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ABSTRACT

In the Egyptian and camiolan races and the hybnd bees, the fresh weight in mg
per head maintained its high level {record) during spring and summer compared to
autumn season. Moreover, the fresh weight revealed higher estimates in the Camiolan
and Hybrid bees than in the Egyptian race in all seasons. As for the dry weight, it has
also been concluded that  both the Hybrid and Camioclan populations, in all seasons
exhibited higher estimates in relation to the Egyptian race. The measurements of fresh
weight per thorax showed that all the three populations exhibited their highest
estimates during summer season.

In addition, both Camiolan and Hybnd bees were significantly superior to the
Egyptian race in all seasons. A similar picture was detected in the thorox dry weight.
Determination of nitrogen content per thorax showed that, the least significant
differences between the three populations did not occur in  spring and autumn.
However the tested bees differed significantly during summer.

The development of hypopharyngeal glands showed significant differences
between the three populations. The Hybrid bees exhibited the highest development of
these glands followed by the Carniolan and the Egyptian races.

The esterase isozymes activities were assayed in heatthy and infested pupal
stages. While some esterases showed gradual decrease in activity followed by
complete disappearance in successive pupal stages, others had highly active bands of
isozymes in association with infestation of pupae by one or two varroa mites (Varroa
Jjobsoni)

INTRODUCTION

Honeybees, like most animals, require protein,carbohydrates, minerals,
fats, vitamins and water for normal growth and development. These nutritional
needs are satisfied by the collection of nectar, pollen and water.

Haydak (1935) pointed out that the weight and nitrogen content of newly
emerging bees are directly influenced by the pollen consumption of the nurse
bees and the fluctuation in the poilen income of the colonies.

Maurizio (1950) proved that the low concentration increased the length
of life more than the high one. The development of hypopharyngeal gland and
fat body was promoted by high pollen concentration. According to DE-Groot
(1954), the bees fed excessive concentrations of protein oflen had decreased
longevity, which is attributed to protein poisoning.



El-Barbary, N. 8. e¥&¥: 8200 <05

JAZR) o Mdrski (1954){ sHowR d: (Da¥ ME 3 Tays9id-werker heeskaph for:15
ZaHYY RN ARl zfpd:ga‘ 0% sygar solutionshed.-a lower- deuekapcgent of
bypepheryeseatalandy, as.comagted o mw heesfod a nofinal dief
~ Haydak and’ Dietz (1965 reported th: at any approbﬁate ‘brotém’ source is
sat:si ctory, for the growth. of emerging” bees antl- deveropient'’ F6f - their
ghm%ﬁ . Adcovdfiyte: Standifer et<al. (1@76) thes addiién of
0% conoentrauon of polten gum weed and sugar to the foad promated: more
sgaveioptiertofithe: Rypophdryngeal glands than 1 -and: 5% concentrations.
However, the low pollen concentration (1 and 5%) preionged. theife: span of
“ANSMGET D es raltterstifapthe higheh doe; (EkRarhary. 1888) 1 rqe s '
De Jong et al (1982) indicated that 6-25% weight loss in- ib&worker
depended on the degree of infestations by varroa mite. According to Weinberg
and Madel (1985), feeding activty 8f the mites during the brood stage causes
v apprésiablée :lbssesc{d5-50%)~in - haemolymph pmtem ccmtem and total
ﬁaﬁﬁﬁlymwmmwmeemmg:bees fero i -
7 Ay a0V HIT BpASoN (1990 e ported hat: therwy rhead werghts and
‘;hstrogéf‘édi’ftent ¥ﬁ tﬁe= WREr 0f “Apis meliifera-¢ariied; “were:*higher in
- sumimer. then . bé g;‘rf wirtér séason. Morsy (1998)- Teported 1ivat-the
" varroa. mfesfatmn has gréatly affecied and gecreased the ‘dry Weight and
‘protein content of the brood and newly emetged admt woikers, *Moreover,
--esterase isazmes were. detected in the two strams, Carmolan- Egyphan and
~Halian-Egyptian-honeybes,He. also.revealed. the occurrence of five cathodal
1-arid; fouranedal bands: fepresenting - the . maximum. numbers.- of - esterase
lSUZymewbanGS"and mentioned - that the.infestation with. one or two varroa
_mites enhanced estérdse: getiilties. He  also suggested that :vadation in
= esterase lsthyrHe sy BE mialify due msﬁhmtypé more thanfocation.
‘THe aim’ of this sfudy” was- to” nvestigate ' some’ physiological and
- genetic, characteristics ¢ of the two aces of the honeybees, the Egyptian Apis
~ mellifera Ianmrcku, and the Carmolan Ap:s mel[lfera carnica, and also the
Hybnd between both races, ... o .

 “MATERIAL AND METHODS

The materal used in this study were the two races of Apis mellifera,
the Egyptian race, A. meliifera larmarchkii and the Carniolan race. A. mellifera
carnica as well as the Hybrid. The colomes of each race were headed by

{ 'newly maled queens of “ngarly equal age. . -

: - For the experitnentat work three Egyphan ceiomes each headed by a
newly mated:: gueen, were brought . from :the Bee - Research institute,
Agricultural Research-Center, Ministry of Agriculiure and Land Reclamation El-

--Dokky, Cairo. Three:Camiolan colonies each:headed by a newly mated gueen
were also secured. Three Hybrid colonies randomly mated (Camiolan queens
X uninown: drones)were prowded by the Ap:afy of the Faculty of Agriculture in

- Alexandna: -

{a) Betermmahon of‘f:esh and dry we«ghts and mtrogen content in the
~ honeybee warkers ;- - 3

Worker bees not more than 24 hours otd were coliected after emerging
from combs of sealed brood held in an incubator at 32 + 1°C. To deprive the
emerging bees from getting food, all areas of the comb containing honey or
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pollen were covered with aluminum foil. Four replicates were applied from
each experimental colony and each replicate contained 100 newly emerged
workers. The bees were killed with chioroform and then the 400 bees were
removed from each experimental cage. The heads and thoraces were
separated. Fresh weights were dried at 102 °C for 24 hours to a constant
weight (Haydak, 1958). After gefting dry, the samples were weighed,
homogenized in a mortar and kept in small vials, covered with parafiim paper
and stored in desiccators. The nitrogen content was determined for thoraces
by coloration method described by the Association of Official Agricultural
Chemists (1970) and Evenhuis and De-Waard (1980).

(b) Development of hypopharyngeal glands :

The food was given to the colonies in a candy form (2 parts of honey + 5
parts of powdered sugar by weight). The concentration of polien was 10% in
relation to the weight of the candy. The candy patty diets were sheeted with
aluminum foil and frozen at 5°C for few days till used.

The food candy was available to the newly emerged workers ad
fibitum (unlimited amounts) in a feeder of a small plastic cup placed in a cage
of plastic matenal. Several narrow holes were made in the wall of the cage to
prevent the accumulation of water vapour. A small section of comb filled with
water was fixed to the wall of the cage to provide water. Newly emerged
workers of less than 24 hours old from Carniolan, Egyptian and Hybrid bees
were collected on emerging from combs of sealed brood held in an incubator
at 32 + 1°C. To prevent the emerging bees from consuming any pollen or
honey in the brood comb, all areas of the comb containing food were covered
with aluminum foil. Groups each of 50 newly emerged workers were raised in
four replicates in an experimental cage covered with muslin cloth. The cages
were kept in an incubator at 30 + 1°C and 65 + 5% Relative humidity.

The newly emerged workers were left on the food provided for 10
days. After that 10 adult bees were taken from each expenimental cage, and
immediately frozen until the time of dissection. The hypopharyngeal glands
were laid bare with a level cut through the head using a razor blade. The
worker bee was put in a dissection plate and was flooded with distilled water
as a dissection fluid. The glands were taken out from the front region of the.
head, and lined up in drops of distilled water on a glass slide. Since the right
and left hypopharyngeal glands are often slightly different in their degrees of
development, both were always evaluated. The development of the glands
was investigated under the microscope at x 100 magnification power.

The development of hypopharyngeal glands was evaluated by referring
to four stages ranging from 1 which represents no development to 4 which
represented complete development. This assessment was adopted afier
Mourizio (1954).

The F test was applied for the analysis of vanance. The L.S.D. was
used to determine the signirficant differences between the means according to
Snedecor and Cochran (1971).

(C) Detection of esterase icozymes:

Samples of sealed worker brood were collected from each colony of
the Egyptian, Carniolan and Hybrid bee workers. Three developmental stages
of the pupae were used in the biochemica!l genetic studies. The individuals of
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the pupal stages were of different ages at the time of sampling, white-eye (13-
14 days), pink-eye (15-16 days), and black-eye (17-18 days). The samples of
pupal stages were divided into heaithy and non healthy pupae infested with
one or two varroa mites. (Varroa jacobsoni). Each sample was kept in a vial in
a deep freezer till using.

Starch gel electrophoresis was carried out according to Ei-Metainy et
al. (1977). The electrode buffer and statining solution were prepared according
to Shaw (1965) and Shaw and Keen (1967). The samples were homogenized
in separate couples in 0.1 ml of distiled water according to Bitondi and
Mestriner (1983). Each homogenate was absorbed on a 2 x 10 mm strip of
filter paper, placed on the middle surface of a gel plate and kept at 4°C. for
about one hour, and the filter papers were then removed. Electrophoresis was
carried out with a constant current of 13-14 v/cm for 2 hours at 4°C. Then the
gel piates were stained at room temperature with esterase staining solution for
at least 30 minutes. The best plates were selected, photographed and their
diagrams were drawn.

RESULTS AND DISCUSSION

(a) Growth rate of the honeybee workers
(1) Determination of fresh and dry weight of the head in the newly
emerged workers:

The mean fresh weight of the head of the newly emerged workers in
the two races and the Hybrid during different seasons were calculated and the
data are summarized in Table (1). In spring, the mean fresh weight of the head
was highest (10.07 mg) in the Carniolan race, followed by Hybrid bees (7.91
mg).The lowest value (7.11 mg) was recorded in those of the Egyptian race.
The statistical analysis showed that there were significant differences
between the two races and the Hybrid in spring The same trend was noticed
in bees reared in summer. The means alsc revealed that differences between
Carniclan and Hybrid bees were not significant. However, significant
differences were detected between the Egyptian race and both the Carniolan
and Hybrid bees.

in autumn, a similar picture was found, where differences between the
Hybrid bees and the Carniolan race were again insignificant. Moreover, the
Egyptian race showed the lowest significance among the three groups.

Table (1): Means of the head fresh weight between the tested bees in
each season.

Season Tested bees
Egyptian Carniolan Hybrid
Spring 7.11¢ 10.07 a 791b
Summer 8.68b 10.58 a 1038a
Autumn 6.56 b 868 a 9.07 a

L.S.D. (tesied bees) = 0.55
Differences between means denoted by common alphabetical

at 5% level.
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Generally, it could be concluded that in all populations the bees
reared in summer and spring seasons showed the highest means, compared
with those bees reared in autumn.

The mean dry weight of the head of the newly emerged honeybee
workers in the three tested groups during different seasons were also
calculated and the data are summarized in Table (2). in spring, the highest
mean of the head dry weight (2.37 mg) was recorded in the Carniolan race,
folowed by the Hybrid bees (2.06 mg). The lowest record 2.02 mg was
obtained the Egyptian race. The statistical analysis indicated that there were
significant differences between the Carniolan bees and both the Hybrid and
Egyptian bees. In summer, the means of the head dry weight were 2.58 mg,
2.52 mg and 2.04 mg. in the Hybrid, Carniolan and Egyptian bees,
respectively. The means were significantly higher in both the Hybrid and
Carniolan bees than those of the Egyptian race. The mean in both the Hybrid
and Carniolan bees did not differ significantly from each other. A similar picture
occurred in autumn, as the highest mean dry weight of the head was recorded
in Hybrid bees, followed by the Carniolan. The lowest record was obtained in
the bees of the Egyptian race. The mean records in were also significantly
higher in both the Hybnd and Carniolan bees than those of the Egyptian race
in summer and autumn. Generally, it could be mentioned that the mean dry
weight of the head of the Carniolan and Hybrid bees were higher than that of
the Egyptian race during the three seasons.

Table (2): Means of the head dry weight between the tested bees in each

season .
Tested bees
Season Egyptian Carniolan Hybrid
Spring 2.02b 237a 206b
Summer 204b 262a 2582
Autumn 1.89b 2203 222a

L.S.D. (tested bees) = 0.07
Differences between means denoted by common alphabetical letters are not significant at
5% level.

(2) Determination of thorax fresh and dry weight in the newly emerged
workers:
The means of the fresh weight of thorax in (mg) in the two races and
the Hybrid in spring, summer and autumn were calculated and the data are
presented in Table (3).

Table (3): Means of thorax fresh weight between the tested bees in each

season.
Tested bees
Season Egyptian Carpiolan Hybrid
Spring 25800 30.74 a 30.00a
Summer 29.12b 36.28a 34.10a
Autumn 25.13 b 34.07 a 3386 a

L.S.D. (tested bees) = 2.57
Differences between means denoted by common alphabetical

at 5% level.
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in spring, the Camiolan race showed the highest mean of 30.74 mg, followed
by 30.00 mg for the Hybrid bees. The lowest mean (25.80 mg) was recorded
in the workers of the Egyptian race. The same trend was noticed in summer
and autumn seasons. Significance between the tested bees each season
showed that there are no significant differences were occurred between
Camiolan and Hybrid bees in the three different seasons. Both the Carniolan
and Hybrid bees differad significantly from those of Egyptian bees reared in
the three seasons.

As for the mean dry weight of the thorax in (mg) in the Egyptian,
Camiolan and Hybrid bees during the three seasons were calculated and the
data are presented in Table (4). In spring, the Carniolan race exhibited the
highest mean of 8.43 mg followed by 7.56 mg for Hybrid bees. The lowest
record of 7.06 mg was obtained in those of Egyptian race. A similar picture
occurred in summer and autumn seasons. The statistical analysis showed no
significant differences between Carniolan and Hybrid bees in the three
seasons. The Carniolan and Hybrid bees were higher significantly than those
of Egyptian bees in these seasons. From these results, it is evident that the
Camiolan and Hybrid bees showed the highest means in case of the
thoraces fresh and dry weights in the three seasons. The lowest means were
recorded in those of the Egyptian race.

Table (4): Means of thorax dry weight between the tested bees in each

season:
Tested bees
Season Egyptian Carniolan Hybrid

Spring 7.06b 843a 756 a
Summer 7.26b 9.07 a 8.99a
Autumn 707b 8298 847 a
L.S.D. {tested bees) = 0.35

Differences between means denoted by common aiphabetical letters are not significant

at 5% level.

(3) Determination of nitrogen content in the thorax of the newly
emerged honeybee workers,

The mean nitrogen content in (mg) per thorax in the two races and the
Hybrid bees during spring summer and autumn were calculated and the dala
are presented in Table (5). The data showed that the least differences
between the tested bees were not significant during spring and autumn.
However the bee populations differed significantly duning summer.

Generally, it could be mentioned that all the tested bees reared in
autumn showed the lowest means of nitrogen content compared with those
reared in spring and summer. It could be also strongly mentioned that
Carniolan and Hybrid worker bees exhibited higher weight than the Egyptian
race.

Accordingly, the results conceming both fresh and dry weight per head
for the three populations of bees in various seasons revealed perfect
superiority of the Hybrid and Camiolan populations on one hand and the
superiority of bees reared during spring and summer seasons, on the other.
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Table (5): Means of thorax nitrogen content between the tested bees in
each season:

Tested bees
Season Egyptian Carniolan Hybrid
Spring 621a 6.88a 580a
Summer 297c¢ 4.72b 6.79a
Autumn 272a 230a 2.33a

L.S.D. (tested bees) = 1.52
Differences between means denoted by common alphabetical letters are not significant at
5% level,

Regarding the results of fresh weight per thorax for the three
populations of bees under investigation over different seasons, a high
similarity exists between these results and those of fresh weight per head.
The three populations exhibit highest fresh weight per thorax in summer
season. In addition, both Camiolan and Hybrid bees were significantly
superior to the Egyptian race in all seasons. Such results are identical with
those of the dry weight per thorax of the same genotype at corresponding
seasons. Concerning the weight of newly emerged workers, it has been
considered as an important economic character, since higher weight of
workers reflects more tolerance against unsuitable biological conditions.
Furthermore, the weight of workers fluctuates in accordance with age and
activity. It has been also found that the time of year and abundance of nectar
and pollen may also affect the weight (Mitchelt, 1870).

It has been long recognized that the rate of development of bees may
be measured through either their thorax dry weight or thorax nitrogen content.
In this concern, both criteria have been studied by Haydak (1937a) who found
that, in certain cases, the rate of development of young bees can be
determined by ascertaining only the thorax dry weight of experimental bees.
Moreover, freshly emerged bees, having plenty of pollen for food, gain weight
as the nitrogen content of their body increases (Haydak, 1934). It has also
been demonstrated that newly emerged honeybees feeding only on sugar
solution showed a decrease in body weight and nitrogen content (Haydak,
1937 b). :

Determination of dry weight of head and thorax in newly emerged
workers and in caged ones was carried out by Yacoub (1998). She found
that, in relation to the dry weight of head and thorax at various periods of
feeding, the Halian race had the highest significant means followed by the
Camiolan and the Egyptian bees. These results are in complete accordance
with those found in this study concerning the superiority of the Carniolan race
over to the Egyptian bees with respect to these characters.

The nitrogen content in the thorax of the newly emerged honeybee
workers indicated that the Egyptian and Carniolan races exhibited significantly
lower nitrogen content in summer and autumn seasons rather than in spring,
while the Hybrid population showed significant decrease of these parameters
only in autumn. This seasonal variation is expected on the basis that the
availability of food depends greatly upon season, which would reflect
corresponding changes regarding nitrogen content which is in turn related to
the rate of development (Haydak, 1937 a).
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From another point of view, the differences in nilrogen contenl
between populations among seasons showed no variability between them
either in spring or autumn. It was only in summer that the three populalions
showed significant differences between them, the Hybrid being the highest
followed by the Camiolan then the Egyptain population. Such resulls are
expected on the basis of the fact that the great abundance of nectar and
pollens during summer season allow various genotypes t0 express different
rates of development and consequently different nitrogen contents compared
to spring and autumn seasons.

(b) Determination of the development of hypopharyngeal glands in
honeybee workers :

After the newly emerged Egyptian, Camiolan and Hybrid worker bees
had been fed on their natural food for ten days, the mean of the hyopharyngeal
glands development was estimated in the bees and the data are summarized
in Table (6). The highest mean of the hypopharyngeal glands (2.93) was
recorded in the Hybrid worker bees, followed directly by the Carniolan race
(2.53). The lowest mean (2.42) was obtained in those of the Egyptian race.
The statistical data in Table (7) prove that there were significant differences
between the three groups. According to Maurizio (1954), the development of
the hypopharyngeal glands with an average of more than 2.5 is considered as
“well developed” while those with a lesser average are considered “poorly
developed™. Therefore, the Egyptian race may be considred fairly different
from either the Camiolan or the Hybrid population. Studying the correlation
between head weight and hypopharyngeal glands development in workers
reared in colonies with normal and with decreasing amounts of brood,
Hrassnigg and Cralsheim (1998) found that head fresh weight is correlated
with the size of glands and that pollen consumption is positively correlated with
gland development. Verification of the results of fresh weight per head
together with hypopharyngeal gland development for the three populations in
this study greatly supports this view. Similarly, Mohanny (1999) showed that
the hypopharyngeal glands reached the maximum development in spring and
summer seasons. This result, again supports the presence of a positive
correlation between hypopharyngeal glands development and fresh weight per
head, since it was found in this investigation thal all the three populations
revealed significantly higher fresh weight per head in both spring and summer
seasons compared with autumn,

Table (6): Mean of hypopharyngeal glands development in worker bees
at age of ten days after their nutrition on honey candy

contained pollen,
Tested bees
Replicates Egyptian Carniolan Hybrid
R4 2.28 2.65 3.02
Rz 2.50 2.60 2.78
Rs 2.15 2.40 2.98
R4 2.75 2.45 295
Mean 242 2.53 2.93

- Each replicate was represented by 10 individuals.
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Another analogy of the present results concerning the development of
hypopharyngeal glands may aiso be detected in the work of Yacoub, 2002.
She found that both the F; Hybrid and the Carniolan bees exihibited higher
rate of hypopharyngeal gland development compared to the Syrian race.

Table (7) : Means of hypopharyngeal glands development

Tested bees Mean of hypopharyngeal glands development
Egyptian 242¢
Carniolan 2.53b
Hybrid 2.93a

L.S.D. between tested bees (0.05)

Differences between means denoted by common alphabetical letters are not significantly

different at 5% tevel.

(C) Detection of esterase isozymes activity in association with
varroa infestation in the honeybee workers

In view of the differences encountered in esterase isozyme pattern as a

discriminating tool between the Egyptian, Carniolan and the Hybrid

populations, these patterns in healthy and varroa infested pupae at different

stages of development were also investigated. Photography and descriptive

zymogram of the esterase pattern in different pupal stages of the Egyptian

healthy race are shown in Figure(1).
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It can be seen that the white-eyed stage exhibits two cathodal, Est- C, and
Est-C; and two anodal, Est-A; and Est-A;. In addition, the pink pupal stage
shows a rather inconsistency regarding these bands, where absence, of
individual bands was observed. e.g., Est-C; and Est-A; in slot 6 and Est-C-
and Est-A; in slot 8. As for the black eyed pupal stage (Fig. 1)., it can be
seen that Est-C, and-Est-C; are both present except for siot 3 where Est-C,
has disappeared. Regarding the anodal pole of this stage, only Est-A; band
was consistently present.

Considering the esterase pattern exhibited by different Carniolan pupal
stages (Figure 2), it can be clearly observed that the number of cathodal and
anodal bands has increased.
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From the results of esterase pattemns in pupal stages shown in (Figures
1.2 and 3 for the Egyptian, Camiolan and Hybrid respectively, it may be
concluded that the two races and Hybrid bees exhibited fairly different patterns
during their development and differentiation. The appearance of newly high
density bands was detected in many cases in association with infestation of
pupae by varmoa mites. Furthermore the cathodal bands, while expressing
highest activities in the adult stage, higher activities in the pupae, specially in
earlier stages were attributed mainly to anodal bands.

From the results obtained in this study, it has been concluded that the
three populations exhibited fairly different esterase patterns during pupal
development and differentiation. Whereas some esterases showed gradual
decrease in activity foliowed by complete disappearance in successive pupal
stages, other esterase isozymes formed new and high active bands in
association with infestation of pupae by one or two varroa mites. These results
may be related to the occurrence of the natural defense mechanisms against
varroa infestation. It may be also a useful as indicator for the tolerance
behaviour of bee colonies against varroa mites (Abdel-Wahab, 2001).,

In accordance with the results obtained in this study, Gadelhak (1999)
reported that infestation of the last larval instar and pupal stages with varroa
mites has changed dramatically band protein concentration. Similarly, Morsy
(1998) found that the infestation of honeybee workers in different pupal stages
with one or two varmroa mites enhanced esterase activity.
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