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Africanized honey bees more efficiently
convert protein diets into hemolymph protein
than do Carniolan bees (Apis mellifera carnica)
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ABSTRACT. The superiority of Africanized over European honey
bees in tropical and subtropical regions of the New World is both
well documented and poorly understood. As part of an effort to try
to understand the process by which the displacement of European
bees occurred, we examined the ability of these two types of bees
and of hybrids between the two to convert natural and artificial diets
into usable protein. Newly emerged bees from colonies of tropically
adapted Africanized and temperate-origin Carniolan bees and first-
generation hybrids between the two were caged and fed artificial
and natural protein diets for six days to determine whether there
were differences in their ability to use these diets. The Africanized
bees developed significantly higher protein levels in the hemolymph
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than did the Carniolan bees. The difference was 31% when the bees
were fed bee bread (37.5 and 28.56 ug protein/pul hemolymph, re-
spectively). The hybrids developed protein levels intermediate be-
tween the two parental types. These were approximately 10 times
the levels found in bees fed with sucrose alone. Superior food con-
version efficiency of the Africanized bees may be one of the reasons
for their superiority both in the wild and for beekeeping in tropical
and subtropical Latin America.
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Bee nutrition

INTRODUCTION

The Africanized honey bee, a predominantly African polyhybrid resulting from
a mixture of European subspecies already present in Brazil, Apis mellifera mellifera, A.
m. lingustica, A. m. caucasica, and A. m. carnica and the African bee A. m. scutellata
(Francoy et al., 2009), has been highly successful in dominating tropical and subtropical
regions of the New World. Arias and Sheppard (1996) placed the Africanized bee in the
same phylogenetic branch as the African subspecies. Its strong defensive capability, its
ability to live in environments that are inhospitable and its shorter development time are
characteristics of the Africanized honey bee that make it similar to the African bee.

These characteristics allowed Africanized bees to rapidly multiply, dominate and
replace the European honey bee that existed in Brazil until the late 1950s (Gongalves,
1974). Other characteristics that contributed to the dominance of Africanized bees over
European bees throughout most of South America include more efficient pollen collection
(Couto, 1998); more efficient communication (Nufies, 1979); more highly developed de-
fensive behavior (Stort and Gongalves, 1991; Guzman-Novoa et al., 2002); more intense
swarming behavior (Winston et al., 1979; Otis, 1980), and resistance to the parasitic mite
Varroa destructor (De Jong and Gongalves, 1998; Marques et al., 2002; Moretto, 2002).

According to Roubik (1980), a combination of various factors makes African-
ized honey bees superior in their competition with other types of honey bees, especially
in their exploitation of compact and rich food sources, such as larger body size, larger
colony size and superior capability to recruit to new food sources. Africanized honey bees
have a metabolic rate intermediate between those of African and European races, which is
evident in their flight physiology (Harrison et al., 2005). Metabolic rate can also be used
to evaluate the defensive behavior of Africanized honey bees (Andere et al., 2002). The
highly defensive behavior of Africanized honey bees also involves an inherent increase
in the respiratory rate; however, it is not known whether this increase is relevant to their
behavioral response (Southwick et al., 1990).

Food metabolism plays a fundamental role in bee biology (Standifer et al., 1977).
The digestive process influences the body composition of the bees, including the percent-
ages of glycogen, lipids and proteins (Hrassnigg and Crailsheim, 2005). The food source
of the bees has been found to affect hemolymph composition (Bounias and Morgan, 1990;
Cremonez et al., 1998). Various studies have been made to develop ideal protein diet for-
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mulations and observe their effect on honey bee physiology (Herbert, 1992; Cremonez et
al., 1998). Studies of the effects of protein diets have also been made with social stingless
bees in Brazil (Zucoloto, 1975; Camargo, 1976; Fernandes-da-Silva and Zucoloto, 1990;
Nogueira-Neto, 1997). We compared the efficiency of protein diet conversion in African-
ized and European honey bees reared under the same conditions.

MATERIAL AND METHODS

Africanized honey bees were obtained from colonies of the University of Séo
Paulo apiary in Ribeirdo Preto, SP, Brazil. Carniolan bees were obtained from colonies
headed by mated queens imported from Germany, provided by Peter Rosenkranz of the
Hohenheim Institut fur Bienkunde. Hybrids between the two were provided by open-mat-
ing Carniolan virgin queens with Africanized drones in the Ribeirdo Preto apiary. Brood
combs with emerging bees were maintained in an incubator overnight and groups of 100
bees placed in wooden-hoarding cages (11 x 13 x 8 cm) with one glass wall and a metal
screen bottom. The recently emerged bees from two colonies of each type of bee were
pooled and mixed to populate the hoarding cages.

Five diets were tested on Africanized, Carniolan and first-generation hybrids be-
tween the two (two cage repetitions each). These diets consisted of 1) a non-protein con-
trol; 2) 50% bee bread (bee-fermented pollen freshly collected from brood combs) mixed
with 50% powdered sucrose (by weight), with enough water to make a paste; 3) 50%
soybean meal and 50% sugar-cane alcohol yeast; 4) sugar-cane alcohol yeast alone, and
5) honey (very low protein control). All caged bees had free access to 50% (by weight)
sucrose syrup.

On day 0 and six days after placing the recently emerged bees in the hoarding
cages, protein levels in the hemolymph were determined using the Bradford (1976) method
modified by Cremonez et al., 1998. Two pools of hemolymph from five bees each were
collected from each cage and two cages were set up for each type of bee and each diet.
Statistical analysis was made with SigmaStat (3.1), using the Student z-test for compar-
ing two groups and a one-way ANOVA for comparing three groups. The corresponding
non-parametric tests, Smirnov-Kolmogorov and Kruskal-Wallis, were used when the data
distributions departed from normality. Post hoc comparisons were made with the Tukey
test after one-way ANOVA, and the Dunn test after the Kruskal-Wallis test. The alpha level
was set at 5%.

RESULTS AND DISCUSSION

The protein levels in the caged bees declined significantly from 0 to 6 days of
age when fed with non-protein diets and increased significantly in the bees fed the pro-
tein diets (Table 1). Africanized bees developed significantly higher protein levels in the
hemolymph than did Carniolan bees fed the same diets (Table 1). Africanized bees were
superior to Carniolan bees for all diets. The hybrid bees had hemolymph protein levels in-
termediate between the two, except for the tests made with the yeast-only diet, with which
the hybrid bees had the highest protein levels. The best diet was bee bread, followed by
soybean meal, and yeast, and then yeast alone.
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Table 1. Mean (+ standard deviation) protein concentrations in the hemolymph (in pg/pL) of worker honey
bees (Africanized, Carniolan and hybrids between the two) confined in hoarding cages and fed for six days with
five different diets.

Africanized Hybrid Carniolan
Recently emerged 7.64 £ 0.06a 7.14 £ 0.04b 6.96 £ 0.02¢
Sucrose 3.49+0.09a 3.09 +0.05b 3.06 = 0.09b
Bee bread and sucrose 37.5+0.64a 36.7+0.37b 28.6+0.21c
Soybean meal and yeast 259+0.23a 22.8+0.09b 21.3+0.07b
Yeast 22.3+0.06b 29.8 +0.09a 19.0 + 0.06b
Honey 4.68 £ 0.06a 4.09 £0.02b 3.67+0.03¢

All caged bees had free access to sucrose syrup. Means followed by different letters in the same row are signifi-
cantly different.

Under the same conditions, the Africanized bees had better protein conversion of the
diets than did the Carniolan and hybrid bees. The Africanized bees had 31% more protein than
the (European) Carniolan bees when fed the natural diet (bee bread; Table 1). Even when fed
sucrose alone, the protein levels of the Africanized bees were 14% higher (Table 1).

Other studies have also pointed to metabolic differences between honey bee races
(Harrison and Hall, 1993; Harrison et al., 2005). Zakaria (2007) found significant differences
in hemolymph protein levels among the honey bee species, 4. m. lamarckii, A. m. carnica and
A. m. lingustica; A. m. lamarckii had the highest levels, followed by 4. m. carnica and 4. m.
lingustica. The concentration of acid phosphatase was also highest in A. m. lamarckii.

The dominance of Africanized honey bees over European bees in Brazil is evident
from studies using morphometrics (Francoy et al., 2006) and molecular markers to determine
the type of bee in the wild and in apiaries (Sheppard et al., 1991; Rotta, 1999; Guzman-Novoa
et al., 2002; Diniz et al., 2003; Collet et al., 2006). More efficient use of protein diets could be
one of the contributing factors for this ecological dominance (Southwick et al., 1990).
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