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Abstract 

As part of a copulation, males transfer ejaculates to the female in internally fertilising species. Ejaculates consist of 
sperm and glandular secretions referred to as seminal fluid or seminal plasma. In ants, the latter typically consists of at 
least two distinct parts, a soluble component mixed with sperm and a non-soluble component referred to as a mating 
plug or a spermatophore. Recent work has provided fascinating examples of the various effects of seminal fluid and sperm 
on reproductive success. Here I overview our current knowledge about ant copulations and place this information into a 
broader context of evolutionary biology to exemplify how natural and sexual selection have shaped ant mating systems. 
Ant copulations have been described for more than 100 species and queen multiple mating is widespread suggesting 
that postcopulatory sexual selection such as sperm competition or cryptic female choice might be an important selective 
force in ants. As I point out newly available technologies from the molecular sciences can be used to better understand 
ejaculate transfer, sperm storage and sperm use, thereby offering exciting opportunities for future work. I here encourage 
more research into the copulation biology of ants to investigate questions that are of general interest in the fields of 
evolutionary, reproductive and systems biology. 
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Males in the Aculeata are often maligned in science and fable 
 as drones, characterized as "greedy, cowardly, and stupid" 

        Chris Starr, 1984

Introduction 

Sexual reproduction is the most widespread form of animal 
reproduction and under natural selection for traits that op-
timize fertilisation success. Sexual selection shaped poly-
androus animal mating systems, either before copulation 
as male-male competition or female mate choice or after 
copulation as sperm competition or cryptic female choice 
(EBERHARD 1996, BIRKHEAD & MOLLER 1998, SIMMONS 
2001, BIRKHEAD & al. 2009). Sexual reproduction has been 
intensively studied since Darwinian times although pre-
copulatory aspects initially received much more attention 
than postcopulatory effects. Paternity was assumed to be 
determined once females accepted to copulate with a cho-
sen male. As a consequence, ejaculates were regarded to 
consist of sperm as propelled pieces of DNA being sur-
rounded by a support medium termed seminal fluid or sem-
inal plasma. The potency of postcopulatory effects on pa-
ternity, whether naturally or sexually selected, was ignored 
until the seminal work of PARKER (1970) and EBERHARD 
(1996). Their contributions initiated a substantial shift in 
thinking, and resulted in a rapidly growing field of re-
search studying all aspects of sperm and ejaculate biology 
(AINSWORTH 2005, BIRKHEAD & al. 2009), albeit with a 
specific focus on postcopulatory sexual selection (EBER-

HARD 1996, BIRKHEAD & MOLLER 1998, SIMMONS 2001). 
A major challenge in the study of ejaculate characteristics 
and their effects on reproductive success is that the traits 
of interest are less accessible to study than precopulatory 
traits, because they operate inside the body of the male or 
the female and on a molecular scale. 

The spectacular advances of modern biochemistry and 
molecular biology gave rise to a new field of research 
known as systems biology, unifying the fields of geno-
mics, transcriptomics, proteomics and metabolomics. Sys-
tems biology now provides a number of tools that generate 
global views of molecules in ejaculates while also offering 
spectacular new opportunities to study sperm form and func-
tion. For example, transgenic Drosophila melanogaster 
(MEIGEN, 1830) males with green (GFP) or red (RFP) sperm 
heads recently allowed – for the first time – the obser-
vation of competing sperm in vivo inside the female's sex-
ual tract (MANIER & al. 2010). Fluorescence labelling has 
now also been used in mice (FISHER & HOEKSTRA 2010) 
to study sperm behaviour revealing that sperm seem cap-
able of self-nonself recognition, a result that was likewise 
inferred to affect sperm competition in ants and bees (DEN 
BOER & al. 2010). 



Reproductive characteristics are remarkably variable, 
starting from the molecular complexity of sperm (DORUS 
& al. 2006, OLIVA & al. 2009) and seminal fluid (WOLF-
NER 1997, RAM & WOLFNER 2007, BAER & al. 2009c) to 
the large variation detected in the morphology of sperm or 
the sexual organs that produce, assemble and transfer them 
to the female (EBERHARD 1985, 2004). In fact, sperm cells 
are the morphologically most diverse cell type known 
(BIRKHEAD & al. 2009), and male genitalia are often vari-
able enough to be used as taxonomic markers to distinguish 
closely related species (CLAUSEN 1938, EBERHARD 1985, 
2004). The first proteomic studies in humans have identi-
fied more than 1760 proteins in sperm (JOHNSTON & al. 
2005) and more than 800 different proteins in seminal 
fluid (PILCH & MANN 2006). Despite all this intense re-
search and a substantial body of data and theory, there are 
still remarkably big gaps in our knowledge: We still miss 
a reliable method to estimate sperm or ejaculate quality 
(see for example HOLMAN 2009) despite its importance for 
evolutionary and reproductive biology. The morphologi-
cal ultrastructure of sperm has been studied and described 
for hundreds of species (see JAMIESON 1987, JAMIESON & 
al. 1999, BIRKHEAD & al. 2009 and references therein), 
but very little is known about the biological relevance and 
functioning of sperm components and how they contribute 
to sperm quality or paternity success. This is true for even 
the most simple sperm characters such as total sperm length 
(BAER & al. 2006b, HUMPHRIES & al. 2008), which differs 
more than 600,000 fold in insects from a 8 µm in Meteorus 
sp. (QUICKE & al. 1992) to more than 5 cm in Drosophila 
subobscura (COLLIN, 1936) (PITNICK & al. 1995). 

Here I provide an overview of what is known about the 
copulation biology of ants and elaborate that ants make 
excellent model systems to study ejaculate and copulation 
traits. I will start with a brief introduction into the general 
mating characteristics of hymenopteran social insects (the 
ants, social bees and social wasps). I kept this part brief, 
because these aspects have been covered elsewhere (STARR 
1984, HÖLLDOBLER & BARTZ 1985, PAGE 1986, BOOMSMA 
& RATNIEKS 1996, BAER 2003, 2005, BOOMSMA & al. 
2005, BOOMSMA 2007). I will then focus on our current 
knowledge about the copulation biology of ants as this 
area is particularly understudied and provides excellent op-
portunities for future research. 

Sexual reproduction in eusocial systems 

A theoretical framework for understanding the ways in 
which sexual reproduction and sexual selection affect the 
establishment and kin structure of societies of ants, bees, 
wasps and termites has been developed since the 1980s 
(HÖLLDOBLER & BARTZ 1985) and further elaborated dur-
ing the last decade (BAER 2003, 2005, BOOMSMA & al. 
2005, BOOMSMA 2007). These reviews have indicated that 
eusocial living has shaped the mating systems of ants and 
selected for a number of characteristics that are otherwise 
rare or absent in non-social species: 

(1) Kin selected hymenopteran social insects have closed 
mating systems where sexual reproduction is restricted to 
a few individuals that find their mates during a brief period 
early in life. 

(2) Females (queens or gamergates) acquire a lifetime 
supply of sperm but never remate once they have started to 
lay eggs. As a consequence queens are capable to store large 

amounts of sperm over prolonged periods of time, keep them 
viable, and use them prudently for fertilisations (TSCHIN-
KEL & PORTER 1988, BAER & al. 2006a, DEN BOER & al. 
2009a). This implies that social insects would make perfect 
model systems for studies on sperm senescence (PIZZARI 
& al. 2008), underlining that more work is required to un-
derstand the proximate and ultimate basis of sperm long-
evity in social insects (HEINZE & SCHREMPF 2008). 

(3) Males are typically short lived and die either during 
or shortly after copulating but survive as stored ejaculates 
inside their mates for up to several decades (WEBER 1972, 
PAMILO 1991, BAER & al. 2006a). The spermatogenesis of 
hymenopteran social insects is discontinued in adult life 
(HÖLLDOBLER & WILSON 1990) and, similar to females, 
males are not able to replenish sperm throughout their ad-
ult life. As males originate from non-fertilised eggs, they 
are haploid and their sperm are therefore clonal. This might 
have promoted the evolution of molecular nonself recogni-
tion systems resulting in altruistic sperm behaviours (STARR 
1984) similar to those recently reported in mice (FISHER & 
HOEKSTRA 2010), but experimental work is needed to test 
this idea. The only known exceptions are several species of 
Cardiocondyla ants, where a wingless fighting male morph 
has evolved (HEINZE & al. 1998, ANDERSON & al. 2003). 
These males stay inside their maternal nest over prolonged 
periods of time and their continuous spermatogenesis (HEIN-
ZE & HÖLLDOBLER 1993) allows them to monopolize co-
pulations with emerging virgin queens and to kill hatch-
ing rival fighter males in some species. 

(4) Obligatory multiple mating by females evolved inde-
pendently in several clades of ants, bees and wasps (HUGHES 
& al. 2008), resulting in opportunities for postcopulatory 
sexual selection such as sperm competition or cryptic female 
choice (BAER 2003, 2005, DEN BOER & al. 2010). How-
ever, the general importance of sexual selection for social 
insect mating systems is controversial. Queen mating fre-
quencies are typically derived from molecular data quanti-
fying the number of patrilines present in worker offspring. 
A substantial body of molecular work revealed that a sin-
gle male sires most if not all worker offspring in many hy-
menopteran social insects. Consequently monandry was 
proposed as the most widespread mating system in the so-
cial hymenopterans (STRASSMANN 2001). However, where-
as molecular markers are reliable tools to confirm polyan-
drous mating systems, they are inaccurate predictors for the 
number of queen copulations because postcopulatory sexual 
selection either biases paternities towards one male (for 
example the first or the last male) or exclude some male 
ejaculates completely (see for example Table 2.3 in SIM-
MONS 2001). There is a fundamental discrepancy in the 
social hymenopteran insect literature because observational 
studies consistently report higher queen mating frequen-
cies than molecular studies identifying the number of con-
tributing fathers in worker offspring (PAGE & METCALF 
1982, STARR 1984, KELLER & REEVE 1994, BOURKE & 
FRANKS 1995, BOOMSMA & RATNIEKS 1996). 

As part of this review, I searched the literature collect-
ing information for all ant species where copulations have 
been observed and described. An overview of these spe-
cies is provided in Table 1 with additional information on 
specific mating characteristics – if available – such as copu-
lation duration, queen remating frequencies or the transfer 
of mating plugs or mating signs and whether copulations 
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were observed in the field or in the lab. A look at the ant 
species in Table 1 reveals that queen multiple mating was 
reported for 51 different ant species or in 78% of species 
where queen remating behaviour was recorded. Even if we 
assume all remaining species with no available remating 
data to have strictly single mating queens, this still leaves 
us with 50% of all species in Table 1 to be polyandrous. 
Furthermore, behavioural studies on copulation behaviour 
in the Argentine ant Linepithema humile (MAYR, 1868) 
(KELLER & PASSERA 1992) reported that 60% of queens 
mated multiply, some of them with up to 20 males al-
though allozyme markers revealed single paternity in wor-
ker offspring (BOOMSMA & RATNIEKS 1996). In most but 
not all cases only one male seemed to get his sperm stored 
in the spermatheca, but no information is provided on 
whether a specific male such as the first or last one mono-
polized sperm storage success. Similar results have been 
obtained from Leptothorax gredleri MAYR, 1855 (OBER-
STADT & HEINZE 2003), where queens mate with up to four 
males but microsatellite work revealed the presence of only 
a single male in worker offspring. Interestingly, either the 
first or the second or the third male copulating could mono-
polize paternity, depending on the queen investigated. In 
the wood ant Formica aquilonia YARROW, 1955, queens 
mate up to 6 times but not all copulations result in sperm 
getting stored and the first male to copulate seems to 
father most but not all offspring (FORTELIUS 2005). All 
these examples illustrate that molecular analysis of worker 
offspring are not suitable predictors for the number of co-
pulations of a queen or the presence / absence of postcopu-
latory sexual selection. 

Eusocial species such as ants can be expected to pro-
mote postcopulatory sexual selection so that only the most 
competitive (in the case of sperm competition) or the most 
preferred male (in the case of cryptic female choice) mono-
polizes paternity thereby maximizing worker relatedness 
and therefore inclusive fitness while minimizing kin re-
lated conflicts. Experimental evidence in bumblebees sup-
ports the idea that selection favours single male paternity, 
because colonies of artificially inseminated queens with 
moderate levels of polyandry had significantly reduced 
fitness compared to monandrous queens. This "adaptive 
fitness valley" was only overcome when queens were mated 
with many males so that disease resistance benefits be-
came significant (BAER & SCHMID-HEMPEL 2001). Selec-
tion promoting postcopulatory sexual selection to generate 
a single winner could therefore explain the discrepancy be-
tween observational and molecular studies on eusocial fe-
male mating frequencies, but would imply that polyandry 
and postcopulatory sexual selection is much more wide-
spread in hymenopteran social insects than generally as-
sumed. What we need is to understand the dynamics of 
sperm transfer and sperm storage in social insects. This 
will allow us to isolate the factors determining paternity 
and to quantify the influence of natural and sexual selec-
tion on these mating systems. 

The copulation biology of ants 

Studying the mating biology of ants is often assumed to be 
challenging because many ants mate on the wing (STARR 
1984, HÖLLDOBLER & BARTZ 1985, HÖLLDOBLER & WIL-
SON 1990, BOOMSMA & al. 2005) limiting the possibilities 
to observe copulations or to conduct experimental work. An 

intense body of literature has become available to describe 
precopulatory mating behaviour in ants such as characteris-
tics of swarming and precopulatory behaviour, which are 
discussed elsewhere (HÖLLDOBLER & BARTZ 1985, HÖLL-
DOBLER & WILSON 1990, BOURKE & FRANKS 1995, BOOMS-
MA & al. 2005). As swarming seems an important trigger 
to initiate mating behaviour (MINTZER 1982, REICHARDT & 
WHEELER 1996), ants are typically less willing to copulate 
under laboratory conditions. Furthermore, the small body 
size of many ants limits the possibilities for observational 
and / or experimental studies. Due to these technical prob-
lems the copulation biology of ants remains remarkably 
little investigated to date and is better understood in other 
social hymenopterans such as honeybees (KOENIGER 1986, 
KOENIGER & al. 1979, 2000, BAER 2005) or bumblebees 
(ALFORD 1975, BAER 2003, BROWN & BAER 2005). Be-
cause our knowledge of postcopulatory dynamics in social 
hymenopteran insects is in its infancy, I decided to con-
centrate this review on what is known about ant ejacu-
lates, their transfer to the female and the fundamental influ-
ence that these processes may have on reproductive suc-
cess. This aspect of ant reproduction received remarkably 
little attention so far, in contrast to research on non-social 
organisms over the last decades that provided a solid body 
of literature, illustrating that postcopulatory effects are ma-
jor drivers of reproductive success throughout the animal 
and plant kingdoms (BIRKHEAD & MOLLER 1998, SIM-
MONS & SIVA-JOTHY 1998, SIMMONS 2001, BERNASCONI 
& al. 2004, BIRKHEAD & al. 2009). 

During my work on this paper, I found a remarkably 
large number of papers that report observations of copula-
tions in ants. As summarized in Table 1 ant copulations 
have been observed in more than 100 different ant species. 
There are very detailed descriptions available for some spe-
cies although sample sizes are often low. Apart from these 
initial observations hardly any follow-up work has been 
performed in these species to explore sperm transfer and 
sperm storage in more detail. The mating biology of ants 
has also been studied using comparative approaches investi-
gating ant-mating systems in a phylogenetic context, stud-
ies that revealed novel insights into the evolutionary his-
tory of mating characteristics in ants (BAER & BOOMSMA 
2004, HUGHES & al. 2008, BAER & al. 2009a, DEN BOER 
& al. 2010). 

Apart from direct observations of ant copulations a tech-
nique for artificially induced copulation has been docu-
mented for Solenopsis invicta BUREN, 1972 and Solenopsis 
richteri FOREL, 1909 (CUPP & al. 1973), where decapitated 
males were induced to successfully copulate and ejacu-
late. Artificial insemination techniques have further been 
developed for S. invicta (see BALL & al. 1983) and Atta 
leaf cutter ants (DEN BOER & al. 2010), offering opportuni-
ties for experimental manipulations as in honeybees (TARPY 
2003) and bumblebees (BAER & SCHMID-HEMPEL 1999, 
BAER & al. 2001, BAER & SCHMID-HEMPEL 2001, 2005). 
Obviously ant species as listed in Table 1 provide ample 
opportunities for experimental studies on the copulation 
biology of ants – both in the field and in the lab. 

The descriptions of ant mating as found in the literature 
cited in Table 1 also reveal that there is a basic copulation 
biology of ants that follows a general sequence of events, 
likely to be the ancestral mode of ant reproduction although 
no phylogenetic analyses are available. A general overview  
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Tab. 1: A list of species (adapted to current taxonomy) where copulations have been observed and described in the litera-
ture. The copulation duration is provided as a range (if available, otherwise means are presented) and is given in the 
second column. Observations of females accepting / rejecting multiple copulations are provided in the third column with 
maximal numbers of queen copulations reported in brackets. Reported transfers of spermatophores (S) or mating plugs (M) 
are given in the fourth column. The origin of the observations (laboratory, field or both) is mentioned in the fifth column, 
followed by the original references. 
1 Copulation with same male; 2 Alate males; 3 Ergatoid males; 4 Matings shorter in the field; 5 Suicidal males; 6 Cocoon mat-
ing; 7 Two sizes of sexuals; 8 Interspecific copulations; 9 Forced copulation; 10 Sperm counts in bursa and spermatheca. 

Species Duration Remate  S / M Origin References 

Acanthomyops interjectus MAYR, 1866 1 min   Field TALBOT (1963) 

Acromyrmex landolti (FOREL, 1885)  Yes   PAGE (1986) 

Acromymrex lundii (GUÉRIN-MÉNEVILLE, 1838) 1.5 min    WEBER (1972) 

Acromyrmex versicolor (PERGANDE, 1894) 4 - 5 min Yes (4)  Field REICHARDT & WHEELER (1996) 

Acropyga sp.  5 min   Field EBERHARD (1978) 

Anergates atratulus (SCHENCK, 1852)     MEYER (1955) 

Brachymyrmex depilis EMERY, 1893  Yes (3)  Field PAGE (1982) 

Cardiocondyla batesii FOREL, 1894 5 - 15 s   Lab MERCIER & al. (2007) 

Cardiocondyla elegans EMERY, 1869 3 - 55 s Yes (9)  Lab LENOIR & al. (2007), MERCIER & al. (2007) 

Cardiocondyla emeryi FOREL, 1881 2 - 34 s   Lab MERCIER & al. (2007) 

Cardiocondyla kagutsuchi TERAYAMA, 1999 13 - 26 s   Lab MERCIER & al. (2007) 

Cardiocondyla mauritanica FOREL, 1890 
 

5 s  
1 - 10 s 

Yes (3) 1 
 

 
 

Lab 
Lab 

CREIGHTON & SNELLING (1974) 
MERCIER & al. (2007) 

Cardiocondyla minutior FOREL, 1899 
 

3 - 24 s 
16 - 21 s 

 
 

 
 

Lab 
Lab 

MERCIER & al. (2007) 
YAMAUCHI & al. (1996) 

Cardiocondyla obscurior WHEELER, 1929 32 s   Lab SCHREMPF & al. (2005) 

Cardiocondyla venustula WHEELER, 1908 17 s   Lab MERCIER & al. (2007) 

Cardiocondyla wroughtonii (FOREL, 1890) 11.1 ± 4.6 s 2 
25.4 ± 23.5 s 3 

Yes 
Yes 

 Lab 
Lab 

KINOMURA & YAMAUCHI (1987) 
KINOMURA & YAMAUCHI (1987) 

Carebara vidua SMITH, 1858 4 min Yes (4) M Lab ROBERTSON & VILLET (1989), HEINZE & 
HÖLLDOBLER (1993) 

Cataglyphis cursor (FONSCOLOMBE, 1846) 40 s - 16 min 4 Yes  Both LENOIR & al. (1988) 

Chalepoxenus brunneus CAGNIANT, 1985    Lab BUSCHINGER & al. (1989) 

Crematogaster sp. 1.32 min    ROBERTSON & VILLET (1989) 

Diacamma australe (FABRICIUS, 1775)     MONNIN & PEETERS (1998) 

Diacamma pallidum (SMITH, 1858) 15 h 5  S Lab ALLARD & al. (2007) 

Diacamma rugosum (LE GUILLOU, 1842) 2 days 5   Lab FUKUMOTO & al. (1989) 

Diacamma sp. 24 h 5 No S Lab NAKATA & al. (1998), ALLARD & al. (2002) 

Dinoponera quadriceps KEMPF, 1971 30 min 5  No  Lab MONNIN & PEETERS (1998) 

Dorylus molestus (GERSTÄCKER, 1859) 5 - 10 h Yes  Field KRONAUER & BOOMSMA (2007) 

Eciton burchellii (WESTWOOD, 1842) 1 h Yes (5)  Field KRONAUER & BOOMSMA (2007) 

Eciton hamatum (FABRICIUS, 1782) 10 h    KRONAUER & BOOMSMA (2007) 

Formica aquilonia YARROW, 1955 55 s - 1.4 min Yes (6)  Field FORTELIUS (2005), PAMILO & al. (1978) 

Formica bradleyi WHEELER, 1913 30 s - 1.5 min Yes (3)  Field HALVERSON & al. (1976) 

Formica dakotensis EMERY, 1893  Yes  Field TALBOT (1972b) 

Formica japonica MOTSCHOULSKY, 1866    Field KAMIMURA (2008) 

Formica lugubris ZETTERSTEDT, 1838   Yes  Field CHERIX & al. (1991) 

Formica montana WHEELER, 1910  No  Field KANNOWSKI & JOHNSON (1969) 

Formica nitidiventris EMERY, 1893    Field TALBOT (1948) 

Formica obscuripes (FOREL, 1886) 1 - 5 min   Field TALBOT (1972a) 

Formica opaciventris EMERY, 1893 40 s - 2 min Yes  Field SCHERBA (1961) 

Formica paralugubris SEIFERT, 1996  Yes (3)   CASTELLA & al. (2009) 

Formica pergandei EMERY, 1893  Yes  Field KANNOWSKI & JOHNSON (1969) 

Formica polyctena FOERSTER, 1850 1 s - 1.8 min    YAMAUCHI & al. (1994) 

Formica rufa LINNAEUS, 1761  Yes 5  Field MARIKOVSKY (1961) 

Formica sanguinea LATREILLE, 1798     PAMILO & al. (1978) 

Formica subintegra WHEELER, 1908 6 - 30 s Yes  Field ITO & IMAMURA (1974), KELLER & REEVE (1994) 

Formica subpolita MAYR, 1886 28 s - 1.6 min Yes (4)  Field O'NEILL (1994) 

Formica ulkei EMERY, 1893     KANNOWSKI & JOHNSON (1969) 

Formica uralensis RUZSKY, 1895  Yes  Field PAMILO & al. (1978) 

Formica yessensis WHEELER, 1913 30 s - 9 min Yes (2)  Field ITO & IMAMURA (1974), HIGASHI (1983) 



Gnamptogenys menadensis (MAYR, 1887) 30 s   Lab GOBIN & al. (2001) 

Harpagoxenus canadensis SMITH, 1939 40 s - 1.5 min No  Lab BUSCHINGER & ALLOWAY (1979) 

Harpagoxenus sublaevis (NYLANDER, 1849) 15 - 45 s No  Lab BUSCHINGER (1971b) 

Hypoponera nubatama TERAYAMA & 
HASHIMOTO, 1996 

3.4 min - 2.08 h 6   Lab YAMAUCHI & al. (2001) 

Hypoponera opacior (FOREL, 1893) 2 h - 1.71 days 6 Yes  Lab FOITZIK & al. (2002) 

Hypoponera schauinslandi (EMERY, 1899) 5 - 14 min   Lab YAMAUCHI & al. (1996) 

Lasius alienus (FOERSTER, 1850) 7 - 18 min Yes (2)  Field BARTELS (1985) 

Lasius flavus (FABRICIUS, 1782)  Yes   STARR (1984) 

Lasius niger (LINNAEUS, 1758)  Yes (> 2)   IMAI (1966) 

Lepisiota frauenfeldi (MAYR, 1855)     TOHMÉ & TOHMÉ (1975) 

Leptothorax acervorum (FABRICIUS, 1793) 10 - 15 s    BUSCHINGER (1971a) 

Leptothorax gredleri (MAYR, 1855) 13 s - 2.4 min Yes (4) S Lab OBERSTADT & HEINZE (2003), OPPELT &  
HEINZE (2007) 

Leptothorax kutteri BUSCHINGER, 1966 30 - 50 s No  Lab BUSCHINGER (1971a) 

Letothorax pacis (KUTTER, 1945) 15 - 45 s No  Lab BUSCHINGER (1971b) 

Linepithema humile (MAYR, 1868) 6 min Yes (20)  Lab KELLER & PASSERA (1992) 

Meranoplus peringueyi EMERY, 1886 19 - 26 s Yes   FUKUMOTO & al. (1989) 

Messor ebeninus SANTSCHI, 1927 14 s Yes (3)  Field TOHMÉ (1975) 

Monomorium floricola (JERDON, 1851) 20 - 40 s Yes  Lab BARTH (1953) 

Monomorium minimum (BUCKLEY, 1867) 10 - 13 min 5? No  both BHATKAR (1992) 

Monomorium pharaonis (LINNAEUS, 1758) 30 - 60 s No S Lab ALLARD & al. (2006) 

Monomorium salomonis (LINNAEUS, 1758)  Yes   PAGE (1986) 

Mycetophylax emeryi arenicola (FOREL, 1912)     WEBER (1972) 

Mycocepurus goeldii (FOREL, 1893)  Yes (4)   KERR (1961), STARR (1984) 

Myrmecia pyriformis (SMITH, 1858)     HÖLLDOBLER & WILSON (1990) 

Myrmecina graminicola (LATREILLE, 1802) 40 - 60 s   Lab BUSCHINGER (2003) 

Myrmica americana WEBER, 1939 30 - 60 s No  Field KANNOWSKI & KANNOWSKI (1957) 

Myrmica ruginodis NYLANDER, 1846 7  No   ELMES (1991), SEPPÄ (1992) 

Myrmica scabrinodis NYLANDER, 1846    Field CLAUSEN (1938) 

Myrmicaria opaciventris EMERY, 1893  Yes   KENNE & DEJEAN (1998) 

Myrmica rubra (LINNAEUS, 1758) 10 s - 22.1 min Yes (7)  both  CLAUSEN (1938), STARR (1984), HÖLLDOBLER  
& WILSON (1990), WOYCIECHOWSKI (1990) 

Pachycondyla tarsata (FABRICIUS, 1798) 4 - 5 min Yes  Field VILLET & al. (1989) 

Paratrechina flavipes (SMITH, 1874) 49 s - 12.2 min Yes  both ICHINOSE (1994) 

Pheidole megacephala (FABRICIUS, 1793)     WILLIAMS (1935) 

Pheidole soritis WHEELER, 1908 1 - 2 min No  Field WILSON (1957) 

Pheidole sp. (fervens ?) SMITH, 1858     LITTLE (1980) 

Plagiolepis pygmaea (LATREILLE, 1798)  Yes (3)  Lab THURIN & ARON (2009) 

Pogonomyrmex badius (LATREILLE, 1802) 59 s - 1.5 min Yes (4)  Field HARMON (1993, STARR (1984) 

Pogonomyrmex barbatus (SMITH, 1858) 28 s 8 Yes (5)  Field  MICHENER (1948), HÖLLDOBLER (1976) 

Pogonomyrmex californicus (BUCKLEY, 1867) 1.6 min Yes (6)  Field MINTZER (1982) 

Pogonomyrmex desertorum (WHEELER, 1902)  Yes (3)  Field HÖLLDOBLER (1976), HÖLLDOBLER & WILSON (1990)

Pogonomyrmex maricopa WHEELER, 1914  Yes (3)  Field HÖLLDOBLER (1976), HÖLLDOBLER & WILSON (1990)

Pogonomyrmex occidentalis (CRESSON, 1865) 6 - 12 min 8 Yes   Field NAGEL & RETTENMEYER (1973) 

Pogonomyrmex rugosus EMERY, 1895 30 s - 22.3 min 8 Yes (6)  Field HÖLLDOBLER (1976) 

Polyergus breviceps EMERY, 1893  No   TOPOFF & GREENBERG (1988) 

Polyergus lucidus MAYR, 1870  Yes (6)  Field MARLIN (1971) 

Polyergus rufescens (LATREILLE, 1798) 10 s - 3 min Yes (8)  Field MORI & al. (1994) 

Prenolepis imparis (SAY, 1836) 2 - 5 min Yes (2)  Field TALBOT (1945), TARPLEY (1965) 

Rossomyrmex minuchae TINAUT, 1981 12 ± 4.8 s No  Field RUANO & TINAUT (2005) 

Solenopsis invicta BUREN, 1972 30 - 45 s  
Yes 10 

 Lab 9 
Field 

CUPP & al. (1973) 
BALL & VINSON (1983) 

Solenopsis lou FOREL, 1902  Yes   PAGE (1986) 

Solenopsis richteri FOREL, 1909  
10 s 

 
No (?) 

 Lab 9 
Field 

CUPP & al. (1973) 
WUELLNER (2000) 

Technomyrmex albipes (SMITH, 1861) 4.9 - 15 min   Lab YAMAUCHI & al. (1991) 

Temnothorax carinatus (COLE, 1957)     BUSCHINGER (1971a) 

Temnothorax nylanderi (FOERSTER, 1850)  Yes   BUSCHINGER (1971a), PLATEAUX (1978) 

Temnothorax pergandei (EMERY, 1895)    Field HEINZE & al. (1995)     
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Fig. 1: The sexual organs of a mature Acromyrmex echina-
tior male collected shortly before the nuptial flight in Pan-
ama. Sexual maturity is indicated by the degenerated testes 
(T) and the fully developed accessory testes (also referred 
to as vasa seminales or vasa deferentia in the literature) that 
consist of the ejaculatory sections (ES) and the sperm re-
servoirs (SR). The accessory glands (AG) as the main con-
tributors of seminal fluid produce a small mating plug in 
this species. The external sclerotized genitalia (G) contain 
the ejaculatory duct (not visible) and are used to establish 
a firm link with the queen using two rows of spiny teeth, 
which fit into a specialized pouch organ (mussel organ) in 
the female's sexual tract. Photograph taken by the author us-
ing a digital Canon camera connected to a Leica dissec-
tion microscope. 
 
of the sexual organs typically seen in ants is presented in 
Figure 1. Ant males possess sclerotized outer genitalia and 
use different parts of these to establish a firm link with the 
female. This is either achieved by grasping the female sting 
apparatus or by linking-up with specialized parts in the 
female sexual tract, such as thick and soft cuticular layers 
covering the bursa copulatrix (ALLARD & al. 2006) or a 
specialised pouch, termed the mussel organ (JANET 1902, 
CLAUSEN 1938, BAER & BOOMSMA 2006, HIMLER & al. 
2009). Ejaculates are assembled before or during ejaculation 
when sperm passes the accessory glands in order to reach 
the ejaculatory duct (ROBERTSON 1995). They consist of 
sperm from the accessory testes (vasa deferentia) and semi-
nal fluid. Similar to honeybees (BAER & al. 2009c) and 
fruit flies (CHAPMAN 2008) the male accessory glands can 
be assumed to be the main contributors of seminal fluid 
(DEN BOER & al. 2008) and mating plugs or spermato-
phores that have been reported in several ant species (Tab. 
1). The distinction is that spermatophores completely sur-
round sperm and form a compartment for sperm transfer 
(MADEL & al. 1990, ROBERTSON 1995, ALLARD & al. 
2002, OPPELT & HEINZE 2007) whereas mating plugs or 
mating signs are transferred separately from sperm into the 
females' sexual tract and only have a partial contact to 
sperm (DUVOISIN & al. 1999). Both spermatophores and 
mating plugs can make up a substantial proportion of the 
entire ejaculate (ALLARD & al. 2002). In the fire ant S. in-
victa a chemical analysis of the mating plug revealed that 
it consists of similar fatty acids as found in the bumblebee 
Bombus terrestris (LINNAEUS, 1758) (MIKHEYEV 2003). 
Linoleic acid is found in the mating plug of both species and 
is known to act as an anti-aphrodisiacum in B. terrestris, 
reducing the willingness of queens to remate (DUVOISIN & 
al. 1999, BAER & al. 2001, SAUTER & al. 2001). The ex-

act biological functioning of spermatophores and mating 
plugs in ants remains unknown so that studies identifying 
the molecular components (see below) and testing for their 
biological relevance for paternity success would be highly 
welcome. Also, further experimental work on ant mating 
plugs seems timely and feasible to conduct. 

Apart from accessory gland secretions, some ant males 
also seem to use their entire bodies as an extended form of 
a mating plug (MONNIN & PEETERS 1998), resulting in long 
copulation durations in some species (Tab. 1). This form of 
mate guarding seems to have resulted in the evolution of 
suicidal males in some species (Tab. 1), because queens or 
workers decapitate the male in copula and only the gaster 
remains attached to the female. Males being capable to per-
form only a single copulation could also occur in the army 
ant Eciton burchellii (WESTWOOD, 1842), because males 
are unable to walk properly after disintegration from the 
queen and seem to die soon after (KRONAUER & BOOMSMA 
2007). 

Males usually transfer their ejaculates into a specialised 
section of the female sexual tract, often referred to as bursa 
copulatrix or oviducts. Sperm will normally become stored 
in the spermatheca only as a second step and – similar to 
most honeybees and bumblebees (DUVOISIN & al. 1999, 
BAER 2005) – the process of sperm storage often continues 
until well after the termination of the copulation (REICH-
ARDT & WHEELER 1996, OPPELT & HEINZE 2007). As 
shown in Table 1, the time ants spend in copula is highly 
variable and ranges from a few seconds up to several hours 
or even days, but more work is required to understand the 
evolutionary causes and consequences of variation in copu-
lation duration for male and female reproductive success. 

Copulation biology of attine ants  

The reproductive biology of fungus growing ants has been 
intensively studied over the last two decades. As a conse-
quence attine ants are now, by a large margin, the clade of 
ants where the mating biology is best understood. This is 
remarkable, because for most species investigated copula-
tions have not been observed (Tab. 1). Attine ants are there-
fore a good example to illustrate that the study of the mat-
ing biology of ants does not necessarily depend on oppor-
tunities to observe copulations. Fungus growing ants have 
a number of key characteristics that made them attractive 
model species to study reproduction: 

(1) Obligatory female multiple mating evolved in the 
ancestor of Acromyrmex and Atta leaf cutting ants (VILLE-
SEN & al. 1999, MURAKAMI & al. 2000, VILLESEN & al. 
2002) making fungus growing ants one of the very few 
social insect clades where obligatory polyandry evolved 
(HUGHES & al. 2008) and where a sharp transition from a 
single to multiple paternity has been documented. Interest-
ingly, the social parasite Acromyrmex insinuator SCHULTZ, 
BEKKEVOLD & BOOMSMA, 1998 appears to have seconda-
rily reverted to a mating system where paternity is domi-
nated by a single male (SUMNER & al. 2004), offering op-
portunities for comparative studies on closely related sis-
ter species with different mating systems. Various forms of 
sperm competition or cryptic female choice are likely to 
have evolved in Acromyrmex and Atta species (DEN BOER 
& al. 2010). The availability of a well-resolved phylogeny 
(SCHULTZ & MEIER 1995, WETTERER & al. 1998, SCHULTZ 
& BRADY 2008, MEHDIABADI & SCHULTZ 2010) allows 



comparative studies of polyandrous fungus growing ants 
with closely related monandrous sister species (BAER & 
BOOMSMA 2004, BAER & al. 2009a). Finally, complete 
asexuality evolved in at least one fungus growing ant spe-
cies, Mycocepurus smithii (FOREL, 1893) (HIMLER & al. 
2009), making attine ants the only social insects that allow 
to compare three different reproductive systems within the 
same tribe. 

(2) The higher attines have taken some reproductive 
traits to absolute extremes within the animal kingdom, as 
Atta queens store hundreds of millions of sperm (FJER-
DINGSTAD & BOOMSMA 1997, BAER & al. 2006a). They 
are then capable to keep them alive for several decades 
(WEBER 1972) and use them prudently to avoid sperm de-
pletion (DEN BOER & al. 2009a). Sperm use by queens was 
recently studied in Atta colombica GUÉRIN-MÉNEVILLE, 
1844 where a technique was developed to count the num-
ber of sperm on newly laid eggs (DEN BOER & al. 2009a). 
Queens were found to normally use 2 - 3 sperm for each egg 
fertilisation early in their life, but average sperm use per 
fertilisation increased with increasing queen age, probably 
because of senescence of either the sperm in storage or the 
queen's sexual tract. Queens seem capable to fertilize around 
100 million eggs, placing them among the most fertile ani-
mal species known. The possibility to count the number of 
sperm on eggs offers a variety of opportunities to study fe-
male fecundity and sperm use over time and could be adapt-
ed for other (ant) species as well. 

(3) As both males and females only mate during one 
brief episode in their lives, exceptionally strong selection 
is expected on males to initially provide high quality eja-
culates (DEN BOER & al. 2008), so that females will not 
be sperm depleted later in life which can be up to several 
decades in the Atta ants (WEBER 1972). Obviously these 
species offer a unique opportunity to identify and study 
those components within an ejaculate that are decisive to 
keep sperm alive. 

(4) In several species the sizes of bodies and sexual or-
gans are exceptionally large for insects, which facilitates 
experimental work and the development of an artificial in-
semination technique (DEN BOER & al. 2010). 

(5) Copulations and mating behaviour can be observed 
and manipulated in the field for at least one species, Acro-
myrmex versicolor (PERGANDE, 1894) (REICHARDT & 
WHEELER 1996), where sexuals collected from mating 
swarms copulate under semi-laboratory conditions (Tab. 1). 

The typical mating biology of attine ants follows that of 
ants in general (see above and Fig. 1). Spermatogenesis is 
discontinued in adult life in all species investigated so far 
(BAER & BOOMSMA 2004, BAER & al. 2009a) and males 
consequently hatch with a fixed number of sperm. Sperm 
gets gradually transported to the accessory testes as part 
of male maturation. The size of the accessory testes in-
crease with colony size throughout the attine phylogeny and 
they become substantially enlarged structures in species 
producing large ejaculates such as Acromyrmex or Atta 
(BAER & BOOMSMA 2004, BAER & BOOMSMA 2006). In 
these species the accessory testes consist of two different 
distinct parts, the ejaculatory duct and the sperm reser-
voir (Fig. 1). The ejaculatory ducts form the distal end of 
the accessory testes. They can contract forcefully and seem 
to function as an efficient pump to transfer sperm into the 
female (BAER & BOOMSMA 2006). The ejaculatory ducts 

empty during ejaculation and muscular movements of the 
sperm reservoir transport sperm into the emptied ejacula-
tory duct in preparation for a subsequent copulation. Mul-
tiple male copulations are known to occur in Acromyrmex 
versicolor (see REICHARDT & WHEELER 1996) and have 
been inferred for Panamanian Atta and Acromyrmex (see 
BAER & BOOMSMA 2006) species, but it is unknown wheth-
er lower attine males can produce more than one ejacu-
late. Accessory glands have been found in all attine ants 
studied so far, although their size substantially differs be-
tween species (BAER & BOOMSMA 2004). A phylogenetic 
investigation of male accessory testes and accessory gland 
sizes in 16 different species of Panamanian fungus grow-
ing ants revealed that glands are substantially smaller in 
species where females mate multiply such as Atta leaf cutter 
ants compared to monandrous species (BAER & BOOMS-
MA 2004). This provided first evidence that these glands 
are likely to be under sexual selection and that males re-
duce investments into glands if non-soluble components 
such as mating plugs have lost their function to bias pater-
nity success. This is supported by recent field data, where 
male accessory glands in the polyandrous Atta leaf cutting 
ants were found to contain two different fractions, a clear 
liquid as well as sticky silicon-like substances forming a 
small mating plug. In Atta, ejaculation can be induced either 
by killing the male or by gently squeezing its abdomen be-
tween two fingers similar to a procedure used to collect 
ejaculates in honeybees. By doing so a clear liquid, pre-
sumably the soluble part of the seminal fluid, appears at the 
tip of the males' external genitalia, followed by a minute 
mating plug and a massive amount of sperm (B. Baer & 
S.P.A. den Boer, unpubl.). 

Attine males have large external sclerotized genitalia 
that are morphologically similar to those in other ants (CLAU-
SEN 1938, KAMIMURA 2008) and seem responsible for a 
successful attachment to the female during copulation. Two 
rows of spiny teeth on the penis valve perfectly fit into the 
mussle organ of the female's sexual tract. Dissections of 
newly mated females show specific scarring within the mus-
sel organ (BAER & BOOMSMA 2006), indicating that the 
male inflicts damage on the female during copulation, 
which is also known from other ants (KAMIMURA 2008). 

The transfer and storage process has been studied in 
Acromyrmex versicolor and inferred from morphological 
studies for Atta colombica and Atta cephalotes (LINNAE-
US, 1758). In Acromyrmex versicolor, copulations can be 
observed during mating swarms and are initiated on the 
wing, but pairs then fall to the ground for the remaining 
time spent in copula, which lasts for about 4 - 5 minutes 
(REICHARDT & WHEELER 1996). Queens typically rejoin 
the swarm to find further mates and seem in control over 
the total number of copulations. Females remate up to four 
times when kept with males in plastic containers. Sperm 
is transferred to the oviducts and stored in the spermatheca 
within five hours after mating, although 2/3 of spermatheca 
filling occurred already in the first hour after copulation but 
only about 10% of the initially received sperm becomes 
stored in the spermatheca. In Acromyrmex versicolor, mated 
queens start colonies in the lab, which allowed paternity 
analysis on worker offspring of two field-collected queens. 
A random amplified polymorphic DNA (RAPD) analysis 
revealed that all males that copulated sired offspring, but 
sample sizes used were too small to detect whether some 
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fathers were more successful than others. Acromyrmex ver-
sicolor is a very promising model system to study several 
aspects of ant copulation and reproduction, especially over 
time as queens store sperm for up to a decade (WHEELER & 
al. 1990). I was therefore surprised to find that no follow-
up study has been conducted in this species over the last 
14 years. 

In Atta cephalotes and Atta colombica, sperm appears 
to be transferred directly to the spermatheca during mating 
(BAER & BOOMSMA 2006). This is presumably an adap-
tation to the exceptionally large ejaculate sizes of males 
resulting from the high sperm demands by females. This 
mode of sperm transfer is otherwise rare in insects, but 
has been found in two other hymenopteran social insects, 
the dwarf honeybees Apis florea FABRICIUS, 1787 and Apis 
andreniformis SMITH, 1858 (BAER 2005). Direct sperm 
transfer to the spermatheca reduces the opportunities for 
sperm competition or cryptic female choice and could ex-
plain the small size of the male accessory glands in these 
species (BAER & BOOMSMA 2006). Atta queens are there-
fore expected to perform a more rigorous precopulatory 
mate choice if their opportunities to bias paternities after 
copulation are restricted. A recent study found that queens 
of Atta sexdens LINNAEUS, 1758 may copulate with broth-
ers at some frequency (ARMITAGE & al. 2010), resulting 
in the presumably costly production of diploid males. As 
this study was conducted in a population of low density, it 
remains to be seen whether sib-mating is common in dense 
populations of Atta sexdens. In general, however, studies on 
pre- or postcopulatory mate choice, especially for inbreed-
ing avoidance, would be interesting to conduct and seems 
feasible in species such as Acromyrmex versicolor. 

Attine ants are so far the only clade where physiologi-
cal effects of copulations and ejaculates have been studied 
experimentally. Male accessory gland secretions, a major 
component of seminal fluid, are highly efficient in keep-
ing sperm alive in Trachymyrmex cf. zeteki WEBER, 1940, 
Acromyrmex echinatior (FOREL, 1899) and Atta colombica 
(see DEN BOER & al. 2010). In the latter species these com-
pounds enhance sperm survival even if diluted hundreds 
of times and despite the relatively small size of the male 
accessory glands in Atta (BAER & BOOMSMA 2004). Sim-
ilar to honeybees, the proteins within the seminal fluid 
seem responsible for keeping sperm alive (DEN BOER & 
al. 2008, BAER & al. 2009c, DEN BOER 2009, DEN BOER 
& al. 2010). Furthermore, male accessory gland secre-
tions are more efficient in keeping sperm of the same 
males alive than that of a potential competitor (DEN BOER 
& al. 2010). As this effect was only found in the multiply 
mated species Acromyrmex echinatior and Atta colombica 
but not in the monandrous Trachymyrmex zeteki, these data 
provide the first empirical evidence that sperm competition 
has evolved in social insects and likely operates through 
sperm incapacitation. Interestingly a male's seminal fluid 
seems unable to protect his own sperm from the negative 
effects of non-own seminal fluid (DEN BOER & al. 2010). 

Physiological traits of ejaculates have been also inves-
tigated in females. Sperm was found to be costly to store 
for queens and to trade off with other life-history traits such 
as immunity (BAER & al. 2006a). In Atta colombica, newly 
inseminated queens up-regulate their immune system after 
mating and during colony founding, but a queen's ability to 
defend a possible microbial attack decreased with increas-

ing female mating frequencies and more sperm stored. This 
first empirical evidence for sperm storage costs could ex-
plain some of the high queen mortalities observed during 
colony foundation (WEBER 1972) as females are expected 
to provision stored sperm with costly contributions. The 
female spermathecal fluid in the honeybee Apis mellifera 
LINNAEUS, 1758 is indeed a complex enzymatic machi-
nery to support sperm in storage (BAER & al. 2009b) and 
has also been shown to be crucial to keep sperm alive (DEN 
BOER & al. 2009b). A complete biochemical network of 
proteins indicates that sperm in storage can be compared to 
endosymbionts such as mitochondria – where the host (fe-
male) takes over a substantial part of the endsymbiont's 
(sperm) physiological needs (BAER & al. 2009b). As eja-
culates are directly transferred to the spermatheca during 
mating, Atta ants offer good opportunities to investigate the 
influence of females on competing ejaculates. In Atta co-
lombica, the spermathecal fluid is capable to terminate the 
negative effects of male accessory gland secretions on com-
peting sperm (sperm incapacitation), providing first evid-
ence that cryptic female choice has evolved in social in-
sects as well (DEN BOER & al. 2010). 

Experiments as summarized in the paragraph above mark 
first steps to study ejaculate characteristics on an increas-
ingly smaller scale. However, a more complete molecular 
understanding of the effects of ejaculate components on 
own and competing sperm as well as on the female will 
be required to make significant further progress. I will 
therefore use the last section of this review to highlight that 
the necessary technologies to perform such work are now 
available, affordable and feasible.  

New opportunities to study ant ejaculates: systems 
biology 

Ejaculates are more than simple deliveries of semen as they 
influence paternity in many different ways. Generating a 
better evolutionary understanding of ejaculate-ejaculate and 
ejaculate-female interactions will be a challenging task. This 
is, because the biologically active agents are glandular se-
cretions that contain biochemically active compounds such 
as proteins that are more difficult to study experimentally 
than the classical phenotypic traits studied by evolutionary 
biologists for decades. The study of such traits requires 
establishing links between two fields of research that are 
historically separated: molecular biology studying proxi-
mate relationships (asking how questions) and evolutionary 
biologists addressing ultimate aspects (asking why ques-
tions). 

Ongoing fundamental scientific breakthroughs charac-
terize the biochemical and molecular sciences and some of 
these technologies are now reliable and affordable enough 
to be used by non-specialists. For example, sequencing tech-
nology now allows fast compiling of genomic data using 
only a fraction of the time, costs and manpower compared 
to earlier years. A new generation of sequencing equip-
ment now allows not only to determine the genome of a 
species of interest, but to quantify differences in transcript 
abundance and therefore to study physiological responses 
to stimuli of individuals on the transcript level (SULTAN & 
al. 2008). Furthermore, large scale sequencing, capable to 
produce terabytes of sequence data per run, offer the study 
of composition and functioning of entire ecological (micro-) 
habitats. 
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In recent years, proteomics has proven to be a very 
promising technology to study ejaculate characteristics, be-
cause it can identify and quantify the most abundant pro-
teins in samples of interest. Sperm seems transcriptionally 
silenced (BAER & al. 2009b) and seminal fluid as a glan-
dular secretion probably does not consist of metabolically 
active cells or tissues (BAER & al. 2009c). In the absence 
of any transcriptional activity within the ejaculate, prote-
ins can therefore be expected to be the main drivers de-
termining reproductive success. 

Modern proteomics provides a variety of different meth-
ods that can be divided in gel-based and non-gel-based 
approaches. Gel-based approaches run proteinaceous sam-
ples on one- or two-dimensional SDS Page gels. This pro-
vides a visual impression of a proteome and the size, pH 
and abundance of proteins of interest. Gel-based proteo-
mics also allows quantifying differences in protein abun-
dance between samples. The DIGE (differential in-gel elec-
trophoresis) technique is currently the state-of-the-art tech-
nology used to do this. It is a special type of a two-dimen-
sional polyacrylamide gel electrophoresis using defined flu-
orescent dyes. Several protein samples are loaded onto the 
same gel, and differences in protein abundances among the 
samples are then visualized with a laser scanner measur-
ing individual protein spots for each sample. The change of 
intensity of a protein spot can then be compared and stat-
istical analysis of protein profiles from multiple DIGE gels 
is possible because one of the dyes is used as a standard 
for biological replication. Proteins are finally identified us-
ing mass spectrometry and peptides are matched to genes 
within the organism studied using publicly available sequence 
databases. Non-gel based proteomics uses the latest tech-
nological advances where entire pre-digested samples are 
analyzed using mass spectrometry. The opportunities for 
proteomic studies of ant sperm, seminal fluid and female 
contributions to sperm will arise over the coming years as 
a number of ant genomes are currently being sequenced 
(SMITH & al. 2010). Proteomics was recently used to char-
acterize the main protein components in seminal fluid, 
spermathecal fluid and sperm of honeybees (BAER & al. 
2009b, c), confirming that the necessary technologies can 
be adapted for the use in social insects.  

Conclusions 

As pointed out, the copulation biology of ants remains poor-
ly investigated. This is somewhat surprising given the gen-
eral interest in this insect group, its ecological importance 
and the opportunities available (Tab. 1). A useful concep-
tual evolutionary framework to study ant-mating biology 
has been developed over recent years and generated a co-
herent set of questions to investigate, and a large number 
of ant species can potentially be used to answer these ques-
tions. New technologies from the molecular sciences fur-
ther offer the necessary opportunities to approach the ques-
tions at a deeper level than was possible so far. 
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Zusammenfassung 

Während der Kopulation transferieren Männchen Ejaku-
late in den weiblichen Geschlechtstrakt, die aus zwei Kom-
ponenten bestehen: den Spermien und der Seminalflüssig-
keit. Letztere besteht meist aus einem wasserlöslichen Teil, 
der die Spermien umgibt, und einem wasserunlöslichen 
Teil, der als Spermatophore oder Paarungspfropf bezeich-
net wird. Wissenschaftliche Arbeiten der letzten Jahre ha-
ben gezeigt, dass Spermien und Seminalflüssigkeit weitaus 
komplexer sind als bisher angenommen und den Fortpflan-
zungserfolg grundlegend beeinflussen. 

Unser Wissen über die Paarungsbiologie von Ameisen 
ist erstaunlich gering, da viele Ameisen während des Paa-
rungsfluges in der Luft kopulieren. Dieser Umstand macht 
es schwierig, Ameisenkopulationen zu beobachten oder ex-
perimentell zu manipulieren. Erschwerend kommt die ge-
ringe Körpergröße vieler Ameisenarten hinzu. Allerdings 
zeigt ein Blick in die existierende Literatur, dass das Ko-
pulationsverhalten für etwa 100 verschiedene Ameisenarten 
beschrieben worden ist, die dementsprechend alle als mög-
liche zukünftige Modellorganismen benutzt werden könnten. 

Hier fasse ich unser bestehendes Wissen über die Ko-
pulationsbiologie von Ameisen zusammen. Ich zeige auf, 
dass wir mittlerweile über genügend Methoden verfügen, 
um die Paarungsbiologie dieser Insekten zu untersuchen. 
Spermien und Seminalflüssigkeit von Ameisen scheinen 
eine ganze Reihe von Möglichkeiten zu haben, den Kampf 
um Vaterschaft zu beeinflussen. Neue bahnbrechende Me-
thoden der Molekularbiologie sind mittlerweile so weit ent-
wickelt worden, dass sie auch von Nicht-Spezialisten be-
nutzt werden können und Möglichkeiten eröffnen, evolu-
tionäre Prozesse auf der molekularen Stufe zu verstehen. 
Ameisen bieten eine einmalige Gelegenheit, Fragen im Zu-
sammenhang mit der sexuellen Reproduktion zu untersu-
chen, die von generellem Interesse in der Evolutionsbio-
logie, der Reproduktionsbiologie und der Systembiologie 
sind. 

References 

AINSWORTH, C. 2005: The secret life of sperm. – Nature 436: 
770-771. 

ALLARD, D., BØRGESEN, L., VAN HULLE, M., BOBBAERS, A., BIL-
LEN, J. & GOBIN, B. 2006: Sperm transfer during mating in the 
pharaoh's ant, Monomorium pharaonis. – Physiological Ento-
mology 31: 294-298. 

ALLARD, D., GOBIN, B. & BILLEN, J. 2007: Timing of sperm 
transfer in Diacamma pallidum. – Physiological Entomology 
32: 382-387. 

ALLARD, D., GOBIN, B., ITO, F., TSUJI, K. & BILLEN, J. 2002: Sperm 
transfer in the Japanese queenless ant Diacamma sp. (Hyme-
noptera: Formicidae). – Netherlands Journal of Zoology 52: 
77-86. 

ALFORD, D.V. 1975: Bumblebees. – Davis-Poynter, London, 
352 pp. 

ANDERSON, C., CREMER, S. & HEINZE, J. 2003: Live and let die: 
Why fighter males of the ant Cardiocondyla kill each other but 
tolerate their winged rivals. – Behavioral Ecology 14: 54-62. 

ARMITAGE, S.A.O., BOOMSMA, J.J. & BAER, B. 2010: Diploid 
male production in a leaf-cutting ant. – Ecological Entomology 
35: 175-182. 

 63



BAER, B. 2003: Bumblebees as model organisms to study male 
sexual selection in social insects. – Behavioral Ecology and 
Sociobiology 54: 521-533. 

BAER, B. 2005: Sexual selection in Apis bees. – Apidologie 36: 
187-200. 

BAER, B., ARMITAGE, S.A.O. & BOOMSMA, J.J. 2006a: Sperm stor-
age induces an immunity cost in ants. – Nature 441: 872-875. 

BAER, B. & BOOMSMA, J.J. 2004: Male reproductive investment 
and queen mating frequency in fungus growing ants. – Behav-
ioral Ecology 15: 426-432. 

BAER, B. & BOOMSMA, J.J. 2006: Mating biology of the leaf-cut-
ting ants Atta colombica and A. cephalotes. – Journal of Mor-
phology 267: 1165-1171. 

BAER, B., DE JONG, G., SCHMID-HEMPEL, R., SCHMID-HEMPEL, 
P., HØEG, J.T. & BOOMSMA, J.J. 2006b: Heritability of sperm 
length in the bumblebee Bombus terrestris. – Genetica 127: 
11-23. 

BAER, B., DIJKSTRA, M.B., MUELLER, U.G., NASH, D.R. & BOOMS-
MA, J.J. 2009a: Sperm length evolution in the fungus growing 
ants. – Behavioral Ecology 20: 38-45. 

BAER, B., EUBEL, H., TAYLOR, N.L., O'TOOLE, N. & MILLAR, A.H. 
2009b: Insights into female sperm storage from the spermathe-
cal fluid proteome of the honeybee Apis mellifera. – Genome 
Biology 10: R 67. 

BAER, B., HEAZLEWOOD, J.L., TAYLOR, N.L., EUBEL, H. & MIL-
LAR, A.H. 2009c: The seminal fluid proteome of the honey-
bee Apis mellifera. – Proteomics 9: 2085-2097. 

BAER, B., MORGAN, E.D. & SCHMID-HEMPEL, P. 2001: A non-
specific fatty acid within the bumblebee mating plug prevents 
females from remating. – Proceedings of the National Academy 
of Sciences of the United States of America 98: 3926-3928. 

BAER, B. & SCHMID-HEMPEL, P. 1999: Experimental variation in 
polyandry affects parasite loads and fitness in a bumble-bee. 
– Nature 397: 151-154. 

BAER, B. & SCHMID-HEMPEL, P. 2001: Unexpected consequences 
of polyandry for parasitism and fitness in the bumblebee, Bom-
bus terrestris. – Evolution 55: 1639-1643. 

BAER, B. & SCHMID-HEMPEL, P. 2005: Sperm influences female 
hibernation success, survival and fitness in the bumblebee Bom-
bus terrestris. – Proceedings of the Royal Society B-Biological 
Sciences 272: 319-323. 

BALL, D.E., MIRENDA, J.T., SORENSEN, A.A. & VINSON, S.B. 1983: 
Instrumental insemination of the fire ant, Solenopsis invicta. 
– Entomologia Experimentalis et Applicata 33: 195-202. 

BALL, D.E. & VINSON, S.B. 1983: Mating in the fire ant Solen-
opsis invicta: evidence that alates mate only once. – Journal 
of the Georgia Entomological Society 18: 287-291. 

BARTELS, P.J. 1985: Field observations of multiple matings in 
Lasius alienus FOERSTER (Hymenoptera, Formicidae). – Ame-
rican Midland Naturalist 113: 190-192. 

BARTH, R. 1953: Zur Biologie der braunroten Blütenameise Mo-
nomorium floricola. – Naturwissenschaften 40: 40. 

BERNASCONI, G., ASHMAN, T.L., BIRKHEAD, T.R., BISHOP, J.D. 
D., GROSSNIKLAUS, U., KUBLI, E., MARSHALL, D.L., SCHMID, B., 
SKOGSMYR, I., SNOOK, R.R., TAYLOR, D., TILL-BOTTRAUD, I., 
WARD, P.I., ZEH, D.W. & HELLRIEGEL, B. 2004: Evolutionary 
ecology of the prezygotic stage. – Science 303: 971-975. 

BHATKAR, A.P. 1992: Mating success in Monomorium minimum 
(Hymenoptera: Formicidae). – Journal of the Kansas Entomo-
logical Society 65: 244-250. 

BIRKHEAD, T.R., HOSKEN, D.J. & PITNICK, S. 2009: Sperm biology: 
an evolutionary perspective. – Elsevier, Amsterdam, 642 pp. 

BIRKHEAD, T.R. & MOLLER, A.P. 1998: Sperm competition and 
sexual selection. – Academic Press, New York, 650 pp. 

BOOMSMA, J.J. 2007: Kin selection versus sexual selection: Why 
the ends do not meet. – Current Biology 17: R673-R683. 

BOOMSMA, J.J., BAER, B. & HEINZE, J. 2005: The evolution of 
male traits in social insects. – Annual Review of Entomology 
50: 395-420. 

BOOMSMA, J.J. & RATNIEKS, F.L.W.1996: Paternity in eusocial 
Hymenoptera. – Philosophical Transactions of the Royal So-
ciety B: Biological Sciences 351: 947-975. 

BOURKE, A.F.G. & FRANKS, N.R. 1995: Social evolution in ants. 
– Princeton University Press, Princeton, NJ, 529 pp. 

BROWN, M.J.F. & BAER, B. 2005: The evolutionary significance 
of long copulation duration in bumblebees. – Apidologie 36: 
157-167. 

BUSCHINGER, A. 1971a: "Locksterzeln" und Kopula der sozialpa-
rasitischen Ameise Lepthothorax kutteri BUSCHINGER (Hym. 
Form.). – Zoologischer Anzeiger 186: 242-248. 

BUSCHINGER, A. 1971b: Weitere Untersuchungen zum Begattungs-
verhalten sozialparasitischer Ameisen (Harpagoxenus sublae-
vis NYL. und Doronomyrmex pacis KUTTER, Hym. Formicidae). 
– Zoologischer Anzeiger 187: 184-198. 

BUSCHINGER, A. 2003: Mating behavior in the ant, Myrmecina 
graminicola (Myrmicinae). – Insectes Sociaux 50: 295-296. 

BUSCHINGER, A. & ALLOWAY, T.M. 1979: Sexual behavior in the 
slave-making ant Harpagoxenus canadensis M.R. SMITH, and 
sexual pheromone experiments with H. canadensis, H. ame-
ricanus (EMERY) and H. sublaevis (NYLANDER) (Hymenoptera, 
Formicidae). – Zeitschrift für Tierpsychologie 49: 113-119. 

BUSCHINGER, A., CAGNIANT, H., EHRHARDT, W. & HEINZE, J. 1989: 
Chalepoxenus brunneus, a workerless "degenerate slave-maker" 
ant (Hymenoptera, Formicidae). – Psyche 95: 253-363. 

CASTELLA, G., CHRISTE, P. & CHAPUISAT, M. 2009: Mating trig-
gers dynamic immune regulations in wood ant queens. – Jour-
nal of Evolutionary Biology 22: 564-570. 

CHAPMAN, T. 2008: The soup in my fly: Evolution, form and 
function of seminal fluid proteins. – Public Library of Science 
Biology 6: 1379-1382. 

CHERIX, D., CHAUTEMS, D., FLETCHER, D.J.C., FORTELIUS, W., 
GRIS, G., KELLER, L., PASSERA, L., ROSENGREN, R., VARGO, E. 
L. & WALTER, F. 1991: Alternative reproductive strategies in 
Formica lugubris ZETT. – Ethology, Ecology and Evolution 
1: 61-66. 

CLAUSEN, R. 1938: Untersuchungen über den männlichen Copu-
lationsapparat der Ameisen, speziell der Formicinae. – Mittei-
lungen der Schweizerischen Entomologischen Gesellschaft 17: 
233-346. 

CREIGHTON, W.S. & SNELLING, R.R. 1974: Notes on the behavior 
of three species of Cardiocondyla in the United States (Hy-
menoptera: Formicidae). – Journal of the New York Entomo-
logcial Society 82: 82-92. 

CUPP, E.W., O'NEAL, J., KEARNEY, G. & MARKIN, G.P. 1973: 
Forced copulation of imported fire ant reproductives. – Annals 
of the Entomological Society of America 66: 743-745. 

DEN BOER, S.P.A. 2009: Dynamics of ejaculate transfer, sperm stor-
age and sperm use in social insects. – PhD thesis, Department 
of Biology, University of Copenhagen, Copenhagen, 154 pp. 

DEN BOER, S.P.A., BAER, B. & BOOMSMA, J.J. 2010: Seminal fluid 
mediates ejaculate competition in social insects. – Science 327: 
1506-1509. 

DEN BOER, S.P.A., BAER, B., DREIER, S., ARON, S., NASH, D.R. & 
BOOMSMA, J.J. 2009a: Prudent sperm use by leaf-cutter ant 
queens. – Proceedings of the Royal Society B-Biological Sci-
ences 276: 3945-3953. 

DEN BOER, S.P.A., BOOMSMA, J.J. & BAER, B. 2008: Seminal fluid 
enhances sperm viability in the leafcutter ant Atta colombica. 
– Behavioral Ecology and Sociobiology 62: 1843-1849. 

 64



DEN BOER, S.P.A., BOOMSMA, J.J. & BAER, B. 2009b: Honey bee 
males and queens use glandular secretions to enhance sperm 
viability before and after storage. – Journal of Insect Physiol-
ogy 55: 538-543. 

DORUS, S., BUSBY, S.A., GERIKE, U., SHABANOWITZ, J., HUNT, 
D.F. & KARR, T.L. 2006: Genomic and functional evolution of 
the Drosophila melanogaster sperm proteome. – Nature Gene-
tics 38: 1440-1445. 

DUVOISIN, N., BAER, B. & SCHMID-HEMPEL, P. 1999: Sperm trans-
fer and male competition in a bumblebee. – Animal Behaviour 
58: 743-749. 

EBERHARD, W.G. 1978: Mating swarms of a South American 
Acropygia (Hymenoptera: Formicidae). – Entomological News 
89: 14-16. 

EBERHARD, W.G. 1985: Sexual selection and animal genitalia. – 
Harvard University Press, Cambridge, MA, 244 pp. 

EBERHARD, W.G. 1996: Female control: Sexual selection by cryp-
tic female choice. – Princeton University Press, Princeton, NJ, 
501 pp. 

EBERHARD, W.G. 2004: Male-female conflict and genitalia: fail-
ure to confirm predictions in insects and spiders. – Biological 
Reviews 79: 121-186. 

ELMES, G.W. 1991: Mating strategy and isolation between the 
two forms, macrogyna and microgyna, of Myrmica ruginodis 
(Hym. Formicidae). – Ecological Entomology 16: 411-423. 

FISHER, H.S. & HOEKSTRA, H.E. 2010: Competition drives coope-
ration among closely related sperm of deer mice. – Nature 
463: 801-803. 

FJERDINGSTAD, E.J. & BOOMSMA, J.J. 1997: Variation in size and 
sperm content of sexuals in the leafcutter ant Atta colombica. 
– Insectes Sociaux 44: 209-218. 

FOITZIK, S., HEINZE, J., OBERSTADT, B. & HERBERS, J.M. 2002: 
Mate guarding and alternative reproductive tactics in the ant 
Hypoponera opacior. – Animal Behaviour 63: 597-604. 

FORTELIUS, W. 2005: Mating behaviour in the polygynous/poly-
domous wood ant Formica aquilonia. – Annales Zoologici 
Fennici 42: 213-224. 

FUKUMOTO, Y., ABE, T. & TAKI, A. 1989: A novel form of col-
ony organization in the "queenless" ant Diacamma rugosum. 
– Physiology and Ecology Japan 26: 55-62. 

GOBIN, B., BILLEN, J. & PEETERS, C. 2001: Dominance interac-
tions regulate worker mating in the polygynous ponerine ant 
Gnamptogenys menadensis. – Ethology 107: 495-508. 

HALVERSON, D.D., WHEELER, J. & WHEELER, G.C. 1976: Natural 
history of the sandhill ant, Formica bradleyi (Hymenoptera: 
Formicidae). – Journal of the Kansas Entomological Society 
49: 280-303. 

HARMON, G. 1993: Mating in Pogonomyrmex badius (Hymeno-
ptera: Formicidae). – Florida Entomologist 76: 524-526. 

HEINZE, J. & HÖLLDOBLER, B. 1993: Fighting for a harem of queens: 
physiology of reproduction in Cardiocondyla male ants. – Pro-
ceedings of the National Academy of Sciences of the United 
States of America 90: 8412-8414. 

HEINZE, J., HÖLLDOBLER, B. & TRENKLE, S. 1995: Reproductive 
behavior of the ant Leptothorax (Dichothorax) pergandei. – 
Insectes Sociaux 42: 309-315. 

HEINZE, J., HÖLLDOBLER, B. & YAMAUCHI, K. 1998: Male com-
petition in Cardiocondyla ants. – Behavioral Ecology and So-
ciobiology 42: 239-246. 

HEINZE, J. & SCHREMPF, A. 2008: Aging and reproduction in so-
cial insects – a mini-review. – Gerontology 54: 160-167. 

HIGASHI, S. 1983: Polygyny and nuptial flight of Formica (For-
mica) yessensis FOREL at Ishikari Coast, Hokkaido, Japan. – 
Insectes Sociaux 30: 287-297. 

HIMLER, A.G., CALDERA, E.J., BAER, B.C., FERNANDEZ-MARIN, 
H. & MUELLER, U.G. 2009: No sex in fungus-farming ants or 
their crops. – Proceedings of the Royal Society B-Biological 
Sciences 276: 2611-2616. 

HÖLLDOBLER, B. 1976: The behavioral ecology of mating in har-
vester ants (Hymenoptera: Formicidae: Pogonomyrmex). – Be-
havioral Ecology and Sociobiology 1: 405-423. 

HÖLLDOBLER, B. & BARTZ, S.H. 1985: Sociobiology of repro-
duction in ants. In: HÖLLDOBLER, B. & LINDAUER, M. (Eds.): 
Experimental behavioural ecology and sociobiology. – Gustav 
Fischer Verlag, Stuttgart, New York, pp. 237-257. 

HÖLLDOBLER, B. & WILSON, E.O. 1990: The ants. – Springer Ver-
lag, Berlin, 732 pp. 

HOLMAN, L. 2009: Sperm viability staining in ecology and evo-
lution: potential pitfalls. – Behavioral Ecology and Sociobiol-
ogy 63: 1679-1688. 

HUGHES, W.O.H., OLDROYD, B.P., BEEKMAN, M. & RATNIEKS, 
F.L.W. 2008: Ancestral monogamy shows kin selection is key 
to the evolution of eusociality. – Science 320: 1213-1216. 

HUMPHRIES, S., EVANS, J.P. & SIMMONS, L.W. 2008: Sperm com-
petition: linking form to function. – BioMed Central Evolu-
tionary Biology 8: 11. 

ICHINOSE, K. 1994: Limited multiple-mating in males and single-
mating in females of the ant species, Paratrechina flavipes (Fr. 
SMITH) (Hymenoptera: Formicidae). – Pan-Pacific Entomo-
logist 70: 183-187. 

IMAI, H.T. 1966: Nuptial flight and multiple mating observed in 
the formicine ant, Lasius niger. – Annual Report National In-
stitute of Genetics, Japan 16: 54-55. 

ITO, M. & IMAMURA, S. 1974: Observations on the nuptial flight 
and internidal relationship in a polydomous ant, Formica (For-
mica) yessensis FOREL. – Journal of the Faculty of Sciences, 
Hokkaido University Series VI Zoology 19: 681-694. 

JAMIESON, B.G.M. 1987: The ultrastructure and phylogeny of in-
sect spermatozoa. – Cambridge University Press, New York, 
Cambridge, 320 pp. 

JAMIESON, B.G.M., DALLAI, R. & AFZELIUS, B.A. 1999: Insects: 
their spermatozoa and phylogeny. – Scientific Publishers, En-
field, NH, 564 pp. 

JANET, C. 1902: Anatomie du gaster de la Myrmica rubra. – G. 
Carré et C. Naud, Paris, 67 pp. 

JOHNSTON, D.S., WOOTERS, J., KOPF, G.S., QIU, Y. C. & RO-
BERTS, K.P. 2005: Analysis of the human sperm proteome. In: 
HARDY, M.P. & GRISWOLD, M.D. (Eds.): Testicular cell dyna-
mics and endocrine signaling. – New York Academic Sci-
ences, New York, pp. 190-202. 

KAMIMURA, Y. 2008: Copulatory wounds in the monandrous ant 
species Formica japonica (Hymenoptera, Formicidae). – In-
sectes Sociaux 55: 51-53. 

KANNOWSKI, P.B. & JOHNSON, R.L. 1969: Male patrolling behav-
ior and sex attraction in ants of the genus Formica. – Animal 
Behaviour 17: 425-429. 

KANNOWSKI, P.B. & KANNOWSKI, P.M. 1957: The mating acti-
vities of the ant Myrmica americana WEBER. – Ohio Journal 
of Science 57: 371-374. 

KELLER, L. & PASSERA, L. 1992: Mating system, optimal num-
ber of mating, and sperm transfer in the Argentine ant Irido-
myrmex humilis. – Behavioral Ecology and Sociobiology 31: 
359-366. 

KELLER, L. & REEVE, H.K. 1994: Genetic variability, queen number, 
and polyandry in social Hymenoptera. – Evolution 48: 694-704. 

KENNE, M. & DEJEAN, A. 1998: Nuptial flight of Myrmicaria 
opaciventris (Hymenoptera: Formicidae, Myrmicinae). – So-
ciobiology 31: 41-50. 

 65



KERR, W.E. 1961: Acsalamento de rainhas com varios machos em 
duas especias da tribu Attini. – Revista Brasileira de Biologia 
21: 45-48. 

KINOMURA, K. & YAMAUCHI, K. 1987: Fighting and mating be-
haviors of dimorphic males in the ant Cardiocondyla wrough-
toni. – Journal of Ethology 5: 75-81. 

KOENIGER, G. 1986: Mating sign and multiple mating in the hon-
eybee. – Bee World 67: 141-150. 

KOENIGER, G., KOENIGER, N. & FABRITIUS, M. 1979: Some de-
tailed observations of mating in the honeybee. – Bee World 
60: 53-57. 

KOENIGER, G., KOENIGER, N. & TINGEK, S. 2000: Diversity of 
the mating sign and its function in the genus Apis. – Pro-
ceedings of the 7th international conference on tropical bees: 
Management and diversity, Chiang Mai, Thailand: 87-90. 

KRONAUER, D.M. & BOOMSMA, J.J. 2007: Do army ant queens re-
mate later in life? – Insectes Sociaux 54: 20-28. 

LENOIR, A., QUÉRARD, L., PONDICQ, N. & BERTON, F. 1988: Re-
production and dispersal in the ant Cataglyphis cursor (Hyme-
noptera, Formicidae). – Psyche 95: 21-44. 

LENOIR, J.C., SCHREMPF, A., LENOIR, A., HEINZE, J. & MER-
CIER, J.L. 2007: Genetic structure and reproductive strategy of 
the ant Cardiocondyla elegans: strictly monogynous nests in-
vaded by unrelated sexuals. – Molecular Ecology 16: 345-354. 

LITTLE, E.C.S. 1980: Mating flight of Pheidole sp. (Hymeno-
ptera: Formicidae). – New Zealand Entomologist 7: 129-130. 

MADEL, G., MUEHLEN, D. & HAPPE, M. 1990: Diadegma semi-
clausum HELLEN (Hymenoptera, Ichneumonidae): copulation, 
spermatophore transfer, and offspring. – Zeitschrift für Ange-
wandte Zoologie 77: 347-356. 

MANIER, M.K., BELOTE, J.M., BERBEN, K.S., NOVIKOV, D., STU-
ART, W.T. & PITNICK, S. 2010: Resolving mechanisms of com-
petitive fertilization success in Drosophila melanogaster. – Sci-
ence 328: 354-357. 

MARIKOVSKY, P.I. 1961: Material on sexual biology of the ant 
Formica rufa L. – Insectes Sociaux 8: 23-30. 

MARLIN, J.C. 1971: The mating, nesting and ant enemies of Poly-
ergus lucidus MAYR (Hymenoptera: Formicidae). – American 
Midland Naturalist 86: 181-189. 

MEHDIABADI, N.J. & SCHULTZ, T.R. 2010: Natural history and 
phylogeny of the fungus-farming ants (Hymenoptera: Formici-
dae: Myrmicinae: Attini). – Myrmecological News 13: 37-55. 

MERCIER, J.L., LENOIR, J.C., EBERHARDT, A., FROHSCHAMMER, 
S., WILLIAMS, C. & HEINZE, J. 2007: Hammering, mauling, and 
kissing: stereotyped courtship behavior in Cardiocondyla ants. 
– Insectes Sociaux 54: 403-411. 

MEYER, G.F. 1955: Untersuchungen an einer parasitischen Ameise 
(Anergates atratulus SCHENCK). – Insectes Sociaux 2: 163-171. 

MICHENER, C.D. 1948: Observations on the mating behavior of 
harvester ants. – Journal of the New York Entomological So-
ciety 56: 239-242. 

MIKHEYEV, A.S. 2003: Evidence for mating plugs in the fire ant 
Solenopsis invicta. – Insectes Sociaux 50: 401-402. 

MINTZER, A.C. 1982: Copulatory behavior and mate selection in 
the harvester ant Pogonomyrmex californicus (Hymenoptera: 
Formicidae). – Annals of the Entomological Society of Ame-
rica 75: 323-326. 

MONNIN, T. & PEETERS, C. 1998: Monogyny and regulation of 
worker mating in the queenless ant Dinoponera quadriceps. – 
Animal Behaviour 55: 299-306. 

MORI, A., DETTORRE, P. & LEMOLI, F. 1994: Mating and post-
mating behaviour of the European amazon ant, Polyergus ru-

fescens (Hymenoptera, Formicidae). – Bollettino di Zoologia 
Agraria e di Bachicoltura 61: 203-206. 

MURAKAMI, T., HIGASHI, S. & WINDSOR, D. 2000: Mating fre-
quency, colony size, polyethism and sex ratio in fungus-grow-
ing ants (Attini). – Behavioral Ecology and Sociobiology 48: 
276-284. 

NAGEL, H.G. & RETTENMEYER, C.W. 1973: Nuptial flights, re-
productive behavior and colony founding of the western har-
vester ant, Pogonomyrmex occidentalis (Hymenoptera: Formici-
dae). – Journal of the Kansas Entomological Society 46: 82-101. 

NAKATA, K., TSUJI, K., HÖLLDOBLER, B. & TAKI, A. 1998: Sex-
ual calling by workers using the metatibial glands in the ant, 
Diacamma sp., from Japan (Hymenoptera: Formicidae). – Jour-
nal of Insect Behavior 11: 869-877. 

O'NEILL, K.M. 1994: The male mating strategy of the ant For-
mica subpolita MAYR (Hymenoptera: Formicidae): swarming, 
mating, and predation risk. – Psyche 101: 93-108. 

OBERSTADT, B. & HEINZE, J. 2003: Mating biology and popula-
tion structure of the ant, Leptothorax gredleri. – Insectes Soci-
aux 50: 340-345. 

OLIVA, R., DE MATEO, S. & ESTANYOL, J.M. 2009: Sperm cell 
proteomics. – Proteomics 9: 1004-1017. 

OPPELT, A. & HEINZE, J. 2007: Dynamics of sperm transfer in the 
ant Leptothorax gredleri. – Naturwissenschaften 94: 781-786. 

PAGE, R.E. 1982: Polyandry in Brachymyrmex depilis EMERY (Hy-
menoptera: Formicidae). – Pan-Pacific Entomologist 58: 258. 

PAGE, R.E. 1986: Sperm utilization in social insects. – Annual Re-
view of Entomology 31: 297-320. 

PAGE, R.E. & METCALF, R.A. 1982: Multiple mating, sperm utili-
zation and social evolution. – American Naturalist 119: 263-
282. 

PAMILO, P. 1991: Life span of queens in the ant Formica ex-
secta. – Insectes Sociaux 38: 111-120. 

PAMILO, P., ROSENGREN, R., VEPSALAINEN, K., VARVIOAHO, S.L. 
& PISARSKI, B. 1978: Population genetics of Formica ants 1. 
Patterns of enzyme gene variation. – Hereditas 89: 233-248. 

PARKER, G.A. 1970: Sperm competition and its evolutionary con-
sequences in the insects. – Biological Reviews 45: 525-567. 

PILCH, B. & MANN, M. 2006: Large-scale and high-confidence 
proteomic analysis of human seminal plasma. – Genome Biol-
ogy 7: R40. 

PITNICK, S., SPICER, G.S. & MARKOW, T.A. 1995: How long is a 
giant sperm? – Nature 375: 109. 

PIZZARI, T., DEAN, R., PACEY, A., MOORE, H. & BONSALL, M.B. 
2008: The evolutionary ecology of pre- and post-meiotic sperm 
senescence. – Trends in Ecology & Evolution 23: 131-140. 

PLATEAUX, L. 1978: L'essaimage de quelques fourmis Lepto-
thorax: rôles de l'éclairement et de divers autres facteurs. Effet 
sur l'isolement reproductif et la répartition géographique. 1re 
partie, I à VI. – Annales des Sciences Naturelles, Zoologie et 
Biologie Animale 20: 129-164. 

QUICKE, D.L.J., INGRAM, S.N., BAILLIE, H.S. & GAITENS, P.V. 
1992: Sperm structure and ultrastructure in the Hymenoptera 
(Insecta). – Zoologica Scripta 21: 381-402. 

RAM, K.R. & WOLFNER, M.F. 2007: Seminal influences: Droso-
phila Acps and the molecular interplay between males and fe-
males during reproduction. – Integrative and Comparative Biol-
ogy 47: 427-445. 

REICHARDT, A.K. & WHEELER, D.E. 1996: Multiple mating in 
the ant Acromyrmex versicolor: a case of female control. – 
Behavioral Ecology and Sociobiology 38: 219-225. 

 66



ROBERTSON, H.G. 1995: Sperm transfer in the ant Carebara vi-
dua F. SMITH (Hymenoptera: Formicidae). – Insectes Sociaux 
42: 411-418. 

ROBERTSON, H.G. & VILLET, M. 1989: Mating behaviour in three 
species of myrmicine ants (Hymenoptera: Formicidae). – Jour-
nal of Natural History 23: 767-773. 

RUANO, F. & TINAUT, A. 2005: Mating behaviour in a slave-mak-
ing ant, Rossomyrmex minuchae (Hymenoptera, Formicidae). 
– Naturwissenschaften 92: 328-331. 

SAUTER, A., BROWN, M.J.F., BAER, B. & SCHMID-HEMPEL, P. 
2001: Males of social insects can prevent queens from multi-
ple mating. – Proceedings of the Royal Society B – Biological 
Sciences 268: 1449-1454. 

SCHERBA, G. 1961: Nest structure and reproduction in the mound-
building ant Formica opaciventris EMERY in Wyoming. – Jour-
nal of the New York Entomological Society 69: 71-87. 

SCHREMPF, A.S., HEINZE, J. & CREMER, S. 2005: Sexual coope-
ration: Mating increases longevity in ant queens. – Current 
Biology 15: 267-270. 

SCHULTZ, T.R. & BRADY, S.G. 2008: Major evolutionary transi-
tions in ant agriculture. – Proceedings of the National Academy 
of Sciences of the United States of America 105: 5435-5440. 

SCHULTZ, T.R. & MEIER, R. 1995: A phylogenetic analysis of the 
fungus-growing ants (Hymenoptera: Formicidae: Attini) based 
on morphological characters of the larvae. – Systematic Ento-
mology 20: 337-370. 

SEPPÄ, P. 1992: Genetic relatedness of worker nestmates in Myr-
mica ruginodis (Hymenoptera: Formicidae) populations. – Be-
havioral Ecology and Sociobiology 30: 253-260. 

SIMMONS, L.W. 2001: Sperm competition and its evolutionary 
consequences in the insects. – Princeton University Press, 
Princeton, NJ, 434 pp. 

SIMMONS, L.W. & SIVA-JOTHY, M.T. 1998: Sperm competition 
in insects: mechanisms and the potential for selection. In: BIRK-
HEAD, T.R. & MOELLER, A.P. (Eds.): Sperm competition and 
sexual selection. – Academic Press, London, pp. 341-434. 

SMITH, C.D., SMITH, C.R., MUELLER, U. & GADAU, J. 2010: Ant 
genomics: strength and diversity in numbers. – Molecular Ecol-
ogy 19: 31-35. 

STARR, C.K. 1984: Sperm competition, kinship and sociality in 
the aculeate Hymenoptera. In: SMITH, R.L. (Eds.): Sperm com-
petition and the evolution of animal mating systems. – Aca-
demic Press, London, pp. 427-464. 

STRASSMANN, J. 2001: The rarity of multiple mating by females 
in the social Hymenoptera. – Insectes Sociaux 48: 1-13. 

SULTAN, M., SCHULZ, M.H., RICHARD, H., MAGEN, A., KLINGEN-
HOFF, A., SCHERF, M., SEIFERT, M., BORODINA, T., SOLDATOV, 
A., PARKHOMCHUK, D., SCHMIDT, D., O'KEEFFE, S., HAAS, S., 
VINGRON, M. & LEHRACH, H. 2008: A global view of gene 
activity and alternative splicing by deep sequencing of the hu-
man transcriptome. – Science 321: 956-960. 

SUMNER, S., HUGHES, W.O.H., PEDERSEN, J.S. & BOOMSMA, J.J. 
2004: Ant parasite queens revert to mating singly. – Nature 
428: 35-36. 

TALBOT, M. 1945: A comparison of flights of four species of 
ants. – American Midland Naturalist 34: 504-510. 

TALBOT, M. 1948: A comparison of two ants of the genus For-
mica. – Ecology 29: 316-325. 

TALBOT, M. 1963: Local distribution and flight activities of four 
species of ants of the genus Acanthomyops MAYR. – Ecology 
44: 549-557. 

TALBOT, M. 1972a: Flights and swarms of the ant Formica ob-
scuripes FOREL. – Journal of the Kansas Entomological So-
ciety 45: 254-258. 

TALBOT, M. 1972b: Flights of the ant Formica dakotensis EMERY. 
– Psyche 78: 169-179. 

TARPLEY, W.A. 1965: Nuptial flight of Prenolepis imparis (SAY) 
(Hymenoptera: Formicidae). – Journal of the New York Ento-
mological Society 73: 6-12. 

TARPY, D.R. 2003: Genetic diversity within honeybee colonies 
prevents severe infections and promotes colony growth. – Pro-
ceedings of the Royal Society B – Biological Sciences 270: 
99-103. 

THURIN, N. & ARON, S. 2009: Sib-mating in the ant Plagiolepis 
pygmaea: adaptative inbreeding? – Journal of Evolutionary 
Biology 22: 2481-2487. 

TOHMÉ, G. 1975: Écologie, biologie de la reproduction et étho-
logie de Messor ebeninus FOREL (Hymenoptera, Formicoidea 
- Myrmicidae). – Bulletin Biologique de la France et de la 
Belgique 109: 171-251. 

TOHMÉ, H. & TOHMÉ, G. 1975: The mating flight and the colony 
foundation of the ant Acantholepis frauenfeldi, MAYR (Hyme-
noptera Formicidae). – Insectes Sociaux 22: 103-112. 

TOPOFF, H. & GREENBERG, L. 1988: Mating behavior of the 
socially-parasitic ant Polyergus breviceps: the role of the man-
dibular glands. – Psyche 95: 81-87. 

TSCHINKEL, W.R. & PORTER, S.D. 1988: Efficiency of sperm use 
in queens of the fire ant, Solenopsis invicta (Hymenoptera: For-
micidae). – Annals of the Entomological Society of America 
81: 777-781. 

VILLESEN, P., GERTSCH, P.J., FRYDENBERG, J., MUELLER, U.G. & 
BOOMSMA, J.J. 1999: Evolutionary transition from single to 
multiple mating in fungus-growing ants. – Molecular Ecology 
8: 1819-1825. 

VILLESEN, P., MURAKAMI, T., SCHULTZ, T.R. & BOOMSMA, J.J. 
2002: Identifying the transition between single and multiple 
mating of queens in fungus-growing ants. – Proceedings of the 
Royal Society B – Biological Sciences 269: 1541-1548. 

VILLET, M., CREWE, R. & ROBERTSON, H. 1989: Mating behavior 
and dispersal in Paltothyreus tarsatus FABR. (Hymenoptera, For-
micidae). – Journal of Insect Behavior 2: 413-417. 

WEBER, N.A. 1972: Gardening ants: the attines. – Memoirs of the 
American Philosophical Society 92: 1-146. 

WETTERER, J.K., SCHULTZ, T.R. & MEIER, R. 1998: Phylogeny 
of fungus-growing ants (tribe Attini) based on mtDNA se-
quence and morphology. – Molecular Phylogenetics and Evo-
lution 9: 42-47. 

WHEELER, D.E., CRICHTON, E.G. & KRUTZSCH, P.H. 1990: Com-
parative ultrastructure of ant spermatozoa (Formicidae Hyme-
noptera). – Journal of Morphology 206: 343-350. 

WILLIAMS, F.X. 1935: Pheidole megacephala (FABR.). – Proceed-
ings of the Hawaiian Entomological Society 9: 3-4. 

WILSON, E.O. 1957: The organization of a nuptial flight of the 
ant Pheidole sitarches WHEELER. – Psyche 64: 46-50. 

WOLFNER, M.F. 1997: Tokens of love: functions and regulation 
of Drosophila male accessory gland products. – Insect Bio-
chemistry and Molecular Biology 27: 179-192. 

WOYCIECHOWSKI, M. 1990: Mating behavior in the ant Myrmica 
rubra (Hymenoptera Formicidae). – Acta Zoologica Cracov-
ensis 33: 565-574. 

WUELLNER, C.T. 2000: Male aggregation by Solenopsis richteri 
FOREL (Hymenoptera: Formicidae) and associated mating be-
havior in Argentina. – Journal of Insect Behavior 13: 751-756. 

YAMAUCHI, K., CZECHOWSKI, W. & PISARSKI, B. 1994: Multiple 
mating and queen adoption in the wood ant Formica poly-
ctena FOERST. (Hymenoptera, Formicidae). – Memorabilia Zoo-
logica 48: 267-278. 

 67



 68

YAMAUCHI, K., FURUKAWA, T., KINOMURA, K., TAKAMINE, H. & 
TSUJI, K. 1991: Secondary polygyny by inbred wingless sexu-
als in the dolichoderine ant Technomyrmex albipes. – Beha-
vioral Ecology and Sociobiology 29: 313-319. 

YAMAUCHI, K., KIMURA, Y., CORBARA, B., KINOMURA, K. & TSU-
JI, K. 1996: Dimorphic ergatoid males and their reproductive 

behavior in the ponerine ant Hypoponera bondroiti. – Insectes 
Sociaux 43: 119-130. 

YAMAUCHI, K., OGUCHI, S., NAKAMURA, Y., SUETAKE, H., KA-
WADA, N. & KINOMURA, K. 2001: Mating behavior of dimor-
phic reproductives of the ponerine ant, Hypoponera nubatama. 
– Insectes Sociaux 48: 83-87. 

 
 
 


	Introduction
	Sexual reproduction in eusocial systems
	The copulation biology of ants
	Copulation biology of attine ants 
	New opportunities to study ant ejaculates: systems biology
	Conclusions
	Acknowledgements
	Zusammenfassung
	References

