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SUMMARY

Eight simple techniques based on discriminant statistical procedures are presented to identify
Africanized and European bees in the Americas. These techniques arc based on measurements of

forewing lengths, the wet and dry weights of degastered bees, and femur lengths. Improved
methodologies and statistical procedures result in many more correct identifications at high probabilities
of class membership.

INTRODUCTION

The spread of Africanized bees in the Americas created a need within the
apicultural community to have an accurate, inexpensive and rapid identification
procedure to discriminate between Africanized and European honey bees.

Initial work by DALY and BALLING (1978) produced a quality but time

consuming method of identification based on the discriminant analysis of 25
morphometric characters. The speed of the method was improved considerably
by using computer-assisted measurement (DALY et al., 1982). Nonetheless, the
morphometric methods of DALY and his colleagues (loc. cit.), a different

morphometric approach which measures a variety of wing characteristics (DALY
and HOELMER, pers. commun.), electrophoretic identification approaches (SYL-
VESTER, 1982), potential gas chromatographic approaches (CARLSON and BOL-



TEN, 1984), potential DNA restriction approaches (G. HALL, W.S. SHEPPARD,
pers. commun.), and potential haemolymph protein approaches (B. FURGALA,
pers. commun.) all pose technical difficulties which restrict their use to well-

equipped laboratories with highly trained personnel.

RINDERER et al. (1986 a) developed two simplified techniques appropriate
for field-laboratory use. The simplest approach used a single character (fore-
wing length) and correctly identified 86 % of 136 colony samples at P > 0.90.

The second approach used four morphometric measurements (forewing length,
partial hindwing length, femur length and clean weight) and correctly identified
91 % of colony samples at P > 0.90. There were no misidentifications with
either procedure.

The procedures of RINDERER et al. (1986 a) were used in the recent

regulatory quarantine when Africanized bees were found in California, USA

(GARY et al., 1985). Approximately 25,000 colonies were identified before the
quarantine was ended. These identifications were made during a 12-week

period in temporary laboratory using, for the most part, unskilled technical
help. All dentifications of Africanized bees were confirmed using the pro-
cedures of )ALY et al. (1982). Periodically (two to four a day), quality-control
samples of Africanized bees were placed as « blind » samples among the

unknown samples being processed by the laboratory. Every quality-control
sample was identified as Africanized.

Although the procedures of RINnERER et al. (1986 a) were successful in the
California regulatory action, possible ways to improve the procedures became
apparent. The chief difficulty was the preparation of bees for obtaining clean
weights. This preparation required removing pollen, nectar and feces from

bees. The unskilled workers had difficulty doing this correctly and uniformly.
This paper presents improvements designed to circumvent this difficulty.
Improvements in both methodology and statistical procedures have permitted
the development of several alternate simple procedures to discriminate bet-

ween Africanized and European bees.

MATERIALS AND METHODS

A collection of 40 bees was made from each of 86 colonies of Africanized bees in apiaries near
Sarare, Venezuela. A similar collection was made from 100 colonies of European bees in apiaries near
Baton Rouge, Louisiana (I) Collections were made as described by RINDERER et al. (1986 a).

(1) The European honey bees in this study were from North America. Such bees have in their ancestry
representatives of mixed subspecies. Africanized bees are descendants of A.m. scutellata bees imported from
Africa and their hybrids with various subspecies previously imported into Brazil. Neither the European nor the
the Africanized bees can correctly be called race, subspecies, stock, or line representatives. We use the term
« geographical type » to indicate that the bees we studied showed major characteristics typical of descriptions for
temperately or tropically (A.m. scutellata) adapted bees.



Three groups of 10 bees from each colony were prepared for weighing by removing their pollen
pellets, if present, and by removing their gasters. Gaster removal eliminated variance due to differing
honey-sac and rectal contents. The three lots of 10 bees per colony were weighed as « fresh bees
immediately after gasters were removed (wet weight). Two lots of degastered bees were placed in a

drying oven (60 °C ; 24 hrs.) and again weighed (dry weight). One group of 10 bees from each colony
was placed in’ 90 % alcohol for at least 2 weeks. These bees were then removed from the alcohol,
degastered, dried, and weighed (alcohol weight).

One group of bees providing wet weights was dissected and the field techniques described by
RirrnEeEe et al. (1986 a) were used to measure their forewing lengths, partial hindwing lengths and femur
lengths.

An additional collection of bees was made from 30 Africanized colonies and 30 European colonies.
These bees were frozen and air shipped to the Beneficial Insects Laboratory. There, the identification
procedures using the univariate methods of wet weight, dry weight and forewing length were further
evaluated using a double-blind protocol.

ANALYSES AND RESULTS

The six morphometric measurements (forewing length, partial hindwing
length, femur-length, wet weight, dry weight, and alcohol weight) were first

evaluated using univariate techniques (Table 1). Since the assumption of equal



variances for the t statistic was violated by forewing length and dry weight
data, df were calculated for these measures using SArrERWAITE’S (1946) approx-
imation. The means of Africanized and European bees were significantly
different (P > 0.0001) for all the measurements except those of alcohol

weights. After storage in alcohol, the range of weights of degastered
Africanized bees included the range of weights of degastered European bees.
Thus, alcohol weights were unable to aid in the discrimination between the
two populations and were not further evaluated. The significant differences
between the means of Africanized and European bees for the other five
characteristics suggested that they each had some ability to contribute to the
discrimination between Africanized and European bees.

Prior to doing multivariate analyses, an evaluation of the assumptions
required for discriminant techniques was made. There were no missing data,
and no outlying data. Evaluation of the assumptions of normality showed that
the data were acceptable for the analyses. The correlations between the 5

variables were high, but since the purpose of the analyses was to determine
which of the variables were the best discriminators, the high correlations were
not judged a problem. A test for equality of the variance-covariance matrices
of the discriminant functions (KENDALL and STUART, 1961) using Box’s M

showed them to be different at P > 0.0001. Therefore, observations were

classified on the basis of separate variances of the discriminant functions.

A stepwise discriminant function analysis was performed (SPSsx!(2), 1983).
This was done to identify which variables provided optimal discriminatory
power. Wilk’s lambda (TABACHNICK and FIDELL, 1983) was chosen as the

stepping procedure. In agreement with prior analyses (RINDERER et al.,
1986 a), forewing length best discriminated between the 2 populations. The
other variables were ranked in discriminatory power as : wet weight > femur

length > dry weight > partial hindwing length. Because of its weak power to

discriminate, partial hindwing length was not included in further analyses.

Since users of identification procedures may have different cost and

technical requirements, eight different discriminant functions were developed
(SPSSX!(2), 1983) assuming equal prior probabilities of group membership. To
develop each function, observations from the 84 Africanized colonies and 100
European colonies were randomly divided into 2 sets. The first set contained

about 2/3 of the observations (52 Africanized and 71 European). This set was
used to develop initial discriminant functions and classification equations. The
remaining observations (32 Africanized and 29 European) were used as a test
set for cross-validation of the functions. Final functions and coefficients were
derived from the data from the 84 Africanized and the 100 European colonies.

(2) SAS Institute, Inc., Cary, North Carolina and SPSS, Inc., Chicago, Illinois. Use of corporation names
does not constitute an endorsement by the U.S. Dept. of Agriculture.



In classification examinations of both the initial set and the test set the
convention of an unidentified category was used (RINDERER et al., 1986 a). An
observation not having a high probability of membership in either group was
assigned to the unidentified category. The unidentified category is useful in
this context since more elaborate procedures (DnLY et al., loc. cit.) exist to

closely examine samples which are listed as unidentified.

For all eight discriminant procedures, the formulae for calculating discri-
minant functions are presented in Table 2, and the formulae for calculating
exact probabilities are presented in Table 3.



Forewing Length

With the criterion that the posterior probability of a sample belonging to a
group exceed 0.99 to be declared a member of that group, all of the samples
were correctly identified with forewing length measures. Consequently, fore-





wing length in combination with any other characteristic correctly identified all
samples using a posterior probability criterion of P > 0.99 (Table 4). Thus, the
classification tables are of no value in comparing the relative strengths of the
procedures which involve forewing length. A different way to compare the

relative strengths of the procedures is to compare the distance of the

Africanized centroid from the European centroid using the distance function of
the European group. The distance between group centroids for the forewing
procedure is 7.20 (Fig. 1).



Probabilities of group memberships for selected forewing lengths and their
corresponding discriminant functions are presented in Table 5. The forewing
discriminant procedure is improved from the procedure presented by RirrDEREx
et al. (1986 a) in that the function is adjusted to accommodate the unequal
variances of the two populations. Combining the present data and those of
RINDERER Bt al. (1986 a), the new procedure correctly identified 304 (95.0 %)
of the 320 samples at P > 0.99 and left the remaining 16 (5.0 %) samples
unclassified. At P > 0.90 the new procedure correctly identified 308 (96.3 %)
of the 320 samples, did not classify 10 (3.1 %) samples and misclassified 2
(0.6 %) samples, one of them European and the other Africanized. The older
procedure correctly identified 224 (70 %) of the 320 samples at P > 0.99 while

the remaining 96 (30 %) were unclassified. At P > 0.90 the older procedure
correctly identified 291 (90.9 %) and left the remaining 29 (9.1 %) uniden-
tified. Thus, the newer method has improved exactness. It can be used with

higher probabilities required for positive identifications and yet it will produce
a greater frequency of positive and correct identifications.

At P > 0.99 all of the cross-fostered Africanized bees studied by RIN-
DERER et al. (1986 b) would be identified as Africanized by the newer forewing
procedure. Of the European bees, only those reared in Africanized sized comb
would be unclassified by the procedure. The other groups of European bees in
that study would all be classified as European at P > 0.99.



Dry Weight

Dry weight was the weakest univariate discriminator selected for possible
use. The distance betwen group centroids was 4.06 ; only about half the
distance between centroids in the forewing analysis (Fig. 1). The discriminatory
weakness of dry weight is also reflected in the classification results (Table 4).
Dry weight procedures resulted in several misclassifications when the criterion
for classification was set as P > 0.90 or below. Nonetheless, at P > 0.99, dry
weight correctly classified 123 (66.8 %) of the 184 samples and left the

remaining 61 (33.2 %) samples unclassified. Table 6 provides probabilities of
group membership associated with selected dry weights and their corresponding
discriminant functions.

Wet Weight

Wet weight is second only to forewing length as a univariate discriminator.
There is a reasonably large distance between group centroids (5.05) and a lack
of overlap between the two populations (Fig. 1). Overall, wet weight gave no
misclassifications and only left 10 (5.4 %) samples out of 184 unclassified at

P > 0.99 (Table 4). Probabilities of group membership for selected wet weights
and their corresponding discriminant functions are presented in Table 7.





Forewing Length and Dry Weight
The group centroids for the forewing length and dry weight procedure

differ by 7.45 on the discriminant scale. Probabilities of group membership for
selected functions of combinations of forewing length and dry weight are

presented in Table 8.

Forewing Length and Wet Weight

The discriminant scale distance between group centroids for the forewing
length and wet weight is 8.11, which represents a substantial improvement over
either characteristic as a univariate procedure (Fig. 1). Probabilities of group

membership for selected functions of combinations of forewing length and dry
weight are presented in Table 9.

Forewing Length and Femur Length

The forewing length and femur length procedure has a distance between
group centroids of 7.64. Probabilities of group membership for the functions of
this procedure are presented in Table 10.





Forewing Length, Femur Length, and Dry Weight

The group centroids using the three characteristics of forewing length,
femur length, and dry weight in an analysis differ by 7.87. Table 11 provides
selected functions and their probabilities of group membership.

Forewing Length, Femur Length, and Wet Weight

The group centroids in the analysis of forewing length, femur length, and
wet weight are separated by a distance of 8.41 (Fig. 1). Probabilities of group
membership for the functions of this procedure are presented in Table 12.

Double-Blind Results

The additional samples identified in the double-blind test at the Beneficial
Insects Laboratory confirmed the identification value of forewing lengths.
Using the criterion of probability of group membership of P > 0.99, the 30



Africanized samples were correctly identified, 28 of the European samples
were correctly identified and 2 European samples were classified as uniden-

tified. Using the criterion of probability of group membership of P > 0.90, all

of the 60 samples were correctly identified by the forewing procedures.

Dry weight procedures using the P > 0.99 criterion correctly identified all

the Africanized samples. Of the European samples, 26 were correctly iden-

tified and 4 were unclassified.. Using the P > 0.90 criterion, all of the samples
were correctly identified by the dry weight procedures.

Wet weight procedures gave poor results. Using the P > 0.99 criterion, 12
of the Africanized samples remained unidentified, 2 were misclassified and 16
were correctly identified. All 30 European samples were correctly identified.

Using the P > 0.90 criterion, all 30 European samples were correctly identified
but five Africanized samples were misidentified. Of the remaining Africanized
samples, 16 were correctly identified and 9 remained unclassified.



DISCUSSION

These procedures represent several improvements of the techniques for

identifying Africanized and European bees presented by RirrDExER et al.

(1986 a). « Clean weight » is replaced by either wet or dry weights of degas-
tered bees. This dissection is very simple. Only if body parts other than the
gaster are removed during dissection can the dissection be done incorrectly.
The preparation of degastered bees also requires the removal of pollen pellets
if they are present. This procedure is also very simple. The precision obtained
by using weights from degastered bees, in combination with the greater
accuracy derived from using statistical procedures which accommodate unequal
variances results in substantially improved numbers of correct identifications at
high probabilities of group membership.

Because of the improved accuracy of these techniques, persons interested
in discriminating Africanized from European bees now have several choices of
identification procedures. Depending upon program needs, capabilities, and

equipment availability, any of three univariate procedures can be selected as a
preliminary identification tool. Since forewing length is the best univariate

discriminator and wet weight is next best, either of these measures would be
especially useful as initial screening tools. The results of the blind test suggest
that freezing and transport reduce the discriminatory value of wet weight.
Apparently, all the samples become heavier because of the freezing, thawing,
and associated water condensation. This led to several misidentifications.

Where wet weights are used, only freshly killed bees can be expected to give
satisfactory results. Dry weight overcomes these technical difficulties in main-

taining accurate body moisture for the wet weight. Thus, in spite of its lower
discriminatory power, dry weight may be useful as an initial screening tool for
larger regulatory programs or in programs where transportation of samples is

difficult.

For all univariate analyses, at least a few samples may remain unidentified
after identification procedures with a univariate discriminator. Any of three
bivariate or two trivariate procedures can be used to identify samples not
classified by univariate procedures.

The best bivariate procedure combines forewing length and wet weight.
The major disadvantage of this procedure is that it requires equipment to

measure both lengths and weights. Beyond that, it is the simplest and fastest
bivariate procedure. The bivariate procedure involving forewing and femur
lengths may prove desirable in cases where only equipment to measure lengths
is available. This procedure is the second best bivariate approach. Where dry
weight was used as an initial screening tool, the most useful bivariate proce-
dure would be the addition of forewing length.



Femur lengths contribute to the discriminatory powers of forewing length,
wet weight, and dry weight. We therefore present two trivariate procedures
(forewing length, femur length, and dry weight ; forewing length, femur length
and wet weight) since large programs may have a need for these analyses. The
most precise of these trivariate discriminant procedures (forewing length,
femur length and wet weight) gives the best separation of Africanized and
European populations using these simple methods (Fig. 1).

The improved precision of these techniques does necessitate a caveat.

Ideally, users should verify that the European bees in their area are similar to
the European bees in this study before these procedures are used to detect
Africanization. If the European bees are not similar, especially if they are

smaller, locally collected baseline data should be used to develop new discri-
minant functions or at least be considered in evaluating results. Such new

functions would be more appropriate to the user’s needs.
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RÉSUMÉ

TECHNIQUES SIMPLES AMÉLIORÉES D’IDENTIFICATION
DES ABEILLES AFRICANISÉES ET EUROPÉENNES

On décrit une technique rapide, précise et non coûteuse pour différencier en Amérique du Sud et du
Nord les abeilles africanisées des abeilles européennes. Les mesures et statistiques ont été améliorées par
rapport à l’ancienne version de RINDERER et al. (1986 a). Cette méthode utilise les paramètres suivants :
longueur de l’aile antérieure, « poids humide » (ouvrière moins l’intestin), « poids sec » (ouvrière moins
l’intestin, séchée 24 h à 60 °C), soit individuellement, soit en combinaison ; ou bien en combinaison avec
la longueur du fémur. Les données statistiques relatives à ces mesures sont données dans le Tableau 1.

Le pouvoir discriminant des mesures individuelles est le suivant : longueur de l’aile antérieure > poids
humide > longueur du fémur > poids sec. Les combinaisons sont encore plus discriminantes, ainsi que le
montre la séparation des centroïdes de groupes pour les cas sélectionnés (Fig. 1).

On a mis au point 8 fonctions discriminantes différentes pour permettre aux utilisateurs de choisir la
mesure ou la combinaison qui convient le mieux à leurs besoins et leurs possibilités. Les formules de
calcul de ces fonctions sont données dans le tableau 2 et les formules de calcul des probabilités exactes
de l’appartenance à l’un des 2 groupes (population africanisée ou européenne), dans, le tableau 3.

Quelques probabilités ont été calculées et données dans les tableaux 5 à 12.

Les outils les plus utiles pour un dépistage initial seraient la longueur de l’aile antérieure et le poids
humide. Dans le cas où le poids humide ne peut être déterminé avec précision, le poids sec peut être



utilisé. La méthode à 2 variables qui donne les meilleurs résultats est celle qui combine la longueur de
l’aile antérieure et le poids humide ; puis vient en second celle qui combine les longueurs de l’aile
antérieure et du fémur, quand on ne dispose que de l’équipement pour mesurer les longueurs. La

méthode à 3 variables la plus précise, pour les programmes qui nécessitent une telle précision, utilise la
longueur de l’aile antérieure, la longueur du fémur et le poids humide.

ZUSAMMENFASSUNG

VERBESSERTE EINFACHE VERFAHREN ZUR BESTIMMUNG AFRIKANISIERTER

UND EUROPÄISCHER HONIGBIENEN

Es wird eine genaue und billige Schnelltechnik zur Unterscheidung zwischen Afrikanisierten und

europäischen Honigbienen in den beiden Amerikas beschrieben. Im Vergleich zu einer früheren Version
von RINDERER et al. (1986 a) werden bei diesem Verfahren verbesserte Ma&szlig;e und Statistiken benutzt. Bei

dieser Methode werden Länge des Vorderflügels, « Feuchtgewicht » (Arbeiterin minus Darm) oder

« Trockengewicht » (wie bei Feuchtgewicht, aber durch 24 h bei 60° getrocknet) einzeln oder in

Kombination benutzt ; oder auch in Kombination mit Femur-(Oberschenkel-) Länge. Die beschreibende
Statistik für dieses Verfahren wird in Tab. 1 gegeben. Die Einzelma&szlig;e sind in ihrer Diskriminationsfähig-
keit wie folgt gestuft : Vorderflügellänge > Feuchtgewicht > Femurlänge > Trockengewicht. Kombinatio-
nen unterscheiden noch besser. Das zeigt sich bei der Trennung der Gruppenzentroide in ausgewählten
Fällen (Fig. 1).

Acht verschiedene Diskriminanzfunktionen wurden entwickelt um Benutzern die Möglichkeit zu

geben, die Messung oder Kombination auszuwählen, die ihren Bedürfnissen oder Möglichkeiten am
besten entsprechen. Die Formeln zur Berechnung dieser Funktionen werden in Tab. 2 gegeben und die
Formeln zur Berechnung exakter Wahrscheinlichkeiten der Zugehörigkeit zu einer der beiden Gruppen
(Afrikanisiert oder europäisch) in Tab. 3. Einige Wahrscheinlichkeiten wurden berechnet und in den

Tabellen 5-12 dargestellt.

Vorderflügellänge und Feuchtgewicht erscheinen für eine erste Überprüfung am geeignetsten. Wo
das Feuchtgewicht nicht genau bestimmbar ist, kann das Trockengewicht nützlich sein. Die besten

Ergebnisse eines Verfahrens mit zwei Merkmalen erhält man bei einer Kombination von Vorderflügel-
länge und Feuchtgewicht. Das zweitbeste Verfahren mit zwei Merkmalen, Vordcrflügel und Femurlänge,
könnte dort eingesetzt werden, wo nur die Einrichtungen zu Längenmessungen zur Verfügung stehen.
Das präziseste Verfahren mit drei Merkmalen, für Programme die diese Genauigkeit verlangen, verwen-
det Vorderflügellänge, Femurlänge und Feuchtgewicht.
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