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Abstract — Colonies ofA. m. capensj#. m. scutellatand their natural hybrids were dequeened and
debrooded. The ratio of worker/drone cell construction and the sex of laying worker offspring were
determined for 26 colonies. AN. m. capensikgying workers were thelytokous and Allm. scutel-

lata arrhenotokous. 42.1% of the hybrid colonies produced only female offspring while none produced
only male offspring. This shows a significant advantage for thelytokous laying workers to become
reproductively dominant in hybrid coloniés. m. capensisolonies built only worker cells ard m.
scutellataonly drone cells. Hybrid colonies produced either both cell types or only worker cells
according to the mode of laying worker reproduction. In all colonies where laying workers produced
male offspring drone cell building was found. Our data strongly indicates that the mode of worker repro-
duction holds important consequences for cell construction and reproductive dominance.

Apis mellifera capensis / Apis mellifera scutellathdneybee / hybrids / laying worker / repro-
ductive dominance / brood cell

1. INTRODUCTION absconding behaviour of colonies [7], as
well as on drifting [unpublished data] and

It has recently been shown that the mod@olicing behaviour of workers [13]. Two
of worker reproduction holds important con-behaviours of honeybee workers which
sequences for the behaviour of honeybeesccur after queen loss are highly important
Indeed, thelytoky has significant effects onfor the reproductive capacity of these
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orphaned colonies (especially in recentlyoffspring the following procedures were
absconded colonies): the reproductive doradopted. Ten queenright colonies were
inance hierarchies among laying workersselected at each of seven localities along a
and the construction of brood cells. transect extending from the natural distri-

Colony performance in queenless hon‘butlo_n area ofA. m. ca_penslshrough_the
eybees depends on the proportion of subohybrid zone ofcapenss—scutellgtwhlch
dinate and dominant workers [8]. Becausdaturally occurs between them in the East-
honeybee queens mate with many ma|eern'Cape area of South Africa, fmally_ to the
[15] the colony consists of a large number o"€gion ofA. m. scutellatgTab. I). Localities
different patrilines among which there isWere chosen to include puke m. capensis
reproductive competition under queenles(Port Elizabeth [33.58S, 25.36E]), hybrids
conditions [12]. After a few weeks offspring Which are predominantlj. m. capensijs
of only some dominant patrilines are reare@ccording to morphological analysis [4]
to the adult stage. If colonies simultaneousiAddo [33.29S, 25.46E], Fort Beaufort
consist of patrilines capable of both thely132.48S, 26.38E], Stutterheim [32.33S,
tokous and arrhenotokous parthenogenes22-28E]) or predominantlf. m. scutellata
(as is the case in the natural hybrid zon(Queenstown [31.32S, 7.00E] and Molteno
betweenA. m. capensiandA. m. scutel- [31.22S, 26.22E]) and pufe m. scutellata
lata), which patrilines become reproduc-(Pretoria [25.46S, 28.12E]).
tively dominant after queen loss, and wha All of the experimental colonies were

are the consequences? dequeened and completely stripped of any
If the mode of worker reproduction nesting material including brood, stores and
exclusively determines reproductive dom-combs. The remaining workers were then
inance among workers, we would expecgiven only empty frames (without any wax
naturally occurring hybrid colonies betweenfoundation). Manipulations were done
A. m. capensiandA. m. scutellat@onsist- in situ in the different apiaries to preclude
ing of both arrhenotokous and thelytokousintersubspecific drifting, dispersing, intro-
patrilines to produce either adult worker oigression or amalgamation of the different
drone offspring but not both. If, however, populations [3, 7, 16]. This is highly impor-
the mode of worker reproduction has only ¢ant becaus@. m. capensisiorkers can
modest impact on reproductive dominanctnvade other colonies and successfully repro-
hierarchies, we would expect successfuduce (cf. [4]). Also, it must be noted that
reproduction of both arrhenotokous and thethese bees are native honeybees in this
lytokous patrilines in queenless hybridregion where there is no transport or migra-
colonies. tion of colonies nor is any bee breeding prac-
In this paper we address the questiortised. Thus, the colonies studied are authen-
does the mode of worker reproduction havtic samples of the natural wild population.
an impact on reproductive dominance ani . .
on bro%d cell conpstruction in queenless hon__ After 30 days the various localities were
eybee colonies in the natural hybrid Zon(reV|S|ted and the full contents of all hives
betweenA. m. capensiwith thelytokous were collected and brought to our labora-

laying workers and\. m. scutellatavith  tO7Y for the analysis of laying worker
arrhenotokous laying workers? progeny and comb building behaviour. Thus,
the ratios of worker cell to drone cell build-

ing were determined regardless of whether

2. MATERIALS AND METHODS they contained any offspring or not and the

progeny of laying workers was sexed. The

To assess the cell building pattern anwoccurrence of queen cell construction was
subsequent production of laying workeralso recorded.
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Table I. Construction of brood cells and sex of laying worker offspring in queenless colonies of
A. m. capensjsA. m. scutellatand their natural hybrids. The total number of constructed queen
cells per location are given (N = sample size of remaining colonies used for data analysis). Part of the
numerical data was taken from another study [6] but has not previously been considered in terms of
reproductive fitness.

. Worker/drone Sex of Queen
Group Locality N cell ratio offspring cells
capensis Port Elizabeth 9 1:0 female 81
hybrids predominantly Addo 1 1.0 female 12
capensis 1 2:1 female/male 13
1 4:1 female/male 8
Fort Beaufort 1 1:1 female/male 5
1 2:1 female/male 5
1 20:1 female/male 5
Stutterheim 2 2:1 female/male 4
1 1.0 female 1
predominantly  Queenstown 2 1:0 female 20
scutellata Molteno 2 1:0 female 2
1 10:1 female/male 1
scutellata Pretoria 3 0:1 male 0
Total 26

It must be understood that the amount obution of comb cell building among the
new comb construction varied quite con-hybrid colonies. To test the relationship
siderably among colonies ranging frombetween the taxa and the amount of queen
about 0.5 of a Langstroth brood frame ugell construction we calculated a correla-
to five frames of new comb. Naturally, thetion across the transect.
amount of brood produced also varied in a
similar way from just a couple of dozens to 3 RESULTS
several hundreds. Nonetheless all brood was

sexed in all combs in the pharate adult stage aq is often the case under experimental

(pre-hatching imagos) and all cells Wereaerturbations of this magnitude [7], 43 of
assigned to either drone or worker type ang original 70 test colonies absconded (10%
expressed in ratio form. Clearly, somegf A m. capensjs72% of the hybrids and
colonies contained more comb and brooggo, of A. m. scutellathand one colony
than others, but despite the relative aburyijed, leaving a data base of 26 colonies
dance or paucity of both comb and brooqTap. I). Clearly, we do not know the actual
among the different colonies, each individfates of the absconded colonies. However,
ual colony represents an independent santkere is no statistical bias in the final results
ple. because analysis was restricted to these
We usedyx?- and z-tests to test for the colonies that remained in the apiaries.

distribution of arrhenotokous and thelytok- The sexes of offspring produced
ous reproducing workers and for the distriby queenless laying worker colonies of
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A. m. capensisA. m. scutellatand their constructed per colony and the locality sam-
natural occurring hybrids are shown inpled. The more northerly the colonies that
Table I. PuréA. m. capensisolonies pro- were sampled (equals mafe m. scutel-
duced only female offspring whereas thdata-like region of the hybrid zone), the
pureA. m. scutellatzolonies produced only fewer queen cells were constructed
male offspring. In the natural hybrid zone(r = —0.684, n = 26p = 0.001, [=-0.683,

6 out of 14 colonies (43%) produced onlyn = 26,p = 0.000122). Colonies of pure
female offspring whereas not a single colonys, m. capensisonstructed significantly
produced only male offspring (Tab. I). Inmore queen cellsxf = 12.75, df = 2,

57% of the hybrid colonies offspring of bothp = 0.0017) than the hybrid colonies.
sexes were reared, however, hybrid colonies

produced significantly more female

offspring than male offspring (z = 7.82, 4 pISCUSSION

p < 0.0001). Interestingly, the laying work-

ers laid female eggs in worker cells and male In the methods (see above) it is clear that

eggs in drone cells. the colonies had to build their own combs

The ratios of worker to drone cell con-and were also native bees, including the
struction in our test colonies are shown irhybrids. The native element is important
Table I. The queenless, broodlessm. because this means that the situation
capensiscolonies built only worker cells observed is likely to be the result of natu-
while theA. m. scutellatzolonies built only  rally occurring processes of gene flow,
drone cells. The results clearly show thamigration, etc. between the two races. The
workers which are morphometrically andcolonies were artificially made queenless
reproductively defined as pufe m. capen- and broodless. This may have affected the
sishad a worker to drone cell ratio of 1:0results in that the normal route to being
and indeed only worker brood was reare@ueenless and broodless is via a period in
in those colonies. Moreover, the pdtem.  which there is no queen, but in which brood
scutellatacolqnles produced a worker to usually occurs (cf. [4]). This may be of rel-
drone cell ratio of 0:1 and only male off- eyance to the competition among the racial
Spring was reared. The ratios of worker topeS in hybnd colonies because reapen-
drone cell construction across the hybridjs pees typically attempt to rear a new
zone are variable (Tab. I). All of the queenyyeen rather than going straight into worker
less, broodless hybrid colonies prOdUCE(}’eproduction as inapensigcf. [4]). More-
worker comb cells and 57% of them a|300ver,capensismay have been favoured
produced drone cells, but in significantlyhrough a difference in the rate at which
fewer amounts = = 15.08, df = 2, qyaries are activated or the proportion with
p = 0.00053, Tab. I). The ratios of workerspyeyiously activated ovaries (cf. [4]). Thus,
to drones were converted into frequencieg, e experimental design may have been
and then compared using a chi-square tes{omewhat stacked in favour cdpensis

All colonies which had only thelytokous  Nevertheless, our results show that repro-
reproducing laying workers built only gyctive dominance in queenless honeybee
worker cells, while colonies which producedgqonies is strongly affected by the mode
male and female worker offspring con-qf orker reproduction. Although we found
structed both types of brood cells. This disy gjgnificantly high amount of female off-
tribution Wé’:ls significantly different from spring among the hybrid colonies, this dom-
random {°=11.0, df = 1p = 0.0009, jnance is not exclusive because within
Fisher's exact tegt = 0.003). colonies from the natural hybrid zone both

Interestingly, there is a significant cor-worker and drone offspring were simulta-
relation between the number of queen cellaeously reared. However, the modes of
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worker reproduction and the constructionductively dominant is that thelytoky itself
of brood cells within queenless colonies arés closely linked with important traits lead-
clearly co-dependent. In colonies with onlying to reproductive hierarchies among work-
thelytokous laying workers exclusively ers, such as differing pheromonal bouquets
worker cells were constructed, whereasnd/or differences in ovariole development
colonies with only arrhenotokous laying of the subordinate and dominant workers
workers built only drone cells. Colonies (cf. [4]). Every test colony within the hybrid
with both arrhenotokous and thelytokouszone tried to rear queens from laying worker
reproducing workers constructed both typesffspring, supporting the idea that the pri-
of brood cells. mary function of thelytoky is to replace lost

Interestingly, the number of queen cellgdueens [10, 11]. This may provide the uiti-

reared after queen loss seems to be depeoﬁ"’g?areiﬁsovr\]/;ﬁ:etrseig?ggnha%cr? dogglrﬁi)ggk'
dent upon population structue. m. capen- ying y '

siscolonies reared significantly more queen |n the test colonies workers constructed
cells than the hybrids and we found a negasrood cells after queen loss according to the
tive correlation within the hybnd zone from mode(s) of worker reproduction of the |ay_
the morecapensidike region to the more ing workers present in the colony. Cell con-
scutellatalike region. In the lack of any stryction and reproductive dominance may
quantitative comparative data on the numbesct synergistically. If no surrogate queen is
of queen cells built in this region, it may bepresent in a chain of building workers, drone
that eggs derived from thelytokous layingcelis are constructed and arrhenotokous lay-
worker patrilines occurring in the south maying workers may develop too because there
stimulate more queen cell building com-has not been sufficient time for thelytokous
pared to the north. A role for broodworkers to suppress them pheromonally.
pheromones in modulating the feedingrhis may provide a parsimonious explana-
behaviour of workers has been shown [9].tion for our findings and give support to the
It might well be that thelytokous patri- importance of decentralised decision making

lines, presenting a mofe m. capensike ~ Processes in honeybee colonies [18], as well
genotype, are innately predisposed t@s t0 the importance of the_spatial_distribu-
become dominant because only offspringions of workers among their colonies [14].
of those patrilines can be used for re-queen- ;
ing the grphaned colonies. Howe\(/qer ”w' The .th.elytokous workers may dispense
might also well be that arrhenotokous repro:[h'éh ?]Lgl\?éng dsrgﬂz g olrjnebegt ?L,ise\i/;:rsllgho%gr]g d
ducing patrilines are dominant in the hybrid y P q X PP

, . by other observations that m. capensis
zone, because high frequencies of thelytokyyy, .o tend to respond to queenless con-
only occur inA. m. capensis

ditions in a different way from other hon-
That both worker and drone offspring eybee workers. For example the inapplica-
were simultaneously reared in the hybridbility of queen removal as a stimulus for
colonies confirms previous observationsnew queen production (cf. [4]) and the
[17] that successful reproduction of arrhenodevelopment of laying workers despite the
tokous and thelytokous workers in one honpresence of eggs and young larvae [1, 5]
eybee colony is possible. Thus, it is obvi-clearly show that Cape honeybee workers
ous that arrhenotokous workers are also abkeem to have different behavioural mecha-
to become reproductively dominant even ifnisms after queen loss. Given that the build-
thelytokous laying workers are present inng period was only 30 days, it might well be
the queenless colony. We argue that théhat the absence of drone comb simply
proximate reason for thelytokous layingreflects that the workers were starting their
workers being predisposed to become reprazombs from scratch, and concentrated on
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worker comb building first. Likewise, the (Tab. I). Ceci montre que les ouvrieres pon-
presence of drone comb in the hybridsleuses ont significativement avantage a
would reflect the fact that some arrheno-obtenir une dominance de reproduction dans
tokous workers were not “convinced” byles colonies hybrides orphelines (z = 7,82,
the pseudoqueen, and behaved as though< 0,0001). Dans 57,9 % des colonies
hopelessly queenless. hybrides, pourtant, aucune ouvriére ni aucun

In conclusion, our data gives strong supMalé n'est parvenu jusqu'a I'émergence, ce
port to other studies showing that the mod§ui montre que la dominance de reproduc-
of worker reproduction holds major conseion dans les colonies hybrides n’est pas

quences for other behavioural traits of hon€xclusivement déterminée par le mode de
eybees [7, 13, 14]. reproduction des ouvrieres. Les colonies

d’A. m. capensig’ont construit que des cel-
lules d’ouvrieres, celles A. m. scutellata
ACKNOWLEDGEMENTS que des cellules de maldss colonies
hybrides ont construit soit des cellules de
We are grateful to S. Fuchs, R.F.A. Moritz,Males et des cellules d'ouvriéres, soit uni-
S. Pratt and an anonymous referee for valuabl@uement des cellules d’ouvrieres, selon le
comments on earlier versions of the manuscriptnode de reproduction des ouvriéres qui a
Financial support was granted by a Rhodes Unipu étre mis en évidence dans les colonies.
versity fellowship to PN. Dans toutes les colonies hybrides ol des
ouvriéres pondeuses ont donné une descen-
dance male, on a pu trouvé aussi des cel-
Résumé — Modes de reproduction des lules de males. Cette distribution était signi-
ouvriéres, dominance de reproduction et ficativement différente d’une distribution
construction des cellules de couvain dans aléatoire 2= 11,0, FG = 1p = 0,0009,
des colonies orphelines d&pis melliferal.  test exact de Fisher p = 0,03). Les cellules de
Le long d'un transect a travers la zoneouvain de males ont été construites en
d’hybridation naturelle entrd. mellifera proportion significativement moindre
capensis a reproduction thélytoque, et (x2 = 15,8, FG = 2p = 0,00053, Tab. I).
A. mellifera scutellatza reproduction arrhé- Toutes les colonies avec des ouvrieres pon-
notoque, 70 colonies indigénes ont été récoleuses thélytoques ont construit des cellules
tées (voir tableau pour les lieux). Toutes lesoyales mais le nombre a d’autant plus dimi-
reines et tous les rayons ont été 6tés et lesié que les colonies étaient situées plus au
abeilles adultes ont été transférées dans desrd (dans la direction de la régiongi®i-
ruches complétement vides. Un fort pourtellata) (r = 0,684, n = 26p = 0,001,
centage des colonies a essaimé (n = 43) gt= 0,683, n = 26p = 0,000122). Les colo-
une colonie est morte. Pour les 26 colonieries dA. m. capensient produit significa-
restantes on a calculé le rapport entre lesvement plus de cellules royales que les
cellules de couvain d'ouvriéres et les celcolonies hybridesy? = 12,75, FG = 2,
lules de couvain de méales qui avaient étg = 0,0017, Tab. I). Nos données confir-
construites et on a déterminé le sexe de lment les résultats d’autres travaux, selon
descendance des ouvrieres pondeuses. Llesquels le mode de reproduction des
ouvriéres pondeusesAl'm. capensis’ont  ouvriéres influence d’autres types de com-
produit qu’'une descendance femelle, celleportement des abeilles domestiques.
d’A. m. scutellatajue des méles (Tab. I).
Dans 42,2 % des colonies naturellement
hybrides on n'a trouvé qu’une descendancApis mellifera capensis / Apis mellifera
femelle et il ne s’est pas trouvé une seulscutellata/ hybride / ouvriére pondeuse /
colonie qui ait produit du couvain de malesiominance de reproduction
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Zusammenfassung — Modus der Arbei- ;yf4lligen Verteilung ¥2= 11,0, FG = 1,

terinnenreproduktion, reproduktive
Dominanz und Brutwabenbau in wei-
sellosen Volkern der Honigbiene Apis

p=0,0009, Fisher's Exakt Tgst= 0,003).
Drohnenbrutzellen wurden in signifikant
geringerem Ausnfagebaut §2= 15,08,

mellifera L.). Entlang eines Transekts durchFg =2 p = 0,00053, Tab. I). Alle Vélker
die naturliche Hybridzone zwischen it thelytoken legenden Arbeiterinnen bau-

A. m. capensisiit thelytoker undA. m. scu-

ten Weiselzellen. Die Anzahl der Weisel-

tellata mit arrhenotoker Arbeiterinnenre- zellen nahm jedoch S|gn|f|kant ab, je weiter
produktion wurden 70 native VGlker gesam-ngrdlich (in Richtung descutellataRegion)
melt (Standorte s. Tab. I). Alle Koniginnen gie vélker gesammelt wurden (r = —0,684,
und Waben wurden entnommen und di¢y = 26 p = 0,001, (=-0,683, n = 26,
adulten Bienen wurden in neue, kompleth = 0,000122)A. m. capensi¥6lker pro-
leere Beuten Uberfuhrt. Ein hoher Anteil defduzierten signifikant mehr Weiselzellen als
Vélker schwarmte oder starb (n = 44). Flrdie Hybridvolker 2= 12,75, FG = 2,

die verbleibenden 26 Volker wurde das Ver
haltnis der gebauten Arbeiterinnen- un

=0,0017, Tab. I). Unsere Daten unter-
titzen die Ergebnisse anderer Arbeiten,

Drohnenbrutzellen und das Geschlecht degass der Modus der Arbeiterinnenrepro-
Nachwuchses der legenden Arbeiterinneguktion einen Einfl@ auf andere Verhal-

bestimmt. Legende Arbeiterinnen vanm.
capensigproduzierten nur weibliche Nach-
kommen und legende Arbeiterinnen von
A. m. scutellatanur Drohnen (Tab. I). In
42,1 % der natlrlichen Hybridvolker wurden
nur weibliche Nachkommen gefunden undz]
kein einziges Volk produzierte exklusiv
Drohnenbrut (Tab. I). Dies zeigt einen sig-
nifikanten (z = 7,82p < 0,0001) Vorteil fur
thelytoke legende Arbeiterinnen, reproduk-
tive Dominanz in weisellosen Hybridvol-
kern zu erlangen. In 57,9 % der Hybridvol-[3]
ker wurden jedoch sowohl Arbeiterinnen
als auch Drohnen bis zum Schlupf aufge-
zogen, was darauf hindeuet, dass reprodulﬁ]
tive Dominanz in den Hybridvdlkern nicht 5]
ausschli@lich durch den Modus der Arbei-
terinnenreproduktion determiniert wird. Die
A. m. capensi¥olker bauten ausschpe
lich Arbeiterinenzellen, wohingegen in den
A. m. scutellatavdlkern ausschliplich
Drohnenzellen gefunden wurden. Die
Hybridvolker bauten entweder Drohnen-
und Arbeiterinnenzellen oder nur Arbeite-[7]
rinnenzellen je nach dem Modus der Arbei-
terinnenreproduktion, der in den Vdlkern
nachgewiesen werden konnte. In allen Vol-
kern, in denen legende Arbeiterinnen Droh{8]
nenbrut produzierten, konnten auch
Drohnenzellen gefunden werden. Dies war
signifikant verschieden von einer

(6]

tensweisen von Honigbienen hat.
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