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'ABSTRACT

Three groups of Yemeni bee colonies, Apis mellifera jemenifica R. were
housed on their native combs, in three types of movable-frame hives with different
dimensions; Top-bar, Swarm box and Humyari hives, for the purpose of studying their
comparative activities in brood rearing and food storage in Sanna Region, Republic of
Yemen.

_ Colonies housed in Humyari hives gave the best daily brood rearing rates,
following insignificantly by those in Top-bar and Swarm box hives. They produced
broods with high rates in six periods during the year, January, February, June,
August, Spetember and November with the average daily rates of 480.45-973.95,
725.31-985.32 and 730.49-976.75 worker cells /colony in Top-bar, Swarm box and
Humyari hives, respectively. Colonies stored food at high rates during January,
March, June, August and November for poilen and during January, March-April and
September-October for honey. The colonies housed in Swarm box or Humyari hives
stored more pollen and honey than those house in Top-bar hives. Therefore, both
Swarm box and Hymyari hives are recommended for modem beekeeping with
Yemeni bees as they are easy managed during different activities of beekeeping.
Keywords: Yemeni bees, Apis meliifera jemenitica, movable-frame hive, Top-bar

hives, Swam-box hives, Humyzri hives, Brood rearing activity, Food
storage, Stored pollen, stored honey.

INTRODUCTION

According to the Agricultural statistics year book of Yemen in 1995, low
- production of honey per Yemeni bee colony (1.45 kg honey/colonylyear) is
obtained. This may be due to its small indigenous honey bee race, Apis
mellifera jemenitica R. (Ruttner, 1975 & 1986; El-Sarrag, 1988; Khanbash,
1990 and Ei-Sherif et al 1999) and the smail dimensions of their indigenous
brood cells, comb thickness and spacing between mid-ribs of their fixed
combs in the traditional Yemeni hives (Dutton et al 1981; Jaycox, 1982; El-
Sarrag, 1988; Karpowicz, 1989, Jaycox and Karpowicz, 1990; Hansen, 1995
and El-Sherif et al 1999).

Moreover, three are many types of the fixed-comb traditional Yemeni hives,
currently used in Yemen since many years ago, Log hives in Wadi
Hadramout and northern Tihama, Plank hives un Huggariya, Woven hives in
western mountains, southern uplands and Tihama plain, Clay hives in

* The present data were obtained as a part of research and academic work in Sanaa
. University, R. of Yemen during 1992-1998.
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Radaah and Sanaa, Stone bunkers in Wadis of the central highlands, and
foxed-comb box hives of various sizes (Karpowicz, 1989, Jaycox and
Karpowicz, 1990 and Hansen, 1995). In the prime beekeeping areas of the
central highiands and the southern upland, some non-migratory viliage
beekeepers have started to produce more sophisticated box-hives which are
built individual or constructed in groups without frames. The volume of these
boxes is similar to that of deep Langstroth body. Colonies housed in these
hives are left to build their combs in any way they like. in the southemn
uplands more exact copies of Movable-frame hives have started to appear
using bees and lLangstroth-type equipment of Egyptian origin (Karpowicz,
1989). Copies of Longstroth hives and Hoffman frames are used by a
minority of progressive beekeepers, who unfortunately have no appreciation
of the importance of the hee space and the mid-rib comb spacing. Local
craftsman, although highly skilled, cannot be expected intrinsically to
appreciate the need fo maintain exact hive and frame measurements and
they lack the experience, famiiiarity and financial incentive to produce hive of
western type suitable for the local bee race, Apis mellifera jemenitica R.
Consequently the movable frames are rather immovable and manipulations
do more physical harm to the bee colony than do the traditional systems,
which leave the bees alone. Recently, few Yemeni beekeepers development
their beekeeping methods by using modified Movable-comb Top-bar hives for
mediative Yemeni beekeeping with local bee race in the central highlands
and southern uplands of Yemen (Karpowicz, 1988 and Jaycox and
Karpowicz, 1990). A supefrficial appreciation of the benefits of Movable-frame
hives has obviously played an important part in leading beekeepers to
praduce this type of box hives (Karpowicz, 1989).

According to El-Sherif et al (1999), using Western Langstroth hives
and comb foundation, for local Yemeni bee colonies and their F, Carniolans,
produced significantly larger Yemeni worker morphometrics and gave the
largest morphometrics in the F; workers. The Yemeni bee colonies do not
create a tidy brood nest when housed in Langstroth hives under prevailing
conditions of nectar flows and pollen availability. The productivity of these
colonies throughout the year is influenced by different factors specially
queens age and egg-laying capacity and the supply of both poilen and nectar
(Hussein, 1992; Khanbash, 1992; Abdella, Faiza, 1996 and Al-Humyari et af
1999).

The aim of the present work is to house the Yemeni bee colonies in
three Movable frame hives with different dimensions for the purpose of
studying their comparative activities in brood rearing and food storage in
Sanaa region, Republic of Yemnen.

MATERIAL AND METHODS

Twelve pure Yemeni bee colonies, Apis mellifera jementica, relatively
equal in size and strength were selected from Zaidia bee yard, Hodeida
province, Yemen and transferred in their native hives at the Apiary of
Agriculture coliege, Sanaa University. The experimental bee colonies were
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devided into 3 groups; 4 replicates each. Each group of colonies was hived in
one of the following experimental hives:

)] Yemeni Top-bar (i.e. movable comb) hives.

i) New developed Swarm box hives with transverse movable frames.

1) New developed Humyari hives with transverse movable frames.

The outer and inner dimensions as well as volumes of these hives,
their frames dimensions, comb spacing, number of combs and their areas are
recorded in Table 1.

The bee colonies were housed in each of these types of hives on
their natural combs which were taken from their traditional hives (Log hives
with fixed combs), and fixed by rupper bands in the movable top-bars or the
frames of the experimental hives. The areas of worker sealed brood cells and
those of stored food (Pollen or honey) were measured in centimeter at 12 day
intervals for one year, starting from October 5, 1997 till September 30, 1998.
The measured areas were transferred into number of cells by multiplying their
values by 5.27 celisicm? (El-Sherif et al 1999). Averages of daily brood
rearing rates and counts of stored food cells, were calculated and recorded in
Tables 1 and 3. Statistical analysis were occurred by F-test on the seasonal
and annual daily rates of brood cells {Table 2).

RESULTS AND DISCUSSION

I. Experimental hives:

The outer and inner dimensions of different types of experimental
hives as well as their frames and combs are given in Table (1). The Top-bar
hive recommended by Karpowicz (1989) and Jaycox and Karpewicz (1990)
for mediative beekeeping with Yemen bees, has 21 transverse top-bars (2 x
356 x 3.3 cm each) with hunged combs [15 x (30 x 6} x 2 cm each] and hive
volume of about 30600 cm®. Meanwhile, the newly developed Swarm box
and Humyaris hives were suggested in the present study for modern
beekeeping with Yemeni bees as they are easy managed during different
activities of beekeeping (inspection, feeding, dividing, queen rearing, brood
rearing and honey harvesting). The Swarm-box hive contains 14 transverse
movable frames, each is consisted of fous bars; top-bar (2 x 22 x 2.4 ¢cm), two
side-bars (20 x 1.0 x 3.3 cm each) and ventral bar (1.0 x 14 x 2.4 cm), with
comb dimensions of 20 x 14 cm and hive volume of 20304 cm®. On the other
hand, the Humyari hive has the same volume and number of combs reported
in the Top-bar hive, but each comb is hunged in the movable frames as in the
Swarm box hive. The wax comb thickness, bee space and comb mid-rib
spacing are similar in the three experimental hives and averaged 2 5 0.8and
3.3 cm, respectively. The width, depth and number of cells / inch? of worker
brood cells are also similar in the three experimental hives and averaged 0.48
and 125 cm and 34 worker cells { square inch. Meanwhile, the width and
depth and number of cells / inch? of drone brood celis are also similar in the
three experimental hives and averaged 0.62 and 1.25 ¢ and 18 drone cells /
square inch, respectively.
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Table (1):Dimensions (cm) of three types of hives with their transverse
movable frames and wax combs, used for Yemeni bee

colonies.
. Types of hives
Characters Top-bar hive Swarm-box hive Humyari hive
Hive dimensions
Outer 18x(34 & 20) x 76 25 x 22 x 51 21 x26 x 76
Inner 17x{32&18)x72 24 x 18 x 47 20x22x72
Volume cm’® 30600 20304 31680
Frame dimensions
Top-bar 2x35x33 2x22x24 2x24x24
Side-bars - 20x1x3.3 16x1x3.3
Ventral-bar - 1x14x2.4 1x18x24
Wax Comb
Thickness 25 25 2.5
Bee space 0.8 ) 0.8 08
Comb mid rib spacing 33 33 3.3
Number 21 14 21
Surface dimensions 15 x (30 & 16) 20x 14 16 x 18
Surface area cm’ 345 280 288
Worker cell
Width 0.48 0.48 0.48
Depth 1.25 1.25 1.25
Number / inch? - 34 34 34
Drone cell
Width 0.62 0.62 0.62
Depth 1.25 1.25 1.25
Number /inch®  ~ 18 18 18

IL. Activities of Yemeni bees in experimental hives

The activites of Yemeni bee colonies in different types of
experimental hives were studied by counting their sealed worker brood cells
and stored pollen and honey cells during the period from October 5, 1997 ill
September 30, 1998 at 12 day intervals.

According to Al-Humyari et a/ (1999) this period could be divided into
three successive flowering seasons as main sources of nectar and /or polien
in Sanaa region; the following season of Acacia and Eucalypt trees in Winter
(from the beginning of October till late February), the following season of
Acacia, Peach, Apple and Apricottrees in Spring (from late February till the
beginning of May) and the following season of Zizyphus in Summer and late
Autumn (from beginning of May till beginning of October).

A) Brood rearing :

As shown in Table (2) and Fig. (1), the Yemeni bee colonies in
different types of hives, started to rear workers at high rates in six periods
within the year; being in early January, late February, early June, August, late
Septembert and early November with averages of 973.95, 480.45, 744.29,
657.15, 855.37 and 948.55 worker brood cells / day / colony, respectively in
Top-bar hive. The corresponding figures were 794.31, 725.37, 958.39,
940.68, 985.32 and 948.55 worker brood cells for Swarm box hive.
Meanwhile, the averages were 972.31, 730.49, 97675, 977.72, 888.69 and
780.42 worker brood cells for Humyari hive, respectively.
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Fig. ( 1): Daily worker brood cells at 12 day intervais throughtout the year of
Yemeni bee colonies reared in different types of movable frame hives.
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These findings coincide with those of Hussein (1992) who stated that
Apis mellifera jemenitica in Oman produced broods with at high ratesin
January-February and November and at low rates in June-August, Abdalla,
Faiza (1996) who found that the Yemeni bee queens produced higher rates
of egg-laying in March and November and Al Humyari et al (1999) who
reported that the maximum daily rate of Yemeni worker broods were recorded
in late January, March, October and mid December and those of F;
Carniolan-Yemeni worker broods were recorded in late March, early June,
August and December.

Table(2): Daily workers broad cells at 12 day intervals
throughout the year of Yemeni bee colonies reared in
different types of movable frame hives.

(Ins ction dates Types of hives
pe Top-bar hive  Swarm box hive Humyari hive

| 05/10/97 827.71 424.36 563.73
17/10/97 856.69 448.42 566.72
29/10/97 876.74 473.46 655.48
10/11/97 948.55 541.50 780.42
22/11/97 - 91546 462.27 715.74
04/12/97 734.15 417.14 632.27
16/12/97 834.32 628.03 741.45
28/12/97 - 905.94 705.46 790.21
09/01/98 973.95 974.31 972.31
21/01/98 926.32 694.82 709.34
02/02/98 880.17 519.85 738.38
14/02/98 702.96 460.41 518.75
26/02/98 299.25 313.64 539.17
10/03/98 - 462.70 478.87 576.66
22/03/98 480.45 725.37 730.49
03/04/98 440.25 623.62 645.58
15/04/98 443.75 536.83 557.72
27/04/98 463.47 553.62 612.73
09/05/98 413.21 581.65 468.30
21/05/98 598.95 897.44 854.05
02/06/98 744.29 958.39 976.75
14/06/98 629.96 866.37 937.95
26/06/98 617.48 557.69 716.23
08/07/98 496.72 523.64 718.39
20/07/98 416.03 556.83 806.47
01/08/98 657.15 940.68 977.72
13/08/98 592.01 922.02 709.62
25/08/98 639.12 934.33 702.02
06/09/98 892.54 977.84 603.67
18/09/98 955.35 985.32 . 888.69
30/09/98 921.39 788.34 84591 |
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Table (3) shows the seasonal and annual averages of total worker
sealed brood cells and their daily rates in different types of movable-frame
hives. As regard to the general averages of different seasons, the highest
number of worker sealed brood cells were recorded during Summer and
Autumn Zizyphus blooms and Winter Acacia blooms, representing 44.01 and
40.43% of the annual worker brood production (250668.56 worker
cells/colony) with no significant difference between their daily rates (750.52
and 703.83 worker cells/day/colony, respectively). Meanwhile, the low
number of worker brood cells was observed during bloorning period of Acacia
in the Spring, representing 15.56% of the annual brood production and
526.90 worker cells / colony / day.

Table (3): Seasonal and annual averages of total worker sealed brood
cells and their daily rates of Yemeni bee colonies reared in
different types of movable frame hives.

Seasonal sequential periods
Late Autumn and Sprin
Hive type Winter g il.lll':::l"‘nel':' ;:-ld e’a;rly A "
Acacia Acacia Ypitus nnual average
147 days
144 days T4 days
Top-bar hive
Brood cells / hive 124596.00 3194210 96953.85 253491.99
% 49.15 12.80 38.25 100
Daily rate 865.25+23 .51 431.65+27 15 659.55+49.05 694.50+40.37
Swam box hive
Brood cells / hive 78840.00 39860.84 118623.12 237323.96
% 33.22 16.80 49,98 3 100
Daily rate 547.50+36.63 538.66+56.72 B08.96+50.58 650.20+40.74
Humyari hive
Brood cells / hive 100517.12 45168.86 115403.82 261189.80
Yo 38.52 17.29 4418 100
Daily rate 698.73+35.68 6§10.39425.60 785.06+41.75 715.60+61.15
General average
Brood cells / hive 101351.52 38990.60 110326.44 250668.56
Yo 40.43 15.56 44.01 100
Daily rate 703.83+91.76 526.90+51.93 750.52+45.92 686.76+18.27

F value of daily brood cells between seasons = 20.25* and LSD = 77.28 brood cells.

F value of daily brood cells between types of hives = 0.34

F value of daily brood cells between seasons and types of hives = 8.76* and LSD =133.85
brood cells.

These finding coincide with those reported by Al Humyari et af (1999)
who siated that in pure Yemeni colonies, the highest numbers of worker
brood cells were recorded during blooming season of Zizyplus in both
Summer and Autumn as well as Acacig in Winter with no significant
difference in their daily rates (438.84 and 440.06 worker celis / colony / day,
respectively). _

The data clearly show that colonies hived in Humyari type gave the
largest amount of worker brood cells throughout the year (261189.80 worker
cells / colony) with an annual daily rate of 715.6 worker cells / colony / day),
followed insignificantly by those hives in Top-bar and Swarm box hives in the
annual amounts of worker brood cells (2583491.95 and 237323 .96 worker
cells / colony) and their annual daily rates {694.50 and 650.20 worker cells /
colony / day). These findings coincide with those reported by Khanbash
(1995) who stated that the Yemeni queen bee laid means of 845.6 and 858.8

_eggs /day within 1990 and 1991, respectively, and surpassed those reported
by Al-Humyari et af (1999) who stated that the annual worker brood
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productions of Yemeni bees and their F; Carniolans hived in Langstroth type
were 147771.04 and 394075.56 worker cells / colony with annual daily
averages of 405.96 and 1082.63 worker cells / colony / day).

The interaction effects of seasons and types of hives on the brood
rearing activity had been worked out. The bee colonies housed in the Top-bar
hives  significantly gave the best daily rates during the blooming period
of Acacia in Winter (865.25 worker cells / colony /day). Meanwhile, those
hives in both of Swarm box and Humyari hives significantly gave the best
daily rates during the blooming period of Zizyphus within Surmmer and
Autumn seasons (806.96 and 78506 worker cells / colony / day,
respectively). The least daily rates of brood cells were, however, recerded
during blooming period of Acacia in Spring in the Top-bar hive (431.65 worker
cells/colony/day) and during the blooming period of the same tree in Winter
and Spring in Swarm box hive (547.50 and 538.86 worker cells / coleny / day,
respectively). '

B. Food storage:
a} Stored pollen cells:

Table {4) and Fig. (2) show that Yemeni bee colonies stored polien at
high rates in five pericds of the year; in early January, late March, at
beginning of June, August and November, being 88560, 661.56, 381.11,
468.13 and 401.31 pollen cells / colony for Top-bar hive, 1329.22, 1292 .50,
570.14, 486.37 and 932.39 pollen cells / colony for Swarm box hive) and
855.48, 764.80, 661.01, 917.58 and 932.39 pollen cells / colony for Humyari
hive, respectively.

On the other hand, colonies housed in Humyari hive stored pollen
with less rates (by 2.15-87.85% decrease) in Winter and Spring seasons
" during Acacia blooming period and with high rates (by 18.06-123.36%
increase) in Summer and Autumn seasons during flowering peried of
Zizyphus, than-these housed in Swarm box hive.

The minimum numbers of stored pollen cells were recorded at the
beginning of May, in late June and at the beginning of September when
100.12, 102.13 and 116.15 polien cells / colony for Top-bar hive, 228.83,
118.12 and 140.91 poilen cells / colony for Swarm-box hive and 232.99,
174.43 and 208.3 pollen cells/colony for Humyar hive, respectively, were
recorded.

These finding coincide with those of Hussein (1992) who stated that
foraging activity of Apis mellifera jemenitica in Oman was greater in pollen
collection in January-February and November and lowest in June-August and
Al-Humyar ef al (1999) who reported that the maximum counts of stored
pollen cells in Yemeni bee colonies were recorded in mid-January, early May
and November, meanwhile, those of F, Carniolan-Yemeni bee colonies were
recorded in late January, early May, late July and early October and disagree
with Khanbash and Bin Ghodel (1994} who reported that the maximum
number of polien coilecting bees was recorded in May and the minimum was,
however, obtained in January.
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Fig. {2): Counts of stored polien cells at 12 day intervals throughout the year of
Yemeni bee colonjes hived in different lypes of movable frame hives.
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Table (4): Counts of stored pollen and honey cells at 12 day-
intervals throughout a year of Yemenibee colonies hived in
different types of movable frame hives.

Stored food
Inspe-ction b;f':;:"' “hive (B) Swearm box {C) Humyari hive % increase or decrease
dates Poflen Heney pollen Honey polien Honey (B-A)/A {C-AY/A
cells cells cells cells ceils cells Potlen  Honey Pollen Honey

0510197 26732 205029 446 81 340853 55258 707842 +67.14 +6625 +10671 +24524
1710/87 30130 2358 51 50620 385209 644.88 690129 +88.01 +6757 +11403 +19261
2910097 36220 867.54 60891 4022 78 718.88 7011.00 #6811 +67.57 +98.48 +70815
101187 401.31  966.31 459.89 467330  932.39 6803.06 +138.19 +383.62 +f3234 +6D4.02
2211/97 38125 96976 489.84 3991285 4000 364519 #2848 +30349 +7.54 +275.89
04/12/97 20126 971.01 498.44 90t 650 33282 2467.14  +147.88 +301.81 +6537 +154 08
16/12/97  261.13  931.27 516.45 424096  433.14 1844.56 +97.78 +35540 +65.67 +98.07
281121597 58223 31841 632.34 3454.84  603.27 1090.04 +8.67 +985.03 +361 +242.34
09/0H98 88560 21052 1329.22 292616  B95.48 1064.82 +5009 +128997 +112 +405.80
21/01/98 698.40 230.70 903.52 388308 21825 344779 #2937 +15B3.18 6875 +1394.49
02/02/98 381.00 540.87 562.85 263823 304.00 210818 +47.73 +387.78 -20.21 +289.78
1402098 34341 153839 48589 2820.07 34948 1488.14 +4148 +83.78 +1.77 -3.33
26/02/98 44948 271265 585.91 311599 45766 2024.45  +3035 +1487 +1.82 -2537
10/03/98 56123 31B0.75 874.54 254173 664.43 177655 +5583 2009 +18.39 -44.15
22/G398  661.56 4108.92 1202.50 382230 764.80 3887.71 +8537 £98  +1561 -538
Q3/04/98  302.72 522547 852,90 473000 , 546.96 5239.37 +181.75 -943  +80.68 -39.16
15004/88 26583 179889 898 38 30347 40911 3998.71 +232.94 +7252 45390 +16.10
27/04/98 21561 118990 782.18 285510 397.30 4051.75  +262.78 +130.94 48427  +240.51
09/05/68 10012 94443 - 22883 1869.41 232.99 340785 412856 +97.94 +132.71 +26084
21/05/8 20401 91947 20122 161148 51112 1988.80 +4275 +75.26 +150.54 +116.99
02/06/98 30111 122319 570.14 2721 61 661.01 4334.03  +B435 412332 +919562 +25402
14/06/98 282 52 10777.57 46799 1950.97 59495 2317.89 +6565 +B81.05 +11059 +161.50
26/06/98 102,13 465.98 118.12 1821.67  174.43 202592 +1566 +280.93 +70.79  +334.77
08/07/98 20211 t66838 '287.22 2333293 426.40 216762 #4211 +39.89 +110.97  +2993
20/07/98 30358 1264.80 251.77 233016  436.85 4189.58  -17.07 +100.04 +43.90 +23124
01/08/98 488.13 183062 486.37 1956.42  917.58 1719.72 +3.90 +687 +36.01 -6.05
13/08/98 37489 91531 384.15 3613.06 48940 260614 +2.47 429474 +3054 +184.73
25/08/98 21013 748.59 284.40 2300.69 4248 1700.20 +3534 +207.34 +10216 +127.12
0B8/09/98 116.15 7838.62 140.91 430892 208.03 3458.73  +21.32 +13538 +79.10 +91.12
18/09/58 12817 1664.20 196:91 313434 31075 3069.85 +53.63 +24.39 +142.45 +84.46
30/09/98  150.10  1497.78 397 56 434 45 607.43 2480.10  +164.43 +189.86 +304.68  +65.59

b) Stored honey cells;

Table (4} and Fig. (3) show that Yemeni bee colonies stored honey at
high rates in three main pericds during the year, January, March-April and
September-October. In Top-bar hives, the coionies stored honey with high
rates in late March-early April and in early September-late October with the
averages of 4108.92-5225.47 and 1838.62-2358.51 honey cells / colony,
respectively. Meanwhile, in Swarm-box and Humyari hives, the colonies
stored honey at high rates in iate January as well as in iate March-early April
and in early September-late October. They averaged 3883.09, 3822.30-
4730.00 and 4308.92-4673.30 honey cells / colony in Swarm-box hive and
3447.79, 3887.71-3179.37 and 3498.73-7011.00 honey cells / colony in
Humyari hive, respectively.

The minimum numbers of stored honey cells were recorded at the
beginning of January, in late May, June and August, being 210.52, 919.47,
465.98 and 748.59 honey cells / colony for Top-bar hive, 2926.16, 1611.48,
1821.67 and 2300.68 honey cells / colony for Swarm box hive and 1064.82,
1988.8, 202592 and 1700.20 honey celis / colony for Humyari hive,
respectively.
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Fig. (3): Counts of stored honey cells at 12 day intervals throughout the year of
Yemeni bee colonies hived in different types of movable frame hives.
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These findings coincide with those of Al-Humyari et a/ (1999) who
reported that the Yemeni bee colonies hived in Langstroth type on their native
combs gave two main honey flows in late of September and QOctober,
meanwhile, the F; Carniolan-Yemeni colonies gave three main honey flows,
in early February, August and November.

From the fore mentioned results, it could be concluded that both
Swarm box and Humyan hives are recommended for modern beekeeping
-with Yemeni bees as they are easy managed during different activities of
beekeeping.
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