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Perennial social insects are famous for the extraordinary

longevity of their queens. While the lifespan of termite kings

matches those of queens, males of social Hymenoptera are

usually considered to die after one or a few copulations.

While this is true in species with highly synchronized nuptial

flights, in others males mate over much longer periods. Male

longevity is not correlated with the life span of queens but

appears to be adapted to mating opportunities. This is

demonstrated by the extreme life span of Cardiocondyla ant

males, which monopolize mating with virgin queens over

many months. Cardiocondyla offers the opportunity to

investigate why male longevity varies even among closely

related taxa and how male age affects sperm and offspring

quality.
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Introduction
Social insects are ideal models for investigations about

why animals age and why they do so at different speeds.

The lifespan of female reproductives (queens) of ants,

honeybees, and termites is supposedly many times

longer than that of solitary insects. Absolute longevities

become less exceptional when the duration of larval

development is taken into account — then even the

ephemeral mayflies may live for three years [1], and

periodical cicadas [2] and wood-boring beetles [3] out-

live most ant and termite queens. Nevertheless, the

reproductive lifespan of queens remains unrivaled [[4],

this issue]. In addition, queens live longer than their

non-reproductive nestmates, which opens questions

about the epigenetic regulation of aging [this issue].

Furthermore, both mating and reproduction positively

affect the lifespan of queens, and the fecundity/longev-

ity trade-off typical for multicellular organisms appears

to be absent [[5,6�], Figure 1].
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Obtaining data on social insect longevity is difficult, and

solid life history data, such as age-specific mortality rates

or fecundities of queens are widely lacking. Even less

data exists for males. My review aims to compile the little

that is known about lifespans and the evolutionary plas-

ticity of aging in males of social insects, with a focus on

social Hymenoptera. Furthermore, I intend to show that

the lifespan of male ants, bees, and wasps does not simply

reflect the longevity of conspecific queens but is adapted

to the duration of the time span during which mating

partners are available.

Males: unsocial, unobtrusive, and perishable?
In termites, male reproductives (kings) form a stable pair-

bond with the queen(s). Because of their lifelong sper-

matogenesis, kings can continuously transfer sperm to the

queen and their lifespans appears to match those of their

cohabitant [7��]. This reflects the evolution of termites

from roachlike ancestors with biparental care (e.g., [8�]).
In contrast, social Hymenoptera evolved from solitary

species with exclusively maternal care and no contribu-

tion from the male other than sperm (e.g., [8�]. Unlike the

promiscuous macho males that feature in textbooks about

sexual selection, the males of ants, bees, and wasps appear

to be sissies: short-lived, ill-equipped for fighting and

sexually not very potent [9��]. With one notable excep-

tion (see below; [10]), males of social Hymenoptera start

their sexual life with a fixed amount of sperm sufficient

for only one or a few inseminations, because their testes

degenerate before or shortly after emergence [11,12]. As

in similarly sperm-limited, ‘prospermatogenic’ parasitoid

wasps [13], males that cannot replenish their sperm

supplies expend it shortly after eclosion and there is no

need for much investment in self-maintenance [14�]. In

particular the males of ants are often brittle compared to

queens or workers: they may have shorter telomeres [15]

and a reduced immune function [16,17,18]. It has been

suggested that haploid males are more sensitive because

of the lack of a heterozygote advantage [19], but compar-

isons among males with different reproductive life histo-

ries did not support a fundamental role for ploidy [20].

While the pre-reproductive lifespan of males may span

more than one year in boreal and subboreal Camponotus
ants, where adult sexuals hibernate before mating [21],

adult males of many ants and honeybees live only for a

few days and die during or soon after copulation. They are

‘flying sperm-bearing missiles constructed only for the

instant of contact and ejaculation’ [22] — as epitomized

by the title of this review, freely adapted from Friedrich

Schiller’s drama Fiesco. This, however, is not true for all

Hymenoptera: males of some species live for several
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Figure 1
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Survival rates of males (diamonds) and queens (circles) of the ant

Cardiocondyla obscurior. The color of the symbols indicates previous

mating activity: black circles (*) indicate queens that had mated

once, open circles (*) virgin queens (data from [5]); black diamonds

(^) indicate males that had access to ten female sexuals, and open

diamonds (^) males that had access to only three or female sexuals

(data from A. Schrempf, M. Adam, and S. Lempa). The insert shows a

winged female sexual and a wingless fighter male (photo by A.

Schrempf).
weeks (e.g., [23�,24,25]) even though they rarely reach

the lifespan of female reproductives.

Though data on the lifespan of both sexes are available for

only a few taxa, a quick comparison across the Hymenop-

tera suggests that male lifespan does not simply mirror

variation in queen lifespan. For example, the average

longevities of female reproductives and males of the

paper wasp Polistes lanio were 7 months and 10 days,

respectively [26]. Queens and males of Ectatomma ruidum
ants lived on average for 8.8 years and 7 days, those of Atta
leaf cutter ants for more than 10 years and 3 days [25,27],

and those of Southeast Asian Cardiocondyla ants both

reached maximal lifespans of many months [28]. Instead

it appears that male longevity depends on the duration of

the time span during which female sexuals are available.

One-shot drones: suicidal mating and male
aggregations
In honey bees [29], several stingless bees [30,31], and a

few species of queenless ants (Diacamma [32], Dinoponera
[33]), male mating is suicidal: the genital appendages of

males remain stuck in the female genital opening. It has

been debated whether this might be a strategy of males to

prevent queens from re-mating, but at least in honey

bees, the attached genitals do not impair multiple mating

[34]. Before their single mating, honeybee males may live

in the hive for several weeks or months. In stingless bees,
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they leave the nest about 2–3 weeks after eclosion and

congregate for a few additional days or weeks in front of

nests with female sexuals, waiting for their chance to mate

and die [35].

In the highly synchronized nuptial flights (male aggrega-

tion syndrome) of some ants and stingless bees, competi-

tion for access to female sexuals may be intense. Large

body size may be advantageous during scramble compe-

tition [36], but the huge number of competitors and the

short duration of the mating period make it difficult to

monopolize female sexuals. Overt male–male aggression

is therefore not favored by selection. Like in species with

suicidal mating, males in such species often die after a few

days of hectic sexual activity. In the field, males may

survive for several days and wait for additional mating

opportunities [37��,38], but most quickly fall victim to

predation (e.g., [39,40]), starvation, or desiccation.

The lifespan and reproductive performance of both sui-

cidally mating and one-shot drones presumably reflect the

low probability of males having a second chance to mate

when female sexuals are available only during a very short

period of time and operational sex ratios are highly male-

biased [9��].

Territory defenders and patrollers
In many ants, wasps, and bumblebees, receptive female

sexuals are available over a longer period of time and

scattered over a larger space. In consequence, males are

selected to have longer reproductive lifespans than when

mating occurs synchronously during one or a few days.

Female sexuals may be present year-round in tropical

ants [41,42] and over several weeks in many temperate

Hymenoptera [43]. Individual males may leave their natal

nest to search for and copulate with mating partners for

several days or even weeks [25,37��]. Though still finite,

their sperm stores often suffice for multiple copulations

— the record for ants other than Cardiocondyla (see below)

is 10 in Harpagoxenus sublaevis [44].

Multiple mating over a prolonged period appears to be

common in bumble bees and wasps [9��,45,46]. Males of

the polistine wasp Mischocyttarus mastigophorus search for

female sexuals for several weeks during the day, but stay

overnight in their natal nests, where they feed on nectar

and insect prey provided by workers [47]. In other spe-

cies, males are not allowed to return after they have left

their colony (e.g., [9��,35]). They defend sites that likely

are visited by females or patrol their flight routes

[24,48,49] and appear capable of feeding and successfully

avoiding predation. Interestingly, in Polistes lanio [50] and

the ant Neoponera inversa (own observations), males that

were captured by hand bent their abdomen like stinging

females — this might effectively discourage naı̈ve pre-

dators. Male paper wasps and bumble bees may survive

for several weeks without support from their workers
Current Opinion in Insect Science 2016, 16:22–27
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[24,46,51], and when fed in the laboratory, male bullet

ants, Paraponera clavata, lived for almost four months

[25]. How sperm depletion affects their residual lifespan

is unknown, but males might die earlier when their sperm

supply is exhausted.

Intranidal mating and the evolution of tough
guys
Sexuals of many social bees and wasps occasionally mate

in the vicinity of the nest or on its surface (e.g., [23�]), but

mating in the safety of the nest (intranidal mating) is

mostly restricted to ants. Males enter alien nests (e.g.,

[52]) or mate in their natal nest with related female

sexuals. In both cases, males can in principle mate with

multiple female sexuals over a prolonged period of time

except when intranidal mating is suicidal [32,33].

In monogynous species with intranidal mating, local mate

competition selects for highly female-biased sex ratios.

To inseminate all their sisters, males need an enormous

amount of sperm, as exemplified by the pupa-like males

of the parasitic ant Anergates atratulus, whose abdomens

are completely full of sperm [53]. In facultatively polyg-

ynous Hypoponera, intranidal mating has led to the evo-

lution of male winglessness and particular mate securing

tactics, such as mate guarding [54,53,54,55,56,57] and

lethal fighting [58,59]. This is accompanied by a pro-

longed lifespan: wingless males of Hypoponera opacior
mate with up to eight female sexuals and live for up to

33 days [57]. Despite of the increased and prolonged

reproductive activity, histological examinations of males

of Hypoponera and also other species with intranidal

copulation did not give any evidence for sperm replen-

ishment [53].

The only males of social Hymenoptera that have re-

evolved continuous spermatogenesis are the wingless

males of Cardiocondyla [[10]; Figure 1], perhaps as an

adaptation to intranidal mating and the year-round avail-

ability of female sexuals in tropical environments. They

engage in lethal fighting with their rivals, and successful

males are capable to monopolize mating with freshly

eclosed female sexuals even for months. Individual males

can successfully inseminate more than 80 female sexuals

[60], a record in mating frequency among males of social

Hymenoptera. Surprisingly, the winged males of several

Cardiocondyla species are also capable of large numbers of

copulations, even though their spermatogenesis ceases a

few days after adult emergence. Winged males of Cardi-
ocondyla emeryi can achieve 40 or more matings probably

because they transfer only around 1000 sperm cells during

each copulation [60].

Wingless males of most Cardiocondyla species have repro-

ductive lives of about a month (Figure 1) with one

exceptional male being sexually active until its death

at the methuselahic age of 194 days [61]. Matching their
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varying degree of sperm limitation, winged males live

typically shorter than wingless males (Wilcoxon matched

pairs test with published medians or means from six

species with male polyphenism, median wingless 27,

median winged 19.5 days, W = 15, P = 0.062), even

though a few reached lifespans of more than 50 days

[60]. With a mean longevity of 210 days and extreme

lifespans of more than one year, the wingless males of an

undescribed Southeast Asian Cardiocondyla have the lon-

gest reproductive lifespan known in social Hymenoptera

[28]. Their longevity comes close to that of the species’

queens, which, as is typical for tropical Cardiocondyla, also

is about one year. Unlike termite kings [7��], long-lived

Cardiocondyla males do not repeatedly copulate with the

queen but rather inseminate all her daughters, though in

several species males can inseminate their virgin mother

and thus help her to found a new colony [62]. The

proximate factors underlying the extended spermatogen-

esis and lifespan of wingless males are presently not

known, but transcriptome comparisons of larvae indicate

that the ontogeny of wingless males is fundamentally

different from that of winged males and the female castes

[63�]. Furthermore, the large variation in average life-

spans among different species suggests that environmen-

tal factors, in particular seasonality and the robustness of

nest sites, may drive the evolution of male longevity.

The fecundity/longevity tradeoff in male
Hymenoptera: live hard, die young?
While the almost fundamental life history trade-off of

fecundity versus longevity is relaxed, absent, or even

reversed in the queens of social insects [this issue], there

is little evidence that this may also be the case in males.

Many hymenopteran males follow a strategy of ‘live hard,

die young’ [20,46]. In species with suicidal mating, early

mating invariably reduces the lifespan of a male, but

whether mating and sperm depletion also shorten the

lifespan of males that are capable of multiple copulations

is not known. Males of solitary parasitoid wasps have been

observed to survive for several weeks after having

exhausted their sperm supplies [64]. Such sperm-deplet-

ed males may continue to copulate with their mating

partners and in this way decrease the females’ capability

of storing sperm from other males [65]. Whether males of

social Hymenoptera might similarly benefit from survival

after having exhausted their limited sperm supplies

remains unknown.

Male lifespan and mating frequency were positively

associated in wingless males of Hypoponera opacior, prob-

ably because longer-lived males had more mating oppor-

tunities and could eliminate pupal rivals. Excluding

males that never mated removed the significance of this

positive association [57]. In C. obscurior, wingless males

that had access to no or few female sexuals reached higher

maximal lifespans than males with access to many female

sexuals, indicating a trade-off between reproduction and
www.sciencedirect.com
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longevity (S. Lempa, M. Fuessl, and A. Schrempf, un-

published; Figure 1).

The optimal age of a hymenopteran father
Sperm quality may vary with male age [66��], and this has

consequences for male and sperm competitiveness and

offspring viability (e.g., [67]). In Hymenoptera with

sperm-limited, but repeatedly mating males, females

should avoid copulation with old males, because their

exhausted sperm stores might lead to male-biased sex

ratios among the offspring (e.g., [68]) and prevent suc-

cessful colony founding. Concerning sperm quality and

viability one might argue that the time between spermio-

genesis and copulation is negligible compared to that

between insemination and fertilization. Nevertheless,

male age affects the speed and duration of copulations

in bumblebees [51] and the total number of sperm cells

and sperm viability [69,70,71,72]. In species with life-long

sperm production, male age and the time since the last

copulation might similarly affect sperm quality: at least

sperm length appears to vary with age in Cardiocondyla
males, but the consequences of this variation for sperm

competition or fertilizing capability have not been stud-

ied. In choice experiments in Cardiocondyla venustula,

queens appeared to be indifferent to male age (S. Jacobs,

unpublished observation).

Conclusions
The different life expectancies of males of social insects

exemplify that aging is not a mere consequence of the

accumulation of damage but a trait that evolves. Male

longevity is adapted to the duration of the time for which

mating partners are available, and though hymenopteran

males never reach the lifespan of termite males, they may

occasionally survive for months. Our understanding of

sexual selection in social insects [73��] is still far from

complete. The diversity of male life histories suggests

that there is more to discover about this ‘neglected

gender’ [74]. The large lifespan variation in particular

among closely related species of Cardiocondyla ants to

explore the proximate and ultimate causes of the differ-

ent paces of aging.

Acknowledgements
I thank J. Korb for inviting me to write a contribution about male
Hymenoptera and DFG for support (He1623/38).

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

� of special interest
�� of outstanding interest

1. Carey JR: Longevity minimalists: life table studies of two
species of northern Michigan adult mayflies. Exp Gerontol
2002, 37:567-570.

2. Williams KS, Simon C: The ecology, behavior, and evolution of
periodical cicadas. Annu Rev Entomol 1995, 40:269-295.
www.sciencedirect.com 
3. Cannon KF, Robinson WH: The North-American biotype of the
old house borer Hylotrupes bajulus (L.) (Coleoptera,
Cerambycidae). Proc Entomol Soc Washington 1983, 1:104-109.

4. Keller L, Genoud M: Extraordinary lifespans in ants: a test of
evolutionary theories of ageing. Nature 1997, 389:958-960.

5. Schrempf A, Heinze J, Cremer S: Sexual cooperation: mating
increases longevity in ant queens. Curr Biol 2005, 15:267-270.

6.
�

Kramer BH, Schrempf A, Scheuerlein A, Heinze J: Ant colonies do
not trade-off reproduction against maintenance. PLOS ONE
2015, 10:e0137969.

Colony-level investment into reproduction and maintenance are positively
associated in an ant.

7.
��

Korb J, Thorne B: Sociality in termites. In Comparative Social
Evolution. Edited by Abbot P, Rubenstein DR. Cambridge
University Press; 2016. (in press).

Summarizes what is known about life span evolution in termites.

8.
�

Korb J, Heinze J: Major hurdles for the evolution of sociality.
Annu Rev Entomol 2016, 61:297-316.

Shows how sociality can evolve and how it affects life history traits such
as longevity and fecundity.

9.
��

Boomsma JJ, Baer B, Heinze J: The evolution of male traits in
social insects. Annu Rev Entomol 2005, 50:395-420.

Reviews male reproductive tactics across social ants and highlights the
importance of lifelong pair-bonding.

10. Heinze J, Hölldobler B: Fighting for a harem of queens:
physiology of reproduction in Cardiocondyla male ants. Proc
Natl Acad Sci U S A 1993, 90:8412-8414.

11. Hölldobler B, Bartz SH: Sociobiology of reproduction in ants. In
Experimental Behavioral Ecology and Sociobiology. Edited by
Hölldobler B, Lindauer M. Gustav Fischer; 1985:237-257.

12. Moors L, Schoeters E, Coudron K, Billen J: Morphological
changes in the male accessory glands and testes of Vespula
vulgaris (Hymenoptera, Formicidae) during sexual maturation.
Invertebr Biol 2009, 128:364-371.

13. Boivin G, Jacob S, Damiens D: Spermatogeny as a life-history
index in parasitoid wasps. Oecologia 2005, 143:198-202.

14.
�

Stürup M, Baer B, Boomsma JJ: Short independent lives and
selection for maximal sperm survival make investment in
immune defences unprofitable for leaf-cutting ant males.
Behav Ecol Sociobiol 2014, 68:947-955.

Shows how the short life span of males affects investment in mainte-
nance.

15. Jemielity S, Kimura M, Parker KM, Parker JD, Cao X, Aviv A,
Keller L: Short telomeres in short-lived males: what are the
molecular and evolutionary causes? Aging Cell 2007, 6:225-
233.

16. Laughton AM, Boots M, Siva-Jothy MT: The ontogeny of
immunity in the honey bee, Apis mellifera L. following an
immune challenge. J Insect Physiol 2011, 57:1023-1032.

17. Vainio L, Hakkarainen H, Rantala MJ, Sorvari J: Individual
variation in immune function in the ant Formica exsecta;
effects of the nest, body size and sex. Evol Ecol 2004, 18:75-84.

18. Baer B, Krug A, Boomsma JJ, Hughes WOH: Examination of the
immune responses of males and workers of the leaf-cutting
ant Acromyrmex echinatior and the effect of infection. Insectes
Soc 2005, 52:298-303.

19. O’Donnell S, Beshers S: The role of male disease susceptibility
in the evolution of haplodiploid insect societies. Proc R Soc
Lond B 2004, 271:979-983.

20. Cappa F, Beani L, Cervo R, Grozinger C, Manfredini F: Testing
male immunocompetence in two hymenopterans with
different levels of social organization: ‘live hard, die young?’.
Biol J Linn Soc 2015, 114:274-278.

21. Hölldobler B: Untersuchungen zum Verhalten der
Ameisenmännchen während der imaginalen Lebenszeit.
Experientia 1964, 20:329-330.

22. Hölldobler B, Wilson EO: Journey to the Ants: A Story of Scientific
Exploration. Harvard University Press; 1994.
Current Opinion in Insect Science 2016, 16:22–27

http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0375
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0375
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0375
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0380
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0380
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0385
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0385
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0385
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0390
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0390
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0395
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0395
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0400
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0400
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0400
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0405
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0405
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0405
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0410
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0410
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0415
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0415
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0420
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0420
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0420
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0425
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0425
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0425
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0425
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0430
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0430
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0430
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0430
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0435
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0435
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0440
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0440
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0440
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0440
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0445
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0445
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0445
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0445
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0450
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0450
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0450
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0455
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0455
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0455
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0460
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0460
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0460
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0460
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0465
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0465
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0465
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0470
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0470
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0470
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0470
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0475
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0475
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0475
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0480
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0480


26 Social insects
23.
�

Paxton RJ: Male mating behaviour and mating systems of
bees: an overview. Apidologie 2005, 36:145-156.

Reviews male mating behavior across social and solitary bees.

24. Beani L, Turillazzi S: Alternative mating tactics in males of
Polistes dominulus (Hymenoptera: Vespidae). Behav Ecol
Sociobiol 1988, 22:257-264.

25. Shik JZ, Kaspari M: Lifespan in male ants linked to mating
syndrome. Insectes Soc 2009, 56:131-134.

26. Giannotti E, Machado VLL: Longevity, life table and age
polyethism in Polistes lanio lanio (Hymenoptera: Vespidae), a
primitive social wasp. J Adv Zool 1994, 15:95-101.

27. Keller L: Queen lifespan and colony characteristics in ants and
termites. Insectes Soc 1998, 45:235-246.

28. Yamauchi K, Ishida Y, Hashim R, Heinze J: Queen–queen
competition by precocious male production in multiqueen ant
colonies. Curr Biol 2006, 16:2424-2427.

29. Koeniger N, Koeniger G: An evolutionary approach to mating
behavior and drone copulatory organs in Apis. Apidologie 1991,
22:581-590.

30. Kerr WE, Zucchi R, Nakadaira JT, Butolo JE: Reproduction in the
social bees (Hymenoptera: Apidae). J New York Entomol Soc
1962, 70:265-276.

31. Melo G, Buschini MLT, Campos L: Ovarian activation in
Melipona quadrifasciata queens triggered by mating plug
stimulation (Hymenoptera, Apidae). Apidologie 2001,
32:355-361.

32. Allard D, Gobin B, Ito F, Tsuji K, Billen J: Sperm transfer in the
Japanese queenless ant Diacamma sp. (Hymenoptera:
Formicidae). Neth J Zool 2002, 52:77-86.

33. Monnin T, Peeters C: Monogyny and regulation of worker
mating in the queenless ant Dinoponera quadriceps. Anim
Behav 1998, 55:299-306.

34. Baer B: Sexual selection in Apis bees. Apidologie 2005,
36:187-200.

35. Velthuis HHW, Koedam D, Imperatriz-Fonseca VL: The males of
Melipona and other stingless bees, and their mothers.
Apidologie 2005, 36:169-185.

36. Abell AJ, Cole BJ, Wiernasz DC: Sexual selection on body size
and shape in the western harvester ant, Pogonomyrmex
occidentalis Cresson. Evolution 1999, 53:535-545.

37.
��

Shik JZ, Donoso DA, Kaspari M: The life history continuum
hypothesis links traits of male ants with life outside the nest.
Entomol Exp Appl 2013, 149:99-109.

Documents the variation in life histories of ant males.

38. Shik JZ, Flatt D, Kay A, Kaspari M: A life history continuum in the
males of a Neotropical ant assemblage: refuting the sperm
vessel hypothesis. Naturwissenschaften 2012, 99:191-197.

39. O’Neill KM: The mating strategy of the ant Formica subpolita
Mayr (Hymenoptera: Formicidae): swarming, mating, and
predation risk. Psyche 1994, 101:93-108.

40. Levin E, Yom-Tov Y, Barnea A: Frequent summer nuptial flights
of ants provide a primary food source for bats.
Naturwissenschaften 2009, 96:477-483.

41. Kaspari M, Pickering J, Windsor D: The reproductive flight
phenology of a neotropical ant assemblage. Ecol Entomol 2001,
26:245-257.

42. Torres JA, Snelling RR, Canals M: Seasonal and nocturnal
periodicities in ant nuptial flights in the tropics (Hymenoptera:
Formicidae). Sociobiology 2001, 37:601-626.

43. Kannowski PB, Johnson RL: Male patrolling behaviour and sex
attraction in ants of the genus Formica. Anim Behav 1969,
17:425-429.

44. Winter U, Buschinger A: Genetically mediated queen
polymorphism and caste determination in the slave-making
ant, Harpagoxenus sublaevis (Hymenoptera: Formicidae).
Entomol Gen 1986, 11:125-137.
Current Opinion in Insect Science 2016, 16:22–27 
45. Brown MJF, Baer B: The evolutionary significance of long
copulation duration in bumble bees. Apidologie 2005,
36:57-167.

46. Beani L, Dessı̀-Fulgheri F, Cappa F, Toth A: The trap of sex in
social insects: from the female to the male perspective.
Neurosci Biobehav Rev 2014, 46:519-533.

47. O’Donnell S: The function of male dominance in the eusocial
wasp, Mischocyttarus mastigophorus (Hymenoptera:
Vespidae). Ethology 1999, 105:273-282.

48. Beani L, Cervo R, Lorenzi CM, Turillazzi S: Landmark-based
mating system in four Polistes species (Hymenoptera:
Vespidae). J Kansas Entomol Soc 1992, 65:211-217.

49. Spiewok S, Schmolz E, Ruther J: Mating system of the European
hornet Vespa crabro: male seeking strategies and evidence for
the involvement of a sex pheromone. J Chem Ecol 2006,
32:2777-2788.

50. Giannotti E: Male behavior in colonies of the social wasps
Polistes lanio (Hymenoptera: Vespidae). Sociobiology 2004,
43:51-555.

51. Amin MR, Bussière LF, Goulson D: Effects of male age and size
on mating success in the bumblebee Bombus terrestris. J
Insect Behav 2012, 25:362-374.

52. Allard D, van Hulle M, Billen J, Gobin B: Multiply mating males in
Gnamptogenys striatula Mayr (Hymenoptera, Formicidae). J
Insect Behav 2008, 21:476-480.

53. Heinze J: Testes degeneration and limited sperm supply in ant
males with intranidal mating. Mitt dtsch Ges allg angew Ent
2000, 12:207-210.

54. Le Masne G: La signification des reproducteurs aptères chez la
fourmi Ponera eduardi Forel. Insectes Soc 1956, 3:239-259.

55. Yamauchi K, Oguchi S, Nakamura Y, Suetake H, Kawada N,
Kinomura K: Mating behavior of dimorphic reproductives of the
ponerine ant, Hypoponera nubatama. Insectes Soc 2001,
48:83-87.

56. Foitzik S, Heinze J, Oberstadt B, Herbers JM: Mate guarding and
alternative reproductive tactics in the ant Hypoponera
opacior. Anim Behav 2002, 63:597-604.

57. Kureck IM, Nicolai B, Foitzik S: Selection for early emergence,
longevity and large body size in wingless, sib-mating ant
males. Behav Ecol Sociobiol 2013, 67:1369-1370.

58. Hamilton WD: Wingless and fighting males in fig wasps
and other insects. In Sexual Selection and Reproductive
Competition in Insects. Edited by Blum MS, Blum NA. Academic
Press; 1979:167-220.

59. Yamauchi K, Kimura Y, Kinomura K, Corbara B, Tsuji K:
Dimorphic ergatoid males and their reproductive behavior in
the ponerine ant Hypoponera bondroiti. Insectes Soc 1996,
43:119-130.

60. Heinze J, Hölldobler B, Yamauchi K: Male competition in
Cardiocondyla ants. Behav Ecol Sociobiol 1998, 42:239-246.

61. Fuessl M, Heinze J, Schrempf A: Queen and male longevity in the
Southeast Asian ant Cardiocondyla tjibodana Karavaiev, 1935.
Asian Myrmecol 2015, 7:137-141.

62. Schmidt CV, Frohschammer S, Schrempf A, Heinze J: Virgin ant
queens mate with their own sons to avoid failure at colony
foundation. Naturwissenschaften 2014, 101:69-72.

63.
�

Schrader L, Simola DF, Heinze J, Oettler J: Sphingolipids,
transcription factors, and conserved toolkit genes:
developmental plasticity in the ant Cardiocondyla obscurior.
Mol Biol Evol 2015, 32:1474-1486.

Provides first evidence about the genomics basis of male polyphenism in
this genus.

64. King BH: Sperm depletion and mating behavior in the
parasitoid wasp Spalangia cameroni (Hymenoptera:
Pteromalidae). Gt Lakes Entomol 2000, 33:117-127.

65. Damiens D, Bouvin G: Why do sperm-depleted parasitoid males
continue to mate? Behav Ecol 2006, 17:138-143.
www.sciencedirect.com

http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0485
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0485
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0490
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0490
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0490
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0495
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0495
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0500
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0500
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0500
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0505
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0505
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0510
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0510
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0510
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0515
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0515
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0515
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0520
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0520
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0520
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0525
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0525
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0525
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0525
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0530
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0530
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0530
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0535
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0535
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0535
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0540
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0540
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0545
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0545
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0545
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0550
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0550
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0550
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0555
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0555
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0555
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0560
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0560
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0560
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0565
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0565
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0565
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0570
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0570
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0570
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0575
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0575
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0575
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0580
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0580
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0580
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0585
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0585
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0585
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0590
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0590
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0590
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0590
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0595
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0595
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0595
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0600
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0600
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0600
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0605
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0605
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0605
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0610
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0610
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0610
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0615
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0615
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0615
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0615
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0620
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0620
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0620
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0625
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0625
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0625
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0630
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0630
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0630
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0635
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0635
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0635
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0640
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0640
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0645
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0645
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0645
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0645
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0650
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0650
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0650
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0655
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0655
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0655
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0660
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0660
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0660
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0660
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0660
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0665
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0665
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0665
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0665
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0670
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0670
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0675
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0675
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0675
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0680
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0680
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0680
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0685
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0685
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0685
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0685
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0690
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0690
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0690
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0695
http://refhub.elsevier.com/S2214-5745(16)30063-3/sbref0695


Male lifespan in social insects Heinze 27
66.
��

Pizzari T, Dean R, Pacey A, Moore H, Bonsall MB: The
evolutionary ecology of pre- and post-meiotic sperm
senescence. Trends Ecol Evol 2008, 23:131-140.

Investigates the general effects of male age and sperm age on offspring
fitness.

67. Johnson SL, Gemmell NJ: Are old males still good males
and can females tell the difference? BioEssays 2012,
34:609-619.

68. Pandey AK, Tripathi S, Tripathi CPM: Effects of parental age at
mating on the fecundity and progeny sex ratio of
Campoletis chlorideae, an endolarval parasitoid of the
pod borer, Helicoverpa armigera. BioControl 2009,
54:47-53.

69. Locke SJ, Peng Y-S: The effects of drone age, semen storage
and contamination on semen quality in the honey bee (Apis
mellifera). Physiol Entomol 1993, 18:144-148.
www.sciencedirect.com 
70. Mazeed AM, Mohanny KM: Some reproductive characteristics
of honeybee drones in relation to their ages. Entomol Res 2010,
40:245-250.
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