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RESUMEN

Zabrotes subfasciatuss una plaga de semillas almacenadas de fri-
jol (Phaseolus vulgarid..). La identificaciéon de sus estados inma-
duros por medio de la medicién de la anchura de las capsulas ce-
falicas presenta dificultades, por lo que se propone utilizar un “Fac-
tor de Proporcién”, que resulta de la multiplicacién de la longitud
por la anchura de la capsula cefélica, para ubicar especimenes
inmaduros en el instar que les corresponde. Las mediciones se hi-
cieron mediante un sistema de analisis computarizado de image-
nes y los datos se procesaron con el Método de Analisis Discrimi-
nante. El andlisis separé cuatro subpoblaciones, que representan

a cada uno de los instares larvales de esta especie y determind las

probabilidades de traslapo entre los instares. Asi, la probabilidad
de que un individuo del instar | se confunda o agrupe con uno del
instar Il es aproximadamente de 3 individuos en mil; que uno del
instar Il se confunda con uno del | es cerca de 4 individuos en mil,
y con uno del tercero es de aproximadamente 12 individuos en
mil; que uno del instar Il se confunda con uno del segundo es
proximo a 19 individuos en mil, y con uno del instar IV es précti-
camente cero.

Palabras clave Zabrotes subfasciatu®haseolus vulgarjsentomo-
logia agricola, larvas, plagas de frijol.

INTRODUCCION

abrotes subfasciatu@oh.) es una de las plagas
mas importantes del frijoPhaseolus vulgarik.)

almacenado, y existen dificultades para identifi-
car sus estados inmaduros y para diferenciar sus fases de

desarrollo.

ABSTRACT

Zabrotes subfasciatugs a pest of stored beandhaseolus vulgaris
L.). The identification of its immature stadia by measuring the
width of the cephalic capsule present some difficulties, so we pro-
pose the use of a “Proportion Factor”, which results from multi-
plying the length of the cephalic capsule by its width, in order to
locate immature specimens in the corresponding instar. A com-
puterized image analysis system was used for measuring, and the
data were processed using a Discriminant Analysis. The analysis
distinguished four subpopulations, which represent the larval in-
stars of this species, and determined the probability of overlap-
ping among the instars. Thus, the probability of an individual of
the Instar | being confused or grouped with one of the second in-
star is approximately of three individuals in a thousand, and that
one of the Instar Il may be confused with one of the Instar | is
about four individuals in one thousand. The probability of an in-
dividual of the Instar Il being confused with one of the Instar Il is
nearly 12 individuals in one thousand, and one of the third instar
being confused with one of the second is approximately 19 indi-
viduals in one thousand. The probabilities that an individual of
Instar Il might be confused with one of Instar IV are practically
zero.

Key words: Zabrotes subfasciatu$haseolus vulgarjsagricultural
entomology, larvae, beans pests.

INTRODUCTION

abrotes subfasciaty®oh.) is one of the most im-
portant pests of stored beaRhé@seolus vulgaris
L.). It is difficult to identify its immature stadia

Esta especie de gorgojo pasa por cuatro instaregind to differentiate its phase of development.

larvales (Zacher, 1930; Steffan, 1946). La identificacién

This species of weevil goes through four larval in-

precisa de los instares se requiere en estudios basicos dears (Zacher, 1930; Steffan, 1946). The precise identifi-
morfologia, biologia, fisiologia o demografia; ademas, cation of the instars is required in basic studies of mor-
es una valiosa herramienta para saber en qué momentghology, biology, physiology, or demography. Besides,
it is a valuable tool for knowing the exact time when the
adults will emerge from the grains so that convenient steps
of control can be recommended.

Recibido: Abril, 1998. Aprobado: Julio, 1999.
Publicado como ARTICULO en Agrociencia 34: 83-90. 2000.
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emergeran los adultos de los granos con el fin de reco- Since the publication of the Dyar’s Principle or Rule
mendar medidas oportunas de control. (1890) attempts have been made to utilize the measures
Desde la publicacion del “Principio o Regla de Dyar” of the width of the cephalic capsule in order to separate
(1890), se ha intentado utilizar las medidas de las anchuthe instars of various species of holometabolous insects
ras de las capsulas cefélicas para separar instares de @rooz, 1965; Foxt al, 1972). Dyar proposed this cri-
rias especies de holometabolos (Drooz, 1965;gfaX, terion which would make it possible to prognosticate
1972). Dyar propuso ese criterio mediante el cual seriamathematically the number of instars of lepidopterous
posible pronosticar mateméaticamente el nimero de insspecies, compared to the number of real instars. This
tares de especies de lepidopteros, comparados con el nérethod, however, has been criticized by Taylor (1931)
mero de instares reales. Sin embargo, este método ha sidgmd Beck (1950) as it could not be applied to all insect
criticado por Taylor (1931) y Beck (1950) porque no re- species.
sulta aplicable a todas las especies de insectos. Gonzalezet al. (1984) tried to apply Dyar’s rule in
Gonzélezet al (1984) intentaron aplicar la regla de order to determine the larval stadiazfsubfasciatus
Dyar para determinar los estadios larvaleZ.daibfas- According to the rule, this weevil has four larval instars;
ciatus Segun ellos, y de acuerdo con la regla, este gorhowever, it was not clearly stated what part of the cepha-
gojo tiene cuatro instares larvales; sin embargo, en siic capsules exactly was measured to determine the so
estudio no quedo6 claro qué fue lo que midieron de lascalled “cephalic diameter”, furthermore, only 30 capsules
cépsulas cefalicas para determinar lo que llamaron “dia-were used in that study.
metro cefélico”, ademas, ellos solamente utilizaron 30  Considering these difficulties, the objective of this
cépsulas en tal estudio. work was to utilize the measures of width and length of
Con base en las dificultades expuestas, se propusthis weevil's head capsules as a reliable tool for the sepa-
como objetivo de este trabajo la utilizacion de las medi-ration of its instars, based on the hypothesis that the head
das de la anchura y longitud de las capsulas cefalicas dmeasures do not overlap between contiguous instars,
este gorgojo, como una herramienta confiable para la sethough there is an inherent variability within each instar.
paracion de sus instares, bajo la hipétesis de que las me-
didas de las cabezas, si bien tienen una variabilidad inhe- MATERIALS AND METHODS
rente dentro de cada instar, no se traslapan entre instares
contiguos. The raising of the insect

MATERIALES Y METODOS The specimens dfabrotes subfasciatwgere taken from a colony
of the Insect Ecology Laboratory of the Colegio de Postgraduados in
Cria del insecto Montecillo, State of México. Every two months approximately, wild
adults have been introduced to this colony in order to conserve the
Los especimenes dabrotes subfasciatige tomaron de una colo-  characteristics of the species and its genetic variability.
nia del Laboratorio de Ecologia de Insectos del Colegio de Postgradua- We used a bioclimatic chamber at a temperature 6C2g5 to
dos, en Montecillo, Edo. de México. A esta colonia se le han introduci- 80 % of relative humidity, and 12 hours light daily. The insects were
do, aproximadamente cada dos meses, adultos silvestres para conservaised in glass jars on beans of the cv. Peruano.
las caracteristicas de la especie y su variabilidad genética. The beans were exposed to the adults in different jars during 24
Se us6 una camara bioclimatica a una temperatura &, 2f- hours in order to allow the oviposition. After this time, the adults were
medad relativa de 75 a 80 % y 12 horas diarias de luz. Los insectos seemoved and the grains were kept in their jars, labeled with the date.
criaron en frascos de vidrio sobre frijol de la variedad Peruano. The different groups of grains stayed in the raising chamber during
Los granos de frijol se expusieron a los adultos en diferentes fras-different times to assure this way the presence of all the stadia of larva
cos durante 24 horas para permitir la oviposicion. Después de ese tiemdevelopment.
po, se retiraron los adultos y se conservaron los granos en sus frascos
etiquetados con la fecha. Los diferentes grupos de granos permane- The collection of the material
cieron en la camara de cria durante tiempos diferentes, para asegurar
asi la presencia de todos los estados de desarrollo de las larvas. The eggs opened after six days, and the larvae of the first instar
immediately penetrated the bean grains, from which a sample of this
Colecta del material instar was obtained 7 days after the oviposition. Larva samples of the
Instars Il, Ill, and IV were taken at 11, 20, and 25 days, respectively.
Los huevos eclosionaron a los seis dias y las larvas del primerThis way, more than 2000 specimens were collected.
instar penetraron inmediatamente a los granos de frijol, de donde se In order to extract the larvae from the inside of the beans, these
obtuvo una muestra de este instar a los siete dias después de la ovipeere boiled in water for 10 minutes to achieve this way a physical
sicion. Muestras de las larvas de los instares Il, Il y IV se colectaron afixation of the grain and the larvae. Samples of 50 grains were taken
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los 11, 20 y 25 dias, respectivamente. De esta manera se colectaroon each occasion. After the beans had cooled off, the larvae were ex-

mas de 2000 especimenes. tracted and entirely preserved in ethylic alcohol of 70 %. Part of the
Para extraer las larvas del interior de los granos de frijol, éstosboiled beans were frozen a4 °C to be used later if necessary.

se hirvieron en agua durante 10 minutos para lograr asi una fijacion

fisica del grano y de las larvas. Esto se hizo con muestras de 50 Preparation of the cephalic capsules

granos en cada ocasion. Después de enfriar los frijoles, se extrajeron

las larvas, las que se conservaron enteras en alcohol etilico a 70 %. After fixing the larvae with heat and preserving them in alcohol

Parte de los granos hervidos se congelared &C para su utiliza- of 70 %, the rear end of their abdomen was cut off in order to facilitate
cion posterior en caso necesario. the interchange of liquids in the later treatments. The larvae were hy-
drated in distilled water at environmental temperature during 24 hours

Preparacién de capsulas cefalicas and macerated in potassium hydroxide of 10 %, a&tG@uring 10

minutes. The hydration and the maceration were carried out taking

A las larvas, fijadas con calor y conservadas en alcohol a 70 %,care that the samples remained submerged in the liquids all the time to
se les cort6 el extremo posterior del abdomen para permitir que elavoid their getting dry and the resulting deformation of the cephalic
intercambio de liquidos en los tratamientos posteriores se hicieracapsules because of their being repelled by the superficial tension of
con facilidad. Las larvas se hidrataron en agua destilada a temperathe water and the KOH solution.
tura ambiente durante 24 horas y se maceraron en hidréxido de  After the maceration, which was not complete in order to avoid that
potasio a 10 %, a 68C durante 10 minutos. La hidratacién y la the cuticle might be attacked by the potassium hydroxide, the larvae
maceracioén se hicieron teniendo cuidado de que los ejemplares eswere washed in distilled water and put into an ultrasonic cleaner of 60
tuvieran en todo momento sumergidos en los liquidos, para evitarHtz during 20 seconds, so that the macerated material would be de-
que al ser repelidos por la tensién superficial del agua y de la solu-tached from the cephalic cuticle. Thus, the capsules got completely clean
cion de KOH, se secaran con la consiguiente deformacion de laswithout manipulating them. Later on, the cephalic capsules were sepa-
capsulas cefélicas. rated from the rest of the larva cuticle and kept in alcohol of 70 percent.

Después de la maceracion, que no fue completa para evitar que  The heads already clean and conserved as mentioned were dehy-
la cuticula fuera atacada por el hidroxido de potasio, las larvas sedrated with two changes of absolute ethylic alcohol for posterior clear-
lavaron con agua destilada y se colocaron en un limpiador ultrasoni-ing in xylol. Then the capsules were set on glass slides with Canada
co de 60 Htz durante 20 segundos, para que el material macerado sgalsam, providing that the facial area of the head stayed parallel to the
desprendiera de la cuticula cefalica. Asi, las capsulas se limpiaronsurface of the slide to make sure that the planes of length and width
completamente sin necesidad de manipularlas. Posteriormente s&ere perpendicular to the vision axis of the microscope. The samples
separaron las capsulas cefélicas del resto de la cuticula de la larva were arranged in rows on the slides so that it was possible to identify
se conservaron en alcohol a 70 %. each of them. This way, 723 cephalic capsules from the four dates of

Las cabezas ya limpias y asi conservadas se deshidrataron conollection were prepared.
dos cambios de alcohol etilico absoluto para su posterior aclaracion
con xilol. EI material estuvo 20 minutos en cada alcohol a 100 % y 10 Measuring
minutos en el xilol. Luego, las capsulas se montaron sobre portaobjetos
de vidrio con balsamo de Canad4, procurando que el area facial de la We chose the method of measuring by computerized image analy-
cabeza quedara paralela a la superficie del portaobjetos, para asegurais. The images of the cephalic capsules were obtained using a com-
que los planos de longitud y anchura fueran perpendiculares al eje dgound microscope with an Iroscope video camera adapted to the third
visién del microscopio. Los ejemplares estaban ordenados en hilera®cular tube. All observations were made with the 10X objective. The
sobre los portaobjetos, de manera que era posible identificar a cadamage proceeding from the camera was captured through a Video
uno de ellos. De esta forma se prepararon 723 capsulas cefélicas, pr@laster FS 200 system, installed in a PC computer. The sample num-

cedentes de las cuatro fechas de colecta. ber was added to each of the 723 images and they were recorded on
the JPG format, which is a method for keeping compressed files of
Medicion images. In exactly the same way and with the same optics we captured

the image of a Zeiss object micrometer, graded in hundredths of mil-
Se eligio el método de mediciéon por analisis computarizado de limeter.

imagenes. Las imagenes de las capsulas cefalicas fueron obtenidas me- For analyzing the images we used the Image Tool 1.28 program,
diante un microscopio compuesto, con una camara de video Iroscopegrovided by The University of Texas Health Science Center in San
adaptada al tercer tubo ocular. Todas las observaciones se hicieron cofintonio. With the image of the object micrometer the program was
el objetivo de 10X. La imagen procedente de la cAmara se capturd coralibrated, and micrometerarQ) were assigned as measuring units.
un sistema VideoBlaster FS200 instalado en una computadora del tipdrhe dimensions of length and width of each image were taken and put
PC. A cada una de las 723 imagenes se les afiadié el nUmero de muesst order, each one with its respective sample number, so that it was
tray se grabaron con el formato JPG, el cual es un método para guardgossible to register the image of the sample once more in case it should
archivos comprimidos de imagenes. Exactamente de la misma formapresent any anomaly, for example in its orientation.



86 AGROCIENCIA VOLUMEN 34, NUMERO 1, ENERO-FEBRERO 2000

y con la misma o6ptica, se capturd la imagen de la reglilla de un The measures of width were taken joining the most external points

micrometro de objeto Zeiss, graduado en centésimas de milimetro. of the lateral capsule edges (genae) with the tool of the analyzer pro-
Para el andlisis de las imagenes se uso el programa Image Tooyram; the length was measured from the superior middle point of the

1.28, proporcionado por The University of Texas Health Science Centerhead (vertex) to the inferior lowest edge of the epistomal ridge (Fig-

in San Antonio. Con la imagen de la reglilla micrométrica se calibré ure 1).

el programa y se asignaron micrometpas{ como unidades de me- The frequency distributions for these measures were elaborated

dida. De cada imagen se obtuvieron las dimensiones de longitud ygrouping them in ranges of 10 mm by means of the Lotus 1-2-3 pro-

anchura, las cuales se ordenaron, cada una con su respectivo nimegsam version 5.

de muestra, de modo que cuando alguna imagen presentaba alguna

anomalia, por ejemplo en su orientacion, fue posible registrar de nue- RESULTS AND DISCUSSION

vo la imagen del mismo ejemplar.

Las medidas de anchura se tomaron uniendo con la linea de la According to Zacher (1930) and Steffan (1946),
herramienta de medicion del programa, los puntos mas externos deZabrotes subfasciatysasses through four larval instars.
los bordes laterales de la capsula (genas); las de longitud se tomaroln Figure 2 it can be observed that the measures of width
desde el punto medio superior de la cabeza (vertex) hasta el bordavere distributed in three numerical subpopulations in-
inferior de la cresta epistomal (Figura 1). stead of the four which should have been present. The

Se elaboraron las distribuciones de frecuencias para dichas medivalues of this variable, representing Instars | and IV, are
das, agrupandolas en clases dg ) mediante el programa 1-2-3 de  well differentiated, but this is not the case in those corre-

Lotus, version 5. sponding to Instars Il and Ill. This means that there is a
) strong overlapping between the measures of these last
RESULTADOS Y DISCUSION two instars, which did not agree with the hypothesis we

had established. With respect to the length, Figure 2 shows

Segun Zacher (1930) y Steffan (1946éprotes subfas-  that the subpopulations corresponding to the four instars
ciatuspasa por cuatro instares larvales. En la Figura 2 sare differentiated, though this time there is an overlap
observa que las medidas de anchura se distribuyeron ebetween Instars | and Il, which did not agree with the
tres subpoblaciones numéricas, en lugar de las cuatro quieypothesis either.

As the frequency distributions of measures, indepen-
dent of the width and length of the cephalic capsules, did
not clearly express the differences between the four in-
stars, it was decided to use a “Proportion Factor”, ob-
tained from multiplying the length by the width of each
sample. This is not to be considered as a measuring unit,
but as a factor representing the relative head dimensions
of the different instars.

In Figure 3, the frequency distribution of the mentioned
proportion factor is shown, which allows to observe the
four subpopulations presenting the instars, more clearly.
Nevertheless, a small overlap between the Instars 1 and I,
and another more remarkable one between the Instars Il
and Il are observed. For this reason, this factor was used
in the following phase of investigation consisting in the
elaboration of a discriminant analysis (SAS, 1988). By
means of this, the values of the proportion factors belong-
ing to each of the instars were grouped, and the means
and the standard deviations were calculated (Table 1). With
this information, the normal curves (Figure 4) represent-
ing the four instars and their relative positions were at-
tained, and the height value of the normal curves was cal-
Figura 1. Esquema de la capsula cefalica de las larvas desubfas- culated by means of a language C program (Borland In-

ciatus en vista posterior, donde se muestran los sitos  ternational, 1985), which was graphed with Harvard
considerado; para obtener las medidas lineales de an- Graphics (Software Publishing Corporation, 1990).
- chura y longitud. : Table 2 contains the minimum and maximum values
igure 1. Cephalic capsule o. subfasciatudarvae seen from the . ) .
back, which shows the sites considered for obtaining the  Of the proportion factor of each instar, which may be used
linear measures of width and length. for practical purposes to identify the instars. Observe that

4+—— Anchura ——»

Longitud

—

Cresta epistomal
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Figura 2. Distribucién de frecuencias de las medidas de anchu(a) y de longitud (@) de las capsulas cefalicas d& subfasciatus
Figure 2. Frequency distribution of the measures of width&) and length () of the cephalic capsules df. subfasciatus

se debieron haber mostrado; los valores de esta variabléhe limits between the instars are not separated; this hap-
que representan a los instares | y IV estan bien diferenciapens, as can be seen in Figure 4, because the curves over-
dos, pero no asi los correspondientes a los instares Il yap between Instars | and Il, and between Il and III.
[1l; esto significa que hay un fuerte traslapo entre las me-Though the Instars Il and IV did not overlap in their real
didas de estos dos Ultimos instares, lo cual no concordéneasures, theoretically there is an overlap, as the extremes
con la hipotesis planteada. Respecto a la longitud, la Fi-of the normal curves extend asymptotically; therefore the
gura 2 si muestra diferenciadas a las subpoblaciones quiatersection point between Il and IV was considered the
corresponden a los cuatro instares, aunque en este cafimit between these subpopulations. Thus, the limits be-
hay un traslapo entre los instares | y II, lo cual tampocotween the instars are values calculated by the discrimi-
concordo6 con la hipotesis. nant analysis. Only the minimum value of Instar | and

Como las distribuciones de frecuencias de las medi-the maximum of Instar IV are the extremes observed
das independientes de anchura y longitud de las cadpsulasder the microscope.
cefélicas no diferenciaron con toda claridad a los cuatro  Since the instars were not totally separated, as had
instares, surgi6 la idea de usar un “Factor de Proporcidon’peen assumed in the hypothesis, we calculated the prob-
obtenido de la multiplicacién de la longitud por la an- abilities of overlapping between them. Therefore we sup-
chura de cada ejemplar, el cual no debe considerarse commosed that the average and the standard deviation (Table
una unidad de medida, sino como un factor que repre-1) are the values of the two parametgrando respec-
senta las dimensiones relativas de las cabezas de los dively. So the following equation (Infante and Zarate,
versos instares. 1986) was used:

En la Figura 3 se muestra la distribucién de frecuen-
cias de tal factor de proporcion, observandose con mas
claridad las cuatro subpoblaciones que representan a los
instares; sin embargo, se observa un pequefio traslapo
entre los instares | y Il y otro mas marcado entre los ins-WhereX is a normal variable with the averagand the
tares Il y . Por esta razon, se usé este factor en la sistandard deviation; X,is the value of th&X where the
guiente fase de investigacion, que consistio en la elabonormal curves cross, ads the standard normal.
racion de un andlisis discriminante de SAS (1988), me-
diante el cual se agruparon los valores de los factores de These values (Figure 4), in terms of probability, mean
proporcion pertenecientes a cada uno de los instares y gtat the probability (B of an individual of Instar | con-
calculd las medias y desviaciones estandar (Cuadro 1)using or grouping with one of the second is approxi-
Con esta informacion se obtuvieron las curvas normalesnately 3 individuals per thousand, and one of the second

P[x>x0]s[z>¥}
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Figura 3. Distribucion de frecuencias del Factor de Proporcion de las capsulas cefélicasZdesubfasciatus
Figure 3. Frequency distribution of the Proportion Factor of the cephalic capsules &. subfasciatus

(Figura 4) que representan a los cuatro instares y sus ponstar confusing with one of the first is near 4 individuals
siciones relativas, y se calcul6 el valor de la altura de lagper thousand (fp. The probability () that an individual
curvas normales con un programa en lenguaje C (Borlanaf the second instar confuses with one of the third is ap-
International, 1988), que se graficé con Harvard Graphicsproximately 12 individuals in a thousand, and that one of
(Software Publishing Corporation, 1990). the third instar confuses with one of the second is near 19
El Cuadro 2 contiene los valores minimos y maximos individuals per thousand {P The probability (B that
del factor de proporcién de cada instar, los que se puedean individual of Instar 11l confuses with one of the fourth
usar para fines préacticos en la identificacion de instaresinstar and viceversa {Pare practically zero.
Notese que los limites entre los instares no estan separa- It is probable that the problems to differentiate the
dos; esto es porque, como se ve en la Figura 4, las curvasstars by measuring the cephalic capsules, which have
se traslapan entre los instares | y Il, y entre Il y lll. Aun- come forth up to now, may have been caused by one of
que los instares lll y IV no se traslaparon en las medidaghe following reasons: 1) Only the width has been mea-
reales, tedricamente si hay un traslapo, debido a que losured, following the method of Dyar’s rule; 2) The num-
extremos de las curvas normales se extienden de manetzger of samples representing the population, as at El-
asintotica; por esto se considero el punto de interseccidorichkaret al.(1991), was not sufficient; 3) Often the head
entre lll y IV como limite entre estas subpoblaciones. width has not been measured precisely (confusing the
Los limites entre los instares son, pues, valores calculawidth of the capsules with the mandibles), or it has not
dos por el andlisis discriminante. S6lo el valor minimo clearly been explained what had been measured, as in
del instar | y el méaximo del instar IV son los extremos the case of Gonzélet al. (1984).
observados al microscopio. The results of this research were achieved due to the
Debido a que los instares no estaban totalmente sepdact that cephalic capsules were measured by means of
rados, como se habia supuesto en la hipétesis, se procéigitized images, which is recommended to determine
di6 entonces a calcular las probabilidades de traslapo entrihe dimensions of any insect structure more precisely.

Cuadro 1. Medias y desviaciones estandar del Factor de Propor-  Cuadro 2. Valores minimos y méximos del Factor de Proporcion

cion de las capsulas cefalicas d& subfasciatus segin calculados de las capsulas cefélicas de los cuatro insta-
el Andlisis Discriminante de SAS (1988). res deZ. subfasciatus
Table 1. Means and standard deviations of the Proportion Factor Table 2. Calculated minimum and maximum values of the Pro-
of the cephalic capsules of. subfasciatusaccording to portion Factor of the cephalic capsules of the four instars
the Discriminant Analysis (SAS, 1988). of Z. subfasciatus
instar Media Desviacion estandar instar Minimo Méaximo
| 56 651 6 354 | 47 722 74 100
1] 97 558 9 064 I 74 100 118 000
1} 146 039 13 567 I} 118 000 207 700

v 357 229 34 578 v 207 700 461 084
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Figura 4. Curvas normales que representan la distribucion del Factor de Proporcidn de las capsulas cefélicas de los cuatro festdeZ.
subfasciatus las medias, los puntos de interseccion (1, 2 y 3) entre las curvas y sus probabilidades de traslape ().

Figure 4. Normal curves presenting the distribution of the Proportion Factor of the cephalic capsules of the four instars Bf subfasciatus
the means, the intersection points (1, 2, and 3) between the curves, and their probabilities of overlappingt@P;).

ellos. Para esto se hizo la suposicion que la media y la CONCLUSIONS
desviacion estandar (Cuadro 1) son los valores de los pa-
rametrog: y o respectivamente, por lo que se uso laecua- It was found that the Proportion Factor (multiplying

cién (Infante y Zarate, 1986): the width by the length of the cephalic capsules) is use-
ful for determining each of the larval instars of this
Xo—u weevil with greater precision, since the probabilities of

P[X > Xo] = [Z = T} error, locating a specimen in an instar that does not cor-

respond, vary from 12 individuals per thousand between

donde:X es una variable normal con megia desvia- the Instars Il and Il to practically zero between the In-
cion estandar; X, es el valor de IX donde se cruzan las stars 11l and IV. To apply the factor, it is necessary to
curvas normales: ¥ es la normal estandar. measure precisely the most external points between the

two genae (width), and the distance between the vertex

Estos valores (Figura 4), en términos de probabili- and the inferior edge of the epistomal ridge (length).
dad, significan que: la probabilidad,fRle que un indi-

viduo del primer instar se confunda o agrupe con uno del —End of the English versien
segundo es aproximadamente de 3 individuos en mil, y *
gue uno del segundo instar se confunda con uno del pri-

mero es cerca de 4 individuos en mil)(Para el segun-

do instar, la probabilidad (Rile que un individuo de este mente la anchura, siguiendo el método de la regla de Dyar;
instar se confunda con uno del tercero es de aproximada2) No se ha utilizado un suficiente nimero de ejemplares
mente 12 individuos en mil, y de que uno del tercer instarque represente a la poblacién, como lo hicieron EI-Achkar
se confunda con uno del segundo es préximo a 19 indiviet al (1991); 3) Con frecuencia no se ha medido con

duos en mil (B). Las probabilidades (Pde que unindi-  precision la anchura de las cabezas (confundiendo la an-
viduo del Instar Il se confunda con uno del 1V, y vice- chura de las capsulas con las mandibulas) o no se ha ex-
versa (B), son practicamente cero. plicado claramente qué fue lo que se midid, como el caso

Es probable que los problemas que hasta ahora hde Gonzéaleet al (1984).
habido para la diferenciacion de instares mediante las me- Los resultados de esta investigacion se lograron gra-
didas de las céapsulas cefélicas, se hayan originado pctias a que las medidas de las cipsulas cefélicas se hicieron
alguna de las siguientes razones: 1) Se ha medido solanediante imagenes digitalizadas, lo cual se recomienda
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para determinar con mayor precisi(’)n las dimensiones dérooz, A. T. 1965. Elm spanworm head capsule widths and instars. J.

cualquier estructura de un insecto. Econ. Entomol. 58: 629-631.
q Dyar, H. G. 1890. The number of molts of lepidopterous larvae. Psyche
5:420-2.
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