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Morphometrical Studies of Honeybees in Dinder

Biosphere Reserve, Sudan

Abstract—This study was conducted in Dinder Biosphere Reserve during the dry season (February - May) 2009
and February 2010. Samples of honeybee workers were collected from wild honeybee colonies nesting in tree cavities
and branches at 20 locations that were selected randomly from three ecosystems: the Maya, the Riverine and Dehra.
Furthermore, 25 workerbees were selected randomly from each location, dissected and the measurements of 14 traits
were taken by a micrometer with the help of stereo-binocular microscope. The data was subjected to one way
ANOVA with the three ecosystems as main source of variation. In general, the measurements obtained show that, all
the samples are for bees belong only to the species Apis mellifera. However, the analysis of the results indicated that
the forewing length and width, the percentage of yellow coloration , the first wax mirror width and the distance
between the same wax mirrors were significantly different (P < 0.05) among the bees in the three ecosystems
whereas; the cubital index was highly significantly different (P < 0.01). [In\[JLRl] other words there are indications that

subspecies associate with Riverine, Maya and Dehra ecosystems.
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|. INTRODUCTION

The Sudanese honey bee was classified and nanfgaisasellifera nubica [[1[JLR3]] {Ruttrer—1975pbased on

samples originating from the semi desert zoneQITﬁilRuttné{nLM] noted that the small size and the short
appendices of Sudanese bee were remarkable. Angbrdlie placed the bee in a separate race. Raslaad e
{4984)[2] suggested that there were two independent sulespethoneybees in the Sud&n:m. sudanensis that
was distributed all over Sudan between latitudésa8id 16°N; and\. m. nubica, mixed bees that were
distributed along Sudan-Ethiopian-Ugandan inteometi boundaries. However, Ruttrja} (1988)withdrew the
name "nubica" in favor ofemenitica, a name that included bees from Saudi Arabia, Yei@emn, Somalia,

and Chad. The dwarf honeyb&eflorea was discovered in Khartoum gardens at the vicioiitthe
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International Airport in 198%] (Lord-and-Nagi-1987)Moggal5] (1994)reported that, within seven years of its

discoveryA .florea has advanced 150 Kilometers southeast along the Bile River by February, 1992. A
survey conducted along the Nile indicated #thaflorea crossed the border between Sudan and Ethiopia at Al
Daim border station on the Blue Nile and also foim¥arenja refugees camp near Mankush town indpihi

[6]¢ENieweiri2010)However theoObjective of this research is to conduct morphoroatstudy of honeybees

in DBR in order to know if there are more than gpecies and their distribution in the reserve.

1132. MATERIALS AND METHODS

Samples of honeybee workers were collected froneyloee colonies nesting in tree cavities and on tree
branches at 20 locations that were selected rarydibath three ecosystems: the Maya, the Riverinelelara.
Furthermore, 25 worker bees, randomly selected raoh sample, were killed in boiling water to eedutl
extension of their proboscis. They were then preskin a solution of ethanol, glycerin and distlleater
£(1:1:1 by Volume) 7 |as-mentioned-by-El Sarragral{(1992}. The samples were then washed 3 to 4 times in
distilled water. The wings were removed before mati®n, and the bees were then heated in 10% potassi
hydroxide solution (KOH) for 20 to 30 minutes tasare complete maceration. The workees were then
cooled and washed with distilled water. The follogvparts were dissected from each individual wortker
proboscis, the right antenna, the hind leg, theltsiiernite and the third and fourth abdominalitesg The
dissected parts were dehydrated in a series dhalsolutions (25, 50, 75, 90 and 100%) for abontiButes
in each concentration. After that, the dissectetspaere mounted on glass slides using DPX. Measamesof

the following organs were taken by a micrometehulite help of stereo-binocular microscope:
1. Length of proboscis.
2. Length of antenna (10 apical segments).
3. Length and width of the right forewing.
4. Cubical index.

5. Number of hamuli on the right hind wing.
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6. Length and width of basitarsus Il and the nurmddehair-rows on the inner surface of the same

basitarsus.
7. Percentage of yellow coloration on the thirdahihal tergite.
8. Mathematical summation of the length of thedfsind fourth abdominal tegites.

9. Length and width of the wax mirror in sternitieaind the distance between wax mirrors of the same

sternite.

The data were then subjected to one way ANOVA wtithe ecosystems as main source of variation.

1331, RESULTS

The mean measurements (Table 1) showed consideatd¢ions among the bees in the three ecosystems.
Measurements that were relatively high in the May@sgstem were the antennal length, proboscis leagidh,
the wax mirror width. On the other hand, the nurdfdrooks, the number of hair rows and the lengdtiengite
3+4 were slightly higher in Dehra ecosystem. Measergs that were relatively high in the Riverinesstem
were the forewing length and width, cubital indeke basitarsus Il length and width, the percemtafgyellow
coloration and the wax mirror length. The distabeaveen wax mirrors was equal in the Dehra andriRiee

ecosystems, but relatively higher in the Maya edesys

Table (2) indicated that the forewing length andthj the percentage of yellow coloration in thedhi
abdominal tergite , the first wax mirror width atié distance between the same wax mirrors werdisigmtly
different (P < 0.05) among the bees in the thresystems whereas; the cubital index was highlyifsigmtly

different (P < 0.01).

Table 1: The mean values of measurements taken for the different organs of

honey bee workers in the Dinder Biosphere Reserve

Mean = SD
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Organ Maya Dehara Riverine
N=(7 N = (8) N = (5)
Antennal L ,mm 2.706 +0.223 2.606 +0.168 | 2.576 +0.236
Proboscis L ,mm 5.353 + 0.588 5.301 + 0.503 5.143 + 0.399
" Forewing L ,mm 7.986+0.188 | 7.891+0.099 | 8.025+0.250
Forewing W ,mm 2.833 +0.091 2.843 +0.055 2.926 +0.170
Cubital index 2.018 +0.162 2.108 +0.114 2.204 +0.129
No. hook! 20.790 + 0.379 20.931 + 0.893 20.878 + 0.864

Basitarsus 111 L ,mm 1.891 + 0.055 1.893 + 0.050 1.919 +0.053
Basitarsus IIl W, mm 1.015+0.021 1.016+0.028 1.016 £0.30
No. Hail-rows 8.857 £ 0.254 9.250 £1.103 8.920 £ 0.829

Yellow coloration (%)

66.609 + 2.364

66.408 +1.333

67.693 + 1.356

3.919 +0.196

mm

Tergite (3+4) L, mm 3.784 £ 0.333 3.884 £ 0.383
Wax mirror L, mm 1.209 + 0.086 1.195 +0.127 1.262 +0.227
Waxmirror W, mm 2.756 +0.184 2.510 +0.246 2.615 £ 0.365
Distance between Wax mirror, 1.348 £ 0.092 1.451£0.231 | 1.451 +0.090

N = Number of colonies studied; L = length; W = thi,

Table 2: ANOVA of honeybee workers' measurements in Dinder Biosphere Reserve
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Organs Source of Degree of Sum of Mean ' F
variation freedom Squire Squire Significance
calculated
Antenna length, | Ecosystem 2 0.059 0.02954 |  0.700 INSg[ILRS]
mm
Error 17 0.717 0.04219
Total 19 0.776
Proboscis Ecosystem 2 0.134 0.06718 | 0.255 NSs
length, mm
Error 17 4.480 0.2640
Total 19 4.615
Forewing L, | Ecosystem 2 | 0.064 003222 | 1.030 .
mm
Error 17 0.532 0.03128
Total 19 0.596
Forewing width, Ecosystem 2 0.029 0.01452 | 1.316 *
mm
Error i 17 | o188 | 00104
Total 19 0.217
Cubitalindex | Ecosystem 2 | 0101 | 005072 | 2742 .
Error 17 0.314 0.01849
Total i 19 | 0416
No. hook: Ecosystem 2 0.085 0.04244 | 0.036 NSs
Error 17 19.989 1.176
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Total 19 20.073
Basitarsusm Ecosyste m 2 0.003 0.001453 0.491 NsS
length mm Error 17 0.050 0.002961

Total 19 0.050
Basitarsusu Ecosystem 2 0.001 0.000326 0.472 NsS
width, mm

Error 17 0.010 0.000691

Total 19 0.010
No Hait-rows Ecosystem 2 0.657 0.329 0.479 NSs

Error 17 11.653 0.685

Total 19 12.310
Yellow Ecosystem 2 5.472 2.736 0.872 *
colodration (%)

Error 17 53.312 3.136

Total 19 58.784
Tergite(3+4)L, Ecosystem 2 0.071 0.0354 0.679 NSs
mm

Error 17 1.518 0.0893

Total 19 1.589
Wax mirror L, Ecosystem 2 0.015 0.007259 0.340 NSs
mm

Error 17 0.363 0.02134

Total 19 0.377
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Wax mirror Ecosystem 2 0.227 0.113 1.660 *
width ,mm

Error 17 1.160 0.06821

Total 19 1.386
Distance Ecosystem 2 0.049 0.0243 0.901 *

between Wax

Error 17 0.459 0.02697
mirror,mm
Total ' 19 0507
** P <0.01;* P <0.05. ; NS= not significant ; L = length; W =width.

1|V. DISCUSSION

In general, the measurements obtained in this sthdw that, all the samples are for bees belongtonl
the specieg\pis mellifera. However, the analysis revealed variations in thetéen characters measured. The
variation in the morphometric might be consideradralication that the honeybee samples do not lgeion

one subspecies and even may be obtained as agkbyliridization between the different subspecidese

results agrees wittlifferent authors[8, 9, 10]Elsarrag(19+7)-Saeed-{1981)-and-Mehammed-(1®Ba)found highly significant

differences for allewelve traits they studied and concluded that thepses they studied did not belong to one

race. SimilarlyRashad-and El sarrag (197B),sarrag (1980 Rashad et al (1984Mogga (1988and-El sarrag

et-aH1992 werereported a high degree of regional variation ef $5udanese honeybd@ss, 7 11, 12]

Similar variation was also observed for the neightzpEthiopian honeybeds, 13, 14, 15, 16, 17{Smith1961 Rutther1975b

,and Kenyan honeybegss]

The finding of this study can also be supportedheyfinding of the genetically studied Sudanese

honeybees. El-Niewieri and Morifz9] {2010)studied the mitochondrial discrimination of honegb (Apis
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mellifera) of Sudan. They concluded that, "Sudanese honeytyadations are surrounded by a suite of various
subspecies with different mitochondrial haplotypasluding the O-lineage in the north (Egypt), ¥1dineage

in the east (Ethiopia) and the A-lineage in thetlsand west. Honeybees of the wet savannah anstfore
ecosystems showed the A-lineage, identic#l.tm. adansonii andA.m. scutellata. The honeybees in the desert,
semi desert, and dry savannah of Sudan have thee@gk, similar té\. m. lamarkii andA.m. syriaca

Haplotype; Gwas found in apiaries with imported stock.Mm.carnica). This reclassification of the honeybees
from Sudan has consequences for the interpretafitire biogeography ¢k .mellifera in the Maghreb and

Mashriq regions"

Although Rashad et ] (3984) and Moggd20] {2988)reported that the bees of the Blue Nile State
possessed the largest measurements among thedsButianese honeybees, but when comparing the roeans
the measured characters obtained in this studytivitse obtained in the previous studies we willeobes that
they were very smaller than the Sudanese beeqelthy the different previously mentioned reseache
Moreover, the means of the measured charactersebtai the present study were found to be veryedos
those obtained by Saef] {2981)who studied the honeybees in the White Nile andiNKordofan provinces
and also to the ones obtained by Mofftfl (1988)for the bees collected from the semi-desert zhoaever, this
could be attributed to that; bees from the semedene might migrate ;due to the drought condgiduring
the past twenty years; to the park since it istaradly reserved zone and hence act as an attessit®. This
agreed with Chand|g20] (1976}, Castagné22]{1983)and Hepburn and RadIdff7] {1995)who reported that the migration
of honeybee colonies in the tropics is considesedraevolutionary adaptation to escape harsh pariddlso

as means of exploiting resource available in diffierecological habitats at different times.

CONCLUSSION AND RECOMMENDATION

In conclusion, the predominant honeybee in Dindesphere Reserve Apis mellifera. There are
indications that subspecies associate with RiveNfaya and Dehra ecosystems. However, taxonomigy stud
through molecular genetics and strains should bewtied, especially for the bee in the southerionegf the

biosphere reserve which is not covered by thisystud



UNDER PEER REVI EW

REFERENCES]itre]._

[221] J. B. Castagne, “ L a'piculture an Congo — Bradlfel, Bulletin Technique Appicole 10(4). 1983, pf97 — 208.

[21] M. T. Chandler,” The African honey be&pis mellifera adansonii: the biological basis of its management”,

Proceedings of the First International Congres&pi€ulture in Tropical Climate, London, UK, 1976PP61 — 68.

[63] M. A. A. EI Niwieiri," First report of Apis florea in Ethiopia“, Proceeding of the 6th ConferenceRheven
Referencetoajournal:

honeybee colony), COLOSSES Ankara, Turkey, 5-6&aper 2010, pp. 46.

For Published paper:

[194] M. A. A. El Niwieiri, and R. F. A. Moritz, “Thempact of apiculture on the genetic structure ofiibney

population (Apiamellifera) in Sudan”, Journal dhsect Conservation Vol.14. No2, 2010, pp. 115-1

1. Hilly M, Adams ML, |

[85] M. S. A. El Sarrage, “Morphometrical and BiologiStudies on Sudanese Honeyb&pis mellifera L. (Hyf tha mniica amhrun Clin

Apidae)”, Ph.D. Thesis. Cairo University. Egypt {ZBLR7]).

[126] M. S. A. EL Sarrage, “Some Characters of Sudahseeybeepis mellifera L” , 2naInt. Conf. of Apic. In Tropic.,

Climate, New Delhindia (1980), pp. 301 - 309.

[7A M. S. A. EL Sarrage, A. A. Saeed and M. A. Hussé&Wlorphometrical Study on the Sudanese Honeybgéstrnal

of King Saud University of Agricultural Science Vol. 4, 1992, pp. 99 — 108.

[178] H. R. Hepburn and S. E. Radloft, “First approxtioa to aphenology of the honey bee (Apreellifera) and flora of

Africa, Oeceologia. 101, 1995, pp. 265 - 273.

[159] A. Kassaye, “The honey bees (Apis mellifera) dfiBpia- a morphometric study”, M.Sc. Thesis, Agttaral

University of Norway, As, Norway, 1980R8]. .

[426] W.G. Lord, and S. K. A. Nagi, “Apifiorea discovered in Africe” , Bee World 68(1), 1987, pp. 39 - 40.

[1831] M. D. Meixner, F. Ruttner, N. Koeniger and G.Kager," The mountain bees of the Kilimanjaro regamd their

relation to neighboring bee population&hidologie, 20, 1989 ,pp. 165 - 174.

[12] J. B. Mogga, and F.[R9]. Ruttner, “ApisFlorea in Africa: source of the founder populatiof8ee world, 69, 1988 pp.

100 - 103.

[2013] J. B. Mogga, “The taxonomy and geographical \ility of the honey bedpis mellifera L. In Sudan”, M.Sc. Thesis,

University of Khartoum, Khartoum, Sudan, 18810].



UNDER PEER REVI EW

[254] J. B. Mogga, “Comparison between the daily fligltivity of Apis mellifera y¥emenitica R. andApis fFlorea F. in

Khartoum,Apidologie 25, 1994, p. 490.

[105] M. A. H. Mohammed, “Morphometrical Studies on legrbees (Apisnellifera L., apidae: Hymenoptera) in the

Southern Sudan (Eastern and Western Equatoriarme)j M.Sc. Thesis. University of Khartoum, Sudéir§84JLR11]).

[1626] S. E. Radloff and H. R. Hepburn, “Multivariateadysis of honey beeg\pis mellifera Linnaeus (Hymenopter: Apidae)

of the Honey bees of AfricaAfrican Entomology, Vol. 5, 1977, pp. 57 - 64.
[117] S. E. Rashad, and M. S. A. El sarrag, “Beekeepirfsudan”Bee Wold, 59 no 3, 1978, pp. 105 — 111.

[228] S. E. Rashad, M. S. A. El sarrag, and M. A. Hirss&lorphometrical Studies on the Sudanese honeybge

unpublished report, 1984R12] .

[19] F. D. Ruttner, “Biological and statistical mettsoals means of an indigenous intraspecific classifio of honey bee” ,

XXV . Int. aApic.|CongJLR13], 1975a, pp. 360 — 362.

[1420] F. D. Ruttner, “Races of bees”, “In The hive ahd honeybee, ed. C.|P. Dad#®14]", 1975b.

[21] F. D.[Ruttne}[nLRlsl, “The present Knowledge on the Taxonomy of Africaces of bees”, Proc. Apim. Int. Symposium,

Apimondia,city, country1976, pp. 50 — 54.

[322 F. D. Ruttner, “Biogeography and Taxonomy of hpbees” ed.Springer Verlag ,Berlin, Germany(1988) .
[923] A. A. Saeed," Morphometrical Studies on honeys@gismellifera L. Apidae, Hymenoptera) in Eastern ,

Western and Central Sudan”, M.Sc. Thesis, UnivedfiKhartoum, Sudan, 1981.

[1324] F. G. Smith, “The Races of honey bees in Afrid@&e World 43(10), 1961, pp. 255 - 260.



