenys sublonga Brown, 1958 1 0.31
Strumigenys schmalzi Emery, 1905 1 0.31
Wasmannia villosa Emery, 1894 1 0.31

thus 16 per year, with 10 samples of 1 m? litter per transect,
using the apparatus of Mini-Winkler [34], equidistant 10 m
one from another, summing up 320 samples on two years.
Each transect had its exact position previously sorted using
random numbers and a plotted map of the transect, thus
assuring a fully random sampling design.

Ants were taken to the lab, sorted, and identified to
genera. Species confirmations were achieved in collaboration
with the Myrmecological laboratory of CEPLAC, Bahia. The
collection is saved in both CEPLAC and in the collection of
the Laboratory of Evolutionary Ecology of Canopy Insects, in
DEBIO/ICEB/UFQOP.

2.3. Data Analysis. In order to evaluate the effect of accumu-
lation of species in each sampling unit and for all observed

data, we made species accumulation curves (Coleman
method), which devise the expected richness for random
subsamples of the data set grouped [35, 36]. Calculations
were made using the computer program EstimateS version
8 [35]. The Coleman curve is essentially the same to a rare-
faction curve and more efficient computationally [37, 38].
The Abundance-based Coverage Estimator (ACE) was used
as estimator of species richness [35, 39], because the coeffi-
cient of variation (CV) was larger (CV = 0.519) than abun-
dance distribution. When the CV was larger than CV > 0.5,
Chao [39] and Colwell [35] recommend Chao 1 and ACE as
the best estimates for abundance-based richness.

A nonsmetric multidimensional scale analysis (NMDS)
was used to demonstrate overall differences in species com-
position between the two areas. The ordination was carried
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out for the data on species presence and absence in each
plot, using the Jaccard index. We used analysis of similarities
(ANOSIM) [40] to test for differences in species composition
between areas. In order to investigate patterns of similarity
between the ant communities in both areas, we used the
relative differences between R-value of the ANOSIM test
[41]. These analyses were performed using the software PAST
[42].

Factorial analysis of variance (ANOVA) models [43],
with Poisson distribution of data (which is automatically log-
transformed in the model in order to best fit the distribu-
tion) [44], were used to analyse the results. The statistical
package GLZ-Generalized Linear/Nonlinear Models (Statsoft
Statistica 7.0 software) was used when generating analyses
of the frequency of occurrence of ants (number of records)
and the total number of species for each sample (transect) in
different areas, seasons, and between years. Wald’s test was
used to verify the true parameter value based on the sample
estimate, assuming that the value of P < 0.05 is significant.
The measures of relative abundance (frequency of species
per transect) were based on the number of occurrences of
species per point (each 1 m? of the transect), summing up 10
possible occurrences of each species per transect, or 40 per
season/IMA.

3. Results

In total 2851 individuals, 48 genera and 160 morphospecies
were identified and recorded, belonging to 11 subfamilies:
Amblyoponinae, Cerapachyinae, Dolichoderinae, Ecitoni-
nae, Ectatomminae, Formicinae, Heteroponerinae, Myr-
micinae, Ponerinae, Proceratiinae, and Pseudomyrmicinae.
Most of species and genera found belong to the subfamily
Myrmicinae, followed by Formicinae and Ponerinae. Only
four of the 11 subfamilies of ants were not common to the
two areas: Cerapachyinae, Ecitoninae, and Heteroponerinae
were found only in the TM, while Pseudomyrmicinae was
found only in LG.

The number of genera occurrences was very similar bet-
ween the two sites. LG showed 40 genera, being four habitat-
specific genera: Cephalotes, Myrmelachista, Pseudomyrmex,
and Stegomyrmex. TM had 44 genera, eight habitat-specific
genera: Acropyga, Amochetus, Cerapachys, Cryptomyrmex,
Eciton, Heteroponera, Labidus, and Neivamyrmex (Table 1).
In both areas, we found typical litter-forest genera (Stegomyr-
mex in LG, Cerapachys and Cryptomyrmex in TM), typical
forest species or species only recently described, for example,
Wasmannia villosa and Stegomyrmex olindae in LG, and the
typical soil ant Cerapachys splendens and Cryptomyrmex
longinodus in TM. New species for science, being in process
of description, were also found, as Hylomyrma sp2
(MZUSP).

Species richness did not reach stabilized at the end of the
sampling, even after combining all samples (n = 32;
Figure 2). The total species richness of the ant commu-
nity per transect (1ha) was estimated to be around 200
species, and rare-faction curve was reached to be around
160 species (Coleman’s method) (Figure 2). For both IMA,
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FIGURE 2: Accumulation curve of species richness (obtained by
Coleman’s method) for all sampling (solid black line), for Lagoa
Gambazinho (dashed grey line), and for Trilha Macuco (thin black
line). The overall species richness for both IMAs was estimated with
Chao 2.
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FiGure 3: NonMetric Dimensional Scale (NMDS) ordination of
species composition of the ant community in both IMA as sampled
by Mini-Winkler.

species richness was similar (rarefied species richness for
122 occurrences Coleman method = 4.22 + 1.63 for LG
and 4.27 + 1.53 for TM, Figure 2). However, differences in
species composition were detected among areas, as revealed
by NMDS (ANOSIM, R = 0.23, P < 0.001; Figure 3).
Regardless seasonal and yearly variations, species rich-
ness was very similar between both areas (Factorial ANOVA,
Wald X?(1) = 1.06, P = 0.30). The LG had 126 species,
36 of these habitat-specific species, and the TM showed
124 species and 35 habitat-specific species (Figure 4 and
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FIGURE 4: Diagram representing the number and distribution of ant
species in both IMA (Lagoa Gambazinho and Trilha Macuco) and in
two seasons (dry and wet). Separation criteria were unique to each
of the IMA and weather stations (large circles), collected in both
IMA (intersections of top and bottom), collected in two seasons
(intersections of left and right), and collected in two IMA and in
two seasons or in at least one weather station (central circle).

Table 1). However, the species richness found were quite
different between the dry period (42 species) and the rainy
season (24 species), and this difference was due to a strong
reduction of species in LG, the low and more open forest,
during the dry periods (Figure 5(a)). It is worth to notice
that there were more species in common between the areas
during the dry season than in rainy season. Species such
Azteca cf. alfari, Brachymyrmex cf pictus, B. sp5, Camponotus
(Tanaemyrmex) balzani, Paratrechina steinheili, Hypoponera
spl12, Solenopsis sp5, and Wasmannia sp3 were found only
in the dry season, while Brachymyrmex sp8 and Pheidole
sp4 were found only in wet season (Figure 4 and Table 1).
Species richness declined in the LG in the dry season, when
compared to TM or to itself in the rainy season, but only
for 2006 (Factorial ANOVA, Climatic Season Year, Wald
X2(1) =6.81, P = 0.009; Figure 5(a)). The inconsistency of
this decline in 2005 resulted in a lack of significant differences
in species richness between areas (Factorial ANOVA, Wald
X?(1) = 0.46,P = 0.50; Factorial ANOVA, IMA Climatic
Season Year, Wald X?(1) = 0.50, P = 0.48) (Figure 5(a)).

A similar interaction effect between area and year effects
(Factorial ANOVA, IMA Year, Wald X?(1) = 7.34, P =
0.006) and the effects of season and year (Factorial ANOVA,
Climatic Season Year, Wald X?(1) = 17.70, P = 0.00003)
defined the variance in ant abundance between the areas.
Likewise species richness, the ant abundance declined
strongly in the dry season of 2006 and only. In the present
case, the strength of this interaction was perceptible in the
three levels, thus reflecting in the mean numbers of ants
between areas, greater in the TM, the tallest forest (Factorial
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FIGURE 5: Species richness (a) and relative abundance (b) (number
of occurrences on transects) of ant species in both IMA, in two
seasons (dry and wet), and in two years (2005 and 2006).

ANOVA, IMA Climatic Season Year Wald, X?(1) = 5.02,
P = 0.02; Figure 5(b)).

The overall mean abundance was also very similar bet-
ween areas (Factorial ANOVA, Wald X2(1) = 1.46, P =
0.23). The 10 most abundant species throughout the sam-
pling were Solenopsis spl, followed by Pyramica denticulata,
Brachymyrmex australis, Hypoponera trigona, Strumigenys
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elongata, Pheidole diligens, Odontomachus meinerti, H. dis-
tinguenda, S. sp5, and P. cf. flavens. However, at LG,
the species B. australis and P. diligens, were not among the
most abundant species. In this area, besides the other eight
previously mentioned, we found Crematogaster longispina
and Wasmannia auropunctata amongst the most abundant.
In the TM, Solenopsis sp5 was not as abundant as the others,
while P. cf. dimidiata was found among the most abundant.
Regarding rare species, the LG presented 36 species, 20 of
these were habitat-specific species, while in TM were 33 rare
species, and also 20 habitat-specific species (Table 1).

As observed for relative abundance, there was an increase
in species richness in the wet season in both areas. However,
despite low species richness in the dry season, species
composition varied smoothly between years in both areas.
The data of the rainy season in LG, for example, showed
that the total number of species increased from 67 to 72 in a
year to another, and the number of rare species (singletons)
decreased from 26 to 21 species (38.8% to 29.2% of species).
Values of relative abundance (number of occurrences per
sampling event, or 4 transects and 40 points for either
season/IMA) of intermediate species (species that were
neither among the 10 most abundant or among singletons)
varied greatly between years (Table 1), which was related to
the variation in numbers of predatory ants species richness
and abundance.

4. Discussion

The global ground-dwelling ant diversity in Rio Doce was
remarkably high, as well as composed of rare and habitat-
demanding species and genera (see below). The ant species
richness in the forest litter was substantially higher than ants
or general arthropods species in the canopy of these same
forests [23, 45, 46]. In addition, it was comparably as high
as in other tropical forests and sometimes comparable to
the species richness found and wetter and closer equatorial
forests [13, 19, 36, 38].

In spite of differences in physiognomy and geomor-
phology found in both areas, the overall mean values
of species richness and abundance were not statistically
different between these forest types, although there were
substantial differences in relation to species composition.
However, one could expect to sample more species, especially
rare predators and cryptic specialists species in TM than
in the LG, due to the tree heights, a better structured
understorey, apparent constancy of conditions in the former
compared to the latter. These conditions should allow high
availability of resources and quality of sites for feeding and
nesting areas [47, 48]. The TM pristine semideciduous forest
was denser in trees, which also had larger basal area than
the open, apparently secondary LG [31]. Among many other
ecological implications, these traits imply in greater litter
biomass in TM compared to LG.

In a close wet and tall forest, there might have less var-
iation in abiotic conditions, such as local atmospheric humi-
dity and temperature [19], and, sometimes, as is the case of

PERD, this may be further buffered by a smooth and con-
tinuous topography [31]. On the other hand, ecological vari-
ables such as increased litter production in association with
the high heterogeneity of the vegetation may also happen in
association to close and tall forests [49], which results in high
spatial complexity, allowing diversification of conditions,
thus sheltering a large number of species of ants and other
invertebrates in the litter and soil [31, 45, 48, 50-52]. Other
studies in tropical forests have corroborated that differences
of litter ants species diversity and distribution respond to
habitats with low and high structural heterogeneity [53-55].

Hence, TM should have the best conditions for more
habitat-demanding ant species than LG, unless the habitat
conditions in the latter are rather natural too. The region
around LG has indeed a more open canopy and lower tree
heights than TM, but the cause for its physiognomic pattern
is subject of debate. Although the area was impacted by a
fire in 1967, there would have been time enough for full
recover. Soares [31] and Ribeiro et al. [46] have discussed
that a great deal of the observed differences in vegetation
are natural rather than result of human past disturbance.
Data suggest that physiognomic differences between the two
studied areas are evolutionary rather than ecological, and
both may sustain equivalent levels of heterogeneity. Indeed,
the geomorphologic origins of both forests ought to have
stronger effect on their productivity and then on their canopy
traits that relate to understorey microclimate and hetero-
geneity. Hence, despite apparent vulnerability of LGs and its
low resistance to the dry season extreme desiccation, both
forests are equivalently rich and populated with ecologically
demanding species. Such pattern only could happen if both
places had long enough favourable conditions for species
evolution.

The occurrence of rare species of ants in the LG, for
example, Stegomyrmex olindae, so far found only in humid
and mature forests [56], Cryptomyrmex longinodus (first
occurrence in the southeastern Brazil; Fernandez, personal
communication), Strumigenys sublonga (cryptic species col-
lected by first time in tropical semideciduous forest in
Minas Gerais, Castro unpublished data), Eurhopalothrix
prox. bruchi, and Octostruma species, support that this forest,
whatever the human impacts suffered in the past, has several
ant species typical of environments with greater habitat
structural complexity and a well-preserved long evolutionary
history. It is quite likely that edaphic-evolving condition
found in the LG forest is the best explanation for the fact.
This also may explain the fact that there is not any widely
distributed tall and closed forest in southern PERD as a
whole.

Seasonal effects are important regulators of ecological
communities in tropical forests, especially plants and inver-
tebrates [5]. Seasonal effects were more perceptible in 2006
than in 2005, concerning both species richness and abun-
dance. According to PERD climatic station data and our
microclimatic records, the 2005 had a dry season with
little rainfall, mild air temperatures, and high mean relative
humidity, rising up to 80% in the winter driest days. The year
of 2006 was characterized by a dry season hotter than 2005,
regarding air temperature in the understorey, with abrupt
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changes in rainfall regimen, unlike 2005, even though we
sampled exactly in the same time of the year. For instance,
it rained practically every day in August 2006 (a usually very
dry month), while in 2005 rainfall was recorded in only four
days during the same month. In the rainy season, in relation
to data of temperature and humidity, there was no significant
dispatch from the expected and the understorey reached
values at or near 100% relative humidity in both years.
However, in November 2005, the accumulated rainfall index
ranged from 312.5 to 330.61 mm (daily rain 89 + 4mm),
while in 2006, it ranged from 48.43 to 29.99 mm (daily rain
17 £+ 5mm) [57].

These data suggest that in 2006, the rainy season started
abnormally earlier (in August). In tropical forests, the cycle
of ants colonies is synchronized with the seasonal rainfall
and temperature [21], and, although the mechanism is not
well known, in the more humid and hot (above 30 C and
50% of relative humidity), the faster is the development of
ant colonies [20]. Nevertheless, the unpredictable start of
rains may have a very negative effect in some habitats, by
taking the colony not prepared for the change. On the other
hand, a badly defined dry season in 2006, with subsequent
early onset of the rainy season, may have provided a better
partition of resources available for ant assemblage in both
areas, especially preys, which could reflect the fast recovery
and increasing abundance of predators in the wet season.
Indeed, in 2005, some specialist predatory ants were rare
or absent, as some species of the genus Strumigenys and
Pyramica, known as specialist predators of Collembola, Dis-
cothyrea sexarticulata, a predator of spider eggs, and the gen-
eralist large predators as Ectatomma and Pachycondyla
species, predators of insects and invertebrates with similar
body size or also larger [58].

In conclusion, our results showed that contrasting forest
types may have similar total ant species richness, as well as a
similar amount of rare and ecologically specialized species.
These similarities between these forests suggest that litter-
dwelling species may have high resilience, related to the
litter habitat conditions, to changes and disturbances in both
ecological and evolutionary times.
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We present evidence of the paraphyly of the ant genus Pachycondyla resulting from our cytogenetic studies on 29 populations in 18
species from Brazil and French Guyana. It is likely that karyotypes with a large number of chromosomes and comprising mostly
small acrocentric chromosomes in species within the Pachycondyla stricto sensu group resulted from a succession of centric fission
events. On the other hand, karyotypes with a small chromosome number comprising mostly metacentric chromosomes are also
interpreted as little derived and tend to undergo centric fission. The karyotypes of the group Neoponera are more heterogeneous
and probably undergo successive cycles of rearrangements tending to increase the chromosome number by centric fission. The
apicalis and verenae complexes form two probable sister groups that evolved independently due to centric fissions (verenae)
and pericentric inversions (apicalis). Our results reveal the karyotype diversity in the genus and reinforce the hypothesis on the
paraphyly of Pachycondyla.

1. Introduction taxa currently included in this group [3, 4] were distributed
within the genera Neoponera, Mesoponera, Pachycondyla,
Termitopone, and Trachymesopus in his catalogue. This
classification was maintained until Bolton [2] proposed a
synonymization based on arguments already discussed by
Brown [6]. According to Schmidt’s conclusions [7], and
recently commented by Ward [8] who called it the “Pachy-
condyla problem,” the group of ants currently denominated

“genus Pachycondyla” is paraphyletic. Taking into account

Among the Ponerinae, the genus Pachycondyla (Ponerinae,
Ponerini) is one of the most ancient known genera of ants
and still extant. A fossil species, Pachycondyla rebekkae Rust
and Andersen, was found in calcareous rocks from the
early Tertiary (+ 55 million years) in formations in north-
west Denmark [1]. The current distribution of this genus
(Pachycondyla sensu Brown, in Bolton, [2]) is pantropical

with 197 valid species [3, 4]. A recent review of the New
World species of Pachycondyla reports 92 species alone in the
Neotropics and characterizes 18 complexes of species based
on morphological characters [4].

According to Kempf [5], Pachycondyla comprised only 10
species in the Neotropical region, whereas other Neotropical

only the Neotropical taxa, this taxon would comprise six
species groups (according to Schmidt’s classification) not
necessarily related.

Cytogenetic studies on insects not only can significantly
contribute to the understanding of morphological charac-
teristics but also can shed some light on taxonomic and



evolutionary aspects, as, for instance, on groups of species
in sympatry [9] competing for the same resources or cryptic
species complexes [10, 11]. In the order Hymenoptera,
cytotaxonomy has been used by Baldanza et al. [12],
Hoshiba and Imai [13], Gokhman [14], and Gokhman
and Kuznetsova [15] as a character for taxonomic and
evolutionary studies. The determination of a karyotype and
the occasional observation of the occurrence of chromosome
rearrangements are especially important to make inferences
regarding evolutionary or speciation processes. Since gene
expression is regulated at least partially by the location of
neighboring genes, chromosome alterations can result in
phenotype alterations [16] and drive speciation processes.
Thus, the understanding of karyotype evolution is valuable
for evolutionary, phylogenetic, and taxonomic studies [17,
18] and can be used as a tool to evaluate species diversity.

Regarding Formicidae, Lorite and Palomeque [19] report
more than 750 morphospecies with known chromosome
number, which is still a relatively small number considering
the diversity of this family estimated to be about 21.000
species [20]. In the Ponerinae, cytogenetic studies have
been published for 95 morphospecies in 12 genera with
chromosome numbers ranging between 2n = 8 and 2n =
120 [19], which is a considerable variation when compared
to the remaining ant families, except for Myrmeciinae. It is
noteworthy that karyotype variation among populations of
the same species is frequent in the genera Myrmecia [21] and
Pachycondyla [22-25]. Among the Ponerinae, Pachycondyla
has been the most studied genus (40 morphospecies) and
also the one with the highest variation in chromosome
number 2n = 12 - 104 [19]. Several hypotheses have been
tested to understand karyotype evolution in ants including
the fusion, fission, and modal hypotheses summarized by
Imai et al. ([26], see also [19, 27]). In 1988, Imai and collabo-
rators proposed the Minimum Interaction Theory that states
that the chromosome interactions in the interphasic nucleus
are responsible for changes in the karyotypes [28, 29]. The
same research group [21, 27] developed the karyographic
method as a tool that allows to visually explain karyotype
evolutionary processes based on metaphase rearrangements.
Although this method has not been much used [18, 21, 30—
32], it is the only way to compare a large set of karyotype data
and make inferences about the studied groups, except for
comparative studies using molecular cytogenetic techniques
(33, 34].

According to Lorite and Palomeque [19], the chromo-
some groups reported in Formicidae suggest the occurrence
of different patterns of karyotype evolution in different
taxonomic groups. Aiming at contributing to the knowledge
of Neotropical poneromorphs, our research group has been
developing interdisciplinary studies on different species of
the subfamily Ponerinae. In this study, we investigated a
series of Neotropical taxa within the genus Pachycondyla
sensu Brown (Table 1) whose monophyly has been ques-
tioned by some authors [7, 23]. We also discussed hypotheses
regarding the evolution of lineages that comprise this taxon,
which is so important for the conservation of forest biomes
in the Neotropical region [4].

Psyche

2. Material and Methods

Colonies of Pachycondyla spp. were collected in 13 localities
(Table 2) in several states in Brazil and in French Guyana in
areas of the Atlantic rainforest, cocoa plantations, Caatinga,
and the Amazonian rainforest between 2000 and 2010. In
order to make comparisons feasible, we used original and
published information as shown in Table 2.

Species identification was carried out following the
review by MacKay and MacKay [4] and the species complexes
proposed by them. However, aiming at comparing the
studied taxa, we also refer to the previous classification by
Kempf [5], to the synonymization of different genera of
Ponerinae under Pachycondyla by Brown in Bolton [2] and
to a recent generic reclassification proposed by Schmidt [7]
but still not fully formalized (Table 1).

Mitotic metaphases were obtained from cerebral ganglia
and male gonads treated with 0.005% colchicine for 20-40
minutes and the chromosomes were stained with Giemsa 2%
according to Imai et al. [29]. The images were captured using
Image-Pro Discovery version 4.5 software under a clear field
microscope. Metaphases of some the taxa studied were used
to exemplify chromosome patterns.

Our analyses were based on chromosome number and
morphology. Unpublished information or available in lite-
rature [19, 35-37, Mariano et al., unpublished information]
on chromosome number and their structure in the Ponerinae
subfamily and for Pachycondyla sensu Brown is used for com-
parison. Chromosomes were classified according to Imai’s
terminology [38]. The karyotypes studied were grouped
and compared mainly based on Schmidt’s classification [7].
Inferences on karyotype evolution in groups within Pachy-
condyla sensu Brown were carried out based on karyographs
following Imai and Crozier [27] and Imai et al. [21]. Such
an analysis allows for the discussion of the direction of
karyotype evolution at the taxonomic group level (Figures
1and6).

3. Results

A graphic comparison of the karyotype diversity among
Neotropical species of Ponerinae and the taxa within the
genus Pachycondyla sensu Brown is shown in a histogram
(Figure 2). Species within the genus Pachycondyla sensu
Brown and the Neotropical species in the same genus were
discriminated from the remaining genera belonging to the
subfamily Ponerinae. We found an ample chromosome
variation, which had already been observed in Ponerinae,
showing the extreme karyotype heterogeneity within this
subfamily, especially when compared with the remain-
ing subfamilies of Formicidae, except for the Australian
Myrmeciinae [19].

The Neotropical taxa within the genus Pachycondyla
sensu Brown studied and their respective classification
according to Kempf [5], Bolton [2], Schmidt [7], and
MacKay and MacKay [4] are listed in Table 1. Our results
comprise four groups similar to Schmidt’s proposal [7], and
among these groups, Neoponera was the largest in this study
and also the group with the most variable chromosome
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TaBLE 1: List of species considered here, generic classification according to Kempf, 1972 [5]; Brown [6] in Bolton, 1995 [2]; Schmidt’s (2009)
proposition for genera names; Pachycondyla species complex according to MacKay and MacKay’s [4] and taxonomic unit names used in this
study and based on ecological, cytogenetic, and morphological evidences.

Genus

Genera according to MacKay and Name of the
. according to & Schmidt’s (2009) genera MacKay’s [4] . .
Pachycondyla species Kempf. 1972 Brown in name proposition Pachveondvia taxonomic unit
PL Bolton, 1995 prop A % y used in this study
[5] 2] species complex
ff;ilr); Ci(l)lzd}l/lgouzl)j icalis Neoponera Pachycondyla Neoponera apicalis Neoponera-apicalis
Pachycondyla arhuaca )
(Forel, 1901) Mesoponera Pachycondyla  Pachycondyla (Incertae Sedis) arhuaca —
Pachycondyla carinulata
(Roger, 1861) Neoponera Pachycondyla Neoponera crenata Neoponera-crenata
Pachycondyla concava . .
(Mackay and Mackay, 2010) — Pachycondyla — emiliae Neoponera-emiliae
1(3{\1/[6:;/ rcoln 862/3 constricta Mesoponera Pachycondyla Mayaponera constricta —
Pachycondyla crassinoda .
(Latreille, 1802) Pachycondyla Pachycondyla Pachycondyla crassinoda Pachycondyla
1(31? CS}?r/lcl‘t)}? d{ éc;g;enam Neoponera Pachycondyla Neoponera crenata Neoponera-crenata
Pachycondyla curvinodis . .
(Forel, 1899) Neoponera Pachycondyla Neoponera foetida Neoponera-foetida
fﬁgﬁ/g;ﬂfgé%agilbertz Trachymesopus — Pachycondyla Pseudoponera stigma Pseudoponera
ll’gi};))/condy la goeldii (Forel, Neoponera Pachycondyla Neoponera crenata Neoponera-crenata
1(31?:1}3 ICCOIZCSIJ/ llafi(;)lzgp = Pachycondyla ~ Pachycondyla Pachycondyla crassinoda Pachycondyla
ff{lf)}g; cror;c;)élla )zmp ressa Pachycondyla ~ Pachycondyla Pachycondyla crassinoda Pachycondyla
1(31? CShr)rll ii}’: d{ ét;lgr)wersa Neoponera Pachycondyla Neoponera foetida Neoponera-foetida
ff{lf)z); crorltg)élla ) marginata Termitopone Pachycondyla Neoponera laevigata Neoponera
fgﬁ?&ceor’;i)ﬁi n;(;t{z ; )otalzs Pachycondyla  Pachycondyla Neoponera emiliae Pachycondyla
IIDZ;P(Z)))/condy la moesta (Mayr, Neoponera Pachycondyla Neoponera crenata Neoponera-crenata
Pachycondyla stigma .
(Fabricius, 1804) Trachymesopus — Pachycondyla Pseudoponera stigma Pseudoponera
fgl;?é};condy la striata (Smith, Pachycondyla Pachycondyla Pachycondyla crassinoda Pachycondyla
Pachycondyla succedanea .
(Roger, 1863) Trachymesopus — Pachycondyla Pseudoponera stigma Pseudoponera
Pachycondyla unidentata
Mayr, 1862 Neoponera Pachycondyla Neoponera crenata Neoponera-crenata
Pachycondyla venusta . .
(Forel, 1912) Neoponera Pachycondyla — emiliae Neoponera-emiliae
1();1521601” 9612}/211)1 verenae Neoponera Pachycondyla Neoponera apicalis Neoponera-verenae
Pachycondyla villosa . .
Neoponera Pachycondyla Neoponera foetida Neoponera-foetida

(Fabricius, 1804)
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TaBLE 2: Chromosome number and karyotypes of 29 Neotropical Pachycondyla populations/species. FG: French Guyana, others: Brazil: BA:
state of Bahia, MG: state of Minas Gerais, SP: state of Sdo Paulo. Referred to as P. gp. venusta in the original publication.

Species 2n Karyotype Locality/coordinates Reference
P. apicalis 2n = 36 28M + 8A Ilhéus-BA; 14 45 S39 13 W [25]
P. apicalis 2n = 40 30M + 10A Belmonte-BA; 16 05 S39 12 W [25]
P. apicalis 2n = 68 48M + 20A Uruguga-BA; 14 34 S39 16 W [25]
P. arhuaca 2n = 36 36A FG: Chutes Voltaire 05 27 N 54 03 W this study
P. concava 2n = 54 6M + 48A Itoror6-BA; 15 7 S40 5 W [35]
P. carinulata 2n =24 4M + 20A Ilhéus-BA; 14 45 S39 13 W [35]
P. constricta 2n = 30 30A Ilhéus-BA; 14 45 S39 13 W [35]
P. crassinoda 2n =62 22M + 40A Ilhéus-BA; 14 45 S39 13 W [14]
P. crenata 2n =26 2M + 24A Vigosa-MG; 20 45 S 45 52 W [23]
P. curvinodis 2n = 26 4AM + 22A Ilhéus-BA; 14 45 S39 13 W [35]
P. curvinodis 2n =28 22M + 6A Una-BA; 15 16 S39 05 W [35]
P. gilberti 2n =12 10M + 2A Arataca-BA; 15 15 S39 24 W this study
P. goeldii 2n = 24 24A FG: Petit Saut; 05 20 N 53 41 W [35]
P. harpax 2n = 96 12M + 84A Ilhéus-BA; 14 45 S39 13 W [24]
P. impressa 2n = 94 8M + 86A Ibicui-BA; 14 53 S40 02 W this study
P. inversa 2n = 30 20M + 10A Ilhéus-BA; 14 45 S39 13 W [35]
P. marginata 2n = 46 28M + 18A Vigosa-MG; 20 45 S 45 52 W [35]
P. moesta 2n =26 26A Vigosa-MG; 20 45 S 45 52 W [23]
P. metanotalis 2n =70 16M + 54A Camaca-BA; 15 23 S39 33 W this study
P. stigma 2n= 12 12M Porto Seguro-BA; 16 23 S39 10 W this study
P, striata 2n = 104 4M +100A Camaca-BA; 15 23 S39 33 W [24]
P. succedanea 2n= 14 14M FG: Chutes Voltaire 05 27 N 54 03 W this study
P. unidentata 2n =12 12M Ilhéus-BA; 14 45 S39 13 W [35]
P. venusta 2n = 48 26M + 22A Vigosa-MG; 20 45 S 45 52 W [35]
P. verenae 2n =42 30M + 12A Ilhéus-BA; 14 45 S39 13 W [25]
P. verenae 2n =62 14M + 48A Ilhéus-BA; 14 45 S39 13 W [25]
P. verenae 2n = 58 - 60 14M + 44A Vigosa-MG; 20 45 S 45 52 W [25]
P. verenae 2n = 64 12M + 52A Rio Claro-SP; 22 23 S47 32 W [25]
P. villosa 2n = 34 12M +22A Ilhéus-BA; 14 45 S39 13 W [35]

number and karyotypes (Table 2). We present information
on taxa within nine of the 18 species complexes defined by
MacKay and MacKay [4] (Table 2). When comparing these
classifications, there is unanimity among the authors solely
on the Pachycondyla stricto sensu group. There is a certain
consensus regarding the group Neoponera according to
Kempf’s catalogue [5] and Schmidt’s proposal [7] (Table 1).
Although Schmidt [7, page 197] has placed Pachycondyla
metanotalis Luederwaldt, 1918 in his clade Neoponera, we
followed Kempf’s classification [5] for the aforementioned
species since Schmidt’s proposal is not backed by any new
data, for the fact that P. metanotalis is a soil-dwelling
species as most species in the clade Pachycondyla 5, 7], for
morphological criteria not detailed herein, and because its
karyotype is much closer to other species in the Pachycondyla
stricto sensu group than to the Neoponera in this study.

A total of 29 populations was studied (Table 2), and
several different populations were sampled for some taxa,
therefore each line in this table represents one of these

such populations as they can have different karyotypes with
distinct characteristics. The chromosomes are classified [38]
according to if they are acrocentric (A) or metacentric (M).
The chromosome complements found are extremely variable
showing from a few metacentric chromosomes (2n = 12)
of large size (Pachycondyla unidentata Mayr, 1862) to a
large number of minute acrocentric chromosomes (2n =
104 in Pachycondyla striata (Smith, 1858) (Table 2) and
confirming the tendency shown in Figure 1: karyotypes
with a few chromosomes have large chromosomes whereas
karyotypes with a large number of chromosomes have small
chromosomes (see examples in Figure 3).

The simple observation of chromosome morphology
reveals great similarity among karyotypes of Pachycondyla
crassinoda (Latreille, 1802), Pachycondyla harpax (Fabricius,
1804), Pachycondyla impressa Roger, 1861, P. metanotalis,
and P. striata (group Pachycondyla sensu stricto) and also
in the karyotypes of Pachycondyla gilberti (Kempf, 1960),
Pachycondyla succedanea (Roger, 1863), and Pachycondyla
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FiGure 1: Karyograph adapted from Imai et al. [21] for ants. Since
the genome is approximately constant for the whole Formicidae
family, a proportional smaller chromosome size corresponds to the
increase in the chromosome number. 2KA border: upper limit to the
number of acrocentric chromosomes in diploid cells; 2KM border:
lower limit to the number of metacentric chromosomes in diploid
cells. C Fis: centric fission, C Fus: centric fusion, P Fis: pericentric
fission, P Fus: pericentric fusion, AM inv: acrocentric-metacentric
inversion, MA inv: metacentric-acrocentric inversion.

stigma (Fabricius, 1804) (group Pseudoponera), which coin-
cidentally also form such groups according to Kempf [40],
Schmidt [7], and MacKay and MacKay [4] (Table 2).

The study of the several clusters of Pachycondyla sensu
Brown using the karyograph method (Figure 4) shows the
clustering of species within the Pachycondyla sensu stricto
group, all with a large number of acrocentric chromosomes,
of species of Pseudoponera, with predominately metacen-
tric chromosomes, and the great variation found in the
karyotypes of species classified within the group Neoponera.
The point distribution suggests that the most frequent
rearrangements in these karyotypes were centric fissions and
pericentric inversions (A-M type), and these rearrangements
favor an increase in the number of chromosomes. Except
for an isolated point on the right close to the 2KM limit
in Figures 4 and 5 (which represents the population of
Pachycondyla apicalis (Latreille, 1802) from Uruguca), the
karyotypes with larger numbers of chromosomes also tend
to have mostly acrocentric chromosomes.

Some species have the same chromosome number
but their morphology can be quite variable as a result
of the aforementioned rearrangements. Six species have
karyotypes that comprise only one morphological type
of chromosome; in three of these species the kary-
otype is comprised of acrocentric chromosomes exclu-
sively, and the other three species have karyotypes with
only metacentric chromosomes (Table 2, Figures 4 and
5). In the karyograph, which shows taxa within the
group Neoponera (11 species, 16 karyotypes, Figure 5),

10 20 30 40 50 60

Frequence
o N AN O N
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12

Haploid number of chromosomes (1)

B Neotropical Pachycondyla
Other Pachycondyla

Other Ponerinae

[m]

FiGUure 2: Distribution and frequency of haploid chromosome
numbers in the Ponerinae subfamily, up to the X-axis: Pachycondyla
spp.; down to the X-axis: other Ponerinae. The bars in lighter
color in the range of “other Ponerinae” represent the known
karyotypes in the Dinoponera genus (ref: as in Table 1 for
Neotropical Pachycondyla spp.; for the others (genera Anochetus,
Centromyrmex, Cryptopone, Diacamma, Dinoponera, Hypoponera,
Leptogenys, Odontomachus, Odontoponera, Platythyrea, Ponera):
[19, 36, 37, 39], Hypoponera spp.: n = 6, 19; Leptogenys spp.:
n = 15, 21; Platythyrea spp.: n = 20, 22; Thaumatomyrmex spp.:
n = 10, 21, 31 [Mariano et al., unpublished information]).

we highlighted the clusters of species within the apicalis,
crenata, emiliae, foetida, and verenae groups.

Finally, we hypothesized the possible pathways of
karyotype evolution in several groups of the Neotropical
Pachycondyla sensu Brown for which we have enough data
(nomenclature according to the last column of Table 1):
Neoponera apicalis, Neoponera crenata, Neoponera foetida,
Neoponera verenae, Pseudoponera and Pachycondyla sensu
stricto. The representation (Figure 6) follows the model
suggested by Imai and Crozier [27] developed for the
interpretation of mammal karyotype evolution and is based
on a hypothesis of karyotype variation essentially driven by
fission.

4. Discussion

We can observe groups associated to the taxonomic position
of species (Table 1) and some coincided with Schmidt’s
proposal [7], which splits Pachycondyla into 13 clades, with
Mayaponera and Neoponera (both endemic), Pseudoponera,
and Pachycondyla for the Neotropical Region.

Contrary to what has been reported for genera such as
Atta, Acromyrmex, and Pheidole, in which the species already
studied have a constant or not so variable karyotype [19],
the karyotype groupings are extremely variable in species
of Pachycondyla as well as in some distinct populations
of the nominal species. Chromosome morphology is also
variable, and it is noteworthy that, in most karyotypes
with large chromosome numbers (n > 11, according to
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Brown. The ellipses circle the more representative species groups
of our sampling according Schmidt [7] (see Table 1); two isolated
points (square, diamond) represent single taxa not incorporated in
a group (P. arhuaca, P. constricta).

the criteria of Imai et al., [41]), the chromosomes are
submetacentric and acrocentric, which allows us to infer that
fission and pericentric inversions (A-M ou M-A) are the
most frequent chromosome rearrangements in the evolution
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Figure 5: Karyograph of the Neotropical Neoponera according
the Schmidt’s proposal. The ellipses circle the more representative
species groups (last column of Table 1); an isolated black circle
represents a single species (P. marginata) not incorporated in a
group.

of these karyotypes. These rearrangements can be either
responsible or coadjuvant in speciation processes, especially
in the complexes of cryptic species sampled in this study
(apicalis, verenae, and foetida groups).



Psyche

120 ~

Diploid chromosome number (21)

0 20 40 60 80 100 120

Diploid arm number (2AN)
FIGURE 6: Possible pathways of karyotype evolution in several
groups of Neotropical Pachycondyla sensu Brown. The Roman
numbers correspond to the more representative species groups
studied here (nomenclature according the last column of Table 1):
I: Neoponera-crenata; 11: Pseudoponera; I1I: Neoponera-foetida; IV:
Neoponera-apicalis; V: Neoponera-verenae; VI: Pachycondyla sensu
stricto. This schematic representation follows the suggested model
of Imai and Crozier [27] for karyotypical evolution in mammals
and is based on a hypothesis of a karyotype variation essentially
driven by fission.

According to MacKay and MacKay [4], even though
Pachycondyla sensu Brown is morphologically heteroge-
neous, the morphological characters were not consistent
enough to justify splitting the group into distinct genera.
However, similarly to Schmidt’s [7], our results question the
monophyly of Pachycondyla in its current acceptation. Thus,
our results suggest the cooccurrence of multiple genera once
there are totally independent patterns of karyotype evolution
that strongly converge with Schmidt’s conclusions [7]. We
found groups with distinct patterns of karyotype evolution
thus organized.

(a) Karyotypes with a large number of chromosomes and
comprising mostly small acrocentric chromosomes
in species within the Pachycondyla stricto sensu group
(P. crassinoda, P. harpax, P. impressa, P, metanotalis,
and P striata) which most likely resulted from a
succession of centric fission events (Figures 3(a),
6). These karyotypes follow the same pattern of
those found in the three species of Dinoponera with
available cytogenetic information [42], which is the
sister genus of the clade Pachycondyla according to
Schmidt [7].

(b) Karyotypes with a small chromosome number (n
11 according to criteria in Imai et al. [41]) and com-
prising mostly metacentric chromosomes correspond
to the pattern found in species within the group
Pseudoponera (P. cauta, P. gilbertii, and P. stigma) and

can be interpreted as little derived karyotype patterns
which tend to undergo centric fission (Figure 3(b)).

(c) The karyotypes of Neoponera exemplify the karyo-
type evolution according to the model proposed by
Imai et al. [21]: the karyotypes undergo successive
cycles of rearrangements tending to increase the
chromosome number by centric fission. The species
included in Neoponera are considered the most
diverse morphologically and behaviorally among the
ponerine [7] and this diversity translates into the
variety of karyotypes (Figure 3(c)).

(d) The case of populations within the taxa P. apicalis and
P. verenae studied herein exemplifies an interesting
evolutionary model based on biogeography. The two
forms coexist along their range, which comprises
practically only tropical and subtropical terrestrial
environments in the Neotropical Region [25, 43]. A
more refined analysis of the morphological criteria
suggests that each nominal taxon is a complex of
cryptic species of allopatric distribution [25], which
is corroborated by the cytogenetic study: the apicalis
and verenae complexes form two probable sister
groups that probably evolved independently due
mainly to centric fissions (verenae) and pericentric
inversions (apicalis) (Figures 5 and 6).

All these examples adequately illustrate the karyotype
heterogeneity in Pachycondyla and reinforce the argument of
the cooccurrence of several genera, at least in the Neotropical
region. The cytogenetic studies indicate groupings that do
not seem to have recent ancestry and also strongly suggest the
paraphyly of the “Pachycondyla problem,” according to Ward
[8], as each group follows a distinct evolutionary pattern
(Figure 4).

Some of these patterns are not exclusive of the species
represented herein; they have been reported in known
ant karyotypes such as in species of the Australian genus
Myrmecia [21] and corroborate the occurrence of different
evolutionary patterns in insects.

The diversity of karyotypes found in the known species of
Pachycondyla in the Neotropics is supported by the antiquity
of this group of ants and reinforces a tendency observed in
karyotypes of Formicidae: the increase and diversification of
chromosome number and morphology in a basal subfamily
such as Ponerinae contrasting with the low variation and
relative stability in some genera of more derived subfamilies
such as Dolichoderinae, Formicinae, and Myrmicinae [22,
44]. A similar phenomenon was observed in the Australian
Myrmeciinae [21, 26], but the idea formerly well accepted
that these ants are basal and ancestral is no longer supported
by recent molecular phylogenies [45]. This situation leads
to the very intriguing question of what is shared by the
Myrmeciinae and Ponerinae to be so variable with respect
to their karyotypes whereas karyotypes seem to be rather
uniform in related subfamilies?

Among the ants, it is noteworthy the occurrence of
cryptic species complexes and sibling species: morphologi-
cally indistinguishable species recently diverged (sibling-
species) or that maintain strongly convergent characters



(cryptic species), and not separable using the traditional
methods of identification [10, 11], in which characters such
as behavior, chemical signature, and karyotype composition
act as mechanisms of reproductive isolation (in Neotropical
Pachycondyla, see, for instance, Lucas et al. [46]). Such a
phenomenon has been reported for ants and many other
organisms, and there are likely to be different speciation
processes as there are multiple species concepts [47]. Thus,
the use of different criteria for the description of species
(alpha level taxonomy) is justified, and these criteria have
been tested using the integrated taxonomy approach, which
consists of using complementary areas such as molecular
genetics, ecology, behavior, cytogenetics, and chemistry
among others [48]. This approach strengthens the necessity
of interdisciplinary studies and emphasizes the importance
of multiple tools for taxonomic studies, a consensus among
several authors [48, 49]. Therefore, besides confirming
the wvalidity of a species recognized by other methods,
cytogenetics can contribute to the study of the origin and
definition of species limits, as well as to the understanding of
the evolution of organisms [49]. We hope our study will shed
some light on the classification of the genus Pachycondyla,
which still needs further disentangling.
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Some ant species are highly abundant in cities, may form huge unicolonial populations with thousands of individuals able to
displace native fauna, and impoverish ecological relationships in urban environments. In this work, we study the ant community in
two neighborhoods with different urban profiles, one recently populated and another from the 1900s in the city of Sao Paulo, Brazil.
Two hundred and ninety houses were sampled with baits for ant collections. Results show that the recent urbanized neighborhood
with greater disturbance favors opportunistic and dominant species to colonize it, like Tapinoma melanocephalum. We also made a
temporal analysis in the ancient neighborhood, collecting ants after ten years from a first survey. T. melanocephalum has a broader
range than ten years ago, displaced other ant species, but confronts with Pheidole megacephala that was not found in the recent

urbanized neighborhood.

1. Introduction

Some ant species promote severe problems in Brazil, espe-
cially exotic ones with invading status, which were acci-
dentally introduced in the country and may be found
with huge populations, displacing native ant fauna, other
arthropod species, and even vertebrates [1]. Among the most
common invading species found in Brazilian cities, Pheidole
megacephala (Fabricius, 1783), Tapinoma melanocephalum
(Fabricius, 1793), Nylanderia fulva (Mayr, 1862), and Para-
trechina longicornis (Latreille, 1802) [2-5] are highlighted.
Around the world, recordings on P. megacephala point
this species as one of the most dominant and aggressive
tramp ant species. In 1908, the big-headed ant invaded
a Caribbean island, and surveys show that this is the
only ant species found in that environment [6]. The same
data were found in two, from five islands surveyed in
Florida [7]. In Australia, P. megacephala displaced dominant

Dolichoderinae species, Camponotini, and other Pheidole
species in forested areas [8]. The big-headed ant biomass
in areas where it dominates is 18 times greater than the
native ant species biomass where it does not occur [9]. In a
study conducted in urban areas from the Brazilian Cerrado,
P. megacephala predominated in areas with low conservation
efforts [5].

Tapinoma melanocephalum originated from the Indo-
Pacific region is one of the ant species with broader dis-
tribution [10]. As in other parts of the world, it was the
most abundant species in a neighborhood in the city of Sao
Paulo [3], in a hospital in the Central-Eastern Brazil [11], in
residences in Ilhéus [2], Uberlandia [4], and Mogi das Cruzes
[12].

But not only are these common worldwide tramp ants
found in Brazilian cities. Others, native or exotic, are also
household invaders. Brachymyrmex sp., Solenopsis saevissima
(F. Smith, 1855), S. invicta Buren, 1972, Monomorium spp.,



Crematogaster sp., Cyphomyrmex sp., Cardiocondyla sp.,
Linepithema humile (Mayr, 1868), Dorymyrmex sp., Cam-
ponotus spp., and Pachycondyla sp. [2, 3, 13, 14].

Studies have focused on the biology of invading species
and found out that they share some common characteristics
like multiple queens, polidomic nests with a huge coopera-
tion net among the nests, without any aggressive behavior
[15], and also their clear association with disturbed envi-
ronments [16]. On the other hand, one might understand
which are the patterns and characteristics in the urban
environment to shelter invading ant species and use this
knowledge to promote satisfactory management and control.
In this way, Clarke et al. [17] examined soil characteristics
and type of vegetation in urban parks in San Francisco,
USA, and concluded that soil moisture positively affects ant
species richness, and percent of natural area that is forested
was negatively related. Forys and Allen [18] established a
positive correlation between exotic and native ant species in
Florida. The authors stated that the same biotic and abiotic
characteristics may favor both species. But they highlighted
that an increase on urban sprawl leads to an increase on the
number of exotic ant species, once they are known to displace
native ant fauna.

In New York, a study revealed that besides introduced
species that are usually favored by disturbance, this process
must be much more complex than it is known [19]. In
this survey, Tetramorium caespitum (L.), a generalist exotic
species that nests in cracks on sidewalks, was the most
collected ant, but in most streets, it occurred with other ant
species, exotic or native to the USA. This same ant species
was also collected in a survey conducted in the surroundings
of Montreal close to a forested area [20].

For this purpose, two neighborhoods were surveyed, and
ant presence was associated to recent or ancient urbanization
and other abiotic factors furnished by man.

2. Material and Methods

2.1. Surveyed Neighborhoods. Ant collections were made in
households in two neighborhoods in the city of Sao Paulo:
Vila Mariana and Itaquera.

Itaquera is located in the Eastern side of the city of
Sao Paulo 20 Km apart from downtown. Its 55.32 km? have
low- and medium-density residential areas, few apartment
buildings, an environmental protection area with a rainforest
remaining with 867.60 hectares, and an industrial and an
agriculture area. Besides the first residences date from the
1900s, the urbanization process initiated 35 years ago and is
still growing.

Vila Mariana is 26.87 km?, 5Km from downtown, with
median- and high-density residential blocks, with many
apartment buildings and commercial areas. There are no
industrial, agricultural, or environmental protection areas.
Urbanization process started in the 1900s, and most houses
are from the 1950s. Today, some houses are being substituted
by modern apartment buildings, but still ancient houses are
found, and most of them are well preserved.

Ant collections were performed in Vila Mariana in two
periods: from December 1998 to October 1999 and ten years
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later, from December 2009 to January 2011. In Itaquera,
collections were made from December 2009 to January 2011.

Two hundred and ninety houses were sampled: 132 in
Vila Mariana in the period 1998/1999, 79 in Vila Mariana
(2009-2011), and 79 in Itaquera (2009-2011).

Households were randomly chosen. We could repeat the
ant collection in the same 25 houses in Vila Mariana in 2009-
2011 after 10 years. The other 54 houses were surveyed for the
first time in the recent years. Baits based on dehydrated liver,
pineapple cake, and honey were set in 7 cm length straws
which were placed in the houses, 15 baits in each house
and three in each room: living room, bedroom, kitchen,
bathroom, and outdoors (peridomiciliar area). In addition,
manual collections were also performed using brushes and
a bottle-type vacuum. The baits were left for 24 hours, and
collected ants were taken to the laboratory for identification
and counting. In addition to the collections, it was also filled
in a form with data relating to the environment as house
conservation, cleanness, number of children, and presence of
pets.

2.2. Statistical Analysis. We used descriptive statistics with
graphics and tables. Categorical and numerical variables for
neighborhood characterization were obtained from a form
filled in for each ant collection (Table 1). We computed
percentage values for categorical analysis (number of floors
and children, pet and garden presence) and the mean
number for numerical variables (number of rooms per
house, number of residents and house age).

Association analysis was calculated for the five most
collected ant species in the three samples. For that purpose,
the Pearson’s chi-square test was used or the Fisher’s exact
test (for expected values less than 5).

For numerical variables, the Mann-Whitney test was used
to compare two categories, and the Kruskal-Wallis Test was
used to compare three or more categories due to the absence
of normal distribution from the variables [21]. The level of
5% of significance was used (P < 0.05). The SAS system for
Windows (statistical analysis system), version 8.02, was used
for statistical analysis [22].

Relative frequency was calculated to analyze the most
frequent ant species indoors and outdoors in each neighbor-
hood, in each period of collection.

Shannon diversity index, equitability index, and Simp-
son’s Index were calculated with the BioDap software [23] in
order to record ant community in the neighborhoods.

3. Results

3.1. Ant Community. It was collected 7.249 ant specimens
in the 132 collections in Vila Mariana in 1998/1999, 6.477
specimens in the 79 collections in Vila Mariana in 2009—
2011, and 12.054 specimens in the 79 collections in Itaquera
in 2009-2011 (Table 2).

In Itaquera, 33 ant species were found, most native to
Brazil, but 4 were exotic ones. In Vila Mariana, we collected
23 ant species in 1998/1999, 3 were exotic, and from 2009-
2011 we collected 25 ant species and 4 were exotic.
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TaBLE 1: Data from surveyed households in Vila Mariana and Itaquera neighborhoods in the city of Sao Paulo, Brazil.

Control number
Address
Contact

() Itaquera

Number of rooms () Number of residents ()

House age:
Conservation condition () Very good

Cleanness condition () Very good

() Good
() Good

() Vila Mariana Date: / /

() Single-story house () Two-story house

Children: () Yes () No
Garden: () Yes () No
Pets: () Yes () No
() Bad () Very bad
() Bad () Very bad

Tapinoma melanocephalum was the most abundant
species in the three collections (VM 1998/1999, VM 2009—
2011, and ITA 2009-2011).

In Vila Mariana, ten years later, it was found an increase
on T. melanocephalum frequency and a decrease on the other
ant species frequency as N. fulva, Brachymyrmex sp. 1, and
Solenopsis sp., which are all native to Brazil. L. humile, also
native to Brazil and found in 1998/1999, was not found in the
surveys from 2009 to 2011. This is a species that could have
had success in dominating the neighborhood. But the exotic
big-headed ant, P. megacephala, expanded its foraging range
ten years later. Besides its high frequency in Vila Mariana, P.
megacephala was not found in Itaquera.

Ten years ago, N. fulva was the most frequent species,
present in more than 40% of the sampled houses in Vila
Mariana. Its occurrences were even indoors and outdoors.
In 1998/1999, P. longicornis was also found outdoors with
N. fulva. Our last survey from 2009 to 2011 showed that
P. longicornis’ frequency increased almost 3 times (Table 2),
but its occurrence was limited to the peridomiciliar area. As
N. fulva, P. longicornis is also an invasive ant species and
can be displacing the native N. fulva. But the association
analysis of N. fulva was negative with T. melanocephalum and
P. megacephala (Figure 1) in the survey from 1998 to 1999.
Thus, N. fulva may not succeed in colonizing Vila Mariana all
these years, once it competed with three other invasive ants.
As we calculated the association only among the five most
frequent species, P. longicornis did not enter in 1998/1999
analysis.

From 2009 to 2011, few associations could be estab-
lished among the ant species, but P. longicornis frequency
increased and showed negative association with P. mega-
cephala (Figure 2).

T. melanocephalum was mainly collected indoors (living
rooms, bedrooms, kitchens, and bathrooms). When we
compared samples from T. melanocephalum in 1998/1999
and ten years later, its relative frequency increased from
18% to 53% inside houses. P. megacephala indoor frequency
was the same ten years later, but it expanded its foraging
areas outdoors from 2009 to 2011. Brachymyrmex sp. 1 and
Solenopsis sp. frequencies decreased in the outdoors in the
last samples (Figure 3).

We analyzed the same 25 houses surveyed in 1998/1999
and 2009-2011, and data do not show significant differences
from the 79 surveyed houses analyzed together (Figure 4).

Solenopsis sp. ————o1 Brachymyrmex sp. 1

Tapinoma melanocephalut) e—  Nylanderia fulva

VM 1998/1999

Pheidole megacephala

———————— Association +

—— ASSOCiation —

Ficure 1: Community structure of house-infesting ants in Vila
Mariana, Sao Paulo, from 1998 to 1999.

Paratrechina longicornis Solenopsis sp.
————— Association +

Association —

Pheidole megacephala  Tapinoma melanocephalum

VM 2009/2011

Ficure 2: Community structure of house-infesting ants in Vila
Mariana, Sao Paulo, from 2009 to 2011.

T. melanocephalum and P. megacephala are the most frequent
species, and N. fulva decreased its frequency in ten years
(Figure 4).

The number of ant species per house varied from 1 to 10
(Figure 5). The number of houses with only one ant species
increased in the survey from 2009 to 2011 in Vila Mariana,
due to T. melanocephalum increase.

In the opposite, Itaquera shows more houses with more
ant species, compared to Vila Mariana.

The diversity indexes revealed that Vila Mariana has a
more diverse and balanced ant community compared to
Itaquera. The temporal analysis showed a decrease in the ant
diversity in Vila Mariana (Table 3).
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TABLE 2: Ant species richness and relative frequency in Vila Mariana (VM 1998/1999 and VM 2009-2011) and Itaquera (ITA 2009-2011),
in the city of Sao Paulo, Brazil.

Taxon Relative frequency (%) Relative frequency (%) Relative frequency (%)
VM 1998/1999 VM 2009-2011 ITA 2009-2011

Acromyrmex sp. 1 — — 3.80
Brachymyrmex sp. 1 36.36 17.72 8.86
Brachymyrmex sp. 2 — 6.33 —
Brachymyrmex sp. 3 — 1.27 —
Camponotus (Tanaemyrmex) sp. 1 6.82 1.27 1.27
Camponotus crassus (Mayr, 1862) — 1.27 7.59
Camponotus rufipes (Fabricius, 1775) — — 6.33
Camponotus sp. 1 1.52 — —
Camponotus sp. 2 — 2.53 —
Cardiocondyla sp. 1 15.15 — 1.27
Crematogaster sp. 1.52 — 1.27
Cyphomyrmex sp. 1 0.76 1.27 3.80
Dorymyrmex sp. 1 0.76 — 3.80
Ectatomma sp. 1 — 1.27 5.06
Nesomyrmex sp. 1 5.30 2.53 16.46
Linepithema humile (Mayr, 1868) 10.61 — —
Linepithema sp. 1 — — 3.80
Linepithema sp. 2 — — 1,27
Monomorium floricola Jerdon, 1851 — 6.33 5.06
Monomorium pharaonis (Linnaeus, 1758) — — 2,53
Monomorium sp. 6.06 — —
Nylanderia fulva (Mayr, 1862) 40.15 5.06 17.72
Octostruma sp. 1 — — 1.27
Pachycondyla sp. 1 0.76 2.53 3.80
Pachycondyla sp. 2 — — 1.27
Paratrechina longicornis (Latreille, 1802) 6.06 17.72 22.78
Pheidole dimidiata Emery, 1894 7.58 2.53 1.27
Pheidole fallax Mayr, 1870 3.79 — 1,27
Pheidole megacephala (Fabricius, 1783) 24.24 37.97 —
Pheidole risii Forel, 1892 0.76 1.27 1.27
Pheidole sp. 1 — 7,59 2,53
Pheidole sp. 2 — — 1.27
Pheidole sp. 3 — — 3.80
Pheidole sp. 4 — 7.59 2.53
Pheidole sp. 5 — — 1.27
Pheidole sp. 6 0.76 1.27 —
Pheidole sp. 7 0.76 — —
Pheidole nubila Emery, 1906 0.76 — 6.33
Hypoponera sp. 1 — 1.27 —
Pseudomyrmex termitarius (Smith, 1855) — 1.27 1.27
Solenopsis sp. 23.48 7.59 25.32
Solenopsis (Diplorhoptrum) sp. 1 12.12 3.80 2.53
Tapinoma melanocephalum (Fabricius, 1793) 19.70 56.96 79.75

Wasmannia auropunctata (Roger, 1863) — 3.80 —
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2009/2011), in the city of Sao Paulo.
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FIGURE 4: Relative frequency of ant species collected in the same
25 houses in 1998/1999 and 2009-2011, in Vila Mariana (VM), Sao
Paulo, Brazil.

3.2. Neighborhood Profiles. Itaquera is a neighborhood with
small- and single-story houses, recently constructed, with
more children and few areas of gardens and backyards. The
worst conserved and with less cleanness houses were found
there. In Vila Mariana, houses are bigger, more ancient than
in Itaquera, with a large number of two-story houses, and
with more gardens and backyards (Table 4).

3.3. Comparative Analysis between Ant Samples and Envi-
ronment Characteristics. The Mann-Whitney and Kruskal-
Wallis tests showed that more ant species were found in

45 1

Infested houses (%)

0 1 2 3 4 5 6 7 8 9 10
Number of species

VM 1998/1999
—=— VM 2009/2011

—— ITA 2009/2011

FIGUure 5: Number of ant species collected per house in Vila Mari-
ana (VM), 1998/1999 and 2009-2011, and Itaquera (ITA) in the city
of Sao Paulo, Brazil.

TaBLE 3: Species richness, Shannon-Wiener diversity index (H'),
equitability (E), and Simpson’s diversity index (D) in Vila Mariana
and Itaquera, in the city of Sao Paulo.

Vila Mariana  Vila Mariana Itaquera

(1998/1999) (2009-2011) (2009-2011)
Species richness 24 25 33
H’ 1.87 1.42 0.96
E 0.60 0.44 0.27
D 0.207 0.381 0.648

TaBLE 4: Characteristics of houses sampled in Vila Mariana and
Itaquera, in the city of Sao Paulo, Brazil.

Vila Mariana Vila Mariana  Itaquera

Characteristic

(1998/1999)  (2009-2011) (2009-2011)
One-story houses (%) 11.4 15.2 74.7
Two-story houses (%) 88.6 84.8 25.3
Mean number of o4 8.1 48
rooms per house
Mean of residents per 3.4 3.4 3.7
house
Houses with children 20.8 l6.4 435
(%)
Mean house age 44.8 49.9 25.1
(years)
Houses with gardens 85.6 721 341
(%)
Houses with pets (%) 47.3 50.6 60.7

single-story houses (P = 0.007), mainly in their outdoors,
and in both neighborhoods, in both periods of collections. T.
melanocephalum was more frequent in houses with children
(P = 0.001). On the other hand, P. megacephala was more



frequent in houses without children (P = 0.007). Yet,
according to the Mann-Whitney test, the highest frequencies
of ant specimens outdoors (P < 0.001), as the number of
ant species (P = 0.002), are higher in external areas in
houses with gardens and backyards. P. megacephala is mainly
found in houses with gardens and backyards (P < 0.001).
Houses without pets showed the highest species richness
even indoors (P = 0.042), and outdoors (P = 0.016), the
worst conserved houses showed species richness (P = 0.042)
and pour cleanness houses showed higher ant abundance
(P =0.047).

4. Discussion

Tapinoma melanocephalum was the most common species
in Vila Mariana in both studied periods and in Itaquera.
Other surveys in urban areas also pointed to this same
species [4, 14, 24] as one of the most common ants in urban
environments. T. melanocephalum is distributed throughout
the world [10] and recruits a huge number of workers when a
food resource is found [13], explaining its high abundance in
our samples. As in Sao Paulo, in a survey conducted in New
York in 2010, an exotic species was the most collected [19].

After ten years, it expanded its range in Vila Mariana
as did P. megacephala and P. longicornis, contributing to
the displacement of N. fulva, Brachymyrmex sp. 1, and
Solenopsis sp. populations. P. megacephala is an aggressive
and dominant ant species known to displace native ant fauna
where it is introduced [7-9]. P. longicornis was pointed by
Forys and Allen [18] as the most common ant species in the
region of Lower Florida Keys, and it was positively associated
with the increase of urban development.

In a survey conducted in 1994 in a banana crop in
southeastern Brazil, Fowler et al. [25] reported negative
association between T. melanocephalum and P. longicornis.
From 80 surveyed banana farms, 31 showed P. longicornis
and 18 had T. melanocephalum presence, and in none of
them both species were collected together. In our study,
P. longicornis association was not analyzed with other ant
species in Vila Mariana in 1998/1999 once its frequency
and abundance were too low. But frequency data compared
in both collected periods in Vila Mariana showed that this
species is expanding its range. When association analysis
was calculated to the most recent ant collections in Vila
Mariana, P. longicornis only showed negative association with
P. megacephala. This is explained by the fact that P. longicornis
was not collected inside households, only outdoors where we
also found P. megacephala. As T. melanocephalum occurrence
is more frequent indoors than outdoors, they did not
establish any ecological association.

In the central-eastern Brazil, surveys showed P. mega-
cephala in ancient neighborhoods, with intense commercial
activities and without expressive green areas [4], environ-
ments similar to Vila Mariana. Pacheco and Vasconcelos
[5] also found this species in commercial areas and poorly
preserved. In fact, commercial areas were also reported
in a survey conducted by Menke et al. [26] with several
invading ant species, as we have found in Vila Mariana.
Therefore, it cannot be affirmed that this species prefers such
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urban environments. The establishment and dominance of
invading species are related to several biotic and abiotic
factors that must be better studied.

For T. melanocephalum to establish its nests, cleanness
and resident habitats seem not to be relevant, but they can be
decisive to their high frequency and abundance. In Itaquera,
around 43% of the total sampled houses showed regular or
very bad cleanness, and almost 25% were poorly preserved.
Such conditions favor food offering and shelter [27] in order
to promote suitable conditions for ant colonies development.
Therefore, the best condition observed in Itaquera to be a
good environment for T. melanocephalum was the absence
of other ant species, as dominant as the ghost ant is, like P
megacephala.

Children presence may favor T. melanocephalum estab-
lishment, once data were similar in Vila Mariana after
one decade and when the neighborhoods were separately
analyzed. Children may offer more food on several rooms of
the house favoring this opportunistic ant species.

A decrease on the ant diversity in Vila Mariana after 10
years was found when we calculated the Shannon-Wiever
diversity index, but even though it is higher than in Itaquera.
The low ant diversity in Itaquera must be attributed to T.
melanocephalum abundance. Simpson’s index corroborates
this statement, once its value was higher in Itaquera, pointing
to the dominance of one ant species.

An interesting data showed by the comparative analysis
using the Mann-Whitney test between the collections from
2009 to 2011 in the two different neighborhoods is that
T. melanocephalum was found in the peridomiciliar area in
Itaquera and Vila Mariana equally. Peridomiciliar in these
neighborhoods was different, with more gardens and back-
yards in Vila Mariana. But T. melanocephalum occurrence
outdoors was lower than indoors, in both neighborhoods,
probably due to the competition with other ant species and
to abiotic factors such as temperature and moisture. In a
survey conducted in 2009 by Wetterer [10], he reports that
the ghost ant is restricted to indoors once the species can
live wherever man is. He also emphasizes that it is found
in tropical and subtropical zones in latitudes higher than
30°. MacGown and Hill [28] confirm this statement and
comment that, besides, it is found in the United States and
in some states in Canada; the occurrences are in greenhouses
and other warm places, strengthening that temperature
influences its distribution, but it can be solved when occupies
human dwellings with controlled temperature. In our work,
T. melanocephalum was found mainly in the indoors even
though there were differences among houses and human
habits in both neighborhoods. Menke et al. [26] also
highlight the role of cities as a refuge for generalist species
that show more tolerance to dryer and hotter environments.

Differences in the environment outdoors are not sig-
nificant for T. melanocephalum once this is not the most
favorable environment for its establishment.

Itaquera has a recent urbanization process; new house-
holds, streets, and avenues have been continually built as
other landscape transformation caused by such processes,
what may favor opportunistic ant species with flexible
adjustments to such disturbances, like T. melanocephalum.
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Many authors discuss this fact like Tschinkel [16] who sug-
gested that S. invicta whose native environment is seasonally
flooded and is a species that easily adapts to highly disturbed
environments, even in different continents. When native ant
populations were compared with invasive/exotic ant species
in recent and ancient urban areas, the exotic species succeed
in establishing in recent urbanized areas [29], while the
native species remained in the ancient urban areas. Native
and exotic species distribution in a city is still a not very
well-explained question although the preference from exotic
species for disturbed environments is known. Studies suggest
that there is a series of relationships between biotic and
abiotic factors that makes this question so complex [18, 19].

This explains the species richness found in Itaquera
compared to Vila Mariana and the high dominance by
T. melanocephalum in the former neighborhood, a still
unknown ant species but intimately linked to the Sao Paulo
citizens.

Yet, the number of houses with several ant species in
Itaquera is related to the green area that surrounds the
neighborhood and many species that are not common to
urban areas like Acromyrmex sp., C. crassus, C. rufipes, Cyph-
omyrmex sp., Linepithema spp., Octostruma sp., and 9 Phei-
dole species. The bad conservation of houses in Itaquera also
may contribute to the establishment of ants inside and in the
peridomiciliar areas of the houses.
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The aim of this paper is to actualize the taxonomy of Dorymyrmex, by addressing problems at both the genus and the species
levels. We also explore the taxonomy and distribution of Dorymyrmex in Colombia. We list, diagnose, and key nine species in the
country, including three new species: Dorymyrmex amazonicus n. sp. Cuezzo & Guerrero, Dorymyrmex xerophylus n. sp. Cuezzo
& Guerrero, and Dorymyrmex tuberosus n. sp. Cuezzo & Guerrero. We provide a detailed description of these new species based
on the worker caste and, where possible, other castes. All localities where Dorymyrmex was collected or cited in the literature were

mapped to provide a graphical view of its range.

1. Introduction

Dorymyrmex Mayr [1] is one of the most diverse and com-
plex genera of the ant subfamily Dolichoderinae from a taxo-
nomical and biogeographical point of view. In a recent study,
Ward et al. [2] provided a detailed phylogeny of Dolichoderi-
nae based on molecular data and proposed an internal
arrangement of this subfamily in four tribes, based in
one unrooted topology: (((Dolichoderini, Leptomyrmecini),
Bothriomyrmecini, Tapinomini)). Dorymyrmex is consid-
ered by these authors as a monophyletic member of Lepto-
myrmecini and sister group of Forelius Emery, 1888 [3].
This genus has a strictly American distribution, inhabit-
ing in the Nearctic and Neotropical regions and containing
more than 90 species, several undescribed. Reasons for
considering as an especially difficult group of ants include
variability within species in color, pilosity, sculpture, and
size. The majority of species are actually poorly defined, often
distinguished only on the basis of color. No broader modern
taxonomic key exists at species level. The most recent

contribution to solve the taxonomic jungle of Dorymyrmex
was Snelling [4], who built on work by Trager [5] to clarify
the taxonomy of the Nearctic species.

Despite being considered by many ant collectors as “road
side weeds”, several species of Dorymyrmex shown a high
degree of endemicity, specialized habitat preferences, and
varied population structure. Some species may serve as
potential agents of biological control of annual crop pests
[5, page 12]. Species of Dorymyrmex nest preferentially in
dry or disturbed habitats, generally in soil without vegetation
cover. Several species are known to attend aphids and other
hemipterous insects. Such behavior is common in other
Dolichoderinae genera and related subfamilies.

The main purposes of this paper are to provide a re-
definition of Dorymyrmex using morphological characters
from worker, queen, and male and to make a revision of the
genus in Colombia. We describe three new species and pro-
vide a key to workers of all nine species found in Colombia.
This is the first contribution of a series of systematic studies
about this still poorly known ant genus.



2. Materials and Methods

2.1. Studied Material Belongs to the Following Institutions

CASC: California Academy of Sciences, San Francisco, Cali-
fornia, USA.

CEUM: Insect Collection, Universidad del Magdalena, Santa
Marta, Magdalena, Colombia.

TAVH: Insect Collection Instituto Alexander von Humboldt,
Villa de Leyva, Boyacd, Colombia.

ICN: Insect Collection, Instituto de Ciencias Naturales,
Universidad Nacional, Bogota D.C., Colombia.

IFML: Instituto Lillo,
Argentina.

LACM: Los Angeles County Museum of Natural History, Los
Angeles, California, USA.

MCZC: Museum of Comparative Zoology, Cambridge, Mas-
sachusetts, USA.

MHNG: Muséum d’Histoire Naturelle, Geneva, Switzerland.

MZSP: Museu de Zoologia, Universidade de Sao Paulo, Sao
Paulo, Brazil.

NHMB: Natural History Museum of Basel, Switzerland.

USNM: United States National Museum of Natural History/
Smithsonian Institution, Washington D.C., USA.

Fundacion  Miguel Tucuman,

2.2. Primary Type Material Examined

2.2.1. Dorymyrmex amazonicus Holotype. Amazonas, Leti-
cia, 4 1308 S 69 5629 W, 06 Jun 1976, COLOMBIA
(ICN). Paratypes: 2w, Amazonas, Leticia, 4 1308 S
69 56 29 W, 06 Jun 1976, COLOMBIA: 1w (CASC), 1w
(IFML).

2.2.2. Dorymyrmex bicolor Syntypes. 1w and 1q, Phoenix,
USA (MCZC); 2w, Tucson, Arizona, USA (MHNG).

2.2.3. Dorymyrmex biconis Syntypes. 2w, Sierra Nevada de
Santa Marta, San Antonio, Guajira Prov.,, COLOMBIA
(MHNG).

2.2.4. Dorymyrmex brunneus Lectotypes. 2w, Sdo Paulo,
BRAZIL (MHNG) designed by Kempf 1975: 375 [6].

2.2.5. Dorymyrmex goeldii Syntypes. 2w, Pard, BRAZIL
(MHNG).

2.2.6. Dorymyrmex insanus Neotype. 1w, Interstate 20, 12
mi E Big Spring, Howard Co., Texas, USA, 16 April 1981, coll.
by W. E Buren, (USNM) designed by Snelling 1995: 4 [4].

2.2.7. Dorymyrmex tuberosus Holotype. 1w, Santander:
Bucaramanga, UIS, 906m., 7 21 0.12 N 73 20 1.22 W,
COLOMBIA, Jun 2003, N. Ruiz & F. Fernandez coll., (ICN).
Paratypes: 7w, Bolivar, San Juan Nepomuceno, 24.0ct.1990
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E Bekker leg. Ex Manihot esculenta, COLOMBIA: 2w,
(USNM); same data and loc. than holotype, 4w, (ICN), 1w
(CASC).

2.2.8. Dorymyrmex xerophylus Holotype. 1w, Magdalena,
Santa Marta, Vereda Mosquito, 11 10 23.6 N 74 10 45 W
96 m, manual collection; 03 Jan 2008, R. Guerrero, coll.,
COLOMBIA (ICN). Paratypes: 1w, La Guajira, Zona El
Cerrejon, 11 159.88 N 72 390 W, 240 m, COLOMBIA,
pitfall trap, 19 Dec 2006, R. Guerrero, coll., (ICN); 1w,
Magdalena, Santa Marta, Vereda Mosquito, 11 10 23.6 N
74 10 45 W 96 m, COLOMBIA, manual collection; 03 Jan
2008, R. Guerrero, coll., (CEUM).

2.3. Measurements and Indexes. Measurements were taken
with micrometer ocular to 40x—80x attached to a stereoscope.
All measurements are expressed in mm. The measurements
and indexes used were the following:

HL: head length, in full-face view, the maximum length of
the head capsule,

HW: head width, in full-face view, the maximum width of
the head capsule above the eyes,

EL: eye length, the maximum length of the eye in full-face
view,

EW: eye width, the maximum width of the eye in full-face
view,

SL: scape length, the length of the scape from the apex to
the basal flange, not including the basal condyle,

WL: Weber’s length, measured in perfect lateral view of
the mesosoma, diagonally from the posteroventral
corner of the mesosoma to the farthest point on
anterior face of the pronotum, excluding the neck.

Indexes
CI: Cephalic Index = HW x 100/HL.
SI: Scape Index = SL x 100/HL.
REL: Relative Length of the Eye = EL x 100/HL.
OL: Ocular Index = EW x 100/EL.
TLI: Thorax Length Index = WL x 100/HL.
Holotypes will be deposited in IAvH, ICN and paratypes in
CASC, CEUM, IFML, and MZSP. All the species recorded
were re-described based in all castes (worker, gyne, and male)

when material was available.
Male terminology follows Ward [7].

3. Results

3.1. Synopsis. Genus Dorymyrmex Mayr, 1866 [1].
Type species: Dorymyrmex flavescens, by monotypy.
Region: Neotropical, Nearctic.
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Dorymyrmex Mayr (1866a: 494 [1]).

Psammomyrma as subgenus of Dorymyrmex: Forel,
1912: 43 [8]. Type species: Dorymyrmex planidens,
by subsequent designation of Wheeler, 1913: 82 [9].
Kempf, 1972: 100 [10].

Psammomyrma as junior synonym of Dorymyrmex:
Forel, 1913: 350 [11]; Santschi, 1922: 365 [12];
Wheeler, W. M. 1922: 689 [13]; Snelling and Hunt,
1976: 93 [14]; Shattuck, 1992: 77 [15]; Bolton, 1994:
27 [16]; Bolton, 2003: 86 [17].

Conomyrma as subgenus of Dorymyrmex: Forel,
1913: 350 [11]. Type species: Prenolepis pyramica, by
subsequent designation of Santschi, 1922: 365 [12];
Forel, 1917: 248 [18]; Wheeler, W. M., 1922: 689 [13];
Gallardo, 1930: 147 [19]; Smith, M. R., 1951: 837
[20]; Smith, M. R., 1958: 140 [21].

Conomyrma as a genus: Kusnezov, 1952: 429 [22];
Kusnezov, 1959: 51 [23]; Kusnezov, 1964: 66 [24];
Kempf, 1972: 78 [10]; Snelling, 1973: 1 [25]; Smith,
D. R,, 1979: 1419 [26]; Holldébler and Wilson, 1990:
17 [27]; Jaffé, 2004: 9 [28].

Conomyrma as junior synonym of Dorymyrmex:
Brown Jr., 1973: 179 (provisional) [29]; Shattuck,
1992: 77, [15]; Bolton, 2003: 86, [17].

Araucomyrmex as genus: Gallardo, 1919: 249 [30].
Type species: Dorymyrmex tener, by original desig-
nation; Wheeler, 1922 [13]: 689; Kusnezov, 1956:
28 [31]; Kusnezov, 1959: 51 [23]; Kusnezov, 1964:
66 [24]; Kempf, 1972: 25 [10]; Snelling, 1975: 9
[32]; Snelling and Hunt, 1976: 93 [14]; Dlussky and
Fedoseeva, 1988: 77 [33].

Araucomyrmex as junior synonym of Conomyrma:
Snelling, 1981: 402 [34].

Araucomyrmex as junior synonym of Dorymyrmex:
Brown Jr., 1973: 178 (provisional) [29]; Shat-
tuck,1992: 77 [15]; Bolton, 2003: 87 [17].

Ammomyrma as a subgenus of Dorymyrmex:
Santschi, 1922: 365 [12]. Type species: Dorymyrmex
exanguis, by original designation. Gallardo, 1930:
147 [19]; Kempf, 1972: 100 [10].

Ammomyrma as junior synonym of Araucomyrmex:
Snelling and Hunt, 1976: 93 [14].

Ammomyrma as junior synonym of Dorymyrmex:
Shattuck, 1992: 77 [15]; Bolton, 2003: 87 [17].

Biconomyrma as a subgenus of Conomyrma: Kusne-
zov, 1952: 429 [22]. Type species: Dorymyrmex pyra-
micus var. brunneus (now Dorymyrmex brunneus), by
subsequent designation of Kusnezov, 1959: 51 [23].

Biconomyrma as genus: Kusnezov, 1959: 51 [23];
Kusnezov, 1964: 67 [24].

Biconomyrma as junior synonym of Conomyrma:
Smith, M. R., 1958: 140 [21]; Kempf, 1972: 78 [10].

Biconomyrma as junior synonym of Dorymyrmex:
Shattuck, 1992: 78 [15]; Bolton, 2003: 87 [17].

Spinomyrma as subgenus of Dorymyrmex: Kusnezov,
1952: 429 [22]. Type species: Dorymyrmex alboniger,
by subsequent designation of Kusnezov, 1959: 51
[23]; Kempf, 1972: 100 [10].

Spinomyrma as genus: Kusnezov, 1956: 30 [31] (in
key); Kusnezov, 1959: 51 [23]; Kusnezov, 1964: 66
[24].

Spinomyrma as junior synonym of Dorymyrmex:
Kempf, 1972: 100 [10]; Snelling and Hunt, 1976: 93
[14]; Shattuck, 1992: 78 [15]; Bolton, 1994: 26 [16];
Bolton, 2003: 87 [17].

The characters used here to identify Dorymyrmex are
based on the diagnosis proposed by Shattuck [15, page 78],
with some differences. Characters mentioned below, with
are redefined and based in the Shattuck proposal; characters
with are new.

We have not used the length of curved hairs placed
in the dorsal clypeal margin proposed by Shattuck [15],
because it is quite variable along the genus. Some species
have these setae shorter, not reaching the distal edge of closed
mandibles.

3.2. Diagnostic Characters Common to All Castes. Apical teeth
of mandible elongate, at least twice longer than preapical

This character was used by Shattuck [15] only for workers
but is also a constant in all known queens and males.
Psammophore is present as a discrete group of elongated
hairs, uniform in length, arranged in a definite pattern, on
the ventral face of head . Third segment of the maxillar
palp elongate, longer than segments 4 + 5 + 6 joined together.

3.3. Worker Diagnosis. Monomorphic to slightly polymor-
phic ants. Mandibles with 5-6 teeth and 2—-4 denticles on
masticatory margin and several denticles on basal margin .
Dorsal surface of mandible longitudinally striated . Pair of
erect setae on the dorsal face of pronotum present or absent .
A well-defined spine, cone, or tubercle always present
between dorsal and declivitous faces of propodeum

3.4. Queen Diagnosis. Forewing with close radial cell .
Forewing with 1-2 cubital cell and 0-1 discoidal cells . Hind-
wing with only 0-3 closed cells placed in the basal part of the
wing .

3.5. Male Diagnosis. Antennal scape relatively short, at most
only slightly longer than the length of funicular segments
1 + 2 + 3 . Second funicular segment with a lateral
bend .Mandible with 2—4 teeth (sometimes with 2 or more
denticles) . Forewing with close radial cell .

4. Dorymyrmex in Colombia

Only four species of Dorymyrmex have been mentioned in
the most recent list of Neotropical ants [35] in Colombia. We
record 9 species, two new records and three new for science:
Dorymyrmex amazonicus n. sp., Dorymyrmex tuberosus n. sp.,
and Dorymyrmex xerophylus n. sp.



TaBLE 1: Major characters differing among worker, queen, and male
of Dorymyrmex and Forelius.

Character Dorymyrmex Forelius
Psammophore Present Absent
Third maxillary palp Subequal. n length to

Elongated the remaining
segment

segments

Apical tooth of Greatly Slightly larger than
mandible elongated the subapical
Queen and male With a close With an open radial
forewing radial cell cell

Major characters used to separate Dorymyrmex from
Forelius, the closest Dolichoderinae ant genus found in South
America are given in Table 1.

4.1. List of Dorymyrmex in Colombia

D. amazonicus n. sp. Cuezzo & Guerrero
D. bicolor Wheeler, 1906 [36]

D. biconis Forel, 1912 [8]

D. brunneus Forel, 1908 [37]

D. goeldii Forel, 1904 [38]

D. insanus (Buckley, 1866) [39]

D. pyramicus Roger, 1863 [40]

D. tuberosus n. sp. Cuezzo & Guerrero

D. xerophylus n. sp. Cuezzo & Guerrero.

4.2. Key to Dorymyrmex Workers in Colombia. This key is
based on worker caste of all valid species of Dorymyrmex
found in Colombia.

(1) Mesosomal profile with two well-developed tuber-
cles, one on the posterodorsal margin of mesonotum
and the other on the dorsal face of propodeum
(Figures 3(b) and 11(b)) ... (2).

(1 ) Mesosomal profile lacking a mesonotal tubercle
(Figures 1(b), 8(b), and 9(d)); in some specimens,
we can see an angle in the posterior end of mesono-
tum (Figures 2(b), 7(b), 7(d), 9(b), and 12(b))
but never a well-differentiated knob (= tubercle).
Mesosomal profile bearing only a well-developed
tubercle placed between the dorsal and declivitous
faces of propodeum. ... (3).

(2) Body concolorous light reddish brown to yellowish.
Pubescence sparse. Dorsal face of propodeum, ante-
rior to the tubercle, convex. Propodeal tubercle stout
and higher than the promesonotal profile in lateral
view (Figure 3(b)) ... D. biconis.

(2 ) Body concolorous dark brown, pubescence dense.
Dorsal face of propodeum, anterior to the tubercle,
straight. Propodeal tubercle thin and lower than or at
the same level than the promesonotal profile in lateral
view (Figure 11(b)) ... D. tuberosus n. sp.
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(3) Body bicolored, head and mesosoma always yellow-
reddish, gaster dark brown to black; some specimens
could be lighter but always with the gaster darker than
the rest of the body ... (4).

(3 ) Body concolorous orange or medium to dark brown

... (5.

(4) Promesonotal profile continuous (Figure 9(d)).
Propodeal tubercle pointed backward. Petiolar scale
short, sharp apically, forward directed. Subpetiolar
process feebly developed, convex, and covering all
the ventral surface of petiole ... D. pyramicus.

(4 ) Promesonotal profile interrupted in posterior end
of mesonotum, forming an angle and determin-
ing a clear mesosomal dorsal and declivitous face
(Figure 2(b)). Petiolar scale tall, rounded apically,
upward directed. Subpetiolar process not well devel-
oped, only conspicuous in the ventral end of petiole
... D. bicolor.

(5) Posterior end of mesosoma, in lateral view, forming
an angle but not a tubercle (Figures 7(b), 7(d), 9(b),
12(b), and 12(c)) ... (6).

(5 ) Posterior end of mesosoma straight, without a differ-
entiated dorsal and declivitous face (Figures 1(b) and

8(b)) ... (8).

(6) Small ants, TLI: <117. Scape short, not surpassing
the posterior margin of head more than twice its
maximum diameter (Figure 12(a)). Posterior margin
of head strongly convex ... D. xerophylus n. sp.

(6 ) TLI >117. Scape longer, surpassing the posterior
margin of the head more than three times its
maximum diameter (Figures 7(a), 7(c), and 9(a)).
Posterior margin of head straight to concave in the
middle but never convex... (7).

(7) Posterior margin of head always medially concave
(Figure 9(a)). Promesonotal profile uniformly con-
vex. Dorsal face of propodeum, anterior to the tuber-
cle, straight (Figure 9(b)) ... D. insanus.

(7 ) Posterior margin of head straight to slightly concave
in the middle. Promesonotal profile straight to feebly
convex. Dorsal face of propodeum, anterior to the
tubercle, sinuous (Figures 7(b) and 7(d)) ... D.
brunneus.

(8) Lateral margin of head, in full-face view, strongly
convex, with compound eyes placed far inside the
head capsule (Figure 1(a)). Posterior margin of head
concave in the middle. Propodeal tubercle well
developed and upward directed (Figure 1(b)). ... D.
amazonicus n. sp.

(8 ) Lateral margin of head slightly convex (Figure 8(a)).
Posterior margin of head strongly convex
(Figure 8(a)). Propodeal tubercle poorly developed
(Figure 8(b)) ... D. goeldii.
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FIGURE 1: Dorymyrmex amazonicus n. sp. worker, holotype. (a) Head in full-face view; (b) body in lateral view; (c) body in dorsal view
(CASENTO0192703). Pictures and labels of localities of each photographed specimen are available at http://www.antweb.org/.

5. Species Account

5.1. Dorymyrmex amazonicus Cuezzo & Guerrero n. sp. (Fig-
ures 1(a)—1(c) and 13)

5.1.1. Diagnosis

Worker. Large ant, TLI: 133—-135. Head with lateral margins
broadly convex and posterior margin of head concave
medially. Short scape not surpassing the posterior margin of
the head more than three times its apical width.

5.1.2. Description

Worker

Measurements. Holotype (Paratypes = 2). HL: 1.00 (1.02—
1.04). HW: 0.92 (0.94-0.96). EL: 0.30 (0.28-0.30). EW: 0.22
(0.22). SL: 1.06 (1.06-1.08). WL: 1.32 (1.36-1.40). CI: 92
(92). SI: 106 (104). REL: 30 (27-29). OI: 73 (73-79). TLL:
132 (133-135).

Head and scapes reddish-brown; lateral clypeal region
and dorsal face of mandibles testaceous yellow; masticatory
mandibular margin dark brown; mesosoma, legs, petiole,
and gaster yellowish-brown. Whitish, short, and appressed
pubescence covering all the body tagma. Head (Figure 1(a)):
head slightly longer than wide, with lateral margins strongly
convex and posterolateral corners rounded. Posterior margin

of the head concave in the middle. Mandibles strongly striate,
with apical tooth four times longer than others. Masticatory
margin with four denticles. Compound eye well developed
and placed far inside the head capsule. Psammophore with
short hairs disposed in a semicircle; the hairs on the top
line are close to the foramen magnum and not reaching the
oral cavity. Scape short (SI = 104-106) not surpassing the
posterior margin of the head more than three times its apical
width. Mesosoma (Figure 1(b)): dorsal face of pronotum
with no erected setae, pronotum and mesonotum in profile
forming a continuous line, not interrupted (Figure 1(b)),
metanotal suture not impressed. Dorsum of propodeum
weakly sinuate. Propodeal cone acute, upward directed with
wide base. Apical point of the propodeal cone reaches the
same level of the highest point of pro-mesonotum in lateral
view. Declivitous face of propodeum convex. Metasoma:
petiolar scale wide, thin and rounded in the apex.

Queen and Male. Unknown.

Examined Material. Type series.

Geographic  Distribution. Colombia, Amazon rainforest.
Only known from its type locality (Figure 13).

Etymology. The name amazonicus refers to the apparently
unusual distribution of this species, the Amazon rainforest
in Colombia. It is a noun in apposition and invariant.
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FIGURE 2: Dorymyrmex bicolor worker. (a) Head in full-face view; (b) body in lateral view; (c) body in dorsal view (CASENT0179517).
Pictures and labels of localities of each photographed specimen are available at http://www.antweb.org/.

Natural History. The type series was collected in the vicinity
of an Amazonian forest relict, outside Leticia (Colombia).
All the specimens were collected in open deforested habitat,
probably this is an indication of the preference of this species
to nest in highly anthropic or disturbed environments.

5.1.3. Comments. At first view, this species could be confused
with D. brunneus, but a greater TLI, shorter scapes, eyes
placed deep inside the head capsule, and a continuous
mesosomal profile in D. amazonicus are the best characters
to separate it from D. brunneus. Other Dorymyrmex species
found in Colombia share with D. amazonicus the shape of
mesonotal profile (i.e., D. pyramicus), but all the characters,
given in the key and in the diagnosis above, are useful to
separate D. amazonicus from other species of Dorymyrmex
found in Colombia.

5.2. Dorymyrmex bicolor Wheeler, 1906 [36] (Figures 2(a)—
2(c), 6(a), and 13)
Dorymyrmex pyramicus var. bicolor Wheeler, 1906:
342 [36]. Description of worker.

Dorymyrmex pyramicus var. bicolor Wheeler: Gal-
lardo, 1916: 63 [41]. Description of queen.

Conomyrma (Biconomyrma) bicolor (Wheeler): Kus-
nezov, 1952: 430 [22].

Conomyrma bicolor Wheeler: Snelling, 1973: 4 [25];
Johnson, 1989: 192 [42].

Dorymyrmex bicolor Wheeler: Cole Jr., 1957: 130
[43]; Crozier, 1970: 114 (karyotype) [44]; Shattuck,
1992: 85 [15]; Shattuck, 1994: 75 [45]; Snelling, 1995:
(key) [4]; Bolton et al. 2006 (catalog) [46].

5.2.1. Diagnosis

Worker. CI equal or over 90. Worker bicolored: head,
mesosoma, and petiole, dark reddish; gaster black (Figures
2(b) and 2(c)). Same pattern of color is found in queen.
Posterior margin of the head slightly concave in frontal view.
Dorsal face of pronotum with no erect setae. Mesonotal
profile continuous with pronotum, with a distinct dorsal and
declivitous face before mesopropodeal suture.

Queen. Head slightly wider than long with the posterior
margin of head strongly concave (Figure 6(a)). Maximum
diameter the head behind of compound eyes.

Male. Unknown.
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FIGURE 3: Dorymyrmex biconis worker. (a) Head in full-face view; (b) body in lateral view; (c) body in dorsal view (CASENT0179483).
Pictures and labels of localities of each photographed specimen are available at http://www.antweb.org/.

5.2.2. Descriptions

Worker

Measurements. (n = 25): HL:0.78-1.1; HW: 0.7—1; EL: 0.18—
0.28; EW: 0.15-0.2; SL: 0.78-1.05; WL: 1.25-1.53; CI: 90-91;
SI: 105-111; REL: 23-25; OI: 73—-86; TLI: 139-161.

Worker bicolored: head, mesosoma, and petiole, dark
reddish; gaster black. Funicle and legs darker than rest of
the body in some specimens. Head (Figure 2(a)): square in
frontal view, almost as wide as long, sides slightly convex.
Posterior margin of head feebly convex medially. Scape short
(SI: 105-111). Psammophore with short hairs disposed in
a triangle, far from the foramen magnum, slightly reaching
the oral cavity. Mesosoma (Figures 2(b) and 2(c)): pro-
mesonotum in profile, forming a continuous convexity; end
of mesonotum with well-differentiated dorsal and declivi-
tous faces, anterior to metanotal suture. Propodeal tubercle
short, upward directed, with wide base. Metasoma: petiolar
scale forward directed.

Queen

Measurements. (n = 7): HL: 1.18-1.23; HW: 1.25-1.33; EL:
0.38-0.4; EW: 0.18-0.23; SL: 1.08-1.13; WL: 2.43-2.6; CI:
106-108; SI: 91-92; REL: 32-33; OI: 47-56; TLI: 206-212.

Similar to worker in color. Whitish pubescence covering
all body tagma. Head: Wider than long, with convex sides, in
frontal view. Posterolateral corner rounded, posterior margin
of head slightly concave (Figure 6(a)). Masticatory margin
of mandible with six teeth and two or three denticles; basal
margin completely dentate with a well-differentiated angle
between both margins. Scape surpassing posterior margin
of the head by more than twice its maximum diameter.
Mesosoma: Parapsidal furrow well developed, diverging for-
ward, axilla not divided. Anepisternum and katepisternum
incompletely divided by a short pleural suture. Wings:
forewing with only one close radial cell, one cubital cell, and
no discoidal cell; pterostigma well developed, longer than
wide. Hindwing with three cells closed in basal area; hamuli
with 12 hooks. Metasoma: petiolar scale tall, stout, forward
directed, and rounded apically. Ventral face of petiole slightly
convex. Gaster with dark brown tergites and covered with
whitish pubescence.

Male. Unknown.

Examined Material. COLOMBIA: La Guajira, Riohacha,
Corregimiento Camarones, SFF Los Flamencos, 1w (CASC),
4w (CEUM); Magdalena, 1w (ICN), 1w (LACM) (see
Figure 12).
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(d)

FIGURE 4: Wings of Dorymyrmex biconis. (a) Queen forewing; (b) queen hindwing; (c) male forewing; (d) male hindwing.

Additional Examined Material. Outside COLOMBIA: Syn-
types and no type material: USA (Western Texas to South-
ern Nevada, and California), Mexico, Belize, El Salvador,
Grenada, Honduras, Jamaica, and Perd. MEXICO: Aca-
pulco, 2w (USNM); Chihuahua, 1w, (LACM); Cordoba,
1w, (USNM); Guerrero, 2w, (USNM); Ixtapa, 8w, (LACM);
Revolcadero, 4w, (USNM); Zihuatanejo, 4w, (LACM); Uru-
apan, 2w, (USNM); San Blas, Playa Nayarit, 2w (LACM);
Sinaloa, 30.5mi N. Los Mochis, 1w, (LACM); Guaymas, 11w,
(LACM); Nogales, 4w, (USNM); Rio Yaqui, 1w, (LACM);
San Bernardo, 3w, (LACM); Tecamachalco, 7 mi. NW
Puebla, 2w, (LACM); Veracruz, 2 mi. S. Mocambo, 3w,
(USNM); Veracruz, Boca del Rio, 2w, (USNM); Cordoba,
1w, (USNM); Veracruz, Fortin, 3w, (USNM); Jalapa, 3w,
(USNM); Itze ChiChen, 1w, (USNM); BELIZE: 9w, (USNM);
EL SALVADOR: San Salvador, 2w, (USNM); GRENADA:
BWI, St. George’s, 8w, (USNM); HONDURAS: Tegucigalpa,
1w, (USNM); JAMAICA: no further data, 1w, (USNM);
PERU: Lima, 10w, (USNM).

Geographic Distribution. Southwest of USA to Peru.

Etymology. The name of bicolor is referred to the particular
pattern of colors found in all known castes (worker and
queen).

Natural History. Nest, briefly described by Wilson [47], has a
small entrance hall with more regularly formed craters than
D. insanus. D. insanus and D. pyramicus are sympatric in
the northern part of its distributional range. Both species
mentioned above are very active in open areas between
11:00 a.m. and 3:30 p.m and share similar habits of foraging
according wilson’s observations [47].

5.2.3. Comments. Several species of Dorymyrmex (D. pyram-
icus, D. thoracicus, etc.) have the same pattern of colors and

could be confused with D. bicolor s. str. In some papers, D.
bicolor was confused with D. pyramicus, because of its pattern
of colors (orange head, mesosoma and petiole with dark
gaster), but two main characters are useful to identify and
to differentiate both species: head width (larger in workers
and queens of D. bicolor) and mesonotum interrupted in
lateral view, with a well-defined dorsal and declivitous faces,
often descending vertically or nearly so, into mesopropodeal
suture, (as described below, D. pyramicus has a promesonotal
profile continuous, convex in lateral view). Apparently, D.
bicolor belongs to a complex of species, as observed by Forel
[48]. The identity of this complex could be solved with a
more detailed and extensive research, specially comparing
nest series from the west part of USA.

5.3. Dorymyrmex biconis Forel, 1912 [8] (Figures 3(a)-3(c);
4(a)-4(d); 5(a)-5(d); 6(c)-6(d); 13)

Dorymyrmex biconis Forel, 1912: 37 [8]. Description
of worker.

Conomyrma (Biconomyrma) biconis Forel: Kusnezov,
1952: 430 [22].

Dorymyrmex biconis Forel: Shattuck, 1992: 85, [15];
Shattuck, 1994: 75 [45]; Bolton et al. 2006 [46]
(catalog).

5.3.1. Diagnosis

Worker. Concolorous reddish brown. CI: 84—107. Posterior
margin of head straight to slightly convex. Mesosomal profile
interrupted by the presence of two tubercles: one stout short
metanotal tubercle, posteriorly directed, and another placed
in apical corner of the propodeum, dorsally directed.

Queen. Color similar to worker but darker. Head sub-
quadrate with a straight posterior margin. Compound eyes
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(c)

FIGURE 5: Dorymyrmex biconis male. (a) Head in frontal view; (b) profile of mesosoma; (c) dorsal view; (d) male genitalia in dorsal view
(CASENTO0192695). Pictures and labels of localities of each photographed specimen are available at http://www.antweb.org/.

(c)

FIGURE 6: Queens of three Dorymyrmex species. (a) and (b) Heads of (a) Dorymyrmex bicolor; (b) Dorymyrmex brunneus; (c)-(d)
Dorymyrmex biconis: (c) head and (d) body profile.



10

‘ . 0.l mm

Psyche

FIGURE 7: Dorymyrmex brunneus workers. (a) and (c) Head in full-face view; (b) and (d) body in lateral view. (a)-(b) CASENT0192705;
(c)-(d) CASENTO0192698. Pictures and labels of localities of each photographed specimen are available at http://www.antweb.org/.

notably developed, longer than wide, placed in middle of
lateral margin of head.

Male. Mandible thin, falcate, with only three teeth: one long
apical tooth, one subapical, and one denticle. Masticatory
and basal margin well differentiated, basal margins com-
pletely devoid of teeth or denticles.

5.3.2. Descriptions

Worker

Measurements. (n = 62): HL: 0.56-1.16; HW: 0.62—1.20; EL:
0.18-0.34; EW: 0.16-0.32; SL: 0.78-1.10; WL: 1.00-1.12; CI:
84-107; SI: 93—127; REL: 24-33; OI: 55-88; TLI: 128-191.
Concolorous reddish brown, whitish pubescence cover-
ing all body tagma. Some specimens have some segments
of gaster darker than rest of the body. Worker length 2.8—
3.0 mm. Head (Figure 3(a)): subquadrate, longer than wide,
with lateral sides straight to slightly convex, posterior margin
of the head straight to slightly convex. Scape surpassing the
posterior margin of head by no more than 1/3 of its length.
Compound eyes placed far from posterior clypeal margin

but in the first half of the head. Psammophore with short
hairs disposed in a triangle; the hairs in the top line are near
to the foramen magnum and do not reach the oral cavity.
Mesosoma: mesonotum with a stout cone, rounded apically,
and shorter than propodeal tubercle. Mesonotal tubercle
directed posteriorly. Metanotal suture well developed and
located inside a very pronounced concavity posterior to
mesonotal tubercle (Figure 3(b)). Dorsal face of propodeum
anterior to tubercle sinuate (Figure 3(b)). Metasoma: petiolar
scale directed dorsally.

Queen (Figures 6(c) and 6(d))

Measurements. (n = 7): HL: 1.10-1.16; HW: 1.18-1.20; EL:
0.40-0.46; EW: 0.28-0.32; SL: 1.06—1.12; WL: 2.04-2.32; CI:
102-107; SI: 93—-102; REL: 36—40; OI: 61-76; TLI: 179-200.
Body reddish brown, darker than worker. Pubescence
dense, with long, decumbent hairs covering all body tagma.
Head: subquadrate. Head capsule with lateral margins
parallel to slightly convex, especially in their posterior half.
Posterior margin of head straight, with occipital corners
rounded. Mandible with a long and sharp apical tooth, three
additional teeth and four denticles along the masticatory
margin; basal margin completely denticulate without any
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FIGURE 8: Dorymyrmex goeldii worker. (a) Head in full-face view; (b) body in lateral view; (c) body in dorsal view (CASENT0192699).
Pictures and labels of localities of each photographed specimen are available at http://www.antweb.org/.

FIGURE 9: Dorymyrmex workers. (a) and (c) Heads of (a) Dorymyrmex insanus; (c) Dorymyrmex pyramicus; (b) and (d) body profiles of (b)
Dorymyrmex insanus; (d) Dorymyrmex pyramicus.
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FIGURE 10: Males of three Dorymyrmex species. (a), (c), and (e) Heads of (a) Dorymyrmex brunneus; (c) Dorymyrmex insanus; (e)
Dorymyrmex pyramicus; (b), (d), and (f) body profiles of (b) Dorymyrmex brunneus; (d) Dorymyrmex insanus; (f) Dorymyrmex pyramicus.

angle between both margins. Compound eyes notably large,
longer than wide, placed in the middle of lateral sides.
Scape surpassing the posterior margin of head by twice its
maximum diameter. Mesosoma: parapsidal furrow slightly
developed, visible in dorsal view as a tenuous line reach-
ing posterior half of pronotum, diverging forwards, axilla
not divided. Anepisternum and katepisternum incompletely
divided by a short pleural suture. Pleural suture with long
and abundant hairs (better observed in specimens preserved
in EtOH). Wings (Figures 4(a) and 4(b)): forewing with
one close radial cell, only one cubital cell, no discoidal cell;
pterostigma well developed, longer than wide. Hindwing
with three closed cells, hamuli with 12 hooks. Metasoma:
petiolar scale tall, directed dorsally, and apically obtuse.
Petiolar ventral face straight with posterior end slightly
convex. Gastral tergites dark brown, especially in posterior
2/3; sternite 1 and 2 lighter than the rest of the body.

Male (Figures 5(a)-5(d))

Measurements. (n = 5): HL: 0.56-0.60; HW: 0.58-0.62; EL:
0.30-0.34; EW: 0.24-0.28; SL: 0.22-0.24; WL: 1.24-1.36; CI:
100-107; SI: 38—41; REL: 50-59; OI: 75-88; TLI: 217-234.

Body dark brown to black, mandibles yellowish brown
except masticatory margin which is reddish brown; legs,
except femora, lighter than rest of the body. Head and
mesosoma strongly pointed. Pilosity with dense, decumbent,
thin, and whitish hairs covering all tagma. Katepisternum
and metapleural area with only a few hairs. Anterior face
of petiolar scale with 2-3 long hairs. Head (Figure 5(a)):
square. Posterior margin of head weakly concave medi-
ally; occipital corners rounded; dorsal face of head with
a weak, middle furrow. Mandible thin and falcate, with
parallel sides; one long apical tooth, three times longer
than subapical one, one denticle, and a diastema before
the angle with the basal margin. Masticatory and basal
margin well differentiated; basal margins completely devoid
of teeth or denticles. Posterior part of clypeus wide and
reaching the toruli; anterior clypeal margin convex, with a
subclypeal border thin, anteromedial part of clypeus straight.
Antenna with exposed condyle; long scape (< to EL) reaching
posterior margin of compound eye; pedicel as long as
each flagellomere. Compound eye large, maximum length
more than 2/3 of cephalic length. Median ocellus hyaline,
well developed; lateral ocelli close to posterior margin of
head. Mesosoma (Figure 5(b)): pronotum long, comprises
more than a half of mesosoma, projecting forward as an
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FIGURE 11: Dorymyrmex tuberosus n. sp. worker. holotype. (a) Head in full-face view; (b) body in lateral view; (c) body in dorsal view
(CASENTO0179518). Pictures and labels of localities of each photographed specimen are available at http://www.antweb.org/.

elbow with a strong depression medially; parapsidal furrows
running parallel, reaching the middle part of pronotum,
placed inside the depression. Mesonotum twice longer than
wide. Anepisternum and katepisternum completely divided
by a mesopleural sulcus. Dorsal face of propodeum not well
differentiated form posterior face, with a strong declivitous
face; propodeal spiracles strongly protruded. Wings (Figures
4(c) and 4(d)): forewing with close radial cell, no close
cubital nor discoidal cell. Hindwing without closed cells,
hamuli with 12 hooks. Metasoma: petiolar scale low and
apically rounded, without ventral petiolar process. Pygostyle
stout and short, well developed; paramere stout, covered with
long dark setae; digitus curved ventrally, longer than volsella
(Figure 5(d)); aedeagus serrate ventrally.

Examined Material. COLOMBIA: Atlantico: Puerto Colom-
bia, 1w (IAvH). Bolivar: Zambrano, Hda. Monterrey, 15w
(IAvH); same locality above, 8w (IAvH); same locality
above, 3w (IAvH-E 90487); same locality above, 3w (IAvH-
E 90486); same locality above, 3w (IAvH-E 90485); same
locality above, 3w (IAvH-E 90484). Boyaca: Moniquira, 8w
(IFML); Raquira, Desierto de la Candelaria, 10w (IAvH);
Villa de Leyva—Plaza central, 4w (IAvH and IFML). Caldas:
Mpio. Aguadas, La Nubia, 7w (IAvH); Mpio. Aguadas, La
Nubia, Canién Rio Arma, 3w (IAvH). Cesar: Chiriguana, 10w

(CEUM). Cérdoba: Ciénaga de Oro, 2w (IAvH). Cundina-
marca: Fusagasugd, 1w (IAvH). Huila: Altaminar [Altamira],
1w (ICN-MHN # 2847); Altamira, 1w (IAvH); 10Km. N
San Agustin, 2w (IAvH); 10 Km. W Palermo, 1w (IAvH).
La Guajira: Cabo de la Vela, 4w (CEUM, ICN); Maicao,
6w (LACM); Riohacha, 24w (LACM); SFF Los Flamencos,
6w (CEUM, ICN). Magdalena: Ciénaga, 1w (LACM); PNN
Tayrona, Sector Neguanje, 131w and 15q (CAS, IAvH and
IFML); Pivijay, 7w (IAvH); Santa Marta, San Antonio, 2w
(IAVH), Santa Marta, Valenera, 9w (LACM), Santa Marta, 4w
(LACM); Santa Marta, 5m (ICN).

Additional Examined Material. Outside COLOMBIA: Brazil,
Peru and Venezuela. BRAZIL: Bahia, Planalto Casimiro
Andrade, 10w (MZSP); ES, Santa Tereza, 2w (MZSP); PA,
Pindobal, 2w (MZSP). PERU: Puerto Pizarro: #1091, 5w
(MZSP). VENEZUELA: Lara: Barquisimeto, 2w (IFML).

Geographic Distribution. Brazil (Bahia, Pard, and Espirito
Santo States), Colombia (Atlantico, Bolivar, Boyacd, Caldas,
Coérdoba, Cundinamarca, Huila, La Guajira, Magdalena,
and Valle del Cauca Departments), Pertt (Puerto Pizarro),
Venezuela (Lara State: Barquisimeto).
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FIGURE 12: Dorymyrmex xerophylus n. sp. worker. (a) Head in full-face view; (b) and (c) body in lateral view; (c) body in dorsal view. These
pictures were made by RJG using Nikon Coolpix digital camera and COMBINE Z5 software.

Etymology. The name of this species refers to the main
diagnostic character of D. biconis: the presence of a pair of
tubercles interrupting the mesosomal profile (Figure 3(b)).

Natural History. In Colombia, Dorymyrmex biconis is spread
throughout, from sea level to more than 2300m. It is
more common in lowlands (i.e., Colombian Caribbean
region, North of Colombia) and quite common in anthropic
environments, with higher abundance in urban places.
Nevertheless, workers of D. biconis have been collected in
primary dry forests and in mangroves. D. biconis builds nests
in soil devoid of vegetation, in very warm areas. Exceptions
are arid but extremely cold places such as Boyacd, Colombia.
As in other species of Dorymyrmex, nests are superficial,
with simple architecture, and no more than 10-15cm in
depth. Excavated nests by RJG in Santa Marta (Magdalena,
Colombia) share a similar architecture: only one circular
entrance (no more than 5 mm in diameter) surrounded by
a mound of sand or other soil particles with a diameter of
9-10 cm. The nest consist of one chamber with queens and
males, a second one with larvae and worker pupae, and a
third chamber with food and insects remains, such as several
Bruchidae (Coleoptera). In one nest, RJG collected some
dead Thysanoptera in the food storage camera.

One nest of D. biconis can keep between 10 to 15 alate
queens, 8 to 10 males and several tens of workers. Sometimes
there are no more than 100 to 200 workers in a single nest. No
dealate queens have been found in explored nests. Colonies

of D. biconis are probably polydomous, and queen may fly
outside of its colony to build satellite nests. In some cases,
RJG has found two or three nests in an area of 10 m?; only
one of these nests had queens.

5.3.3. Comments. The first description of D. biconis was
based in workers collected in San Antonio (St. Antonio),
Santa Marta, Colombia [8]. Three species of Dorymyrmex
(D. bituber, D. pulchellus, and D. tuberosus n. sp.) share a few
characters with D. biconis. This is a group of species easy to
recognize by the presence of two well-developed mesosomal
tubercles: one in the last part of the metanotum and the other
one between the dorsal and declivitous faces of propodeum.
Considering its geographical distribution, D. biconis seems to
be confined to the north and central parts of South America,
from Venezuela to Peru. This species was included in the
subgenus “Biconomyrma” [19] based on characters of wing
venation of queen.

5.4. Dorymyrmex brunneus Forel, 1908 [37] (Figures 6(b);
7(a)-7(d); 10(a)-10(b); 13)

Dorymyrmex pyramicus var. brunnea Forel, 1908: 385
[37]. Description of worker.

Dorymyrmex pyramicus subsp. brunneus Forel: Forel,
1911: 306 [48]. Description of queen.
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Dorymyrmex pyramicus subsp. brunnea Forel: Emery,
1913: 37 [49].

Dorymyrmex (Conomyrma) pyramicus race brunneus
Forel: Forel, 1913: 244 [50].

Dorymyrmex pyramicus subsp. brunneus Forel:
Santschi, 1912: 53 [51], Gallardo 1916: 59 [41]
(queen redescribed).

Dorymyrmex (Conomyrma) brunneus var. spurious
Forel: Santschi, 1929: 305 [52].

Conomyrma (Biconomyrma) brunnea (Forel): Kusne-
zov, 1952: 430 [22].

Conomyrma brunnea (Forel): Kempf, 1975: 375 [6].

Dorymyrmex brunneus Forel: Shattuck, 1992: 85 [15];
Shattuck, 1994: 77 [45]; Bolton et al. 2006 (catalog)
[46].

5.4.1. Diagnosis

Worker. Head slightly longer than wide. Posterior margin
of head straight to feebly concave medially (Figure 7(a)).
Psammophore with short hairs disposed in a triangle, not
reaching the posterior end of hypostome. Pro-mesonotum
depressed in lateral view, always lower than the apex of
propodeal tubercle. Mesonotal profile with a well-defined
dorsal and declivitous face in the posterior end. Metanotal
suture well impressed forming a concavity anterior to the
propodeum.

Queen. Maximum diameter of head behind the compound
eyes. Posterior margin of head feebly concave medially.
Forewing with only one close cubital cell.

Male. Dark brown. Scape long, reaching the posterior
margin of compound eyes. Mandible with only three teeth.
Forewing with no discoidal and no cubital cells, hindwing
with only two closed cells. Pygostyle poorly developed,
paramere stout and covered with long hairs.

5.4.2. Descriptions

Worker

Measurements. Lectotype: HL: 0.95; HW: 0.8; EL: 0.23; EW:
0.125; SL: 0.875; WL: 1.175; CI: 84; SI: 92; REL: 24; OI: 54;
TLI: 124.

Other Examined Material. w (n = 98): HL: 0.70-1.04; HW:
0.64-0.92; EL: 0.22-0.30; EW: 0.10-0.20; SL: 0.80—1.14; WL:
1.00-1.46; CI: 83-117; SI: 98-129; REL: 24-34; OI: 45-77;
TLI: 122-171.

Concolorous dark brown; whitish pubescence covering
all body tagma. 0-2 erected setae on the dorsum of
pronotum. Head (Figures 7(a) and 7(c)): subquadrate, with
lateral margins strongly convex, maximum head width at
the compound eye level. Mandibles strongly striate, reddish
brown. Compound eyes in central 1/3 of the head as
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seen in frontal view. Scape long (SI: 92-129), surpassing
the posterior margin of head by more than twice its
maximum width. Posterior margin of head usually straight
but sometimes feebly concave in the middle. Psammophore
with a few extremely short hairs disposed in a triangle, the
hairs in the top line are near to the foramen magnum and
do not reach the oral cavity. Upper setae of psammophore
close to the anterior margin of foramen magnum. Mesosoma:
promesonotal profile sinuate to straight and, in lateral view,
always lower than the apex of propodeal tubercle (Figures
7(b) and 7(d)). Posterior end of mesonotum forming two
faces, one dorsal and one declivitous but not conforming a
well-developed tubercle (Figures 7(b) and 7(d)). Propodeal
tubercle stout, with wide base, and slightly directed dorsally.
Declivitous face straight to slightly convex (Figure 7(d)).
Metasoma: petiole forward directed, included in a concavity
placed in the anterior face of the first gastral segment. Scale
apically thin and rounded.

Queen

Measurements. (n = 5): HL: 1.13; HW: 1.15; EL: 0.38; EW:
0.18; I0D: 0.78; SL: 1.1; WL: 2.3.

Color and pubescence as in worker; head: subquadrate,
maximum diameter after the compound eyes (Figure 6(b)).
Clypeal sides lighter than the rest of the head; scape
surpassing the posterior margin of head by more than twice
its maximum width; mandibles striated with four teeth
and two denticles; posterior margin of head feebly concave
medially. Mesosoma: parapsidal furrows well developed, par-
allel, axilla not divided. A short, incomplete suture divides
anepisternum from katepisternum. Forewing with only one
closed cubital cell; radial cell long and close. Metasoma: low
and stout petiole, apically rounded.

Male (First Description)

Measurements. (n = 3): HL: 0.58-0.6; HW: 0.58-0.63; EL:
0.28-0.33; EW: 0.15-0.2; SL: 0.25; WL: 1.3-1.38.

Color of the body similar to worker and queen; head
(Figure 10(a)): subquadrate with round occipital corner;
mandibles thin with only three teeth, the apical more than
twice longer than the others. Scape long, reaching the
posterior margin of compound eyes. Mesosoma: parapsidal
turrows parallel, axilla not divided medially; forewing with
one close radial cell and no cubital nor discoidal cell. Hind-
wing with only two closed cells. Metasoma: petiolar scale
(Figure 10(b)) low, round, and stout, ventral process round,
feebly developed. Pygostyle poorly developed; paramere
stout covered with long, erected setae; aedeagus serrate
ventrally.

Examined Material. COLOMBIA: Amazonas: Araracuara,
9w (IAvH). Antioquia: Sons6n, Quebrada La Violeta, 6w
(IAVH-E 90491); same data as above, 1w (IAvH-E 90502);
same locality, 3w (IAVH-E 90476); same locality, 2w (AvH-E
90492). Boyacé: El Infiernito, 14w (IAvH); Raquira, Desierto



16

de la Candelaria, 10w (IAvH), one of these specimens was
photographed; Arcabuco, 1w (IAvH). Caldas: Aguadas, 2w
(IAvH); Aguadas, Arenillas, 9w (IAvH); same data, #CES292,
3w (IAvH-E 90503), same data, #CES292, 3w (IAvH-E
90496); same data, #CES292, 3w (IAvH-E 90461); Aguadas,
Puente Albania, 1w (IAvH-E 90501); Aguadas, Cafién Rio
Arma, 3w (IAvH); same data, #CES069, 12w (IAvH), same
data, #CES068, 1w (IAvH-E 90504); Aguadas, Quebrada
Pito, 1w (ICN-MHN 022550); Manizales, Vereda El Dorado,
Finca FEl Placer, 2w (IAvH); La Nubia, 7w (IAvH). Cauca:
Mercaderes, Mojarras, rivera del rio Guachicano, 7w + 1
queen (CEUM). Caqueta: Puerto Solano, PNN Chiribiquete,
rio Curané-Amu, 1w (IAvH). Cundinamarca: Fusagasuga,
2w (ICN); Narino: RN La Planada, 6w (IAvH). Meta: 7w
(LACM); 65Km. E Puerto Lopez, 2w (LACM). Quindio:
Circasia, Vereda Buena Vista, Finca Calamar, 12w (IAvVH);
Calarca, Vereda Pradera Baja, Finca La Holanda, 3w (IAvH);
same data, 9w [2w (IAvH-E 90473), 2w (IAvH-E 90474), 3w
(TIAVH-E 90470), 2w (IAvH-E 90472)]. Risaralda: La Virginia,
Finca Miralindo, 6w (CEUM). Santander: Barrancabermeja,
[2w (IAvH-E 90490), 2w (IAvH-E 90498), 2w (IAvH-E
90493)]; Socorro, Vereda Altos de Reina, Finca San Luis, [1w
(TAVH 25099), 1w (IAvH 25097), 1w (IAvH 25098)]; same
locality, Finca El Clavelino, [1w (IAvH 25162), 1w (IAvH
25163)]. Tolima: locality not recorded, 8w (LACM). Valle del
Cauca: Buenaventura, Bajo Anchicaya, [1w (IAvH-E 90499),
1w (TAvH-E 90500)]. Vichada: Cumaribo, Selva de Matabén,
7w (IAVH).

Additional Examined Material. Outside COLOMBIA: Sev-
eral series from Argentina, Bolivia, Brazil, Guatemala, and
Paraguay. ARGENTINA: Chaco: Las Palmas, #989, 6m,
(MACN); Entre Rios, 5w, (MACN); Misiones: Esperanza,
5w and 1m, (MZSP); San Luis2w, (MZSP); #236, C.
Bruch coll, identified as “cotypus”, 2w, (MACN). BOLIVIA:
Cochabamba, 10w, #9479, 4w, (IFML); Depto. Santa Cruz,
Prov. Andrés Ibanez, 12km E Santa Cruz, 5w, (IFML).
BRASIL: BA: Bom Jesus da Lapa, 6w, (CEPEC); MT: Araguai,
2w, (MZSP); Céceres, 1w, (MZSP); Campo Grande, 6w, 1q
(MZSP); Carmo da Cachoeira, 5w, 1q, (MZSP); same loc,
3w, (MZSP); Colonia Vicentina, Dourados, 1w, (MZSP); 3w,
(MZSP); Cuiaba, 22w, 2m, (MZSP); Chapada, 8w, (MZSP);
same loc, 2w, (MZSP); Diamarum, Parque Nac. Xingu,
12w, (MZSP); Fatima, 7w, (MZSP); Faz. Beija Flor, 4w,
(MZSP); Faz. Sta. Blanca, Corumba, 4w, (MZSP); Itaum, 1w,
(MZSP); Jardim, 9w, (MZSP); Mons. Paulo, V. dos Santos,
6w, (MZSP); Paconé, 8w, (MZSP); same loc, 3w, (MZSP);
same loc, 5w, (MZSP); Porto Murtinho, 4w, (MZSP);
Rondondpolis, 2w, (MZSP); same loc, 3w, (MZSP); Santa
Barbara, 2w, (MZSP); Serra Caraga, 16w, (MZSP); same
loc., 4w, (MZSP); Serra do Urucum-Corumba, 24w, (MZSP);
S. Lourenco, 1w, (MZSP); Tiradentes, 1w, (MZSP); Trés
Lagoas, 4w, (MZSP); Utiariti, Rio Papagaio, 6w, (MZSP);
same loc, 3w, (MZSP); PE: Caruara, 2w, (MZSP); Diapoque,
5w, (MZSP); Joao Pessoa, 9w, (MZSP); Prado, Recife, 3w,
(MZSP); Recife, 4w, (MZSP); same loc, 3w, (MZSP); Tapera,
2w, (MZSP); PR: Castro, 3w, (MZSP); Foz do Iguazd,
Cataratas, 4w, (MZSP); Marienthal, 2w, (MZSP); Rio Negro,
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3w, (MZSP); same loc, 1w, (MZSP); Rolandia, 3w, (MZSP);
RD: Assis, 2w, (MZSP); RGS: Erechim, Campinas, 14w,
(MZSP); Trés Arroios, 5w, 2m, (MZSP); RJ: Fabrica Nacional
de Motores, 2w, (MZSP); Itaipava, 2w, (MZSP); Jardim
Primavera, 2w, (MZSP); Macaé, 4w, (MZSP); Marambaia,
2w, (MZSP); Rio de Janeiro, 5w, (MZSP); RS: Mor-
retes, 6w, (MZSP); SC: Blumenau, 1w, (MZSP); Cambo-
riu, 12w, (MZSP); Canoinhas, 3w, (MZSP); Forquilhinha,
5w, (MZSP); Ituporanga, 3w, (MZSP); Po¢o Grande, 3w
(MZSP); Rio do Sul, 9w, (MZSP); Rodeio, 1w, (MZSP);
SP: Agudos, 14w, (IFML); Amparo, 3w, (MZSP); Anhembi,
11w, 2q, (MZSP); Assis, Rd 333, km 44, 2w, (MZSP); Avaré,
5w, (MZSP); Barueri, 31w, (MZSP); Butantan, 1w, (MZSP);
Campinas, 5w, (MZSP); Campo dos Jordao, 6w, 3m (MZSP);
Campo Limpo, 1w, (MZSP); Caraguatatuba (Res. Flor. 40m),
4w, (MZSP); Curitiba, 6w, (MZSP); Embu, 1w, (MZSP); Faz.
Itaqueri, Roa Esperanc¢a do Sul, 18w, (MZSP); Alhambra,
6w, (MZSP); Ilha da Vitéria, 16w, 5q, 8m, (MZSP); Ilha
dos Buzios, 1w, (MZSP); Interlagos, 12w (cotype), (MZSP);
Monte Mor, 7w, 2m, (MZSP); Piracicaba, 12w, (MZSP);
Rio Claro, Bairro Saudade, 9q, (MZSP); Rio Claro, Horto
Forestal, 3w, (MZSP); Rod. S.Paulo-Curitiba, Km 300,
M.Iporanga, 15w, (MZSP); S.Sebastido, 4w, (MZSP); Teod.
Sampaio, 2W, (MZSP); Ubatuba, 2w, (MZSP); Venceslau,
3w, (MZSP); 20km W Conchas, 4w, (MZSP); Boraceia, 6w,
(MZSP); Piracicaba, 9w, (MZSP); S. Sebastido, Bairro S.
Francisco, 4w, (MZSP); Orlandia, 3w, (MZSP); Holambra,
6w, (MZSP); Praia Grande 3w, (MZSP); Interlagos, 12w,
(MZSP); Anhembi, Faz. B. Rico, MANAUS, Amazonas, 4w,
(IFML); PARAGUAY: Caacupé, 3w, (IFML); Pastoreo, 5w,
(MZSP); GUATEMALA: Antigua, 3w, (USNM).

Geographic Distribution. Argentina, Bolivia, Brazil, Colom-
bia (Amazonas, Antioquia, Boyacd, Caldas, Caqueta, Cund-
inamarca, Narifio, Meta, Quindio, Santander, Tolima, Valle
del Cauca, Vichada), French Guyana, Guyana, Panama,
Guatemala, Paraguay, and Surinam.

Etymology. The name “brunneus” means dark brown. It is
the main color of worker, queen, and male.

Natural History. D. brunneus is mainly restricted to arid
environments of the Andean region of Colombia, at ele-
vations above 1000m. Some lowland populations live in
dry forests of western Colombia (Valle del Cauca, 400-
500 m), savannas in eastern plains (Vichada, 240 m), and in
Colombian Amazon basin (Amazonas, 200-300 m).

Like Dorymyrmex biconis, D. brunneus is well adapted
to anthropic environments. Most of the specimens studied
here have been collected in areas transformed by humans,
mainly in open areas with low vegetation (stubble), coffee
plantations (shade coffee culture), wooded areas for cattle
grazing, and urban areas.

5.4.3. Comments. D. brunneus is one of the most variable
species of Dorymyrmex with the widest distributional range.
This species was found from Panama (Canal Zone) up to the
central part of Argentina. This species is the most frequently
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collected in Brazil, from sea level to more than 2000 m. As
suggested by the variability observed in specimens from Fig-
ures 7(a)-7(d), D. brunneus may be a species complex. More
detailed studies are needed based on series of specimens
collected from same nest and different localities from all over
its distributional range.

The shape of the mesosomal profile was one of the most
frequently characters used to separate species of Dorymyrmex
but is almost unusable to identify D. brunneus. Local popu-
lations of this species have strong differences in the profile of
mesosoma (Figures 7(b) and 7(d)) and scape length. There
are morphological variations among Colombian populations
which seem to be stable: only workers with broad head
(CI: 90-107) have a strong mesonotal depression making
a sort of tubercle at the middle of mesonotum (different
from D. biconis), with a deep and wide metanotal groove.
Besides, workers have a median ocellus and, sometimes, two
tiny lateral ocelli (populations from Boyacd, Colombia). The
shape of queen head in frontal view (Figure 6(b)), mandibles
with only three teeth in male and the number of closed cells
in forewings have proved to be useful to separate D. brunneus
from other Dorymyrmex species.

5.5. Dorymyrmex goeldii Forel, 1904 [38] (Figures 8(a)-8(c);
13)

Dorymyrmex Géldii Forel, 1904: 41 [38].

Dorymyrmex (Ammomyrma) goeldii Forel: Kusnezov,
1952: 429 [22].

Conomyrma goeldii (Forel): Kempf, 1972: 79 [10].

Dorymyrmex goeldii Forel: Shattuck, 1992: 85 [15];
Bolton et al. 2006 (catalog) [46].

5.5.1. Diagnosis

Worker. Concolours, light brown. Head longer than wide,
with the posterior margin of head strongly convex, scape long
(SI: more than 115), long mesosoma, in profile.

Queen and Male. Unknown.

5.5.2. Descriptions

Worker

Measurements. (n = 30): HL: 0.70-0.86; HW: 0.55-0.72; EL:
0.20-0.26; EW: 0.10-0.18; SL: 0.85-1.00; WL: 1.05-1.36; CI:
77-84; SI: 116-160; REL: 29-32; OI: 50-69; TLI: 147-163.
Concolours, light brown. Sculpture reticulated, widely
spaced. Pubescence whitish and dense. Pilosity brownish.
Head (Figure 8(a)): psammophore triangular with short
setae, the hairs in the top line close to the foramen
magnum and do not reach the oral cavity. Uppermost setae
of psammophore close to the lower margin of foramen
magnum. Scape surpassing occipital margin by more than
twice its apical width. Posterior margin of head slightly
straight. Mesosoma (Figures 8(b) and 8(c)): 0-2 pronotal
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Dorymyrmex in Colombia
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F1GURE 13: Geographic distribution of Dorymyrmex amazonicus n.
sp., Dorymyrmex bicolor, Dorymyrmex brunneus, and Dorymyrmex
goeldii in Colombia.

erected setae; propodeal tubercle round and short tubercle,
directed dorsally; declivitous face of propodeum straight to
feebly convex. Metasoma: low petiolar scale.

Queen and Male. Unknown.

Examined Material. COLOMBIA: Meta: Puerto Lopez, 6w
(IAvH); PNN Sierra de la Macarena, Cano Curia, Sendero
Cachicaos, 29w (IAvH); same locality, 29w (IAvH); same
locality, 25w (IAvH); Cumaral, 5w (LACM). Narifio: R.N.
La Planada, 1w (IAvH). Santander: Socorro, Vereda Alto de
Reinas, Finca San Luis, 1w (IAvH).

Additional Examined Material. Outside COLOMBIA:
BOLIVIA: Ignacio de Velasco, 3w (MZSP). BRAZIL: MT:
Rondonépolis, 11w (MZSP). PE: Araripina, 9w (MZSP).
PI: 5km E Oeiras, Faz. Talhada, 10w (MZSP); 10km N.
Corrente, Faz. Maracuji, 2w (MZSP); Canto do Buriti,
2w (MZSP). SP: Agudos, 9w (MZSP); same locality, 11w
(IEML).

Geographic Distribution. Bolivia, Brazil, and Colombia
(Meta, Narino and Santander). Figure 13 shows distribution
of D. goeldii in Colombia.
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Etymology. Named in honor of Emilio Goeldi.

Natural History. Geographical distribution of D. goeldii has
a strong disjunction in Colombia: some populations are
found in the Andean region (Deptartment of Santander
and Narifno) at high altitude, between 1700 a 1900 m; other
colonies, where D. goeldii is more common, prefer open
areas of an isolated chain of mountains in the La Macarena
National Park; in this area, specimens were collected at
493 m.

5.5.3. Comments. Characters given in the diagnosis are
enough to differentiate this species from all other Dorymyr-
mex found in Colombia.

5.6. Dorymyrmex insanus (Buckley, 1866) [39] (Figures 9(a)-
9(b); 10(c)-10(d); 14)

Formica insana Buckley, 1866: 165 [39].
Dorymyrmex insanus: McCook, 1880: 185-186 [53].

Dorymyrmex pyramicus (as senior synonymy of D.
insanus): Mayr, 1886: 433 [1]; Emery, 1895: 331 [54];
W. M. Wheeler, 1902: 6-7, [55]; W. M. Wheeler, 1906:
342 [36]; Creighton, 1950: 346-349 [56].

Dorymyrmex pyramicus v. insana: Santschi, 1920:
381 [57] (revived from synonymy as variety of D.
pyramicus).

Dorymyrmex (Conomyrma) pyramicus: Smith, 1951:
837 [20]; Gregg, 1963: 432-434 [58] (in part).

Conomyrma insana: Snelling, 1973 [25] (in part),
Johnson, 1989: 185 [42] (Senior synonym of D.
medeis and D. reginicula).

Dorymyrmex insanus (Buckley): Shattuck, 1992: 85
[15]; Shattuck, 1994: 84 [45]; Snelling, 1995: [4];
Bolton et al. 2006 [46].

5.6.1. Diagnosis

Worker. Medium brown to dark. Head longer than wide,
lateral sides parallel and slightly convex. Posterior margin
of head with a weak median emargination. Pronotum with
0-2 erect setae. Pro-mesonotum slightly convex with a weak
subangle behind, forming a feeble tubercle in the same line
of propodeum in profile.

Queen. Maximum cephalic width at the level of compound
eyes, weakly narrow behind.

Male. Dark brown to black. Maximum head width after
level of eyes. Posterior margin of head feebly concave in the
middle; only three teeth present on the masticatory margin of
the mandible. Forewing with no discoidal nor cubital cells.

Psyche
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FIGURE 14: Geographic distribution of Dorymyrmex biconis,
Dorymyrmex insanus, Dorymyrmex pyramicus, Dorymyrmex tubero-
sus n. sp., and Dorymyrmex xerophylus n. sp. in Colombia.

5.6.2. Descriptions

Worker

Measurements. (n = 55): HL: 0.78-1.16; HW: 0.70-1.00; EL:
0.22-0.57; EW: 0.15-0.22; SL: 0.80-1.12; WL: 1.08-1.44; CI:
79-96; SI: 74—119; REL: 25-71; OI: 26-82; TLI: 125-147.
Head, mesosoma, and gaster medium brown to dark;
some specimens are almost black. Head and dorsal part of
mesosoma covered with a dense and whitish pubescence but
lighter than in D. brunneus. Head (Figure 9(a)): subquadrate,
convex laterally. Compound eyes placed in first cephalic
third. Scape surpassing the posterior margin of head by 1/3
of its length. Posterior margin of head concave medially.
Psammophore with short setae, disposed in a double file,
forming a semicircle; the hairs in the top line are disposed
far from the foramen magnum and do not reach the oral
cavity. Mesosoma (Figure 9(b)): profile interrupted in the
middle, promesonotal profile higher than apical summit of
propodeal tubercle. Mesonotal sclerite, in profile, forming
an angle defining two faces, one dorsal and one posterior
but not forming a real tubercle. In profile, the dorsal face
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of propodeum is feebly sinuate. Metasoma: petiolar scale
directed dorsally. No ventral petiolar process.

Queen. Well described by Snelling [4].
Male (First Description)

Measurements. (n = 4): HL: 0.55-0.6; HW: 0.58-0.63; EL:
0.25-0.28; EW: 0.15; SL: 0.25-0.28; WL: 1.08-1.23.

Body dark brown, mandibles yellowish brown except
masticatory margin which is reddish brown. Whitish
pubescence covering all the body. Head (Figure 10(c)):
square with round occipital corner; posterior margin of
head feebly concave in the middle. Mandible falcate, with
subparallel inner and outer sides, with only three teeth:
apical tooth three times longer than the preapical one; there
is no well differentiated angle between masticatory and
basal margins; basal margin completely devoid of tooth or
denticles. Posterior margin of clypeus wide, reaching torulus;
anterior margin of clypeus convex. Scape long (> or = to
EL) surpassing posterior margin of compound eye; pedicel
as long as each flagellomere. Compound eye large, exceeding
the lateral margin of head. Hyaline ocelli well developed;
lateral ocelli placed close to the posterior cephalic margin.
Mesosoma (Figure 10(d)): pronotum projected forwards as
an elbow; parapsidal furrows strongly divergent, reaching
the middle part of pronotum. Mesonotum twice longer
than wide in lateral view. Anepisternum and katepisternum
completely divided by a mesopleural suture. Profile of
propodeum continuous, dorsal and declivitous faces not well
defined. Forewing with no discoidal nor cubital cell. Hind-
wing with 0-3 closed cells. Hamuli with 12 hooks. Metasoma:
petiole low; scale apically rounded in lateral view; ventral
petiolar process short. Pygostyle short, stout and covered
with white, erect setae. Stout paramere, differentiated from
volsella by a sulcus; digitus curved surpassing the volsellae in
length, no cuspis present; aedeagus ventrally serrate.

Examined Material. COLOMBIA: Atldntico: Barranquilla,
Km. 6 via Puerto Colombia, 5w (CEUM). Boyaca: Puerto
Boyacd, Puerto Romero, Vereda La Fiebre, Finca El Golfo,
1w (ICN). Cesar: Chiriguand, 14w (CEUM). Cundinamarca:
Fusagasuga, Rio Cuja, [1w (ICN-022530), 1w (ICN-022467),
1w (ICN 022468), 1w (ICN-022534), 1w (ICN-022529),
1w (ICN-022533), 1w (ICN-022536), 1w (ICN-022531), 2w
(ICN-CORD?78)]; Villeta, Buenos Aires, [1w (ICN-022538),
Iw (ICN-022537)]. Meta: Vereda el Cocuy, 3 19 7.68 N
73 54 21.96 W 467m, 23 Apr 1978, [1w (ICN-022542),
1w (ICN-022543)]; San Juan de Arama, Vereda Monserrate,
PNN Sierra de la Macarena, 1w (ICN-F86M159); Meta, loc.
not recorded, 2w (LACM). Tolima: Municipio Fresno, Vereda
Colombia, Finca Las Perlas, 1w (IAvH).

Additional Examined Material. (Outside of COLOMBIA):
USA: Arizona: Cochise Co., Portal, 33w (LACM); same
locality, 2w, 2m, 2q (LACM); 4 mi. N. Sedona, Oak Co., 2w
(LACM). California: Glamis, Riverside Co., 9w (LACM); 3.5
mi NW Glamis, Algodones Dunes, Imperial Co., 5w; La Jolla,
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San Diego Co., 4w (LACM). Kansas: Anthony City Lake,
Harper Co., 5w, 1m, 1q (LACM).

Geographic Distribution. Colombia (Boyacd, Cesar, Cun-
dinamarca, Meta and Tolima), Costa Rica, El Salvador,
Honduras, Panama, USA (Arizona, California and Kansas).

Etymology. Insanus means mad, probably because of the
crazy movement of foraging workers on the ground.

Natural History. In Colombia, Dorymyrmex insanus is com-
monly found in lowlands. This species nests close to the
sea level (75m.) in anthropic sub-xerophytic deciduous
forests and in temporal cultivated areas. Some populations
are restricted to arid and open areas of central Colombia,
between 400 and 700 m, where small herbs cover the ground.

5.6.3. Comments. Taxonomical limits of this species are here
clearly defined. In the past, the names of D. pyramicus and
D. insanus were used as synonyms, in a sort of confusion,
considering both species as one with a wide distributional
range (from Texas, USA, to Argentina). Snelling [4] was
the first to recognize this mistake and to propose a clear
description of D. insanus, designating a neotype worker
(Figures 9(a) and 9(b)) and neoparatypes. According to
him, D. insanus can be found from Central Texas to Kansas
and westward to Northern California. In the same paper,
Snelling [4] says that the southern limit of its range is
unclear in part due to inadequate collecting. With new
material examined from Central and South America, we can
confirm the presence of D. insanus in Central America and
in the north part of South America. For more information,
see comments of D. pyramicus below. Another interesting
data is that D. insanus was considered as a vulnerable
species by de JTUNC Red List as fitting the “D2” criteria
of the vulnerable (VU) category in the “1994 Categories &
Criteria,” meaning the population has an acute restriction
in its area of occupancy (typically less than 100km?) or
in the number of locations (typically less than five). With
the distributional data provided here, this species can be
considered to exceed the above criteria and, therefore, should
be removed from the list of endangered species.

5.7. Dorymyrmex pyramicus Roger, 1863 [40] (Figures 9(c)-
9(d); 10(e)-10(f); 14)

Prenolepis pyramica Roger, 1863: 160 [40]. Descrip-
tion of worker.
Dorymyrmex pyramicus (Roger): Mayr, 1870:947
[59]; Mayr, 1870b: 394 [60].
Dorymyrmex pyramicus: Emery, 1888: 362 [3].
Description of male.

Dorymyrmex (Conomyrma) pyramicus
Forel, 1913: 350 [11].

Dorymyrmex pyramicus (Roger): Gallardo, 1916: 54
[41] (w, q, m redescribed).

(Roger):
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Dorymyrmex (Conomyrma) pyramicus (Roger): Sant-
schi, 1925: 244 [61].

Dorymyrmex (Conomyrma) pyramicus G. C. Wheeler
& J. Wheeler, 1951: 83 [62] (description of larvae).

Conomyrma (Conomyrma) pyramica (Roger): Kusne-
zov, 1952: 430 [22]; Snelling, 1973: 4 [25]; Goni et al.
1984: 366 [63] (karyotype).

Dorymyrmex pyramicus (Roger): Shattuck, 1992: 85
[15]; Shattuck, 1994: 85 [45]; Bolton et al. 2006 [46]
(catalog).

5.7.1. Diagnosis

Worker. Promesonotal profile continuous, strongly convex.
Head, mesosoma, and legs reddish-yellow with gaster dark
brown to black. Psammophore reaches the posterior margin
of hypostoma.

Queen. Head subquadrate, maximum width at level of com-
pound eyes; scape surpassing the posterior margin of head by
no more than its maximum width; mandibles feebly striated
with four teeth and two denticles on the masticatory margin;
posterior margin of head straight. Forewing with only one
large cubital cell.

Male. Head wider than long; posterior margin of head medi-
ally concave; scape long, surpassing the level of compound
eyes, pygostyle poorly developed.

5.7.2. Descriptions

Worker

Measurements. (n = 10): HL: 0.78-0.88; HW: 0.73—0.78; EL
0.20-0.25; EW: 0.1-0.13; SL: 0.78-0.85; WL: 1.18-1.20; CI:
89-94; SI: 97-100; REL: 26-29; OI: 50-52; TLIL: 137-152.

Head, mesosoma, and petiole concolorous reddish yel-
low; gaster always darker than the rest of the body, frequently
dark brown to black. Whitish and sparse pubescence cover-
ing all body tagma. Head (Figure 9(c)): posterior margin of
head feebly emarginated medially. Psammophore with short
hairs forming a triangle; the hairs in the top line are dispose
near to the foramen magnum and do not reach the oral cav-
ity. Upper seta line of psammophore close to anterior margin
of foramen magnum. Mesosoma (Figure 9(d)): pronotum
with two subdecumbent short setae. Promesonotal profile
strongly convex. Mesonotum not angulated, as in D. insanus.
Propodeal tubercle well developed and directed dorsally.
Declivitous face of propodeum, straight. Metasoma: petiolar
scale pointing dorsally.

Queen

Measurements. (n = 2): HL: 1.15-1.18; HW: 1.18-1.2; EL:
0.33-0.4; EW: 0.13-0.15; IOD: 0.73; SL: 0.93-0.95; WL: 1.93—
1.95; CI: 102-103; SI: 80-81.

Color and pubescence as in worker. Head: subquadrate;
scape surpassing the posterior margin of head by no more
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than its maximum width; mandibles feebly striated, four
teeth and two denticles on the masticatory margin; posterior
margin of head straight; external margin of compound
eye included in head surface in frontal view; ocelli hya-
line, close to the posterior margin of head. Mesosoma:
parapsidal furrows not well developed but parallels, axilla
not divided medially. Anepisternum incompletely separated
from katepisternum by a short suture. Forewing with only
one close cubital cell; radial cell open. Metasoma: petiolar
scale low, stout, and rounded apically.

Male

Measurements. (n = 2): HL: 0.6-0.64; HW: 0.7-0.75; EL:
0.2-0.26; EW: 0.13—0.14; SL: 0.34; WL: 1.48-1.50.

Body color similar to worker and queen. Head
(Figure 10(e)): subquadrate, wider than long; lateral side of
clypeus feebly projected forward; mandibles thin, with four
teeth, apical tooth more than twice longer than the others;
scape long, surpassing posterior margin of compound eyes.
Mesosoma (Figure 10(f)): parapsidal furrows present and
parallel, axilla not divided medially; forewing with one close
radial cell and no cubital nor discoidal cell. Hindwing with
two basal cells. Metasoma: petiole stout and low, directed
dorsally, ventral process round, feebly developed. Pygostyle
poorly developed; gonystylus stout covered with few erect
setae; digitus short and no cuspis. Aedeagus with serrate
ventral border.

Examined Material. COLOMBIA: Bolivar, Zambrano, 1w
(IaVH), no more data available.

Additional Examined Material. Outside Colombia: ARGEN-
TINA: La Rioja: Guayapa, 17w (IFML). Salta: PN El
Rey, 2w (IFML); Campo Quijano, 19w (IFML). Tucuman:
Salinas, 12w (IFML); Villa Nougués, 123w, 37q, 21m
(IFML); Tucumén, 2w (MZSP). BRAZIL: Bahia: Rodelas,
2w (CEPEC); Domingos, Ilhéus, 1w (CEPEC); Simoes
Filho, 1w (CEPEC); Planalto, 1w (CEPEC). ES: Cda. Barra,
1w (CEPEC); REG-Linh, 1w (CEPEC); Itatinas, Cord. De
Antonia. 1w (MZSP); Rio de Janeiro: Macaé, 2w (MZSP);
MT: Rondonopolis, 1w (MZSP); Tres Lagoas, 4w (MZSP);
RS: Tramandai, 499w (MZSP); Porto Alegre, 2w (MZSP). SC:
Florianépolis, Praia da Joaquina, 1w (MZSP). CUBA: Guavia
Cave, 3w (LACM). GUATEMALA: Escuintla, 20w (USNM);
PARAGUAY: Central, Aregua, 3w (IFML); URUGUAY:
Carmelo, 2w (LACM).

Geographic Distribution. Central and South America. Cuba,
Guatemala, Colombia (literature records), Brazil (Bahia,
Espirito Santo, Mato Grosso, Rio de Janeiro, Rio Grande
and Santa Catarina States), Uruguay, Paraguay, Argentina (La
Rioja, Salta, and Tucumén Provinces).

Etymology. The name of pyramicus refers to the typical
tubercle or cone on propodeum present in all species of
Dorymyrmex, giving to the propodeal angle an appearance
of pyramid. Several Dorymyrmex species are known as
“pyramid ants.”
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5.7.3. Comments. This species was described by Roger [40]
as Prenolepis pyramica from one worker collected in Bahia,
Brazil, and transferred to Dorymyrmex by Mayr [59].
Unfortunately, Wheeler [55] erroneously stated that For-
mica insana Buckley [39] (Dorymyrmex insanus) was an
“undoubtedly synonym” of D. pyramicus. Originally, Formica
insana was described from Texas and southern states of
the United States. Workers of D. insanus are concolorous
black to dark brown, as Snelling [25] says (see Figures 8(a)
and 8(b)), differing from workers of D. pyramicus that are
typically bicolored, as we describe above. Nevertheless, this
mistake persisted, authors having considered D. pyramicus as
a species with a very large distribution, from the south part of
the United States throughout the Caribbean area to the north
of Argentina. We only found one worker of D. pyramicus in
Colombia, but there are bibliographic records that confirm
its presence in this country [35]. Apparently, D. insanus and
D. pyramicus are only sympatric in Central America (Cuba
and Guatemala) and in the north part of South America
(Colombia, Venezuela, and Northern Brazil). Beside color, D.
pyramicus and D. insanus can be differentiated by the shape
of head in full-face view and the shape of the promesonotal
profile (continuous in D. pyramicus, interrupted at its end in
D. insanus).

5.8. Dorymyrmex tuberosus Cuezzo & Guerrero n. sp. (Fig-
ures 11(a)-11(c); 14)

5.8.1. Diagnosis

Worker. Dark brown; whitish pubescence in all tagma; scape
long; posterior margin of head concave in the middle;
mesonotal profile interrupted by a short but distinct tubercle,
besides a thin tubercle directed dorsally between dorsal and
declivitous faces of propodeum.

5.8.2. Description

Worker

Measurements. Holotype (paratype): HL: 0.88 (0.93); HW:
0.80 (0.88); EL: 0.24 (0.25); EW: 0.20 (0.23); SL: 1.04 (0.98);
COD: 0.18 (0.2); WL: 1.18 (1.20); CI: 90 (95); SI: 105 (106);
REL: 27 (28); OI: 83 (90); TLI: 134 (131).

Concolorous, dark brown with the lateral corners of
the clypeus reddish brown. Whitish and dense pubescence
covering the all body. Head (Figure 10(a)): longer than
wide. Compound eye placed in the middle of the lateral
part of cephalic capsule, not surpassing the lateral margins.
Psammophore with short hairs disposed in a triangle; the
hairs on the top line are close to the foramen magnum
and not reach the oral cavity. Scape long, surpassing the
posterior margin of head. Mandibles strongly striate, with
five teeth and at least two denticles along the masticatory
margin and numerous denticles along the basal margin.
Posterior margin of head with a feeble medial emargination.
Mesosoma (Figures 11(b) and 11(c)): in profile with two
tubercles, one in the posterior end of the mesonotum and
one between the dorsal and the declivitous faces of the
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propodeum. Metasoma: petiolar scale directed dorsally, thin
apically.

Queen and Male. Unknown.
Examined Material. Type series.

Geographic Distribution. COLOMBIA: (Bolivar: San Juan
Nepomuceno, Santander: Bucaramanga, type localities).

Etymology. The name tuberosus refers to the presence of
two tubercles on the dorsal face of both mesonotum and
propodeum.

Natural History. Known only from museum collections.
Specimens of Santander were collected in the campus of the
Industrial University of Santander and those deposited in
LACM have a label saying: “ex-Manihot,” probably referred
to be collected in a cultivate place. According to this data,
D. tuberosus prefers, as several species of Dorymyrmex,
disturbed habitats.

Examined Material. Type series.

5.8.3. Comments. Two well-developed tubercles on the
mesosoma, along with whitish pubescence, and general dark
color can be useful to differentiate D. tuberosus from the
other species of Dorymyrmex found in Colombia. This
species could be confused with D. brunneus by color but
differs by the following characters: shape of the head, slightly
wider after compound eyes and always with an emargination
in the middle of posterior margin. Pro-mesosomal profile
always at level or higher than the apex of propodeal cone.
In contrary to D. brunneus, D. tuberosus has well-developed
tubercles on the mesonotum.

5.9. Dorymyrmex xerophylus Cuezzo & Guerrero n. sp. (Fig-
ures 12(a)-12(c); 14)

5.9.1. Diagnosis

Worker. Small ants, TLI: <117. Head oval in full-face view,
lateral margins parallel, and posterior margin strongly
convex. Compound eyes not surpassing the sides of cephalic
capsule. Propodeal tubercle short, stout, and lower than
mesonotum. Pubescence dense and golden.

5.9.2. Description

Worker

Measurements. Holotype (Paratype): HL: 0.60 (0.62). HW:
0.44 (0.46). EL: 0.18 (0.18). EW: 0.12 (0.12). SL: 0.52 (0.54).
WL: 0.70 (070). CI: 73 (74). SI: 87 (87). REL: 41 (39). OI: 67
(67). TLL: 117 (113).

Concolorous, light brown; only tergites 2 and 4 of gaster,
darker. Head (Figure 11(a)): longer than wide. Mandibles
feebly striate (only seen at more than 100x), with 4 teeth
and 2 denticles. Compound eye well-developed in the first
part of head in full-face view. Psammophore with only few
hairs disposed in the central part of ventral cephalic face, not
reaching the oral cavity; those hairs are equidistant between
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the foramen magnum and the oral cavity. Scapes short (SI
= 87). Mesosoma (Figures 12(b) and 12(c)): dorsal face of
pronotum with two erect hairs lengthless than the greatest
width of the antennal scape. Mesonotum straight in profile,
lower than pronotum, only interrupted in its posterior end,
forming a declivitous face continuous with propodeum.
Metasoma: petiolar scale wide, thin and rounded apically.

Queen And Male. Unknown.
Examined Material. Type series.

Geographic Distribution. COLOMBIA (La Guajira and Mag-
dalena, type localities).

Etymology. The specific name is in apposition, refers to the
extremely arid environments where D. xerophylus usually
nests.

Natural History. Ants of Magdalena were collected with
sausage baits, between 10:00 and 11:00 a.m. Apparently, D.
xerophylus prefers, like other Dorymyrmex, open areas of
dry forests in lowlands. Specimens were found in dry forest
of Sierra Nevada de Santa Marta, dominated by Poaceae.
This habitat is subjected to occasional human disturbances
resulting from logging. Ants collected in La Guajira live in
restored areas of opencast coal mines, abandoned 10 years
ago.

5.9.3. Comments. D. xerophylus is close to D. goeldii but differ
by size, pubescence, and color. In Colombia, only this two
species have the posterior margin of head strongly convex
and head more than twice longer than wide (CI: 73-74 and
77-40 for D. xerophylus and D. goeldii, resp.).
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To evaluate the response of the ant assemblages to different management practices in the tropical dry forests of southwestern
Colombia, 10 sites that conserve forest fragments surrounded by pastures and sugarcane crops were sampled. Tuna-fish baits
placed on the ground in the three habitats captured 100 ant species (41 genera). The greatest number of species was found in
the forests in contrast with a significant loss of richness and diversity in the productive habitats, the pastures being richer than
the cane fields. Species richness was negatively correlated with the abundance of the little fire ant Wasmannia auropunctata. Ant
species composition was related to soil temperature and percent ground cover, as well as being partially determined by location
and the abundance of W. auropunctata. The forests had a significantly different species composition from the other two habitats,
but there were no consistent differences between the pastures and the cane fields.

1. Introduction

The commonest consequence of converting tropical forests
on a large scale is a mosaic of fragments of relictual vege-
tation surrounded by productive habitats such as pastures
for cattle, sugarcane crops, and oil palm plantations [1,
2]. Modifications of the natural habitat generally result
in loss of species and changes in the composition and
diversity of different animal groups [3-6] including insects
[7-9]. To understand the effects of transforming the natural
habitat, it is important to examine how the richness and
composition of species change in areas that contain different-
sized fragments as part of one large disturbed matrix [10].
The tropical dry forest is one of the most transformed
and threatened ecosystems in the world [11, 12]. Of the
519,597 km? of remnants of this forest distributed through-
out the Americas, half the area (51%) is found in South
America [13], where conversion to agriculture represents a
substantial risk to the highly fragmented patches of dry forest

[14]. Of the 30,713 km? of dry forest existing in Colombia
today, 1977 km? [13], are found in the geographic valley of
the Cauca River, spread out in more than 1600 fragments
with an average size of 6ha [15]. This situation is the
consequence of the expansion of the sugarcane monocrop
and pastures [16].

Given the urgency of determining the biodiversity in
the relictual forests of the Cauca River Valley, studies have
been conducted on ants and Staphylinidae (Coleoptera) [17],
highlighting the need for obtaining information about the
structure and dynamics of the biotic communities in these
forest remnants and their adjacent matrixes.

Ants have a large number of attributes, offering many
possibilities for monitoring, inventorying, and basic ecology
[18, 19]. In addition to their high diversity and dominance
in terms of biomass and numbers, particularly in tropical
forests [20, 21], the ground-foraging ant assemblage is
especially sensitive to impacts due to transformation of
the habitat [22], because of this, they have been widely



used as indicator species [23]. Many studies report that
such disturbances promote changes in the structure and
composition of the ant assemblages [24, 25], loss of species
richness [26], reduced density of nests within the fragments
[27, 28], and a high number of tramp species in fragments as
compared with continuous forests [29].

In the dry forests of southwestern Colombia, where some
200 ant species have been recorded [17], the forest fragments
conserve greater species richness than their adjacent matrixes
[30]. Moreover, the richest forests have a greater number of
rare species [31], and the richness and relative frequency of
some groups (e.g., legionary or army ants) are correlated
positively with the area [32]. Although the actual compo-
sition of ant species varies significantly among sampling
sites [33], the little fire ant (Wasmannia auropunctata R.)
is numerically dominant; thus, it has been proposed as an
indicator of low diversity in the dry forest [34].

This study compared the richness and composition of
the ground ant community at 10 sites in the three different
habitats: forest fragments, pastures for cattle-raising, and
sugarcane crops. The objective was to determine the effect
of the different sites and habitats on the richness and
composition of ant species, taking into account a gradient
of disturbance and environmental and biotic variables. In
addition, the study aimed to determine whether the changes
in species richness and composition were conditioned by
the presence of dominant ants. Finally, based on the results,
a broader view for conserving forest fragments and using
sustainable management practices for the associated habitats
can now be provided.

2. Materials and Methods

2.1. Study Area. Located in southwestern Colombia, the area
corresponds to the inter-Andean floodplain formed by the
upper watershed of the Cauca River, with an area 230 km
long by 10-20 km wide and at an altitude of 900-1100 m.
The climate is typical of a tropical dry forest, with an
average annual temperature of 24 C and 1000-2000 mm of
rainfall, distributed in two periods (April-May and October-
November), during which 70% of the total annual rainfall
occurs [35].

Ten sites were selected, distributed from South to North,
covering three states in southwestern Colombia (Table 1).
Each site comprises a forest fragment whose arboreal veg-
etation reaches a canopy of 30 m, with prominent species
of wild cashew (Anacardium excelsum), Xylopia ligustrifolia,
Laetia americana, cow or wild fig (Ficus glabrata), Cecropia
sp., and kapok (Ceiba petandra) [36], frequently mixed with
clumps of Guadua angustifolia (‘Tribe Bambuseae). The forest
fragments differ in shape, area, and type of matrix [37],
in which pastures for cattle raising (36% of the area) and
intensive sugarcane production (52%) predominate [15].

2.2. Sampling of Ants. Sampling was performed during the
rainy season, from October to December, 2005 and February
to May, 2006. Three habitats were identified at each site:
forest, sugarcane fields, and pastures. All the pastures and
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cane fields surveyed were adjacent to the forest. Linear
transects were marked off at random in each habitat, and
40 sampling stations were placed every 20 m to guarantee
independence of the samples based on the ants’ foraging
distances [38]. All transects were placed parallel to the
forest edges at a minimum distance of 50 m. At each sam-
pling station, coordinates were taken (GPS Garmin 12XL);
and four variables were measured: soil moisture, soil pH
(Kelway meter), soil temperature (Weksler thermometer),
and canopy cover (spherical concave densitometer, Forestry
Suppliers, Inc.).

The ants were collected using tuna-fish baits, one per
sampling station. This method is useful for estimating the
composition and richness of the ant fauna that forage actively
on the ground [39] and has been widely used in dry forests
[30, 31, 34]. The baits, previously evaluated by Achury et al.
[33], consisted of a piece (4 x 4cm) of white bond paper,
on which was placed an average of 9g (+ 1.7) of tuna fish
conserved in oil. They were then put on the ground and left
there for 3 hours. The ants that were found directly on the
tuna fish were collected, and the rest of the bait, including
part of the soil beneath, was also picked. This was done
because on underside of the paper, there were often very
small or less aggressive ant species.

The samples were cleaned in the laboratory and con-
served in ethanol at 80%. Their identification was done to
the genus level according to Palacio and Fernandez [40] and
Bolton [41]. At the species level, Longino’s key [42] was
used, as well as to comparing ants with specimens from
the Museum of Entomology at the Universidad del Valle
(MEUV) and the Museum of Zoology at the Universidade de
Sao Paulo (MZUSP). The reference collection was deposited
in the MEUV.

2.3. Data Analyses. For each sample (1 tuna-fish bait), the
number of morphospecies of ants that were attracted to
the bait and their respective abundances were counted. A
descriptive analysis was done of the percent occupation of the
baits by the different subfamilies, genera, and certain species.

To determine the differences with respect to ant richness
and composition, two scales were analyzed: sites (total 10)
and habitats (total 3, represented by forests, cane fields,
and pastures). Correlations were sought between species
richness per site versus three variables: latitude, total number
of captures, and abundance of the commonest species (W.
auropunctata). A correlation was also run between latitude
and abundance of W. auropunctata. The richness per habitat
was compared using rarefaction curves based on samples
[43, 44], using the Estimates S program v. 8.2 [45]. Data
on species density were used because they provide a better
indicator of the differences in structure within the habitats
[24].

The three habitats were compared with respect to four
variables: abundance of ants per bait (natural logarithm),
species richness per bait, the Shannon diversity index, and
the numeric dominance index (ratio between number of
workers of the most abundant species and total abundance of
all species in the habitat). A one-way analysis of variance (the
Kruskal-Wallis test) was applied, and multiple comparisons
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TaBLE 1: Description of the location and characteristics of the sites within fragments of tropical dry forest in the upper watershed of the

Cauca Rivers; sites ordered geographically from North to South.

Site Adjacent matrix Municipality and state Coordinates Altitude (masl) Area (ha)
Miralindo I Pastures La Virginia, Risaralda ;1 55;1 ] 139 0859 \T] 900 6.7
Aguas Claras Pzz;iilizd Pereira, Risaralda ;; 553; 253613 I;Iv 940 13.0
Alejandria Pastures La Virginia, Risaralda ;1 5459 355 f \T] 900-940 15.3
Las Pilas Pastures Zarzal, Valle 745 2569 225371 I\\/Iv 1000 12.4
El Medio Sugarcane Zarzal, Valle 47 62(; ?18 \E 950 13.1
Las Chatas Pzz;rrecsaigd Buga, Valle 72 521) 250385 I\\/Iv 950 10.8
El Vinculo Pastures Buga, Valle 71 51(; 219387 I\\/IV 980-1150 15
El Hatico lesltgl;rr?a:;d El Cerrito, Valle 736 3189 1%)452 I\\/I\] 980 12.6
Colindres e Jamunds, Valle S 975 10.0
s Bewsad swedrleqideo  SesiX s

were made using the Tukey test and Bonferroni correction
[46].

Species composition was described using the data on
frequency of capture for all the species, and the similarity
among the sampled sites was determined by means of hierar-
chical cluster analysis [47]. Then, the PC-ORD program v. 4
(48] was used to compare the groups formed, using the non-
parametric multivariate technique MRPP (Multiresponse
permutation procedure), which tests the null hypothesis of
there being no difference between two or more groups of
entities, based on previously defined groups [47, 49]. This
technique was also used to compare the ant assemblages
among habitats.

To examine whether the environmental variables (soil
moisture, pH, temperature, and percent ground cover) and
biotic variables (species richness and abundance of W.
auropunctata) are related to the ant assemblage structure
(frequency of capture per habitat), a canonical correspon-
dence analysis (CCA) [48] was performed, followed by the
Monte Carlo significance test (999 permutations). These
analyses were done with the PC-ORD program v. 4.

3. Results

3.1. General Data on Ants Collected. Of the 1062 baits placed,
93.03% scored positive for ants, with an average per site
of 92.83% (+ 6.41) (Table 2). A total of 194,347 ants were
attracted to the tuna-fish baits, classified into 100 species,
41 genera and 8 subfamilies (see the appendix). Myrmicinae
was the subfamily with the most genera and species (24
and 66, resp.), followed by Dolichoderinae (5 genera, 7
species), Formicinae (4, 16), Ponerinae (2, 4), Ecitoninae

(2, 2) Ectatomminae (2, 2), Pseudomyrmecinae (1, 2), and
Heteroponerinae (1, 1). The richest genera were Pheidole (19
species), Crematogaster (9), Solenopsis (8), and Camponotus
(4). The dominant species in the study were W. auropunctata
(130,757 workers) and Solenopsis geminata (29,565), together
representing 82.5% of the captures.

3.2. Richness and Abundance. The average number of ant
species per site was 30.4 (minimum 17, maximum 46), with
higher values toward the North of the study area (Table 2).
Except for two sites (Colindres and San Julian), where the
pastures or cane fields, respectively, had the greatest species
richness, more species were recorded in the forest habitat
(Figure 1). The rarefaction curves showed that the forests had
the greatest richness compared with the pastures and cane
fields (F,1, = 789.34; P < 0.001), which had the lowest
number of species (Figure 2).

A highly significant positive correlation was found
between richness and latitude (r = 0.8453; df=8; P = 0.002).
In contrast, a highly significant negative correlation was
found between abundance of W. auropunctata and latitude
(r = -0.9581; df = 7; P < 0.001). Species richness per site
varied inversely with the total captures of W. auropunctata
(r = -0.8062; df = 7; P = 0.008) and its respective
abundance (r = - 0.8569; df = 7; P = 0.003).

Significant differences were found among the habitats
for the variables ant abundance per bait (Fo9s5 = 12.31;
P < 0.0001) and species richness per bait (H = 25.86;
df = 2, n = 988; P < 0.001), as well as for the Shannon
diversity index (F2, = 21.13; P < 0.001). Abundance was
greater in the cane fields and the forest than in the pastures
(Tukey: P < 0.001) (Figure 3(a)), while richness was greater
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FIGURE 1: Richness of ant species broken down by habitat at 10 sites
ordered geographically from North to South. MI (Miralindo), AC
(Aguas Claras), AL (Alejandria), LP (Las Pilas), EM (El Medio), LC
(Las Chatas), EV (El Vinculo), EH (El Hatico), CO (Colindres), and
SJ (San Julian).
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FIGURrEe 2: Rarefaction curves, based on the Coleman method, for
species of ants captured at tuna-fish baits in three habitats within
the tropical dry forest region. For purposes of clarity, the confidence
intervals (95%) and the SD are omitted in the figure.

in the pastures and forest (Bonferroni correction: P < 0.001)
(Figure 3(b)). The diversity index was significantly greater in
the forest (Tukey: P < 0.001) (Figure 3(c)). No significant
differences were found for the dominance index (F,19 =
0.13; P = 0.87) given that in the three habitats it was
higher than 60% (Figure 3(d)). Wasmannia auropunctata ant
was dominant in the forest and cane fields, whereas in the
pastures its index was low (36%), the dominant species being
S. geminata.

3.3. Species Composition. Based on the dendrogram, four
groups were differentiated with a level of retention of over
50% (Figure 4). There were significant differences in ant
composition among sites (MRPP: A = 0.129; T = - 4.408;
P = 0.0002), which were determined by geographic location
and the abundance of W. auropunctata. The first group
was formed by the four sites in the North, which also had
the lowest abundance of W. auropunctata (Aguas Claras,
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TaBLE 2: Effectiveness of tuna-fish baits and total richness of ant
genera and species in the study area.

Site Bait attraction (%) No. of genera sz:.cizg
North
Miralindo 95.6 23 37
Aguas Claras 96.8 21 42
Alejandria 87.2 22 46
Las Pilas 96.7 18 37
Midzone
El Medio 97.5 15 31
Las Chatas 86.7 13 17
El Vinculo 78.9 15 21
Hatico 95.0 21 32
South
Colindres 95.0 17 23
San Julian 98.7 12 18

Average = SD 92.8 £+ 6.41 17.7 £ 3.92 30.4 + 10.24

Alejandria, Miralindo, and Las Pilas). In Las Chatas, which
was separate from the other sites, no W. auropunctata ants
were captured. The third group covered the midzone of the
geographic valley of the Cauca River (El Hatico, El Vinculo,
and El Medio). Lastly, the fourth group was formed by the
two sites in the South (Colindres and San Julian), where the
greatest abundance of W. auropunctata was found.

The CCA showed that the habitats formed separate
groups that varied with respect to the composition of ants
(Figure 5), which was significant globally (MRPP: A = 0.116;
T = -5.847; P = 0.0001). However, the differences were
between the forest and pastures (MRPP: A = 0.124; T =
- 6.263; P = 0.0003) and the forest and cane fields (MRPP:
A = 0.067; T = -3.475; P = 0.007); but not between the
pastures and cane fields (MRPP: A = 0.052; T = - 1.757; P =
0.063). Moreover, the canonic regression (Table 3) shows that
that there is a strong relationship between the community
structure and the variables soil temperature, percent ground
cover, abundance of W. auropunctata, and richness of ant
species, of which the first three were strongly associated
with the second axis, while the last one was associated with
the first axis. The variables pH and soil moisture had weak
relationships with the composition of ants. The proper values
(eigenvalues) for the first two axes explained the highest
percent of cumulative variance (21.7%) and were significant
(Table 3).

4. Discussion

Sampling methods in this study did not include collecting
litter, so it would be expected that species richness would not
be as high; however, the 100 ant species collected with the
tuna-fish baits in the 10 dry forest fragments represent 50%
of the species recorded in the study area [17]. Myrmicinae
was the most diverse subfamily, with five times more genera



Psyche

NL of abundance

b
1 - i
0 T

Cane fields

Forest

Pastures

(a)

a
0 - I T

>
%
J

Shannon diversity index
wu — w 38 wul W w
1 1 1 1 1 1 1

Cane fields Pastures Forest

(c)

Species richness
-
w
1

b b
2.5 A
a
2 .
1 .
0.5 | i
0 T T

Cane fields

Pastures Forest

(b)
120 -

1

Cane fields

—_

< (=1

(=) (=]
1 1

Numeric dominance
(o))
o
1

Pastures Forest

(d)

FIGURE 3: Average values and SD for (a) natural logarithm of the abundance of ants per bait; (b) species richness per bait; (¢) shannon
diversity index, and (d) numeric dominance of the most abundant species in each habitat. Bars with different letters are statistically different.

TaBLE 3: Summary of the CCA statistics for each axis and the Monte Carlo significance test for the proper values (eigenvalues) based on 999

permutations.

Axis 1 Axis 2 Axis 3
Eigenvalue 0.538 0.319 0.233
Monte Carlo probability test 0.001 0.006 0.015
% cumulative variance in species data 13.7 21.7 27.6
Variables of the canonic multiple regression
Soil moisture -0.038 0.104 -0.172
pH 0.080 -0.170 -0.141
Soil temperature -0.141 0.314 -0.086
% ground cover 0.304 -0.480 -0.784
Abundance of W. auropunctata 0.170 -0.268 0.984
Species richness 0.713 0.787 0.482

and four times more species than the other subfamilies.
This preeminence can be explained by the great adaptive
radiation, range of foraging behaviors, nesting habits, and
colony structure of this subfamily [20], which includes the
genus Pheidole, which had the greatest richness (19 species)
and which is represented by 651 species in the New World
[50].

In the study area, agricultural intensification has
occurred from the edges of the Cauca River in the flatlands

toward the foothills [16]. Species’ richness increased toward
the N