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Colonies of Apis mellifera scutellata in the northern half of South Africa
suffer from social parasitism by an A. m. capensis pseudo-clone. Inside
scutellata colonies, these capensis workers increase their numbers by
reproducing thelytokously. Infected colonies dwindle because normal
worker tasks are neglected and eventually they die. We show that lar-
vae of the pseudo-clone get more food in scutellata colonies than scutel-
lata larvae do. Normal capensis larvae also get more food in scutellata
colonies but not as much as larvae of the pseudo-clone. Earlier we
found that more food results in more queen-like bees. Moreover, pseu-
do-clones are on average more queen-like than normal capensis bees
when both are raised in a scutellata colony. This confirms the link
between food and queen-like bees, because pseudo-clone larvae get
most food of all. We present a new theory, postulating that capensis
workers are selected to contribute to the next generation of queens by
laying in queen cups prior to swarming. Such reproductive bees proba-
bly manage to get more food as larvae. At the same time nurse bees are
selected to adjust the amount of food given, to maintain clear caste dif-
ferences between workers and queens for optimizing colony perform-
ance. Therefore, selection for reproductive workers inside the capensis
population may have changed the communication between nurse bees
and larvae on allocation of food. This changed communication results
in capensis pseudo-clones being overfed in scutellata colonies.

Keywords: social parasitism, Apis mellifera capensis, Apis mellifera scutel-
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Caste in honeybees is determined by the differential feeding of female larvae.
The majority of the larvae develop into workers, whereas larvae destined to
become queens receive more food which also has a different composition
(Beetsma 1979). Hence, differential feeding leads to very distinct worker and
queen castes with unique characters. Queens typically show a short develop-
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ment time, a large spermatheca and a large number of ovarioles, compared to
workers where spermathecae are often absent and only a few ovarioles can be
found. Pollen combs and pollen baskets are only found on the hind legs of work-
ers (Snodgrass 1956, Wirtz & Beetsma 1972, Hepburn & Radloff 2002).

As worker and queen tasks differ completely, distinct worker and queen
castes are expected. Fitness of both is increased by enhancing performance of the
whole colony, which in many respects is the unit natural selection is acting upon
(Moritz & Southwick 1992). Usually, the queen is the sole reproductive in the
colony, whereas the workers do all other tasks like nursing the brood, building
combs and foraging. If workers do reproduce, they are expected to neglect their
worker tasks and hence decrease inclusive fitness of all the bees in the colony
(Hillesheim et al. 1989, Moritz 1989, Dampney et al. 2004). In the Cape honeybee,
Apis mellifera capensis, worker bees are relatively queen-like compared to work-
ers of other A. mellifera races (Neumann & Hepburn 2002, Wossler 2002, Allsopp
et al. 2003), suggesting that they are more often reproducing compared to work-
ers of other subspecies. If so, direct fitness gains for the individual workers that
reproduce apparently outweigh their decreased inclusive fitness through selec-
tion at colony level.

The most extreme situation where capensis workers are reproductive and have
high fitness gains is when they interact with the bee from the savanna, A. m.
scutellata, where they behave as social parasites. In 1989, colonies of capensis
honey bee were moved out of their native range by beekeepers and introduced
into the Limpopo Province of South Africa (Allsopp 1993, 2004). They were
housed in apiaries with scutellata colonies, and some of the capensis workers
invaded the scutellata colonies. The capensis workers activated their ovaries and
started laying eggs (Allsopp 1993, Martin et al. 2002a, Neumann & Hepburn
2002). Unlike other honeybee subspecies where workers produce males by
arrhenotokous parthenogenesis, capensis workers produce female offspring
through thelytoky (Onions 1912, Anderson 1963). As a result, the numbers of
capensis laying workers in the colonies increase. Eventually, this results in the
death of the scutellata queen. Infected colonies dwindle, because normal worker
tasks are neglected, until the colony dies or absconds (Martin et al. 2002a,
Neumann & Hepburn 2002). In the meantime the capensis bees in the dwindling
colony may have infected new colonies, or absconded colonies may have merged
with new scutellata colonies (Neumann & Hepburn 2002). The so-called
‘Capensis problem’ has caused the loss tens of thousands of commercial scutella-
ta honeybee colonies (Allsopp 1993, Martin et al. 2002a).

Capensis bees parasitizing scutellata colonies are probably more queen-like
than normal capensis workers for phenotypical reasons (Beekman et al. 2000,
Calis et al. 2002, Allsopp et al. 2003). When capensis larvae are reared in colonies
of European honey bees or scutellata bees, they receive more food when com-
pared to the larvae of the host colony, and also more than they would get in their
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own colony. Compared to capensis workers raised in capensis colonies, these bees
have enlarged spermathecae and higher numbers of ovarioles. They are also
heavier than normal workers, develop faster and have reduced pollen combs
(Beekman et al. 2000, Calis et al. 2002, Allsopp et al. 2003). Apparently, commu-
nication between larvae and nurse bees over the amount of food provided is dif-
ferent between capensis and other honeybee subspecies. This leads to queen-like
bees, which can be expected to be more reproductive than normal workers.

It has been shown that the social parasites from central and northern South
Africa are now genetically almost identical (Kryger 2001, Baudry et al. 2004). We
found that these parasitic capensis bees are on average even more queen-like com-
pared to other capensis bees reared in scutellata colonies (Allsopp et al. 2003), but
to date there has been no assessment of the level of feeding larvae of parasitic
bees receive compared to other capensis workers. In this study, we investigate if
the parasites being relatively more queen-like is related to the amount of food
received as a larva. In addition, we investigate how rapidly capensis and scutella-
ta workers start laying upon queenlessness, and in which cell types they prefer
to lay their eggs. Based on the results of this study and earlier data (Allsopp et
al. 2003), we present a new theory explaining why capensis workers are relative-
ly queen-like compared to workers from other subspecies and why contact
between capensis and scutellata has led to social parasitism.
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Figure 1. Map of South Africa showing the places from which the bees were collected.
Zones with A. m. capensis, with A. m. scutellata, and with their hybrids are indicated,
following Hepburn and Radloff (2002).
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MATERIAL AND METHODS

Honey bee colonies
A capensis honeybee colony was obtained from a population at Cape Point in the
Table Mountain National Park. Honey bees found here belong to a natural pop-
ulation which is considered to be the least hybridized with scutellata bees
(Allsopp & Hepburn 1997). Two scutellata honeybee colonies were obtained from
Kenhardt in the Northern Cape (see Fig. 1). Colonies were kept in Stellenbosch
in one-storey Langstroth-hives and occupied about ten frames. The scutellata
colonies were kept in a separate apiary to prevent infestation with capensis work-
ers. Combs with brood of parasitic capensis bees were collected from a scutellata
honeybee colony infested with parasitic bees in Pretoria (Fig. 1). The brood was
transported overnight from Pretoria to Stellenbosch and placed into an incuba-
tor (35°C) to collect emerging bees. These emerging bees were introduced into a
small scutellata colony that had just been made queenless and was kept isolated
from all other colonies. We assumed that eggs laid after some days originated
from the parasitic capensis bees. They were harvested and used in the experi-
ment.

Differential nursing measured by the amount of food in
brood cells just before capping
Two pieces of comb (about 50 cm2) containing eggs from the ‘Cape Point’ capen-
sis colony and two pieces of comb (about 50 cm2) with eggs from the parasitic
capensis bees were cut from their original combs, and inserted into combs con-
taining eggs from the two scutellata colonies. The manipulated combs were
returned to the scutellata colonies. After five days food was sampled from cells
containing larvae that were about to be capped by the bees. These cells were rec-
ognized by the size of the larvae and by wax deposited on the cell rims. The larva
was gently removed from each cell to avoid larval fluid from flowing into the
larval food. Then the larval food was scooped out of the cell with a fine spatula
and put into a pre-weighed Eppendorf tube. Twenty five samples were collected
from each scutellata colony for both of the source brood types. The tubes were
weighed directly after sampling in order to determine the weight of the food
sampled. As a control 25 samples of scutellata larval food were taken from both
colonies.

Egg-production and cell-type preference of workers after
becoming queenless
It has often been noticed that after becoming queenless capensis workers start egg
laying within a few days and prefer to oviposit in queen and worker cells.
Scutellata workers start laying eggs later and seem to prefer to lay there eggs in
drone cells (Onions 1914, Johannsmeier 1983, Neumann et al. 2000, Martin et al.
2002a, personal observations). We documented these phenomena more closely,
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to help interpretation of our results in relation to egg-laying by workers. Two
small queenless colonies were made, one with capensis bees and another with
scutellata bees. The hives contained one comb with pollen and honey, and one
empty comb with areas of both drone and worker cells. In addition, a top-bar
with 20 queen cups made of wax was placed between the two combs. Once every
day, all cells were inspected for the presence of eggs.

RESULTS
Significantly larger amounts of food were collected both from cells with ‘Cape
Point’ capensis larvae and from cells with parasitic capensis larvae, when com-
pared to the amounts found in cells with scutellata larvae (Fig. 2; t-test, p<0.05).
When ‘Cape Point’ larvae were raised by scutellata workers the amount of food
sampled per cell was almost 1.5 times higher (6.7 and 7.4 mg on average, com-
pared to 4.9 and 5.1 mg on average in cells with scutellata larvae). When parasitic
capensis larvae were raised by scutellata workers the amount of food collected was
almost twice as high as samples from scutellata brood cells (9.9 and 8.6 mg on
average; Fig. 2). The amount of food present in cells with parasitic capensis lar-
vae was also significantly higher than in the cells with ‘Cape Point’ capensis lar-
vae (Fig. 2; t-test, p<0.05).
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Figure 2. Amount of larval food found in 25 worker brood cells shortly before capping.
The cells contained parasitic capensis larvae, ‘Cape Point’ capensis larvae and scutellata
larvae in two scutellata colonies. The actual data distribution is shown as a box com-
prising the midrange, i.e. the 2nd and 3rd quartile ranges, divided by a horizontal line
representing the median. Values within 1.5x of the midrange are shown as ‘whiskers’.
Values at 1.5-3x the midrange, measured from the edge of the box, are shown as a cir-
cle. Different letters below the box-plots indicate if average amounts of larval food are
different using the t-test (P<0.05).
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In the queenless colonies of capensis and scutellata bees, worker laid eggs were
found after two and four days, respectively (Table 1). Initially, capensis bees
clearly preferred to lay in queen cells, although they did not use the cups offered
by us. New queen cups were made on the surface of the comb. After four days,
all types of cells were used to lay eggs in and large numbers of eggs were found.
In contrast to the capensis workers, scutellata workers preferred to lay eggs in
drone cells. The scutellata bees also made new queen cups on the surface of the
comb, a few of which were used for egg-laying.

DISCUSSION
This study shows that the larvae of the parasitic capensis honey bees in the north
of South Africa, the agents of the ‘Capensis Problem’ (Allsopp 1993), receive
more food from the scutellata workers than the scutellata larvae receive. Because
of this excessive feeding, they develop into worker-queen intermediates
(Allsopp et al. 2003). Therefore, they are expected to be more reproductively
active than capensis bees reared in their own colonies, and to be treated in a more
queen-like fashion by other workers (Calis et al. 2002). Additionally and impor-
tantly, the parasitic capensis larvae receive even more food from scutellata nurse
bees than do normal capensis larvae (Fig. 2). In an earlier study, we found that
parasitic capensis bees are on average more queen-like than normal capensis bees
when reared in scutellata colonies, although the characters of the parasitic bees
are within the range that was found for the ‘Cape Point’ capensis bees (Allsopp
et al. 2003). Hence, the differences in the amount of food in the cells confirm the
link between the amount of food given by nurse bees and the more queen-like
development of the resulting bees.

It has been shown that the parasitic capensis honey bees from central and
northern South Africa are now genetically almost identical, and these bees have
been termed a pseudo-clone (Kryger 2001, Baudry et al. 2004). When capensis
worker bees have a serious chance to reproduce, like the parasitic capensis bees in
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Table 1. Egg-production and cell-type preference in queenless capensis and scutellata
colonies. At day 0 the colonies were made queenless. Numbers of eggs observed in the
different cell-types are presented.

Eggs in queenless capensis colony Eggs in queenless scutellata colony
Days Queen cells Drone cells Worker cells Queen cells Drone cells Worker cells
1 0 0 0 0 0 0
2 1 0 1 0 0 0
3 18 0 1 0 0 0
4 >50 50 25 1 1 0
5 >50 >50 >50 2 1 0
6 >50 >50 >50 1 >50 0

Boot-2008.qxd  1/29/2008  10:08 AM  Page 46



scutellata colonies, bees will be selected that contribute more than average to the
next generation of social parasites. Left for a few further generations, it is easy
to imagine that all current parasitic bees now descend from a single worker,
especially since only a limited number of workers will have started parasitizing
scutellata colonies in the first place. This has resulted in the social parasites cur-
rently found, which as larvae receive even larger amounts of food from the nurse
bees than other capensis larvae and subsequently develop to be more queen-like
(Calis et al. 2002, Allsopp et al. 2003). Within-colony selection of capensis work-
ers was also described by Moritz et al. (1996), who found that the number of
patrilines reproducing in queenless capensis colonies quickly decreased from
more than twenty to only a few.

In comparison with other A. mellifera subspecies, normal capensis workers
readily synthesize and secrete queen-like pheromones under queenless condi-
tions, have higher numbers of ovarioles, and activate their ovaries extremely
rapidly (Table 1; Martin et al. 2002b, Wossler 2002). Apparently, selection for
reproductive workers is not only acting in the social parasites, but also in the
capensis bee population itself. Moreover, Moritz et al. (1998) found that worker
reproduction actually has a large impact in the hybrid zone between the capensis
and the scutellata populations. They showed that the nuclear hybrid zone begins
200 km south of the mitochondrial hybrid zone. This can only be explained if
capensis workers contribute significantly to the gene pool, because mitochondri-
al DNA-markers are only inherited by the female line.

As capensis workers lay diploid eggs by thelytoky and do not typically pro-
duce drone offspring, they can only contribute to the gene pool if queens are pro-
duced from their brood. In queenless colonies new queens are usually raised
from the old queen’s brood. If this fails, new queens may eventually be produced
from worker-laid eggs. This implies high direct fitness gains for the workers
from whose offspring these queens are produced. Hence, more reproductive
workers may be selected naturally via this route. In addition, we hypothesize
another route for queen production from worker-laid eggs that may be much
more important: some of the new queens raised in queenright colonies prior to
swarming may be produced from worker-laid eggs. This would imply selection
for more reproductive workers during each generation.

Several arguments suggest that capensis workers may be able to produce
queens in queenright colonies. In European A. mellifera colonies, a few workers
with fully activated ovaries have been found (Ratnieks 1993, Visscher 1996). In
capensis colonies, numbers of workers with activated ovaries may be higher:
Anderson (1963) and Hepburn et al. (1991) report about 2% of workers with par-
tially activated ovaries. We observed queenless capensis colonies to produce an
egg within a day, suggesting that workers with activated ovaries were already
present before the queen was removed. So, production of a few worker eggs may
be normal in queenright colonies. In addition, increased numbers of workers
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with activated ovaries have been reported to coincide with swarm preparation
(Perepelova 1929). After capensis workers have activated their ovaries, they
preferably lay in queen cups (Table 1; Onions 1914, Johannsmeier 1983, Martin et
al. 2002a). Worker-laid eggs in queen cells have a high chance to be reared into
new queens, because evasion of egg-policing is the rule in capensis bees (Moritz
et al. 1999, Martin et al. 2002b, Calis et al. 2003, Allsopp et al. 2008). During the
swarming season queen cups containing many eggs were observed in capensis
colonies, which is indicative for laying worker activity, and a few days later the
same cells contained a larva being raised into a queen (M.A., personal observa-
tion). Note that there are no relatedness benefits at stake for the queen, because
the queen is just as related to a new queen produced by a worker as to her own
progeny. The definite test for our hypothesis is to compose colonies in which the
queen is unrelated to the workers, and study the progeny in queen cells geneti-
cally. In the meantime, this has been done: 23 out of 39 new queens in 7 colonies
were of worker origin (Jordan et al. 2007)

When queens are produced from worker-laid eggs, they must be recessive
homozygous for the gene needed for thelytoky (Ruttner 1988, Lattorff et al.
2005). This is meaningful, because it may explain why multiple introductions of
arrhenotokous bees inside the capensis area (Ruttner 1977); personal observa-
tions) seem to dissolve without a trace. In the hybrid colonies of the next gener-
ations after an introduction, a few thelytokous workers may produce queens,
thus restoring thelytoky. Otherwise, the dominant allele resulting in arrheno-
toky of the workers would remain in the gene pool, which is one of the reasons
why the thelytokous capensis bees were considered endangered before 1990
(Ruttner 1977). The same may play a role in the natural hybrid zone (Fig. 1) and
explain the strong introgression of capensis mitochondrial DNA into the scutel-
lata population (Moritz et al. 1998).

In our view, the selection for reproductive workers originates from inside the
natural capensis population. Since capensis workers reproduce thelytokously,
individual workers can have high fitness returns when they contribute to the
next generation of queens. These fitness gains will be much higher than that of
arrhenotokous reproductive workers in other honeybee races because the chance
that a worker-produced drone will mate with a queen is extremely small (Page
& Erickson 1988). Moreover, as queens are mated with many drones their con-
tribution is even lower. Selection for reproductive workers will, however,
decrease colony performance (Hillesheim et al. 1989, Moritz 1989). Therefore, we
expect a balanced selection. On one side workers are selected to be more repro-
ductive which is related to the amount of food they get from the nurse bees. On
the other side nurse bees are selected to adjust the amount of food given, to
maintain clear caste differences between workers and queens for optimizing
colony performance. Earlier we found that when larvae are raised in their own
colonies, be it capensis larvae, scutellata larvae or hybrids between them, they
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always receive about the same amount of food from the nurse bees (Allsopp et
al. 2003). However, capensis larvae receive more food from scutellata nurse bees
and scutellata larvae receive less food from capensis nurse bees (Allsopp et al.
2003). In other words, capensis larvae cry louder for food, but capensis workers are
hard of hearing. Apparently, selection for reproductive workers inside the capen-
sis population has changed the communication between nurse bees and larvae on
the allocation of food. This changed communication results in capensis parasites
being overfed in scutellata colonies.

Hence, social parasitism by capensis in scutellata colonies may be an acciden-
tal result of selection inside the capensis population for workers that contribute
to the next generation of queens. Conversely, a number of studies have suggest-
ed that social parasitic tactics may have evolved as such (Neumann & Moritz
2002, Dietemann et al. 2006, Härtel et al. 2006), and that the present social para-
sites of northern South Africa are threatening capensis colonies as well. Since
workers produce new queens prior to swarming, the system indeed seems vul-
nerable to parasites. In fact, Härtel et al. (2006) showed that non-nestmate work-
ers reproduce in queenless colonies. Moreover, Jordan et al. (2007) not only
showed that queens were produced from worker-laid eggs prior to swarming, but
also that many of these eggs had been laid by non-nestmates. Possibly, this rep-
resents highly reproductive capensis workers parasitizing neighbouring colonies.
It may also represent the natural drift of workers between neighbouring
colonies, however, whereas the most reproductively capable of all the workers in
the group of colonies reproduce. Workers compete to become (and stay) repro-
ductive, and some will have a higher chance than others (Moritz et al. 1996). By
itself this cannot be regarded as social parasitism, unless tactics to invade
colonies followed by laying eggs from which eventually a queen is produced can
be shown. In our view there is no evidence that the social parasites in the pres-
ent ‘Capensis Problem’ differ from normal capensis workers, except that the most
reproductive pseudo-clone of the founder population has been selected, and that
they are more queen-like due to overfeeding as larvae (Allsopp 2004). This
would imply they are not threatening to the capensis population itself. Problems
similar in nature if not in scale to the present ‘Capensis Problem’ have been
reported previously in South Africa (on two occasions), Zimbabwe and Brazil
(Onions 1914, Lundie 1954, Kerr 1967, Johannsmeier 1983) and may have been
developing in Arizona (DeGrandi-Hoffman & Schneider 2001, DeGrandi-
Hoffman et al. 2004). We therefore caution that normal capensis bees are capable
of the type of devastation witnessed in the ‘Capensis Problem’ (Allsopp 2004).
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