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Evolution of multiple mating in the genusApis

Kellie A. PALMER*, Benjamin P. @QDROYD

School of Biological Sciences A12, University of Sydney, New South Wales 2006, Australia

(Invited paper)

Abstract — Multiple mating by social insect queens is a widespread phenomenon. Because of the appar-
ent inclusive fitness benefits of monandry, and the potential costs of polyandry, explanations for
the evolution of multiple mating have been frequently sought. Current leading explanations are col-
lectively known as ‘genetic variance’ hypotheses which posit that both queen and colony fitness are
increased by an increase in the intracolonial genetic diversity that accrues from multiple mating.
However, the precise way in which genetic diversity acts to increase colony fitness is not clear. Fur-

thermore, some of these hypotheses are probably insufficient to explain extreme levels of polyandry
observed in the gendgis

Apis/ genetic variance / polyandry / task specialization / parasite

1. INTRODUCTION Apisfor which paternity frequency has been
determined show high but extremely vari-

One of the more intriguing questions ofable levels of polyandry [53].
evolutionary biology is a plausible adaptive L . .
explanation for the widespread incidence of Kin selection is especially appealing as a
multiple queens (polygyny) or multiple mat- cpnjmbgtmg factor to the evolut!on of euso-
ing (polyandry) by queens in the eusociafiality in Hymenopteran species because
Hymenoptera. The frequency of matingthe haplo-diploid reproductive system of
varies substantially among species. Whildhis order generates extremely high levels
many species are monandrous and mono@f relatedness among the workers in colonies
ynous (e.g., the majority of the stinglessin which the queen is mated only once. Intu-
bees [39]), a few have evolved extremelytively, multiple mating by social insect
high levels of polyandry or polygyny [55, queens is unexpected because multiple mat-
57, 81]. In particular, all species of the genusng reduces nestmate relatedness within a
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colony (Fig. 1a), and this presumably wez a)
ens the selective forces that maintain eu 0.75
ciality [22].

Concomitant with reduced intracoloni
relatedness, additional copulations are sg
ulated to be associated with increased risl
queens (Box 1). Thus explanations for t
adaptive significance of multiple matin
have been frequently sought [5, 11, 1
31, 55].

This paper reviews explanations for tl
evolution of multiple mating in the genu 0.00 L L L )
Apis re-examining the leading hypothes 3 1o s 20
for the adaptive significance of multipl Number of matings ()
mating, and then uses the techniques of ¢,
parative analysis to explore adaptive exp
nations for the unexpectedly high levels n=6
polyandry found.

Worker relatedness (r)

mean + variance

2. HYPOTHESES FOR
THE EVOLUTION OF MULTIPLE
MATING

1-(1/k

E——

i \mcan - variance

In 1985 (and in the light of observatior
that polyandrous species tend to be m
populous than monandrous ones), Croz -
and Page [12] evaluated the plausibility X o 1520
several hypotheses as explanations for Number of matings ()
evolution of multlple mating in social inseCtSFigure 1. a: Average worker relatedness as a
(Box 2a). Since Crozier and Page’s reviewfunction of mating frequency. Worker related-
several additional hypotheses have been prness decreases as a function of number of effec-
posed (Box 2b). tive matings (where= (1/2n) + 0.25 [44]) to an

asyntope of 0.25. Over 90% of the change in

Of the hypotheses thus far proposed, wrelatedness arises from the first 6 matings.
regard only the ‘genetic variance’ (GV) b: The relationship between variance in brood
hypotheses [31] as plausible explanationviability and mating frequency. The proportion of
for the extreme levels of polyandry observe(""""kt’.Ie Oﬁépr'”g Va”eﬁ GI‘S %ﬂ_‘r';f“o“ of r:“g‘ber of
: : matings () and sex allelex). The expected pro-
in Apis. These hypothese; propose thaportion of viable offspring remains constant
queen and colony fitness is increased by th1_1 ) However, the variance reduces in pro-
increase in intracolonial genetic varianceportion to 1/2. Once again, over 90% of the
that results from multiple mating. reduction in variance accrues from the first six

matings.

Proportion of viable offspring

1 1 !

2.1. Classes of genetic variance
hypotheses arises from the Hymenopteran haplo-diploid
reproductive system and relates to the effects
Genetic variance hypotheses can bof sex determination on brood viability [54,
divided into two broad groups. The first sel57, 65], and to conflict between workers
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and queens over optimal sex ratios [5, 42]. The number of matings alters the adap-
The second group relates to the postulatetive ratio of investment in reproductives by
fitness benefits stemming from geneticworkers. In a monandrous Hymenopteran
diversity within the worker population. colony, workers should ‘prefer’, in an evo-
lutionary sense, to invest more in the pro-
2.1.1. The hypotheses relating duction of queens than drones (because they
to sex determination and sex ratios are three times more related to female off-
spring than to male offspring), whereas
1. Multiple mating has evolved becauseyueens are equally related to both male and
it reduces variance in the production offemale offspring therefore ‘preferring’ equal
diploid males among colonies (Box 2,investment in each sex [40, 88]. Multiple
hypothesis 8 [13, 54, 65, 82, 91]). mating can reduce worker-queen conflict
In honeybees, sex is determined by @ver sex investment, equalizing the invest-
series of balanced lethal alleles at the sesent ratio of both workers and queens close
locus. Individuals heterozygous at this locugo 1:1 as average colony relatedness
are diploid females, hemizygous individualsdecreases. The weakness of this argument is
are haploid males and homozygous indithat it seems very unlikely that workers can
viduals are diploid males which are func-accurately detect the number of times their
tionally lethal [93]. Thus if a queen matesqueen has mated and make appropriate
with a single drone carrying a sex alleleadjustments to the production of males [51,
identical to one of her own, 50% of her64]. Therefore it seems unlikely that the
diploid eggs will be inviable. The occur- effects of multiple mating on worker queen
rence of these inviable eggs at high freconflict provides a strong enough selective
quency within a colony slows its growth force for the evolution of extreme multiple
and increases its probability of failure [95].mating.
By mating with a large number of drones, a The second set of hypotheses suggests
queen can reduce the probability that a largghat genetic diversity within the worker pop-
proportion of her progeny will be inviable ylation leads to greater colony fitness
diploid drones. Page’s model [54] showethecause combinations of worker genotypes
that alleles that cause multiple mating willare fitter than colonies comprised of just
spread as a consequence of the genetic loggle genotype.
imposed by the sex locus. Ratnieks [65]
extended this model, noting that the timing  2.1.2. The subset of hypotheses relating
of removal of diploid males is the critical  to worker diversity
factor in determining whether multiple mat-
ing is selectively advantageous. This 1. Genetic variance allows an increased
hypotheses is perhaps the leading explanaxpression of caste [12] or task polymor-
tion for the evolution of multiple mating in phism (Box 2, 2(b) [7, 8, 10, 14, 17, 19, 21,
social insects, lacking only explanatory45-49, 58, 60] .
power for extremely high numbers of mat-  Behavioral polymorphisms among sub-
ings such as those exhibitedAygisqueens.  famjlies have been found for a wide vari-
It seems a particularly compelling argumentty of critical tasks [14, 17, 19, 34, 41, 45,
for the initial switch from monandry to 46 48, 49, 62, 70, 71, 74, 75]. It has been
polyandry (assuming monandry is the ancessften argued that this variation is adaptive
tral state). and that task specialization allows individ-
2. Multiple mating reduces conflict ual bees to focus on particular tasks and
between queens and workers over a prdsecome expert in them [8, 47, 75]. Recent
ferred ratio of investment in the sexualswork suggests that the basis of these
(Box 2, hypothesis 5 [40, 64, 66]). polyethisms is variance in the level of a
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stimulus required to elicit a behavior, and In support of the ‘red queen’ hypothesis,
that this variance is genetically determinedt has been shown that in the facultatively
[73, 74]. Thus task specialization could be @aexual snaiPotamopyrgus antipodarum,
selective force in the evolution of multiplethe frequency of sexual reproduction
mating by honeybee queens. Howeverincreases with parasite load [37]. Similarly,
direct empirical evidence is lacking. in social insects, those species with a greater

2. Genetic variance increases the rang@<Posure to parasites and pathogens are pre-
of environments a colony can tolerate icted to mate more often than other species,

(Box 2, hypothesis 2(c) [10, 12, 468, 50, generating diverse worker genotypes which
51, 72]). are Ie_ss likely to catastrophically suc_:cumb to
. infection [78, 83]. Indeed, comparative stud-
Polyandry may help buffer colonies jag show that species with low worker relat-
against environmental variance [9, 12, 61bgness generally have lower parasite levels

by producing a genetically diverse workerihan species with higher worker relatedness
population which is more able to survivergy).

environmental extremes and reach a phe- )

notypic norm even under varied conditions. Several studies have demonstrated an
Kolmes et al. [34] presented data suggestingdvantage of genotypic variability on
genotypic variation is important when feduced intracolonial parasite transmission
colonies are stressed. Page and Mitchell [54$4. 85] and parasite load on colony per-
and Robinson and Page [72] presented modlrmance in b_umblebee colonies kept und_er
els demonstrating how genotypic variabilitynatural conditions [4, 36]. However, there is
for response thresholds may lead to a ‘self20 evidence supporting the notion that geno-
organized’ allocation of workers to specifictypic variability reduces parasite virulence in
tasks under changing environmental condifioneybees [61, 92]. Indeed, contrary to the
tions, postulating that this is an efficientPredictions of this hypothesis, Harbo [28]
mechanism by which optimal task alloca-found increased viability of the parasitar-

tion can be achieved by independently acttoa jacobsonin genetically diverse colonies
ing bees. relative to genetically uniform colonies. Fur-

thermore, evidence of genetic diversity
Teducing parasitic load Bombus terrestris,
9% : ; 3 species that is typically monandrous [16],
ing intracolonial resistance (Box 2, hypoth—may imply that parasite reduction via mul-
esis 9 [27, 7881, 83-85]). tiple mating is not sufficient to drive the
A monandrous social insect colony has &volution of polyandry. Thus while this
large number of genetically similar indi- hypothesis seems plausible, it remains con-
viduals living in close proximity. Thus a troversial [35, 83] and requires evidence
particularly virulent parasite or pathogen,from naturally polyandrous species.
adapted to like genotypes within a colony,
should rapidly spread and thus have tha
potential to cause colony failure [78]. Mul- 1"~ SR
tiple mating produces a more diverse rang%c'['onhS within individual workers (Box 2,
of genotypes, possibly reducing the rate o ypothesis 11 [68]).
transmission of disease within a colony. Rinderer et al. [68] have suggested that
This hypothesis is analogous to the ‘rednultiple mating may be selected in queens
queen’ hypothesis for the maintenance o¥ia fithess gains accrued by heterotic inter-
sex, which proposes that rare host genotypestions in individual workers for those loci
generated by sexual recombination will bevhich are genetically variable and show
more resistant to frequent pathogenic genaion-additive gene action. Although intu-
types [15, 38]. itively plausible [6], this notion has not been

3. Increased genetic variance mitigate
against the effects of parasitism by increa

4. Multiple mating increases the fre-
uency of favorable heterotic allelic inter-
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modelled and its significance, if any, is notciated with colony fithess such as brood area
understood. [21, 47] and honey production [20, 43] have
been shown to be significantly greater in
honeybee colonies with high rather than low
. genetic diversity, and tasks associated with
Fuchs and Moritz [20] have recently colony establishment seem to be more
extended hypothesis 2b of Crozier andyyffered in colonies with high genetic diver-
Page [12], demonstrating an alternative waity than in colonies with low genetic diver-
in which high mating frequency may facil- sjty [61]. Furthermore, non-additive effects
itate a more efficient division of labor. They of the number of subfamilies within colonies
propose a frequency-dependent selectiogn colony performance have been shown
model under which multiple mating is [24, 25, 28, 47], possibly demonstrating a

favored by increasing expression of tasknechanism by which alleles favoring mul-
polymorphism. The critical assumption Oftiple mating can spread.

the model is that colony fitness is enhanced

by low proportions of specialists relative to

their absence, but is lowered by high fre- 4 | |MITATIONS OF SOME
quencies of specialists. Thus, this model GENETIC VARIANCE

may be looked at as a kind of genetic vari- HYPOTHESES IN EXPLAINING
ance hypothesis since increasing the diver- exTREME LEVELS

sity of a colony increases the probability ofF MULTIPLE MATING
that a specialist trait will be rare, and there-
fore valuable to the colony.

Multiple mating arises from the need for
low frequencies of task specialists.

A number of the genetic variance hypo-
In the context of honeybees, this modetheses seem insufficient to explain the evo-

may be applicable to specialist traits suchution of extreme polyandry as Apis This

as the possession of resistance alleles @ because fithess benefits decline with each

ability of workers to re-queen their colony addition mating.

when queenless [20]. The model has the . o e reduction of intracolonial

advantage over other genetic variance,

hypotheses of having no upper limit to ben- atedness is a key aspect in reducing
yp 9 PP worker-queen conflict over sex investment

fec;c'rteotﬁtea;:]:dug)nlcadg;tr'ggt?rll rga:g%%? ;Ii—r?ﬁ;%'ratios. However, while intracolonial genetic
by the costqof a dgitional mgtin S Hyoweverrelatedness is substantially decreased by the
Y gs. first few matings, the rate of decrease

it has limited explanatory power to explaing, o .y meg marginal with higher numbers
the transition from monandry to mating with (Fig. 1a) [20]

few males and is not easily testable [20].

Moreover, the means by which diversity for ~ Similarly, a limitation of the sex allele

task thresholds is maintained in population§ypotheses arises at high mating frequen-

is not well understood. cies because when sex alleles are at equal
frequency (as they are expected to be [94]);
additional matings beyond-60 do not sub-

3. EXPERIMENTAL SUPPORT stantially change the expected frequency of
OF GENETIC VARIANCE diploid males within colonies relative to the
HYPOTHESES first few matings.

It can be shown [56, 57] thatlfis the
Genetic variance hypotheses have empimumber of sex alleles in the population and
ical support from experiments comparingn is the number of drones a queen mates
the performance of honeybee colonies witlwith (assuming all males contribute equally
low and high genetic diversity. Traits asso+o paternity, there is random mixing of the
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sperm in the spermatheca of queens and sexthat of comparative analysis. If mating
alleles are at equal frequencies in the popurequency is well correlated with a particu-
lation), the expected proportion of viablelar life history trait across a variety of
brood is given by: species, the evolutionary antecedents of mul-
1-1/k (1) tiple mating may be suggested [50-53, 68].
The genug\pisis ideal for this kind of anal-
a constant that depends only on the numbgsis because the species have very differ-
of alleles in the population [56]. Thus addi-ent ecological ranges and life history pat-
tional matings do not increase mean broogkrns [77]. Over the past few years, Oldroyd

viability. and colleagues have made a concerted effort

The variance in brood viability is given to determine the mating frequency in queens
by [56]: of all Apisspecies, with the goal of explain-
1/2n(1/k) (1-2/K) (2) ing the evolution of polyandry using the

comparative method [29]. These studies
which decreases with increasingas illus- have demonstrated that Alpis species so
trated in Figure 1b. Although the variancefar examined mate more than six to ten
continues to decrease as the number of matmes, and all buf\. floreahave an effec-
ings increases, it is apparent from Figure 1kive paternity of greater than six, exhibiting
that the greatest decrease in variance occuggtreme multiple mating (Tab. I).
as the number of matings increases from 1 to Oldroyd et al. [53], following Koeniger
10. It is questionable whether the slightyq  geniger [33], used comparative anal-
decrease in variance after this point would b?sis to infer the evolution of traits associ-
reflected in a further increase in average ﬁtated with mating behavior iipis Mating
ness. behavior is probably subject to divergent
Similarly, other hypotheses that rest orsexual selection based on the a priori notion
the principle of reducing variance (Box 3,that colony level selection is strongly in the
hypotheses 9 and 10), encounter similar cortlirection of polyandry [33, 53]. In the cav-
straints at high mating frequencies. ity-nesting species’( mellifera, A. cerana,
A. koschevnikowand presumablp. nigro-
cinctaandA.nuluensiy drones are selected
5. COMPARATIVE ANALYSIS to produce large numbers of spermatozoa to
increase their share of potential offspring,
An alternative approach to understandwhereas queens are selected to mate many
ing the evolution of extreme multiple matingtimes and expel excess semen [53]. In the

Table I. Levels of polyandry and intracolonial genetic relationships in the giguigas determined
by microsatellite analysis (modified from Tab. I in [53]).

Species Paternity frequency, Effective paternity Coefficient of Author
observed mean (+ SE) frequency relatedness

A. mellifera 13.8+25 124+2.2 0.30 £0.009 Estoupetal. [16]
A. florea 8.0+1.6 56+1.0 0.35+0.02 Oldroyd et al. [50]
A. dorsata 26.7 £6.6 20.0+6.6 0.29 £0.007 Oldroyd et al. [51]
A. dorsata 18.0+1.6 25.6 +1.05 0.27+0.02 Moritzetal. [42]
A. andreniformis 135+23 9.1+0.83 0.30 £0.007 Oldroyd et al. [52]
A. cerana 18.0+3.03 12.0+1.6 0.29 £0.005 Oldroyd et al. [53]
A. koschevnikovi 16.3+10.5 10.5+8.4 0.31+0.03 Rinderer et al. [68]
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open-nesting specieA.(florea, A. andreni- traits covary it may be difficult if not impos-
formis, A. dorsatp direct insertion of the sible to determine which traits have the most
penile bulb into the spermatheca appears teffect on mating frequency. Furthermore,
be an adaptation of males to increase patethese traits vary within as well as among
nity frequency while not requiring massive species. This complicates the possibility of
sperm production [53]. Figure 2 (adaptedmaking meaningful associations between
from [53] to includeA. koschevnikoyi mating frequency and life history traits
reveals that polyandry, excess semen pracross the genus. Therefore, if comparative
duction and excretion of excess semen ar@nalysis is to be of any value in finding
all pleisomorphic characters for the genusexplanations for mating frequency, experi-
whereas the enlarged penile bulb and clasprental approaches may be necessary to tease
ing organs of the open-nesting species arapart the effects of the covarying traits.
derived.

The mating frequency ok. dorsata
gueens appears to be qualitatively different 6. CONCLUSION
from otherApis species. Therefore it has
been presumed that a satisfactory explana- Despite many years of theoretical and
tion of this difference may provide the keyempirical research, a decisive explanation
as to why queens of this genus mate so marigr the evolution of extreme polyandry in
times [42, 51]. Body size, colony size,Apisremains elusive. This is probably
migration, pathogen load and tendency tdecause no single factor is the sole selec-
aggregate are all traits which might providetive force in the evolution of polyandry.
clues as to whyA. dorsatamate so many While the sex allele hypothesis appears par-
more times than othekpis species. For ticularly compelling as the initial causative
example, it has been suggested that drorfactor for the switch from monandry to
density at congregation areas or ecologicgdolyandry, this explanation does not seem
conditions such as climate and landscapsufficient to explain extreme polyandry. We
may be correlated with mating frequencytherefore suspect that a variety of forces
[26]. However, because many life historyselect for high genetic diversity, and that

Patemity Spermatozoa
frequency  retained (%)

A. florea 8.0 28.1
Reduced sperm
production

A. andreniformis ~ 13.5 74.1

Polyandry | g
ncrease:

polyandry A. dorsata 26.7 5.5

Increased sperm
production

A. mellifera 13.8 45

Mucus plug

Increased penile

bulb A. cerana 18.8 7.2

A. koshkevnikovi 16.3 7.6

Figure 2. Cladogram of the genuspis[3] with reconstructions of reproductive behavioral traits. The
average paternity frequency and the proportion of injected spermatozoa retained are superimposed.
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SELECTIVE FORCES techniques such as microsatellite analysis
permit very accurate estimates of mating
frequencies [5], most studies have involved
only a few colonies from a particular area,
and extrapolating these results may be ill
advised. Furthermore, the low numbers of
Oligoandry individuals analyzed, particularly in early
studies, probably led to gross underestimates
Queen worker confliot over sex ratios of mating frequencies. Secondly, because
so many life-history and environmental traits
covary, meaningful comparisons between
Parasites and pathogens species are difficult. As the body of esti-
Task specialization mates on mating frequency within the genus
increases, so will the possibility of compar-
ative analysis aiding the explanations for
the levels of polyandry within the genus.
However, experimental manipulation may
also be necessary in order to determine the
Extreme polyandry effect of only one variable on mating fre-

_ _ ) _ guency at a time.
Figure 3. A plausible evolutionary scenario for
the evolution of extreme polyandry in the genus
Apis.

Monoandry

l Genetic load from sex locus

Polyandry

Homeostasis in a variable environment

Heterosis

Box 1. Costs associated with mating
behavior for A. mellifera queens

these together maintain the high frequency
of matings observed iApis queens. Thus

the effects of high rates of polyandry shoul
not be attributed to any single GV hypothe
sis alone. A possible scenario for the evo
lution of polyandry in honeybees is given
in Figure 3.

Virgin A. melliferaqueens initiate mating
ehavior when they are about one week old
Dby briefly leaving the colony and orienting
to local landmarks [77]. After such orien-
tation flights, queens fly to a drone congre-
gation area (DCA), where they mate on the
wing [33] with many drones. DCAs are rich
in palatable stingless insects [67, 76, 89]

7. FUTURE RESEARCH and therefore mating at such leks presents a
significant time-dependent predation risk to
In order to determine the significance ofthe queen. Mating risks include time and
extreme mating frequencies (beyonel8) energy devoted to locating the DCA, copu-
the gain of fitness with each additional mat!ation, risk of predation, exposure to dis-
ing must be evaluated against the cost gfase and inclement weather [30, 32, 40, 52,
mating. These costs have not been we83, 87]. All of these risks are probably sub-
quantified, and yet good estimates are critstantially increased with each additional
ical to our understanding of the evolutionmating flight.

of polyandry. In apiculture, a 20% loss of queens dur-

Comparative analysis has enabled theng mating flights is not uncommon and
mapping of mating characteristics onto thdosses from wild colonies are also not
phylogeny inApis However, for two rea- expected to be uncommon [77]. OtlAguis
sons this has not yet led to useful insighspecies can also be expected to encounter
into the evolution of high mating frequenciessimilar queen losses associated with mat-
within the genus. First, although molecularing behavior.
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Box 2. The main arguments 9. Multiple mating is selected because it
mitigates against the effects of parasitism
The following arguments are as listed in[27, 78, 83-85].
Crozier and Page [12], with certain modi- 10, Multiple mating is selected for
fications: because it increases the probability that an

1. Multiple mating increases effective important specialist trait in a population is
population size and therefore is selected forare [20].

because it increases population longevity 11. Polyandry increases the chance that

[11]. the proportions of the paternity array will
2. Multiple mating is favored because itproduce workers having increased fitness

increases the genetic variation within broodsthrough heterosis [68].

This may be beneficial because: a) it

increases genetic variation between found-

ing queens and between workers; b) it forms ACKNOWLEDGMENTS

a basis for caste differentiation; ¢) a mix-

ture of genotypes is ‘useful’ in a variable ~ We thank the Bee Laboratory at Sydney Uni-
environment. versity and Robin Moritz for constructive com-

. ments. The authors have been financially sup-
3. Females mate a number of timegorted by the Australian Research Council.

because: a) of selection favoring sperm-

competition within their spermathecae;

b) competition between worker sib-groupsRgsumé — Evolution de I'accouplement

favors a more rapid colony division rate,muyltiple chez le genreApis. L’accouple-

favoring multiple mating which intensifies ment multiple chez les reines d’insectes

such competition [23]. sociaux est un phénomeéne largement
4. Multiple mating is favored by queensrépandu. A cause des bénefices apparents

because it increases their genetic output refle I'adéquation adaptative globale (« inclu-

ative to that of their worker progeny [40]. sive fitness ») dus a la monoandrie et aux

. . . co(ts potentiels de la polyandrie, on a sou-

5. Multiple mating by queens is favored

. . ent recherché des explications a I'évolu-
because it selects for worker adjustment 0

: on de l'accouplement multiple. Les expli-
the sex ratio to be closer to that selected for_, S
at the queen level [40, 63, 66, 69, 86]. Cations qui prévalent actuellement sont

connues généralement comme hypotheses
6. Multiple mating is easier for queensde « variance génétique ». Elles posent en

than resisting the mating attempts of malegrincipe I'nypothése que la valeur adaptative

(1, 2]. de la reine et celle de la colonie sont accrues

7. Multiple mating by queens is favoredPar un accroissement de la div?rsité géné-
because it enables queens to store sufficieHflue intracolonie qui dérive de I'accouple-

sperm to build up large and long-lived Ment multiple. On peut répartir ces hypo-
colonies [11, 18, 88, 90]. théses en deux grands groupes : 1) celles

elatives aux effets du déterminisme du sexe

d . diti f col h ur la viabilité du couvain (hypotheses de
under certain conditions of colony growth).5ja1e sexuel) et celles relatives au conflit

because, when accompanied by a sex detl e ouyrigres et reine concernant la répar-
mination system based on heterozygosityion gptimale des ressources allouées a
it leads to higher colony reproductive suc-cpaque sexe : et 2) celles relatives aux béné-
cess than single mating [54, 57, 65]. fices postulés de la valeur adaptative pro-
The following arguments have been putvenant d’une diversité génétique accrue au
forward since Crozier and Page [12]: sein de la population d’ouvrieres. Tandis que

8. Multiple mating by queens is selecte
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nombre de ces hypothéses semble correcsewohl die Koniginnen — als auch die Volks-
pour expliquer les faibles niveaux d'accou-itness durch eine Zunahme der genetischen
plement multiple, il est plus difficile d’expli- Varianz durch Mehrfachpaarungen inner-
quer le grand nombre d’accouplements chelzalb des Volkes erhéht wird. Die Hypothe-
les reines dApis.Les effets de I'accouple- sen kdénnen in zwei gffe Gruppen
ment multiple sur les variables telles que lainterteilt werden: solche, die mit der
parenté des ouvriéres et la proportion d&eschlechtsbestimmung auf die Lebens-
males diploides au sein d’une colonie sontahigkeit der Brut (Sexallel Hypothesen)
grandement modifiés par les quelques prészw. mit dem Konflikt zwischen Arbeite-
miers accouplements. Par contre, aux fréinnen und Koniginnen Uber die optimale
quences d’accouplement plus élevées, I6eschlechtsverteilung zusammenhéngen
bénéfice apporté par chaque accouplemennd solche, die mit einem postulierten Vor-
supplémentaire décroit selon une asympeil der Fitness zusammenhangen, der durch
tote. Les explications les plus couranteslie genetische Vielfalt in der Arbeiterin-
concernant I'évolution de la polyandrie nenpopulation entsteht.
extréme incluent le gain de valeur adaptative/iele dieser Hypothesen scheinen durchaus
par la spécialisation des taches et la résigreeignet, eine niedriges Niveau an Mehr-
tance aux parasites et aux agents pathogenggchpaarung zu erklaren. Dagegen ist die
Nous émettons I'hypothese que la voie évoap|eitung von Vorteilen durch die extrem
lutive de la monoandrie a la polyandrienpohe zahl von Paarungen dipis Koni-
extréme s’est faite en plusieurs étapes. Inginnen schwieriger. Die Effekte der Mehr-
tialement le colit génétique imposé par I¢achpaarung auf Variable wie Verwandt-
locus sexuel provoquait un passage de lgchaft der Arbeiterinnen und das Verhéltnis
monoandrie a I'oligoandrie. Le conflit yon diploiden Drohnen innerhalb eines
reine/ouvriéres concernant les sex ratio §olkes verandern sich bei den ersten Paa-
renforcé les pressions de sélection vergungen sehr deutlich. Dagegen ist der
I'évolution de la polyandrie. Finalement, Gewinn bei héherer Paarungsfrequenz, der
les pressions des agents pathogenes et dgfich zusatzliche Paarungen erreicht wird,
parasites, et le besoins d’'une populatiogsymptotisch kleiner. Die hochste Akzep-
d’ouvriéres aux Comportement variés Ontanz haben Erk|arungen der extremen
pu étre la cause premiere du développemepiglyandrie erhalten, die den Fitnessgewinn
de la polyandrie extréme chez le gefpis  durch Spezialisierung in der Arbeitsteilung
_ ) ) _ und Resistenz gegen Parasiten und Krank-
Apis / variance génétique / polyandrie / heitserreger (Pathogene) einscptia.
specialisation des taches / parasite Wir nehmen an, dass sich der Weg der Evo-
lution von der Einfachpaarung zu extrem
vielen Paarungen Uber verschiedene Stufen
Zusammenfassung — Evolution der Mehr- entwickelte. Urspriinglich war der geneti-
fachpaarung in der Gattung Apis. Die  sche Nachteil, der durch den Sex Locus ver-
Mehrfachpaarung von Koniginnen der soziaursacht wurde, ein Schalter fir eine Ent-
len Insekten ist ein weit verbreitetes Phawicklung von der Paarung mit einem Drohn
nomen. Wegen der offensichtlichen inklu-(Monandrie) zu einigen Zusatzpaarungen
siven Fitness der Einfachpaarung und defOligoandrie). Der Koniginnen / Arbeite-
mdoglichen Kosten der Mehrfachpaarunginnen Konflikt tiber die Geschlechtsvertei-
wurde bereits haufig nach Erklarungen filung erhdht den Selektionsdruck in Rich-
die Evolution der Mehrfachpaarung gesuchttung der Mehrfachpaarung (Polyandrie).
Die zur Zeit vorherrschenden ErklarungerSchligBlich kdnnte der Druck durch Patho-
sind allgemein als “genetische Varianz"gene und Parasiten und die Notwendigkeit
Hypothesen bekannt. Diese postulieren, daginer im Verhalten unterschiedlichen



Evolution of multiple mating in the genépis

Arbeiterinnenpopulation der ausschlagget4]
bende Grund fiir die Entwicklung der extrem
hohen Polyandrie béipisgewesen sein.

Apis/ genetische Varianz / Polyandrie /

(15]

Arbeitsspezialisierung / Parasit

[16]
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