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Abstract — Africanized honey bees (Apis mellifera; AHB) are predominant in tropical Mexico. A selection
program using local AHBs colonies is a good alternative to provide beekeepers with good quality queens.
We evaluated the application of field and laboratory tests to predict the production of honey in AHBs from
Yucatan, Mexico. Five variables were measured in worker bees in the laboratory: longevity, amount of
syrup removed, hoarding, weight of pupae and corbicular area. Three additional variables were measured
in the field: rate of foraging activity, volume of honey sac contents and colony weight gain per week. Our
results showed that weekly colony weight gain had the highest correlation with honey production in AHBs.
Only the corbicular area and worker longevity were not correlated with honey production (r = 0.256 and
r = 0.074, respectively P > 0.05). Thus, short term colony weight gain can be recommended as a good
estimate of honey production in AHBs and lab tests can be included as selection aids.

Africanized honey bees / phenotypic correlation / honey production / Yucatan / queen bee / breeding

1. INTRODUCTION

Mexico is the third largest honey exporter in
the world and its tropical areas, namely the Yu-
catan Peninsula and the Gulf Region, produce
the largest amount of honey within the coun-
try. The high concentration of hives in those
areas creates a large annual demand for queen
honey bees that presently derive from Euro-
pean stocks (Zamora et al., 2008).

Africanized honey bees (AHBs) expanded
from Brazil across the American tropics arriv-
ing in the southern border of Mexico in 1986
(Kerr, 1967; Fierro et al., 1987) and gradually
colonized all the country, becoming predom-
inant in the tropical and subtropical regions
(Clarke et al., 2002; Quezada-Euan, 2007). In
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these areas, preserving pure European-derived
stocks in breeding apiaries relies on the im-
portation of queens which is costly and carries
the risk of bringing diseases into the country
(Quezada-Euan et al., 2005). Intense swarm-
ing and defense are regarded as some of the
most negative features of AHBs (Rinderer and
Hellmich, 1991; Guzman-Novoa and Page,
1999); however, these bees may have advan-
tages such as their resistance to parasites and
disease (Medina and Martin, 1999) and their
adaptation to tropical climates. Therefore, a
selection program can potentially improve lo-
cal AHBs for production purposes. A breeding
program using AHBs was started in the Yu-
catan Peninsula in 2003 with the aim of pro-
ducing manageable colonies with high honey
production (Quezada-Eudn et al., 2005).

AHBs show marked differences with Eu-
ropean bees in the dynamics of colony
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growth and strategies of exploitation of flo-
ral resources (Rinderer and Hellmich, 1991;
Winston, 1992). Thus, the components of nec-
tar storage and handling leading to honey pro-
duction may differ between both bee types.
The use of laboratory tests has been proposed
to evaluate components of honey production in
European honey bees (EHBs) (Milne, 1985).
Such tests have not been evaluated in breeding
programs using AHBs.

In honey bee breeding programs, the use
of field performance of whole colonies shows
some disadvantages, such as the large num-
bers of bees that are required, the length of
time needed for the workers in a colony to
be the product of a new queen and the diffi-
culty to control environmental conditions. The
use of laboratory tests has advantages, such
as the small number of workers required, a
reduced time for the tests and the possibil-
ity of measuring the responses under care-
fully controlled conditions (Kulincevic and
Rothenbuhler, 1973; Kulincevic et al., 1974;
Milne, 1977, 1985). These advantages have
stimulated the development of tests in the
laboratory to determine the honey gathering
potential of colonies of honeybees (Rinderer
and Baxter, 1978; Milne, 1985; Poklukar and
Gregorc, 1994).

Even though genetic correlations of labo-
ratory measured traits with honey production
have not been calculated, the phenotypic cor-
relations of such traits with honey produc-
tion suggest that some of them (such as pupal
weight, corbicular area, honey sac contents,
worker longevity or length of life, foraging
activity and hoarding of syrup storage) might
be useful as parameters of colony evaluation
and could be used in selection for honey pro-
duction in breeding programmes with EHBs
(Kulincevic and Rothenbuhler, 1973; Milne,
19804, b, c; 1981a, b; Szabo, 1982; Milne and
Friars, 1984).

The objective of the present work was to
evaluate the use of laboratory and field tests
to predict the potential honey production in
AHBs colonies. The degree of association
(phenotypic correlation) between components
of honey production was calculated to estab-
lish a selection index in AHBs.

2. MATERIALS AND METHODS

The experiments were conducted at the Campus
of Biological Sciences and Animal Husbandry of
the Autonomous University of Yucatan (20° 48° N
and 89° 47° W). The climate in this region is trop-
ical sub humid with a rainy season in the summer.
The average annual temperature is 25.9 °C and rain-
fall is 1290 mm (Garcia, 1981).

Twenty five colonies of honey bees were ran-
domly selected and the queens were marked on
the thorax. The age of the queens was between
7-10 months. To confirm the racial origin of the
colonies, samples of workers were taken from the
brood combs and kept in ethanol. Routine mea-
sures of forewing and femur length on 10 workers
per colony were used to calculate the probability of
Africanization using the FABIS method (Sylvester
and Rinderer, 1987). Additionally, the mitotype of
the queen was determined by analyzing the mtDNA
of a single worker per colony using the PCR-RFLP
methods by Nielsen et al. (1999).

All colonies were maintained in Langstroth type
hives and were homogenized in the number of
combs with caped brood (3), open brood (2), pollen
(2) and honey (2). An exact estimation of the pop-
ulation of workers and brood cells was conducted
by taking pictures of each brood comb and the total
number of combs covered by adult bees. Later on
these pictures were loaded onto a PC and the num-
bers of adult bees and brood cells were counted us-
ing the method by Rogers et al. (1983).

The experiments were conducted in from Febru-
ary to April 2004 during the flowering season. Four
variables were measured in the laboratory: hoarding
activity, worker longevity, weight of pupae and cor-
bicular area. Three additional variables were mea-
sured in the field: colony foraging activity, volume
of honey sac contents and colony weight gain per
week.

2.1. Laboratory tests

Longevity was estimated using the method of
Kulincevic and Rothenbuhler (1973). Combs with
sealed brood from each experimental colony were
taken to the lab where the young bees emerged
in an incubator (34-35 °C and 50% R.H.). Two
trials were conducted with three replications from
each colony. Each replication consisted of 50 bees
(< one day of age) kept in experimental wooden
cages (11.5x8.5x7.5 cm). A segment of empty old
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comb was weighed and provided to each group of
bees (ca. 80 cm?) (Rinderer and Elliot, 1977). Two
feeders with water and sugar syrup were also pro-
vided to each box and their contents changed every
2 days. Daily records of the number of dead bees
were taken for each box. The average life span was
considered as the day by which 50% of the bees
died in a box. The bees that died during the first
week of the experiment were not considered since
they could have died due to the stress of handling
(Milne, 1982).

Hoarding, considered as the storage of syrup,
was evaluated in cages in the same groups of bees
used for the estimation of longevity (as in Poklukar
and Gregorc, 1994). The segment of old comb
that was provided to each box was removed after
14 days and weighed again using an analytic scale
in order to determine the amount of sugar syrup
stored by the bees. A recording of the amount of
syrup removed by the bees from the feeder was
made every 2 days and the total removed during the
trial was considered food consumption.

The weight of the pupae was recorded using
the method of Viera (1990). In each experimental
colony, the queen was caged to induce egg laying
on a new comb. In this way the exact age of the pu-
pae in that comb could be established. Thirteen days
later, 25 pupae with pink eyes were collected in the
lab from each experimental comb and weighed with
an analytical scale; the average weight was used as
the indicator of worker pupal weight per colony.
The procedure was repeated twice for each exper-
imental colony.

The area of the corbicula was also estimated
for each experimental colony using the method of
Milne and Pries (1984). A sample of young bees
were collected from the brood area and kept in
ethanol. In the lab the hind leg of 20 bees from each
sample was removed and mounted on a slide. The
length and width of each corbicula was obtained
in microns using an inverted microscope (Summa-
graphics 1I®) and the program AFUSDA (Rubink,
unpubl. data). The corbicular area was calculated
using the formula for a triangle. Corbicular areas
were measured twice in each colony.

2.2. Field tests

Colony foraging activity was estimated using the
method of Szabo (1980). Counts of the number of
bees entering the hive in five minutes were con-
ducted in each experimental colony three times. All

colonies were evaluated on the same days and at
the same time every two hours (between 8000 h and
1400 h) on two occasions.

The volume of the contents of the honey sac was
evaluated at the same time as the foraging activ-
ity using the method of Gary and Lorenzen (1976).
Returning bees were captured and a slight pressure
was applied with the fingers on their abdomen to
stimulate regurgitation. The contents of the sac were
collected in graduated capillary tubes to estimate
the volume. Five bees were measured from each
colony every two hours between 8000 h and 1400 h.
The recording of this variable was done twice.

The weight of each colony was registered every
week during 10 weeks using a Roman type scale
(Wagner®). The net weight gain was obtained by
subtracting the weight of the equipment to the total
weight obtained every week.

Colony honey production was estimated at the
end of the flowering season by harvesting all the
honey combs with at least 80% of their cells capped.
The total number of combs was multiplied by an es-
timated 1.8 kg of honey per comb to obtain the total
amount of honey per colony (Estrada de la Mora
and Guzman-Novoa, 1991).

2.3. Statistical analyses

A covariance analysis was used to remove the ef-
fect of the number of adult bees and brood when the
experimental colonies were formed using the PROC
GLM procedure of the SAS statistical software
(1990 version 6.1). After this, we conducted Pear-
son’s simple correlations to evaluate the relation-
ship of the field and laboratory estimates with honey
production using the PROC CORR command. The
variables with the highest correlations with honey
production were later included in the construction
of a linear regression model to predict honey pro-
duction in Africanized honey bee colonies using the
PROC GLM command.

3. RESULTS

All the experimental colonies were de-
termined as Africanized with a probability
> 0.99 in accordance to FABIS (Sylvester and
Rinderer, 1987). This was further confirmed
with the PCR-RFLP analysis which showed
that all experimental colonies were headed by
queens with African mitotypes. The average
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adult population in the experimental colonies
was 22 133 + 2154 workers.

Honey production was obtained at the end
of the flowering season in April. The average
amount of honey produced was 26.5 + 7.27 kg
(range 13.5-34.5 kg).

The results of the analysis of covariance
showed that there was no significant influ-
ence of the adult and brood population at the
start of the experiments on honey production
(r = 024, n = 24, P > 0.05). This was
probably a consequence of the standardization
method used when the experimental colonies
were formed. Therefore, it was decided not to
include these covariables in further analyses.

The results of the correlations amongst all
variables are presented in Table I.

3.1. Laboratory tests

The average worker longevity in AHBs was
29.2 + 2.06 days. Although the variation in
worker longevity between colonies was signif-
icant (F = 11.81, df = 23, 168, P < 0.05), this
variable was not correlated with honey produc-
tion (r = 0.07, P > 0.05; Tab. I).

The caged workers hoarded 8.6 + 1.63 g
of syrup every 2 days. There was a signifi-
cant correlation between the amount of syrup
hoarded by the caged workers and the honey
production of their natal colony (» = 0.43, P <
0.05; Tab. I). There were also significant differ-
ences in hoarding between colonies (F = 2.36,
df = 23, 168, P < 0.01). The consumption of
syrup in the 2 days was 9.19+3.1 mL and there
were significant differences between colonies
(F =2.58,df = 23,168, P < 0.01). There were
significant correlations between the amount of
syrup removed by the caged bees and colony
honey production (r = 0.59,n = 24, P < 0.01).

The average weight of pink-eyed pupae was
111.8 +0.004 mg. This variable showed a sig-
nificant correlation with honey production (r =
0.42, P < 0.05; Tab. I). There were significant
variations between colonies for this character
(F =3.51,df = 23, 2376, P < 0.01).

The corbicular area was on average 1.516 +
0.042 mm? and there was no significant cor-
relation with honey production (r = 0.09,

P > 0.05; Tab. I), although there were signif-
icant differences between colonies (F = 3.26,
df = 23,1896, P < 0.01).

3.2. Field tests

Field tests had higher correlations with
honey production, compared with laboratory
tests.

The average colony weight gain per week
was 3.19 +2.06 kg. This variable had the high-
est correlation with honey production (r =
0.84, P < 0.01; Tab. I).

The average volume of the honey sac of
returning foragers was 30.02 + 2.64 uL and
this variable had the second highest correlation
with honey production (r = 0.70, P < 0.01)
with significant differences between colonies
(F =2.95,df = 23, 48, P < 0.05).

Colony foraging activity estimated as the
number of bees entering the hive in 5 min
was 68.98 + 50.49 and it had the third highest
correlation with honey production (r = 0.61,
P < 0.05; Tab. I). There were significant
differences between colonies for this variable
(F =6.09, df = 23,48, P < 0.01).

A regression analysis revealed that with
the inclusion of all the variables measured in
this work, 87% of the honey produced could
be predicted. However, since measuring all
those variables would mean a difficult task,
other models were constructed removing some
of the variables with the lowest correlations.
When only the variables with significant corre-
lations with honey production, except weekly
weight gain, were included in the model the
regression was significant (R*> = 0.60, df = 5,
18, ee = 3.73). When the weekly weight gain
was included in the model the variability ex-
plained increased (R*> = 0.79, df = 6, 17,
ee = 2.79). We decided to exclude the vol-
ume of the honey sac and foraging activity
from the equation, given the difficulty in mea-
suring these variables and their high correla-
tion with pupal weight. The revised model ex-
plained 74% of the variation in colony honey
production (R? =0.74,df = 4, 19 ee = 2.89).

Thus, a final equation including hoarding
(hd), food consumption (fc), weight gain (wg)
and pupal weight (pw) for the estimation of
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Table I. Correlations between total honey production and the eight components evaluated in the field and
in the lab in Africanized honey bees. The value of P is in brackets.

Weight Honey Sac  Foraging Hoarding Syrup Pupal Corbicular Longevity
Gain Volume Activity Removed Weight Area
Honey 0.842 0.702 0.619 0.438 0.598 0.429 0.256 0.074
Production (0.001) (0.001) (0.001) (0.032) (0.002) (0.036) (0.227) (0.729)
WG 0.704 0.703 0.367 0.626 0.569 0.284 0.109
(0.001) (0.001) (0.037) (0.001) (0.004) (0.177) (0.610)
HSV 0.662 0.479 0.614 0.470 0.150 0.207
(0.001) (0.015) (0.001) (0.012) (0.484) (0.330)
FA 0.510 0.744 0.495 0.219 0.004
(0.011) (.001) (0.010) (0.301) (0.985)
HB 0.678 -0.084 —0.068 0.017
(0.001) (0.696) (0.749) (0.936)
SR 0.481 0.241 -0.159
(0.017) (0.256) (0.456)
PW 0.415 -0.006
(0.043) (0.974)
CA -0.333

(0.111)

honey production in Africanized honey bee
colonies was selected and expressed as:

Honey production = 8.928 — 1.394 (hd) +
0.223 (fc) + 1.732 (wg) — 32.779 (pw).

The real data of honey production per
colony was compared to the one predicted with
the regression equation. The latter was ob-
tained by substituting each character in the
equation above with the real values obtained
per colony. A highly significant correlation
with the amount of honey obtained and the
predicted value was found (r = 0.86, n = 24,
P <0.01).

4. DISCUSSION

Our results showed that weekly weight gain
had the highest correlation with honey produc-
tion in AHBs. This variable can be measured
quickly and with minimal colony disturbance
in the field. Thus, short term weight gain can
be recommended as a good estimate of honey
production in a selection program with AHBs.

Honey production is the result of a com-
plex interaction between several components.
It has been suggested that some traits related
to the morphology and behavior of the work-
ers may be useful to predict the honey pro-
duction in full colonies of European races.

However, when different bees in different lo-
cations (climates) are evaluated, it is neces-
sary to determine the existence of consistent
relationships between such components and
honey production (Kulincevic et al., 1974).
We evaluated eight characteristics in AHBs in
tropical climates that were formerly identified
as important components of honey production
in EHBs in temperate climates. From these,
six were found to have significant correlations
with honey production. These results suggest
that components of honey production can be
effectively measured using laboratory tests in
AHBs as well as in European bees. The ar-
gument of measuring some variables through
laboratory tests in breeding programs for im-
proved honey production with AHBs is thus
supported.

Length of worker life and corbicular
area correlated well with honey produc-
tion in EHBs (Milne, 1981; Kulincevic and
Rothenbuhler, 1982; Milne and Pries, 1984,
Milne et al., 1986). However, our results re-
vealed that these two characters were not
important in predicting honey production in
AHB:s.

Empirical data show that AHBs start for-
aging earlier and have a shorter life span
than EHBs (Winston and Katz, 1981; Pankiw,
2003). Moreover, in AHBs, our results suggest
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that workers from colonies that produced more
honey did not necessarily live longer, and
those from low producing colonies may not
necessarily have shorter lives. These results
could be explained, if under tropical condi-
tions, worker life span would be more related
to colony reproduction rather than honey ac-
cumulation. In fact, AHBs follow a strategy
linked to intense exploitation of food resources
to reproduce and swarm rather than for storage
(Schneider et al., 2004).

Our results also contrast with findings in
European colonies that reported high correla-
tions between a large corbicular area in the
workers and their honey production (Milne
and Pries, 1984). It is suggested that an in-
creased pollen collection by colonies of bees
with larger corbiculae results in an increased
egg-laying rate and brood area and better fed
brood with a longer adult life, both of which
would increase colony population and honey
production (Milne and Pries, 1984, 1986).
However, in AHB colonies, it seems that a
higher proportion of the workers are devoted to
pollen collection for brood production rather
than nectar gathering (Schneider et al., 2004);
thus, the relationship between the size of the
pollen collecting apparatus and honey produc-
tion would be less evident than in European
bees.

We found that in AHBs hoarding activity
correlated well with honey production as in
EHBs (Rinderer and Baxter, 1978). We also
found that the volume of syrup removed by
AHBs was comparatively similar to that pre-
viously reported for European bees (Winston,
1992; Viera, 1990). This finding differs from
that of Rinderer et al. (1986) who found that
EHBs hoarded sugar solution more efficiently
than AHBs. However, these authors also sug-
gested that variable hoarding rates may be
found in AHBs leading to successful exploita-
tion of nectar resources under changing envi-
ronmental conditions (Rinderer et al., 1982).
In the tropics, low hoarding rates may be re-
lated to an efficient use of nectar for self main-
tenance in harsh conditions but in times of
good nectar flow AHBs could store the surplus
nectar as EHBs do.

Weekly colony weight gain had the highest
correlation with honey production in AHBs.

Measuring all other characteristics can be dif-
ficult and tedious, whereas colony weight gain
can be easily measured and reflects the inter-
action of all these factors in just one measure-
ment. Thus, we recommend using short term
weight gain as the preferred option for predict-
ing seasonal honey production (Szabo, 1982)
if no other method would be available.

Field tests are more influenced by environ-
mental factors and the inclusion of laboratory
tests would add a controlled element to the re-
sults. This would also allow more substantial
progress with the advantages of increasing re-
peatability (Milne, 1985). Thus, when possi-
ble, the use of some lab parameters in addition
to colony weight gain may be valuable aids
in deciding colony selection in AHBs. The
results of the high correlations obtained be-
tween the different components led us to pro-
pose a model that predicted honey production
in AHBs above 85%, including weekly weight
gain, hoarding, food consumption and pupal
weight. The latter 3 components can be easily
measured and repeated in the lab.
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Corrélations phénotypiques des tests en champ
et au laboratoire avec la production de miel chez
les abeilles africanisées (Apis mellifera).

abeille africanisée / corrélation phénotypique /
prédiction / production de miel / élevage de
reines / Yucatan / Mexique

Zusammenfassung — Phinotyp-Korrelationen
von Parametern aus Labor- und Feldversuchen
mit der Honigproduktion Afrikanisierter Honig-
bienen (Apis mellifera). Afrikanisierte Honigbie-
nen (AHBs) haben sich in den subtropischen Re-
gionen Mexikos inzwischen fest etabliert. Will man
in diesen Gebieten reine Rassen europdischen Ur-
sprungs halten, so ist man auf kostspielige Impor-
te von Koniginnen angewiesen, die andererseits das
Risiko der Einschleppung von Krankheiten mit sich
bringen. AHBs bringen ihrerseits Vorteile mit sich,
wie z.B. eine hohere Toleranz gegen Parasiten und
Krankheiten, sowie ihre allgemeine Anpassung an
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tropische Klimate. Ein auf Produktion abzielendes
Selektionsprogramm konnte daher dazu beitragen,
lokale AHBs zu verbessern.

Wir wihlten nach Zufallskriterien 25 AHB Vol-
ker aus und markierten deren Koniginnen auf dem
Thorax. Alle Volker wurden in Langstroth-Beuten
gehalten und wurden beziiglich ihrer Wabenzahl,
Brutmenge und Futtervorriten gegenseitig angegli-
chen. Im Labor quantifizierten wir dann an Ar-
beiterinnen die folgenden Parameter: Lebensdauer,
entnommene Menge an Zuckerlosung, Futtereinla-
gerung, Puppengewicht und Pollenkorbchengrosse.
Ausserdem evaluierten wir noch drei Parameter in
Feldversuchen: Sammelaktivitéit, Honigblasenvolu-
men und wochentliche Gewichtszunahme der Vol-
ker.

Zur Bestimmung der Lebensdauer wurden Arbeite-
rinnen in Kéfigen in einem Brutschrank solange ge-
halten, bis 50 % der Bienen gestorben waren. Die
Futtereinlagerung wurde unter den gleichen Hal-
tungsbedingungen durch Zugabe eines Stiicks al-
ter Wabe gemessen. Dieses wurde nach 14 Tagen
entfernt und gewogen, um die Menge eingelagerter
Zuckerlosung zu bestimmen. In den Versuchsvol-
kern wurden die Koniginnen gekéfigt und die Eiab-
lage auf frischen Waben induziert, um Puppen ge-
naue bestimmten Alters zu erhalten. Nach 13 Tagen
wurden die rosadugigen Puppen aus den Waben ent-
nommen und gewogen. Die Corbicula-Grosse wur-
de an jeweils 20 jungen Arbeiterinnen bestimmt, die
von Waben abgesammelt wurden

Das Sammelverhalten wurde anhand von Zihlun-
gen von Bienen quantifiziert, die in Intervallen von
5 Minuten in den Stock einflogen. Zur Bestimmung
des Honigblasenvolumens wurde das Abdomen von
Arbeiterinnen leicht zwischen den Finger gepresst.
Dies stimulierte sie zur Regurgitation des Honigba-
seninhalts, der dann mittels graduierter Kapillaren
vermessen werden konnte.

Die Gewichtszunahme der Volker wurde wochent-
lich tiber einen Zeitraum von 10 Wochen registriert.
Das Nettogewicht ermittelten wir durch Abzug des
Geritegewichts vom Gesamtgewicht.

Afrikanisierte = Honigbienen / Phinotyp-
Korrelation / Honigproduktion / Yucatan /
Konigin / Zuchtprogramm
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