

http://dx.doi.org/10.3897/zookeys.134.1677
www.zookeys.org
http://dx.doi.org/10.3897/zookeys.134.1677
mailto:alqarni@ksu.edu.sa
http://creativecommons.org/licenses/by/3.0/
















The indigenous honey bees of Saudi Arabia (Hymenoptera, Apidae, Apis mellifera jemenitica... 89

Figure 5. Distribution of Apis mellifera jemenitica Ruttner in the Arabian Peninsula and northeastern
Africa.

more than one swarm normally leaves the hive. Unfilled traditional hives (hollow logs)
marked with beeswax are distributed in the vicinity to attract swarms (Fig. 3). Other
swarms are captured from trees and placed in empty hives. Most beekeepers in the
Southwest perform traditional beekeeping methods, whereas Langstroth hives are used
in other parts of the country. Most beekeepers perform migratory beekeeping to avoid
severe weather and food deficiency. In the central region, wild nectar and pollen plants
such as Astragalus spinosus (Forssk.) Muschl. [Fabaceae (a.k.a., Leguminosae)], Hor-
woodia dicksoniae Turrill [Brassicaceae], Anisosciadium isosciadium Bornm. [Apiaceae],
Citrullus colocynthis (L.) Schrad. [Cucurbitaceae], Achillea fragrantissima (Forssk.) Sch.
Bip. [Asteraceae (a.k.a., Compositae)], Capparis spinosa L. [Capparaceael, Acacia spp.
[Fabaceae (a.k.a., Leguminosae)], and Z. spina-christi [Rhamnaceae] are available for
bees after the rainy season, in addition to cultivated alfalfa, eucalyptus, sunflower, date
palm, and some fruit trees (Alghoson 2004; Aloraydh and Alfarraj 1994). Beekeepers
follow the flowering of these plants within an area of 400-500 km in diameter in the
central region of the country. Some beekeepers move their bees across the country
from South to West, to the Center, or to the North and vice versa. In general, the main
honey plants in the country are Acacia spp. [Fabaceae (a.k.a., Leguminosae)] and Z.
spina-christi [Rhamnaceae], both being found wild in all regions of Saudi Arabia. Their
flowering seasons start during June and August of each year, respectively, depending on
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rainfall. Approximately 70% of the bees kept in Saudi Arabia are native populations
of A. m. jemenitica, with the remainder being Carniolan (4. m. carnica Pollmann) or

Egyptian-Carniolan hybrids (Fig. 4).

Distribution, morphology, and biology of the native honey bees of Saudi
Arabia (Apis mellifera jemenitica)

Apis mellifera jemenitica has a wide distribution (4500 km from East to West) in tropi-
cal Africa, and in the hot desert of the Arabian Peninsula (Fig. 5), having been recorded
from Chad, Ethiopia, Somalia, Sudan, Oman, Yemen, and Saudi Arabia. It is found
in the areas of highest seasonal temperature as well as the zone of lowest and most
irregular rainfall, regions where other honey bee races have not been able to persist
(Ruttner 1976; Fletcher 1978; Radloff and Hapburn 1997; Amssalu et al. 2004; Taher
et al. 2009).

Although the native Saudi honey bee is recognized as A. m. jemenitica, it has some
significant morphological and biological differences from its conspecifics, as well as
some other populations of this same race in Africa (Alqarni 1995, 2006, 2010; Al
Ghamdi 1990, 2002, 2005, 2006). Ruttner (1988) placed A. m. jemenitica (with the
unjustified change in spelling to yemenitica: vide Engel 1999) under the “Tropical Afri-
can region’ as it was found between Chad and Sudan (Fig. 5). He mentioned the sub-
species to be one of the major branches of A. mellifera, whose morphology and ecology
were extreme. Alpatov (1935) and Guiglia (1964, 1968) had earlier recorded bees from
Yemen but owing to a lack of morphometric data confirmation of subspecific status
was not possible. In 1970, H. Peters collected in northern Yemen what he presumed
to be A. cerana indica Fabricius but Ruttner (1976) correctly identified these bees as
small individuals of A. mellifera, resembling otherwise sub-Saharan forms. Ruttner
(1988) also noted that A. m. jemenitica nearly overlaps A. cerana Fabricius in size and
setal length. Ruttner (1976) classified the race found in Sudan as A. 7. nubica Rutter,
later discovering that the same or similar form was also present in Yemen, Somalia, and
Chad. As a result, he extended A. m. jemenitica into these regions and considered A. 7.
nubica to be a junior synonym of the former (Ruttner, 1988). In total Ruttner (1988)
sampled localities across Saudi Arabia [Southwest (Sabia), middle (Riyadh), and East
(Alhasaa)], Oman (Dutton et al. 1981), Yemen, Somalia, Sudan (Ruttner 1976, Ra-
shad and El-Sarrag 1983, 1984), and Chad (Gadbin et al. 1979), and representing
approximately the same latitude.

Rashad and El-Sarrag (1983, 1984) and El-Sarrag et al. (1992), after surveying 50
localities across eight Sudanese governorates, documented what they considered to be
two subspecies from Sudan — A. m. sudanensis Sarrag et al. (from most major sections
of the country) and A. m. jemenitica (listed at times as A. m. nubica, along the south-
ern borders). The Sudanese bees were a little larger than the Saudi populations, and
those from Somalia mostly resemble those of Sudan. Across all of the morphometric
characteristics it was found that the populations from Saudi Arabia were the smallest,
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with the bees from Chad being perhaps most similar to A. . jemenitica (Gadbin et al.
1979; Gadbin 1980). However, Ruttner (1988) suggested the contrary, believing A.
m. jemenitica to be more closely allied to those populations from Somalia and Sudan.

Ruttner (1988) noted that the Saudi honey bee samples were clearly distinct (i.e.,
smaller, more slender, shorter setae, and more yellow in coloration), while adding that
there was more homogeneity between Yemeni and Sudanese bees. This led him to be
the first to consider the Saudi populations as a distinct ecotype of A. m. jemenitica,
and the Sudanese population another, less distinctive, ecotype. Naturally, given that
increased scrutiny has continued to subdivide the Ethiopian and Sudanese populations
into separate subspecies, it must be wondered if the same is not valid for the native
Saudi honey bees (vide Conclusions, infra).

Subsequent studies by Algarni (1995) demonstrated significant differences in sev-
eral morphological characters between Saudi A. m. jemenitica, the standard ‘Carniolan
race’ (A. m. carnica), and their F1 hybrid cross (the ‘Arabian-Carnica’ honey bees) (Ta-
ble 2). The native Saudi honey bees are noticeably smaller and could perhaps be clas-
sified as a race distinct from A. m. jemenitica (if employing the same standards applied
elsewhere for honey bee subspecies; e.g., Sheppard and Meixner 2003; Amssalu 2002,
2008; Sheppard et al. 1997; Amssalu et al. 2004; Meixner et al. 2011)", but at least
represents a noteworthy ecotype. Indeed, across a variety of biological and behavioral
characters (e.g., worker brood, honey and pollen stored, foraging activity and time),
the native Saudi populations of A. . jemenitica performed better than A. m. carnica
or F1 hybrids of these subspecies (e.g., Tables 3—6). The Saudi populations of A. .
Jjemenitica appear better suited than other races for survival and activity (e.g., foraging)
in the extremes of the harsh Saudi environment. Algarni (1995) also considered that
the geographical proximity of the native Saudi bees (in the Abha Region) to Yemeni
bees (A. m. jemenitica s.str.) lead to a natural intermingling between these populations.
When comparing the mean values of various morphometric characters of native Saudi
bees with the Yemeni populations, Algarni (1995) noted significant differences among
five characters, i.e., length and width of the forewing, width of the metabasitarsus,
total length of the third and fourth metasomal terga, and the degree of yellow colora-
tion on the third metasomal tergum. Less significant differences were found in other
standard characters, e.g., length of proboscis, cubital cell index, number of hamuli on
the hind wing, and slenderness of the metasoma.

Overall, Saudi A. m. jemenitica appears well adapted to the unique climatic condi-
tions and their variations in the Kingdom of Saudi Arabia. For example, their rate of
new queen development and foraging activities during the hot summer were signifi-
cantly higher than those of other races (Alqarni 2006a, 2010). Apis mellifera jemenitica
is also the smallest of its kind in the area but the biological significance of this size
differences is presently not understood. All of the presently available data taken into

! It should be noted that given that the holotype and type series of jemenitica Ruttner is from Yemen,

the name jemenitica would remain with the Yemeni populations should they be considered a separate
subspecies and alternative subspecific epithets would become available or be required for the African
and Saudi populations historically considered to be of the same race.
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Table 2. Range and mean values (mm) of some morphometric characters of workers of native Saudi
(Apis mellifera jemenitica Ruttner) and carniolan races (4. m. carnica Pollmann), and their F1 hybrid (100
workers/sample/race).

X A. m. jemenitica A. m. carnica First hybrid
Morphometric character
Range Mean Range Mean Range Mean

Flagellum length 2.32-2.64 | 2.47+0.01 | 2.58-2.84 | 2.70+0.01 | 2.52-2.77 | 2.64+0.01
Proboscis length 4.84-5.74 | 5.3120.02 | 5.17-6.32 | 6.06£0.01 | 4.52-6.06 | 5.65+0.02
Forewing length 7.55-9.39 | 8.07£0.02 | 8.45-9.22 | 8.86+0.02 | 7.93-9-03 | 8.49+0.03
Forewing width 2.77-3.23 | 3.01£0.01 | 3.03-3.40 | 3.24+0.01 | 2.90-3.29 | 3.1420.01
Forewing cubital index 1.43-2.67 | 2.10+0.03 | 1.75-3.33 | 2.8120.04 | 1.75-3.00 | 2.39+0.04
No. of hamuli on hind wing 18.0-32.0 | 22.7+0.28 | 18.0-26.0 | 21.2+0.18 | 18.0-29.0 |22.65+0.23
Metabasitarsus length 1.94-2.26 | 2.12+0.01 | 2.26-2.58 | 2.44+0.01 | 1.99-2.39 | 2.25+0.01
Metabasitarsus width 0.97-1.16 | 1.08+0.00 | 1.09-1.23 | 1.19+0.00 | 0.97-1.23 | 1.13+0.01
No. of setal rows on metabasitarsus | 10.0-12.0 | 11.2+0.05 | 11.0-13.0 | 11.7£0.07 | 10.0-12.0 | 11.1+0.04
Length of metasomal terga Il & IV | 3.42-3.99 | 3.75+0.01 | 3.48-4.26 | 3.86+0.02 | 3.48-4.06 | 3.79+0.02
Yellow color (%) of the metasoma 40.0-75.9 | 59.0£0.01 | 0.0-55.0 | 6.0+0.01 | 0.0-56.7 | 29.0+0.02
Metasomal slenderness 79.2-90.7 |83.78+0.00 | 81.3-95.6 |85.69+0.01 | 82.2-97.5 | 87.5+0.00

Table 3. Monthly mean values of some biological characters of native Saudi (Apis mellifera jemenitica
Ruttner) and carniolan (A. 7. carnica Pollmann) colonies and their F1 hybrid during a single year (July
1992-June 1993). Different letters in the same row indicate significant differences.

. . Monthly Mean Values of Colonies

Biological character - — ; .
Jemenitica carnica first hybrid

Sealed worker brood areas (in?) 415.22454.85 a 267.27+46.74 b 451.48+71.82 a

Sealed drone brood areas (in?) 18.95+5.17 a 7.77+2.36 b 7.90+2.24 b

Stored honey (kg) 2.33+0.20 a 2.83+0.30 a 2.76+0.29 a

Stored pollen areas (in?) 58.14+8.36 a 29.68+5.42 b 25.69+5.46 b

No. of queen cells 2.94+1.45a 1.55£0.49 a 3.6+1.95a

No. of wax cups 10.81+8.21 a 6.93+3.43 a 13.41+3.88 a

consideration, it appears as though the native Saudi honey bees are an ecotype of the
Yemeni race (i.e., A. m. jemenitica s.str.) and one that is ideal for the particular climatic
regimes of the country.

Interestingly, Ruttner (1976) observed significant morphological differences among
workers of the same colony in his samples across Yemeni, Sudanese, and Chadian
populations, leaving him unable to explain these distinctions across the same latitude.
This was also noted by El-Sarrag for honey bees sampled across eight governorates in
Yemen (vide Alqarni 1995), which obviously did not belong to the pure Yemeni race
(A. m. jemenitica s.str.). Migratory beekeeping and the annual import of thousands of
colonies of different hybrids likely explains these observations, as the probability of
pure Yemeni bees crossing with other races and hybrids must be great. Genetic studies
are needed in order to determine the true frequency and effects of such hybridization
in these regions. A great risk of crossing between races in different parts of Saudi Arabia
is to be expected. As already mentioned, regions such as Assir, Baha, Taif, Tihama, and
other parts of the country import numerous colonies from abroad. Importation is pres-
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Table 4. Levels of some behavioral characters of sealed worker brood of native Saudi (Apis mellifera

Jjemenitica Ruttner) and carniolan (A. m. carnica Pollmann) colonies and their F1 hybrid during one year

(July 1992—-June 1993).

Levels given to colonies (1 degree/5 degrees)
Character Season - — - -
Jjemenitica carnica first hybrid
Winter 1.71 1.25 1.63
Hardness Summer 2.63 1.62 2.61
% Variance 21.2+ 12.9+ 23.1+
Winter 2.44 1.72 2.10
Range Summer 2.88 3.20 3.40
% Variance 8.3+ 30.1+ 232+
Winter 3.40 2.80 3.13
Arrangement Summer 3.30 3.20 4.20
% Variance 1.5- 6.7+ 14.6+
Winter 3.50 2.90 3.20
Grading Summer 3.20 3.30 3.20
% Variance 4.5- 6.5+ 0.0
Toral Winter 11.05 8.67 10.06
ot Summer 12.01 11.32 13.41
General mean “20 degrees” 11.53 10.00 11.74
Percentage 57.65 49.98 58.68

Table 5. Worker brood, honey, and pollen stored by native Saudi (Apis mellifera jemenitica Ruttner) and

carniolan (4. m. carnica Pollmann) colonies and their F1 hybrid during winter (Early December 1992—

Late February 1993).

Biological Month Activities of Colonies

Character jemenitica variance carnica variance | first hybrid variance
Worker brood (in}) | Dec' | 1V8Y | sg0 | OLOO T is000 | 10000 3040
Stored honey (kg) ?:l:.. 1?2 -30.5% éég -76.5% ?(1){ -68.1%
Pollen (in?) I;:E.' ;zgg -33.8% g:gg -17.4% 166,8300 -58.3%

Table 6. Flight activity of native Saudi (Apis mellifera jemenitica Ruttner) and carniolan (4. m. carnica
Pollmann) colonies and their F1 hybrid during Early February to Late May (1992/1993).

Time of Activity for Colonies

Observation jemenitica carnica first hybrid
Time of 1 worker flight 5:55 5:56 5:53
Time of last worker return 18:09 17:58 18:13
Time of sunrise 6:02 Time of sunset 18:03
Sunrise temperature 14.5°C Sunset temperature 23.5°C

ently uncontrolled and crosses between colonies are to be expected, resulting in mixed
drones mating with virgin queens, something which has already been observed among
Carniolan bees imported from Egypt.
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Conclusion

Extensive biological, ecological, and systematic studies remain to be undertaken on
honey bee populations across the Arabian Peninsula and it is hoped that this brief
review will direct researchers to the limited available publications and data. Certainly
a question needing further investigation is to origin and distinctiveness of the native
Saudi honey bee populations and whether they are sufficiently different to warrant
separate subspecific status relative to “true” A. m. jemenitica populations in Yemen.
In particular, greater and finer geographic sampling of morphometric data is needed
(as has been applied to populations and ecotypes of A. cerana: Radloff et al. 2010),
alongside extensive DNA sequence analyses. Detailed genomic study of the samples
from these regions along with such finer geographic sampling of morphometric vari-
ables will solve eventually the challenge surrounding the appropriate classification of
the indigenous Saudi honey bees. Given that these subspecies and ecotypes can have
profoundly different biological characters, rendering them able (or not able!) to survive
in the harsh extremes of the Saudi environments, these seemingly basic questions can
have a direct impact on beekeeping efforts. All of these basic investigations into Saudi
bee biology will greatly aid national initiatives to strengthen the beekeeping industry
and economy of the region, demonstrating once more a direct link between largely
systematic research and human agriculture, health, cultural practices, and economic
stability. For the moment we maintain a conservative position in regard to the status of
our Saudi populations and seek to garner larger and more diverse data sources, much
as has been done for near neighbors in Africa and elsewhere in Asia. The Arabian Pen-
insula represents a significantly open field of inquiry for apidological study.
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