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Abstract

The Yemeni honeybee (Apis mellifera jemenitica Ruttner) is the native race in Saudi Arabia.

The Carniolan honeybee (A. m. carnica Pollmann) and its hybrid with the Egyptian honey-

bee (A. m. lamarkii Cockerell) have been imported and frequently reared in Saudi Arabia.

Temperature often exceed 40 ˚C during the summer season in most regions of Saudi Ara-

bia. Honeybees decrease foraging activity in this period during mid-day, which affect colony

productivity. The Yemeni bee race appears well adapted to these unique climatic conditions.

We compared body weight and morphometric parameters of both subspecies’ worker bees

reared at the apiary of Training and Research Station, King Faisal University, Al-Ahsa oasis

of eastern Saudi Arabia. Measurements of Yemeni bee were smaller than Carniolan bee for

body weight, head structures, including antenna, flagellum, and proboscis length, thorax

appendages, including femur length, tibia length and width, metatarsus length and width of

the right hind leg, and length and width of the right forewing and hind wing, abdominal char-

acteristics, including the length of the 3rd and 4th abdominal tergites and sternites, and length

and width of the 1st and 4th wax mirrors. It could be concluded that with the exception of the

number of hamuli, worker Yemeni bee body size and morphometric parameters related to

the colony productivity were smaller than Carniolan bees under environmental conditions of

the study region.

Introduction

Honeybee (Apis mellifera L.) is widespread in Africa, Europe and Western Asia [1], and com-

prises of 26 subspecies according to morphometric analyses [1–3]. The Yemeni honeybee (A.

m. jemenitica Ruttner) is native to Saudi Arabia [2, 4–6]. It occurs naturally in Asia and Africa,

including in Sudan and Yemen [7], Chad [8], Oman [9], Saudi Arabia and Somalia [1], Camer-

oon [10], Ethiopia [11, 12] and Mali [13]. Another subspecies, A. m. carnica Pollmann, has

been imported and widely kept in Saudi Arabia [14–20]. However, Yemeni race has been
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found in areas of highest seasonal temperature and the zone of lowest and most irregular rain-

fall where other honeybee subspecies are unable to persist [6, 12].

In the semi-arid conditions that cover most parts of Saudi Arabia, temperatures during the

summer season often exceed 40 ˚C, and during this period honeybees not only decrease forag-

ing activity, but also spend a part of time in thermoregulation. Consequently, the productivity

of the colony is affected [15]. Overall, Saudi Arabian race of Yemeni bee appears well adapted

to unique climatic conditions in Saudi Arabia. For example, their performance in foraging

activity, worker and drone brood rearing, storing pollen and colony population size during the

hot summer was significantly higher than those of other subspecies [6].

Body characteristics of worker honeybee [12, 21–29] and their comb cell size [30, 31] vary

among subspecies. Factors that affect worker body characteristics include pollen and nectar

resources [32], content of dietary protein [33, 34], rearing season [35–37], geographical loca-

tion [38, 39] and level of infestation by the Varroa mite, Varroa destructor [37]. In addition,

the environmental factors have been shown to affect worker honeybee morphometric charac-

teristics [38, 40, 41].

Body weight is positively correlated with most body characteristics of A. florea F. [38] and

honeybee colony productivity is correlated with body size of worker bee [42, 43]. Body charac-

teristics are used as an indicator of honeybee colony productivity, because workers with larger

legs and wings gather higher amounts of nectar and pollen than smaller workers [44]. In par-

ticular, honey production is correlated with wing characteristics [43–46], corbicular area [43,

47] and leg characteristics [44, 48].

A comparison of the activity and productivity of local (Yemeni race) and imported bees

(Carniolan and Carniolan hybrid) under environmental conditions of Al-Ahsa oasis and Al-

Baha region (eastern and southwestern of Saudi Arabia, respectively) have been done. The

Yemeni bee colonies showed superiority in stored pollen, worker and drone sealed brood area,

colony population size and survival rate [5, 6]. Under the environmental conditions of the Al-

Ahsa oasis and the highlands of the Al-Baha region, Yemeni bee colonies produced less honey

than the Carniolan and Carniolan hybrid bee colonies [5, 6], while under the lowlands of the

Al-Baha region, Yemeni bee colonies produced more honey than the Carniolan hybrid [5].

Here, we compared body weight and morphometric characteristics of Yemeni (native race)

and Carniolan (imported race) bee subspecies to find the morphometrical differences between

two subspecies under environmental conditions of Al-Ahsa, Saudi Arabia.

Materials and methods

We measured morphometric parameters of worker bees reared at the apiary of the Training

and Research Station, King Faisal University, Al-Ahsa, Saudi Arabia (25˚25046@N, 49˚37019@E;

121 m above sea level) during 2016 alfalfa (Medicago sativa L.) flowering season. We obtained

ten colonies of Yemeni bee from Gazan (southwest of Saudi Arabia) and ten colonies of Car-

niolan bee from the Institute for Bee Research, Hohen Neuendorf, Germany during 2015. The

colonies were headed by newly mated sister queens and maintained in 8-frame Langstroth

hives. We replaced five frames with wax foundation to obtain workers raised on new comb

and exclude the effects of comb age.

Nineteen days after queens laid eggs in the comb, worker-sealed brood was inserted into a

wooden comb cage (45.25 × 25.35 × 9.45 cm), which was covered with metal gauze, and placed

in an incubator set at 32 ˚C and 60% relative humidity until workers emerged [38]. The fresh

body weight (mg) of 50 chilled, newly emerged workers (within 6 h of emergence) was deter-

mined using an electrical balance [37] and workers were preserved in 70% ethanol prior to dis-

section for morphometric analysis [24].
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Body appendages were removed, placed on glass slides and measured (mm) under a

LABOMED stereomicroscope (Labo America, Inc. USA) equipped with a micrometer lens.

From the head, we measured lengths of antenna, flagellum and proboscis. For thorax, we mea-

sured femur length, tibia length and width, metatarsus length and width of the right hind leg,

length and width of the right forewing and hind wing. We counted the number of hamuli on

the right hind wing. For the abdomen, we measured length of the 3rd and 4th abdominal ter-

gites and sternites, and length and width of the 1st and 4th wax mirrors. Measurements were

recorded according to Ruttner [2]. We determined the correlations between the body weight

and morphometric characteristics to find the relationships between these parameters.

We analyzed subspecies differences in morphometric parameters at P = 0.01 using one-way

analysis of variance (ANOVA), which indicated significant differences between subspecies.

The normality in dataset was tested by the Shapiro-Wilk normality test, which indicated data

were normally distributed. Therefore, the analysis was performed on the original data. The

ANOVA was used to assess differences between the investigated subspecies, and correlations

between characteristics were determined using the PROC GLM function in SAS version 9.1

[49].

Results

We found that 20 of the 21 examined morphometric parameters significantly (P< 0.001) dif-

fered between the tested subspecies (Table 1). Compared with the workers of Yemeni subspe-

cies, Carniolan subspecies exhibited significantly (P< 0.001) higher values for body weight,

total antenna length, flagellum length, proboscis length, length and width of the right forewing

and hind wing, femur length, tibia length and width, metatarsus length and width, length of

the 3rd and 4th abdominal tergites and sternites, and the length and width of the 1st and 4th wax

mirrors. The number of hamuli did not differ between two subspecies.

Data presented in Table 3 showed that with the exception of number of hamuli, and width

of metatarsus, body weight was positively correlated with morphometric parameters (r = 0.68–

0.99, P< 0.022–0.0001), and proboscis length was correlated with antenna length, forewing

length and width, hind wing length and width, tibia and metatarsus lengths, and length and

width of 3rd and 4th tergites and sternites, and 1st and 4th wax mirrors (r = 0.73–0.99, P< 0.01–

0.0001). We found that lengths of the 3rd sternite (r = 0.92–0.99, P< 0.002–0.0001), tibia

(r = 0.85–0.99, P< 0.002–0.0001), and 1st wax mirror (r = 0.84–0.99, P< 0.002–0.0001)

were correlated with morphometrics other than number of hamuli, and width of tibia and

metatarsus.

Discussion

We found that mean body weight of Yemeni bee workers was less than Carniolan bee workers,

and these differences were associated with variations in morphometric parameters. Our results

confirm the findings of an earlier study that showed Yemeni bee worker had the smallest body

size [2]. Intraspecific variation in body size may reflect quality of the environment [50] and

worker body weight is altered by the availability of nectar and pollen resources [32, 45, 51], sea-

son [35] and colony size [52]. In this study, all colonies were placed in a single location, so it is

unlikely that levels of nutrition differed. Moreover, colonies were similar in size; thus, we sug-

gest effects of location or colony size were common to both subspecies.

Among the various structures located on the head, antennae are essential in foraging for

nectar and pollen, due to the sensory organs on the flagellum. Honey production is positively

correlated with proboscis length, which itself is positively correlated with number of brood

[44], and it is known that Carniolan bee colonies produces greater amounts of honey than
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Yemeni bee colonies [6]. Among the head parameters measured in this study, we found that

lengths of proboscis, antenna, and flagellum were shorter in Yemeni bee workers (Table 2),

confirming the findings of Alqarni et al. [53] Yemeni bee worker proboscis length in this study

was similar to those recorded elsewhere in Saudi Arabia, but shorter than those recorded in

Chad, Oman, Somalia, Sudan, and Yemen [54]. These subspecies differences in proboscis,

antenna, and flagellum length were correlated with body size, where body weight was posi-

tively correlated with proboscis and antenna length (Table 3), supporting findings by Al-Kah-

tani and Taha [38] for A. florea.

We found that subspecies differed for forewing and hindwing length and width, supporting

a study that found honeybee wing size varied with subspecies [55], which can be attributed to

differences in body size (Table 2). Body weight was positively correlated with forewing length

and width, and hind wing length and width (Table 2), and this has been also reported for A.

florea [38]. Compared with smaller winged bees, bees with larger wings have greater flight

power and gather greater amounts of nectar and pollen, resulting in greater potential to rear

more brood, and strengthen colony size. Indeed, Mostajeran et al. [44] found positive correla-

tions between brood area and colony size with forewing length and width and hind wing

length. A high rate of brood rearing resulted in a larger population size, colony growth, a high

rate of colony survival, resulting in increased colony productivity [5, 6, 14].

Measurements of leg parameters were smaller in Yemeni bee workers (Table 2), and body

weight was positively correlated with femur, tibia and metatarsus length (Table 3), similar to

findings obtained for A. florea [38]. Bees with longer legs may gather higher amounts of pollen,

resulting in increases in brood and colony size and colony productivity. It has been shown that

Table 1. Analysis of variance of body weight and morphometric parameters of Apis mellifera carnica and A. m. jemenitica workers.

Variable SS MS F value P value

Body weight 2831.70 2831.70 10453.6 < 0.0001

Proboscis length 3.97 3.97 1110.55 < 0.0001

Flagellum length 1.50 1.50 1018.98 < 0.0001

Total length of antenna 1.65 1.65 1863.90 < 0.0001

Forewing length 6.84 6.84 34626.4 < 0.0001

Forewing width 5.65 5.65 8604.37 < 0.0001

Hindwing length 3.76 3.76 5287.70 < 0.0001

Hindwing width 1.40 1.40 6231.79 < 0.0001

Number of hamuli 0.12 0.12 0.22 > 0.6437

Femur length 0.77 0.77 847.22 < 0.0001

Tibia length 1.39 1.39 15163.9 < 0.0001

Tibia width 0.04 0.04 61.72 < 0.0001

Metatarsus length 1.14 1.14 15049.1 < 0.0001

Metatarsus width 0.06 0.06 1245.86 < 0.0001

3rd tergite length 0.44 0.44 805.40 < 0.0001

3rd sternite length 0.43 0.43 4707.90 < 0.0001

4th tergite length 0.59 0.59 1933.63 < 0.0001

4th sternite length 0.41 0.41 1232.28 < 0.0001

1st Wax mirror length 0.21 0.21 2319.98 < 0.0001

1st Wax mirror width 0.73 0.73 3264.36 < 0.0001

4th Wax mirror length 0.22 0.22 4286.78 < 0.0001

4th Wax mirror width 0.23 0.23 3319.29 < 0.0001

SS = sum of squares, MS = mean squares.

https://doi.org/10.1371/journal.pone.0247262.t001
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honey production is correlated with wing and leg characteristics [44, 46] and corbicular area

[43, 47]. These results explain the greater honey production of Carniolan bee colonies than

Yemeni bee colonies [6]. In the meantime, Yemeni bee race gather greater amounts of pollen,

rear more brood and increase colony size compared to imported bees [5, 6].

There were differences in the lengths of 3rd and 4th tergites and sternites, and 1st and 4th

wax mirrors between the two subspecies (Table 2). These differences were correlated with

worker body size. For example, body weight was correlated with length of the 3rd and 4th ter-

gites, 3rd and 4th sternites, and 1st and 4th wax mirrors, and width of the 1st and 4th wax mirrors

(Table 3), supporting similar observations for A. flora [38]. We noted that length of the 3rd

sternite in Yemeni bee workers was shorter than Yemeni bee workers from west and north-

eastern Africa [13] and Ethiopia [12]. The lengths of the 3rd and 4th tergites, and 3rd and 4th

sternites refer to the length and width of the abdomen and the size of the honey stomach,

which affect the amount of gathering of nectar and honey yield [32, 56]. The dimensions of

wax mirrors have been reported as an important factor affect building of the combs [57].

Conclusions

With the exception of the number of hamuli, data from this study showed that body size and

morphometric parameters related to the colony productivity of worker Yemeni bee (A. m.

Table 2. Body weights (mg) and morphometric characteristics (mm) of Apis mellifera carnica and A. m. jemenitica workers.

Character Subspecies Significance

Carniolan Yemeni

Body weight 112.00 ± 6.12 87.65 ± 5.33 ��

Proboscis length 6.20 ± 0.56 5.28 ± 0.53 ��

Flagellum length 3.14 ± 0.04 2.58 ± 0.05 ��

Total length of antenna 4.23 ± 0.06 3.64 ± 0.04 ��

Forewing length 9.14 ± 0.12 7.94 ± 0.10 ��

Forewing width 3.53 ± 0.02 2.44 ± 0.03 ��

Hindwing length 6.74 ± 0.02 5.85 ± 0.01 ��

Hindwing width 2.21 ± 0.01 1.67 ± 0.01 ��

Number of hamuli 23.10 ± 3.14 23.60 ± 3.06 NS

Femur length 2.84 ± 0.03 2.44 ± 0.01 ��

Tibia length 3.09 ± 0.02 2.55 ± 0.03 ��

Tibia width 1.22 ± 0.01 1.12 ± 0.01 ��

Metatarsus length 2.52 ± 0.02 2.03 ± 0.01 ��

Metatarsus width 1.21 ± 0.01 1.10 ± 0.01 ��

3rd tergite length 2.33 ± 0.01 2.03 ± 0.01 ��

3rd sternite length 2.22 ± 0.01 1.92 ± 0.01 ��

4th tergite length 2.30 ± 0.01 1.95 ± 0.01 ��

4th sternite length 2.22 ± 0.02 1.93 ± 0.01 �

1st Wax mirror length 1.58 ± 0.01 1.37 ± 0.01 �

1st Wax mirror width 2.51 ± 0.01 2.12 ± 0.01 ��

4th Wax mirror length 1.46 ± 0.01 1.24 ± 0.01 ��

4th Wax mirror width 1.42 ± 0.01 1.20 ± 0.01 ��

Values are the mean ± S.D.

��P<0.01 between subspecies,

�P<0.05 between subspecies,
NS P>0.05 between subspecies.

https://doi.org/10.1371/journal.pone.0247262.t002
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jemenitica) were smaller than worker Carniolan bees (A. m. carnica) in Saudi Arabia. Body

weight can be used as an indicator of body size and morphometric parameters related to col-

ony productivity.
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