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Crematogaster abstineradCrematogaster pygmadé&lymenoptera: Formicidae:
Myrmicinae): from monogyny and monodomy to polygyand polydomy

Glauco Bezerra MRTINS SEGUNDO, Jean-Christopheg BISEAU, Rodrigo Machado EHTOSA, José Evaldo
Vasconcelos 8rRLOS, Lucas Rocha/g Matheus Torres Marinho BezerribRTENELLE & Yves QUINET

Abstract

Polygyny and polydomy are key features in the mgskiiology of many ants, raising important quessiam social
insect biology, in particular about the ecologidaterminants of such derived traits. One relevaay to investigate
those questions is the comparative study of clossfted species with contrasting colony structimeaur study, we
investigated and compared morphological (morpholofjgueens, workers and males), chemical (cuticjairo-
carbon profiles), behavioral (attractiveness ofaqseand substrates chemically marked by queermcébundation,

* mating behavior), and colony-structure (nest agciifre, queen number, nest number) traitSrematogaster abstinens
FOREL, 1899 andC. pygmaedoREL, 1904 two related Neotropical species. Our aim was twigmevidence of close
evolutionary relationship between the two speciebta give new insight into the ecological sigrafice of the poly-
gynous and polydomous system founddnpygmaeaWe first showed that the two species share impottraits
supporting a close evolutionary relationship: sdmasic morphology in workers and queens, with higaenq / worker
dimorphism, and ground-dwelling habit with almagtical nest architecture. The two species alacesh significant
part of their cuticular hydrocarbon (CHC) profileghich possibly explains the observed attractiveridssubstrates
marked by queens of one species to workers ofttier gpecies. However, the two species compleiérdn colony
structure: highly polygynous and polydomous colerifeC. pygmaeasmall, monogynous and monodomous colonies
in C. abstinensThey also show, in addition to the shared comgeusignificant differences in their CHC profiles and
differ in mating and colony foundation behavior pirevious studies, the probable existence of a dispkrsal strategy
in C. pygmaeavas shown: a long-range dispersal strategy follolethdependent colony foundation and a short-range
dispersal strategy through budding events assaciaith seasonal polygyny and polydomy. We hypottesiat inC.
pygmaeapolygyny and polydomy could represent a combiealutionary response to efficiently explore anpliaéy
saturate patchily distributed habitats that argabis and subject to a strong seasonality. We spsculate that the
polygynous and polydomous colony structure obseivéil pygmaeas a derived condition from the monogyny and
monodomy observed i@. abstinens

Key words: Integrative taxonomy, cryptic species, ultrastiuet colony structure, dispersal and reproductikategies,
ants.
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Introduction

Queen and nest number in mature colonies are key fe also thought to be one of the key factors that feddhe
tures of ant colony structure(8NER & al. 2009). Mono-  initial evolution of kin selection, reproductivetralism
gyny (one single queen per colony) and monodomg (th and, in fine, eusociality in ants ¢HLDOBLER & WILSON
whole colony is housed in a single nest) are thotghe 1990, SRASSMANN 1991, HIGHES & al. 2008).

the ancestral states 1H.DOBLER & WILSON 1977, ROSS However, although monogyny and monodomy remain
& CARPENTER1991, KELLER & VARGO 1993, DEBOUT & the predominant traits in most ant specieS\(HbOBLER

al. 2007, BULAY & al. 2014). Monogyny, associated with & WILSON 1977, 1990, KLLER & V ARGO 1993, EBOUT
monandry (queens singly mated) and haplodiploidy, i & al. 2007), polygyny (more than one reproductivaty



tive queen per colony) and polydomy (the colonyuwscc
pies two or more spatially separated but sociatiy-c
nected nests) are widespread derived traits tleah e
have independently and repeatedly evolved in alralbst
ant subfamilies (BLLDOBLER & WILSON 1977, 1990, RSS
& CARPENTER1991, KELLER & VARGO 1993, DEBOUT &
al. 2007, HtINZE 2008, HEINZE & FOITZIK 2009, BOULAY

& al. 2014).

The ecological determinants of polygyny and poly-
domy, and the consequences of such derived traitoo
cial and genetic structure of ant colonies arestiigects
of many studies and reviews, especially with refeee
to polygyny (HOLLDOBLER & WILSON 1977, 1990, HR-
BERS1993, KELLER 1993, 1995, HINZE & FOITZIK 2009,
DeBOUT & al. 2007, POBINSON2014). One relevant way
to investigate such issues is the comparative stfdy
closely related species with contrasted colonycstme
(monogyny / polygyny, monodomy / polydomy)@H.-
DOBLER & WILSON 1977, TSUJI& TSUJI1996, DEBOUT &
al. 2007).

Crematogaster pygmad#REL, 1904 ancC. abstinens

PEETERS & al. 2013) and ability of young queens to
found colonies in independent and claustral coodg;]
with strong weight loss in queens during the colony
founding stage (HWmIDI & al. 2017). Others are occur-
rence of nuptial flights (WMIDI & al. 2017), presence of
colony boundaries (multicoloniality) @hipI & al. 2012),
and high attractiveness of queens to workersKMNS
SEGUNDO & al. 2012). Such apparent paradox seems to
derive from a dual dispersal strategydnpygmaeain-
cluding a long-range dispersal strategy (matirghtg) fol-
lowed by independent colony foundation (foundattat-
egy), and a short-range dispersal strategy thrdugh
ding events that follow fecundation of female sdgua
the parental colony, resulting in expansion of doiyy
in colonies (foraging strategy) Asipi & al. 2017).
Crematogaster abstineras a much wider range, with
registered presence in Panama, Colombia, Venezuela,
Guyana, French Guiana, Brazil, Bolivia, and Argeati
mainly in dry forest habitats @NGINO 2003). In the lit-
toral zone of the state of Ceara (northeasternilgrazan
be found living sympatrically witlC. pygmaegQUINET

FOREL, 1899, two closely related Neotropical species& al. 2009). However, basic aspectsfabstinendiol-

(LONGINO 2003, QUINET & al. 2009), could be promising
candidates for such a comparative study. Both sgeci
belong to thedrthocremaclade (+ 140 species) (sensu
BLAIMER, 2012a, b), a strongly divergent group in @re-

matogastelUND, 1831 genus (467 species), and formed

by the former members of subgen&ahocremaSanT-
SCHI, 1918 (exceptC. irritabilis F. SviTH, 1860 andC.
polita F. SvITH, 1865),NeocremaSANTSCHI, 1918, Eu-
cremaSANTSCHI, 1918,RhachiocremaviAanN, 1919, and,
in part, MesocremeBANTSCHI, 1928) (B AIMER 20123, b).
The two species are morphologically so closelytesla
thatC. pygmaedas been synonymized und&rabstinens
(see IoNGINO 2003), before being revived from synonymy,
based on the analysis of new collections and ondwte
on C. pygmaeanatural history (QINET & al. 2009).
Crematogaster pygmaea a highly polygynous and
polydomous ground-dwelling ant that is a habitacsp-
list in coastal and tabuleiro zones of the stafeGeaara

(QUINET & al. 2009) and Piaui (R. Feitosa, unpubl.) (north-

eastern Brazil), the only places where this spebas
been found so far. Usually found in open, urbarséami-
urban) areas with sparse herbaceous vegetatiamiesl

of C. pygmaeare formed by tens of underground nests,

each with several queens (mean of 4 queens /uye$b,
36 queens / nest), and interconnected by surfaite ised
by workers to move from one nest to the other and t
reach herbaceous plants where they collect nextar f
floral or extrafloral nectaries, and/or honeydeanirhemi-
pteran colonies (QNET & al. 2009, HamiDI & al. 2012,

CARLOS 2015). Nests are relatively simple, at least dur-

ing the rainy season, formed by a single straigitieal
tunnel + 30 cm in length, with one to four horizaint
chambers (QINET & al. 2009).Crematogaster pygmaea

ogy, including nesting habit (arboreal or groundetling
species), colony structure (nest architecture, maee nest
number in colonies), and queen and male morphoiegy,
mained unknown (@NGINO 2003).

One of the main difficulties in species delimitatim

ants is the large number of hyperdiverse taxa wih
crete morphological variation, as observedCiemato-
gaster(BLAIMER 2012b). In fact, some ant genera contain
between 40% and 70% of the so-called "cryptic" msec
whose status prevents significant advances conugrni
their biology and ecological relationshipE(&RT 2009).
In these cases, the delimitation of species shinigdlly
be supported by different methods, in addition torph-
ological analysis, under the Integrative Taxonomgraach
(see SHLICK-STEINER & al. 2010).

This study aimed to provide new evidence about a
probable sister-group relationship betw&rpmatogaster
abstinensand C. pygmaeaand to give new insight into
the ecological significance of the highly polygysacand
polydomous system found i@. pygmaeaWe first in-
vestigated morphological (morphology of queens,kes
and males), chemical (cuticular hydrocarbons pegjil
behavioral (attractiveness of queens and of sulestra
chemically marked by queens, colony foundation,imgat
behavior) and colony-structure (nest architectqreen
number, nest number) traits @ abstinensandC. pyg-
maea.We then compared those traits in the two species,
in order to evaluate how they link or separate kspb-
cies, and, in light of the obtained data, discupsssible
evolutionary scenario for the emergence of polyggng
polydomy inC. pygmaeaWe also describe for the first
time the morphology of queens and males, the ngstin
habit, and the colony structure@ abstinens.

polydomous networks have a seasonal component, Witlﬂ/laterial and methods

colonies undergoing a strong reduction in the nunatbe
nests and queens during the dry season, and sewftignd-
ing during the rainy season, when the number otnse
and nests increases@ET & al. 2009, @QRLOS2015).
Paradoxically, other features ©fematogaster pygmaea
biology are more typically found in monogynous spec
like strong queen / worker dimorphig§@UINET & al. 2009,
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Study sites and voucher policyAll Crematogaster pyg-
maeaor C. abstinensndividuals (workers, queens, males)
used in the experiments were from colonies lociatedeas
in the municipality of Fortaleza (state of Ceardrtineast-
ern Brazil) (3° 47" S, 38° 33' W), and nearby mipat-
ties, or from colonies collected in the field (hretForta-



leza region) and maintained in laboratory condgiocas
detailed in the next sections.

Permits for field work and ant nests collectionseave
issued by the Instituto Brasileiro do Meio Ambiertéos
Recursos Naturais Renovaveis (IBAMA) (permit nunsber
26226-1, 48053-1, 48053-2).

Voucher specimens @rematogaster pygmaeadC.
abstinensare deposited at the Myrmecological Collection
of the Laborat6rio de Entomologia, UniversidadeaHsal
do Ceara, in Fortaleza, CE, Brazil, and at the fwto-
gical Collection Padre Jesus Santiago Moure, Usiver
dade Federal do Paran4, Curitiba, PR, Brazil (DZUP)

Comparative morphological study ofCrematogaster
abstinens and C. pygmaea: The morphological study was
carried out based on queens, males and workersdifom
ferent colonies o€rematogaster abstine@ndC. pygmaea
aiming to cover all the eventual intra- and intexsfic
variation for both species. Since workers of thesecies
present intracolonial allometry, observations wadveays
made based on individuals of different size clasg#sn
the same colonies. This procedure was adopteddmmsi
ing the attenuations that size variation imposesxtarnal
anatomy characters such as coloring, sculpturgiosity.

soma volume in both groups, for each species. Qleen
worker mesosoma volume ratio was then computeddh e
species, as the mean queen mesosoma volume diwded
the mean worker mesosoma volume.

Morphometric measurements were obtained using Leica
LAS Interactive Measurements module and compasite i
ages generated by Leica LAS Montage / 3D-Viewer mo-
dules (Leica Application Suite — Version 4.5.0) andeica-
DMC2900 digital camera attached to a Leica M205% st
reomicroscope.

Chemical analysis of cuticular lipids:In each of 10
different colonies o€rematogaster pygmaemdC. abs-
tinens 50 workers were collected directly in the fielbil
they were moving on trails or exiting a nest, amdhiedi-
ately placed in a small and clean polypropylendaioar.
The day following their collection, they were killdy
freezing and then immersed in 0.2 ml of hexang, Znml
glass vial that was stored in the freezer untilékFacts
were analysed. Sevéh pygmaeaolonies were from ar-
eas located in the municipality of Fortaleza (thoeethe
campus of the Universidade Estadual do Ceara-UECE,
four in nearby areas), with distances between thenes
ranging from £ 220 m to = 9 km; tw8. pygmaeaol-

Observations of most conspicuous morphological-char onies were located in the municipality of EusélBivg2' S,
acters were performed under a Leica stereomicrascop38° 25' W), some 17 km from Fortaleza; dhepygmaea

model S8 APO with indirect illumination (a LED ring
coupled to the scope objective).

In order to observe the details of integument micro
sculpture, images of workers and queenGreimatogaster
abstinensandC. pygmaeavere obtained under an Ox-
ford Vacuum Scanning Electron Microscope (SEM), etod
6427. The specimens (a worker and a queen of gach s
cies) were cleaned by agitation in a solution ofavand
industrial detergent and sequentially dry-mountedrito-
mological triangles. The triangles were then fil@double-
sided carbon tapes in the stubs allocated to therin
chamber of the SEM, without previous metallizatafn
samples. The entire procedure was performed & lde
tronic Microscopy Center of UFPR, Curitiba, PR, Blka

Morphometric analyses: Workers ofCrematogaster
pygmaeaand ofC. abstinensvere collected (n = 120 for
each species) from six different colonies (20 woskzer
colony for each species) in order to perform thyges
of morphometric measurements: head width (HW), i.e.
the maximum width behind the eyes in full-face vigwo-
notal width (PW), i.e., the maximum width of pronot
in dorsal view; Weber's length (WL), i.e., the nrayim
diagonal distance from base of the anterior sldgz®@-
notum to metapleural lobe ¢HLDOBLER & WILSON 1990,
LONGINO 2003). All sixC. abstinengolonies were from
an area located on the campus of the Universidatee E
dual do Ceara (UECE) (3°47' S, 38° 33' W), in Heda;
five C. pygmaeaolonies were from areas located in the
municipality of Fortaleza (two on the UECE camphsee
in nearby areas), the six@ pygmaeaolony was in the
municipality of Caucaia (3° 40' S, 38° 45' W), sa?ekm
from Fortaleza. The same morphometric measurertexts
cept for pronotal width) were performed with 10 gnse
(from different colonies) of each species.

Ten more workers and queens of each species, and

from different colonies, were also used to meashee
mesosoma length, width and height. The mean lendgtt
and height were then used to calculate the meaw-mes

colony was located in the municipality of Caucadés{
tance between the colonies of Eusébio and the galbn
Caucaia: £ 42 km). AIC. abstinengolonies were from
areas located in the municipality of Fortalezal{emn the
campus of the UECE, two in nearby areas) with dista
between the colonies ranging from = 10 m to + 316 k

Cuticular lipids in the extracts were analysed iy G
MS using a Finnigan Polaris Q™ ion trap mass spectr
meter interfaced to a Trace GC Ultra™ gas chromafigy
equipped with a DB-5MS fused silica capillary colum
(30 m x 0.25 mm diameter x 0.25 um film thickndesin
J&W Scientific. The injection port and transferdimere
set at 240 °C and 310 °C respectively. Followinigleps
injection of 2 pl of the sample, oven temperatuas wain-
tained at 50 °C for 1 minute, increased to 270t°20&C /
min, maintained at 270 °C for 10 minutes, thenéased
to 310 °C at 3 °C / min, and then maintained at X1@or
5 minutes, using helium as carrier gas (1 ml / n@ya-
litative and quantitative data were acquired bynimg the
Thermo Finnigan Xcalibur™ 1.4. SR1 data systemi-Cut
cular lipids were identified by analysing their mapectra
produced by electron impact (ion source operatirpa °C
with an ionization energy of 70eV, scan range mifz
700) and by comparintheir GC retention times with
those of reference compounds (Alkanes-mix 10: @10 t
C35, Dr. Ehrenstorfer Gmbh). The proportions ofdife
ferent compounds were obtained from peak areasGIhe
/ MS analyses were conducted at the Unit of Evohatry
Biology and Ecology of the Université Libre de Belles
(ULB) (Brussels — Belgium).

The Nei index|() was calculated to estimate the degree
of similarity between cuticular hydrocarbons (CHPg)-
files:
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wheren = number of peaksi = area (%) of peak for
sample x, and/i = area (%) of peakfor sampley. | =1
for two strictly identical profiles and= 0 for two totally
different profiles.

was considered as a measure of the zone of influ@anc
possible long-distance attractiveness) of the queen

The experiment was repeated 47 times, with quaens (
= 20) from 20 monogynous colonies maintained imiab

For each species, the CHCs whose relative peak areary conditions; some queens were used two to timess,

was less than 0.5% in all samples were excludeNeA
index was calculated for 10 intraspecific comparssdor
each species, and for 10 interspecific comparisBash
colony of one species was compared to two othes-col
nies, randomly selected, of the same species. ligeew
eachCrematogaster pygmaemlony was compared to a
randomly selecte@. abstinengolony (but excluding those
that had already been selected). In total, eaadngolas
therefore compared to three other colonies (2 caeifip
and 1 heterospecific).

Attractiveness of queens to workers irCremato-
gaster abstinens: Attractiveness ofCrematogaster absti-

with a time interval of at least two months betwéen
consecutive use of the same queen.

Interspecific attractiveness to workers of substrags
after exposure to queensThe attractiveness to workers
of filter papers that remained in close and proézhgon-
tact withCrematogaster abstiners C. pygmaeajueens
was assessed with a procedure similar to thatms&thr-
TINS SEGUNDO & al. (2012). Two circles (1.5 cm in dia-
meter) were drawn in pencil on the disc of pafdeerfthat
covered the bottom of a plastic Petri dish (8.5icrdia-
meter; Fluon®-coated sides), such that both weuoideq
tant in relation to the center and the edge ofdilsé. In

nensqueens was assessed with a procedure similaato thone circle, &C. pygmaear C. abstinengjueen was con-

used by KLLER & PASSERA (1989a) and MRTINS SE-
GUNDO & al. (2012) to test the attractivenessLafiepi-
thema humil§MAYR, 1868) andC. pygmaeajueens re-
spectively. The tested queen®f abstinensvas confined
in a wire-mesh ring (2 cm in diameter, 5 mm higlacpd
in the center of a plastic Petri dish (8.5 cm iardéter)

fined for a 24 h period, by means of a glass tdxt {10 cm
in length, 1.5 cm in diameter) placed verticallytba cir-
cle. The inside of the glass test tube was coaittdRluon®
to a height of 2 cm to prevent the queens from tulivg.
The other circle contained no queen (control),lad a
glass test tube placed vertically above it (insidated with

with Fluon®-coated sides. The bottom of the dislswa Fluon® to a height of 2 cm). The orientation of the

covered with a white paper disc that was changéarde
each new experiment. The wire-mesh ring allowedxhe

circles was changed by 90 degrees from one replioahe
other to avoid any potential influence of the lattory en-

abstinensworkers, but not the queen, to pass through. Avironment (windows, artificial light, etc.).

piece of glass covering the wire-mesh ring preetive
gueen from escaping.

An experiment began when &dematogaster abstinens
workers from the same colony as the queen to liedes
were placed in the Petri dish. The workers wei@nadt to
acclimatize for 5 minutes before a dummy (glassi bveith
roughly the same volume a<Ca abstinensjueen) (con-
trol) was introduced inside the wire-mesh ringr@aduc-
tion of dummy =¢). Three minutes afteg,tand then every
3 minutes for a total of 30 minutes, three typemehs-
urements were made (total of 10 replicates for égm of

After the 24-h period, the glass tubes and the quee
were removed, and S0rematogaster pygmaea C. abs-
tinenswere placed in the Petri dish and allowed to accli
matize for 5 minutes before beginning gxtb record the
number of ants present on each circle. The recasire-
peated every 3 minutes for 30 minutes (total ofrigas-
urements for each circle). The attractiveness offi eircle
was recorded as the mean of these 10 values.

Three experimental treatments were carried Otg:
matogasterabstinensqueen withC. abstinensvorkers
(always from the same colony as the tested queth) (

measurement): number of workers on the dummy, numbereplicates)C. abstinenggueen withC. pygmaeavorkers

of workers around, and in physical contact witwith

legs and / or antennae), and number of other aatept
inside the wire-mesh ring (including those on theer-
side of the piece of the glass covering the wirestmend
on the inner wall of the wire-mesh).

After this first series of measurements, the dumvag
removed and a queen (from the same colony as tHergo
that remained in the Petri dish) was introducediashe
wire-mesh ring (introduction of queeng. fThree minutes
after §, and then every 3 minutes for a total of 30 migute

(47 replicates)C. pygmaeayueen withC. abstinensvork-
ers (47 replicates). The experiments W@thabstinengjueens
were performed with queens (n = 20) from 20 monegyn
ous colonies maintained in laboratory conditiortsne
queens were used two to three times, with a tirrez\val

of at least two months between two consecutiveofitiee
same queen. The experiments withpygmaeajueens
were performed with queens from five polygynousoeol
nies maintained in laboratory conditions, each @imimg

15 to 20 queens. The results for the experimengalt+

3 types of measurements were made (total of 10-repl ment 'C. pygmaeajueen withC. pygmaeawvorkers" can

cates for each type of measurement): number of everk

on the queen, number of workers around, and in phys

ical contact with the queen (with legs and/or ants),
and number of other ants present inside the wirehme
ring.

be found in M\RTINS SEGUNDO & al. (2012).

Two more experimental treatments were performed,
using the same colonies and the same procedure-as d
scribed above. However, each circle contained amjue
Crematogaster abstinertqgieen in one circle, @. pyg-

The attractiveness of the queen (or the dummy) in anaeaqueen in the other. In one experimental treatment

specific experiment was recorded as the sum ofhteans:
the mean of the 10 values for the number of antthen
gueen (or the dummy) and the mean of these 10 v&bne
the number of ants around, and in physical contattt,
the queen (or the dummy). The mean of the 10 vdhres
the number of other ants present inside the wirshmiag
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(ten replicates), 5C. abstinensvorkers (from the same
colony as the tested@. abstinengjueen) were placed in
the Petri dish after removal of the queens; inatiher (ten
replicates), 5. pygmaeawvorkers (from the same col-
ony as the teste@. pygmaeajueen) were placed in the
Petri dish after removal of the queens.



Colony structure and nest architecture:Between Fe-  with Fluon®-coated sides, together with five maiesn
bruary and December of 2015, a period coveringyrain C. pygmaeaolonies maintained in laboratory conditions.
season (January to May) and dry season (June tenbec After copulation and dealation (wings shedding)ctea

ber), 12Crematogaster abstinenslonies were exca-
vated, in an area (+ 200 x 30 meters) with denseate-
ous vegetation, located on the edge of an arfifigie, on
the campus of the Universidade Estadual do Cearé (F
taleza) (3° 47' S, 38 °33"' W). Presence of colomias
first detected observing. abstinensvorkers on extrafloral
nectaries of herbaceous plants (maiflynera subulata

J.E. 311TH). Each detected colony was then carefully ex-

amined, until a complete map of all visited plaatbfrails
and all orifices in the soil with in/out activityf aorkers
was obtained. Sardine baits placed on the grouné we
also used to help detect orifices with ant activity

After the mapping of a colony was completed, adhen
initially £ 1 meter deep, 1 to 2 meters long andl meter
wide was dug about 30 cm from the marked orificéh w
worker activity (sometimes, more than one trencth toa
be dug, depending on the spatial arrangement ajrifie
ces). The soil of the trench wall was then cargfstiaved
away in the direction of the marked orifices umilch
tunnel and chamber was found. The dimensions,ivelat
positions and depth of all tunnels and chambers weras-
ured, photographed, and sketched. The populati@modh
workers, female sexuals, and males) found in ehaime
ber was recorded, and collected in order to peripne-
cise analysis of the size and composition of thelah
adult population of the colony. The whole colonyswa
then kept in a plastic box (20 cm x 20 cm and 7hagh)
with sides coated with Fluon®, at a constant temijpee
of 30 + 2 °C with a 12:12 L:D photoperiod, and wgthss
test tubes as nesting sites. The ants were fetbiudnh
on 0.5 M sucrose solution and dekehebrio molitorLiN-
NAEUS, 1758 larvae. Part of those laboratory coloniesewe
used to assess the attractivenesSreimnatogaster absti-
nensqueens and the interspecific attractiveness af-sub
trates after exposure @. abstinengjueens.

mated young queen was isolated in a glass testth@bem
in length, 1 cm in diameter) that was provided wath
water reservoir at the bottom of the tube, surreaholy a
red plastic film, and whose open end was closeal ttton
plug. The glass test-tubes were kept in a room avitbns-
tant temperature (30 + 2 °C) and a 12:12 L:D pherioq,
and were regularly checked to verify egg layingjbgens.

The time necessary for the first larvae, the fingbae
and the first adult workers to emerge in the yofmmda-
tions was recorded. After the first adult workemseeged,
each young foundation was placed in a plastic iéxcn
x 10 cm and 4 cm high; sides coated with Fluon®)a i
room with constant temperature (30 £ 2 °C) and 4242
L:D photoperiod. The ants were fed ad libitum on su
crose solution (0.5 M) and dedd molitor larvae. The
number of workers and other adults (gynes, males) p
sent in each young colony was then recorded eveskw
for 16 months.

After unsuccessful attempts to obtain fertilizatamd
dealation of theCrematogaster abstinemg/nes, using the
same system used f@. pygmaeaynes, the 6. abs-
tinensgynes were placed together with the males and the
workers collected in the field, in a plastic bo¥% (@dm x
10 cm and 4 cm high; sides coated with Fluon®}him
same temperature, light, and food conditions asrie=s
above for the youn@. pygmaeaolonies. About two days
later, 14 gynes were found dealated. Each onesestéd
in the same way as described aboveGopygmaeale-
alated gynes, and the 14 youigabstinengoundations /
colonies were followed during more than one yed (1
months; weekly the first week to the"™4®eek, and, then,
at the 54 and the 68 week), with the same experimental
procedure as described above@mpygmaedoundations
/ colonies.

Mating and wings shedding behavior:In order to

Using the same procedure as described above, 16 nediave more precise and quantified information alcopu-

of Crematogaster pygmae@ere excavated between Au-
gust and November of 2014 (peak of dry seasortyyin
polydomous colonies: two nests were from a colany |
cated on the campus of the Universidade Estadu@kdea,
and that had been previously used to Gagpygmaea
colonies and investigate nest architecture dumngyrsea-
son (QUINET & al. 2009); the other nests (n = 14) were
from a large colony located in the Municipal Garasgn
the city of Fortaleza (3° 48' S, 38° 32' W), distaome
3.5 km from the UECE.

Colony foundation strategies:In February 2015, at
the beginning of rainy season, 20 gynes (here ddfas
unmated winged queens) Gfematogaster pygmaesere
collected as they were leaving the home nest hefire
engaging in a nuptial flight, in a large polydomaadony
located in the Municipal Garden of the city of Rdetza.
In the same period, 60 gynes ©f abstinensvere col-
lected, together with males and workers, at thetetkae
when they were all leaving, in a very excited wihig, nest
of a colony located on the campus of the Univerdséda

lation and wing shedding (dealation) behavioCiema-
togaster pygmaegal8 gynes were collected in February
2016 (beginning of rainy season), in the large doiy-
ous colony located in the Municipal Garden of thg of
Fortaleza, as they were leaving the home nesnhglarpre-
mating flight activity. In the laboratory, ea€h pygmaea
gyne was placed in a plastic Petri dish (8.5 culiameter;
Fluon®-coated sides), together with five males frém
pygmaeacolonies maintained in laboratory conditions. Four
types of data were collected with each gyne: tilapsed
between the beginning of the experiment (introdurctf
the gyne and males in the Petri dish) and the dopula-
tion; number of copulations; duration of each cagiah;
time elapsed between the end of the first coputadiod
wings shedding (dealation).

The same experiment was carried out, in March 2016,
with Crematogaster abstinemynes (n = 10) and males pro-
duced inC. abstinengolonies kept in laboratory condi-
tions (the five males placed in a Petri dish togethith a
gyne were always from a different nest than thesyyim

Estadual do Ceara, during what appeared to be -a préipril, 2016, the experiment was renewed with 17ag/n

mating flight episode.
In the laboratory, eacirematogaster pygmaeagyne
was placed in a plastic Petri dish (8.5 cm in ditanje

produced in laboratory colonies.
Statistical analyses:Unpaired two-samplétest (Stu-
dent's test) was used to compare means of morphicmet
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measurements (HW, PW, WL) in workers and queens of

the two ant species. Mann-Whitney U test was usedm-
pare intraspecific Nei indexes and interspecifithvimtra-
specific Nei indexes. According to the experimeictah-
text and the statistical conditions encounteredcdMon
matched-pairs signed-ranks test, Mann-Whitney t) tes

Males of both species (Fig. 1) probably present the
highest observable morphological distinction, esgbc
when we compare the individuals' body size. Altifoogl-
oring and pilosity are relatively similar, males@riemato-
gaster abstinentend to be almost twice as large as males
of C. pygmaeain addition to presenting a considerably

repeated measures one-way ANOVA with post hoc Tukeymore convex and prominent promesonotum (Fig. 1).

test, was used to compare the means for queerifunyl)

or substrate attractiveness to workers. The sttidests
were run with the GraphPad Instat 3.10 software G
Pad Software, San Diego California USA) and stiatit
significance was set at= 0.05.

Results

Comparative morphological study ofCrematogagter abs-
tinens and C. pygmaea: Crematogaster abstinerandC.
pygmaedaFig. 1) are morphologically closely related spe-
cies since their workers share: (1) the medianoregif
head dorsum smooth and shiny, with the cephaleraht
portions rugo-reticulated, and antennal fossae eatt-
centric rugae; (2) head pilosity sparse, formedlhagrt,
stiff, appressed hairs, directed to the medianitadial
line of cephalic dorsum; (3) tibiae predominantbyered
by appressed hairs; (4) petiole, in dorsal vieviosia-
drate, with convex lateral margins; (5) anterovarproj-
ection of petiole absent; (6) in dorsal view, pesiple
considerably wide, exceeding the width of the petand
with a poorly impressed median groove; (7) compazht
discrete allometry among workers, without wide atoin
in body size; and (8) coloration ranging from liggnown
to dark brown in both species YET & al. 2009).
However, significant morphological differences pre-
sent.Crematogaster pygmasdiffers fromC. abstinens
by the considerably shorter and triangular propbsigaes,
only slightly longer than the maximum diameter loé t
propodeal spiracle opening; in comparisGnabstinens
presents long, spiniform propodeal spines, aboigetas
long as the maximum diameter of the propodeal sjgira
opening (Fig. 1). Another significant differencetlween
these species is the sculpture of the mesosoma, sper
cifically of the promesonotunCrematogaster abstinens
presents a strongly rugo-reticulated promesonoaspeci-
ally on the humeral portions and at the junctiotween
the dorsal and lateral faces;@ pygmaeathe promeso-
notum is predominantly smooth and shiny, only wgakl
reticulated on the posterior limits, near the jimctwith
the metanotal suture. In addition, a discrete wifiee can
be observed between workers@fabstinengandC. pyg-
maeawith respect to gaster pilosity. Workers@fabsti-

Morphometric analyses:Head width, pronotal width
and Weber's length are on average 1.14 times higher
Crematogaster abstinemgrkers than irC. pygmaeavork-
ers (ratio of 1.15 for head width, 1.13 for proratédth
and Weber's length) (Studertttest: p < 0.0001, for head
width, pronotal width, and Weber's length); a sanibut
slightly higher ratio (1.21 on average) (1.20 feati width,
1.22 for Weber's length) was found with abstinensnd
C. pygmaeaueens (Studenttgest: p < 0.0001, for head
width, and Weber's length) (Tab. 1).

In both species, there is a large difference ie bie-
tween queens and workers.@nematogaster abstinens
head width and Weber's length are respectively argb
4.21 higher in queens; i@. pygmaeasimilar ratios were
found (2.27 for head width, 3.93 for Weber's lepgth

This high queen / worker dimorphism is also shown b
the queen / worker mesosoma volume ratidCiemato-
gaster abstinengjueen and worker mesosoma volume is
respectively 4.165 + 0.52 ninfmean + standard devia-
tion, SD; n = 10) and 0.0665 + 0.0155 mfmean + SD;

n = 10), giving a queen / worker mesosoma volurtie ra
of 62.65. InC. pygmaeaqueen and worker mesosoma
volume is respectively 2.42 + 0.38 r(mean + SD; n = 10)
and 0.0359 + 0.0093 mhfmean + SD; n = 10), giving a
gueen / worker mesosoma volume ratio of 67.32.r&ate
between mean mesosoma volumeCinabstinengjueens
and mean mesosoma volumednpygmaeaueens is 1.72
(1.85 with workers).

Chemical analysis of cuticular lipids: The cuticular
hydrocarbon (CHCs) profiles of the two species shaan-
titative and qualitative differences (Fig. 2). Ordgven
CHCs are common to both species; 12 and two CHCs
were detected only i€rematogaster pygmaeand C.
abstinensrespectively (Fig. 2). CHCs profile &f. abs-
tinensis much simpler than that &f. pygmaeand is al-
most completely included in the latter (Fig. 2).I{Dthe
last two CHCs are specific ©. abstinengFig. 2), with
the penultimate being of the same family as thbsees!
by the two species (i.e., a mixture of 11 + 13 moethyl-
alkanes) (the last CHC was unidentified). Anothiffied
ence between the two species is tBapygmaedas al-
kenes in its CHCs profile, but nGt abstinens

nenspresent the gaster with long and dense subdecumben The Nei indexes for intraspecific comparisons ae/v

hairs, while inC. pygmaedhe gastral hairs tend to be short,
sparse and suberect; this difference is even mutieen
able in small workers.

Among queens (Fig. 1), the most striking featumes s
parating both species are body size and colorifgghw
are more uniform and constant than observed in everk
Queens ofCrematogaster pygmadand to be smaller (see
the morphometric analyses results below) and ligthizn
the representatives of the same cast€.imabstinensin
addition, a more detailed comparison also showenaid-
erable difference in the pilosity distribution inepns of
both species. Queens©f abstinensre considerably hair-
ier and sculptured, especially on head and waigt (.
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high and not significantly different between th@tspecies
(Mann-Whitney U test: p = 0.143): 0.977 = 0.01ge:
0.952-0.990) (mean + SD; n = 10) Brematogaster pyg-
maeg 0.963 + 0.026 (range: 0.927-0.999) (mean + SD; n
= 10) forC. abstinensThe Nei indexes for interspecific
comparisons are lower (mean = SD: 0.757 £+ 0.06510)
(range: 0.654 - 0.864) than those obtained witfaspte-
cific comparisons, and significantly different fratmem
(Mann-Whitney U test: p < 0.0001 in both caseskreh
fore, intraspecific profiles were statistically sificantly
more similar than interspecific profiles.

Attractiveness of queens to workerstnder labora-
tory conditions (Petri dish and wire-mesh devi€gmato-



Fig. 1: Queens, workers, and maleCoématogaster abstinemndC. pygmaean lateral view. (alC. abstinengjueen;
(b) C. pygmaeajueen; (c)C. abstinengjueen, petiole; (d. pygmaeajueen, petiole; (ef. abstinensvorker; (f) C.
pygmaeaworker; (g)C. pygmaeabstinengupper) andC. abstinenglower), males. Photos in (b) and (f): J. T. Lowngi
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45 4

Fig. 2: Proportion of the dif-

ferent hydrocarbons (mean : 4 |

SD) identified in the cuticu-

lar profile of Crematogaster 35{ ™C pygmaea
pygmaeandC. abstinengn= | C. abstinens
10 for each species). 1. xC2:§8

1; 2: n-C23; 3: 9+11-MeC23.2 251

4: n-C24,; 5: xC25:1; 6: n-C25%5

7: 11+13-MeC25; 8: 3-MeC25% 20

9: n-C26; 10: n-C27; 11: 114 45 |

13-MeC27; 12: 5-MeC27; 13

3-MeC27; 14: n-C28; 15: 10+ 104

12-MeC28; 16:n-C29; 17: 114 |

13-MeC29; 18: unidentified

CHC; 19: n-C31; 20: 11+13- 0+

MeC31; 21: unidentified CHC. 12 3 4 5 6

7 8 9 10 11

12 13 14 15 16 17 18 19 20 21
Peak number

Tab. 1: Head width (HW), pronotal width (PW, ontyr fvorkers), and Weber's length (WB) in workers=(%20) and

gueens (n = 10) drematogaster abstinemmdC. pygmaea

HW (mm), Mean + SC | PW (mm), Mean + SLC WL (mm), Mean + SD

Crematogaster abstinersworkers 0.566 +0.037 0.397 £0.031 0.645 +0.047
Crematogaster pygmaeaworkers 0.493 £ 0.024 0.349 £0.020 0.570 £ 0.035
Crematogaster abstine — queen 1.335+0.02 - 2.719 £ 0.06
Crematogaster pygma — queen 1117 £0.01 - 2.230 £0.07

gaster abstinengueens' attractiveness to workers of its 35 *kk

own colony (measured here as the number of woikers aD I )

S . X ummy
and around the queen, in direct physical contattt fér) 25
was higher (mean = SD: 5.92 + 2.13; n = 47) thaat th m Queen

observed with a dummy (control) (mean + SD: 0.15 +
0.45; n =47) (p < 0.0001; Wilcoxon test) (Fig. B)was
also higher than that observed with pygmaeajueens
tested in exactly the same experimental condit{evith
workers of its own colony) and device (mean + SD33t
0.97; n = 10) (MRTINS SEGUNDO & al. 2012) (p < 0.001;
Mann-Whitney U test) (Fig. 3).

The mean number of the other ants present in the wi

mesh device (i.ethe ants that were not on the queen or

around and in physical contact with her) (mean £ SD
21.71 £ 6.74; n = 47) where ti@rematogaster abstinens
gueens were placed was also higher than that obderv

Number of workers

OD/0Q OT-D/OT-Q
Fig. 3: Number ofcrematogaster abstinengrkers (mean

RD/RQ

when a dummy was present in the device (mean + SD+ SD; n = 47) on and around@ abstinengjueen (or a

9.16 £ 8.13; n = 47) (p < 0.0001; Wilcoxon testig(R3).

It was also higher than the mean number of therathts
present in the wire-mesh device in similar expenitn@er-
formed withC. pygmaeajueens (mean + SD: 6.93 + 3.18;
n = 10) (MARTINS SEGUNDO & al. 2012) (p < 0.0001;
Mann-Whitney U test).

Interspecific attractiveness to workers of substrags
after exposure to queensThe mean number of workers
on a filter paper circle that had been in closet@onwith
a queen for 24 h was much higher than that obsdored
the filter paper circle without queen (control) athexperi-
mental treatmentydrematogasteabstinensggueen with
C. abstinensvorkers;C. abstinengqueen withC. pygmaea
workers;C. pygmaeajueen withC. abstinensvorkers)
(p < 0.0001; Wilcoxon test) (Fig. 4).
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dummy). OD: on the dummy; OQ: on the queen; RD:
around the dummy and in physical contact with Q:R
around the queen and in physical contact with @8rD;
other ants present in the wire-mesh ring devich ditmmy
inside; OT-Q: other ants present in the wire-mast) de-
vice with queen inside. ***: g 0.0001 (Wilcoxon test).

The mean number of workers on circle with queen was
similar in the experimental treatmen@rématogaster abs-
tinensqueen withC. pygmaeavorkers" (mean + SD: 8.16
*+ 6.52; n = 47) andC. pygmaeaueen withC. abstinens
workers" (mean £ SD: 7.55 + 6.14; n = 47), but log®n
that observed in the experimental treatmentadiistinens
queen withC. abstinensvorkers" (mean = SD: 18.91 +



25 - skok sk
20 a
(2]
6 skksk
< 154 — $kok
E —
G
2 10+
£ b b
=}
=z
5 -
_,_ T
0 T —— T s
Cab-Q/Cab-W  Cab-Q/Cpy-W  Cpy-Q/Cab-W

m With queen Control

Fig. 4: Number of workers (mean + SD; n = 47) qraper
circle where one queen had been held for 24 habith (
gueen) and on another without a queen (Contrafriee
experimental treatments: queerGrématogaster abstinens
with workers ofC. abstinengCab-Q/Cab-W); queen of
C. abstinensvith workers ofC. pygmaegCab-Q/Cpy-W);
gueen ofC. pygmaeavith workers ofC. abstinengCpy-
Q/Cab-W). ***: p < 0.0001 (Wilcoxon test for the B
parison of the means "With Queen" and "Controléath
experimental treatment. Different letters on "Wagheen"
bars indicate statistically significant differen@gp < 0.05
(one-way ANOVA with a post hoc Tukey test).

5.0; n = 47) (one-way ANOVA with post hoc Tukeytjes
(Fig. 4).

The mean number @@rematogaster abstinenvgork-
ers on a filter paper circle that had been in clomatact
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Fig. 5: Number of workers (mean + SD; n = 10) qgraper
circle where a queen of their own colony and spebad
been held for 24 hours and on another where a goken
the other species stayed. (a) witrematogaster abstinens
workers; (b) withC. pygmaeaworkers. p < 0.0001 (Wil-
coxon test) for the comparison of the means in eask.
Cab-Q: circle withC. abstinengjueen; Cpy-Q: circle with

with aC. abstinengjueen was higher than that observed C. pygmaeajueen.

in strictly similar experiments performed with pygmaea

gueens and workers (mean + SD: 11.70 + 5.49; n)= 20dense herbaceous vegetation, in man-made land{cape)

(p < 0.0001; Mann Whitney U test) @ATINS SEGUNDO
& al. 2012).

NET & al. 2009, HhmIDI & al. 2012, @QRLOS 2015, Hh-
MIDI & al. 2017,). Such difference in the vegetationiest

In the experiments where ti@&ematogaster pygmaea ture of areas occupied Y. pygmaeaor C. abstinens
or C. abstinensvorkers had the choice between a papercolonies has been observed in several places ¢fdfe-

circle that had been in close contact with a queeheir
colony (and hence own species) and a circle trabkan
in close contact with a queen of the other spethiesmean
number of workers was always much higher on theecir
with the queen of their own species (Fig. 5). Agdire
mean number o€. abstinensvorkers on a filter paper
circle that had been in close contact witke.aabstinens
gueen (mean = SD: 20.04 £ 3.11; n = 10) was hitfean
the mean number &. pygmaeawvorkers on a filter paper
circle that had been in close contact witG.apygmaea

leza region, although some overlapping of areasmed
by colonies of the two species was observed in saves.
Eleven of the twelve excavat&tematogaster absti-
nenscolonies had only one nest containing a singleque
brood, and a worker population whose size rangeuah fr
+ 300 to + 2900 individuals (Tab. 2) (mean + SD912
739 workers; n = 10). The ratio number of queedd 1
workers was more than ten times lower than thatddn
C. pygmaedl / 100) (QUINET & al. 2009). One colony
(colony N° 5 in Tab. 2) had two nests, each coigia

gueen (mean = SD: 8.86 + 3.98; n = 10) (p < 0.0001;queen, brood and a worker population whose sizebeas

Mann-Whitney U test).
Colony structure: The Crematogaster abstinert®lo-
nies were located near (some 100 meters) the plhees

tween 300 and 370 individuals (Tab. 2).
All the nests (n = 13) consisted of a single sinipée
in the ground and a single straight vertical tunwéth four

C. pygmaegolydomous colonies had been mapped in preto 19 circular or elliptical chambers (mean + SD:8.+
vious work (QUINET & al. 2009). However, the vegetation 4.8; n = 13) (Fig. 6). Tunnel diameter was 2.14520mm

structure found in the area with abstinengolonies (re-
latively dense herbaceous/shrubby vegetation) vifesesht

from that usually observed in areas whérepygmaea
colonies are found (open areas with sparse to ratelgr

(mean = SD; n = 199) and had a total length (friwen t
hole in the ground until the bottom of the last mitwer)

ranging from 27 to 62 cm (mean = SD: 48.2 + 12.8 om
= 13) (Tab. 2). Diameter and height of chambergean
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Tab. 2: Depth (from the nest entrance to the botibthe
deepest chamber) (D), number of chambers (NChgrmue
number (NQ) and size of worker population (WPop) in
excavated nests @rematogaster abstinert®lonies. Col.
N°: colony number; * worker population was incontehg
collected.

Col. N¢ D (cm) NCh NQ WPop

1 58.C 1C 1 137t
2 A7.E 18 1 881
3 40.C 1C 1 293¢
4 47 18 1 203¢ £ E §
5 26. 5 1 36¢ 2 ™ b
5 29.F 4 1 31¢€
6 38.t 9 1 1131
7 62.C 12 1 672
8 41k 8 1 144¢
9 68.C 9 1 160*

10 56.t 7 1 32¢

11 49.F 1¢ 1 1047

12 62.C 11 1 1057 a b

from 7 to 54 mm (mean £ SD: 26.4 + 10.5; n = 344d a
from 4 to 23 mm (mean + SD: 8.6 + 3.6; n = 172}, re
spectively.

In addition to the nest(s), each colony had frome¢h
to 14 outstations (following terminology used baNAN
& al. (2011), here defined as simple holes in treugd
with observed in/out movement of workers, but witho
tunnel underneath, or, in some cases, with a shontel
(some centimeters in length) containing workerswvith-
out chamber and never containing brood or queemyMa Fig. 6: Examples oErematogaster abstinerta) andCre-

of those outstations were found at the base (wfogya-  matogaster pygmaetb) nests, with vertical tunnel and
mineous plants apparently explored by the ants¢me  chambers.

cases, scale-insects were observed on the rotksants)
(Fig. 7). In some colonies, one or two more elatata
structures (tunnel 10 to 30 cm in length, with sadham-
bers), very similar t€rematogaster abstinemests, were
also found. However, they had no workers or breod] ~ V grass plant with outstation close to root
probably were abandoned. The total area occupied b O
eachC. abstinensolony ranged from + 0.3 to + 2.5°m
(Fig. 7).

Of the 16Crematogaster pygmaea®ests excavated in
the 2014 dry season, three were not true nestoftiem
consisted in only a short tunnel (7 and 17 mm ingth),
without chamber; the third was represented by anly
hole in the ground, with a small space underneBie.
other nests (n = 13) had a structure basicallylamto
that described in previous work ¢QET & al. 2009), for | 50 cm |
nests excavated in rainy season: a single vetticadel
and several chambers arranged along it (Fig. 6jveer,  Fig. 7: Example oCrematogaster abstinert®lony with
while the mean depth of nests in rainy season waam  nest, outstations and exploited plants.
(QUINET & al. 2009), the depth of most of the nests ex-
cavated in dry season was greater than 50 cm amduiry  (depth of the nests) and the number of chambess(fr
nests, it reached more than one meter (up to twersie to 18 circular or elliptical chambers, Tab. 3) fdun the
for one of them) (Tab. 3, Fig. 6). A strong pogtisorre-  nests (Pearson product-moment correlation: r =,(p94
lation was found between the length of the vertiaahel 0.0001; n = 13).

@ nest with queen and brood
O outstation
[] exploited plant (nectar and / or honeydew)
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Tab. 3: Depth (from the nest entrance to the bottbthe

deepest chamber) (D) and number of chambers (NCh) i

13 Crematogaster pygmaeeests excavated during the 2014
dry season.
Colony D (cm) NCh
1 202 18
2 135 18
3 127 14
4 120 11
5 114 13
6 112 10
7 102 12
9 82 7
10 43 5
11 25 3
10 14 2
12 7.5 4
13 5 1

Mean (x SD) diameter of tunnels was 1.83 £ 0.34 mm

(n = 190). Diameter and height of chambers rangeh f

9.4 to 38.8 mm (mean + SD: 26.6 + 9.6; n = 207) and<

from 4.2 to 8.9 mm (mean + SD: 6.7 £ 2.9; n = 104),
spectively. Those values are very similar to tHosed in

Crematogaster pygmaeagests excavated in rainy season

(QUINET & al. 2009) and irC. abstinensests.
Colony foundation strategies:All Crematogaster pyg-

maeaor C. abstinensglealated gynes began to lay eggs soor

after they were isolated in glass-test tubes. Heweayueen
survival in foundations (and afterwards young cédsi
showed marked differences between the two spabflete
10 (71.4%) of the initiaC. abstinengoundations (n = 14)
still had their queen alive 68 weeks after gynesifigla-
tion (one queen died eight weeks after gynes featimm],
two more queens died 16 weeks after gynes feclorgati
and a forth one died 32 weeks after gynes fecuodpti
(Fig. 8), only two (10%) of the initiaC. pygmaedoun-
dations (n = 20) still had their queen alive 71 keeafter
gynes fecundation. In the other foundations / yocwlg-
nies, the queens underwent a mortality that begarady
as the first five weeks after fecundation of thaeg; and
accentuated 37 weeks after fecundation (Fig. 8).

In Crematogaster pygmadaundations, the first larvae,
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Fig. 8: Percentage of haplometrotic foundationsung
colonies ofCrematogaster pygmada = 20) orC. abs-
tinens(n = 16), with queen still alive one to 71 weekera
gynes fecundation.
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Fig. 9: Evolution with time of workers populatiom $even

pupae and adult workers emerged three, six andnsevehaplometroticCrematogaster pygmadaundations / young

weeks respectively after fecundation of the gyies.
abstinendoundations, the first larvae, pupae and aduliwor
ers emerged four, seven and eight weeks after teecun
tion, respectively.

In Crematogaster pygmadaundations / young colo-
nies whose queen survived for at least one yeawégks)
(n = 8), the worker population grew exponentialliepa
period of 25 - 35 weeks, depending on the foundatio
before rapidly declining in all young colonies (F&).
Seventy-one weeks after fecundation of the gyriesph
onies were virtually extinct, except for one (F3j- None
of the young colonies produced adult gynes, noregyn
destined brood (larvae or pupae). Only one col@yab
to produce males 36 weeks after fecundation oftines;

colonies in the 71 weeks period following gynesufie-
dation (red circles: death of the queen).

the number of males reached a peak (107 males)fiate
more weeks, before suffering a rapid decline.

All the Crematogaster abstinerfsundations / young
colonies whose queen survived until the end obtieer-
vation period (68 weeks) (n = 10) showed a singjtawth
pattern of worker population: after the emergenicthe
first workers (eight weeks after fecundation), warker
population grew steadily until the end of the olva&pbn
period (68 weeks), except for one (Fig. 10). Ate¢inel of
the observation period, the mean (+ SD) worker pepu
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Fig. 10: Evolution with time of workers populatiomfour
haplometroticCrematogaster abstinerigundations / young
colonies in the 68 weeks period following gynesufie-
dation (all queens were still alive after 68 weeks)

tion of colonies was 2349.6 + 696.74 (n = 10), lyetavice
the mean worker population observed in excavatstsne
but nearly identical to the worker population fotuindhe

gether with males in a Petri dish. Each dealatet: gyas
isolated in a glass test-tube and all began oviposac-
tivity the day after they were isolated. Howevegewere
always flaccid and none developed into larva. Myystes
died one to five months after they were placedsola-
tion, in glass test-tube.

Discussion

Our study provides a convergent series of evidepe
porting a close evolutionary relationship betw&rama-
togaster pygmaeandC. abstinens

The most robust line of evidence is the morphology.
Although there is currently no phylogenetic progdea
the Neotropical species @frematogaste(but see below),
the morphological similarities observed betwéerabsti-
nensandC. pygmaeaupport an eventual sister-group re-
lationship between these species, since the sammkdé
morphological similarity is not found in other spEre-
lated to them (DNGINO 2003).Crematogaster abstinens
andC. pygmaeadelong to a morphological complex dis-
tributed in the Neotropical Region that additiopaficludes
the specie€. agnitaWHEELER, 1934,C. obscurataEME-
RY, 1895,C. steinheiliFOREL, 1881,C. victimaF. SMITH,
1858, andC. victima cisplatinalisMAYR, 1877 (LONGINO

most populous excavated nests (Tab. 2). Larvaeagup 2003). Although these species share morphologtta-c

and adults of female sexuals emerged 37, 39 amekéks
after fecundation, respectively, in some (1 or @pnies.
Fifty-nine weeks after fecundation, 60% of color(ies: 6)
were producing adult winged female sexuals (gyf(@se
of them had 52 gynes). Thirty-one weeks after felain
tion, adult males began to emerge in two colorilexn
weeks later, 70% of colonies (n = 7) were producivades
(one of them had 321 and 443 adult males 47 arned:B8s
after fecundation, respectively).

Mating and wing shedding behavior:All the Cre-
matogaster pygmaegynes (n = 18) individually placed
in a Petri dish with five males were observed caping
with a male after a time ranging from 30 second§7#o
minutes (mean £ SD: 27.2 + 20.1 minutes; n =18 T
copulation time ranged from 11 to 46 minutes (Me&D:
23.06 + 10.7 minutes; n = 18) and in most gynes (@),
the first copulation was followed by one, two oeevthree
new copulations (in some cases, it was possibletidy
that the new copulations were with different malés)
most gynes, wing shedding (dealation) occurred ffiom
to 122 minutes (mean + SD: 32.85 + 34.37 minutes18)
after the end of the first copulation. However,rfgynes
shed their wings after more than 2.5 hours (mase five
hours for one of them) after the end of the firgpula-
tion; one gyne never shed her wings. All the gytied
shed their wings (n = 17) began ovipositioning\éigtithe
day after dealation.

None of the 2TCrematogaster abstinerg/nes indi-
vidually placed in a Petri dish with five males was
served copulating with a male (observation perdbH), al-
though each gyne was constantly surrounded by #iesm
In some cases, males climbed on the female gasidr,
some repeatedly tried to copulate. However, adirafits
by these males to establish a link between thaiitgléa
and that of the female were unsuccessful. All theeg
were left in their Petri dish together with malesr(stantly
renewed to replace those that died) for days, drshed
their wings seven to 68 days after they were plaoed
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acteristics, no pair of species in this compleadsstruc-
turally similar asC. abstinenandC. pygmaealn fact, this
similarity is so pronounced that, until recen@y,pygmaea
was considered a synonym@fabstinengLONGINO 2003).
The species was then revived from the synonymydase
on new data about the natural historyCofpygmaeaop-
ulations in the state of Ceara (northeastern Branidl in
morphological comparisons of specimens from theesam
populations (QINET & al. 2009). The thorough morpho-
logical analyses carried out in this study maladar that
C. pygmaeandC. abstinensepresent two distinct, though
closely related lineages @frematogaster

In addition to the morphological evidence presented
here, a project is in the final stages of prepagngdnter-
nal phylogeny of the Neotropical speciesCoématogaster
using nuclear (Long-wave rhodopsin and Wingless) an
mitochondrial (Cytochrome oxidase subunit 1) masker
The preliminary results corroborate the sister-groela-
tionship betweelC. abstinens&ndC. pygmaeavith strong
support (L.M. Pedraza-Hernandez, pers. comm.). fidega
ing the phylogenetic position of this clade. @bstinens
C. pygmaepn we presently prefer not to include these spe-
cies in any group within thErematogasteuntil Pedraza-
Hernandez and collaborators publish the conclusiors
cluding an internal rearrangement, of their ongo@sgarch.

Nesting habit and nest architecture are othestsaired
by Crematogaster pygmaeand C. abstinensBoth are
ground-dwelling species, a nesting habit relativelgom-
mon inCrematogasteants (LONGINO 2003, HDSOISHI &
al. 2010, RAIMER 2012a), especially in the tropical and
subtropical representatives of the group that aedgmi-
nantly arboreal, nesting in dead branches, caré&stsn
under the bark (@NGINO 2003, BAIMER 2012a), or even
in Nasutiterme$®UDLEY, 1890 nests (QNET & al. 2005).
The high similarity in nest architecture (the sigkape,
arrangement, and dimensions of tunnels and chambers
in the two species is also a potential good indacaof
phylogenetic proximity, since detailed nest ardtitee of



ground-dwelling ant species is known to be spespesific
(TSCHINKEL 2003).

differences in attractiveness of the queens ansubf
strates chemically marked by queens. In both spegieens

The data obtained with the chemical analysis of cut are attractive to the workers, as are filter pagpdstrate

cular hydrocarbons are more complex to interpretesthe
two CHC profiles show, at the same time, signiftodift
ferences (compounds that are specific to eitheciepe
mostly inCrematogaster pygmagkack of alkenes irc.

that have remained in close and prolonged contétt w
gueens. However, attractiveness obtained Witlabsti-

nensqueens was, in both cases, higher than that eutain
with C. pygmaeaqueens. This result is consistent with

abstinenyand some degree of overlapping, with CHC pro-the observation that queens of monogynous speeagea-

file of one speciesq. abstinensbeing almost complete-
ly included in that of the otheC( pygmaep CHCs are
known to be important cues for nestmate recogniion
ant societies, and hence, for social cohesion estéqiion
against homospecific or heterospecific intruderE{DDRRE

erally much more attractive than queens of polyagygno
species (KLLER 1988, KELLER & PASSERA1989a). InC.

pygmaeait has been shown that the queen attractiveness
is context-dependent (i.e., increasing with incirggasle-
gree of potential danger for the queen) and thist iib-

& LENOIR 2009). They also provide other important sig- volved in queen defense BHTINS SEGUNDO & al. 2012).

nals that regulate reproductive activities, likeifigy sig-
nals in reproductives RTERS& LIEBIG 2009). CHC pro-
files are generally species-specific and for tkeatson, are
also thought to be promising tools for taxonomyrtipa-
larly in multidisciplinary approaches (icas & al. 2002,
D'ETTORE& LENOIR 2009, BA\GNERES& WICKER-THOMAS
2010, BERVILLE & al. 2013, WILLEM & al. 2016). Such
approach has been successfully used to discrimimgpe
tic species or different species in a species cerp@ls in
the Pachycondyla villosgFABRICIUS, 1804) species com-

A similar function could exist fo€. abstinengjueens.
Monogyny / monodomy itfCrematogaster abstinens
and polygyny / polydomy i€. pygmaeagrobably repre-
sent adaptations to different types of habitat. ©Ohthe
ecological determinants proposed to explain théution
of polygyny is the patchy distribution of suitalbiabitats,
and the associated high costs linked to long-raligyeersal
and independent colony founding by young queedsi(H
DOBLER &W ILSON 1977, HERBERS1993, KELLER 1995,
HEINZE & FoITzik 2009). With regard to polydomy, one

plex (Lucas & al. 2002), or Mediterranean species of of the most preferred hypothesis is that it wogdresent

TapinomaFORSTER 1850 (BRVILLE & al. 2013). The sig-
nificant qualitative differences betweén abstinensand

a way to increase the rate of capture (discovetyeat
ploitation) of resources (food and/or nest siteshetero-

C. pygmaeaCHC profiles, together with the high intra- geneous environment (patchy food distribution,&®am-

specific similarity of CHC profiles, therefore suppthe
morphologically based conclusion that abstinensand

ple), through decentralized central-place foradiabavior
(DEBOUT & al. 2007, FROBINSON 2014). In contrast t€.

C. pygmaeare distinct species. On the other hand, theabstinensC. pygmaedives in an anthropogenic (urban or

overlapping of a significant part of the two CH®files
could explain the interspecific attractiveness oles with
substrates chemically marked by queen€.gbygmaear

semi-urban) habitat that consists of small to medsized
habitat patches (open areas with sparse herbaveges
tation), isolated by much larger areas with treed/ar

C. abstinensNevertheless, when workers have the choiceshrub vegetation (@QNET & al. 2009). Furthermore, this
between signals from a queen of their own speaigls a habitat is exposed to harsh climatic conditionsniseid

colony, and signals from a queen of the other g®eci
they choose the homospecific signal, showing thahe
CHC (or other cuticular compounds) profile also bps-
cific elements allowing the workers to correctlgatimi-
nate signals from the two species. However, therspie-
cific attractiveness could be an additional evideatthe
phylogenetic proximity between the two speciefiaalgh,
so far, there is no clear way to infer phylogensgiation-

climate of northeastern Brazil, with rainfall con¢eted

in three consecutive months of the year and drgarea
during the rest of the year) that can add morelnildly to

the anthropogenic habitat patches whergygmaeaol-
onies are found. In Qaygmaeapolygyny and polydomy
could therefore represent a combined evolutioresganse

to efficiently explore and rapidly saturate (thrbygply-
gyny and a dynamic and flexible polydomous system)

ship between ant species from the comparison df the habitats that are unstable and subject to stroagosel-

CHC profiles (MARTIN & al. 2008, WLGENBURG & al.
2011, QJILLEM & al. 2016).

Our study also revealed other important differermmes
tween the two species. One of them is the typeabftht
where the two species are found: areas with redtiv
dense herbaceous / shrubby vegetation (at ledsirta-
leza region), and dry / wet forestsofiGINO 2003) forCre-

ity (CARLOS 2015, HamiDI & al. 2017).

In previous studies (kKMIDI & al. 2017), it has been
showed thaCrematogaster pygmagaobably has a dual
dispersal strategy: a long-range dispersal stratdwgre
part of the gynes (unmated winged female sexuats) p
duced at the beginning of rainy season engage tmga
flights followed by independent colony foundatiamd a

matogaster abstinenspen areas with sparse to moder- short-range dispersal strategy where the otherggmay

ately dense herbaceous vegetation, in man-madsdapel

be most of them) mate in the parental colony aedrer

for C. pygmaedqQUINET & al. 2009). However, the most adopted. In ants, swarming is thought to be an itapo

important difference between the two species istie-
nial structureC. pygmaedorms large highly polygynous
and polydomous colonies (QNET & al. 2009, @RLOS

trigger to initiate mating behavior ABrR 2011). The ex-
treme ease with whic@. pygmaeaynes mate and shed
their wings after fecundation in artificial devic@Betri

2015), whileC. abstinengolonies are small, monogynous dishes), without swarming, could be therefore adgoe

and monodomous.

dication that intracolonial (and even intranidalting is

The clear-cut difference in queen number between tha common behavior in that species. The long-rargte d

two species (strict monogyny @rematogaster abstinens

persal strategy would be a reproductive stratelpyvaig

high polygyny inC. pygmaepcould explain the observed dispersers to enter new suitable patches to foemdaol-
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