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Abstract

The discriminatory capacity, cost and practicality of three assays to measure hygienic behavior in 60 honey bee colonies were
compared in a first experiment. Capped worker brood of these colonies were killed with an insect pin (P), frozen in a freezer at
—18°C (CC) and with liquid nitrogen at—195°C (CN2). The percentage of brood removed by the bees was recorded 24 h after being
killed. Since the P assay showed a low discriminatory capacity, an additional experiment with 50 colonies was performed, reduc-
ing the evaluation time to 8 h and verifying the influence of body fluids and odors released by the pin-killed brood. Colonies were
significantly more hygienic (P < 0.01) with the P assay (88%) than with the CC (69%) and CN2 (65%) assays. There were significant
correlations among assays (r > 0.54, P < 0.01) and between replicates within assays (r > 0.37, P < 0.01). Variation among colonies
was greater with the CN2 and CC assays than with the P assay. The P assay was the least expensive and easiest to apply (6.59 pesos,
0.58 dollars per colony), but showed the lowest discriminatory capacity, that could not be enhanced even though the time of
evaluation was reduced. This could have been caused by the strong stimulus from odors and haemolymph released from the pin-
killed brood. The CN2 and the CC assays showed a high discriminatory capacity, but the former was more expensive (14.80 pesos,
1.31 dollars) and the least practical. The CC assay was the second least expensive (10.15 pesos, 0.90 dollars) and practical. The
application of either freeze assays is recommended for screening hygienic behavior in honey bees because of their reliability.

Key words: APIS MELLIFERA L., HYGIENIC BEHAVIOR, ASSAYS, DISCRIMINATORY CAPACITY, COSTS,
MEXICO.

Resumen

Se compard la capacidad discriminatoria, costo y facilidad de aplicacion de tres pruebas para medir el comportamiento higié-
nico en 60 colonias de abejas meliferas en un primer experimento. Las crias operculadas de estas colonias fueron sacrificadas al
puncionarlas con un alfiler entomoldgico (P), y congelarlas en congelador a -18°C (CC) con nitrégeno liquido a —195° C (CN2).
Se determind el porcentaje de crias removidas por las abejas 24 h después de que fueron sacrificadas. Como consecuencia de la
poca discriminacion entre colonias inicialmente encontrada con la prueba P, se realiz6 un experimento adicional con 50 colonias,
reduciendo el tiempo de lectura a 8 h y se verifico el efecto producido por la emanacion de olores y fluidos de las crias sacrifica-
das. Las colonias fueron significativamente més higiénicas (P < 0.01) con la prueba P (88%), en comparacién con la de CC (69%)
y CN2 (65%). Se encontraron correlaciones significativas entre pruebas (r > 0.54, P < 0.01) y entre repeticiones dentro de pruebas
(r>0.37,P <0.01). La variacién entre colonias fue mayor con las pruebas CN2 y CC que con la P. La prueba P fue la més econémica
y préctica de aplicar (6.59 pesos, 0.58 délares, por colonia), pero mostré menor capacidad discriminatoria, que no se incrementé
aun cuando se redujo el tiempo de lectura. Este resultado pudo deberse al fuerte estimulo provocado por olores y hemolinfa
emanados de las crias sacrificadas. Las pruebas CN2 y CC mostraron alta capacidad discriminatoria, pero la primera fue mas cara
(14.80 pesos, 1.31 dolares) y lamenos practica. La prueba CC fue la segunda mas econdmica (10.15 pesos, 0.90 ddlares) y practica.
Se recomienda aplicar cualquiera de las pruebas de congelacién para medir el comportamiento higiénico de colonias de abejas
meliferas por su confiabilidad.
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Introduction

ygienic behavior is referred as the ability of
H some adult honey bees to detect, uncap and

remove diseased or dead larvae or pupae
from their cells.® That is why this behavior has been
identified as one of the main mechanisms that confer
resistance to honey bees against parasites and patho-
gens.?® Rothenbuhlerl and Park* showed that bees
remove dead brood killed by Paenibacillus larvae
(American foulbrood), while other researchers found
that some bees remove brood infected with Ascosphaera
apis (chalkbrood)®” and brood infested with Varroa
destructor,®*° which in turn, restrains its reproduction
and restricts its population growth.

Itis known that the expression of hygienic behavior
is variable, and that this variability is partially caused
by the influence of environmental factors such as the
age of the removed brood,* the abundance of brood
and adult bees in the colonies, and by the increased
amount of nectar gathered by bees.**** Another source
of variation that influences the expression of hygienic
behavior corresponds to genetic effects. The genetic
basis of this behavior was studied by Rothenbuhler,*
who proposed as an explanation the influence of two
different loci, one of them responsible of uncapping
and the other with the removing of afflicted brood.
Later on, Moritz*® indicated that this character fol-
lowed a more complex model of inhheretance and
Lapidge et al.”” detected seven loci that influence its
expression. Other studies have demonstrated that
hygienic behavior is an heritable trait, which would
allow the development of hygienic bees by genetic
breeding programs 31819

One of the basic requirements to begin breeding
programs consists in applying reliable, economic and
practical measurement techniques that identify the
genetic variation in the assessed traits. Methods cur-
rently employed to evaluate hygienic behavior consist
in killing a specific number of pupae (capped brood)
in order to estimate the percentage removed by the
worker bees of a colony. Procedures employed to sac-
rifice capped brood involve puncturing it, using an
entomologic needle,”® and two freezing methods, one
which consists in placing a comb section with capped
brood inside a freezer at —-18°C to —20°C for at least
24 h,** and the other in applying liquid nitrogen
(N2) over a selected capped brood area, which causes
instantaneous death of the brood.?

Researchers in the United States of America have
compared some techniques to measure hygienic
behavior in honey bee colonies. Newton and Osta-
siewski?® compared the pin-killing method with the
freeze-killing method at —18°C, and estimated a cor-
relation of 0.956 from five tested colonies; although
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Introduccion

| comportamiento higiénico se refiere a la capa-
cidad de algunas abejas adultas para detectar,

desopercular y remover de las celdas, larvas o
pupas enfermas o muertas;* por ello, este comporta-
miento ha sido identificado como uno de los principa-
les mecanismos que confieren resistencia a las abejas
meliferas contra parasitos y patégenos.>® Rothenbu-
hler' y Park® demostraron que las abejas retiran crias
muertas por Paenibacillus larvae (loque americana),
mientras que otros investigadores encontraron que
algunas abejas remueven las crias afectadas por Ascos-
phaera apis (cria de cal),®>" y las crias infestadas con el
acaro Varroa destructor,®*° lo cual restringe su repro-
duccién y limita su crecimiento poblacional.

Se sabe que laexpresion del comportamiento higié-
nico es variable, lo que se debe, en parte, a la influen-
cia de factores ambientales, entre éstos destacan:
edad de las crias removidas,* abundancia de abejas
adultas y crias en las colonias, asi como incremento
en la cantidad de néctar recolectado por las abejas.’**
Otra fuente de variacion que influye en la expresion
del comportamiento higiénico corresponde a efectos
genéticos. La base genética de este comportamiento
fue estudiada por Rothenbuhler,® quien propuso
como explicacion la influencia de dos loci diferentes,
uno relacionado con la desoperculacion y otro con
la remocién de las crias afectadas. Posteriormente,
Moritz*® indicé que la herencia de este caracter sigue
un modelo méas complejo, y Lapidge et al."” detectaron
siete loci que influyen en su expresion. Otros estudios
han demostrado que el comportamiento higiénico es
heredable, lo cual permitiria desarrollar abejas higié-
nicas en programas de mejoramiento genético.'**8:°

Una necesidad basica para emprender progra-
mas de seleccién y mejoramiento genético consiste
en aplicar técnicas de medicion confiables, economi-
cas y practicas que identifiquen la variacion genética
en las caracteristicas a estudiar. Los métodos que en
la actualidad se utilizan para evaluar el comporta-
miento higiénico consisten en sacrificar determinado
numero de pupas (crias cerradas u operculadas), con
la finalidad de estimar la proporcion o porcentaje de
ellas, que es removida por las abejas obreras de una
colonia. Los procedimientos utilizados para sacrificar
a las crias operculadas incluyen la puncién por medio
de un alfiler entomoldgico con el que se perfora tanto
el opérculo como la pupa en desarrollo,? y dos tipos
de congelacion: uno consiste en introducir una sec-
cion de panal con crias operculadas en un congela-
dor a -18°C o0 -20°C por un minimo de 24 h*# vy
otro mediante la aplicacion de nitrégeno liquido (N2)
sobre el panal, lo que produce muerte instantanea de
las crias.?



they did not calculate the cost of the former method,
they argued that its application was practical, so they
did not hesitate to recommend it instead of the freez-
ing method. Spivak and Downey® also compared the
pin-killing with the freezing techniques. In their study,
they got a correlation of 0.8905 (P < 0.01, n= 11 colo-
nies) between the time honey bees spent to take out
punctured and frozen pupae from the cells. Moreover,
they classified the hygienic response of their colonies
in each of three categories: hygienic, intermediate and
non-hygienic. They considered hygienic colonies those
that removed more than 95% of dead brood and non-
hygienic those that removed < 5% of the brood in the
course of 48 h and in two consecutive trials. In accor-
dance with these categories they compared hygienic
responses of the colonies between both methods, in
such a way that they noticed that when they applied
the pin-killing technique, bees quickly detected the
haemolymph released by the killed brood, provoking
an intense cleaning response. Consequently, contrary
to what occur in the freezing method, the number of
colonies that expressed a false hygienic trait increased.
Therefore, these researchers did not consider that the
puncture technique was reliable.

The three mentioned methods have been assayed
in Mexico;**?® however, there are no studies that had
compared these methods in their capacity to differ-
entiate high hygienic colonies from low hygienic colo-
nies (discriminatory capacity). Neither their costs nor
their application facility have been estimated. There-
fore, the aim of this study was to evaluate the discrimi-
natory capacity and estimate the costs and the facility
application of three assays to measure hygienic behav-
ior (puncture, freezing in a freezer at -18° C and freez-
ing with N2) in honey bee colonies of Apis mellifera L.

Material and methods

The research was conducted between October and
November 2003 in the Center of Genetic Breeding,
Generation and Transfer of Technology in Apicul-
ture, which belongs to the National Institute of For-
estry, Agriculture and Animal Research (INIFAP
for its Spanish meaning), located in the km 29 state
free road Tenango del Valle-Ixtapan de la Sal, Villa
Guerrero municipality, State of Mexico, Mexico. The
municipality is located in the southeast part of the
State of Mexico, at 99° 38’ 00”” West longitude and at
18° 58’ 36 North latitude, 2 160 masl. The weather
of this zone is warm sub-humid (C(w)), with summer
rains. This municipality presents an annual average
temperature of 17°C and an annual average rainfall
of 1 242.53 mm.*

Investigadores de Estados Unidos de América han
comparado algunas técnicas para medir el compor-
tamiento higiénico en colonias de abejas meliferas.
Newton y Ostasiewski®® compararon la técnica de
puncion con la de congelacion a -18°C, y estimaron
una correlacién entre éstas de 0.956 a partir de cinco
colonias evaluadas, y aunque no estimaron sus costos,
argumentaron que implicaba poco trabajo para apli-
carla, por ello no dudaron en recomendarla en susti-
tucién de la prueba de congelacién. Spivak y Downey?
también compararon las técnicas de puncion y de con-
gelacion. En su estudio obtuvieron una correlacion de
0.8905 (P < 0.01, n = 11 colonias) para el tiempo que
las abejas tardaron en remover las pupas congeladas y
puncionadas; ademas clasificaron sus colonias en tres
categorias: higiénicas, intermedias y no higiénicas.
Consideraron colonias higiénicas a las que en el trans-
curso de 48 h y en dos pruebas consecutivas, removie-
ron mas de 95% de las crias muertas, y no higiénicas
a las que removieron < 5% de las crias. Con base en
estas categorias compararon las respuestas higiéni-
cas de las colonias entre los métodos ensayados, de
tal forma que observaron que al aplicar la técnica de
puncion, las abejas detectaron rapidamente la hemo-
linfa liberada de las crias sacrificadas, ello propicio
una respuesta intensa de limpieza, y por consiguiente,
contrario a lo que ocurre al aplicar la técnica de con-
gelacion, se increment6 el niimero de colonias que al
parecer expresaron de manera falsa la caracteristica
higiénica. Por ello, estos investigadores consideraron
gue la técnica de puncion no resultaba confiable.

En Meéxico ya se han aplicado las tres técnicas
mencionadas;**?% sin embargo, ninguln estudio las ha
evaluado de manera comparativa en cuanto a su capa-
cidad para diferenciar colonias altamente higiénicas
de las poco higiénicas (capacidad discriminatoria).
Tampoco se han estimado sus costos y facilidad de
aplicacion. Por tanto, el objetivo de este estudio fue
evaluar la capacidad discriminatoriay estimar el costo
y facilidad de aplicacion de tres pruebas para medir el
comportamiento higiénico (puncion, congelacion en
congelador a -18°C y congelacion con N2) en colonias
de abejas Apis mellifera L.

Material y métodos

La investigacion se realizd entre octubre y noviem-
bre de 2003 en el Centro de Mejoramiento Genético,
Generacion y Transferencia de Tecnologia Apicola,
del Instituto Nacional de Investigaciones Forestales,
Agricolas y Pecuarias (INIFAP), que se ubica en el
km 29 de la carretera estatal Tenango del Valle-Ixta-
pan de la Sal, municipio de Villa Guerrero, Estado de
México, México. El municipio se encuentra al suroeste
del estado a 99° 38’ 00" de longitud Oeste y 18° 58’
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Establishment of experimental colonies

For the development of the experiments, 110 honey
bee colonies were used. The colonies were established
in Jumbo type hives, initially assembled with three
brood combs and approximately 2 kg of worker bees.
In order to start experiments under uniform condi-
tions it was proceeded as follows: a queen bee was
introduced (randomly assigned) in each hive and itwas
identified with a numerated plastic tag attached to its
thorax. Likewise, a preventive treatment against Euro-
pean foulbrood (Melissococcus plutonius) and Ameri-
can foulbrood (Paenibacillus larvae) was administered,
dusting over the top bars of the brood frames a 25 g
mixture made with 400 g of powdered sugar and 5.5 g
of HCL oxytetracycline.* Besides, a treatment against
Varroa destructor was administered, introducing two
plastic strips impregnated with flumethrin.** Strips
remained in the colonies for nine weeks, either with
the purpose of keeping them free or with low levels of
mite infestation. All the colonies were managed in the
same way, feeding them with 2 L of 50% sugar syrup
(sucrose and water in a 1:1 weight ratio) each 15 days.
Two experiments were carried out eight weeks after
removing flumethrin strips, this time was enough for
the replacement of the original worker bees by those
derived from the introduced queens.

Experiment 1

This experiment was carried out in order to evalu-
ate the discriminatory capacity, estimate costs and to
assess the practicability of application of three assays
to measure hygienic behavior in 60 honey bee colo-
nies. The three assays were applied the same day in
the same comb obtained from each experimental
colony, and were repeated 15 days later. In all tests we
selected comb areas that had the greater quantity of
pink eyed pupae.?

Freezing test using a freezer (CC)

A day before applying the three tests, a frame from
each experimental colony was chosen, and a 6 x 5 cm
section with at least 100 cells of capped brood was cut
out. The sections were properly identified and indi-
vidually placed in polyethylene bags, then they were
carried to the laboratory in a polystyrene icebox with
coolants while they were introduced into a freezer
(-18°C) for 24 h. Once this time finished, the sec-
tions were taken out of the freezer and the number of
capped cells were counted in both sides of the comb
section. Later on, they were carried to the apiary to
be re-introduced in the corresponding frame of its
experimental colony.
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36" de latitud Norte, a 2 160 msnm. El clima es tem-
plado-subhimedo (C(w)), con lluvias en verano. Este
municipio presenta temperatura promedio anual de
17°C con precipitacion de 1 242.53 mm.*

Establecimiento de las colonias experimentales

Para el desarrollo de los experimentos se utilizaron
110 colonias de abejas que fueron alojadas en colme-
nas tipo Jumbo, constituidas inicialmente por tres
bastidores con crias y alrededor de 2 kg de abejas
obreras. Para homologar las condiciones de las colo-
nias se procedi6 asi: a cada colmena se le introdujo
una reina (asignada en forma aleatoria), identificada
con una placa de plastico numerada y pegada sobre
su torax; asimismo, se administré tratamiento preven-
tivo contra loque europea (Melissococcus pluton) y loque
americana (Paenibacillus larvae): sobre los bastidores
de lacamara de cria se esparcieron 25 g de una mezcla
de 400 g de azlcar pulverizada con 5.5 g de oxitetra-
ciclina HCIL.* Ademas se les aplicé tratamiento contra
Varroa destructor mediante introduccion de dos tiras
plasticas impregnadas con flumetrina.** Las tiras per-
manecieron en las colonias durante nueve semanas,
con la finalidad de que quedaran libres o con muy
bajos niveles del acaro. A todas las colonias se les dio
manejo uniforme al alimentarlas cada 15 dias con 2
L de jarabe de azucar al 50% (sacarosaZagua a partes
iguales por peso). Este trabajo implicé la realizacion
de dos experimentos que se iniciaron ocho semanas
después de retirar las tiras de flumetrina, tiempo sufi-
ciente para que las obreras hijas de las reinas introdu-
cidas reemplazaran a la poblacion inicial.

Experimento 1

Este experimento se realizd para evaluar la capaci-
dad discriminatoria, estimar los costos y analizar la
facilidad de aplicacion de tres pruebas para medir el
comportamiento higiénico en 60 colonias de abejas.
Las tres pruebas se aplicaron el mismo dia en un
mismo panal obtenido de cada colonia experimental
y se repitieron a los 15 dias. Para todas las pruebas se
seleccionaron areas del panal que tuvieran la mayor
cantidad de pupas en etapa de ojos color rosado.?

Prueba de congelacion en congelador (CC)

Un dia antes de aplicar las tres pruebas se escogié un
bastidor de cada colonia experimental, del cual se

*Terramicina polvo soluble férmula animal®, Pfizer,
México.
**Bayvarol®, Bayer, México.



Freezing test using liquid nitrogen (CN32)

Another area with at least 100 brood cells from the
comb was chosen (the same comb from which the
former section was cut out). A metallic cylinder of 7cm
diameter x 11 cm height, without the two end covers,
was fitted over this area, pressuring it with rotating
movements. Immediately, the cylinder was slowly filled
with 250 mL of liquid nitrogen (at —=195° C) to kill the
brood. Once the ice formed over the comb melted,
the cylinder was removed, so the number fully capped
cells in the frozen area could be counted.

Piercing test (P)

By means of an entomologic needle, 100 pupae
aligned in a horizontal pattern in the selected comb
were pin-killed. To ensure the death of the brood, the
needle was inserted in the middle of each cell until
touching its bottom. To facilitate the identification of
the perforated cells, two short pins* were inserted in
the borders of each row, one at the beginning and the
other at the end of each array.

Measurement of hygienic behavior

After applying the three methods, the selected comb
of each hive was identified with a thumbtack fixed over
the top bar of its frame and then the frame was rein-
troduced in the middle of the brood chamber of its
hive. Twenty four hours later, the percentage of killed
brood removed was recorded using the formula:

[Number of pupae removed/total number of treated
cells (pierced or frozen)] x 100.

Classification of the degree
of hygienic response

After being evaluated with each one of the tests, the
experimental colonies were classified in accordance
with their degree of hygienic response as follows:
low, intermediate or high hygienic behavior. Colonies
that showed high hygienic behavior were those that
removed more than 95% of killed brood, interme-
diate those that removing rates were among 50% to
95%, and those with rates below 50% were classified
as low hygienic colonies.

Costs

The cost of application (one replicate) of each trial
was estimated considering the following components:
a) equipment, where investment expenses, the depre-
ciation of a 7” horizontal freezer and a 20.5 L liquid

cortd una seccion de panal de 6 x 5 cm, que tuviera
al menos 100 celdas con crias operculadas. Las seccio-
nes se colocaron individualmente dentro de bolsas de
polietileno debidamente identificadas, y se transpor-
taron al laboratorio en una hielera de poliestireno con
refrigerantes, para después introducirlas en un conge-
lador (-18°C) durante 24 h. Finalizado este tiempo,
las secciones se sacaron del congelador y en cada una
de ellas se contd el numero de celdas operculadas en
ambos lados del panal. Luego se llevaron al apiario y
se reinsertaron en los bastidores correspondientes en
cada colonia experimental.

Prueba de congelacion con
nitrégeno liquido (CNz2)

Se escogi6 otra area del mismo panal (del que se corto
la seccion para la prueba anterior), con al menos 100
celdas de crias operculadas. Sobre esta area se encajo
un cilindro metalico de 7 cm de didmetro x 11 cm de
altura, sin tapa en los dos extremos, ejerciendo ligera
presion con movimientos giratorios. Enseguida se
vertié lentamente en el interior del cilindro 250 mL
de nitrogeno liquido (a —-195°C) para sacrificar a las
crias. Al derretirse el hielo formado sobre el panal, se
retiro el cilindro para contar las celdas integramente
operculadas en el area congelada.

Prueba de puncion (P)

Se utilizé un alfiler entomoldgico para puncionar y
sacrificar 100 pupas en celdas alineadas horizontal-
mente sobre el panal seleccionado. El alfiler se intro-
dujo en el centro de cada celda hasta tocar el fondo
de ésta, para asegurar la muerte de las crias. Con el
proposito de facilitar la identificacion de las celdas
perforadas se insertaron alfileres cortos* en los extre-
mos de cada fila, uno al inicioy el otro al final de cada
hilera.

Medicién del grado de
comportamiento higiénico

Después de aplicar los tres métodos, el panal seleccio-
nado de cada colmena se identificé con una tachuela
clavada sobre el cabezal superior de su bastidor y se
reintrodujo al centro de la cAmara de cria de su col-
mena. La lectura de resultados del comportamiento
higiénico se realizé a las 24 h de aplicadas las prue-
bas y consistié en determinar el porcentaje de crias
sacrificadas que fueron removidas por las abejas, uti-
lizando la formula:

*Alfileres para marcar sitios en mapas, Maped®, México

Vet. Méx., 39 (1) 2008 43



nitrogen container were included, b) labor, where the
support of four people with four minimal wages each
was included, calculated in the year 2003,%” and taking
into consideration the number of days required for
the execution of each test, c¢) transportation, in this
component the expenses of fuel and maintenance of
a truck that surrendered a displacement of 8 km/L of
gasoline was included. The depreciation of this vehicle
was not included due its antiquity overcame ten years,
d) supplies, in this item there were considered the
prices of liquid nitrogen, entomologic needles, metal-
lic cylinders, knives, etc., e) the unexpected expenses,
as the emergent expenditures that represented the
10% of all the previous components.

Facility of application

The facility of application of the tests was determined
in relation to the number of trips that were employed
for their execution. Specifically, there were consid-
ered the days destined to the selection of the brood
comb, the execution of the surveys and data record-
ing. Besides, the time employed for each trial in each
colony was measured.

Experiment 2

This experiment was conducted because the results
of the first experiment showed that the puncture test
had a low discriminatory capacity; but since it resulted
to be the most practical and economic to apply in
the field, it was decided to carry out this additional
assay. The purpose was to verify if the discriminatory
capacity of the pin-killing test could be enhanced by
reducing the recording time from 24 to 8, as well as
to verify if the odors and fluids emanated from the
killed brood, stimulated an artificially and a faster
hygienic response (environmentally induced) of the
bees. Three treatments were compared and applied
at the same time in a brood comb obtained from each
one of the 50 colonies. The first treatment was carried
out just as described above, the second was carried out
selecting another area of the comb, where the capping
of 100 cells was partially opened, taking care of not
damaging the pupa. The third treatment (control)
consisted in selecting another area of the same comb,
in which 100 cells of capped brood were delimited. In
these cells, neither the caps nor the pupae were dam-
aged (only the caps were touched with the needle).

Statistical analysis
To determine the discriminatory capacity and reliabil-

ity of the tests of the first experiment, and by this way
be able to differentiate with a better possible precision
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[NUmero de pupas removidas/total de celdas trata-
das (puncionadas o congeladas)] x 100

Clasificacion del grado de higiene

Luego de ser evaluadas con cada una de las pruebas,
las colonias experimentales se clasificaron segin su
grado de limpieza, en colonias de bajo, intermedio o
alto comportamiento higiénico. Las colonias de alto
comportamiento higiénico fueron aquellas con lectu-
rassuperiores a 95% de remocién de crias sacrificadas,
las de comportamiento intermedio tuvieron lecturas
entre 50% y 95%, y las de bajo grado de higiene reti-
raron menos de 50% de las crias.

Costos

La estimacion del costo de la aplicacion (repeticion)
de cada prueba por coloniase realizo considerando las
siguientes variables: a) el equipo, que incluyd gastos
de inversion y depreciacion de un congelador horizon-
tal de 7" y termo para almacenar 20.5 L de nitrégeno
liquido, b) la mano de obra, ésta se estimd conside-
rando la participacion de cuatro personas. A cada una
se le asignaron tres salarios minimos para 2003, al
considerar el numero de dias que requirio la ejecu-
cion de cada prueba, ¢) el transporte, en este rubro se
incluyeron los gastos de combustible y mantenimiento
de una camioneta que rindié un desplazamiento de 8
km/L de gasolina. No se incluyo la depreciacion del
vehiculo en virtud de que su antigliedad superaba los
diez afios, d) los insumos, dentro de éstos se considerd
el precio del nitrégeno liquido, materiales como alfile-
res entomoldgicos, cilindros metalicos, cuchillos, etc.,
e) los gastos imprevistos, como las erogaciones emer-
gentes, que representaron 10% de dichos conceptos.

Facilidad de aplicacién

La facilidad de aplicacion de las pruebas se deter-
mind en funcion del nimero de viajes (dias) que se
utilizaron para su realizacidn; esto es, se considera-
ron los traslados destinados a la seleccion del panal,
la ejecucidn de las técnicas y la lectura de resultados.
También se midi6 el tiempo empleado para usar cada
prueba en cada colonia.

Experimento 2

Este experimento se realizé debido a que los resultados
del experimento 1 mostraron que la prueba de pun-
cion tenia baja capacidad discriminatoria, pero dado
que resulté ser la mas practica y econémica de aplicar
en campo, se realizd este experimento adicional con
el propdsito de comprobar si se podia aumentar su



colonies with high and low hygienic behavior, disper-
sion measures and Pearson’s®®*® correlation coeffi-
cients were estimated, between the two replicates and
among the tests. It is assumed that the more variation
is found between colonies in their expression of hygi-
enic behavior, and the higher correlation and/or less
variation between replicates is present, the better dis-
criminatory capacity and reliability of a test.**3 For
the above mentioned, a variance ratio test was accom-
plished, so we could compare the variances obtained
from the three techniques applied and also to com-
pare the variability obtained from two measurements
carried out within each technique.®

To determine differences among the three catego-
ries, the averages of removal responses of the colonies
(from the two replicates) were subjected to an analysis
variance with a fixed effects statistical model, except
for the piercing test, in which by means of a Student’s
t test, the responses of the colonies previously classi-
fied as high and intermediate hygienic behavior were
compared. Additionally, in order to identify differ-
ences between the three techniques applied in the
first experiment, an analysis variance with a fixed
effects model was performed.?2° Previous to the sta-
tistical analyses, data were transformed to provide a
normal distribution. Transformation was performed
by means of the root-square of the proportion arcsine
procedure.® The following model considered was:

Yij =+ Ti+ Ej

where:
Yij = jth proportion of hygienic response (trans-
formed) from the ith category or technique
applied
M = general mean
Ti = ith effect of the category or technique
applied
Eij = experimental error NID (0, 6%)

Data obtained from the second experiment were
also transformed with the root-square of the propor-
tion arcsine procedure. A Student’s t test and a vari-
ance ratio test were performed with the purpose of
comparing hygienic responses recorded at 24 h and
8 h after piercing the brood (experiments 1 and 2,
respectively). Likewise, an analysis of variance with
the model previously cited was performed to compare
the hygienic responses of the treatments of piercing,
partial removing of the cells’ cappings and control.
Finally, for all the variance analyses the Tukey’s multi-
ple comparison test was performed.??°

capacidad discriminatoria mediante la reduccion del
tiempo de lectura de 24 a 8 h, asi como para verificar
si los olores y fluidos emanados como resultado de la
perforacion de las crias sacrificadas, estimulaba artifi-
cialmente una répida respuesta higiénica (ambiental-
mente inducida) de las abejas. La prueba de puncion
se us6 para comparar tres tratamientos que se aplica-
ron al mismo tiempo en un panal obtenido de cada
una de 50 colonias. El primer tratamiento se realizo
tal como se describi6 antes, el segundo se llevé a cabo
seleccionando otra area del panal, donde se retird
parcialmente el opérculo de las 100 celdas, cuidando
no dafar a la pupa. El tercer tratamiento (testigo)
consistio en seleccionar otra area del mismo panal, en
la que se delimitaron 100 celdas de cria operculada.
En estas celdas no se dafié ni a los opérculos ni a las
pupas (solo se tocaron los opérculos con el alfiler).

Andlisis estadisticos

Para determinar la capacidad discriminatoria y con-
fiabilidad de las pruebas del primer experimento y
asi diferenciar con la mayor precision posible, colo-
nias con alto y bajo comportamiento higiénico, se
obtuvieron medidas de dispersion y coeficientes de
correlacion de Pearson®®? entre las dos repeticiones
(mediciones) y entre las pruebas. Se asume que entre
mas variacion se encuentre en la expresién del com-
portamiento higiénico entre colonias, y entre mayor
grado de correlacion o menor variacion exista entre
las repeticiones, la prueba resulta mejor en términos
de capacidad discriminatoria y confiabilidad.** Por
lo anterior, se realizd una prueba de razén de varian-
zas, tanto para comparar las varianzas obtenidas de
las tres técnicas aplicadas como para comparar las
varianzas obtenidas de las dos mediciones realizadas
en cada técnica.*

Para determinar diferencias entre las tres catego-
rias, los promedios de respuesta de las colonias (de
las dos repeticiones) se sometieron a un anélisis de
varianza con un modelo de efectos fijos, con excep-
cion de la prueba de puncion, en la cual mediante una
prueba “t” de Student, se compararon las respuestas
de las colonias clasificadas como de alto e intermedio
comportamiento higiénico. Adicionalmente, se rea-
lizé un anélisis de varianza bajo un modelo de efectos
fijos para verificar diferencias entre las tres técnicas
aplicadas del primer experimento.?®?° Previo a estos
analisis, los datos se transformaron mediante la fun-
cion arcoseno de la raiz cuadrada de la proporcion,
para ajustarlos a una distribucién normal.*? El modelo
general utilizado fue:

Yij=p + Ti+ Ej
donde:

Yij = j-ésima proporcion de comportamiento higié-
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Results
Experiment 1
Relationship between tests

There were positive and significant correlations for
the hygienic behavior responses obtained from the
three tests (P < 0.01, Table 1). Significant differences
were detected among tests for the percentage of
brood removed by the bees (F = 30.122; df = 2,177; P
< 0.01). Colonies expressed higher hygienic behavior
for brood killed in the piercing assay (88%), in com-
parison with brood frozen in the freezer (69%), and
with brood frozen with liquid nitrogen (65%). There
was no difference between these latter tests (P >0.05,
Table 2).

Discriminatory capacity and reliability

Higher variation was observed among colonies with
both freezing tests in comparison with the pierc-
ing test (P < 0.05, Table 2). There was no difference
among the variances of the freezing tests (P > 0.05).
The correlation between replicates was of r = 0.56,
0.45y0.37 (n =60, P <0.01, in all cases), for the freez-
ing tests using a freezer and with liquid nitrogen and
for the piercing test, respectively. There was no differ-
ence among the variances of the two measurements of
each test (P > 0.05).

The number and percentage of colonies classified
as low, intermediate and high hygienic behavior is
shown in Table 3. Five to six colonies (< 10%) were
classified as highly hygienic with the freezing tests,
but 25 were classified as highly hygienic with the pierc-
ing test (41.7%); actually, no colony entered in the
category of low hygienic behavior with this last test.

nico (transformada) de la i-ésima categoria o téc-
nica aplicada

K = media general

Ti = efecto de la i-ésima categoria o técnica apli-
cada

Eij = error experimental NID (0, ¢°)

Los datos obtenidos del segundo experimento
también se transformaron con la funcion arcoseno de
la raiz cuadrada de la proporcion. Se realiz6 un ana-
lisis de “t” de Student y una prueba de comparacion
de varianzas para comparar las respuestas obtenidas
entre la prueba de puncion leidaalas24 hyalas8h
(experimentos 1y 2, respectivamente). Asimismo, los
tratamientos de puncidn, retiro parcial del opérculoy
testigo se compararon mediante analisis de varianza
bajo el modelo de efectos fijos anteriormente sefialado.
Finalmente, para todos los analisis de varianza se uti-
lizd la prueba de comparacion multiple de Tukey.??°

Resultados
Experimento 1
Relacion entre pruebas

Se encontraron correlaciones positivas y significati-
vas para las respuestas de comportamiento higiénico
obtenidas de las tres pruebas (P < 0.01, Cuadro 1). Se
detectaron diferencias significativas entre las pruebas
para el porcentaje de crias removidas por las abejas
(F =30.122; gl = 2,177; P < 0.01). Las colonias expre-
saron mayor comportamiento higiénico para las crias
sacrificadas con la prueba de puncién (88%), en com-
paracion con la de congelacién en congelador (69%)
y con la de congelacién con nitrégeno liquido (65%).
Entre estas dos Ultimas pruebas no hubo diferencia
(P >0.05, Cuadro 2).

Cuadro 1
CORRELACIONES PARA LAS RESPUESTAS DE COMPORTAMIENTO HIGIENICO OBTENIDAS
DE 60 COLONIAS DE ABEJAS MELIFERAS EVALUADAS CON TRES PRUEBAS: CONGELACION
EN CONGELADOR (CC), CONGELACION CON NITROGENO LIiQUIDO (CN,) Y PUNCION (P)
CORRELATIONS FOR THE HYGIENIC BEHAVIOR RESPONSES OF 60 HONEY BEE COLONIES EVALUATED
WITH THREE TESTS: FREEZING IN A FREEZER (CC), FREEZING WITH LIQUID NITROGEN (CN,) AND

PIERCING (P)
r n P
CC-CN, 0.63 60 <0.0001
cc-p 0.54 60 <0.0001
CN,-P 0.62 60 <0.0001
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Significant differences were found among colonies
that expressed low, intermediate and high hygienic
behavior in the freezer and liquid nitrogen freezing
tests (F = 88.31; df = 2,57; P < 0.01 and F = 46.14; df
= 2,57; P < 0.01, respectively), and between colonies
that expressed intermediate and high hygienic behav-
ior with the piercing test (t = 8.27, df = 58, P < 0.01)
(Table 3). Figure 1 shows the distribution of colonies
that expressed different degrees of hygienic responses
with the three tests.

Costs and practicality of application

Referring to costs and application of each test per bee-
hive, the most expensive was the freezing assay with
liquid nitrogen with a cost of 14.80 pesos (1.31 dol-
lars), followed by the freezing assay using a freezer,
which its cost was of 10.15 pesos (0.90 dollars). The
least expensive was the piercing assay with a cost of
6.59 pesos (0.58 dollars). The piercing method was
also the most practical, since it required 17 min on
average for its application in only two trips made to
the apiary. In contrast, the least practical tests were
those of freezing with liquid nitrogen and freezing
with a freezer, since they required 23 and 18 min for
their application per beehive, as well as two and three
trips to the apiary, respectively (Table 4).

Capacidad discriminatoria y confiabilidad

Se observé mayor variacion entre colonias con las dos
pruebas de congelacion, en comparacion con la de
puncion (P < 0.05, Cuadro 2). No se hallé diferencia
entre las varianzas de las pruebas de congelacion en
congelador y congelacién con nitrégeno liquido (P
> 0.05). La correlacion entre repeticiones fue de r =
0.56, 0.45y 0.37 (n = 60, P < 0.01 en todos los casos)
para las pruebas de congelacion en congelador, con-
gelacién con nitrégeno liquido y puncion, respectiva-
mente. No se encontré diferencia entre las varianzas
de las repeticiones de cada prueba (P > 0.05).

El namero y porcentaje de colonias clasificadas
como de bajo, intermedio y alto comportamiento
higiénico se muestra en el Cuadro 3. De cinco a seis
colonias (£ 10%) fueron clasificadas de alto compor-
tamiento higiénico con las pruebas de congelacion,
pero 25 se clasificaron altamente higiénicas usando
la prueba de puncién (41.7%); asimismo, ninguna
colonia entro en la categoria de bajo comportamiento
higiénico con esta uUltima prueba. Se encontraron
diferencias significativas entre las colonias que expre-
saron bajo, intermedio y alto comportamiento higié-
nico con las pruebas de congelacion en congelador y
con nitrogeno liquido (F =88.31; gl =2,57; P<0.01ly
F=46.14; gl = 2,57; P < 0.01, respectivamente) y entre
las colonias que expresaron intermedio y alto com-
portamiento higiénico con la prueba de puncion (t

Cuadro 2

ESTADISTICAS DESCRIPTIVAS DEL COMPORTAMIENTO HIGIENICO DE 60 COLONIAS
DE ABEJAS MELIFERAS EVALUADAS CON TRES PRUEBAS: CONGELACION EN
CONGELADOR (CC), CONGELACION CON NITROGENO LIQUIDO (CN,) Y PUNCION (P)
DESCRIPTIVE STATISTICS OF HYGIENIC BEHAVIOR OF 60 HONEY BEE COLONIES
EVALUATED WITH THREE TESTS: FREEZING IN A FREEZER (CC), FREEZING WITH
LIQUID NITROGEN (CN,) AND PIERCING (P)

Hygienic behavior (% +S.D.)

Minimum- Coefficient

Measurement Measurement maximum of variation
Test 1 2 Variance values (%) (%)
CC 69.1 £22.4 68.3+22.9 68.7 £20.0* 400.54 27.2-99.5 290.1
CN, 67.1 £25.1 62.3+233 64.7 +20.6* 424,53 23.2-99.5 31.8
P 89.9+14.5 86+ 15.5 88.0 + 12.4° 154.47 52.4-100 14.1

Different letters show significant differences (P < 0.01) with Tukey’s multiple comparison test
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Cuadro 3

FRECUENCIA ABSOLUTA (RELATIVA) Y PROMEDIOS + DE DE COLONIAS DE ABEJAS MELIFERAS CLASIFICADAS EN
BAJO, INTERMEDIO Y ALTO COMPORTAMIENTO HIGIENICO, LUEGO DE SER
EVALUADAS CON TRES PRUEBAS: CONGELACION EN CONGELADOR (CC), CONGELACION CON
NITROGENO LIQUIDO (CN,) Y PUNCION (P)
ABSOLUTE FREQUENCY (RELATIVE) AND MEANS + SD, OF HONEY BEE COLONIES CLASSIFIED IN LOW,
INTERMEDIATE AND HIGH HYGIENIC BEHAVIOR, AFTER BEING EVALUATED WITH THREE TESTS:
FREEZING IN A FREEZER (CC), FREEZING WITH LIQUID NITROGEN (CN,) AND PIERCING (P)

Low behavior

Intermediate behavior

High behavior

Test <50.0% 50.0 < 95.0% > 95.0%
cc 12 (20.0) 43 (71.7) 5 (8.3)
Mean + SD 40.71 + 78 73.13 & 14.34b 97.76 + 1.71¢
CN, 15 (25.0) 39 (65.0) 6 (10.0)
Mean + SD 37.67 + 8.282 70.02 + 12.02b 97.69 + 1.40¢
P 35 (58.3 25 (41.7
0 (0.0) (58.3) (41.7)
Mean + SD 81.23 £12.53? 97.29 + 1.61°

Different letters between columns indicate significant differences (P < 0.01) with Tukey’s and Student’s t (piercing assay), comparison tests. Statistical

analyses were performed with data transformed with the root-square of the proportion arcsine procedure. Means are displayed without transformation.

Experiment 2

No significant differences were found among the
hygienic responses of the colonies when the measure-
ments of the piercing test were done at 8 and 24 h (t
=0.72, df = 108, P > 0.05); neither it was found differ-
ence between the variances of both recording times
(F=1.54;df =59, 49; P >0.05). Significant differences
were found among the hygienic responses of the three
treatments of this experiment (F=609.63; df =2, 147; P
<0.01). The mean (% £ S.D.) of the hygienic response
of the pierced brood was 85.5 + 15.44, while the mean
of the brood removed in the treatment where the
cappings were partially opened without piercing the
brood was 14.3 = 10.76, and that of the control treat-
ment was 2.1 + 3.98 (Figure 2).

Discussion
Experiment 1

Results revealed that the three tests measured the bees’
hygienic behavior in a related way, since there were
significant correlations among them (Table 1). Spivak
and Downey? as well as Newton and Ostasiewski®® also
found correlation among the proportion of brood that
was pin-killed and when it was frozen in a freezer, but
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= 8.27, gl = 58, P < 0.01) (Cuadro 3). En la Figura 1
se muestra la distribucién de colonias que expresaron
diferentes grados de respuesta higiénica con las tres
pruebas aplicadas.

Costos y facilidad de aplicacion

En cuanto a los costos de aplicacién de cada prueba
por colmena, la mas cara fue la de congelacion con
nitrégeno liquido, 14.80 pesos (1.31 dolares), seguida
de la prueba de congelacion en congelador, cuyo
costo fue de 10.15 pesos (0.90 dolares), mientras que
la mas econdmica fue la de puncién, 6.59 pesos (0.58
dolares). El método de puncion también fue el més
préctico, por requerir de 17 min en promedio, para
su aplicacion, en sélo dos viajes realizados al apiario.
En contraparte, las pruebas menos practicas fueron
las de congelacién con nitrégeno liquido y en conge-
lador, ya que para su aplicacion se invirtieron 23y 18
min por colmena, asi como dosy tres viajes al apiario,
respectivamente (Cuadro 4).

Experimento 2
No se encontraron diferencias significativas entre las

respuestas higiénicas de las colonias a las 8 y 24 h de
lectura con la prueba de puncion (t=0.72, gl =108, P >
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Figura 1: Distribucién de diferentes grados de respuesta higiénica en
60 colonias de abejas después de aplicar las pruebas de congelacién
con nitrégeno liquido (CN,), puncion (P) y congelacién en conge-
lador (CC).

Figure 1: Distribution of different degrees of hygienic response in 60
honey bee colonies, after applying the tests of freezing with liquid
nitrogen (CN,), piercing (P) and freezing in a freezer (CC).

Cuadro 4
COSTO ESTIMADO, TIEMPO INVERTIDO Y NUMERO DE VISITAS REQUERIDAS POR COLONIA,
PARA APLICAR LAS PRUEBAS DE CONGELACION EN CONGELADOR (CC), CONGELACION CON
NITROGENO LIQUIDO (CN,) Y PUNCION (P), CON EL FIN DE EVALUAR EL COMPORTAMIENTO HIGIENICO
DE COLONIAS DE ABEJAS MELIFERAS EN VILLA GUERRERO, ESTADO DE MEXICO
ESTIMATED COST, TIME INVESTED AND NUMBER OF VISITS (TRIPS) DESTINATED TO APPLY
THE TESTS OF FREEZING IN A FREEZER (CC), FREEZING WITH LIQUID NITROGEN (CN,)
AND PIERCING (P), TO EVALUATE HYGIENIC BEHAVIOR IN HONEY BEE COLONIES
IN VILLA GUERRERO, STATE OF MEXICO

Tests

cc CN, P
Components Costs* per hive (one replicate)
Equipment 0.12  (0.01) 0.26 (0.02) 0.00 (0.00)
Labor 8.06 (0.71) 5.61 (0.49) 5.37 (0.47)
Transportation 0.88 (0.08) 0.58 (0.05) 0.58 (0.05)
Supplies 0.17 (0.01) 7.00 (0.62) 0.04 (0.00)
Unexpected expenses 0.92 (0.08) 1.35 (0.12) 0.60 (0.05)
Total 10.15 (0.90) 14.80 (1.31) 6.59 (0.58)
Advantages/disadvantages
Number of trips (days) 3f 2%% 2%*
Time spent (min) 18 23 17

* Cost in Mexican pesos (US$). Dollar price update: November 28, 2003 (11.3385 Mexican pesos)3s

** Trip 1 = comb selection and test application; Trip 2 = data recording.

T Trip 1 = comb selection and section cutting; Trip 2 = test application; Trip 3 = data recording.

they did not compare these tests with that of freezing
with liquid nitrogen. Correlations among tests prob-
ably obey to the fact that in the three cases the brood
is killed, and the bees have the capacity to detect and
remove dead brood.*’

0.05); tampoco se hall6 diferencia entre las varianzas
de los dos tiempos de lectura (F = 1.54; gl =59, 49; P >
0.05), pero si se encontraron diferencias significativas
entre los tres tratamientos de este experimento (F =
609.63; gl =2, 147; P <0.01). La media registrada (% *
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Figura 2: Porcentaje promedio de comportamiento higiénico
(+ EE.) de 50 colonias de abejas meliferas tras la aplicacion
de tres tratamientos: puncién de las crias, desoperculacion sin
dafio a las crias y testigo. Literales diferentes indican diferen-
cias significativas (P < 0.05) basadas en un analisis de varianza
y en una prueba de comparacion multiple de Tukey, con datos
transformados mediante la funcién arcoseno de la raiz cua-
drada de la proporcion.

Figure 2: Mean percentage of hygienic behavior (+ EE.) of 50
honey bee colonies after the application of three treatments:
brood piercing, uncapping without damaging the brood
and control. Different letters show significant differences (P
< 0.05) with an analysis of variance and the Tukey’s multiple
comparison test. Statistical analysis was performed with data
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Results of the piercing test showed the least vari-
ability among colonies, and in accordance with the
established criteria, which was sustained with their dis-
tribution and their minimum and maximum values,
only colonies with intermediate and high hygienic
behavior could be detected (Tables 2 and 3, Figure 1);
so its discriminatory capacity and reliability was lower.
In spite of its low discriminatory capacity, the piercing
test was the least expensive and the most practical pro-
cedure to measure hygienic behavior in bees (Table
4). Other researchers have also arrived to the same
conclusion.?°*

Greater variability among colonies was found with
the freezing test using liquid nitrogen compared to the
piercing test (Table 2); therefore, colonies with high
and low level of hygienic behavior could be detected
(Table 3, Figure 1). The correlation between repli-
cates of this assay was significant (r = 0.45, P < 0.01)
and there was no difference between the variances
of the two measurements (P > 0.05). These evidences
support its discriminatory capacity and reliability.
Other qualities of the freezing test using liquid nitro-
gen, reside in that it causes an instantaneous death
of the brood, and only two trips to the apiary for its
implementation are necessary. However, the following
disadvantages were observed: the liquid nitrogen is
difficult to acquire, it is expensive, a special container
is needed to be stored, and a vehicle is required to
transport it. Moreover, the weight of the container
complicated its mobilization under field conditions;
therefore, to nimble the experiments it was necessary
to increase the number of assistants for their applica-
tion. Besides, it was the method that took the longer
time for its application (23 min), and additional secu-
rity steps had to be taken to avoid accidents that could
provoke burnings to the personnel that applied it.
These circumstances contributed to increase its costs
and to consider it as impractical; therefore, inacces-
sible for most commercial beekeepers.

The freezing test using a freezer had a significant
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transformed with the root-square of the proportion arcsine
procedure.

DE) para la limpieza de las celdas puncionadas fue de
85.5 + 15.44, mientras que la media de remocion del
tratamiento donde sélo se abrieron los opérculos sin
puncionar las crias fue de 14.3 + 10.76, y la del trata-
miento testigo, de 2.1 + 3.98 (Figura 2).

Discusion
Experimento 1

Los resultados revelaron que las tres pruebas midie-
ron de manera relacionada el comportamiento
higiénico en las abejas, ya que se encontraron corre-
laciones significativas entre ellas (Cuadro 1). Spivak y
Downey,? asi como Newton y Ostasiewski?® encontra-
ron correlacion entre la proporcion de cria removida
por puncion y por congelaciéon en congelador, pero
no compararon estas pruebas con la de congelacion
con nitrégeno liquido. Las correlaciones entre prue-
bas quiza obedecen al hecho de que en los tres casos
se sacrifican crias y las abejas tienen la capacidad de
detectar y remover crias muertas.*’

Los resultados obtenidos con la prueba de pun-
cion mostraron menor variabilidad entre colonias, y
de acuerdo con los criterios establecidos que se sus-
tentaron con su distribucion y sus valores minimo y
maximo, Unicamente se pudieron detectar colonias
con capacidad de limpieza intermedia o alta (Cuadros
2 y 3, Figura 1); en este contexto, su capacidad dis-
criminatoria y confiabilidad fueron menores. A pesar
de su menor capacidad discriminatoria, la prueba de
puncion fue la mas econémica y practica para medir
el comportamiento higiénico de las abejas (Cuadro
4). Otros investigadores también han llegado a dicha
conclusion.?0*

La prueba de congelacién con nitrégeno liquido
mostré mayor variabilidad entre colonias en compara-
cion con la prueba de puncion (Cuadro 2), por lo que
se pudieron distinguir colonias de alto y bajo nivel de
comportamiento higiénico (Cuadro 3, Figura 1). La



correlation between replicates (r = 0.56, P < 0.01) and
higher variability in comparison with the piercing
test. The variability was not different from the liquid
nitrogen-freezing test, and colonies with high and
low hygienic behavior were identified too. (Table 3,
Figure 1), so its discriminatory capacity and reliabil-
ity are guaranteed. Spivak and Downey® pointed out
that the freezing technique using a freezer, constitutes
the most conservative and reliable procedure to meas-
ure hygienic behavior. Likewise, these researchers
found that with this method, neither the age of the
killed pupae nor the origin of the brood comb sec-
tion, influence the degree of hygienic behavior of the
colonies; therefore, more colonies could be tested in
short time. Nevertheless, in the present study, there
were slight disadvantages detected for this method
such as: the need to have a freezer and that three trips
to the apiary had to be made for the measurement
process. Both circumstances caused a slight increase
in its costs, due to the time, labor and transportation
employed (Table 4).

Bees removed 23% and 19% more pupae in the
piercing test compared to those removed with the
freezer and liquid nitrogen freezing tests, respectively
(Table 2). In fact, 25 colonies (41.7%) expressed more
than 95% of hygienic behavior with this technique
(Table 3, Figure 1). These figures agree with those
of Spivak and Downey,® who observed 40% more pin-
killed brood removed when compared with the brood
removed when it was frozen using a freezer. From five
to six colonies (< 10%) tested with the two freezing
methods, removed more than 95% of the killed brood,
which agrees with a study of Spivak and Reuter.?” They
pointed out that the high hygienic trait has been iden-
tified in approximately 10% of the colonies of any race
or stock of bees in the United States of America, and
with 12% reported in a study carried out in honey bee
colonies in Yucatan, Mexico.?

The low, intermediate and high levels of hygienic
behavior of the colonies were significantly different
(P < 0.01). Although Spivak and Downey? classified
their colonies in these three categories, they did not
compare them statistically. However, they suggested
that colonies with extreme levels of hygienic behavior
could be surveyed to evaluate their hygienic response
as a disease resistance mechanism. This evaluation
well could be carried out from a divergent selection
program, in which aspects of productive and economic
nature might be additionally analyzed. Spivak and
Reuter found that colonies with a hygienic behavior
higher than 95%, removed significantly more frozen
brood, produced more honey and had less incidence
to chalkbrood, American foulbrood and less number
of V. destructor mites, contrary to unselected colonies
from commercial apiaries. Moreover, some queens

correlacion entre repeticiones de esa prueba fue sig-
nificativa (r = 0.45, P < 0.01) y no se hall6 diferencia
entre las varianzas de las dos mediciones (P > 0.05).
Estas evidencias respaldan su capacidad discrimina-
toria y confiabilidad. Otras cualidades de la prueba
de congelacidn con nitrégeno liquido radican en que
provoca muerte instantanea de las crias y en que sélo
requiere hacer dos viajes al apiario para su instrumen-
tacion. Sin embargo, se observaron desventajas, entre
ellas: el nitrégeno liquido es dificil de conseguir, es
costoso, se necesita un termo especial para almace-
narlo, asi como un vehiculo paratransportarlo. El peso
del termo dificultd su movilizacién en condiciones de
campo, por lo que para agilizar los experimentos se
incrementd el nimero de personas para su aplicacion.
Ademas, fue el método de aplicacion mas lento (23
min) y se tomaron medidas de seguridad adicionales
para evitar accidentes que provocaran quemaduras
en el personal que lo aplicé. En conjunto, estas cir-
cunstancias contribuyeron a elevar sus costos y a cata-
logarlo como impractico, y, por tanto, inaccesible para
la mayoria de los apicultores.

La prueba de congelacion en congelador tuvo
correlacion significativa entre repeticiones (r = 0.56,
P < 0.01) y variabilidad mayor en comparacion con la
prueba de puncion. La variabilidad no fue diferente a
la de la prueba de congelacion con nitrégeno liquido,
e igualmente se identificaron colonias con alto y bajo
comportamiento higiénico con esta prueba (Cuadro
3, Figura 1), lo que acredita su capacidad discrimina-
toria y confiabilidad. Spivak y Downey?® sefialaron que
la técnica de congelacion en congelador constituye el
procedimiento masconservadory confiable paramedir
el comportamiento higiénico. Asimismo, encontraron
que para este método la edad de las pupas sacrifica-
das y la procedencia de la seccion de panal utilizada
no influyen en el grado de respuesta higiénica de las
colonias, por lo que podrian probarse mas colonias en
menos tiempo. Sin embargo, en el presente trabajo se
detectaron ligeras desventajas del método, entre ellas,
la necesidad de tener un congelador y que el pro-
ceso de medicién implico la realizacion de tres viajes
al apiario. Ambas circunstancias provocaron ligero
incremento en sus costos debido al tiempo, mano de
obray transporte empleados (Cuadro 4).

Las abejas removieron 23% y 19% mas pupas con la
prueba de puncion que las congeladas con nitrégeno
liquido y en congelador, respectivamente (Cuadro 2).
De hecho, 25 colonias (41.7%) expresaron un compor-
tamiento higiénico superior a 95% con esta técnica
(Cuadro 3, Figura 1). Estos resultados concuerdan
con los de Spivak y Downey,® quienes observaron 40%
de mayor remocion de las crias sacrificadas mediante
el método de puncion cuando lo compararon con el
de congelacién en congelador. De cinco a seis colonias
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obtained from higher hygienic stocks that mated
freely with drones of unknown genotype produced
more hygienic bees than the commercial ones.

Experiment 2

The results of this experiment demonstrated that,
although the recording time of the piercing treatment
was reduced, the test did not improve its discrimina-
tory capacity, since there was no difference among the
percentages of hygienic responses, neither among the
variances obtained at 8 and 24 h after piercing the
brood. Thus, these results reinforce the asseveration
that the piercing test is less reliable than the freezing
tests. In accordance with the analysis of variance, it
was found that when the brood was pierced in the 8 h
recording treatment, bees removed around 41 times
more damaged pupae, than the unaffected ones of the
control treatment, and six times more when cells were
partially uncapped. Brood from this last treatment
were removed in a significantly higher number than
the control treatment, even though it was not dam-
aged (Figure 2). Additionally, if we take into account
that in the first experiment the bees removed near
of 1.3 times more pierced brood than frozen brood,
then it can be suggested that in the piercing test, a
higher stimulus is generated, which unfolds a higher
and faster hygienic response of the bees. This can be
caused by odors and haemolymph released from the
perforated cappings. This argument is opposed to
that referred by Newton y Ostasiewski,?® who pointed
out that neither the perforation of the cappings nor
the loss of haemolymph from the killed pupae, cause a
quick uncapping of the brood cells. Nevertheless, the
results of these investigators are contradictory, since
when they deposited haemolymph upon living pupae,
bees removed 81% of them. Spivak and Downey® as
well as Gramacho et al.,* evaluated the keys that stimu-
late the removal behavior of pin-killed brood. In their
studies, they found that more pupae were removed
when they were pierced or treated with haemolymph,
in comparison with pupae that had not been dam-
aged, concluding that haemolymph perceived by the
bees was the removal trigger factor.

In the second experiment of this study, it was
observed that when the structure of the capping was
altered without damaging the brood, bees removed a
low percentage of pupae (14%, Figure 2); this situa-
tion was probably caused by odors that were released
from the perforated capping; although the present
study does not demonstrate it. It is important to con-
sider that even though neither the brood nor the cap-
pings of the control treatment were damaged, the bees
removed a small proportion of pupae (2.1%, Figure 2).
This result could indicate that internal environmental
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(£ 10%) evaluadas con los dos métodos de congela-
cion removieron mas de 95% de las crias sacrificadas,
ello concuerda con el estudio de Spivak y Reuter,?
quienes sefalaron que la caracteristica de alta higiene
se ha identificado en casi 10% de las colonias de cual-
quier raza o estirpe de abejas en Estados Unidos de
Ameérica, y con 12% registrado en un estudio en colo-
nias de abejas en Yucatan, México.?

Los niveles bajo, intermedio y alto comportamiento
higiénico de las colonias fueron significativamente
diferentes (P < 0.01). Spivak y Downey,® aunque tam-
bién clasificaron sus colonias en estas tres categorias,
no las compararon estadisticamente. Sin embargo,
sugirieron que las colonias con niveles extremos de
comportamiento higiénico pueden ser sometidas a
pruebas para evaluar la respuesta higiénica como
mecanismo de resistencia a enfermedades. Esta eva-
luacion podria realizarse a partir de un programa
de seleccion divergente, en el cual adicionalmente,
se analicen y valoren aspectos de indole productiva
y economica. Spivak y Reuter’® encontraron que las
colonias con un comportamiento higiénico superior a
95%, removieron significativamente mas crias conge-
ladas, produjeron méas miel y tuvieron menor inciden-
cia de cria de cal, loque americana y menor nimero
de acaros de V. destructor, a diferencia de colonias no
seleccionadas de apiarios comerciales. Inclusive, algu-
nas reinas procedentes de la estirpe altamente higié-
nica, que se aparearon libremente con zanganos de
genotipo desconocido, produjeron abejas mas higié-
nicas que las comerciales.

Experimento 2

Los resultados de este experimento demostraron que
a pesar de que se redujo el tiempo de lectura del trata-
miento de puncion, la prueba no mejordé su capacidad
discriminatoria, ya que no hubo diferencia entre los
porcentajes de respuesta higiénica ni entre las varian-
zas obtenidas a las 8 y 24 h de lectura, por lo que se
refuerza la aseveracion de que la prueba de puncién
es menos confiable que las pruebas que involucran
el congelamiento de las crias. Con base en el analisis
de varianza, se encontr6 que cuando se puncionaron
las crias en el tratamiento a 8 h, las abejas retiraron
alrededor de 41 veces mas pupas dafiadas que las inal-
teradas del tratamiento testigo, y seis veces mas que
cuando las celdas se desopercularon parcialmente.
Las crias de este ultimo tratamiento fueron removi-
das en un nimero significativamente mayor al del tra-
tamiento testigo, a pesar de que no fueron dafiadas
(Figura 2). Aunado a esto, si se toma en cuenta que
en el primer experimento las abejas removieron cerca
de 1.3 veces mas crias puncionadas que las sacrifica-
das con las dos pruebas de congelacién, entonces se



conditions of the colony influences hygienic behavior,
such as diverse researchers referred.***? In this sense
Gramacho et al.** suggest to discount the percentage
of brood removed by environmental effects, from the
total percentage of brood removed when the piercing
method is applied. This would allow having a more
accurate measurement of the hygienic behavior of the
colonies.

In accordance to the results of this study, it is con-
cluded that freezing techniques were more reliable
than the piercing test to measure hygienic behavior
of bees, leaving to the researchers or interested bee-
keepers, the decision to choose which test fulfills the
required conditions for the accomplishment of their
objectives.
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