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"Much more than a neck": karyotype differentiatiogtweenDolichoderus attelabo-
ides (FABRICIUS, 1775) andDolichoderus decollatus. SviTH, 1858 (Hymenoptera:
Formicidae) and karyotypic diversity of five othéeotropical species @olichoderus
LunD, 1831

Igor S. SaNTOS, Cléa S.F. MRIANO, Jacques H.C. BLABIE, Marco A. @WSTA, Antonio F. QRVALHO &
Janisete G.IBVA

Abstract

DolichoderusLunb, 1831 is the most species-rich and morphologiddilgrse genus in the Dolichoderinae subfamily
and comprises more than 150 described speciesafisan this genus are mainly arboreal and arelynémind in
tropical humid forests. In Brazil, there are Bélichoderusspecies grouped in nine species complexes. Sonesd
species, such as those in BheattelaboidesandD. decollatuscomplexes, are large in overall size and sharralesommon
morphological characters, which suggests a clog®génetic relationship among them. In this studigssical and mole-
cular cytogenetic techniques were used to investitiee karyotype differentiation betweBolichoderus attelaboides
(FaBrICIUS, 1775) D. attelaboidescomplex) andDolichoderus decollatug. SviTH, 1858 D. decollatuscomplex).
Also, species in the following complexes were apatlycytogenetically for the first time, nam@&glichoderudutosus
(F. SwiTH, 1858),DolichoderusdiversusEMERY, 1894, andDolichoderusvoraginosusMAcKAY, 1993 D. diversus
complex), Dolichoderus bidengLINNAEUS, 1758) D. bidenscomplex), andDolichoderus imitatorEMERY, 1894 D.
imitator complex). Our results revealed a high karyotyperdience betweel. attelaboidegndD. decollatusindicating
that chromosome rearrangements most likely hadhportant role in the diversification of these coexgls. The chromo-
some numbers analyzed in this study ranged frors 20 to 2n = 58 and placed Dolichoderinae as tird thost
karyotypically diverse group known within FormicalaThe differences in the location of DNA clustbetween the
two species in th®. diversuscomplex may have originated from pericentric isv@ns during karyotype diversifi-
cation within this complex. Molecular phylogenetioalyses using fragments of the cytochrome oxitig€®©I) and
long-wavelength rhodopsin (LW Rh) genes indicated tthhromosomal rearrangements have played an iengaule
in karyotype evolution and diversification Bolichoderus unlike other ant genera that exhibit highly cowed karyo-
types. We conclude that the smaller and more numsetbromosomes arose as a result of successives @fdission.
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Introduction

DolichoderusLUND, 1831 is the most species rich and are widely distributed from southern Canada toheast-
morphologically diverse genus in the Dolichoderisab-  ern Argentina (MCKAY 1993). In Brazil, 35 species have
family. It comprises mostly arboreal ants foundropical been reported so far distributed in DeattelaboidesD.
humid forests (S8ATTUCK 1992, MaCcKAY 1993, WEZz0O bidens D. bispinosusD. debilis D. decollatus D. diver-
2003). The New World species, placed into 12 corgde  sus D. imitator, D. laminatus andD. rugosuscomplexes



(MACKAY 1993,0RTIz & FERNANDEZ2011) Among these
complexes, th®. decollatusandD. attelaboidescom-
plexes are noteworthy for the high morphologicaliksir-
ity among their species. However, the species withe

molecular analyses dp. attelaboide (FABRICIUS, 1775),
D. decollatug~. SMITH, 1858,D. lutosus(F. SviTH, 1858),
D. bidens(LINNAEUS, 1758),D. diversusEMERY, 1894,
D. voraginosusandD. imitator EMERY, 1894. The re-

D. atellaboidescomplex have an elongated vertex similar covered phylogeny was used as a framework to déscus

to a tubular neck. This vertex is the main charmadtet
allows distinguishing the species within theattelabo-
idescomplex from those species within thedecollatus
complex (MACKAY 1993).

According to MacKAY (1993), the Neotropical species
of Dolichoderusbelong to at least four distinct lineages
that include 1) species of the former gemlypoclinea
MAYR, 1855 from the Neotropical region; 2) specieshef t
former genuglypoclineafrom the Nearctic region and most
species of the former genknacisROGER 1862; 3) spe-
cies of the former genudonacisof the complexD. bi-
spinosusand 4) species in the genbslichoderussensu
KEMPF(1972). Confirming previous evidencei &8 TUCK
(1992) synonymized all the aforementioned genesadba
on morphological features present in both fossil ax-
tant species. ATTUCK (1992) suggested the monophyly
of Dolichoderus which was later corroborated byA®D
& al. (2010) in a molecular phylogenetic study. Tautelr
study included species within the former gerdiaacis
Hypoclinea and a species @olichoderussensuKEMPF
(1972). However, due to the limited numbeDaflicho-
derusspecies included, the intrageneric relationshiph-wi
in this genus remained largely unresolved.

Despite the high morphological variation and high d
versity withinDolichoderus with more than 150 species
described worldwide (BLTON 2014), little is known about
their cytogenetics and phylogeny. The only karyesype-
ported for this genus are those of five specidhénAsia-
Pacific region [Australia (RozIER 1968, MAI & al. 1977),
Indonesia (WAl & al. 1984), Japan (Al 1969), and Ma-
laysia (MAI & al. 1983, ®NI & al. 1982)]. A wide range
of chromosome numbers from 2n = 18Dolichoderus
sp. (NI & al. 1982) to 2n = 30 - 33 iDolichoderus
thoracicus(F. SvITH, 1860) (MAI & al.1983) has been de-
scribed. This indicates that this genus has highdtgpe
diversity, a feature previously verified only inffggenera
within Formicidae such as in the ponerine gedesponera
EMERY, 1901 with chromosome numbers ranging fram
= 12 inNeoponeraunidentata(MAYR, 1862) to 2n = 64
in Neoponera verenaleoREL, 1922 and in the myrmeciine
genusMyrmeciaFABRICIUS, 1804 with karyotypes vary-
ing from 2n = 2 inMyrmecia pilosulaF. SvITH, 1858 to
2n = 84 inMyrmecia brevinod&oREL, 1910 (see QRITE
& PALOMEQUE 2010).

Cytogenetic studies have contributed significattlyhe
genetic characterization of Formicidae. Such stitiave
helped to distinguish species groups of controaktako-
nomy (CGROSLAND & CROZIER1986, (ROSLAND & al. 1988,
MARIANO & al. 2006, 3NTOS & al. 2010, MaRIANO & al.
2012) and, importantly, cytogenetic studies havetrco
buted to the knowledge of chromosome structurechnat
mosomal rearrangements involved in the karyotymduev
tion within this family (@®o0DISMAN & al. 2008, LORITE
& PALOMEQUE 2010).

So far, karyotype information is available solety &
single Neotropical species withiolichoderus namely
Dolichoderus voraginosuslACKAY, 1993 (AGUIAR & al.
2011). In the present study, we carried out cytetiemnd
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our hypotheses on karyotype evolution for the afane-
tioned species. The results reported in this stitlyend
support to the discussion of karyotype evolutio®uii-
choderus

Material and methods

Sampling: Colonies of the seven species were collected
in experimental fields at the Comissdo Executivdtimo
da Lavoura Cacaueira-CEPLAC, Ilhéus, state of Bahia
Brazil (14° 45' S, 39° 13' W). All sampling areasre
within a 20-year-old cocoa grove shaded by exetijtime
trees Erythrina fuscaandE. poeppigianaFabaceae) and
fruit trees Artocarpus heterophyllysMoraceae, anusa
spp., Musaceae) (for description and informatioawb
the experimental cocoa fields, seeLBBIE & al. 2007).
The Dolichoderusants included in this study were identi-
fied to the species level using the key includethenrevi-
sion of the Neotropical species of the genus KAy
(1993). All theDolichoderuswe studied are true arbore-
ous, except fob. imitator which is the only Neotropical
species living on the ground, as far as we knowhBo
attelaboidesandD. decollatusare large species which build
in the vegetation broad nests made of dead amdjligaves
and organic material where a numerous populati@sii
D. bidensis also a rather large species that lives gener-
ally on shrubs where it forms polydomous nests niade
dozens of similar structures protected by a cartoat
in the back of living leaves [®ABIE & al. 1991); the
populations of colonies of the other specl@sdiversus
D. lutosusandD. voraginosusare small, with less than
100 individuals, and are generally found in hollmtten
fruit and trunk cavities, as well as in the rodtepiphytic
bromeliads. All of these ants tend sap-sucking Haeta
(DELABIE 2001). Voucher specimens of each colony were
deposited at the Laboratério de Mirmecologia (CRT:G
lection), CEPEC-CEPLAC, IIhéus, Bahia, Brazil.

Conventional cytogenetic analysis. Mitotic metapha-
ses were obtained from cerebral ganglia of prepéplae
lowing IMAI & al. (1988) and subsequently stained with
Giemsa for the determination of chromosome numbdr a
morphology. Metaphases were photographed using-41CX
microscope equipped with a digital camera C-7079r(®
pus, Tokyo, Japan). A minimum of five metaphase&sme
dividual was analyzed. The classification of theocho-
somes followed EVAN & al. (1964).

Fluor ochrome staining: Chromomycin A3 [(CMA3) /
4', 6-diamidino-2- phenylindole (DAPI)] staininglifoved
SCHWEIZER (1976). After three days, the slides were ob-
served using an epifluorescence microscope (DMRAR,
ca Microsystems) and the images were captured UdiBg
software (Leica Microsystems Imaging Solutions ).td.

Fluorescent in situ hybridization: Fluorescent in situ
Hybridization (FISH) followed M>SCONE& al. (1996) with
the modifications described by8ros & 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 bydrim & al. (2002).



Tab. 1: Taxa analyzed herein and respective GenBegdssion numbers.

Species Col LWR Reference
Dolichoderus attelaboid: KU18724¢ KU23298: present stuc
Dolichoderus decollatt KU18724 KU23298: present stuc
Dolichoderus bider KU18724¢ KU23298¢ present stuc
Dolichoderus debili KU18725( KU23298¢ present stuc
Dolichoderus voraginosi KU18725] KU23299: present stuc
Dolichoderus diverst KU18725: KU23299: present stuc
Dolichoderus lutost KU18725¢ KU23299( present stuc
Dolichoderus quadridenticulat KU18725¢ KU23298¢ present stuc
Dolichoderus imitatc KU18725" KU23298:¢ present stuc
Azteca belti(voucher z25¢ JQB86768 JQ86841 PRINGLE & al. (2012
Azteca ovaticej (voucher B22< JQ86754 JQ86826 PRINGLE & al. (2012,
Forelius pruinosuy(voucher: CASENT010603 HQ20739! EF01357. Lucky (2011
Leptomyrmex unicolc(voucher: CASENT012709 HQ20738- HQ20745. Lucky (2011
Leptomyrmex wiburc(voucher: CASENT012705 HQ20738! HQ20745 Lucky (2011

Tab. 2: Chromosome number, karyotype formula, GMAAPI™ bands, and ribosomal sites in helichoderusspecies

studied herein.

Species

2N

Karyotype formula

Differential fluorochrome staining
(CMA;' / DAPI bands)

FISH (ITS)

Dolichoderus lutosus

10

2k=4M +6 SM

Centromeric bands in all chroores
and an interstitial band in the chromag
some pair

Interstitial ribosomal cluste
in the chromosome pair 2

Dolichoderus bidens

18

2k=6M+ 12 SM

Centromeric bands in all chosomes
and an interstitial band in the chromag
some pair

Interstitial ribosomal cluste
in the chromosome pair 1

Dolichoderus voraginosu

s 20

2k=14 M+ 6 SM

Centromeric bands in all chroamss.
The chromosome pair 1 lacks the tel
meric banc

Telomeric ribosomal cluste
oin the chromosome pair 1

Dolichoderus diversus

22

2k=10M + 12 SM

Centromeric bands in all chpeomes
and an interstitial band in the chroma
some pair

Interstitial ribosomal cluste
in the chromosome pair 1

Dolichoderus imitator

38

2k =6 M + 28 SM + 4 Alnterstitial bands in the chromosome

pair 1

Interstitial ribosomal cluste
in the chromosome pail

Dolichoderus decollatus

38

2k=6M+32SM

Interstitial bands in the am@some
pair 2

Interstitial ribosomal cluste
in the chromosome pail

Dolichoderus attelaboide

s 58

2k=2 M + 50 SM + 6 ATerminal band in the long arm of the

chromosome pair

Ribosomal cluster in the lo
arm of the chromosome pa

Genomic DNA extraction and gene amplifications:
Genomic DNA was extracted from one leg of a sirsgle-
cimen of each species included in this study usireg
DNeasy™ Tissue Kit (Qiagen Inc., Valencia, CA) &oid
lowed the manufacturer's instructions. For the ol
phylogenetic analysis two different gene regionsevan-
plified. The first was a mitochondrial region (cgtwome
oxidase subunit | gene — COI) and the second aeaucl
region (long wavelength rhodopsin — LWR) using paig
LCO1490 / HCO2198 for COI (ftMER & al. 1994) and
LR143F / LR639ER (WRD & DOWNIE 2005) respectively.
DNA amplification was carried out in 2& volume reac-
tions: 12.45 pL ultra-pure water, 2.5 pL 10X buffed pL

25 mM MgCI2, 2.5 uL 100

both genes) for 1 min, and

cations were performed usi
cler thermocycler.

using the program MrBayes

mM dNTP, 1.25 pL of each
primer (20 mM), 3 pL of DNA, and 0.3 plLTag DNA
polymerase (Promega). The gene amplification ctetsis
of an initial step at 94 °C for 1 min followed b9 8ycles
(denaturation at 94 °C for 1 min, annealing at 62for

extension at 72 °C fori)

and a final extension step at 72 °C for 10 min. Afiap
ng an Eppendorf® Mastercy

Phylogenetic analysis. Bayesian analysis was performed

3.1.2UELSENBECK& RON-

QuUIST2001). Data from both genes were concatenated in
a matrix with a total of 1,135 base pairs. The pesieo-
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tide substitution model was determined for eachocod
partitioned gene region using the Akaike informatami-
terion implemented in the program jModelTest 2(DAR-
RIBA & al. 2012). The best fit models inferred for COI
and LW Rh were GTR + | + G and HKY + I, respec-
tively. The Bayesian analyses were performed with t
simultaneous sets of four chains using the defallies
for search MrBayes 3.1.2. Searches were made irsitwo
multaneous and independent runs of the Markov Chain
Monte Carlo (MCMC) and for 10 million generationgtw
trees sampled every 1,000 generations. Converggiibe
two MCMC independent runs and burnin were acceissed
Tracer 1.6 (RMBAUT & al. 2014). Trees were edited in
FigTree v1.4.2 (RmMBAUT 2009). DNA sequences used as
outgroups were obtained from GenBank (Tab. 1).

Results

Our analyses revealed substantial variation inrobsmme
number and morphology in the karyotypes of the igsec
studied (Fig. 1, Tab. 2). Chromosome number rarfiged
2n = 10 inDolichoderus lutosuso 2n = 58 inD. atte-
laboides the latter being the largest chromosome number
observed within the Dolichoderinae to date. They&ar
types analyzed herein were predominantly submetacen
tric, except foD. voraginosug2n = 20), whose karyo-
type consisted of mostly metacentric chromosomes.
CMA;"/ DAPI'bands were located in the pericentro-
meric regions of chromosomesolichoderus lutosus
D. diversusD. voraginosusandD. bidens(Fig. 2: Al,
A2, A3, and A4, respectively). IB. attelaboidesandD.
decollatus the CMA;" / DAPI"band was located on the
second chromosome pair. b attelaboidesthe band

SM
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extends along the entire length of the short chisonee
arms and part of the long arms. FISH results redetidat
there are only two ribosomal DNA clusters and tihat
clusters are located on homologous chromosomdsein t
studied species. The ribosomal DNA clusters wetectied
on pair 1 inD. voraginosusD. diversusD. bidens and
D. imitator (Fig. 2: B2, B3, B4, and B7, respectively) and
on pair 2 inD. lutosusD. attelaboidesandD. decollatus

]

(Fig. 2: B1, B5, B6). Ribosomal sites were variable
size and location. Small terminal bands were detton
chromosome pair 1 iD. voraginosusinterstitial bands
were detected ilD. lutosus D. bidens D. diversusD.
decollatus andD. imitator. Coincidentally with the CMA/
DAPIresultsD. attelaboideshowed larger bands encom-
passing the entire extension of the short arm amtqf
the long arm on both chromosomes of pair 2.

The Dolichoderusspecies included in this study were

SM

T8
18]

7

MM
8 9

recovered as a clade with strong support (PP n e
molecular phylogeny (Fig. 3). These species wepase
rated into three major clades. The first clade telted
Dolichoderus attelaboideandD. decollatustogether with
strong support (PP = 1). The second clade compised
bidensplusD. quadridenticulatugPP = 1)andD. diver-
susplusD. voraginosus(PP = 1)D. lutosug(PP = 0.94),
andD. debilis(PP = 1). The third clade comprised only

Fig. 1: Karyograms obolichoderus lutosuéA), D. diver-
sus(B), D. voraginosugC), D. bidens(D), D. attelaboides
(E), D. decollatugF), andD. imitator (G). Bar = 10uM.

Fig. 2: Karyograms showing CMA/ DAPI-bands (yellow-
greenish regions on the chromosomes) and ribosdosl
ter sites (reddish regions) Dolichoderus lutosugA-1 /

B-1), D. diversugA-2 / B-2),D. voraginosugA-3 / B-3),
D. bidengA-4 / B-4),D. attelaboidegA-5 / B-5),D. decol-
latus (A-6 / B-6), andD. imitator (A-7 / B-7). Bar = 10 M.

D. imitator (PP = 0.98).

Discussion

The high chromosome number variation, consideffireg t across the 14 genera already studied within thécBbol
data reported herein and iORITE & PALOMEQUE (2010),  derinae (Tab. 3) (@RITE & PALOMEQUE 2010, QRDOSO
makesDolichoderushe most cytogenetically diverse genus & al. 2012).
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—1 0.98

Leptomyrmex unicolor (?)

Forelius pruinosus (?)

Azteca beltii (?)

0.57

—10.98

Leptomyrmex wiburdi (?)

Species complex according to MacKay (1993)

Il attelaboides complex M bidens complex
Il cdecollatus complex M debilis complex
I cdiversus complex [ imitator complex

Azteca ovaticeps (?)
Dolichoderus attelaboides (2n=58)

Dolichoderus decollatus (2n=38)

0.94

Dolichoderus bidens (2n=18)
Dolichoderus quadridenticulatus (?)

Dolichoderus diversus (2n=22)

Dolichoderus voraginosus (2n=20)

Dolichoderus lutosus (2n=10)

Dolichoderus debilis (?)

0.08

Dolichoderus imitator (2n=38)

Fig. 3: Phylogram obolichoderusbased on Bayesian analysis of a concatenatedxnmattuding partial sequences of
the Cytochrome Oxydase | and Long-Wavelenght Rhsidogenes. Numbers in the nodes represent Baypsgtarior
probabilities. DNA sequences for the gengrdeca Forelius andLeptomyrmexvere obtained from GenBank.

Genus 2n Number of | Number
Lowest | Highest species of gpecies
Number | Number | karyotyped | per genus
Anonychomyrma 16 16 2 26
Azteca 28 28 1 84
Bothriomyrmex 22 22 2 23
Doleromyrma 12 14 2 2
Dolichoderus 10 58 11 132
Dorymyrmex 18 26 5 60
Forelius 32 32 1 18
Iridomyrmex” 16 48 15 79
Leptomyrmex 24 24 1 27
Linepithema 16 16 2 20
Ochetellus 28 28 1 7
Philidris 16 16 1 9
Tapinoma 10 18 7 69
TechnomyrmeX’ 28 30 5 93
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Tab. 3: Variation on the chromosome number for 14 o
the 28 described genera witHolichoderinae(three of
the genera listed bydrITE & PALOMEQUE (2010) were
synonymized and herein we also included the gémis
tecg. Data from IORITE & PALOMEQUE (2010) and @Rr-
DOSO& al. (2012) (for the genusztecd. - Only morpho-
species;” including species analyzed in this paper;
only four species described, 11 are morphospeaidsave

2n = 18);"" four, out of the five species listed here, are
morphospecies.

It is noteworthy that, even thougtidomyrmexMAYR,
1862 is the most cytogenetically studied genusimgub-
family (LORITE & PALOMEQUE 2010), only three distinct
karyotypes have been reported for this genus, etito-
mosome number ranging from 2n = 14ridomyrmexsp.
to 2n = 48 inlridomyrmex ancepfROGER, 1863) (MAI
& al. 1977, MAI & al. 1984).

The significant karyotype diversity found amadngli-
choderusspecies might be explained by an earlier origin
for this group compared with the other genera witho-
lichoderinae. The chromosome variation reportee@iner
also corroborates the hypothesis that older antpgréend



to have more diversified karyotypes as has beeorteg
for some poneroid species since they have had timee
to evolve and diversify (MRIANO & al. 2012, LORITE &
PALOMEQUE 2010, BRADY & al. 2006, MOREAU & al.
2006). According to MREAU & BELL (2013), their mole-
cular phylogeny suggests tHablichoderusemerged ap-
proximately 60 million years ago and is in a moasdl
position in regards to most genera in Dolichoderisach
aslridomyrmexMAYR (~ 20 M.A.), TapinomaFOERS
TER, 1850 (~ 30 M.A)), and.inepithemaMAYR, 1866
(~ 15 M.A)). The most recent common ancestobofi-
choderuss older than other related genera in the subfamil
Dolichoderinae, and this more ancestral conditias ¥irst
suggested by BowN (1973) and recently has been cor-
roborated by the molecular data oh®b & al. (2010).

The significant karyotype variation found in Neqtro
ical Dolichoderusis similar to what has been reported for
other Neotropical genera such@samptogenyROGER
1863,PseudomyrmeunD, 1831, andNeoponeréEMERY,
1901 (MARIANO & al. 2012). Moreover, our data place Do-
lichoderinae as the third most karyotypically dsesgroup
known in Formicidae, following the subfamilies Ponae
and Myrmicinae (bRITE & PALOMEQUE 2010). Before the
present study, the number of species with knowydar
types (about 50 species), along with the previoteghprted
karyotype diversity, indicated that Dolichoderirsi®wed
little variation in chromosome numberdRITE & PALO-

MEQUE 2010). However, it should be emphasized that pre-

vious studies were restricted to species of thertralayan
and Australian regions where, within this subfamép-
parently there is a lower intrageneric karyotypeedsity
(CROZIER 1968, IMAI 1969,IMAI & al. 1977, ®NI & al.

1982, MAI & al. 1983,IMAI & al. 1984).

to parasites or stabilize the division of laboHEEMAN
1979). Also, genetic drift could account for a taphange
in chromosome number following a reduction in pepul
tion size. However, no reduction in chromosome neimb
variation has been observed in ant species witldarw
geographic range, thus suggesting that drift cateaon-

sidered as the main mechanism of chromosome number

evolution (Pbss& al. 2014). These authors caution, though,
that there are not conclusive analyses and theofdbés-
torical population in the current distribution skalso

be taken into account. Regarding the establishofemtw
chromosome variants, meiotic drive, the nonrandegnes
gation of chromosomes during female meiosis, has be
considered the factor with the strongest poteiiahflu-
ence their fixation in mammals ARDO-MANUEL DE VIL-
LENA & SAPIENZA 2001).

Most karyotyped species in this genus, includirg th
species in the present study, fall within the rasfgghromo-
some numbers from 2n = 18 Dolichoderussp. (GRNI &
al. 1982) and. bidensto 2n = 30 - 33 irDolichoderus
thoracicus(F. SvITH, 1860) (seeMAl & al. 1983). Chro-
mosome numbers within this range are also fourtién
outgroup, 2n = 24 foceptomyrmexImMAl & al. 1977) and
Azteca(CARDOSO & al. 2012). Given the present analysis,
it is reasonable to assume that the higher chromesmm-
bers found withirDolichoderusmost likely represent an
ancestral state.

In Dolichoderus attelaboideshe decreased number of
metacentric chromosomes could have resulted framm su
cessive events of centric fission and pericentmeiision.
The differences in the location of the rDNA cludtetween
D. attelaboidesandD. decollatusnay have originated from
pericentric inversions. The differences may evereha-

Our molecular analysis reveals some important aspec sulted from a centric fission in an ancestral k&yge in-

regarding species complexes witlinlichoderus Despite
being phylogenetically closely related (Fig. 3padee Ap-
pendix S1 and Appendix S2, as digital supplementaate-
rial to this article, at the journal's web pagé&s)attelabo-

volving a chromosome pair similar to the second pai

D. decollatusln this latter case, the event must have been
followed by in tandem growth of the heterochromaiin
the short arm, which resulted in a submetacentoiphol-

idesandD. decollatushave distinct karyotypes regarding ogy in D. attelaboides Alternatively, the decrease ob-
number, morphology, and chromosomal location of theserved in the number of metacentric chromosomekicou
rDNA cluster. Our data suggest that karyotype cleang have been due solely to fission. The short arnhefsec-

may have had an important role in the diversifaatof
the species within thB. attelaboidesandD. decollatus
complexes similar to what has been reported fagrdtor-
micidae taxa (hAl & al. 1994, MaRIANO & al. 2006, 3N-

ond pair inD. attelaboidesould have been generated by
rDNA amplification before an event of centric fasibased
on the fact that the size of the NOR region in #giscies
is larger than that observed in oth2olichoderusspe-

TOs & al. 2010). Among the chromosome rearrangementsies. This considerable karyotype divergence betvspe-

observed in ants, centric fission seems to be cuwmEmon
and therefore most likely constitutes the main raagdm
in shaping chromosome evolution. According to thie M
nimum Interaction Theory Al & al. 1988), such mech-
anism of chromosome change would be favouredras it
duces genetic risks of deleterious reciprocal tomagions

by producing smaller and more numerous chromosomes.

However, there are other potential alternative anxglions
for our results as well. It has been hypothesized se-
lection on social insects would strongly favor higrer-
all rates of recombination allowing for the geneaticer-
sification of offspring, for example, by an increda the
number of chromosomesHERMAN 1979, &GER 1983)
or an increase in the intra-chromosomal recomlzinatite
(WILFERT & al. 2007). Thus, selection on recombination
could indirectly select for increased chromosomeniper
and genetic diversity is known to increase thestasice

cies of theD. attelaboidesandD. decollatuscomplexes
adds new characters that strenghten their clestsificinto
distinct groups as proposed byabKAY (1993). Consid-
ering the likely proximity between these two conxgs,
their differentiation might have resulted from amasome
rearrangements.

Species within th®. diversuscomplex clustered to-
gether with species of thg. bidenscomplex in our mole-
cular analysis (Fig. 3), suggesting that the formearot a
monophyletic group. A high karyotype diversity was
served among the species analysed withimlitressuscom-
plex Dolichoderus lutosyd. diversusandD. voragino-
su9 with chromosome numbers ranging from 2n = 10 to
2n = 22. For instanc®. diversusandD. voraginosudave
approximately twice as many chromosome®akitosus.
Within this group,D. diversusandD. voraginosushave
more similar karyotypes in all aspects, thus reaify their

67



close relationship as seen in our phylogeneticyees,
in which they are clustered together with strongpsrt
(PP =1).

The pattern of numerical and structural variatitn o
served in the clade containing thediversus+ bidens+

viewer for their helpful suggestions on an eaniersion
of this manuscript. This study was supported bypie

jects RED0012/2012 FAPESB and PRONEX FAPESB/

CNPg PNX0011/2009: "Rede Multidisciplinar de Estsido
sobre Formigas Poneromorfas do Brasil". CSFM, JHCD,

debiliscomplexes also suggests karyotype evolution by cenMAC, and JGS acknowledge their research fellowships

tric fission followed by in tandem growth of hetehwo-
matin, according to the model of karyotype evolotad
ants proposed byvlal & al. (1988). Besides centric fis-
sions, pericentric inversions seem to have cori&ibto the
karyotypic diversification in this group, since tlogations
of the rDNA clusters differ among species. Desite
karyotype and molecular diversity revealed by stigly,
species within th®. diversuscomplex share several char-
acteristics such as behavior (lack of aggressi@nasst
architecture (opportunistic nesting), and morphplsnall
to medium body size and alitrunk shape). On therdiand,
Dolichoderus bidengD. bidenscomplex) showed a karyo-
type very close to those Bf. diversusandD. voraginosus
and the location of its rDNA cluster is similar@odiversus
which is corroborated by our molecular analysi$ phaced
them in the same cladBolichoderus bidengogether with
D. lutosusandD. diversus used to belong to the former
genusHypoclineaand was placed in tHadenscomplex
in the most recent revision of the Neotropical speof
Dolichoderusg(MAcKAy 1993). HoweverD. bidensshows
differences in behavior (aggressive when the reedis-
turbed) and nesting habits (polydomous carton )egtsch
could justify the placement of this species in ffiedent
group.

The basal (i.e., earliest branching) positiorboficho-
derus imitator(D. imitator complex) in our phylogenetic
tree corroborates its placement into a separatéespgroup
such as proposed byAdK Ay (1993).Dolichoderus imitator
is the single species in tie imitator complex (MACKAY
1993) and has terricolous habits in contrast wWithdther
Neotropical species of the genus, which are alb@dl.
The karyotype of this species is similar to thaDofde-
collatus(D. decollatuscomplex).

The cytogenetic and molecular data were essential t
better elucidate the relationship betweenDBhattelabo-
idesandD. decollatuscomplexes. The karyotype differ-
ences reported herein show that there is moredimaply
a neck separating these two complexes. Moreoveikah
ryotype characterization also revealed marked gedét
ferences among species within thediversuscomplex
and allowed us to propose an explanation for kgpet
evolution of this group and the other species aelyin
this study. This first cytogenetic study of Neotoah Do-
lichoderusshows that this genus also has high karyotyp
and genetic diversity along with its large morplgital di-
versity. Additional cytogenetic and molecular sagjiin-
cluding other species, should also contribute beeter
understanding of mechanisms involved in the kayety
evolution of this genus.
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