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Summary &mdash; A suite of 10 morphological characters was identified that discriminated between the 2
southern African honeybee races, Apis mellifera capensis and A m scutellata. Collections of sam-
ples from 32 localities which spanned the sub-continent from the west coast to the east coast and
ranged from Cape Town in the south to north of Johannesburg were used to define the current distri-
bution of the 2 races and the hybrid zone between them. The data obtained from the morphometric
analysis are in good agreement with data on laying worker reproduction.
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INTRODUCTION

The extensive area over which the species
Apis mellifera is distributed has resulted in
the production of substantial geographic
variability, and the identification of numer-
ous races within the species (Ruttner,
1988). The races are now generally de-
fined on the basis of quantitative meas-
ures of morphological characters. Ruttner
(1988) has reviewed the history and devel-
opment of these sophisticated techniques.
Quantitative analysis of morphological
characters was used to define races of Af-
rican honeybees by Smith (1961) when he
studied honeybees in Tanzania.

Particular interest in the southern African
races of honeybees has arisen because
the Cape honeybee, Apis mellifera capen-
sis, has workers that exhibit thelytokous
parthenogenesis (Onions, 1912; Hepburn
and Crewe, 1991) and queens of the other
race, A m scutellata, from South Africa
and Tanzania were sent to Brazil and
formed the basis of the Africanized bee

population. A m capensis was named by
Echscholtz in the last century and its exist-
ence as a distinct race confirmed by Alpa-
tov (1933) and Ruttner (1977a,b). The
other southern African race had for many
years been classified as Apis mellifera

adansonii, until Ruttner (1988) conducted
a thorough morphometric analysis of Afri-



can races of honeybees and indicated that
it was Apis mellifera scutellata and quite
distinct from the west African adansonii.

Resolution of the nomenclatural status

of the 2 southern African bee races did not
address the question of their current distri-
bution or the way in which they interacted.
Work by Ruttner (1977b) and Moritz and
Kauhausen (1984) suggested that the

Cape honeybee was restricted to a small
region of the western Cape in the vicinity
of Cape Town. However, the discovery
that honeybees in the eastern Cape had
capensis-like qualities (Hepburn et al,
1988; Hepburn, 1989) led to our conduct-
ing an extensive sampling of the southern
African populations of honeybees (Hep-
burn and Crewe, 1990) in an attempt to
define the limits of distribution of the 2

races and their hybrids. Using a combina-
tion of the number of ovarioles per ovary
and the sex ratio of offspring of laying
workers, it was possible to define the geo-
graphic location of the 2 races and the

broad hybrid zone between them (Hep-
burn and Crewe, 1990, 1991). However,
the use of a small number of characters
made it difficult to describe the variation

within the hybrid zone. Use of multivariate
methods based on many characters was
considered to be the best approach to re-
solving difficulties of interpretation.

To determine whether the analysis of ad-
ditional morphological characters would

support the distributions defined by ovary
structure and sex of laying worker offspring,
we carried out a thorough morphometric
analysis of the bees collected from the colo-
nies that were sampled for that study.

MATERIALS AND METHODS

The bees were sampled from 32 different locali-
ties which form a subset of those listed by Hep-
burn and Crewe (1991). The localities are listed
in table I. They ranged from the west coast to

the east coast, and from Cape Town in the
south to north of Johannesburg.

At each locality, 20 bees were collected from
each colony sampled. At most localities, 6 colo-
nies were sampled. The selection of the colo-
nies for sampling was done following the advice
given by Ruttner (1988) that he encapsulated in
the following way "the more primitive the bee-



keeper, the purer the race". What is meant by
primitive in this case is that the colonies were
established by trapping feral swarms, and had
not been moved from the localities where they
were collected. For each of the bees, 36 charac-
ters were measured. The characters used are
listed in table VI.1 of Ruttner (1988). Complete
sets of voucher material have been deposited at
the Institut für Bienenkunde in Oberursel, Alba-
ny Museum in Grahamstown, and the National
Collection of Insects in Pretoria.

To undertake the statistical analysis of the

samples, the means and standard deviations of
the characters measured from the 20 bees were
used to give colony characters. These colony
characters were used in the subsequent analy-
sis. Multivariate statistical analysis of this data
was undertaken using principal components
analysis, stepwise discriminant function analysis
and discriminant analysis. The statistical pack-
age SAS-PC Version 6.04 (SAS Institute, 1988)
was used for the data analysis.

RESULTS

Principal components analysis

Preliminary exploration of the data set was
undertaken using a principal components
analysis to determine whether the colonies
that had been identified as capensis, scu-
tellata or hybrids formed distinct clusters.
In this procedure all 36 characters that had
been measured from each bee were used.

The first 2 principal components that were
extracted by this procedure accounted for
31.75% of the variance in the data set. Fig-
ure 1 shows the clusters that are formed

when these 2 factors are plotted against
each other. The capensis colonies (&squf;)
form a cluster in the upper-left-hand quad-
rant of the plot, while scutellata colonies
(&diamondf;) cluster in the other 3 quadrants, with
the exception of a single colony from Dur-
ban which had anomalously dark pigmen-
tation. The hybrid colonies show a great
deal of variability and overlap both of the

clusters of their parental races, with a

group of them falling into the diagonal
space between the 2 main racial clusters.

Hybrid colonies were defined using the cri-
teria given in Hepburn and Crewe (1991).

The characters that load most heavily
on factor 1 (eigenvectors > 0.23) are length
of femur, length of tibia, metatarsus length,
metatarsus width, length of sternite 3,
transverse width of wax plate on sternite 3,
width of sternite 6, forewing length and fo-
rewing width. These characters give some
measure of the relative size of the bees
and very probably relate to pollen loading
ability. The characters that loaded least

heavily on factor 2 (eigenvectors >-0.23)
were the length of the hair on tergite 5,
proboscis length, pigmentation of tergites
2, 3 and 4, and pigmentation of the scutel-
lum. This pigmentation factor appears to
be related to the colour of the bees. In fig-
ure 1, moving from left to right on the x-
axis, results in moving from relatively
smaller individuals to larger ones, while

moving from the bottom to the top of the y-
axis, results in a progression from lighter to
darker individuals.

Discriminant analysis

Having established via the principal com-
ponents analysis that the southern African
races of honeybees formed clusters, we

proceed to conduct a discriminant analy-
sis. The first step in this process was to
conduct a stepwise discriminant function
analysis (significance level to enter and to
stay = 0.15 see table II) to determine which
of the 36 characters that had been meas-
ured best discriminated between the races.
This procedure indicated that 12 of the 36
characters could be used to distinguish be-
tween the 2 races (table II). These charac-
ters were compared with those that Rutt-
ner (1988) used to distinguish between all



of the tropical African honeybee races. Al-
though both studies used a suite of 12

characters to discriminate between the
races being examined, only 4 of these
characters are common to both investiga-
tions. The descriptive statistics for the 12 

characters that were chosen by the step-
wise discriminant function analysis are pre-
sented in table III. Two of these charac-

ters, pigmentation of the scutellum (Sc)
and the width of stripe posterior of tomen-
tum, were not used in the generation of the





linear discriminant function used to classify
the colonies into the 2 races since meas-
urement of these characters was equivo-
cal.

The linear discriminant function that
was developed using the 10 characters
listed in table IV, classified all of the scutel-
lata colonies (table I, 111 colonies) into

scutellata with a probability > 0.99, while
all but 3 of the capensis colonies (24 colo-
nies) were classified into capensis with a
probability of 1.0. Of the remaining colo-
nies, 2 were classified as capensis with
p > 0.99 and 1 with p > 0.78.

The hybrid colonies (37 colonies) from
7 localities were analysed using the dis-
criminant function developed from the data
collected from racially homogeneous colo-
nies and classified as indicated in table V.
All of these hybrid colonies, with the ex-
ception of those from East London and
Graff Reinet, are found between factor
score contours -0.75 and -0.25 as indicat-
ed in figure 2.

To obtain a better understanding of the
actual geographic distribution of the sub-

species and their hybrid zone, we plotted
the scores of factor 1 (fig 2) and the inter-

colonial variance (fig 3) at each sample lo-
cation on the map of southern Africa. In

this analysis, additional samples from Port
St Johns (3 colonies), Molteno (5 colo-

nies), Stutterheim (7 colonies) and Fort
Beaufort (5 colonies) were included. The
area with particularly low factor scores

ranges from Cape Town in the west to Port
Elizabeth in the east. The samples collect-
ed at Graaf Reinet were also within the

range of low factor scores which results in
a bulge-shaped distribution of capensis-
like honeybees. Colonies sampled in

coastal regions had a general trend for low
factor scores and bees of smaller size.

A particularly steep cline is found along
the west coast indicating a narrow hybrid
zone between 2 racial types. The map in
figure 3 corresponds well with the data pre-
sented in figure 2. Areas with steep clines
are also areas with a high intercolonial var-
iance. We calculated an estimate for the

slope of the cline from the average factor
score difference/geographic distance be-
tween sample location and all adjacent
sample locations. The correlation between
estimated cline and intercolony variance is
highly significant (r = 0.56; p < 0.001; df =

35).



DISCUSSION

The sample sizes used in this investigation
of the southern African races of honeybees
are large, and the localities from which the
material was collected extend over the

whole subcontinent. As a consequence,
we have been able to confirm by means of
morphometric analysis the division of

honeybee populations in southern Africa
into 2 races with a hybrid zone between
them. The morphometric data are in agree-
ment with reproductive and other biological
data (Hepburn and Crewe, 1990, 1991).

The principal components analysis pro-
vides a clear indication that the 2 races
form distinct clusters that are dependent
on a complex interaction between size and
colour, with capensis being generally
smaller and darker then scutellata. This re-
sult is in accord with previous less exten-



sive investigations of the relationship be-
tween the races (Ruttner, 1988). The hybrid
colonies display a much greater variation in
characteristics (fig 1) than the 2 parental
races, as would be expected from their hy-
brid origin (Moritz and Kauhausen, 1984).

The linear discriminant function that
was developed using our data set appears
to be able to discriminate effectively be-
tween colonies of the 2 races. The fact
that we used characters that were different
from those used by Ruttner (1988) is prob-
ably a consequence of having to discrimi-
nate between only 2 populations of bees
with a much more restricted geographic
distribution.

The distribution of capensis in the east-
ern Cape province is more extensive than
was previously thought to be the case

(Ruttner, 1988). It extends along the
southern coast, eastwards to beyond Port

Elizabeth and inland as far as Graaf Rein-

et. The hybrid zone, as revealed by an in-
creasing population variability, covers a

vast geographic area. This is surprising in

the light of the constraints under which
stable equilibria between both reproductive
strategies can be obtained in population
genetic models (Moritz 1986, 1989). The
relatively wide zone with increased inter-
colonial variance may be due, in part, to
the extensive migratory bee keeping that
has taken place over the last 20 yr (All-
sopp, 1992). Nevertheless, racially pure ar-
eas with reduced intercolonial variance

can be identified clearly and it remains fas-

cinating to speculate on the reasons for

the existence of this hybrid zone, particu-
larly since capensis workers have the po-
tential to act as social parasites in scutella-
ta colonies and usurp the reproductive
function of the scutellata queen.
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Résumé &mdash; Analyse morphométrique de
2 races d’abeilles sud-africaines. Les

populations d’abeilles (Apis mellifera L)
d’Afrique du Sud ont été échantillonnées
dans 32 localités différentes (liste dans le
tableau I). Vingt abeilles ont été prélevées
par colonie à raison de 6 colonies par loca-
lité. On a mesuré 36 caractères sur cha-

que abeille (tableaux II, III). Les caractères
retenus sont ceux décrits par Ruttner

(1988). On a ensuite soumis à l’analyse
factorielle et à l’analyse discriminante les
moyennes de chaque colonie. L’ensemble
des données obtenues à partir des mesu-
res a été soumis à une analyse en compo-
santes principales. Celle-ci a montré que
les localités qui avaient des colonies identi-
fiées comme étant de la race capensis
étaient regroupées en un amas, que celles
qui avaient des colonies identifiées comme
scutellata étaient regroupées en un autre
amas et que les colonies hybrides étaient
variables (tableau V) et formaient un amas
qui chevauchait ceux de leurs 2 parents
(fig 1). Une analyse discriminante pas à
pas indique qu’il est possible d’utiliser
12 caractères pour séparer les 2 races

(tableau II). La fonction discriminante li-
néaire sur la base de 10 caractères (ta-
bleau III) a discriminé toutes les colonies
de scutellata, avec une probabilité compri-
se entre 0,99 et 1, tandis que les colonies
capensis ont été discriminées avec une

probabilité comprise entre 0,78 et 1. Les
données morphométriques présentées ici
confirment la division des populations
d’abeilles d’Afrique du Sud en 2 races,
avec présence d’une zone hybride entre

elles. Par ailleurs, la répartition de capen-
sis dans la partie est de la province du
Cap est plus étendue qu’on ne le pensait
auparavant.

Apis mellifera capensis / Apis mellifera
scutellata / morphométrie / Afrique du
Sud / race

Zusammenfassung &mdash; Morphometrische
Analyse von zwei südafrikanische
Rassen der Honigbiene. Tabelle I zeigt
32 verschiedene Sammelorte, an denen
Stichproben in Honigbienenpopulationen
genommen wurden. Je Ort wurden 20 Ar-
beiterinnen von jeweils sechs Völkern ge-
sammelt. Insgesamt wurden 36 morpholo-
gische Merkmale je Biene gemessen wie
bei Ruttner (1988) beschrieben. Die Mittel-
werte jeder Kolonie wurden mit Hilfe der

Faktorenanalysen und der Diskriminanza-
nalyse ausgewertet.

Eine Principal Component Analyse
zeigte, da&szlig; die Proben, die als zur Rasse
Apis mellifera capensis und Apis mellifera
scutellata zugehörig klassifiziert waren,
klare Cluster bilden, während die Bienen
der Hybridzone eine gro&szlig;e Variabilität in
ihren morphologischen Merkmalen aufwie-
sen (Tabelle V). Sie bildeten einen Cluster,
der mit den beiden reinen Rassen über-

lappte (Abb 1). Eine schrittweise Diskrimi-
nanzanalyse zeigte, da&szlig; 12 Merkmale zur

Unterscheidung zwischen den beiden
reinen Rassen herangezogen werden
konnten (Tabelle II). Bereits die Diskrimi-
nanzfunktion auf einer Basis von nur 10
Merkmalen (Tabelle III) trennte die scutel-
lata Kolonien von den restlichen Proben
mit einer Wahrscheinlichkeit zwischen 0,99
und 1, während diese Wahrscheinlichkeit
bei den capensis Stichproben zwischen

0,78 und 1 lag.
Die morphologische Analyse bestätigt

die Teilung der Honigbienen Südafrikas in
zwei Rassen mit einer klar definierten Hy-



bridzone. Die Ausbreitung der Kaphonig-
biene in der Kapprovinz ist wesentlich
weiter als in früheren Arbeiten angenom-
men.

Apis mellifera capensis / Apis mellifera
scutellata / Morphometrie / Rasse / Süd-
afrika
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