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"Much more than a neck": karyotype differentiation between Dolichoderus attelabo-
ides (FABRICIUS, 1775) and Dolichoderus decollatus F. SMITH , 1858 (Hymenoptera: 
Formicidae) and karyotypic diversity of five other Neotropical species of Dolichoderus 
LUND, 1831 

Igor S. SANTOS, Cléa S.F. MARIANO, Jacques H.C. DELABIE, Marco A. COSTA, Antonio F. CARVALHO  & 
Janisete G. SILVA  

 

Abstract 

Dolichoderus LUND, 1831 is the most species-rich and morphologically diverse genus in the Dolichoderinae subfamily 
and comprises more than 150 described species. The ants in this genus are mainly arboreal and are mostly found in 
tropical humid forests. In Brazil, there are 35 Dolichoderus species grouped in nine species complexes. Some of these 
species, such as those in the D. attelaboides and D. decollatus complexes, are large in overall size and share several common 
morphological characters, which suggests a close phylogenetic relationship among them. In this study, classical and mole-
cular cytogenetic techniques were used to investigate the karyotype differentiation between Dolichoderus attelaboides 
(FABRICIUS, 1775) (D. attelaboides complex) and Dolichoderus decollatus F. SMITH, 1858 (D. decollatus complex). 
Also, species in the following complexes were analyzed cytogenetically for the first time, namely Dolichoderus lutosus 
(F. SMITH, 1858), Dolichoderus diversus EMERY, 1894, and Dolichoderus voraginosus MACKAY , 1993 (D. diversus 
complex), Dolichoderus bidens (LINNAEUS, 1758) (D. bidens complex), and Dolichoderus imitator EMERY, 1894 (D. 
imitator complex). Our results revealed a high karyotype divergence between D. attelaboides and D. decollatus, indicating 
that chromosome rearrangements most likely had an important role in the diversification of these complexes. The chromo-
some numbers analyzed in this study ranged from 2n = 10 to 2n = 58 and placed Dolichoderinae as the third most 
karyotypically diverse group known within Formicidae. The differences in the location of DNA clusters between the 
two species in the D. diversus complex may have originated from pericentric inversions during karyotype diversifi-
cation within this complex. Molecular phylogenetic analyses using fragments of the cytochrome oxidase I (COI) and 
long-wavelength rhodopsin (LW Rh) genes indicated that chromosomal rearrangements have played an important role 
in karyotype evolution and diversification in Dolichoderus, unlike other ant genera that exhibit highly conserved karyo-
types. We conclude that the smaller and more numerous chromosomes arose as a result of successive events of fission. 
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Introduction 

Dolichoderus LUND, 1831 is the most species rich and 
morphologically diverse genus in the Dolichoderinae sub-
family. It comprises mostly arboreal ants found in tropical 
humid forests (SHATTUCK 1992, MACKAY  1993, CUEZZO 
2003). The New World species, placed into 12 complexes, 

are widely distributed from southern Canada to northeast-
ern Argentina (MACKAY  1993). In Brazil, 35 species have 
been reported so far distributed in the D. attelaboides, D. 
bidens, D. bispinosus, D. debilis, D. decollatus, D. diver-
sus, D. imitator, D. laminatus, and D. rugosus complexes 
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(MACKAY 1993, ORTIZ &  FERNÁNDEZ 2011). Among these 
complexes, the D. decollatus and D. attelaboides com-
plexes are noteworthy for the high morphological similar-
ity among their species. However, the species within the 
D. atellaboides complex have an elongated vertex similar 
to a tubular neck. This vertex is the main character that 
allows distinguishing the species within the D. attelabo-
ides complex from those species within the D. decollatus 
complex (MACKAY  1993). 

According to MACKAY (1993), the Neotropical species 
of Dolichoderus belong to at least four distinct lineages 
that include 1) species of the former genus Hypoclinea 
MAYR, 1855 from the Neotropical region; 2) species of the 
former genus Hypoclinea from the Nearctic region and most 
species of the former genus Monacis ROGER, 1862; 3) spe-
cies of the former genus Monacis of the complex D. bi-
spinosus; and 4) species in the genus Dolichoderus sensu 
KEMPF (1972). Confirming previous evidence, SHATTUCK 
(1992) synonymized all the aforementioned genera based 
on morphological features present in both fossil and ex-
tant species. SHATTUCK (1992) suggested the monophyly 
of Dolichoderus, which was later corroborated by WARD 
&  al. (2010) in a molecular phylogenetic study. The latter 
study included species within the former genera Monacis, 
Hypoclinea, and a species of Dolichoderus sensu KEMPF 
(1972). However, due to the limited number of Dolicho-
derus species included, the intrageneric relationships with-
in this genus remained largely unresolved. 

Despite the high morphological variation and high di-
versity within Dolichoderus, with more than 150 species 
described worldwide (BOLTON 2014), little is known about 
their cytogenetics and phylogeny. The only karyotypes re-
ported for this genus are those of five species in the Asia-
Pacific region [Australia (CROZIER 1968, IMAI & al. 1977), 
Indonesia (IMAI & al. 1984), Japan (IMAI  1969), and Ma-
laysia (IMAI & al. 1983, GOÑI & al. 1982)]. A wide range 
of chromosome numbers from 2n = 18 in Dolichoderus 
sp. (GOÑI & al. 1982) to 2n = 30 - 33 in Dolichoderus 
thoracicus (F. SMITH, 1860) (IMAI &  al.1983) has been de-
scribed. This indicates that this genus has high karyotype 
diversity, a feature previously verified only in few genera 
within Formicidae such as in the ponerine genus Neoponera 
EMERY, 1901 with chromosome numbers ranging from 2n 
= 12 in Neoponera unidentata (MAYR, 1862) to 2n = 64 
in Neoponera verenae FOREL, 1922 and in the myrmeciine 
genus Myrmecia FABRICIUS, 1804 with karyotypes vary-
ing from 2n = 2 in Myrmecia pilosula F. SMITH , 1858 to 
2n = 84 in Myrmecia brevinoda FOREL, 1910 (see LORITE 
&  PALOMEQUE 2010). 

Cytogenetic studies have contributed significantly to the 
genetic characterization of Formicidae. Such studies have 
helped to distinguish species groups of controversial taxo-
nomy (CROSLAND &  CROZIER 1986, CROSLAND & al. 1988, 
MARIANO & al. 2006, SANTOS & al. 2010, MARIANO & al. 
2012) and, importantly, cytogenetic studies have contri-
buted to the knowledge of chromosome structure and chro-
mosomal rearrangements involved in the karyotype evolu-
tion within this family (GOODISMAN & al. 2008, LORITE 
&  PALOMEQUE 2010). 

So far, karyotype information is available solely for a 
single Neotropical species within Dolichoderus, namely 
Dolichoderus voraginosus MACKAY , 1993 (AGUIAR & al. 
2011). In the present study, we carried out cytogenetic and 

molecular analyses on D. attelaboides (FABRICIUS, 1775), 
D. decollatus F. SMITH, 1858, D. lutosus (F. SMITH, 1858), 
D. bidens (LINNAEUS, 1758), D. diversus EMERY, 1894, 
D. voraginosus, and D. imitator EMERY, 1894. The re-
covered phylogeny was used as a framework to discuss 
our hypotheses on karyotype evolution for the aforemen-
tioned species. The results reported in this study will lend 
support to the discussion of karyotype evolution in Doli-
choderus. 

Material and methods 

Sampling: Colonies of the seven species were collected 
in experimental fields at the Comissão Executiva do Plano 
da Lavoura Cacaueira-CEPLAC, Ilhéus, state of Bahia, 
Brazil (14° 45' S, 39° 13' W). All sampling areas were 
within a 20-year-old cocoa grove shaded by exotic legume 
trees (Erythrina fusca and E. poeppigiana, Fabaceae) and 
fruit trees (Artocarpus heterophyllus, Moraceae, and Musa 
spp., Musaceae) (for description and information about 
the experimental cocoa fields, see DELABIE & al. 2007). 
The Dolichoderus ants included in this study were identi-
fied to the species level using the key included in the revi-
sion of the Neotropical species of the genus by MACKAY  
(1993). All the Dolichoderus we studied are true arbore-
ous, except for D. imitator which is the only Neotropical 
species living on the ground, as far as we know. Both D. 
attelaboides and D. decollatus are large species which build 
in the vegetation broad nests made of dead and living leaves 
and organic material where a numerous population lives; 
D. bidens is also a rather large species that lives gener-
ally on shrubs where it forms polydomous nests made by 
dozens of similar structures protected by a cartoon wall 
in the back of living leaves (DELABIE & al. 1991); the 
populations of colonies of the other species, D. diversus, 
D. lutosus and D. voraginosus, are small, with less than 
100 individuals, and are generally found in hollow rotten 
fruit and trunk cavities, as well as in the roots of epiphytic 
bromeliads. All of these ants tend sap-sucking Homoptera 
(DELABIE 2001). Voucher specimens of each colony were 
deposited at the Laboratório de Mirmecologia (CPDC Col-
lection), CEPEC-CEPLAC, Ilhéus, Bahia, Brazil. 

Conventional cytogenetic analysis: Mitotic metapha-
ses were obtained from cerebral ganglia of prepupae fol-
lowing IMAI & al. (1988) and subsequently stained with 
Giemsa for the determination of chromosome number and 
morphology. Metaphases were photographed using a CX-41 
microscope equipped with a digital camera C-7070 (Olym-
pus, Tokyo, Japan). A minimum of five metaphases per in-
dividual was analyzed. The classification of the chromo-
somes followed LEVAN & al. (1964). 

Fluorochrome staining: Chromomycin A3 [(CMA3) / 
4', 6-diamidino-2- phenylindole (DAPI)] staining followed 
SCHWEIZER (1976). After three days, the slides were ob-
served using an epifluorescence microscope (DMRA2, Lei-
ca Microsystems) and the images were captured using IM50 
software (Leica Microsystems Imaging Solutions Ltd.). 

Fluorescent in situ hybridization: Fluorescent in situ 
Hybridization (FISH) followed MOSCONE & al. (1996) with 
the modifications described by SANTOS & al. (2010). The 
ITS-1 probe was amplified from the 45S rDNA cluster 
using the primers 5'-TCAACACGGGACCCAGGCCC-3' 
(forward-18S) and 5'-CGATGATCAAGTGTCCTGCA -
3' (reverse-5.8 S) described by PILGRIM & al. (2002).   



 63

Tab. 1: Taxa analyzed herein and respective GenBank accession numbers. 

Species COI LWR Reference 

Dolichoderus attelaboides KU187246 KU232982 present study 

Dolichoderus decollatus KU187247 KU232983 present study 

Dolichoderus bidens KU187249 KU232988 present study 

Dolichoderus debilis KU187250 KU232986 present study 

Dolichoderus voraginosus KU187251 KU232992 present study 

Dolichoderus diversus KU187252 KU232991 present study 

Dolichoderus lutosus KU187254 KU232990 present study 

Dolichoderus quadridenticulatus KU187255 KU232989 present study 

Dolichoderus imitator KU187257 KU232984 present study 

Azteca beltii (voucher z256) JQ867689 JQ868413 PRINGLE &  al. (2012) 

Azteca ovaticeps (voucher B224) JQ867544 JQ868268 PRINGLE &  al. (2012) 

Forelius pruinosus (voucher: CASENT0106039) HQ207390 EF013574 LUCKY (2011) 

Leptomyrmex unicolor (voucher: CASENT0127091) HQ207384 HQ207452 LUCKY (2011) 

Leptomyrmex wiburdi (voucher: CASENT0127059) HQ207388 HQ207457 LUCKY (2011) 

Tab. 2: Chromosome number, karyotype formula, CMA3
+ / DAPI– bands, and ribosomal sites in the Dolichoderus species 

studied herein. 

Species 2N Karyotype formula Differential fluorochrome staining 
(CMA3

+ / DAPI-bands) 
FISH (ITS) 

Dolichoderus lutosus  10 2k = 4 M + 6 SM Centromeric bands in all chromosomes 
and an interstitial band in the chromo-
some pair 2 

Interstitial ribosomal cluster 
in the chromosome pair 2 

Dolichoderus bidens  18 2k = 6 M + 12 SM Centromeric bands in all chromosomes 
and an interstitial band in the chromo-
some pair 1 

Interstitial ribosomal cluster 
in the chromosome pair 1 

Dolichoderus voraginosus  20 2k = 14 M + 6 SM Centromeric bands in all chromosomes. 
The chromosome pair 1 lacks the telo-
meric band. 

Telomeric ribosomal cluster 
in the chromosome pair 1 

Dolichoderus diversus  22 2k = 10 M + 12 SM Centromeric bands in all chromosomes 
and an interstitial band in the chromo-
some pair 1 

Interstitial ribosomal cluster 
in the chromosome pair 1 

Dolichoderus imitator  38 2k = 6 M + 28 SM + 4 A  Interstitial bands in the chromosome 
pair 1 

Interstitial ribosomal cluster 
in the chromosome pair 1 

Dolichoderus decollatus  38 2k = 6 M + 32 SM Interstitial bands in the chromosome 
pair 2 

Interstitial ribosomal cluster 
in the chromosome pair 2 

Dolichoderus attelaboides  58 2k = 2 M + 50 SM + 6 A Terminal band in the long arm of the 
chromosome pair 2 

Ribosomal cluster in the long 
arm of the chromosome pair 2 

 
Genomic DNA extraction and gene amplifications: 

Genomic DNA was extracted from one leg of a single spe-
cimen of each species included in this study using the 
DNeasy™ Tissue Kit (Qiagen Inc., Valencia, CA) and fol-
lowed the manufacturer's instructions. For the molecular 
phylogenetic analysis two different gene regions were am-
plified. The first was a mitochondrial region (cytochrome 
oxidase subunit I gene – COI) and the second a nuclear 
region (long wavelength rhodopsin – LWR) using primers 
LCO1490 / HCO2198 for COI (FOLMER & al. 1994) and 
LR143F / LR639ER (WARD &  DOWNIE 2005) respectively. 
DNA amplification was carried out in 25µL volume reac-
tions: 12.45 µL ultra-pure water, 2.5 µL 10X buffer, 3.0 µL 

25 mM MgCl2, 2.5 µL 100 mM dNTP, 1.25 µL of each 
primer (20 mM), 3 µL of DNA, and 0.3 µlLTaq DNA 
polymerase (Promega). The gene amplification consisted 
of an initial step at 94 °C for 1 min followed by 39 cycles 
(denaturation at 94 °C for 1 min, annealing at 52 °C (for 
both genes) for 1 min, and extension at 72 °C for 1 min) 
and a final extension step at 72 °C for 10 min. Amplifi-
cations were performed using an Eppendorf® Mastercy-
cler thermocycler. 

Phylogenetic analysis: Bayesian analysis was performed 
using the program MrBayes 3.1.2 (HUELSENBECK &  RON-
QUIST 2001). Data from both genes were concatenated in 
a matrix with a total of 1,135 base pairs. The best nucleo-
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tide substitution model was determined for each codon 
partitioned gene region using the Akaike information cri-
terion implemented in the program jModelTest 2.1.4 (DAR-
RIBA & al. 2012). The best fit models inferred for COI 
and LW Rh were GTR + I + G and HKY + I, respec-
tively. The Bayesian analyses were performed with two 
simultaneous sets of four chains using the default values 
for search MrBayes 3.1.2. Searches were made in two si-
multaneous and independent runs of the Markov Chain 
Monte Carlo (MCMC) and for 10 million generations with 
trees sampled every 1,000 generations. Convergence of the 
two MCMC independent runs and burnin were accessed in 
Tracer 1.6 (RAMBAUT  & al. 2014). Trees were edited in 
FigTree v1.4.2 (RAMBAUT 2009). DNA sequences used as 
outgroups were obtained from GenBank (Tab. 1). 

Results 

Our analyses revealed substantial variation in chromosome 
number and morphology in the karyotypes of the species 
studied (Fig. 1, Tab. 2). Chromosome number ranged from 
2n = 10 in Dolichoderus lutosus to 2n = 58 in D. atte-
laboides, the latter being the largest chromosome number 
observed within the Dolichoderinae to date. The karyo-
types analyzed herein were predominantly submetacen-
tric, except for D. voraginosus (2n = 20), whose karyo-
type consisted of mostly metacentric chromosomes. 

CMA3
+ / DAPI–bands were located in the pericentro-

meric regions of chromosomes in Dolichoderus lutosus, 
D. diversus, D. voraginosus, and D. bidens (Fig. 2: A1, 
A2, A3, and A4, respectively). In D. attelaboides and D. 
decollatus, the CMA3

+ / DAPI–band was located on the 
second chromosome pair. In D. attelaboides, the band 
extends along the entire length of the short chromosome 
arms and part of the long arms. FISH results revealed that 
there are only two ribosomal DNA clusters and that the 
clusters are located on homologous chromosomes in the 
studied species. The ribosomal DNA clusters were detected 
on pair 1 in D. voraginosus, D. diversus, D. bidens, and 
D. imitator (Fig. 2: B2, B3, B4, and B7, respectively) and 
on pair 2 in D. lutosus, D. attelaboides, and D. decollatus 
(Fig. 2: B1, B5, B6). Ribosomal sites were variable in 
size and location. Small terminal bands were detected on 
chromosome pair 1 in D. voraginosus. Interstitial bands 
were detected in D. lutosus, D. bidens, D. diversus, D. 
decollatus, and D. imitator. Coincidentally with the CMA3

+/ 
DAPI–results, D. attelaboides showed larger bands encom-
passing the entire extension of the short arm and part of 
the long arm on both chromosomes of pair 2. 

The Dolichoderus species included in this study were 
recovered as a clade with strong support (PP = 1) in the 
molecular phylogeny (Fig. 3). These species were sepa-
rated into three major clades. The first clade clustered 
Dolichoderus attelaboides and D. decollatus together with 
strong support (PP = 1). The second clade comprised D. 
bidens plus D. quadridenticulatus (PP = 1) and D. diver-
sus plus D. voraginosus, (PP = 1), D. lutosus (PP = 0.94), 
and D. debilis (PP = 1). The third clade comprised only 
D. imitator (PP = 0.98). 

Discussion 

The high chromosome number variation, considering the 
data reported herein and in LORITE & PALOMEQUE (2010), 
makes Dolichoderus the most cytogenetically diverse genus   

 

 

Fig. 1: Karyograms of Dolichoderus lutosus (A), D. diver-
sus (B), D. voraginosus (C), D. bidens (D), D. attelaboides 
(E), D. decollatus (F), and D. imitator (G). Bar = 10µM. 
 
Fig. 2: Karyograms showing CMA3

+ / DAPI-bands (yellow-
greenish regions on the chromosomes) and ribosomal clus-
ter sites (reddish regions) in Dolichoderus lutosus (A-1 / 
B-1), D. diversus (A-2 / B-2), D. voraginosus (A-3 / B-3), 
D. bidens (A-4 / B-4), D. attelaboides (A-5 / B-5), D. decol-
latus (A-6 / B-6), and D. imitator (A-7 / B-7). Bar = 10 µM. 
______________________________________________

across the 14 genera already studied within the Dolicho-
derinae (Tab. 3) (LORITE & PALOMEQUE 2010, CARDOSO 
& al. 2012). 
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Fig. 3: Phylogram of Dolichoderus based on Bayesian analysis of a concatenated matrix including partial sequences of 
the Cytochrome Oxydase I and Long-Wavelenght Rhodopsin genes. Numbers in the nodes represent Bayesian posterior 
probabilities. DNA sequences for the genera Azteca, Forelius, and Leptomyrmex were obtained from GenBank. 

 

Genus 
2n 

Number of 
species 

karyotyped 

Number 
of species 
per genus 

Lowest 
Number 

Highest 
Number 

Anonychomyrma 16 16 02 26 

Azteca 28 28 01 84 

Bothriomyrmex  22 22 02 23 

Doleromyrma* 12 14 02 02 

Dolichoderus**  10 58 11 1320 

Dorymyrmex 18 26 05 60 

Forelius 32 32 01 18 

Iridomyrmex***  16 48 15 79 

Leptomyrmex 24 24 01 27 

Linepithema 16 16 02 20 

Ochetellus 28 28 01 07 

Philidris 16 16 01 09 

Tapinoma 10 18 07 69 

Technomyrmex****  28 30 05 93 

 

Tab. 3: Variation on the chromosome number for 14 of 
the 28 described genera within Dolichoderinae (three of 
the genera listed by LORITE &  PALOMEQUE (2010) were 
synonymized and herein we also included the genus Az-
teca). Data from LORITE &  PALOMEQUE (2010) and CAR-
DOSO &  al. (2012) (for the genus Azteca). * Only morpho-
species; **  including species analyzed in this paper; ***  
only four species described, 11 are morphospecies (all have 
2n = 18); ****  four, out of the five species listed here, are 
morphospecies. 
______________________________________________ 

It is noteworthy that, even though Iridomyrmex MAYR, 
1862 is the most cytogenetically studied genus in this sub-
family (LORITE &  PALOMEQUE 2010), only three distinct 
karyotypes have been reported for this genus, with chro-
mosome number ranging from 2n = 14 in Iridomyrmex sp. 
to 2n = 48 in Iridomyrmex anceps (ROGER, 1863) (IMAI 
& al. 1977, IMAI & al. 1984). 

The significant karyotype diversity found among Doli-
choderus species might be explained by an earlier origin 
for this group compared with the other genera within Do-
lichoderinae. The chromosome variation reported herein 
also corroborates the hypothesis that older ant groups tend  
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to have more diversified karyotypes as has been reported 
for some poneroid species since they have had more time 
to evolve and diversify (MARIANO & al. 2012, LORITE &  
PALOMEQUE 2010, BRADY & al. 2006, MOREAU & al. 
2006). According to MOREAU &  BELL (2013), their mole-
cular phylogeny suggests that Dolichoderus emerged ap-
proximately 60 million years ago and is in a more basal 
position in regards to most genera in Dolichoderinae such 
as Iridomyrmex MAYR (~ 20 M.A.), Tapinoma FOERS-
TER, 1850 (~ 30 M.A.), and Linepithema MAYR, 1866 
(~ 15 M.A.). The most recent common ancestor of Doli-
choderus is older than other related genera in the subfamily 
Dolichoderinae, and this more ancestral condition was first 
suggested by BROWN (1973) and recently has been cor-
roborated by the molecular data of WARD & al. (2010). 

The significant karyotype variation found in Neotrop-
ical Dolichoderus is similar to what has been reported for 
other Neotropical genera such as Gnamptogenys ROGER, 
1863, Pseudomyrmex LUND, 1831, and Neoponera EMERY, 
1901 (MARIANO & al. 2012). Moreover, our data place Do-
lichoderinae as the third most karyotypically diverse group 
known in Formicidae, following the subfamilies Ponerinae 
and Myrmicinae (LORITE &  PALOMEQUE 2010). Before the 
present study, the number of species with known karyo-
types (about 50 species), along with the previously reported 
karyotype diversity, indicated that Dolichoderinae showed 
little variation in chromosome number (LORITE &  PALO-
MEQUE 2010). However, it should be emphasized that pre-
vious studies were restricted to species of the Indomalayan 
and Australian regions where, within this subfamily, ap-
parently there is a lower intrageneric karyotype diversity 
(CROZIER 1968, IMAI 1969, IMAI & al. 1977, GOÑI & al. 
1982, IMAI & al. 1983, IMAI & al. 1984). 

Our molecular analysis reveals some important aspects 
regarding species complexes within Dolichoderus. Despite 
being phylogenetically closely related (Fig. 3; also see Ap-
pendix S1 and Appendix S2, as digital supplementary mate-
rial to this article, at the journal's web pages), D. attelabo-
ides and D. decollatus have distinct karyotypes regarding 
number, morphology, and chromosomal location of the 
rDNA cluster. Our data suggest that karyotype changes 
may have had an important role in the diversification of 
the species within the D. attelaboides and D. decollatus 
complexes similar to what has been reported for other For-
micidae taxa (IMAI  & al. 1994, MARIANO & al. 2006, SAN-
TOS & al. 2010). Among the chromosome rearrangements 
observed in ants, centric fission seems to be more common 
and therefore most likely constitutes the main mechanism 
in shaping chromosome evolution. According to the Mi-
nimum Interaction Theory (IMAI  & al. 1988), such mech-
anism of chromosome change would be favoured as it re-
duces genetic risks of deleterious reciprocal translocations 
by producing smaller and more numerous chromosomes. 
However, there are other potential alternative explanations 
for our results as well. It has been hypothesized that se-
lection on social insects would strongly favor high over-
all rates of recombination allowing for the genetic diver-
sification of offspring, for example, by an increase in the 
number of chromosomes (SHERMAN 1979, SEGER 1983) 
or an increase in the intra-chromosomal recombination rate 
(WILFERT & al. 2007). Thus, selection on recombination 
could indirectly select for increased chromosome number 
and genetic diversity is known to increase the resistance 

to parasites or stabilize the division of labor (SHERMAN 
1979). Also, genetic drift could account for a rapid change 
in chromosome number following a reduction in popula-
tion size. However, no reduction in chromosome number 
variation has been observed in ant species with a wider 
geographic range, thus suggesting that drift can not be con-
sidered as the main mechanism of chromosome number 
evolution (ROSS & al. 2014). These authors caution, though, 
that there are not conclusive analyses and the role of his-
torical population in the current distribution should also 
be taken into account. Regarding the establishment of new 
chromosome variants, meiotic drive, the nonrandom segre-
gation of chromosomes during female meiosis, has been 
considered the factor with the strongest potential to influ-
ence their fixation in mammals (PARDO-MANUEL DE VIL-
LENA &  SAPIENZA 2001). 

Most karyotyped species in this genus, including the 
species in the present study, fall within the range of chromo-
some numbers from 2n = 18 in Dolichoderus sp. (GOÑI & 
al. 1982) and D. bidens to 2n = 30 - 33 in Dolichoderus 
thoracicus (F. SMITH , 1860) (see IMAI &  al. 1983). Chro-
mosome numbers within this range are also found in the 
outgroup, 2n = 24 for Leptomyrmex (IMAI & al. 1977) and 
Azteca (CARDOSO & al. 2012). Given the present analysis, 
it is reasonable to assume that the higher chromosome num-
bers found within Dolichoderus most likely represent an 
ancestral state. 

In Dolichoderus attelaboides, the decreased number of 
metacentric chromosomes could have resulted from suc-
cessive events of centric fission and pericentric inversion. 
The differences in the location of the rDNA cluster between 
D. attelaboides and D. decollatus may have originated from 
pericentric inversions. The differences may even have re-
sulted from a centric fission in an ancestral karyotype in-
volving a chromosome pair similar to the second pair in 
D. decollatus. In this latter case, the event must have been 
followed by in tandem growth of the heterochromatin in 
the short arm, which resulted in a submetacentric morphol-
ogy in D. attelaboides. Alternatively, the decrease ob-
served in the number of metacentric chromosomes could 
have been due solely to fission. The short arm of the sec-
ond pair in D. attelaboides could have been generated by 
rDNA amplification before an event of centric fission based 
on the fact that the size of the NOR region in this species 
is larger than that observed in other Dolichoderus spe-
cies. This considerable karyotype divergence between spe-
cies of the D. attelaboides and D. decollatus complexes 
adds new characters that strenghten their classification into 
distinct groups as proposed by MACKAY  (1993). Consid-
ering the likely proximity between these two complexes, 
their differentiation might have resulted from chromosome 
rearrangements. 

Species within the D. diversus complex clustered to-
gether with species of the D. bidens complex in our mole-
cular analysis (Fig. 3), suggesting that the former is not a 
monophyletic group. A high karyotype diversity was ob-
served among the species analysed within the diversus com-
plex (Dolichoderus lutosus, D. diversus, and D. voragino-
sus) with chromosome numbers ranging from 2n = 10 to 
2n = 22. For instance, D. diversus and D. voraginosus have 
approximately twice as many chromosomes as D. lutosus. 
Within this group, D. diversus and D. voraginosus have 
more similar karyotypes in all aspects, thus reinforcing their 
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close relationship as seen in our phylogenetic analyses, 
in which they are clustered together with strong support 
(PP = 1). 

The pattern of numerical and structural variation ob-
served in the clade containing the D. diversus + bidens + 
debilis complexes also suggests karyotype evolution by cen-
tric fission followed by in tandem growth of heterochro-
matin, according to the model of karyotype evolution of 
ants proposed by IMAI & al. (1988). Besides centric fis-
sions, pericentric inversions seem to have contributed to the 
karyotypic diversification in this group, since the locations 
of the rDNA clusters differ among species. Despite the 
karyotype and molecular diversity revealed by this study, 
species within the D. diversus complex share several char-
acteristics such as behavior (lack of aggressiveness), nest 
architecture (opportunistic nesting), and morphology (small 
to medium body size and alitrunk shape). On the other hand, 
Dolichoderus bidens (D. bidens complex) showed a karyo-
type very close to those of D. diversus and D. voraginosus, 
and the location of its rDNA cluster is similar to D. diversus, 
which is corroborated by our molecular analysis that placed 
them in the same clade. Dolichoderus bidens, together with 
D. lutosus and D. diversus, used to belong to the former 
genus Hypoclinea and was placed in the bidens complex 
in the most recent revision of the Neotropical species of 
Dolichoderus (MACKAY 1993). However, D. bidens shows 
differences in behavior (aggressive when the nest is dis-
turbed) and nesting habits (polydomous carton nests), which 
could justify the placement of this species in a different 
group. 

The basal (i.e., earliest branching) position of Dolicho-
derus imitator (D. imitator complex) in our phylogenetic 
tree corroborates its placement into a separate species group 
such as proposed by MACKAY (1993). Dolichoderus imitator 
is the single species in the D. imitator complex (MACKAY  
1993) and has terricolous habits in contrast with the other 
Neotropical species of the genus, which are all arboreal. 
The karyotype of this species is similar to that of D. de-
collatus (D. decollatus complex). 

The cytogenetic and molecular data were essential to 
better elucidate the relationship between the D. attelabo-
ides and D. decollatus complexes. The karyotype differ-
ences reported herein show that there is more than simply 
a neck separating these two complexes. Moreover, the ka-
ryotype characterization also revealed marked genetic dif-
ferences among species within the D. diversus complex 
and allowed us to propose an explanation for karyotype 
evolution of this group and the other species analyzed in 
this study. This first cytogenetic study of Neotropical Do-
lichoderus shows that this genus also has high karyotype 
and genetic diversity along with its large morphological di-
versity. Additional cytogenetic and molecular studies, in-
cluding other species, should also contribute to a better 
understanding of mechanisms involved in the karyotype 
evolution of this genus. 

Acknowledgements 

We would like to thank José Raimundo Maia dos Santos, 
José Crispim Soares do Carmo, José Abade (in memo-
riam), and Benoit Jahyny for their help in field collec-
tions. We would also like to thank Carter Robert Miller for 
reviewing the manuscript. Thanks are also due to Birgit 
Schlick-Steiner, Heath Blackmon, and an anonymous re-

viewer for their helpful suggestions on an earlier version 
of this manuscript. This study was supported by the pro-
jects RED0012/2012 FAPESB and PRONEX FAPESB/ 
CNPq PNX0011/2009: "Rede Multidisciplinar de Estudos 
sobre Formigas Poneromorfas do Brasil". CSFM, JHCD, 
MAC, and JGS acknowledge their research fellowships 
from CNPq. 

References 

AGUIAR, H.J.A.C., BARROS, L.A.C., TEIXEIRA, G.A. &  POMPOLO, 
S.G. 2011: Padrão de heterocromatina em cromossomos de 
Dolichoderus voraginosus como ferramenta para compreen-
são da sua evolução cromossômica. In: Anais do XX Simpó-
sio de Mirmecologia e I Encuentro de Mirmecologistas de las 
Americas, 2011, Petrópolis - RJ. – Anais do XX Simpósio de 
Mirmecologia e I Encuentro de Mirmecologistas de las Ame-
ricas, p. 145. 

BOLTON, B. 2014: An online catalog of the ants of the world. – 
<http://antcat.org>, retrieved on 25 May 2015. 

BRADY, S.G., SCHULTZ, T.R., FISHER, B.L. &  WARD, P.S. 2006: 
Evaluating alternative hypotheses for the early evolution and 
diversification of ants. – Proceedings of the National Academy 
of Sciences of the United States of America 103: 18172-18177. 

BROWN, W.L. Jr. 1973: A comparison of the Hylean and Congo-
West African rain forest ant faunas. In: MEGGERS, B.J., AYEN-
SU, E.S. &  DUCKWORTH, W.D. (Eds.): Tropical forest ecosys-
tems in Africa and South America: a comparative review. – 
Smithsonian Institution Press, Washington, DC, pp. 161-185. 

CARDOSO, D.C., CRISTIANO, M.P., BARROS, L.A.C., LOPES, D.M. 
&  POMPOLO, S.G. 2012: First cytogenetic characterization 
of a species of the arboreal ant genus Azteca FOREL, 1978 
(Dolichoderinae, Formicidae). – Comparative Cytogenetics 6: 
107-114. 

CROSLAND, M.W.J. &  CROZIER, R.H. 1986: Myrmecia pilosula, an 
ant with only one pair of chromosomes. – Science 231: 1278. 

CROSLAND, M.W.J., CROZIER, R.H. &  IMAI , H.T. 1988: Evid-
ence for several sibling biological species centred on Myrmecia 
pilosula (F. SMITH) (Hymenoptera: Formicidae). – Journal of 
the Australian Entomological Society 27: 13-14. 

CROZIER, R.H. 1968: Cytotaxonomic studies on some Australian 
dolichoderine ants (Hymenoptera: Formicidae). – Caryologia 
21: 241-259. 

CUEZZO, F. 2003: Subfamilia Dolichoderinae. In: FERNÁNDEZ, F. 
(Ed.): Introducción a las hormigas de la región Neotropical. – 
Instituto de Investigación de Recursos Biológicos Alexander 
von Humboldt, Bogotá, pp. 261-276. 

DARRIBA, D., TABOADA, G.L., DOALLO, R. & POSADA, D. 2012: 
jModelTest 2: more models, new heuristics and parallel com-
puting. – Nature Methods 9: 772. 

DELABIE, J.H.C. 2001: Trophobiosis between Formicidae and He-
miptera (Sternorrhyncha and Auchenorrhyncha): an overview. 
– Neotropical Entomology 30: 501-516. 

DELABIE, J.H.C., BENTON, F.P. &  MEDEIROS, M.A.  1991: La 
polydomie de Formicidae arboricoles dans les cacaoyères du 
Brésil: optimisation de l'occupation de l'espace ou stratégie dé-
fensive? – Actes des Colloques Insectes Sociaux 7: 173-178. 

DELABIE, J.H.C., JAHYNY , B., NASCIMENTO, I.C., MARIANO, 
C.S.F., LACAU, S. CAMPIOLO, S., PHILPOTT, S.M. &  LEPONCE, 
M. 2007: Contribution of cocoa plantations to the conserva-
tion of native ants (Insecta: Hymenoptera: Formicidae) with a 
special emphasis on the Atlantic Forest fauna of southern Bahia, 
Brazil. – Biodiversity and Conservation 16: 2359-2384. 

FOLMER, O., BLACK, M., HOEH, W., LUTZ, R. &  VRIJENHOEK, R. 
1994: DNA primers for amplification of mitochondrial cyto-



 69

chrome c oxidase subunit I from diverse metazoan inverte-
brates. – Molecular Marine Biology and Biotechnology 3: 
294-297. 

GOÑI, B., IMAI , H.T., KUBOTA, M., YONG, H-S. &  THO, Y.P. 
1982: Chromosome observation in tropical ants in western 
Malaysia. – Annual Report of National Institute of Genetics 
(Japan) 32: 71. 

GOODISMAN, M.A.D., KOVACS, J.L. &  HUNT, B.G. 2008: Func-
tional genomics and genetics in ants (Hymenoptera: Formici-
dae): the interplay of genes and social life. – Myrmecological 
News 11: 107-117. 

HUELSENBECK, J.P. & RONQUIST, F. 2001: MRBAYES: Baye-
sian inference of phylogeny. – Bioinformatics 17: 754-755. 

IMAI , H.T. 1969: Karyological studies in Japanese ants I. Chromo-
some evolution and species differentiation in ants. – Science 
Reports of the Tokyo Kyoiku Daigaku, section B, Zoology and 
Botany 14: 27-46. 

IMAI , H.T., CROZIER, R.H. &  TAYLOR, R.W. 1977: Karyotype 
evolution in Australian ants. – Chromosoma 59: 341-393. 

IMAI , H.T., BROWN Jr, W.L., KUBOTA, M., YONG, H.-S. &  THO, 
Y.P. 1983: Chromosome observations on tropical ants from 
western Malaysia II. – Annual Report of the National Institute 
Genetics of Japan 34: 66-69. 

IMAI , H.T., KUBOTA, M., BROWN, W.L.Jr., IHARA, M., TOHARI, 
M. &  PRANATA, R.I. 1984: Chromosome observations on tro-
pical ants from Indonesia. – Annual Report of the National 
Institute of Genetics (Japan) 35: 46-48. 

IMAI , H.T., TAYLOR, R.W., CROSLAND, M.W.J. &  CROZIER, R.H. 
1988: Modes of spontaneous chromosomal mutation and karyo-
type evolution in ants with reference to the minimum interac-
tion hypothesis. – Japanese Journal of Genetics 63: 159-185. 

IMAI , H.T., TAYLOR, R.W. &  CROZIER, R.H. 1994: Experimental 
bases for the minimum interaction theory. I. Chromosome evo-
lution in ants of the Myrmecia pilosula species complex (Hy-
menoptera: Formicidae: Myrmeciinae). – Japanese Journal of 
Genetics 69: 137-182. 

KEMPF, W.W. 1972: Catálogo abreviado das formigas da região 
neotropical. – Studia Entomologica 15: 3-344. 

LEVAN, A., FREDGA, K. &  SONBERG, A. 1964: Nomenclature for 
centromeric position on chromosomes. – Hereditas 52: 201-220. 

LORITE, P. &  PALOMEQUE, T. 2010: Karyotype evolution in ants 
(Hymenoptera: Formicidae), with a review of the known ant 
chromosome numbers. – Myrmecological News 13: 89-102. 

LUCKY, A. 2011: Molecular phylogeny and biogeography of the 
spider ants, genus Leptomyrmex MAYR (Hymenoptera: Formi-
cidae). – Molecular Phylogenetics and Evolution 59: 281-292. 

MACKAY , W.P. 1993: A review of the New World ants of the 
genus Dolichoderus (Hymenoptera: Formicidae). – Sociobiol-
ogy 22: 1-148. 

MARIANO, C.S., POMPOLO, S.G., BORGES, D.S. &  DELABIE, J.H.C. 
2006: Are the Neotropical ants Pachycondyla crenata (ROGER, 
1861) and Pachycondyla mesonotalis (SANTSCHI, 1923) (Hy-
menoptera: Formicidae: Ponerinae) good species? A cytogen-
etic approach. – Myrmecological News 8: 277-280. 

MARIANO, C.S.F., POMPOLO, S.G., SILVA , J.G. &  DELABIE, J.H.C. 
2012: Contribution of cytogenetics to the debate on the para-
phyly of Pachycondyla spp. (Hymenoptera: Formicidae: Pone-
rinae). – Psyche 2012: art. 973897. 

MOREAU, C.S. &  BELL, C.D. 2013: Testing the museum versus 
cradle tropical biological diversity hypothesis: phylogeny, di-

versification, and ancestral biogeographic range evolution of 
the ants. – Evolution 67: 1-18.  

MOREAU, C.S., BELL, C.D., VILA , R., ARCHIBALD, S.B. &  PIERCE, 
N.E. 2006: Phylogeny of the ants: diversification in the age of 
angiosperms. – Science 312: 101-104. 

MOSCONE, E.A., MATZKE, M.A. &  MATZKE, J.M. 1996: The use 
of combined FISH/GISH in conjunction with DAPI counter-
staining to identify chromosomes containing transgene inserts 
in amphidiploid tobacco. – Chromosoma 105: 231-236. 

ORTIZ, C.M. &  FERNÁNDEZ, F. 2011: Hormigas del genero Doli-
choderus LUND (Formicidae: Dolichoderinae) en Colombia. 
III Monografías de Fauna de Colombia. – Universidad Na-
cional de Colombia, Bogotá, 118 p. 

PARDO-MANUEL, D.V.F. &  SAPIENZA, C. 2001: Female meio- 
sis drives karyotypic evolution in mammals. – Genetics 159: 
1179-1189. 

PILGRIM , E.M., ROUSH, S.A. &  KRANE, D.E. 2002: Combining 
DNA sequences and morphology in systematics: testing the 
validity of the dragonfly species Cordulegaster bilineata. – 
Heredity 89: 184-190. 

PRINGLE, E.G., RAMIREZ, S.R., BONEBRAKE, T.C., GORDON, D.M. 
&  DIRZO, R. 2012: Diversification and phylogeographic struc-
ture in widespread Azteca plant-ants from the northern Neo-
tropics. – Molecular Ecology 21: 3576-3592. 

RAMBAUT , A.J. 2009: Figtree v1.3.1. – <http://tree.bio.ed.ac.uk/>, 
– retrieved on 5 February 2016. 

RAMBAUT , A., SUCHARD, M.A., X IE D. &  DRUMMOND, A.J. 
2014: Tracer v1.6. – <http://beast.bio.ed.ac.uk/Tracer>, – re-
trieved on 5 February 2016. 

ROSS, L., BLACKMON, H., LORITE, P., GOKHMAN, V.E. &  HARDY, 
N.B. 2015: Recombination, chromosome number and eusoci-
ality in the Hymenoptera. – Journal of Evolutionary Biology 
28: 105-116. 

SANTOS, I.S., COSTA, M.A., MARIANO, C.S.F., DELABIE, J.H.C., 
ANDRADE-SOUZA, V. &  SILVA , J.G. 2010: A cytogenetic ap-
proach to the study of Neotropical Odontomachus and Anoche-
tus ants (Hymenoptera: Formicidae). – Annals of the Entomo-
logical Society of America 103: 424-429. 

SCHWEIZER, V. 1976: Reverse fluorescent chromosome banding. 
– Chromosoma 58: 317-324. 

SEGER, J. 1983: Conditional relatedness, recombination, and the 
chromosome numbers of insects. In: RHODIN, A.G.J. &  M I-
YATA , K. (Eds.): Advances in herpetology and evolutionary 
biology: essays in honor of Ernest E. Williams. – Museum of 
Comparative Zoology, Cambridge, MA, pp. 596-612. 

SHATTUCK, S.O. 1992: Higher classification of the ant subfami-
lies Aneuretinae, Dolichoderinae and Formicinae (Hymeno-
ptera: Formicidae). – Systematic Entomology 17: 199-206. 

SHERMAN, P.W. 1979: Insect chromosome numbers and eusoci-
ality. – The American Naturalist 113: 925-935. 

WARD, P.S., BRADY, S.G., FISHER, B.L. &  SCHULTZ, T.R. 2010: 
Phylogeny and biogeography of Dolichoderinae ants: effects 
of data partitioning and relict taxa on historical inference. – 
Systematic Biology 59: 342-362. 

WARD, P.S. &  DOWNIE, D.A. 2005: The ant subfamily Pseudo-
myrmecinae (Hymenoptera: Formicidae): phylogeny and evo-
lution of big-eyed arboreal ants. – Systematic Entomology 30: 
310-335. 

WILFERT, L., GADAU , J. &  SCHMID-HEMPEL, P. 2007: Variation 
in genomic recombination rates among animal taxa and the 
case of social insects. – Heredity 98: 189-197. 

 


