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Male-male competition in ants (Hymenoptera: Foroael)

SusanneAtoBs & Alexandra $HREMPF

Abstract

Aspects of male mating behavior in ants have bargely ignored in research until recently. Matingants is usually
a short episode at the beginning of their lifeeofin large, anonymous swarms; therefore it has begued that the
potential for male-male competition is limited. Pée of this, several earlier studies on matinguis described that
males heavily compete for female sexuals, indigatire-copulatory male competition. In the last fgzars, more and
more studies investigating post-copulatory competihave been conducted, and they revealed faguinakamples

of male traits to gain fertilization advantages roether males. Ant species exhibiting intranidakin@have been re-
searched thoroughly, providing new insights al$o pre-copulatory conflicts. We review what is knmoso far on male-
male competition in ants. Further studies may uecadditional unknown male competitive tactics @ndvide a

better understanding of sexual selection in anemalnd we believe these studies offer an idetdrsy® compare male

competition in social and non-social insects.
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Introduction

The mating biology of ants: While the fascinating co-
operative behavior of social insects in general amd in
particular has been studied intensively for thedasades,
mating biology has been largely neglected (e.g5mB
2014). Research on conflict in ant societies halsera
been focused on fithess optimizing strategies apdor
ductive conflict of female individuals than on cogtifive
behavior between males (e.go®&vSMA & al. 2005).

especially male-male competition, in ants doesexadt
so far.

HOLLDOBLER & BARTZ (1985) distinguished between
two main mating syndromes in ants: the "male agareg
tion" and the "female calling" syndrome. In cas¢hef male
aggregation syndrome, males take off in large apes
and attract female sexuals chemically, which ettier
mating swarm and mate with one or several maless@h

This has several reasons. In most social Hymenapter swarms can consist of thousands or even milliongs-of

mating is a short event early in life, with malesving
only as "flying sperm missiles" @& & al. 2013) and
gueens never remate after starting reproducticultieg
in a lifelong partner commitment (e.g.pBMSMA & al.
2005). Exceptions have been discussed to occumy a
ants (e.g., RIGNIER & VAN BOVEN 1955,RETTENMEYER
1963,DENNY & al. 2004, but see KONAUER & BOOM-
SMA 2007) and found recently in some specie€aifdio-

dividuals (e.g., "24 to 60 millions of ants wereatved

in this event" described byARLTON & GOLDMAN 1984
for Lasius alienuy and individuals may fly and mate up
to 250 m above ground or even highe®(HDOBLER &
WILSON 1990), making it complicated if not impossible to
track individual behavior. Swarming is usually treged
by environmental cues to synchronize the timingaking
off for flight, often after rain, as it makes itséer for queens

condylaants, where virgin queens start reproducing byto dig in humid soil. In such swarms, males freglen

laying haploid eggs and mate only afterwards wikirt
own sons (8HMIDT & al. 2014; N. Moske, J. Heinze &
A. Schrempf, unpubl.). This short time frame arel ¢ften
inconspicuous mating make observation of nuptighfl
in social Hymenoptera difficult. Even if researchare in
the right spot at the right time to witness a ngiih is
often difficult to observe copulations in detailkdio mating
locations and the number of participating individua
The evolution of male traits in social insects angral
has been reviewed byd®MsMA & al. (2005) and male
mating behavior of bees has been reviewed Ayrén
(2005). However, a review on male mating behadad

outnumber female sexuals, and some authors deshebe
males struggle for access to female sexuals. Fample,

in WHEELER (1916), observations of W.W. Froggatt of
mating in bulldog ants are describ&ds soon as a male
(and there were hundreds of males to every fencale)
tured a female on a bush, other males surroungecbiliple
till there was a struggling mass of ants forminigadl as
large as one's fistBROWN (1955) described mating in
Notoncus ectatommoidedn a few seconds, the female
was surrounded by a dense swarm of males in thme for
of a ball"(c.f. HOLLDOBLER & WILSON 1990). Generally,
species that exhibit the male aggregation syndramef-



ten characterized by large colony sizes and a sabpoo-
duction of large numbers of reproductivesH(HDOBLER
& WILSON 1990, RUTER& KELLER 2016).

& PASSERA1992) and in the genetdypoponera(e.g.,
FoiTzik & al. 2002) andCardiocondyla(e.g., HEINZE &
HOLLDOBLER 1993). In several of these, neither males nor

Obviously, such mating swarms are usually not induc female sexuals disperse before mating and thus witite

ible in the laboratory due to confined time, spacel
number of colonies. Furthermore, the exact condgio
needed to elicit the swarming behavior may beadliffito
simulate under laboratory conditions (but see &meed-
ing experiments with differerftormicaspecies by Gss
WALD & SCHMIDT 1960).

In the case of the "female calling syndrome", usual
fewer individuals are involved and copulations reppear
or on the ground. Virgin queens disperse closbeaest
and use pheromones to attract males searchingdtngn
partners. Colonies of female calling species aenafmall
at maturity and produce relatively few reprodudcigeoLL-
DOBLER & WILSON 1990, RETERS& I1TO 2001). This sys-
tem has been described for several myrmicine, poaer
and also formicine ants (MLDOBLER & HASKINS 1977,
HASKINS 1978, BJSCHINGER& ALLOWAY 1979, LENOIR
& al. 1988, MLLET 1999).

However, variations of these two mating strategied
intermediate stages are manifold, and can impgctdis-
persal distance from the nest, dispersing sexalagrground
mating and the number and sex ratio of particigatm
dividuals (HOLLDOBLER & WILSON 1990,AYASSE& al.
2001,PEETERS& 170 2001,PEETERS& MOLET 2009).

Similarly, species within a genus can differ in mgt
syndrome. In the gen#®rmica the male aggregation syn-
drome has been described for some specieRddVsKI
1961, TALBOT 1972, O'NeILL 1994, MoRI & al. 2001),
whereas other species exhibit female calling (fstance
KANNOWSKI & JOHNSON 1969, HhLVERSON & al. 1976,
HENDERSON& JEANNE 1992 ,CHERIX & al. 1993). More-
over, the range of dispersal during flights cary\drama-
tically: from "several tens of meters" @ataglyphis cursor
males (LENOIR & al. 1988) or "a few hundred meters" for
Solenopsis invictgynes (&®ODISMAN & al. 2000) to "up
to ten miles" forSolenopsis saevissima richté¥ ARKIN
& al. 1971). However, data of most studies areuated
on genetic markers and do not distinguish between p
and postmating dispersal. A recent study estimditgukr-
sal distance based on queen range from the ndtaiyco
and suggested a median distance of 60 nFfomica
exsectaynes (MTIKAINEN & al. 2015).

their nestmates, often resulting in high inbreedmgls
(e.g., $HREMPF& al. 2005b, [ENOIR & al. 2007). Some
species produce dispersing sexuals in addition tdter-
nating with dealate sexuals (e.g.,@ardiocondylasp.:
HEINZE & al. 2004;Hypoponerasp.: FoITzIK & al. 2010;
Plagiolepis xeneKUTTER 1952, RSSERA 1964, TRONTTI
& al. 2006). In other species, males still fly famating
with apterous female sexuals inside or in the surding
of the colony (several doryline species, ekgiton sp.:
RETTENMEYER 1963, FRRANKS & HOLLDOBLER 1987,
PEETERS1991; Harpagoxenus sublaeviBUSCHINGER
1979). Finally, there are even cases where bothssase
flightless: apterous queens together with aptemales
have been described kiypoponera opaciofFoITzIK &
al. 2002), and short winged queens together witigless
males inCardiocondyla bates{iSCHREMPF& HEINZE 2007).
In case of apterous males, local mate competitidh w
influence the sex ratio of the colony and resul iiemale
bias, as for example shown @ardiocondyla obscurior
(CREMER & HEINZE 2002). Species with intranidal mating
often also mate under laboratory conditions and thake
perfect subjects for studying mating in ants.

Male traits: As already mentioned above, the evolu-
tion of male traits in social insects including sias
been reviewed in detail bydMsmMA & al. (2005). Simi-
larly, there are two excellent reviews on the cagioh
biology of ants as well as on sexual selectiondoid
insects by BER (2011, 2014), and we thus describe the
male phenotype briefly. As in all haplodiploid sigs¢ male
ants arise from unfertilized eggs. In the socialiem-
ment, males are probably the "least social" indigid, as
they usually only stay within the colony for a shper-
iod of time before leaving to mate with female sazu
after which they die. Thereby, males are not engagi
social activities with'... their repertory almost always lim-
ited to grooming themselves and receiving food fthm
workers"(HOLLDOBLER & WILSON 1990). Exceptions are
found inHypoponerasp., where ergatoid males engage
in stomodeal trophallaxis (mouth-to-mouth transéér
food) with queens (lsHIMOTO & al. 1995) and irCam-
ponotussp., wherestomodeal trophallaxis between males

The female calling syndrome with small numbers of and other members of the colony has been obseriéad {

sexuals mating close to their nest makes matingjsre@®
observe and offers the opportunity to research istade-
egies and reproductive success. In addition, thereev-
eral detailed descriptions of matingflegonomyrme har-
vester ants, in which mating is unique and showsfg
parallels to vertebrate lek systems" with male aggr
tions (HOLLDOBLER 1976, DA\IDSON 1982). Mating takes

place on the ground or on bushes and trees, anésmal

strongly compete for queens@H.DOBLER 1976).

DOBLER 1964, 1966 c.f. HLLDOBLER & WILSON 1990).
With a few exceptions (e.gGardiocondylasp., Boowm-
SMA & al. 2005), ant males are short-lived and thesteds
degenerate after eclosion, therefore they can oftate
only once or a few times (up to 10 times, se®BSMA &
al. 2005) during a short period of timeHKER & PAs-
SERA1992).

The characteristics of male ants' traits and evalem
longevity depend on the mating syndrome of the igsec

In a much smaller number of species, mating takegSHIK & KASPARI 2009, $iK & al. 2013). HOLLDOBLER

place within the nest: this is for example the dassome
social parasites (e.ggpimyrma p.: WINTER & BUSCHIN-
GER 1983, BJSCHINGER& WINTER 1985, BJSCHINGER
1989;RhoptromyrmexBOLTON 1986;Plagiolepis xeng
TRONTTI & al. 2006), a few unicolonial species (edg-
nomorium pharaoniPEAcCOCK & al. 1950,Lasius saka-
gamii YAMAUCHI & al. 1981 Linepithema humiteKELLER
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& WILSON (1990) already mentioned that males are often
larger and "more robust" in case of female callspe-
cies, while they are smaller in species exhibitimgmale
aggregation syndrome. Usually, ant males have kybul
thorax and are winged. For orientation during nggefiights,
either in large swarms or in search of a callimgdke, most
ant males have large compound eyes and ocelli whie



cies mating on the ground close to the nest mag bmal-
ler compound eyes X & al. 2013). In species mating
in the nest, wingless male types have evolved, knfoem
the gener&ardiocondyla HypoponeraandFormicoxenus
(see KNOMURA & Y AMAUCHI 1987). These males resem-

sexual offspring as possible. Thus, queens arectege
to eventually terminate male-male competition, ,eby.
stopping or relaxing sperm competitiongiDBOER & al.
2010). Studies on paternity skew suggest queeuneinfle
on the use of sperm resources: a meta-analysislexie

ble workers, usually possess small compound eyds anthat in species with low paternity frequencies gpaity

have reduced ocelli or completely lack them (émgCar-

skew is higher than expectedh¢(8E & al. 2012), some-

diocondyla see KIGLER 1983). Even in case males stay times even resulting in monandrous offspring inespif

inside of the colony for a longer period, they dt seem
to contribute to social life. Furthermore, in thegiagless
males, male behavior is usually limited to autoegne
ing, receiving food from the workers and patrolliting
nest in search of female sexuals or rival males ¢ee
HEINZE & al. 1993 for males carrying brood).

multiple queen mating (BOMSMA & RATNIEKS 1996,
BOOMSMA & SUNDSTROM 1998, BDOMSMA &V AN DER
HAVE 1998).

In this review, we summarize data on male-male com-
petition in ants. Studies on pre-copulatory contipetreach
back as far as to the beginning of thd'2@ntury, while

If and how male competition can arise depends ompost-copulatory competition has been addressedmaoig

several factors — e.g., mating system, matingasiteolo-
ny structure. While swarm mating bears few charfices
competition before and during mating and flyingliapi
might be the only factor for queens to assess madity,
mating in confined spaces — in territories, leks,the
ground close to the nest or in the nest give theoop
tunity to monopolize female sexuals or to gaindgs by
being more "attractive" to them. Only in case feznahate
multiply, i.e. under polyandry, competition afterpala-
tion might occur and result in the evolution of {gopula-
tory male traits to gain fertilization (see beloW)queens
mate with several males, males might try to previzals
from mating as multiple insemination can reduceaders
fitness by lowering its contribution to the queeffspring
(ALLARD & al. 2002). Especially in polygynous colonies,
where competition between queens occur, queensanay
greater interest in influencing the number and nignof
male production (e.g., local mate competitioREQER
& HEINZE 2002,DE MENTEN & al. 2005, B©ITZIK & al.
2010) and workers might influence male mating sasce
(SUNAMURA & al. 2011 HELFT & al. 2015) or worker and
male interests may be conflicting BRKE & FRANKS
1995, SHREMPF& al. 2007).

recently.

In the following, we distinguish between male-male
competition before and during mating, and post-tapu
tory male competition. While direct fighting as ebsed
e.g., inCardiocondylaspecies is probably the most con-
spicuous form of competition, many more aspectsstnadt
egies of male-male competition can be found in.ants

Pre-copulatory male competition

Interference with other males during mating: Direct
competition between ant males has been found fer sp
cies mating on the ground or in the néstseveral ant
species interference of males with their rivaldriycopu-
lation has been observed.limepithema humilig= Irido-
myrmex humilg a unicolonial ant species with intranidal
mating and a heavily male biased sex ratio, mataigs
are frequently disturbed by other males. While no-s
cessful displacement of mating males has been wixter
the presence of rival male reduces the amount efnsp
stored by female sexuals during matingI(KEr & PASSE

RA 1992). InFormica aquilonia latency to the first mating
is larger in situation with a male-biased sex ratidicat-
ing some interaction of males during the pre-cojouia

In many solitary species, male-male competition mayphase (BRTELIUS 2005). O'NeILL (1994) observed males

have detrimental effects on the females, for instaif
males try to force females into investing more tgses
into offspring they sire even if this reduces thenfile's
lifespan (e.g., GHNSTONE& KELLER 2000). In social in-
sects however, sperm storage results in a lifefmartner
commitment and queens have to establish suffigi¢enthe
colonies consisting of sterile workers before thay start
to produce sexual offspring. Thus, reducing a fexrsal
lifespan will also entail a reduction in male fitsg BOURKE
& FRANKS 1995, SHREMPF & al. 2005a). Even if inter-
sexual conflict seems to be reduced or even regerse
cooperation in social insects, male competition begon-
trary to the females' interests. Due to haplodigylipmales
only profit from female sexual offspring, thus thigter-
est lay in influencing the queens towards a moneafe-
biased offspring. Contrary, queens share theilesll@ith
both their male and female offspring and are exqubtd
profit from a less biased sex-ratiogBmsmA 1996). If
sperm from one male is sufficient to establish Dy
and raise sexual offspring, it would still be i timterest
of males to monopolize paternity e.g., by sperm pem
tition. For the queens, however, sperm competitiay
be beneficial in terms of selection for the fittegerm, but
in the long term, they will profit from having asuch

of the specie§ormica subpolitatrying to mount a female
sexual that was already mating, however, he cordud
that males may not aim to remove a rival but singdly
tempt to mount and copulate themselvesPdgonomyr-
mex several males try to gain access to a femaleadexu
and intervene with other males' mating attemptaubugl-

ly are not able to remove the other male eithex fedow).
Thus it may be difficult to differentiate betweenrgeted
attempts to remove a rival male and normal scramgltr
mating attempts by males not realizing the quealréady
mating.

The influence of male size: Lengthy flight periods re-
strict male ants in terms of size and mass, forthegn to
optimize flight abilities. However, if mating takg@$ace
on the ground, these restrictions are relaxed agiteh
variability in male size can be found AldDsoON 1982).

In the lek-matind?ogonomyrmeants, groups of males
compete for female sexuals, but male-male fighting
not been described so far@H.DOBLER 1976, WERNASZ
& al. 1995).Pogonomyrmexnales struggle for access to
female sexuals which they grasp and hold firmhhwhiteir
strong mandibles. LLDOBLER (1976) proposes that strong
mandibles are selected for as males might be pualted
pushed away by competitors. Female sexuals resiign
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for a while after landing on the mating site andstimight
select the "strongest" male. In faBhpgonomymernales
show a continuous variation in size and severalistu
have found larger males to be generally more sstakes
in mating P. occidentalissee BELL & al. 1999, WER-
NASZ & al. 1995, 2001, 2004£. desertorunandP. barba-

tus see D\WIDSON 1982). In addition, it has been shown

that the first male copulating with a female sexnaésts
the most time in the copulation, probably dischaggall
his sperm. Longer copulations might be adaptiverfales
to prevent queens from remating; sometimes males ev
leave parts of their copulatory organs inside #madle
genital tract (MGEL & RETTENMEYER 1973, IKUMOTO
1989). Queens mate multiply, but the second od timale
spends less time copulatiigrobably due to the fact that

Fig. 1: Males of the winged and the wingless mooph

those males may not have a chance to unload afl the Cardiocondyla obscurio(Picture: J. Giehr).
sperm and may therefore be more inclined to give up

their first female] leaving the chance to remate with an-

other female sexual (1LLDOBLER 1976).
An advantage of large body size is also foun#iya

(2011) found high inter-colonial variability in bpdresh
mass, but other traits, including sperm conterd, ribt
vary. From their data, they conclude, that therghinbe

poponera opacigrwhere larger males mated more often a tradeoff between size and flying abilities. Samly,

in comparison to smaller males and hence gainddaa ¢
advantage over smaller malesufkeck & al. 2013).

Male size variability in som&yrmica and Formica
species is bimodal instead of the continuous viarnan
most other ant species: they produce a larger ofassles
in addition to a smaller classORTELIUS & al. (1987) de-
scribe rather different tactics of the two maleesifasses

O'NEILL (1994) did not observe an advantage for larger
males during mating swarms Bbrmica subpolitaand
males did not interfere with other males' matingsti@ary

to the observations madeRogonomyrmefsee HLLDOB-

LER 1976). This seems to be in accordance wirRTPN
(2005), who suggests that large male mating adganta
should be weaker in high male densities with sctamb

in Formica exsecta_arge males (macraners) are poor fliers competition, a condition that is met in large mgiswarms.

and mate close to the ground near nests, whereals sm

males (micraners) are dispersers and fly high. 18mgi
large and small males are producedviyrmica ruginodis

Malefighting (vs. hide and seekT:he strongest form
of male competition culminates in fighting betwetbe
opponents, sometimes even resulting in death.eraé

(see EMES 1991), but their dispersal strategy seems toCardiocondylaas well as somEypoponeraspecies, wing-

be independent of male size Q¢ & SEPPA2016). How-
ever, in both cases the production of these malago
seems to be related to the colony of originMnrugi-

less males kill rival males, usually pupae or figsiclosed
callows {. punctatissimasee FMILTON 1979;H. bon-
droiti: see YWWAUCHI & al. 1996;C. mauretanicaC. minu-

nodis queen and worker size often correlated with maletior, C. emery;j C. kagutsuchiC. tjibodana see HtINZE

size (colonies producing macrogynes produce largdes
and vice versa), and larger males have a distidam
tage in terms of matings (MES 1991). InF. exsectathe
production of macraners and micraners may be datedn
by colony characteristics like size, queen numpely-
domy, lifecycle or resource availability, howevegsults
are not fully consistent between studies. Nevee®lno
mating advantage was found for macraners in trésisp
(FORTELIUS & al. 1987, BROWN & KELLER 2000, \AINIO
& al. 2004). The production of macraner and micrane
males may thus rather be seen under the aspetheds
advantages on the colony level.

Depending on the conditions, larger sized malesimig
not always be at an advantage Qardiocondyla obscu-

& al. 1993, HEINZE & al. 1998). Both genera have evolved
ergatoid (worker-like) male morphs in addition tocom-
pletely without the existence of winged males (Rig.In
addition to the already described worker like maiphy
(see above), they usually also have a paler cadorat
comparison to their nestmates. Thus, mating preaimb
ly takes place in the nest without the need foremab
search for female sexuals outside of the colong,tais
mating in the confined space of the nest might be o
condition favoring direct male competition@BMSMA &
al. 2005). Adaptations to this caused a uniqueaufeadf
wingless males in the gen@ardiocondyla in contrast
to all other social hymenopteran males, their sedtenot
degenerate, but produce sperm throughout thejrliligw-

rior, the outcome of fights depends on male age argl thuing them to mate with all virgin queens that they eno-

other male traits may be of lesser importancRE(ER &

al. 2012). In a recent study @ardiocondyla venustuja
no mating advantage was found for larger malepite s
of a large variability in male size within colonigkcoBs

& HEINZE, in press). The agility necessary for fighting in
small confined spaces may reduce the large-malaradv
tage often described for fighting (e.gaX@0N 2005) or
influence of workers may reduce the importance afem
strength itself (MMAUCHI & KAWASE 1992). In their stud-
ies on body size and sperm contentitta colombica
FJERDINGSTAD& BOOMSMA (1997) and S8URUP & al.
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nopolize inside of the nest. Going hand in handh whis,
wingless males can live for up to one year¥uUCHI &
al. 2006), in contrast to the comparatively shedrage
lifespan of wingedCardiocondylamales (mean lifespan
C. obscurior 12.25 £+ 5.75 days fromC®REMPF& al.
2007) and winged ant males in generab@®isMA & al.
2005). Similarly, queens @ardiocondylahave a relatively
short lifespan €. obscurior:max. 56 weeks, S{REMPF
& al. 2005a;C. batesii(corrected for hibernation): max.
112 weeks, &HREMPF& HEINZE 2007). As in most of these
species older males usually kill their freshly esihgy ri-



Fig. 2: Wingles<Cardiocondyla obscuriomales in fight
(Picture: J. Giehr).

vals, the males eclosing first might gain an adagatin
comparison to males eclosing later, whereas tleedithe
males is probably irrelevantAdoBs & HEINZE in press;
A. Schrempf, unpubl.).

Several different male tactics have evolved in &ots

Given the increased chance to survive fighting dhee
cuticle has hardened, it is in the interest oftfhegclosing
males of both clades to hide under the brood pitestay
undetected from an older male, which on the otlaerdh
patrols the colony to detect rivals as soon asiplesdn
accordance with this, it has been shown that updbs
gynous conditions, the timing of male productiompiis-
mature, as queens probably try to increase thecelsamf
their own son to eclose early, survive and repredife-
MAUCHI & al. 2006, SEFUJI& al. 2008). Interestingly,
males of the palearctic clade ©ardiocondylacharacter-
ized by derived monogyny are mutually peaceful @mdot
engage in fights at all ($IREMPF& al. 2005b, SHREMPF
& HEINZE 2007).

Similar to male fighting in the gen@Zardiocondyla
wingless males ilypoponera punctatissimandH. bon-
droiti have been observed fighting with other adult males
(HAMILTON 1979, YAMAUCHI & al. 1996).Hypoponera
punctatissimamales fight for access to the chamber in
which female sexuals are reared and can infliatriap
upon their opponents. Some of them might die frbeirt
injuries (HAMILTON 1979). InH. bondroiti dimorphic er-
gatoid males (major and minor) can be found in oes.
While majors attack each other until one of theanas

the genusCardiocondylaand male appearance varies with driven out of the nest, they do not attack minotesiabut

these tactics (e.g.,HtNzE & HOLLDOBLER 1993, HEINZE

& al. 2005). Fighting seems to be ancestral ingaeus
and species can be divided into a clade produciaigsn
with saber-shaped mandibles and a second cladagingd

mount them in some casesaNAUCHI & al. (1996) sug-
gest that the minor males mimic queens and thusatre
recognized by majors, similar to winged male€ardio-
condyla(see below). Between minors, fighting or mount-

males with shear-shaped mandibles. Winged males having has been observed in rare cases. Both malehsorp

been lost in many of the species in both cladesh@C.
argyrotrichagroup,C. mauritanica C. venustulaand the
Palearctic group) (rTLER & al. 2010). Males with saber-
shaped mandibles kill callow and adult nestmateemal
Pupae or callows are easily killed by puncturing sloft
cuticle, but males are usually not able to crughsitiero-
tised cuticle of an adult rival. Hence, they grésgr op-
ponent and transfer secretions of their hindgut®outi-
cle inducing worker aggression (described@oobscurior
C. wroughtonij C. sp.: see KWIOMURA & YAMAUCHI 1987,
STUART & al. 1987, YAMAUCHI & KAWASE 1992; Fig. 2).
Males may transfer secretions on each other recitiyo
sometimes even resulting in the death of both mahes
these species, colonies thus generally do not icontare
than one male at a time, allowing the "winner" male
monopolize all his eclosing sisters. Older malegeha
clear advantage over young males with a not fudlgre-
tised cuticle, but this benefit disappears in dhserival
has grown older than one dayREMER & al. 2012). In

mated with virgin females. In this case, both dirgam-
petition (majors) and avoidance of competition (ong)
occur within one colony. However, the study bywa -
UCHI & al. (1996) provides no detailed data on the @epr
ductive success of the respective strategies.

Another form of male killing might have arisenhty-
poponera opaciarlt has been shown that males embrace
other males in their cocoon by inserting their tgiai into
the rear end of the pupal cocoon. In this way, ntbam
70% of such embraced males are killed)gkck & al.
2011), and hence it might be an adaptive stratégyates
to kill competitors. Similar to the above, early enging
males might gain an advantage, as males that erearge
lier are able to mate more oftenKeCk & al. 2013).

As an alternative tactic to fighting, males of soofie
the above mentioned species evolved a strategydo s
ceed by escaping direct competition: they try ttelfrom
fighter males by mimicking female sexuals. This baen
suggested for minor males Hfypoponera bondroit{see

Cardiocondylaspecies with shear-shaped mandibles, kill- Y AMAUCHI & al. 1996) and chemically shown for winged

ing of pupae or callows by crushing the soft caetisl the
prevailing male strategy. Especially in larger o@@s, some
freshly eclosed males manage to hide inside a gaiad
thus avoid being killed during the first days oéithlife.
As adult male fighting seems to be unusual in thasle,
two or three adult males may sometimes be founethey
in one colony C. mauritanica C. emery;i C. kagutsuchi
and C. minutior see HINZE & al. 1998). However, in
some of those species males also occasionallydigginst
and kill adult rivals, and in at least two spectbs, transfer
of hindgut secretions has been observedvenustula
see ROHSCHAMMER & HEINZE 2009 andC. cf. kagut-
suchi M. Suefuji & J. Heinze, unpubl.).

males inCardiocondyla obscuriofsee REMER & al. 2002).
These males are not recognized by the winglesssraalg
hence stay concealed in the colony and "sneak"laepu
tions inside the nest before dispersing. Intergtirthe
males react quite flexibly to the availability ofting part-
ners and opponents inside of the colony and |dsvaést
earlier in case that future mating opportunities kw
(CREMER & al. 2011, YosHIzawA & al.2011).
Territoriality: Wingless males of the speci€ardio-
condyla venustuldave evolved a strategy hitherto not
known for ants: they establish territorieREFHSCHAMMER
& HEINZE 2009). The colonies @. venustuldive in sub-
terranean nests with several small chambers. Made a
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female sexuals are produced in relatively high nereb present. Thus, workers may be able to influence mmelt-
during short periods of the year. Freshly eclosimge ing success (ELFT & al. 2015).

pupae are usually killed in this species similaotber In Linepithema humileworkers have been observed
Cardiocondylaspecies; however, males often do not man-to heavily attack males from other but not fromirtiosvn
age to kill all emerging rivals, probably due tsnstruc-  supercolonies, and thus they influence mate chafitke
ture and number of eclosing males. Unlike in o8pcies  queens. This reproductive interference by workeasl$ to
like C. mauritanicaor C. emeryj adult fighting is com-  a reduced gene flow between supercoloniesfBIURA
mon and males also occasionally transfer secretions & al. 2011). In army ants (e.g., from the geiigton),
each other. Some males defend small nest chambérs aqueens are flightless and never leave their colbagce
thereby create a territory, in which they kill esiltg males  males have to enter the colonies to mate and wedan
and mate with virgin females. This seems to be neére influence which male inseminates the future quaging
ficient than patrolling the whole nest. Other males usu-  colony reproduction (RANKS & HOLLDOBLER 1987), even
ally pushed away from these territories by mandimleat-  though mating frequency of queens is extremely (Hgon-
ening and biting. However, not all males behavéhis AUER & al.2004,2006).

way, and it remains to be investigated which facinside In the ponerine speciddegaponera foetenmales use
of the nest influence the strategies of the diffiéraales trails laid by the workers to locate and enter ribsts of
(JAcOBS& HEINZE in press). alien colonies, thus workers at least influencertweuit-

Enforced copulations. In Hypoponera opacioand ment of males. In several other (queenless) poaespe-

H. nubatamamales do not wait until the eclosion of virgin cies (e.g.OphtalmopongRhytidoponerg workers possess
gueen pupae; instead, they mate with queens wrécktid ~ spermathecae and are therefore able to mate addgeo
inside of their cocoon to ensure mating. Maleshi$ t  offspring after mating with foreign males inside thest
species do not fight against each other. Yet, lnyopg- (PEETERS1991).

ing their copulation for up to 40 h and therebyraras a Competition in malelarvae: A recent study by GHULT-
"living" mating plug (see below, MiaucHI & al. 2001), NER & al. (2013) suggested that males compete already
they can prevent other males from mating. Obvigusly  during the larval stage. They show thaFmrmica aqui-
male sexuals cannot choose their mating partnenwteyy  lonia, larvae cannibalize eggs, and that male larvaihido
are in the cocoon, however, several of the queavis been  more frequently than female larvae (three timeseofs
observed to mate a second time after eclosion fieen ten). By doing so, males do not only enhance tbein
cocoon (BITzIKk & al. 2002). It remains to be investigated survival probability but might at the same timecats-
whether they selectively use the sperm of a predemale move possible competitors later in life. So farnsiun-
by cryptic female choice. clear whether males prefer male instead of femgtgs.e

In both species, two or more males may scramble foMating in polygynoud-ormica aquiloniacan be near or
access to a cocoon, but only one is copulating Witgh  even inside of the nest and males might have tgpeten
female as long as she is in the cocoon, and ntirfigbe-  for access to female sexuals with other males. 8/aite
tween adult males has been observedt@#ik & al. 2002).  able to mate with several female sexuals, which adate
However, as described above, males embrace nestrakte multiply. Even though they do not directly attacicle other,
pupae which afterwards die in a number of caseS{85 they compete in securing mating quickly before haot
in YAMAUCHI & al. 2001, 73% within two days inUR- male gains access, and increasing male bias desrewde
ECK & al. 2011). number in males BRTELIUS 2005).

Therole of workers Beside direct competition between
the males, the interference of workers might cbnte to
the resulting mating pair. Naturally, this is oplgssible ~ Mate guarding and mating plugs. Mating plugs produced
for species mating inside or close to the nest wibink- by the accessory glands are used by males in damera
ers in direct proximity. sect species to inhibit or at least reduce rematirgeens

Even though irCardiocondylaworkers are utilized by (e.g., GLLOTT 2003). In social Hymenoptera, the exist-
males to kill their rivals (see above, e.gINEMURA & ence of mating plugs has largely been neglected:- ho
YAMAUCHI 1987), they rather seem to be "tools" of the ever, studies in bumble bees have revealed thdifumc
males, as they normally kill the "marked" male (diodhot  of lipids as mating plugs (e.g.ABR & al. 2000, 3UTER
"choose" to kill e.g., a "less related" male frordifferent & al. 2001) and several investigations in ants alsggest
colony; A. Schrempf, unpubl.), and sometimes eviéin k the existence of mating plugs.

Post-copulatory male competition

both males as an outcome of aggressive behavidiarSo In Hypoponeramales mate longer in presence of com-
there is no evidence @ardiocondylaworkers deliber-  peting males, suggesting that they act as "livimgting
ately interfering with a given male's mating susces plugs (YAMAUCH!I & al. 2001, KURECK & al. 2011). In

In Cataglyphis cursqrmales aggregate in front of alien other species, substances from the accessory ghaags
nests and try to mate with gynes from these n@ghile serve as mating plugs. DiacammaMonomoriumand
there may be aggression between malen@R & al. Carebarg accessory gland compounds have been found to
1988), GRONIN & al. (2011) observed workers to be highly form a "sperm plug" or spermatophoreof®RTSON1995,
aggressive towards males, yet, the aggressiverme®slv  ALLARD & al. 2002, 2006). IiCarebarg the mating plugs
between colonies and no clear difference in belaweio  are of a rather temporary nature. Thus, they mhyence
wards a specific male was found. However, workeests  remating with subsequent males but do not inhéaitat-
to treat males differently depending on their redatveight:  ing itself. However, they might serve to prevenesp
while heavier males mate more often than lighteleman leakage out of the vagina, ensuring the maximalb®am
the absence of workers, this effect ceases whekevware  of sperm possible is transferred to the spermatfiroa
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BERTSON 1995). InMonomorium spermatophores also do
not inhibit remating, thus they might only be usedrans-
port sperm to the spermatheca or influence, bupnet
vent further matings (AARD & al. 2006). InSolenopsis

phis see RGE & METCALF 1982, BOOMSMA & al. 1999,
MuURAKAMI & al. 2000, KRONAUER & al. 2004, 2007,
SCHREMPF& al. 2005a, RONTTI & al. 2007,LENOIR &
al. 2007,ScHREMPF2014). A comprehensive review on

invicta, fatty acid compounds of the accessory gland fluidpolyandry in ants has recently been published hgr8

are similar to those that have been proven to mtenee

(2016). Colonies have to invest into their stevilerker

mating in bumble bees, thus possibly having theesam force before they start with the production of s&su

function in ants (NKHEYEV 2003). Generally, it might not
be easy to distinguish whether these compoundsfonty
tion for sperm transfer or whether they serve atinga
plugs and inhibit remating. Indeed, different comgmots
from the accessory glands may serve different pagpo
andDEN BOER & al. (2015) found that mating plug func-
tions are more pronounced in the rather monandyoesies
whereas sperm transfer, sperm survival and spempeo
tition are more important functions in highly pohgrous
species. In line with this, a study by\BR & BOOMSMA
(2004) suggests that males invest less into aagegkmds
but more into accessory testes (sperm number) wegn
are no longer able to influence paternity (in polgaus
species).

and the lifelong commitment of the queens and th&em
makes it necessary that sperm survives inside ef th
gueen throughout her entire lifespano(@isma & al.
2005, BAER 2011, 2014). Even if a male might benefit
from outcompeting the sperm of rival males in caséas
able to transfer sufficient sperm for the complééspan

of the queen, intense competition between the &bzu
of several males within the spermatheca is not ebeoe
after the mating period and the storage of the raper
(BoomsmA & al. 2005,DEN BOER & al. 2010, B\ER
2014). This does not mean, however, that malesado n
try to increase their own fitness and indeed, ayaht
study byDeEN BOER & al. (2010) confirmed that in highly
polyandrous ants (and bees), males manipulateptrens

Males of other species even go further and perfornof opponents with their seminal fluid protein. Spesur-

extreme forms of mate guarding, staying attacheithe¢o
gueen leaving their genitals inside the femaletgétract
even after their death and thus acting as matingspghem-
selves. InDiacammasp, a ponerine ant, males stay at-
tached to the female sexual for as long as 20 h.24
Shortly after the start of the mating, the femaleusl re-
turns to the nest. In the nest, the male is finkilled by
the workers, leaving his genital inside of the fesexual
(FukumOTO 1989, ALARD & al. 2002). It has been shown
that in Diacamma pallidumsperm is transferred in the
form of a spermatophore already 15 minutes aftpueo
lation. The extremely prolonged copulation may bef
fective prevention of rematind>{acammafemales mate
only once) but the mating inside the nest might alsow
worker influence on mating (AARD & al. 2007). Males
of the specie®inoponera quadricepalso exhibit suicidal
mating: the male mates with a gamergate near tsraned
attached to the female, the male is dragged irean#st
where the gamergate cuts off the end of the male's
domen, leaving parts of his genitalia in her repicitve
tract (MONNIN & PEETERS1998). Generally, suicidal mating
seems to be restricted to the monogynous spea@ggljng
only very rare mating opportunities for additionzdles.
In species with multiple gamergates, where theratg-is
thus more female-biased, males can mate multiplyNM
NIN & PEETERS1998, ALARD & al. 2007). In army ants
with a highly male-biased sex-ratio, males sheit thieags
before mating on the ground and stay in copulafpro-
longed time (@TWALD 1995). As described abovep-

vival in Atta colombicaandAcromyrmex echinatioqueens
was significantly reduced when mixed with alien sem
inal fluids in comparison to sperm in monandrous-sp
cies (Trachymyrmexcf. zetekKj. Importantly, they were
also able to show that at leastAtta, the spermathecal
fluids of the queen inhibit this negative effectendte,
while males might be able to outcompete some sperm
during the sperm storage process, they are prohably
able to harm the sperm in the spermatheca afteagto
(DENBOER& al. 2010).

The important role of queens for sperm storageahas
ready been suggested byNBSTROM& BoomsMA (2000)
and queens might for example reduce the effecpeirs
clumping. Their study suggested thaFormica truncorum
it is in the interest of all males to achieve spetomp-
ing, as this will bias the worker controlled sexigéao-
wards female offspring because cohorts of highlgteel
individuals would be produced at a time. Howevkeyt
also suggest that queens oppose this male strayegro-
bably actively mixing the sperm, resulting in"@om-
promise between complete sperm clumping (the joint
terests of the males mated to a queen) and conggeten
mixing (the queen's interests), where some quesens a
more successful than others in mixing sperm angs,th
having more male-biased sexual brooddius, even if
sperm clumping is aimed at by males, it may be ealecl
by mixing by the queen. Several studies have coefit
random sperm use by the queemR@JAUER & al. 2006,
HoLMAN & al. 2011), and a recent detailed study on sperm

gonomyrmexnales in some cases leave their genital organsise inAcromyrmex echniatioover time also confirmed

stuck to the female's mating tract, which howeasdnot
seem to inhibit remating completelyH DOBLER 1976).

Sperm competition: Whenever queens mate multiply,
sperm competition between the sperm of males iriethe
male sexual tract might occur. After an initial rmadrous
phase during the evolution of eusociality, multipiating
in ants has evolved several time){HDOBLER & WIL-

that sperm is equally mixed and used randomly ftioen
spermatheca (®RUP& al. 2014).

Sperm competition is not only expected to select fo
male traits against alien sperm, but certainly &sdhe
enhancement of their own sperm fertilization pralitgb
One older and three recent studies independendigrithe
the formation of sperm bundles in adult ant matesshich

SON 1990), and even if mate numbers are generally lowqueens are polyandrouSrématogaster victimaee BOM-

(STRASSMANN 2001), there are also a few highly polyan-

drous clades (e.g., seed harvester ants, leafeut®rarmy
ants, species dfardiocondyla Plagiolepisand Catagly-

SMA & al. 1999 ,0LIVEIRA & al. 2014;Lasius pallitarsis
see BIRNETT & HEINZE 2014 Cataglyphis savignyisee
PEARCY & al. 2014). While sperm bundles are well known
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in the testes of premature males due to the demaap
of sperm in cyst cells, sperm cells usually disarpa af-
ter maturation in the seminal vesicles (e.goREIRA & al.

2004).

Sperm of haploid insect males is clonal and hethege
is no conflict between individual sperm within gaau-
late, making the evolution of cooperation betwegers
cells to enhance a male's fertilization abilitycase of in-
tense sperm competition likely. While it is stitbtnclear

sperm is produced faster under sperm competitioieo
tions (QANNAKARA & al. 2016). It remains to be investi-
gated whether also ant males "react" to the leveperm
competition on an intraspecific level, e.g.Hgpoponera
or Cardiocondyla depending on the number of competi-
tors inside the colony. Under the assumption they o
healthy, well-fed larvae can produce optimal speetis,
competition between larvae, e.g., in begging fodfanight
occur and needs further investigation. Under sucidie

in Lasius pallitarsis whether sperm bundles are just the tions, workers might be able to support larvaeedéhtly

result of incomplete decomposition of cyst celleama-
turation or whether sperm bundles are the resudpefm
competition to increase mobility (BNETT& HEINZE 2014),
PEARCY & al. (2014) were able to show f@ataglyphis

depending on relatedness (in case they are allis¢a-
minate kin, see e.g.,HNRING & al. 2011, HELANTERA &
al. 2013; but see ARONI-URBANI 1991 and SHULTNER
& al. 2013).

savignyithat sperm swimming speed in bundles is indeed Theory predicts that sperm competition selectsafor

faster in comparison to single sperm. As it is #-tgown
fact that sperm velocity transfers into fertilizatisuccess
(BIRKHEAD & al. 1999, GQSPARINI & al. 2010), it is very
likely that sperm bundles in all of these spechesfarmed
to increase the fertilization success of individaati males.
On the species level, clear adaptations to the éfeperm
competition have been found in males fr@ataglyphis
species. Males from species experiencing highemspe
competition have a higher sperm production and #jas
culate size compared to those from species withdem-
petition. Sperm length and male size also vari¢td eom-
petitive situations; however, this effect was muakaker
(BAER & BOOMSMA 2004,ARON & al. 20186).

During postcopulatory selection, queens are invblve
as a third party via cryptic female choice (CFChil it
has been shown that queens disable negative effests
minal fluids on rival spermDEN BOER& al.2010), queens
might have no influence on sperm displacement. hewe
with or without active sperm choice of females ight
be that sperm of superior males is differently uedn-
semination. Moreover, one might argue that sperimgif
quality males survives longer and hence is the only
to be able to fertilize eggs at the end of the gskkfe
(at the time where often sexuals are produced). nete
studies are needed to understand the dynamics lef ma
male competition and cryptic female choice in sbicia
sects and to investigate whether CFC might sededtigher
quality sperm in males.

Conclusion and future per spectives

With an increasing number of studies that have Ipedn
lished in recent years, it has become evidentdbatpe-
tition between ant males is more common than pteslyo
assumed. Indeed, competition might already takeepda
the larval stage (SHULTNER & al. 2013). More studies are
needed to investigate whether egg eating actuagyer-
sents a form of selective killing of rivals and vler this
phenomenon is unique Eormicaants or whether it is a
general trait in species where larvae are ableadeenand
feed by themselves.

After eclosion, ant males might differ in qualitytiv
regard to mature sperm number, size and viabHten
though the testes of ant males degenerate befaigooty
after maturation (BLLDOBLER & BARTZ 1985), males
might nevertheless produce more sperm in a giveinge
of time and / or higher quality sperm when reamedn
environment that predicts future sperm competitiondi-
tions. For example, it has been shown in flatwothag
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optimal sperm phenotype ARKER 1993), and a species
comparison by FzPATRICK & BAER (2011) indeed con-
firmed that variance in sperm length is lower igiabin-
sect males that experience sperm competition.

In solitary insects, it has also been shown thdema
are able to adjust ejaculate size and viabilitgatly to the
level of sperm competition @OMAS & SIMMONS 2007,
MARTIN & HOSKEN 2002). The above-mentioned studies
by BAER & BOOMSMA (2004) and RON& al. (2016) show
that at least concerning between species compaasaip-
tation to competition can be found in attine fungosw-
ing andCataglyphisants. Again, further studies are needed
to investigate, whether males adjust their spermber
and viability to competition on an intraspecifizét — on
condition that sperm number is sufficient for thesjaring
production of the female mating partner.

Studies on post-copulatory traits in polyandrous-sp
cies as conducted by Baer and colleagues can telg-t
sess the magnitude of male manipulations afterdanidg
the storage process, respectively, and might reiread-
dition, previously undetected male traits to malaifgitheir
reproductive success. For example, similar to agliin-
sects, sperm displacement might be a strategy édama
mating subsequently (again only provided that glsimale
can transfer sufficient sperm for the offspringt thajueen
produces during her complete lifespan).

It is similarly conceivable that queens might some-
times reject sperm of males, which transfer "lowality
sperm, but studies on cryptic female choice are. fEnis
could be investigated in the future e.g., by offsprana-
lysis of queens that are allowed to mate with knovales
whose ejaculate quality has been manipulated. Spedth
intranidal mating and the possibility to performtmgs
in the laboratory will be valuable model systemsfture
research. A very recent studymosophilarevealed that
females are even able to counter-act to mechanigms
chemical mate-guarding ATURNEY & BILLETER 2016).

In several ant species, females change their "tiqéter
mating and become unattractive for males. It rem#&in
be investigated whether similar antagonistic cohatian

of males and females on the "chemical level" istexit
in ants. Advances in proteomics will allow deepeights
into molecular pathways of sexual selection. Axan
ample, the comparison of seminal fluids and spéeretal
fluids of additional species may be used to degeceral
patterns in sperm competition and / or cryptic flienchioice
in social insects and to compare them with solitary
sects where life history is different.



Ants exhibit an enormous variety of mating systems,beN BOER, S.P.,STURUP, M., BOOMSMA, J.J.& BAER, B. 2015:

thus it will be crucial to include as many diffetestudy
species as possible in further studies to compmeuedd of
sexual conflict and sexual selection. Insights inta- and
interspecific differences of male-male competitor their
evolutionary background may contribute to a beaiteter-
standing of the evolution of sexual selection iniabin-

sects and beyond. The availability of more and naore
genomes will provide the opportunity to analyses¢hevo-
lutionary processes on the genomic and / or prdtelewel.
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