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ABSTRACT Mating flight characteristics of reproductives of neotropicalAfrican and European honey 
bees (Apis mellifera L.) were studied in eastern Venezuela. For queens, mean exit times of all flights and 
midpoints of mating flights differed significantly between the subspecies, with the midpoints of mat
ing flights by European queens occurring an average of 47 min earlier in the afternoon. Queens of the 
two subspecies did not differ in other aspects of their orientation and mating flights. Flights of Euro
pean drones also occurred significantly earlier than those of neotropicalAfrican drones. Mating flights 
of queens and drones of the same subspecies were approximately synchronous. These results are suf
ficient to explain the weak positive assortative mating that has been reported previously. 
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INTRODUCTION 

The introduction of African honey bees (Apis mellifera 
scutellata) to South America has resulted in the remark
able colonization by their descendants of a vast area from 
Argentina to the southern United States. Prior to 1956, only 
honey bees of European origin (EHBs) had been imported 
into Latin America (Winston, 1992; Rinderer et al., 1993). 
However, as the introduced African bees became estab
lished, the characteristics of feral and managed honey bees 
suggested that their drones predominated in matings with 
both managed EHBs and feral neotropical African honey 
bee (NAHB7) queens (Nogueira-Neto, 1964; Hellmich et 
al., 1988; Taylor and Rowell, 1988; Hall, 1990; Taylor et al., 
1991; Echazarreta, 1993; Taylor, in press), although more 
slowly or to a lesser extent in areas with high populations 
of EHBs (Rinderer et al., 1991; Quezada-Euan and Hinsull, 
1995). These studies suggest that NAHB drones have a 
mating advantage. Factors which may contribute to this 
advantage include greater production of drones by NAHB 
colonies (Rinderer et al., 1987; Spivak, 1992; Echazarreta, 
1993), seasonal differences in the production of drones 
(Echazarreta, 1993), longer and/ or more mating flights by 
NAHB drones (Echazarreta, 1993), possible suppression 
of drone production in EHB colonies by NAHB drone para-

sitism (Rinderer et al., 1985; Rinderer and Hellmich, 1991), 
and differences in the spatial (Rowell and Taylor, 1988; 
Taylor and Rowell, 1988) and temporal (Hellmich and 
Collins, 1990; Hellmich et al., 1991; Collins and Mbaya, 
1994) distributions of queens and drones of each subspe
cies at the time of mating. 

In contrast, Kerr and Bueno (1970) reported no mat
ing advantage of NAHB drones when NAHB and EHB 
queens mated in an isolated site containing equal num
bers of NAHB and EHB drones. They found that Italian 
queens mated with Italian drones (64.8% of matings), and 
NAHB queens with NAHB drones (58.5% of matings), 
more often than would be expected if mating were ran
dom. Their results clearly indicated weak positive assor
tative mating, but the behavior underlying the phenom
enon was not evident. 

B11sed on several sets of unpublished observations 
(some reported here), Taylor (1985) stated that there is a 
difference in the timing of mating flights of EHB and 
NAHB drones. Hellmich and associates confirmed that 
EHB drones generally flew earlier in the day than did 
NAHB drones in western Venezuela (Hellmich, 1987; 
Hellmich and Collins, 1990; Hellmich et al., 1991). They 
reported a difference of 17-19 min in mean flight times, 
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with the difference greater for immature than for mature 
drones. In southern Texas, all drones flew much later in 
the day in mid-summer than in spring, and the differences 
between the two subspecies were less pronounced (Collins 
and Mbaya, 1994). Preliminary studies by one of us (PFK) 
as early as 1977 indicated a subspecific difference in the 
timing of queen mating flights as well. Partial temporal 
segregation of the mating flights of EHB and NAHB drones 
combined with the synchronization of queen and drone 
flights within each subspecies might explain the results of 
Kerr and Bueno (1970). The only published data for queens 
indicated that their flight distributions differ significantly 
between the two subspecies, but also documented unex
pectedly poor synchrony between EHB queens and drones 
(Hellmich and Collins, 1990). 

In this study we compare the characteristics of mating 
flights of queens and drones of EHBs and NAHBs, pro
vide further documentation of the temporal segregation 
between the subspecies, and discuss the importance of our 
results with respect to the assortative mating reported by 
Kerr and Bueno (1970) and the "Africanization" of honey 
bees in tropical America. 
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MATERIALS AND METHODS 

Observations of mating flights were made at a field 
station maintained by the Ministerio de Agricultura y Cria 
de Venezuela, at Laguna Grande, 16 km E of Maturin, 
Monagas, Venezuela (9°47'N, 63°4'W). Data for queens 
were obtained from 29 April to 21 July 1980. Daylength 
during this period ranged from 12h 25 min to 12h 39 min. 
Temperatures during the flight times were 26-35 °C, winds 
were generally light ( <2m/ sec), and cloud cover ranged 
from clear to overcast in the afternoons. Observations on 
several days toward the end of this period were interrupted 
by rains. 

Several procedural steps assured that queens of both 
subspecies were observed under similar conditions. All 
queens being observed at any one time were reared to
gether using standard queen-rearing techniques. Conse
quently, the resulting virgin queens were approximately 
the same age (although NAHB queens develop slightly 
more rapidly; DeGrandi-Hoffmann et al., 1998). Five sets 
of these queens were established sequentially in mating 
nuclei. Each set consisted of two NAHB and two EHB colo
nies observed simultaneously by two observers. 

The EHB queens (n=lO) were daughters of Italian 
stocks (8 queens from two different commercial produc
ers) and a Carniolan stock (2 queens) imported from the 
USA. The virgiil. NAHB queens (n=lO) were reared from q. 

stock established from feral colonies that exhibited worker 
cell size (diameter: 4.6-5.0 mm; see summaries by Rinderer 
et al., 1986, and Spivak et al., 1988), morphological traits 
(small size, all black abdominal tip), and behavioral char
acteristics (e.g., rapid movement on combs) typical of 
NAHBs. The NAHB colonies were maintained in a site >60 
km from the nearest apiaries that may have contained 
EHBs, in order to minimize possible influences of EHBs 
on our NAHB stock 

Queen cells or virgin queens <48 h post adult emer
gence were introduced into 5-frame nucleus colonies of 
3,000-5,000 bees of the same race. The virgin queens ei
ther eclosed directly into the colonies or were allowed to 
emerge into tubular wire cages from which they were re
leased 1-2 d after emergence. The entrance of each hive 
was reduced and fitted with a clear plastic tube 2.5 cm in 
diameter affixed to a landing platform 10 cm wide which 
facilitated observations of queens. Beginning when queens 
were <5 d old, and continuing until queen flights had 
ceased for at least 2 d, we observed each colony from 13:00-
17:00 h (except during rains) and recorded all flights. Be
cause queen flights were not restricted in any way, con
tinuous observation was required, which limited the num
ber of queens for which we could obtain data. Following 
the convention established by others (e.g., Oertel, 1940; 
Roberts, 1944; Ruttner, 1985), we distinguished mating 
flights either by the presence of a "mating sign" attached 
to the queen or by a flight duration of > 10 min. In our 
study, only 2 of the 26 queens that returned with a mating 
sign took flights that lasted less than 10 min, and only one 
flight (18 min duration) was scored as a mating flight in 
the absence of a mating sign. For some variables the num
ber of observations per queen was unequal; in these in
stances we computed averages for each queen prior to cal
culating the overall means and Student's t-values. The two 
values for sample size we report indicate the number of 
queens and the total number of flights that provided in
formation for the analysis. 
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Table 1. Comparison of mating and non-mating flights of European (EHB) and neotropical African (NAHB) queens in eastern Venezuela. Data 
represent means ± standard deviations; sample sizes in parentheses indicate the number of queens for which data were obtained and the total 
number of flights. Statistical probabilities represent the results of Student's t-tests. 

EHBQueens NAHBQueens p 

Exit times for all flights 14:44 h ± 26.9 min (10, 47) 15:19 h ± 26.3 min (9, 54) <0.02 
Mid point of mating flights 15:11h±24.5 min (9, 17) 15:58 h ± 32.7 min (6, 10) < 0.01 
Age of 1st flight 6.6±1.74 days (9) 6.5 ± 2.14 days (8) > 0.9 
Age at 1st mating 8.0 ± 2.27 days (8) 9.2 ± 2.86 days(6) > 0.5 
Number of mating flights per queen 2. 1 ± 0.38 (7, 15) 1.6 ± 0.55 (5, 8) > 0.05 
Total number of flights per queen 5.6 ± 3.05 (8, 42) 6.3 ± 3.96 (7, 47) > 0.5 
Age of queen when mating 9.5 ± 3.77 days (9, 18) 9.8 ± 2.81 days(6, 10) > 0.9 
Duration of non-mating flights 6.0 ± 2.36 min (9, 22) 5.0 ± 3.12 min (9, 40) > 0.4 
Duration of mating flights 14.S ± 4.74 min (9, 17) 17.2 ± 2.54 min (6, 10) > 0.2 

Table 2. Summary of mean drone flight times determined at four time periods in eastern Venezuela. 

Date Method of Data Collection European Neotropical African Difference 

1-20January1980 Trapping of marked drones 15:11 h (n=2,336) 15:35 h (n=6,520) 24min 
March-April 1980 Trapping of yellow and black drones 15:38 h (n=3,563 yellow) 16:07 h (n=6,078 black) 28min 
13-25 June 1980 Departures of marked drones 14:57 h (n=289) 15:35 h (n=240) 38min 
20 March 1981 Trapping of marked drones 15:59 h (n=181) 16:20 h (n=209) 21min 

Data on the timing of drone flights were obtained in 
several ways. The most relevant data set was obtained 
between 13-25June1980, approximately midway through 
our observations of queen mating flights. Sealed drone 
brood from NAHB and EHB colonies was incubated at 
34±1 °C. Newly emerged drones (0-24 hold) were color
marked with Testors® paint to designate subspecies and 
date of emergence, and were added to queenright colo
nies of the same subspecies. They were 7-19 d old during 
the period in which we quantified the exit times of their 
flights. 

The largest data set for flights by drones of known 
subspecies was obtained in January 1980. Following the 
above procedure, we marked 6,520 NAHB and 2,336 EHB 
drones (i.e., all that were available) and introduced them 
to colonies of their own subspecies between 5 December 
1980 and 13 January 1981. From the numbers of marked 
drones in the colonies, we estimated that 50-70% of the 
drones were accepted by the colonies to which they were 
introduced. Drones were subsequently trapped in several 
drone congregation areas (DCAs) 0.6-3.4 km from the 
drone-holding colonies, using an aerial drone trap (Tay
lor, 1984a). Trapping occurred on 15 afternoons between 
1-20 January. We recorded the midpoint of the capture in
terval and the age and subspecies of all marked drones. 

On 20 March 1981, data for another set of marked 
NAHB and EHB drones aged 7-11 d were obtained in a 

DCA located 900 m from the drone-holding colonies. 
Drones were trapped as described in the preceding para
graph. 

Finally, unmarked drones were trapped in DCAs on 
numerous afternoons in March and April 1980. About 97% 
of NAHB drones were completely black in color, whereas 
only about 10% of European drones were black in this 
population. The slight overlap in color of NAHBs and 
EHBs results in slight underestimation of the subspecific 
differences. For this data set we had a large sample size 
(3,563 yellow drones; 6,078 black drones). 

All data are reported in local Venezuelan time (GMT-
4 h) unless otherwise noted. 

RESULTS 

A comparison of mating flights of EHB and NAHB 
queens is presented in Table 1. EHB queens (n=lO queens, 
47 flights) departed on all flights (orientation and mating 
combined) an average of 35 min earlier (p<0.02) than 
NAHB queens (9 queens, 54 flights). The difference in the 
mean timing of mating was 47 min and highly significant 
(p <0.01; EHB: 9 queens, 17 mating flights; NAHB: 6 
queens, 10 mating flights). The midpoints of each mating 
flight are plotted at the bottom of Fig. 1. In other charac
teristics of orientation and mating flights, queens of the 
two subspecies did not differ (Table 1). 
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Fig. 1. Temporal distributions of mating flights by queens and drones of European and neotropical African honey bees near Maturin, 

Venezuela. The drone flight distribution (above) was obtained by combining the data for all marked drones of known race trapped between 
1-20January1980, in several drone congregation areas 0.6_3.4 km from the experimental apiary. Mean capture times were 15:11 h (EHB) and 
15:35 h (NAHB). The midpoints of each queen mating flight obtained between 29 April-21July1980, are plotted (below). Mean queen flight 
times are 15:11 h (EHB) and 15:58 h (NAHB). The time scale applies to distributions for both drones and queens. 

The pattern of drone flights was similar on all days of 
observation. Drones of both subspecies often started and 
stopped flying at approximately the same times. However, 
the number of EHB drones at DCAs increased more rap
idly and peaked earlier than for NAHB drones, resulting 
in differences of 21-38 min in the mean times of drone 
flights. The top part of Fig. 1 demonstrates this partial seg
regation of the drone flight distributions of EHB and NAHB 
drones (data from drones trapped in DCAs between 1-20 
January 1980). Overlying this general pattern were sea
sonal differences in the timing of drone flights (Table 2). 
Mean times of flights in January and June occurred at about 

the same hour relatively early in th.e day. In contrast, in 
March/ April, during the height of the hot, windy dry sea
son, the distributions of drone flights shifted to 30-50 min 
later in the day. 

Within each subspecies, queen and drone mating 
flights were synchronized. For EHBs, the mean times of 
departure of queens ( = 15:03 h) and drones ( = 14:57 h, 
June data) from hives were very similar. Similar synchrony 
was observed for NAHB reproductives (queen departure: 
= 15:47 h; drone departure: = 15:35 h). Note that data for 
drones may include orientation flights which tend to oc
cur earlier in the flight period. 
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DISCUSSION 

We observed a substantial temporal difference (47 min) 
between the subspecies in the mean midpoint of queen 
mating flights. Similar differences between EHB and 
NABB queens were recorded by Hellmich and Collins 
(1990) in western Venezuela during the dry season (56 min; 
calculated from data in their figure) and by one of us (PFK, 
unpublished observations) in French Guiana during the 
dry season (42 min). Taken together, these results demon
strate differences in the temporal pattern of mating behav
ior by the two types of queens and their colonies at each of 
the sites. The timing of queen mating flights also varies 
substantially as a function of seasonal environmental con
ditions. For example, the mean mating flight times (solar 
times) of queens we recorded in eastern Venezuela during 
the early rainy season (EHB: 14:59 h; NAHB: 15:46 h; 
daylength 12 h 38 min) were approximately 40 min ear
lier than those recorded by Hellmich and Collins (1990) in 
the dry season in western Venezuela (EHB: 15:34 h; NAHB: 
16:31 h; daylength 12 h 3 min). (For this comparison only, 
local times were converted to solar times by subtracting 4 
min for each 1° west of longitude 60°W). 

Mating flights of EHB drones occur earlier in the day 
than those of NAHB drones, as also shown by Hellmich 
and Collins (1990), Hellmich et al. (1991), and Collins and 
Mbaya (1994). However, the magnitude of the difference 
in mean flight times recorded for drones of the two sub
species is less than that for queens, particularly under 
windier (dry season, Venezuela) and/ or hotter (summer, 
Texas) climatic conditions (21-38 min, Table 2; 19 min, 
Hellmich et al., 1991; 17 min, calculated from Hellmich and 
Collins, 1990, Fig. 1; 18 min, calculated from partial March 
data of Collins and Mbaya, 1994; 5 min, calculated from 
June/July data of Collins and Mbaya, 1994). Some of the 
influences of daylength, temperature, winds, overcast skies 
and rain on mating flights are discussed by Alber et al. 
(1955), Taber (1964), Verbeek (1976), Fletcher and Tribe 
(1977), Jung (1981), and Lensky and Demter (1985). 

During our period of queen observation, mating flights 
of queens and drones of the same subspecies were syn
chronized. Others have commented on the coinc;:idence of 
queen and drone mating flights within populations (re
viewed by Koeniger, 1991; see also Verma et al., 1990; 
Yoshida et al., 1994; and Yoshida, 1995). Such synchrony is 
to be expected because selection should favor queens that 
take mating flights at times of high drone abundance, re
sulting in fewer or shorter mating flights and therefore 
lower rates of predation as a consequence (Hellmich and 
Collins, 1990). Because synchrony should result from se
lection on both sexes, males· should be selected to take 
mating flights when queens are available for mating. Our 
data from the early wet season showing synchrony within 

each subspecies in queen and drone flights do not agree 
with the dry season observations of Hellmich and Collins 
(1990). There are no obvious explanations for this discrep
ancy between our results and theirs, or for the lack of syn
chrony in European queen and drone flights that they re
ported. 

Partial temporal segregation to the extent we observed, 
combined with synchronization of queen and drone flights 
within each subspecies and with equal numbers of EHB 

. and NAHB drones, can account for the positive assorta
tive mating demonstrated by Kerr and Bueno (1970). A 
change in any of these three parameters will influence the 
degree to which one subspecies is favored in mating. Sev
eral other variables could influence this phenomenon, but 
our research suggests that they are relatively unimportant. 
For example, there is no obvious spatial separation of EHB 
and NAHB drones; when trapping drones, drones of both 
subspecies were either present or absent at any particular 
location, and their proportions were approximately the 
same at different DCAs (ORT and GWO, unpublished 
data). There is no apparent preference of drones for queens 
of their own subspecies; drones of each subspecies mated 
with plastic tubes containing confined queens that were 
suspended in a DCA (Taylor, 1984b) at the same frequency 
as they were trapped in flight (Taylor, 1984a) in the same 
DCA (ORT, unpublished observations). No one has evalu
ated mate choice by honey bee queens. 

The results of Kerr and Bueno (1970) relate to a popu
lation-level phenomenon. They estimated mating frequen
cies (64.8% EHB x EHB matings; 58.5% AHB x AHB 
matings) based on characteristics of worker progeny of 
many queens. In that study, the Italian queens mated with 
an average of 5.3 males. Most of the EHB queens they stud
ied mated with both EHB and NAHB drones. Relatively 
few EHB queens would be predicted to mate exclusively 
with EHB (e.g., 0.64853 = 10.0%) or AHB (0.3525·3 = 0.4%) 
drones (although they obtained both these extreme results). 
Examination of Figure 1 clarifies this phenomenon. Euro
pean queens flying early would encounter a preponder
ance of European drones; late-flying queens would encoun
ter predominantly Africanized drones. On average, how
ever, the partial temporal separation of flights by Euro
pean and Africanized reproductives would result in posi
tive assortative mating, but only to a relatively small ex
tent because the distributions overlap broadly. 

Unlike the experimental conditions of Kerr and Bueno 
(1970), NAHB drones available for mating usually greatly 
outnumber EHB drones in tropical regions. The factors that 
influence the relative proportions of NAHB and EHB 
drones encountered by queens (e.g., higher rates of drone 
production, earlier drone production, more mating flights, 
longer mating flights, and greater population size of · 
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NAHBs; Rinderer et al., 1987; Winston, 1992; Echazarreta, 
1993) influence matings of queens much more than the 
minor temporal difference between the subspecies in the 
timing of mating. In this regard we reached the same con
clusion as Hellmich et al. (1991). However, we do not agree 
with the simplified prediction of Hellmich et al. (1991) that 
mixed mating between EHBs and NAHBs will necessarily 
lead to gene flow, the complete mixing of their genomes 
over time, and eventual homogenization of their mating 
flight distributions. The historical evidence from tropical 
regions (Sheppard et al., 1991a; Hall, 1992) and studies 
showing hybrid dysfunction (Harrison and Hall, 1993) do 
not favor the racial mixture hypothesis. More likely out
comes are the complete replacement of one race by the 
other in most regions (Smith, 1991; Hall, 1992) and the es
tablishment of relatively permanent hybrid zones 
(Sheppard et al., 1991b; Taylor, in press). 
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