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ABSTRACT

Few studies have been performed on honey bee eggs to date, particularly on egg hatchability and other
egg characteristics. In the harsh environmental conditions of Saudi Arabia, it has been found that honey
bee eggs from different subspecies are impacted by low relative humidity (RH). Therefore, the hatching
rates of eggs of two subspecies, Yemeni (Apis mellifera jemenitica) and hybrids of Carniolan honey bees (Apis
mellifera carnica), were studied under different RH gradients, and various egg characteristics (morphology,
egg surface chemicals and egg water content) were described for these two subspecies. The results of these
analyses demonstrated that Yemeni honey bee eggs displayed higher hatching rates than Carniolan honey
bee eggs across the humidity gradient, although no eggs were able to hatch at a relative humidity of 30%.
Differences in egg morphology were detected between the two subspecies. The egg surface chemicals were
approximately the same for Carniolan and Yemeni honey bee eggs, while the Yemeni honey bee eggs
exhibited a higher water content. The differences between the two subspecies in egg hatching rates could be
attributedto differences in egg water content as well as to some internal factors within the eggs.
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INTRODUCTION

Various factors impact honey bee colony activity and performance, the most important of which are temperature
and relative humidity. Within colonies, bees are typically able to maintain a temperature between 33°C and 36°C ™
and a relative humidity above 75%. The regulation of relative humidity is particularly important for egg hatching. If
the relative humidity is too high @ or if it falls below 50%, egg hatching may fail 1. Although honey beeworkers
are able to control the relative humidity within the colony ™ through different methods, including the collection of
water from the environment !, the problem of low egg hatching rates has been noted previously in Saudi Arabia.
Saudi Arabia endures harshenvironmental conditions of elevated temperature and limited rainfall, especially during
the summer months. In central Saudi Arabia, the mean relative humidities within colonies of A.m. jemenitica and
A. m. carnica was found to be 34.7 and 37.8%, while egg hatching rates were 69.2 and 67.4%, respectively, when
the ambient temperature was 42°C ®l. Due to the drought conditions in Saudi Arabia, it is likely that a low relative
humidity within colonies is the main reason for these low egg hatching rates. Therefore, egg hatching rates under
different relative humidity gradients were studied.

In addition to low egg hatching rates, Yemeni honey bees, which are native to Saudi Arabia, were found to display
relatively higher egg hatching rates than hybrid Carniolan honey bees, which have been imported into Saudi Arabia
8 Notably, Yemeni honey bees are more tolerant of harsh conditions than Carniolan honey bees ™. The difference
between the egg hatching rates of the two subspecies under the same environmental conditions may beattributed to
specific characteristics of the eggs (e.g., their morphology and surface chemicals).

Various egg types exhibit different levels of resistance to dehydration . Typically, honey bee eggs are cylindrical
in shapel® and maintain their white color and shape throughout development ™. Relatively few investigations
have been performed comparing honey bee eggs from different subspecies. Although no difference in egg size was
detected between fertilized and unfertilized queen-laid eggs ™Y, the size of queen-laid eggs differed significantly
from that of worker-laid eggs “%. Showedthat the size and the weight of honey bee eggs are changed during the
whole incubation period ** . Differences between eggs in their dimensions (e.g., their length and width) may
predict theviability of honey bee eggs and, thus, egg hatching rates.

Moreover, the surface of honey bee eggs contains various chemical compounds. These chemical compounds are
likely to be used by honey bee workers to discriminate between queen-laid eggs and worker-laid eggs ™.
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Additionally, these chemicals, especially the hydrocarbon components, protect eggs from desiccation ™. Three
primary components (hydrocarbons, eicosanol and esters) have been identified on the egg surface €.
Hydrocarbons are the most abundant chemicals on the egg surface ! and may serve as an anti-dehydration barrier.
Thus, egg surface chemicals may participate indirectly in egg hatching rates.

In this study, the impact of relative humidity on egg hatching rates for Carniolan and Yemeni honey bees was
investigated. Also, any differences in egg characteristics between the two subspecies were detected to identify
potential explanations for the variations in their egg hatching rates.

MATERIALS AND METHODS
The investigations were performed at the Bee Research Unit laboratory, King Saud University (KSU).

Egg hatching rates

This experiment was conducted under controlled conditions of temperature and relative humidity (RH) in Memeret
incubators (Germany). A total of 150 eggs (one-day old) from each race, Yemeni and Carniolan honey bees, were
used per treatment. Each race was represented by five colonies, and one or two wax pieces (approximately 3 x 3.5
cm) from each colony containing 30 newly laid eggs were cut out of the wax comb. If more than 30 eggs were
present in the extracted wax comb, the extra eggs were removed. Wax pieces containing eggs were used in this
experiment to avoid any damage to the eggs. The eggs were maintained in incubators at 30, 50 or 75% RH at a
fixed temperature of 35°C for three days (these values of relative humidity were selected to mimic arid conditions).
Egg hatching rates were calculated by dividing the number of hatched eggs by the total nhumber of eggs and
multiplying this value by 100. The egg hatching rates were then compared for the two subspecies.

Egg size and weight

The morphological characteristics of 150 eggs (one day old) were measured per race (30 eggs per colony and five
colonies per race). The eggs were carefully mounted on glass slides, and measurements were obtained with a
Hewlett-Packard Deskjet scanner at a resolution of 1200 dpi. During the scanning process the glass slides were
covered with petri dishes to avoid eggsdestruction by the scanner cover. The obtained images were then opened in
the computer program Photoshop to capture measurements according to the Scan Photo method & %1, Egg length,
width and the slenderness index were determined for all eggs from both subspecies. The measurements were
performed as indicated in Figure 1 according to !, Egg length was measured as the maximum distance from the
anterior pole to the posterior poleof the egg, and egg width was measured as the widest distance in the middle of
the egg. The slenderness index was calculated as the egg length divided by the egg width, according to ?!!. The egg
weight was calculated by combining 100 eggs from five colonies per race (20 eggs per colony), which were placed
on a glass slide with a known weight (W0) and weighed (W1) using a GR 200 balance (A & D Company Limited,
Japan). Then, the egg weight was calculated as W1 — WO. The resulting weights weretransformed from mg to pg
units.

Length

Width

Fig 1: Egg length and width

Egg surface compounds
The qualitative chemical analysis of egg surface compounds was performed as described by 2. A total of 50 eggs
(one-day old) were analyzed per race. Eggs were pooled and washed for 1 min in 5 ml dichloromethane. Then, egg
particles were removed using glass wool, and the extract was concentrated to 70 pl. The samples were analyzed
with an Agilent 7890A GC system coupled to a 5975C MS (Triple-Axis detector) using an Agilent 19091S column
(250 ul ID x 30 m, film thickness: 0.25 ul; Agilent Technologies Inc., USA). The injection port temperature was
300 °C. The samples were injected in splitless mode, and helium was used asthe carrier gas (flow rate of 1
ml/min). The GC oven was programmed with an initial temperature of 260 °C. This temperature was increased by
10°C/min to a final temperature of 325°C, which was then held for 2 min. The mass spectra were recorded, and an
MS database (NIST 08. L) was used for compound identification (only compounds with a probability above 80%
Page | 47



International Journal of Enhanced Research in Educational Development (IJERED)
ISSN: 2320-8708, Vol. 7 Issue 1, January-February-2019, Impact Factor 3.275

were considered). Also, only the compounds which have been previously identified on honey bee egg surface were
considered.

Egg water content

The egg water content was determined in 100 eggs from five colonies per race (20 eggs per colony). The eggs
were first weighed (WO0) using a GR 200 balance (A & D Company Limited, Japan) and then placed in an
incubator at 70°C for 24 hours and dried completely. The dry weight of the eggs was subsequently measured (W1),
and the egg water content was calculated as a percentage using the equation WO-W1/WO0 x 100. Finally, the egg
water content determined for the two subspecies was compared.

Statistical analysis

For the above-mentioned experiments, the mean * standard error was calculated. For the egg hatching rates, a
factorial experiment, the data were statistically analyzed via analysis of variance (ANOVA), and the mean values
were compared with the Tukey test at a probability of 5%. For the other experiments, except egg surface
compounds, the mean values were compared using a t-testat a probability of 5%. The statistical analysis was done
using the SAS 9.1.3 program %!,

RESULTS

Egg hatching rates

As shown in Table 1, it was clear that at 30% RH, the eggs of the two subspecies were not able to hatch
successfully (Figure 2). At 50% RH, more eggs of Yemeni honey bees hatched than did Carniolan honey bee eggs.
The hatching rates for both subspecies atan RH of 50% were approximately 50%. At an RH of 75%, most of the
Yemeni honey bee eggs were able to hatch, while only approximately half of the Carniolan honey bee eggs
hatched. In general, the Yemeni honey bee eggs showed a greater ability to hatch under moderate relative humidity
conditions than did the Carniolan honey bees.

The Two-factor ANOVA showed significant effect of the RH factor on the egg hatching rates (F=362.31 and P=
0.0001<0.05). Also the race factor affected the egg hatchability significantly (F=13.04 and P= 0.0014<0.05) as
well as the interaction between both factors was significant (F= 3.87 and P= 0.0349<0.05). No significant
differences were detected between the hatching rates of Carniolan and Yemeni honey bee eggs at RHs of 75% and
30%, whereas a significant difference was found between the two subspecies at a relative humidity of 50%
according to the Tukeytest (P = 0.05 and DF = 24). A strongly positive and significant correlation (r = 0.92, P = <
0.0001) was found between the hatching rates and relative humidity.

Table 1: Egg hatching rates for Yemeni and Carniolan honey bees under different humidity levels.

Mean of egg hatching (%) + S.E.
RH (%0) Carniolan honey bees Yemeni honey bees
30 0.00+0.00 d 0.00+0.00 d
50 39.33+3.39¢ 52.66 +2.87 b
75 58.67 + 3.09 ab 66.67 +2.35a

*: Means followed by the same letter are not significantly different according to Tukey test g gs.

Table 2: Egg size and weight for Yemeni and Carniolan honey bees.

Egg character® Mean + S.E.
Carniolan honey bees Yemeni honey bees
Length (mm) 1.54 + 0.004b 1.58 + 0.005a
Width (mm) 0.36 = 0.003a 0.35 + 0.004a
Slenderness index 4.31 + 0.050b 455 + 0.06 a
Egg weight (um) 124 + 4.00a 121 + 6.40a

*: Means in the same row followed by the same letter are not significantly different according to t-test.
Egg surface compounds
Table (3) shows 13 alkanes detected of the eggs. Hentriacontaneand Tridecane were only detected in Yemeni
honey bee eggs, whilepentetriacontene was detected only in Carniolan honey bee eggs.

Approximately the same compounds were detected for the tworaces.
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Table 3: Egg surface chemicals for Yemeni and Carniolan honey bees (+: present and --: absent).

Compounds Race
Carniolan honey bee eggs  |Yemeni honey bee eggs
Alkanes -- +
Hentriacontane
Eicosane
Pentacosane
Heptacosane
Dodecane
Tetracosane
Pentadecane
Heptadecane
Octacosane
Octadecane
Tridecane
Heneicosane
Nonadecane +
Alkenes
Octadecene +
Tetradecene
pentetriacontene +

|+ |+ |+ |+ ]+ ]+ ]+

+

||| ||+

+

+
+
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Egg water content

The mean water content of the Carniolan honey bee eggs was 88.70

+ 1.94 (mean + SE), while that of the Yemeni honey bee eggs was 90.11+ 1.43 (meanz SE). Thus, Yemeni honey
bees displayed a relatively higher water content than did Carniolan honey bee eggs. However, no significant
differences were found between the two subspecies according to the t-test (P = 0.57> 0.05).

DISCUSSION

Egg hatching rates

Relatively few studies have been performed on the relationship between the hatching rate of honey bee eggs and
relative humidity. As observed in the present study, ! found that no eggs hatched when the RH was less than 50%,
while 54% of eggs were able to hatch at 50% RH. The low hatching rates recorded under conditionsof low RH may
be caused by the rapid drying of the hatching fluid . Increasing RH promoted high egg hatching rates. Therefore,
humidity is a key factor impacting egg hatching. It is known that Yemeni honey bees are more tolerant of elevated
temperatures and low humidities than Carniolan honey bees [”%. In the present study, also, Yemeni honey bee eggs
showed higher egg hatching rates than did Carniolan honey bees. These results are in accordance withthe results
published by ! who found that Yemeni honey bee colonies displayed a 1.8% higher egg hatching rate than
Carniolan honey bee colonies under a relative humidity of approximately35%.

Egg size and weight

Honey bee eggs typically exhibit a cylindrical shape ! and white color. Almost all of the eggs from the various
honey bee subspeciesshare the same structure. However, some differences have been detected between the eggs of
some honey bee subspecies and species. In the present study, Yemeni honey bee eggs were found tobe longer than
Carniolan honey bee eggs and exhibited a higher slenderness index, although no clear difference was detected in
egg width between the studied subspecies. These results are similar to results from other studies ™! observed no
difference in egg size between fertilized and unfertilized eggs laid by bee queens. The width of honey bee eggs
has been reported to be approximately 0.35 mm ¥ which is in accordance with the results of the present study.
However, the egg length measured in the present study was shorter than that recorded in other studies for different
honey bee species, including A. cerana queens, A. dorsata queens, A. cerana egg-laying workers, A. andreniformis
20 and A. m. mellifera ™. Additionally, the egg length, width and slenderness index obtained for the studied
subspecies were higher than those reported for A. m.caucasica . No clear difference in egg weight was detected
between the two subspecies. The obtained egg weights were closeto those found by ) for queen-laid eggs of A.
m. caucasica. The differences between the egg measurements recorded for the two subspecies examined in this
study cannot sufficiently explain any differences between the two subspecies with regard to egg hatchingrates.

Egg surface compounds

Several different compounds cover the surface of honey bee eggs, including alkenes, alkanes, methylalkanes,
alcohols, aldehydes, esters and terpenes © ' identified three main components of egg surface chemicals
(hydrocarbons, eicosanol and esters), and the proportions of these components for queen-laid eggs were found to be
98.2% for hydrocarbons, 0.1% for eicosanol and 1.7% for esters. Thus, hydrocarbons are the major egg surface
compounds. The presence of significant amounts of hydrocarbons on egg surfaces has been observed by other
researchers as well > %1, The compounds detected in the present study are very important for eggs. For example,
alkenes and alkanes protect eggs fromdesiccation ** and thus ensure normal egg hatching. The few differences in
egg surface compounds detected between the two subspecies may be due to differences in egg marking signals. As
honey bee queens mark their eggs with a specific signal to discriminate between queen-laid eggs and those laid
by nurse honey bee workers !, In general, the detected differences betweenthese compounds can not explain any
differences between egg hatching rates. In a previous study by ?®! the elemental analysis of Yemeni and Carniolan
honey bee eggs was studied. They detected carbon, nitrogen, oxygen, magnesium, phosphorus, sulfur, calcium and
zinc in the eggs. The elemental composition patterns were not fixed for the two subspecies which suggest the
existence of internaldifferences between them (e.g., in terms of genetic characteristics and embryo viability).

Egg water content

Yemeni honey bee eggs contained approximately 1.41% greater amount of water than Carniolan honey bee eggs.
This difference in egg water content may suggests higher hatchability of Yemeni than Carniolan honey bee eggs
under conditions of low relative humidity. Due to the very small size of honey bee eggs, any difference between
eggs may contribute to egg hatching. It is known that bee eggs can tolerate dehydration !, and according to the
present study, this ability could be attributed to the egg water content.

CONCLUSION

The size and weight of eggs do not explain the higher egg hatching rates of Yemeni honey bees than the Carniolan
honey bees. The water content, 1.4% higher in eggs of Yemeni honey bees than of Carniolan honey bees may
suggests the higher hatchability in Yemeni honey bees.

Page | 50



[1].
[2].
[3].
[4].
gl
[7].
[8].

[9].

[10].
[11].
[12].
[13].

[14].

[15].
[16].

[17].

[18].
[19].
[20].
[21].
[22].
[23].
[24].

[25].

International Journal of Enhanced Research in Educational Development (IJERED)
ISSN: 2320-8708, Vol. 7 Issue 1, January-February-2019, Impact Factor 3.275

REFERENCES

Petz M, Stabentheiner A and Crailsheim K. Respiration of individual honeybee larvae in relation to age and
ambient temperature. Journal of Comparative Physiology B 2004; 174: 511-518.

Du Praw EJ. A unique hatching process in the honeybee. Transactions of the American Microscopical
Society 1961; 80: 185-191.

Doull KM. The effects of different humidities on the hatching of the eggs of honeybees. Apidologie 1976; 7:
61-66.

Ellis MB, Nicolson SW, Crewe RM, Dietemann V. Hygropreference and brood care in the honeybee (Apis
mellifera). Journal of Insect Physiology 2008; 54:1516-1521.

Abou-Shaara HF. Notes on water collection by honey bees.Bee World 2012; 89 (4): 50-51.

Al-Ghamdi A. Comparative study between subspecies of Apis mellifera for egg hatching and sealed brood
percentage, brood nest temperature and relative humidity. Pakistan Journal of Biological Sciences 2005; 8(4):
631-635.

Abou-Shaara HF, Al-Ghamdi AA, Mohamed AA. Tolerance oftwo honey bee races to various temperature
and relative humidity gradients. Environmental and Experimental Biology 2012; 10(4): 133-138.

Wegener J, Lorenz MW, Kaspar B. Differences between queen- and worker-laid male eggs of the honey bee
(Apis mellifera). Apidologie 2010; 41: 116-126.Katzav-Gozansky T, Soroker V, Kamer J, Schulz CM,
Francke W, Hefetz A. Ultrastructural and chemical characterization of egg surface of honeybee worker and
queen-laid eggs. Chemoecology 2003; 13: 129-134.

Collins A. Variation in time of egg hatch by the honey bee, Apis mellifera (Hymenoptera: Apidae). Annals of
the Entomological Society of America 2004; 97(1): 140-146.

Henderson CE. Variability in the size of emerging drones and of drone and worker eggs in honeybee (Apis
mellifera L) colonies. Journal of Apicultural Research 1992; 31: 114-118.

Woyke J. Comparison of the size of eggs from Apis melliferaL queens and laying workers. Apidologie
1994, 25, 179-187.

Woyke J. Size change of eggs during the incubation period in three Asian honey bee species. Proceedings:
Asian Apiculture, Wicwas Press, Cheshire, Connecticut, USA 1993; 197-205.

Woyke J. Size change of Apis mellifera eggs during incubation period. Journal of Apicultural Research
1998; 37(4): 239-246.

Oldroyd BP, Ratnieks FLW. Evolution of worker sterility in honey-bees (Apis mellifera): how anarchistic
workers evade policing by laying eggs that have low removal rates. Behavioral Ecology and Sociobiology
2000; 47:268-273.

Martin SJ, Chaline N, Oldroyd BP, Jones GR, Ratnieks FLW. Egg marking pheromones of anarchistic
worker honey bees (Apis mellifera). Behavioral Ecology 2004; 15(5): 839-844.

Martin SJ, Jones GR, Chaline N, Middleton H, Ratnieks FLW. Reassessing the role of the honey bee (Apis
mellifera) Dufour’s gland in egg marking. Naturwissenschaften 2002; 89:528-532.

Abou-Shaara HF, Draz KA, Al-Aw M, Eid K. Simple method in measuring honey bee morphological
characters. Proceedings of 42nd International Apicultural Congress— APIMONDIA in Buenos Aries
(Argentina), 21th-25th September 2011; p. 222.

Abou-Shaara HF, Draz KA, Al-Aw M, Eid K. Stability of honey bee morphological characters within open
populations. Uludag Bee Journal 2012a; 12(1): 31-37.

Woyke J, Chanchao C, Wongsiri S, Wilde J, Wilde M. Size ofeggs from queens of three Asian Apis species
and laying workers of Apis cerana. Journal of Apicultural Science 2003; 47 (2): 39-52.

Genger HV, Woyke J. Eggs from Apis mellifera caucasica laying workers are larger than from queens.
Journal of Apicultural Research 2006; 45(4): 173-179.

Katzav-Gozansky T, Ibarra VSF, Francke W, Hefetz A. Dufour’s gland secretion of the queen honeybee
(Apismellifera): an egg discriminator pheromone or a queen signal? Behavioral Ecology and Sociobiology
2001; 51:76-86.

SAS institute. The SAS System Version 9.1.3. SAS Institute, Cary, NC 2004.

Yu R, Hagen A, Omholt SW. Biopsied preblastoderm honeybee embryos develop into normal honeybee
queens. Apidologie 1998; (29): 547-554.

Katzav-Gozansky T, Soroker V, Hefetz A. Honeybees Dufour’s gland — idiosyncrasy of a new queen signal.
Apidologie 2002; 33: 525-537.

Abou-Shaara HF, Al-Ghamdi AA, Mohamed AA. Elemental analysis of eggs for two honey bee races.
Iranian Journal of Entomology 2013; 3:14-17.

Page | 51



