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" Your LordAinspired the bees, saying: '"Build your

" homes in the mountains, in the trees, and in the
hives which men sh?ll make for you. Feed on every

- kind ofvfrﬁit, and follow the trodden paths of your
Lord." - From ifs belly comes forth a fluid of many
-hues; a medicinal drink for mankind. Surely in this

there is a sign for people who reflect.

The Koran, Chapter of the Bee (No.16) : 68-69.



The biology of‘Apis}spp; in Oman with special reference to Apis florea Fab.
. by»Robert P. Whitcombe
ABSTRACT

In northern Oman, Apis florea is widely distributed and is _
Aménaged.for honey production on a small scale; Apts mellifera jememitica
is kept in log hives in the Jabal al-Akhdar. Florea nest-sites were .
'investigateda 4 Avoidance of exposed positions in date-palms and prefer-
ential selection of sites in the SE sector of trees indicated that a micro-
.climate which facilitated thermoregulation and foraging was important.

Some florea keepers also considered nest-site orientation and exposure
important and sited colonies accordingly. Omani methods of florea
management are described, especially of one man who kept up to 30 colonies,
moving them between shady date-garden in summer and a sunny location in

the plains in winter,

Florea foraglng activity and brood-nest thermoregulatlon were
adapted to a hlgher range of ambient temperatures (T ) than jemenitica.
The lower threshold for flight was c. 18°C for fiorea, 12°¢ for Jemenitica;
peak activities were at c. 30°C and 22°C respectively. Florea brood-
re&ring, particularly in small colonies, diminished during winter and this
'wés_attributed to poor thermoregulation at low TA; brood-rearing in summer

conﬁinued at higherllevels despite floral dearth.

Floral calendard for 3 habitats are presented; flowering
patterns and florea and mellifera foraging strategies are discussed,
Adequate (florea) colony development by April, for swarming and exploit-
ation of the main Acacia tortilis/Prosopis cineraria honey flow, depended
'on'thg use of mény_minor forage sources in early spring. A second -
developmental peak and honey flow came in October/November from Ziziphus
spiﬁa—christi. " Records of Omani-managed florea and colonies in hives’
~indicated an increased abscondlng tendency in summer: causes of abscond-

'1ng (predation, mlcrocllmate, dearth) are discussed.

. Hives to prevent florea absconding and facilitate honey
extraction met with mixed success. It seems that certain adaptations

" of florea to tropical environments makes them less well suited to

- management.
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CHAPTER 1

GENERAL INTRODUCTION : LITERATURE ON APIS FLOREA, ITS NATURAL

HISTORY AND THE DISTRIBUTION AND ORIGINS OF OMANi HONEYBEES

1; Status of ecological research on honeybees

Wilson (1971) recognized 3 overlapping phases of research into
~ social inéects, (i) natural history, (ii) physiology and (iii) population
(colony) biology/ecology. ‘ Progress on these 3 aspects has not been evenly
balancéd for honeybees. In 1976, shortly before my arrival in the
Sultanate of Oman té inyestigate tﬁe biology and management of the sub-
species of Apis mellifera L. named jemenitica by Ruttner (1975) and, in
particular, of Apis florea (Fabricius) the Little or Dwarf honeybeé,
J. Louveaux wrote: "When considering the ésponishing mass of scientific
work'devoted to (honey) beeé, one is hit by-the.disproportion which exists
Eetween the innumerable investigations in the fields of physiology and
behaviour and those, very much rarer, which concern ... ecology ....
especially'if one takes account of their huge geographical distribution.
. This includes'temperateAclimatic zones as weil as semi-arid, sub-tropical
oflffopical zones and offers, consequently, a large variety of ecological
cpnditions."

. Some of the gaps in our knowledge of the ecology of temperate and
- trppiéal Apis melliféfq are now being filled (see Winston et al 1983 for a
recent review) but thorough research on nearly all aspects of the biology
of Apts flqrea, including its ecology, is still scarce and much of our
‘present uﬁderstanding of this species is drawn by inference from studies on
Apié meZZiféra. ‘Seéley (1983) gives the most modern review of the
écological adaptations éf all 4 Apis species and he stresses the importance
of prédation in moulding the nesting and defensive behaviour of the 3 Asian

honeybees, Apis dorsata, Apis cerana and Apis florea.

v



So, despite Apis florea having been referred to in over 100
publications (Free 1981),detailed Qork on all of Wilsen's (1971) 3 phases
was stili urgently required in Oman and in the other parts of its range.
Laboratory facilities not being readily available in Oman and because
Apis onred physiology could be studied elsewhere, my research was
concentrated primaril& on stage (i) natural history but also on (iii)
ecology and on Apis florea management, This was appropriate because of
the extreme nature of the Oman environment, which could be expected to
reveal particularly clearly any special adaptations of ApZs florea and
because northern Oman was the only place in which Apis florea was known
to be maﬁaged for honey production (Dutton & Simpson 1977; Dutton & Free
1979; Williams 1979).

For brevity, Apis florea, Apis dorsata, Apis cerana, Apis
mélliféra sensu lato and Apts mellifera jemenitica have been referred to
in the text of this thesis as florea, dorsata, cerana, mellifera and

jemenitica respectively.

2. Main sources of reference on Apis florea and Oman

Crane (1967, 1978) and Morse (1970) have published comprehensive
biﬁliog;aphieé on florea and Free (1981, 1982) has reviewed the bulk of
this literature and pointed out the fragmentary nature of the information on
the biology of this species, I believe that, in part, this must be due
to the tendency of florea to abscond when disturbed and to the low yield
6f honey per colony and because these two properties in turn have meant
that florea, unlike mellifera, cerand and dorsata, has not been a major
honey source (except in Oman) though its honey is widely esteemed (Muttoo
.1956; Crane 1975a).

An outline of the.natural history of florea is given in the next

section (3), but for the aspects of the biology of florea that are covered



in'this'thesis, the pertinent literature is discussed in more detail in
the appropriate chapters. For aspects not covered, Free's (1981, 1982)
reviews should be consulted. Since Freé's papers, however, the results
of a major investigation on the defensive strategies of cerana, dorsata
and onred in Thailand have been published (Seeley 1982b, 1983; Seeley
et al 1982). The main paper (Seeley et al 1982) contains much new
information on florea; thé data had beén systematically gathered and
analysed which was not the case with many of the earlier florea studies.
.Seeley'et>al's field work overlapped in time and scope with my work in
Oman, but our fiﬁdings and conclusions have not: all been the same.
However, it has ﬁeen useful to be able to compare the two studies and to
consider whether or not the apparent differences are genuine and, 1if so,
do they reflect divergent adaptations to contrasting conditions in Oman
and Thailand.

The only other Ph.D. thesis on florea (Akratanakul 1977) was
also based oﬁ investigations in Thailand. The ecological aspects of the
thesis were primarily descriptive and have been superseded by Seeley et al
(1982) while the behavioural aspects concerned subjects not tackled in
deﬁéil in my thesis; repeated comparisons of the results of the two theses
have therefore not proved necessary.

‘Hawléy (1977), Gallagher & Woodcock (1980), Durham University (1978-1987)
and the Journal of Oman Studies and its Spécial Reports on the 1975 and
1977 Oman Flora and Fauna Surveys provided essential background information
on the Sulténate of Oman, especially its physiéal, biotic and cultural
ehvironmenf; they set the scene for this research so that the study could
be viewed in a local éontext. Additional literature of relevance was
traced through various biﬁliographies on Oman (King & Stevens 1973;
’Shannon 1978; Dﬁster 1980; Clemeﬁts 1981).. Appendix II gives details of

atmospheric femperature and relative humidity in northern Oman, the former



being of particular importance to florea, and Appendix III provides a

guide to the flora, including honeybee plants;

3. Apis florea natural history

Based on my own observations in Oman and supplemented by
descriptions in the literature, the principal features of the florea
colony and its life cycle are outlined here. The basic characteristics

(caste system, developmental cycle of individuals, colony reproduction,

nutrition ie nectar and pollen, wax comb and so on) appear to be much the

same as for mellifera as described by Butler (1974), Free (1977) and many
others. However there are also numerous differences in detail, some of
which may be of ecological significance, and these will be considered
throughout the thesis.

The single comb nest of ‘florea is usually attached to twigs or

branches of trees, to the roofs of small caves or to buildings, but not in

" (near) completely enclosed sites like those used by mellifera. The cells

of the upper portion of the wax comb, close to the supporting structure,

‘are generally extended for honey storage so that the thickness of the

comb near the support may bg 3.5 - 6,2cm, individual cells reaching a depth
of 3.0 - 4.,0cm (Franssen 1932; Thakar & Tonapi 1962; Sakagami &
Yoshikawa 19f3). In Oman I recorded honeycomb thicknesses of 10.5cm and
individﬁal cells 5.4cm deep. Below the honeycomb pollen is stored in a
bana of'l - 4 or more cells and below this the worker brood is reared in
célls 6.9 to>9mm deep and 2.7 to 3.1lmm in diameter (Franssen 1932; Thakar
& anapi 1962; Sakagami & Yoshikawa 1973). In Oman cells were approx.
9mm in depth and were 3.1 - 3.3mm in diameter; most combs were constructed
56 that the cells were vertically-sided, és Mérse (1983) found for florea

elsewhere in Asia.



'The wdrker eggs, larvée and pupag'(in sealed cells) often occurred
in a pattern of concentric rings and according to Sandhu &‘Singh (1960) in
India the total development period fromAegg to adult was 20 - 22 days
(méaﬁ'20;68). From photographic recordings on a strong colony in April -
May 1980, not yet fully analysed, my impression was that theAdevelopment
period in Oman could be a little shorter, perhaps 18 - 20 days.

During seasons of abundant forage and when a colony is strong,
drones are reared in larger célls below the worker brood., After the
emergence ofithe adult drones, wax would often be deposited around the
periphery of the cells, restricting the entrance and making them circular
rathef than hexagonal in appearance; honey was sometimes stored in these
empty'ceils. Akratanakul (1977) too has observed these two traits in
Thailand. My observations in Oman also indicated that, unlike worker
beOd cells which would be used several times over, each drone cell was .
~§n1y used once for brood and new drone comb would be constructed if a
 rcqiony went thrbugh two swarming phases in a zeason.
| | ' 'Swarm queen cells were usually attached to the lower edge of
' dfoné comb. ; Akratanakul (1977) found 3 - 13 queen cells per colony of
.22 examined, but up to 15 - 20 have been recorded (Chatge 1949). Colonies
that have 1o$t their queen may produce up to 19 emergency queen-.cells by
| e#tending worker brood cells (Sakagami & Yoshikawa 1973; Akratanakul 1977;
Free & Williams 1979); if the queen is not replaced, '"laying workers"
_usuéilykdevelop within the colony (Kshirsagar et al 1980; my own
} observafions).

One colony I had in an experimental hive (No. 5) did build c. 17
queéﬁ cells directiy'onto the lower edge of the wquer comb, producing no
‘-drone.celis at all, but on the infrequent occasions that I saw such queen

éélls (éttached’to worker comb) they were usually few in number (eg 1 or 2)



éhd on small colonies thét I deduced had been recently established.
By_mafking queens with paint I have confirmed Akratanakul's (1977)
observation that it is the old one that leaveé with a colony's prime swarm;
and before the émergence of new queens (as in mellifera) and therefore I

‘believe that fhese queen cells attached to the worker comb of small colonigs
‘were not swarm cells, but supersedure cells for the replacement of an old
queen.

- Dufing the summer, some florea colonies in Iran were estimated

-té have populations of 30,000 workers (Tirgari et al 1969), but Seeley et al
(1982)~measuring that of 12 colonies in Thailand found a mean and standard
.deViation of 6271 * 4957. In Oman, a medium-large sized colony (28.5cm

" high by 28.8cm wide with the bees, the comb 25.5c¢m by 26cm without) that
I sacrificed on 5.viii.80 contained 6,165 workers, 77 drones and 1 queen
(40;workérs and 21 droﬁes had been removed 6 days earlier) and from measure-

.ménté of the weigﬁ; of the bees in this and otheg colonies, I believe that

‘ ﬁhe 30,000 estimate of Tirgari et al represents an exceptional rather than
typical colony populatioﬁ.

The bees form a "cﬁrtainh, 1 - 3 or more workers tﬁick, that

ienﬁelopéé the comb in strong colonies. ~ In Thailahd Seeley et al (1982)

g consider that this “curtain's" primary function is to protect the cblony,
itg Srood and honéy, from predators, but as discussed in Chapters II and V
its role.in brood thermoregulation may be as, if not more, important in Oman.
Whatever its fungtions; thé curtain makes observations on the brood and food
stores and on the behaviour of adult workers and the queen beneath, extremely

4difficu1f'without_some interference to the colony. In contrast, the forage

‘qommuhicatibn dances are readily visible; they are usually performed on

the near horizontal platform provided by the top (‘crest") of the honeycomb

and have been described and investigated by Lindauer (1957), Akratanakul

(1977), Free & Williams (1979) and Koeniger et al (1982).



Little is known about the swarming process in onréa (Free 1981)
though in Oman large colonies are reported to produce up to 8 swarms a

year (Dutton & Free 1979).  Akratanakul (1977) reported an "interim"
cluster site for a reproductive swarm 20m from the parental nest, but
made no further observations so it may even have stayed at this site;
as discussed in Chapter VI, I came cross only one likely, but circumstantial,
instance of an interim cluster site, so more evidence is required to confirm
the existence éf such behaviour and establish its frequency. Likewise the
absconding behaviour of florea is poorly understood, though the prevalence
of this trait has been widely reported in the literature; I have made some
preliminary observétions on the behaviour of colonies prior to swarming
and absconding, but they are not presented here.

As considered in Chapter VI, there has been confusion as to
ﬁhether swarming and ab;éonding by florea extends to long distance migration
as in d0rsata.(Koeniger &'Koeniger 1980) or is a purely local phenomenon.
Statements such as Thakar & Tonapi's (1962) : "A. floreua is highly migratory.
They periodically migrate between plains and adjacent low hills according
to seasonal variations in forage availability ... They are essentially
adapted to plains up to 1500 or 2000ft though they may be rarely seen

| migrating up to 4000 to 5000ft in hills, Muttoo 1956" are potentially
misieadipg without sﬁpporting evidence and details of the distances travelled,
particulafly when the author quoted (Muttoo 1956) gives no data either.

"This bee (florea) is common in the plains of India, up to about 1500 feet
(500 metres). It migrates up to 4000 feet."  Whether the absconding of
florea inﬁolved long distance migration in Oman was also not clear, though

'it_was inferred in the reports of Dutton & Free (1979) and Williams (1979).
That lgggl movements of less than 500m do occur has been indicated adequately
(Tirgari et al 1969; Tirgari 1971) but this is not migration as I understand
Ait. Diminution inAthe supply of forage, temperature changes and invasion

by enémies have been invoked as causes of absconding (Free 1981).



4. Previous studies on honeybees in Oman

.4}1 Apts mellifera jemenitica

In northern Oman Jemenitica is kept in cylindrical hives (sing.
"tubl", pl. "tubul™), hollowed out from sections of date-palm trumk,
under a traditional form of management outlined by Dutton & Free (1979)
and Williams (1979). Until the advent of beekeeping programmes in the 1970s,
Jjemenitica in Dhofar was entirely wild, but nests were robbed for their
honey, esﬁecially in the hills (Berkeley 1979). Lorimer (1908) reported
that beeswax was exported from the region. Both populations of jemenitica
have been the subject of modern apicultural projects involving Langstroth
hiQes and this work has been described by Manley (1978, 1980), Berkeley
(1979) and Dutton et al (1982). Various unpublished reports to the Oman
Ministry of Agriculture and Fisheries and Durham University by A. Berkeley,
M. Manley, P. Boyles and J. Karpowicz contain further information. More
de;ailed research on jemenitica in Oman, particularly its biometrics but
with initial observations on its ecology and suitability for beekeeping,

is given in Dutton et al (1981).
4,2 Apts florea (with records of attempted management in India)

Prior to 1977, attempts at managing and hiving florea had only
been recorded from India (for references and discussion see Free 1981;
Whitcombe 1982a and b; this thesis Chapter VIII), but it appeared that none
of .the "experiments" met with much success and that the techniques employed
were nét,adopted more widely. Dutton & Simpson (1977) gave the first
authentic report of a man successfully managing colonies éf florca for
their yield of honey and this was in Oman at the SE corner of the Arabian

peninsula and at the westernend of the species' range. Dutton & Free (1979)

and Williams (1979) made further observations on the practices of the bee-



'keepér, Humayd bn Sulaymén al-Shimili, and Free & Williams (1979) made
preliminary ihveétigations on aspects of florea colony biology.

Humayd brought wild colonies to his village from neafby mountains,
installing them in artificial caves, cavities in ruined buildings and in
trees. A split stick, usually a section of date-palm frond ("éoora"),
was used to support the comb but the method had disadvantages in that when
the héney crop was reﬁoved, the wax comb was crushed and discarded and not
re-united with the brood comb. Furthermore, the florea in Oman, as else-
where, exhibited the absconding habit so to maintain and increase the
number of his colonies the beekeeper needed to discover and collect more
wild ones; nevertheless it was said that colonies with queen cells could
be divided and Eﬁat this helped to prevent swarming.

Dutton & Free (1979) described a preliminary attempt to induce a
colony to use separate frames for honey and brood (one above the other);
it showed some promise but the bees absconded. The beekeeper gave some
indication of the seasonal patterns of colony movement/migration and of
. the main brood rearing and swarming .seasons (Spring and Autumn).  The main
honey harvests followed these and were associated with the 'semra" tree
Acacia tortilis and "sidra" tree Ziziphus spina-christi, respectively;
lucerne (Medicago sativa) and newly mature dates 'rutub" were also thought
to be sources of "nectar". Identifying the sources of forage for fiorea
and jemenitica in Oman was to be one of the important objectives of this
study (Chapter VII). For these plants, authors of latin names, detaiis
'of'distribution and so on are not given in the text but can be found in
Appendix IIIL. Wheré known, Oméni names for such plants and of other
ofgapisms and artefacts associated with beekeeping and of relevant geo-
'graphical terms; have been translitterated from the Arabic and given

within quotation marks.
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The biological investigations of Free & Williams (1979) were
primarily concerned with the behaviour of individual bees eg of foragers
and their dances on return to their nest, and with the role of pheromones
(natural and synthetic) in attracting workers to the nest, in marking
sources of forage, in colony defence and in the response of workers to
the queen. Though the continuation of such work was of practical and
academic interest, I had no synthetic pheromones available and chose not
to follow up these investigations in any detail.  However, Free & Williams'
observations on absconding were pertinent to this ecological study of
florea and were a stimulus to the research presented on this topic in
Chapter VI.

Some preliminary findings of my research have already appeared
in press (Whitcombe 1980, 1982 a and b, 1984; Dutton et aZ 1982) and in
unpublished reports to the Oman Ministry of Agriculture and Durham

University.

5. World distribution of Apis florea and the other Apis species

Florea has a tropical and sub-tropical distribution from

Indonesia in the east, through south—east Asia and the Indian sub-continent
to Pakistan and southern Iran in the west (Stitz & Szebe 1933; Maa 1953;
Pourasghar 1979). A, Abdul-Wahid (pers. comm.) states that it also occurs
in Basra, southern Iraq, and it has recently been recorded oﬁ the southern
-coast of the Arab Gulf at Abu Dhabi island (Brown & Hamer 1983). Though
speciméns‘of florea from "Muscat' were reported over 50 years ago (Dover.
1929) and Shepherd (1961) tells of being entertained with wild honey

(which must have come from floreaj in the Wadi Jizzi, northern Oman, no
ldetails of its presence in Arabia were known until the report of Dutton &
Simpsbn (1977) about its use for honey prodﬁction in the Dhahira region

of Oman,



11

'Crane (1983a) gives a mﬁp showing the approximate world
distribution of florea, and of mellifera, cerana and dorsata in their
native ranges. Mellifera is widely distributed with various races
native to Europe, Western Asia and Africa, while cerana occurs in eastern
Asia, including India and Pakistan; both species occur in temperate,
sub-tropical and tropical climates. Dorsata has a tropical and sub-
tropical distribution similar to that of florea, but does not occur so

far west, being absent in Iran.

6. Distribution and origins of the honeybees of Oman

6.1 Apis mellifera jemenitica

The surveys that were performed throughout the period of field
work; with assistance and additional information coming from A.G.M.
Berkeley and M.J.D. Manley in particular, have elucidated the distribution
of jemenitica and florea in Oman (Figure 1.1). Major Omani place names
ﬁentiongd in the thesis are also given in Figure 1.1, while Bartholomew
| (1977), Hﬁnting (1977) and Oxford:University Press (1980) show further
names and features; smaller places are given on 1:500000, 1:250000 and
Al:IObOOO maps prepared by the UK Ministry of Defence.

Other than the wild population in Dhofar, jemenitica was
restricted to the central region of the Jabal Akhdar where the highest
" mountains, up to 3,000m,occur. The colonies were nearly all kept in
; date-log hives at sites in the villages and along wadis, mostly at lower
altituaeS‘ (300 - 1,000m). At Shurayjah and Al Yayna (ait. c. 2,000m) near
Sayq, empty hives were found (palmlogs split in half, length-ways, to
faciligate transport by donkey, date-palms being absent in situ). The
demise Qf the hbneybées was attributed by the Omanis to thé effects of
bémbing during the "Jabal War" in the 1950s (see Shepherd 1961 for personal

account), the hives being partially buried in rock falls, and/or to the use
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. Jemenitica, and bee-keepers in northern Oman as determined
‘between December 1977 and August 1980,
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of insecticides for control of pests of agriculture and/or public health;
'mismhnagement and dearth of forage ond water, due to droughc/témporary‘
cessation of irrigation supply, were other possibilities, That jemenitica
can survive in this region is indicated in Chapter V. Very few colonies
of jemeniticd were known to exist in the wild anywhere in northern Oman.
It was at one time considered possible that this population of

jemenitica in northern Oman might be a survivor of an earlier, slightly
wetter period and that it was now restricted to this mountain region
which experiences.réther higher rainfall (Horn et al 1977; Horn & Nielsen
'1977a;' Gallagher & Woodcock 1980). Certain components of the vegetation
of the higher parts of the Jabal Akhdar appear to have a floristically -
homologous equivalent in the western Himalayas/east Afghanistan and some
plants and communities are identical or closely related to omes in Iran,
pointing to close biogeographical affinities between the lands across

the Gulf (Mandaville 1977; Miller & Whitcombe 1983). Therefore a
relict population of mellifera of Iranian origin, associated with an
equivalent relict flora, was not inconceivable. However, morphometric
studies (Dutton et al 198l; Ruttner 198l) have in fact shown that the
honeybees of Yemen and Oman were of the same race, jemenitica, and had
‘African affinities; they weré not related to the mellifera found in -
Iran. Thus their biogeographical origin is similar to that of much

of the soufhern Arabian butterfly fauna which is more African than
Oriental in composition (Larsen 1984).

Yet the view of some local inhabitants was that jemenitieca had

been imported and it has come to light, from an old document referred
to by Wilkinson (1977), that the bees were not native but allegedly
introduced to northern Oman during the rule of Imdm/Sultan Séif ibn

Sultan (1688-1711). As discussed in Whitcombe (1984) the bees would
almost certainly have been brodght to Rusﬁaq from North or South Yemen,

where there is a long history of bee-keeping and the bees are kept in

hollow logs or pipes similar to those used in northern Oman (eg Strabo ?7A.D.;
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Pliny the Elder 23-79 A.D.; Ingrams 1936; Bodenheimer 195]; Serjeant
&.Dog 1975; Mandaville 1981; Jaycox 1983 a and b). It is most unlikely
that the bees were brought from Dhofar, for though this southern region

of Oman is closer than the Yemens, there is no history of beekeeping with
the indigenous jemenitica which have been entirely wildlfhere until

recently (Berkeley 1979; Dutton et al 1981).
6.2 Apts florea

'In contrast to jemenitica, colonies of florea, both wild and
managed, were found to be widely distributed over northern Oman, from
Musandam in the north where honey is taken from wild colonies (M. Gallagher
and T. Laréen, pers. comm.), to near the limits of cultivation in the
southﬂ(Biiad Bani Bu Hassan, Ja'ala@n region). No florea colonies or

- foragers were found on visits to Sayq (2,000m) and surrounding villages

~in 1978 and 1979 and it was assumed that temperatures below 0°c in winter -
(Horn et al 1977) prevented survival of florea at this altitude. However,
a colony that was taken and kept there in an experimental hive (No. 9)
survived ffom 23.x11.79 till about 21.1ii.80 when the bees were said to
ﬁave absconded. Though not rearing brood on 17/18.ii.80 when it was still
cold (see Chapter V), the colony must have done at a later date as sealed
broéd and young bees were left in the comb when it was abandoned. I
.subsequently recorded florea workers foraging at Sayq on Clematis orientalis
and Mentha longifolia (28 and 29.vii.80 respectively) and Grahame Vivien
then sent me specimens collected on flowers in the summer (17 August) of
1983. So whéther these foragers were derived from the colony I had intro-
'dﬁced to Sayq, from other resident wild colonies not located on brevious
visits or from colonies moving to this altitude in the summer, it was
evident that florea colonies could occur at 2,000m. Nevertheless it seemed

they were less abundant than in villages at lower altitudes.
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Contrary to Williams (1979), florea does not occur naturally in
Dhofar. However, J. Karpowicz (1980) reported that in September 1980
a-colony remained alive after being carried overland by truck from northern
Oman to Salalah on a packing case, but that it was subéequently destroyed.

When florea arrived in Oman is not known, but its widespread
distribution and local comments that this species was the '"Omani honeybee"
whereas jemenitica is "foreign" indicate that it must have been present
long before the 17th/18th Century when the latter were probably imported. .
If florea arrived without the help of man it is likely that they came
across the present Strait of Hormuz area when it was dry land; this may
have happened around 20,000 B.P., when sea-levels were thought to be at a
minimum, before refurning to near—-present levels by 6,000 B.P. (Al-Asfour
1978; Brice 1978; Mandaville 1977).

However, as discussed in Chapter III, Pt IIB, until man prbvided
numerous sources of water and more abundant forage by digging wells,
constructing "aflaj" (water channels, see Wilkinson 1977) and irrigating
crops, it is thought that florea would have been far more restricted in
its numbers and distribution, assuming levels of rainfall in the past
similar to those of today. Extended periods of drought might even have
made survival of the species in Oman impossible. Archaeological evidence
has indicated that in the Third Millenium B.C. Oman was a land of prosperous
- villages; irrigation based on wells and "gabarband'" (a system of wadi-
‘water retention, also uged“in Baluqhistan) allowed the cultivation of
"~ cereals like wheat, barley and sorghum, and possibly pulses, by 2500 B.C.
and probably earlier (Hastings et al 1975; Tosi 1975; Frifelt 1976;
Berthoud & Cleuziou 1980). Then at the beginning of the Second Millenium
B.C. there was an abandonment of this sedentary, urban life, possibly due
to the development of noﬁadism based on the camel, but early in the First

Millenium B.C. a new civilization developed in Oman, linked to that of
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southern Iran and the first "falaj">were constructed perhaps in the
7th or 8th Century B.C. (Wilkinson 1980).

Therefore conditions suited to florea must have existed in
present—day horthern Oman for much of the last 4,500 - 5,000 years .and,

if the bees were not already established prior to this, it is possible that
man might have introduced them, deliberately or accidentally by boat, from
Pergia;' However, according to the pfeliminary investigations of Professor
F, Ruttner (pers. comm.) the Oman florea are closer biometrically to the
onreé of Pakistan, perhaps indicating old trade connections between these
two regions. Yet parts of westefn Pakistan are closer to Oman's
‘Musandam peninsula (a likely point of florea immigration) than are places
like Dezful in south-west Iran and if Ruttner's Iranian florea samples were
ffbm this latter region and not from sites such as Bandar Abbas (5cross the
Strait of Hormuz from the Musandam) the apparent biometrical differences
between Omani and Iranian florea would be explained ie the Omani florea .

. would be close to the florea in SE Iran/W Pakistan but less so to those
';;in SW Iran. Until theré-is more archaeological, historical or biometrical
evidence, the arrival of florea in Oman and the role of man, if any, must
" remain the subject of speculation. Comparison with the origins of éther
constituents of the Oman fauna and flora is of little help because of the
paucity of information. The most detailed study has been on butterflies
(Larsen 1984). It indicates that there has been only weak penetration of
the oriental fauna into Arabia, but mostly into northern Omaﬁ; this still
".1eaves the origins of florea wide open as Larsen's findings are consistent

with both natural spread of florea and introduction by man.
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CHAPTER II
NEST SITE SELECTION BY APIS FLOREA
A. INTRODUCTION

1. Review of nest site selection by Apis species outside Oman

Natural nest sites of Apis mellifera in temperate regions have
been studied in detail only recently, by Seeley & Morse (1976) and
Avitabile et al (1978). Most nests that they examined were in tree
cavities 30 - 60 litres in volume with a small entrance of 10 to 140cm2
at the bottom; Avitabile et al found that the bees preferred SW-facing
entrances. Experimental investigations on nest selection by mellifera
swarms using paired nestboxes gave similar results, and also showed that
swarms preferred south rather than north-facing entrances (Seeley & Morse
1978). Seeley & Heinrich (1981) considered that the selection of small,
south-facing entrances near the base of cavities apparently facilitated
nest thermoregulation in cooler latitudes of the northern hemisphere.
Similar_nestﬁox experiments by Rinderer et al (1982) have shown that there
was a general tendency for colonies of Africanized mellifera in Venezuela
(hybrids of the,African‘Apis mellifera scutellata and European races of
A. mellifera) tO.6CCupy larger cavities and to accept a wider range of
cavity sizes than European swarms in Louisiana, USA. Winston et al (1983),
however, report that the feral European colonies studied by Seeley &
Morse in the USA are considerably larger than those of Africanized colonies
in Peru, which have an average cavity volume of 22 litres and comb area of
8,000cm2 (23;400cm2 for feral European colonies); the Africanized
colonies they'measured iﬁ Venezuela also had small comb areas, average
.11,300cm2. ‘This evidence is somewhat contradictory; maybe African and

"Africanized mellifera often occupy smaller cavities than mellifera of
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European'origin,»but overall the cavity size range is greater (including
open sites) for the tropical races and the size of the nests within the
cavities may be relatively small. Rinderer et al thought the function
of caQi;y-nesting for tropical honeybees might be rather different from
that of bees in temperéte climates, which have to survive through cold
winters; they suggested that a large cavity with an iﬁsulating air space
around the nest may precondition a colony in a warm climate to coolness,
which woﬁld be important with nest entrances restricted as a defensive
measure against smaller predators.

At the time this study in Oman sfarted, most of the descriptions .
of the nest sites of Apis florea and of the other 2 Asian species of
honeybée, Apis cerana and Apis dorsata,were either incidental or based
on only a few observations and often not backed up with data. For
instance in India, Douglas (1886) noted that florea nests that were
built on thin branches were very small (about the size of a man's hand)
but those in buildings might attain combs of several square feet in
diameter. In Batavia (Javé), Franssen (1932) reported that floreu
combs>were always built on a twig of diameter 1 to 1.5cm, usually not
higher than 4m above the ground and mostly in dense vegetation near the
soil, In India, Ghatge (1949) found florea colonies in thick bushes
or shady places at "low heights'", some so low that they could be worked
at while squattiﬁg on the ground. Also in India, Thakar & Tonapi (1962)
stated that florea usually nested on the branches or twigs of treés,
bushes and thorny creepers that provided protection and partial shade,
but less frequently on rocks, building walls or roofs. The nests were
not as.high and inaccessible as those of dorsata and were exposed to sun,
air und.rnins and though usually protected from the direct impact of

violent wind blasts, were never enclosed in the dark. Pandey (1974)

- working in Uttar Pradesh (India) says that dorsata and florea nest in
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"open, bﬁshy shades' whereas cerana nests in '"dark places'". . Lindauer
(1957) also described the nesting habits of the 3 Asian ApZs spp. and
Kéhirsagar et al (1980) that of florea, but none of the above-mentioned
papers lists quantitative information on the nest sites of florea.

Tirgari et al (1969) had 3 colonies under observation "outdoors'
at Ahwaz, Kuzistan, Iran and found that they migrated in late autummn to
new sites 5 to 100m away where they received maxiﬁum sunshine; in spring -
they again migrated locally into the dense foliage of trees where the
combs were protected from direct sunshine. Tirgari (1971) reported
further that most colonies which were observed in late autumn, winter
and early spring were facing south (the edgés east-west), but the colonies
in summer locations were built in a north-south direction and the sides of
the combs faced east-west. The bees always built combs in locations such
tﬂat the sky was visible from the top of the nests. No data on the nest
sites was presented, but Tirgari concluded that the migration was to
provide.a site with a favourable range of daily temperatures for brood
fearing.

Akratanakul (1977) was the first to record systematically the
nest sites of florea in any detail giving height, nest substrate, nest
direction and shading of 30 colonies. Examination of the data indicates
that most nests were in trees or bushes (one on a window frame) below 7m
héight, in a wide range of situations from being heavily shaded and almost
inconspicuous to poorly shaded and Qefy conspicuous. It was not clear
whether the nest direction recorded referred to the angle at which the
colony "pointed" or the direction in which the most exposed side of the
comb faced. If thellatfer, most colonies faced between NW and NE, but
no explanation'was given for the selection (if any) of nest sites with
this or'any of the other attributes. Absconding was attributed to lack
of food and disturbance/predation, not to unfavourable microclimatic

conditions developing at certain types of nest site.
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Free (1981) considered that diminution in the supply of forage
was probably the main facfor that caused absconding, but that temperature
changes were also important in inducing changes of nest site, and presumably
that temperature factors were involved in nest site selection too.  However,
thesé conclﬁsions are based mainly on the same incidental reports in the
literature that have been quoted above. Without systematic studies as
to the factors determining nest site selection and absconding by florea,
such conclusions caﬁ'only be tentative.

" Like mellifera, cerana nearly always nests in cavities such as
tree trunks, and can also be kept in hives ranging from hollowed-out logs
to modern typesbwith movable frames (Watt 1966; Muttoo 1956). The
nesting behaviour of dorsata,however, is the closest to that of florea
inAthat the bees usually build their nests in the open, attached to the
branch of a tree, overhanging rock or building (Watt 1966; Venkata Rau

1946; Muttoo.1956; Lindauer 1957). Deodikar et al (1977) examined

~ . attributes of 1861 dorsata nests; one conclusion was that branches

with a north—south'axis were preferred, but the data analysis was not
clear and tree-sector occupiéd was not considered. It was suggested
that wind and sun might determine such an orientation but no detailed
"explanation was offered.

The nesting habits of dorsata, however, do mot always appear
to be constant as in some areas aggregations of nests in a single tree
may occur eg 92 nests in one tree in Ceylon (Lindauer 1957), while in the
Philippines Morse & Laigo (1969) found no such aggregations, nor did they
find nests on man-made structures (though this may have been due to their
destrﬁc;ion by the local people). In contrast, florea nest aggregations
"haVe never been recorded and they do not usually nest as high as many
dorsata colonies (Thakar & Ténépi 1962); dorsata nests have been recorded -

at heights of 20m, though they are sometimes found close (lm) to the ground



20

as well.(Morse & Laigo 1969). Lindauer (1957) did not make detailed
comparisons of tﬁe nest sites of florea and dorsata but his descriptions
indicated that, while good views of the sky could be attained from the
nests of both species, florea nested in less exposed positions such as a
"lightly-leaved bush" while dorsata bee-trees "always towered above the
surrounding foliage, and had few leaves when colonized.'" On the other
hand all the dorsata nests that Morse & Laigo (1969) observed in the
Philippines were constructed where there was some overgrowth,.

Thus, despite these various studies there was no consensus
as to the functional significance of the nest sites being selected by
the three Asian species of Apts, particularly florea and dorsata.
Some observations indicated that florea needed é nest chosen to give a
view of the sky and absconded when this was not available. Other
_observations suggested that absconding and selection of a new nest site
were due to food shortage or predation or unfavourable microclimatic
conditions at the old site. So, other than the survey of Deodikar
et al (1977) for dorsata, no systematic investigation of nest site
E seléétién by florea, dorsata or cerana had been conducted before 1977
when this study was undertaken, though Seeley & Morse (1976) had published
a list, mostly qualitative, of various nest characters of florea and
- dorsata that they had gleaned from the literature. However, a knowledge
of the types of nest site sought by florea was of interest and importance
for two réasons: ‘(a) to determine the requirements that would have to be
‘ met in the-design of a hive for florea and the most appropriate sitings
for suéh hives and other colonies under management, (b) to understand
the ecology and evolution of florea, and other Apts sﬁecies, and the
'énvironmental pressures which have shaped them, It-subsequently transpired
that a comparative study along these lines had been carried out on wild

cerana, dorsata and florea in Thailand (Seeley et al 1982; Seeley 1983)
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at the same time as these investigations on nest site selection etc
by florea were being performed in Oman.

Seéley et al (1982) documented the nesting behavioﬁr of these
3 honeybee species far more systematically than had been done before,
and their paper should be referred to for detailed descriptions of Apis
spp. nest sites in south-east Asia. In this major paper they concluded
that predapion was "'a pervasive and powerful force in the evolution of
these tropical bee societies'" with florea focusing its defences on the
detection stage of the predation sequence 'detection - approach - consump-
tion." They considered that florea colonies, being built low on the
branches of dense, shrubby vegetation, were probably difficult for many
of their predatofs to find, but that once detected the colonies were
easily appréacﬁed and overpowered because the nests were accessible and
the stings of the small workers relatively painless. Though appreciating
that the protective curtain of florea workers around the comb contributed
to brood nest thermoregulation; Seeley et al suspected that defense was
its basic function and that "nest invasions were a greater problem than
fluctuations in brood nest temperature."

They also concluded that florea colonies would abandon exposed
" nest sites to conceal their nests from predators, but they did not eliminate
the possibility that excess insolation migﬁt also stimulate colony move-
ment, nor did they consider the light (sun, sky etc) requirements of
florea for communication dances. They interpreted the selection of nest
sites by cerana and dorsata in Ihailand, and other features of their
behaviour, in terms of defensive strategies rather than in terms of nest
thermdrggulation, food shortage or communication dance requirements.
On the other hand Seeley (1983) considered that winter survival was the
main ecological challenge facing mellifera colonies in cold temperate

" regions of the world, and that success in meeting this challenge required
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the selection of a well-sheltered tree'cavity that tightly enclosed the
bees and sufficient honey-filled combs, so that a warm micro-environment
could be méintained.

Since the only thorough investigation of nest site selection
by A. florea is that of Seeley et al (1982), the present results from
Oman will be compared primarily with their results, rather than the other
papers mentioned as most did not even document nest attributes such as
height and substrate branch diameter, However, the Thailand study of
Seeley et al was performed in one dry season only and if A. florea
displays some seasonal variation in nest site choice, there might be some

bias in its results as is explained further in the next section.

2. Prior knowledge of Apis florea nest sites in Oman

When first investigated in Oman (Dutton & Simpson 1977) wild
florea were found nesting in mountain caves or rock niches which was
ﬁnusuél, for elsewhere in its range florea was known to mnest primarily
in trees, as.has already been outlined in the previous section. The
bee-keepers of the Dhahira region of interior Oman claimed that in winter
the colonies were most ‘likely to be found in east-facing caves, where
they would benefit from insolation in the morning, but as the summer heat
increased they would migrate to south-facing caves. Only the mid-day
" sun éhone directly into such caves and was too high in the sky to penetrate
deeply; apparently west—-facing caves were not used because of the prevail-
ing west wind in this region.

| Later studies (Dutton & Free 1979; Williams 1979) revealed that
: fTérea also nésted in trees in Oman; according to their informant some
of the colonies stayed th;oughout the year in trees or bushes, usually
on their south side where they were warmed by winter sun but shaded in

summer when the sun was directly overhead. Other colonies apparently



23

returned to the mountains at the end of the summer. Some colonies in
mountain caves apparently moved further back, away from the cave entrance
when the summer heat developed again, while others migrated to cultivated
areas.

The use of nest sites as described was based on hearsay and was
thus not altégether clear, but to some extent appeared to be seasonal.
Studies based on recorded observations were therefore required to clarify
and establish the verity of this interesting and plausible local
information on florea. It is hoped that, in conjunction with other
chapters, especially Chapter V on temperature regulation, Chapter VI
which considers absconding and Chapters III and IV on Omani bee-keeping
practices, that this chapter will help to identify some of the factors
that influence florea's choice of nest site and the overall role of nest
site selection in the ecological strategy of the species for survival
and reproduction, It should be borne in mind, however, that though
some of these factors may be of significance throughout the range of
florea, their relative importance may not be the same in different regions
depending on climatic conditions, predation pressure etc; so nest site
selection in Oman, an arid area with high summer temperatures but cool
winter nights, may differ somewhat from that in say Thailand, which has
a north—east monsoon producing a dry season and a south-west monsoon
producing a rainy season. Seeley et al (1982) carried out their field-
work in Thailand for 7 months in the dry season, so may not have recorded
the whole picture of florea nest site selection if it varies seasonally;
in Oman, my observations were made over a period of nearly 2} years and

all seasons were covered.
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B. METHODS

1. Finding wild colonies

From December 1977 to Augﬁst 1980 details of the nest sites
of .as many wild florea colonies as could be located were obtained.
More colonies were recorded from Khabura than any other district, but
most regions and habitats within northern Oman are represented. Nests
of florea were usually well concealed so were not easy to trace; the
few colonies I discovered by myself were spotted either by chance or
after several hours of searching.

The best way found to locate nests in bushes and trees in

cultivated afeas was to ask farmers if they had any florea colonies on
their land and, if so, would they allow them to be examined. Most
farms/gardens were less than 2 hectares in area (Dutton & Letts 1982) and,
being intensely cultivated, it appeared that many farmers noticed new
célonies of florea within a few weeks of their arrival, while irrigating
and tending their crops. Some farmers were naturally reluctant to
disclose the whereabouts of such nests as this might draw their presence
to the atten;ion of other people, including children, who might then
disturb them or even take the honey for themselves. In some cases a
colony might be pointed out to me, but on returning to examine it in
more detail aﬁ a later date I would find it had disappeared as the owner,
or someone elée, had decided to take any honey before it was exposed to
my examination or before aﬁother person was tempted to take the honey.
Nevertheless, farmers were generally co-operative and at Khabura the
presence of many éoionies was volunteered to me by local people.

To record colonies in uncultivated areas (in trees in the
.mountaiﬁs and "sayh", semi-desert gravel plains, and in caves) I accompanied

Omanis who were accomplished in finding such nests; it was really a form
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of-hd#e§#hﬁnfing the? practised oﬁ fhese expeditions, but most were
spegialist florea keepers who attempted to re-instate any colony they
. found after taking_tﬁe honey, I was usually shown nests whose where-
abouts were already known, but some of the "hunters" claimed they were
able to find such nests by following the flight line of bees returning
to their.nest from a site where they had been gathering water (cf "Bee-
lining", Seeley et al 1982) and by the presence of yellow drops of honey- -
bee excreta on the rocks in the vicinity of a.nest (cf Chapter I1I, P.121-2),
Local names for these dried specks, with rather unreliable transliteratioms,
were:- "qatra" (literally, drop), "ikus", "kuth", "rayta", "agabz",
Cheedn, |
| | A number of wild colonies were also recorded in buildings and
other mﬁn—made structures, or close to them (often in ornamental plants)
land these were brought to my attention by the householders (Omani and
’ expatriate) who sometimés wanted them removed.

Thus,coibnies from a range of habitats were investigated and
the 176.nest sites fhat were noted (156 in trees, bushes etc and 20 in
" caves, wells etc) must cover nearly the complete spectrum of types likely

‘to be used by florea in Oman.

2. -Nest. site details recorded

When pqssible, the following details were recorded for.each
,nééﬁ:-_j‘
- (1) Loqétion. Type of tree, cave, building, artefact used.
A(ii)- Height above (or below) ground of branch or other substrate
tdAthchjthe colony was attached. In most cases a tape measure waé
used, buﬁ on occasiéns and especially with high colonies out of reach,

an estimate with respect to objects of known height had to be made.
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(iii) Diameter of branch, twig or other substrate to which
the colony was attached. If the colony had been removed from the
branch, several measurements were sometimes made and a mean taken.

(iv) Orientation of the colony, with a compass (maps
indicated that True and Magnetic North were within 1° of each other
in Oman)., This was usually the direction in which the distal end of
the supporting twig pointed. From this, the orientation of the 2 broad
surfaces of the brood comb could be determined. In certain cases, eg
if the colony was on a branch close to a wall, the colony was considered
to face in the direction of the more exposed surface (in this example
the colony faces in the same direction as the colony surface away from
the wall). The compass sector of the tree (eg N,NE, E and so on) in
which the colony was located, usually the same as the direction "pointed"
by the supporting twig, was also noted for a number of colonies. In a
few cases, when a compass was not to hand, the orientation had to be
estimated from the position of the sun and known landmarks. These
measurements gave data in the form of circular distributions and their
statistical analysis was based on Batschelet (1965).

(v) Shade/Exposure. This was the most difficult nest site
attribute to quantify. At any site partially exposed to the sdn, the
shade.experienced will change during the course of a single day, and also
during the course of a year as the sun's arc moves. The shade from
foliage received by nests in trees will also change as leaf fall occurs;
ﬁost trees in Oman were evgrgreen,.but the density of their foliage did
éppgar to vary seasonally. To measure accurately the total sunlight
received at one nest, continuous recordings from several light-meters
pointing in different directions during the course of a year would be
A heeded. | "Spot" recordings at different nests for comparative purposes

would be of little value; even if readings taken at two colonies within
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the space of a week and each at 09.00h were the same, the readings
might be completely different at 15.00h. Variations in cloud cover
would also make such "spot" comparisons difficult.

Instead, a brief visual descriptioﬁ of the amount of shade
covering each colony had to suffice initially eg for a colony in a cave,
1007 shade/protection from directly above the colony might be recorded,
along with a note that sunlight éntered the cave early in the morning,
striking most of the nest. Later during the course of these investigations,
the visual description was supplemented with a shade/cover index on a
0 - 4 point scale, partly taking into account the value of cover from
different directions ie cover from the south being more critical than
from the north. This scale often proved too small in practice to
discriminate between colonies that received visibly different amounts of
shade and such colonies were given intermediate values eg 2/3, 3/4.
Therefore, after all these records were gathered, a more discriminating
O to 6 point scale was created (see below). The descriptions, shade
indices and photographs'for each colony were then examined and a value
on the scale allocated. This allocation was performed "at one sitting"

to ensure maximum consistency of the results.

Index Value Percentage Shade Index Value Percentage Shade
0 0 - 107 T4 60 - 757
1 10 - 30 5 75 - 90
2 30 - 45 6 90 - 100
3 45 - 60

Though this assessment was far from ideal it gave an adequate measure of
‘nest exposure that was similar to the "nest visibility" estimated by
Seeley et al (1982) for honeybees in Thailand, and was a simple method

appropriate for the circumstances.
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(vi) In case there was evidence to suggest florea selected
different types of nest site at different seasons, the owner was asked
when he had first seen the colony‘and if he knew how old it was. From
this information, an inspection of the state of the colony (brood, honey,
stores etc) and knowledge of the seasons when many colonies swarmed
(Chapter VI), an assessment was made as to the date the colony had
arrived in the site. In many cases this was little more than a guess,
not necessarily even accurate to within a month. For instance, a weak
colony first seen at the end of éeptember might be derived from one that
had absconded just 3 weeks earlier after its nest had been robbed.
Alternatively it.might have been a swarm that had arisen after the end
of the Acacia tortilis honey flow (Chapter VII) and had then been present,
unobserved, since June.

(vii) Photographs were taken of some of the more accessible
nests; these provided some of the above information directly and allowed
other details to be confirmed. When a ruler was not in the photograph
dimensions were measured with respect to the length of an adult florea

worker (c. 10.25mm) or several worker cells (each 3.25mm diam.).

Apart from the location, it was sometimes not possible to
record all the details cited above, because of various prevailing
circumstances. For instance, after first seeing a colony, I might
return a few days later to make a proper inspection to find that tﬁé
honey had been taken and the bees had absconded. Other colonies were
located out of reach in the top of dense thorny trees such as Acacia
nilotica and Ziziphus spina-christi. In some such cases estimates were
made of certain meaéuremgnts; these estimates are only included in
figures and tables when they were considered sufficiently accurate to fall

within one of the stated ranges. Reliable informants provided a few of
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the records some of which were confirmed later, eg by traces of wax
still on a tree branch or the roof of a cave.

Measurements from colonies which proved to be queenless were
not included, in case this condition had influenced their choice of
nest site,.

Some of the nest attribﬁtes measured corresponded exactly to
those measured by Seeley et al (1982) eg nest height and substrate
branch diameter. Their O to 6 nest visibility scale may be loosely
comparable (inversely) to my O to 6 shade scale; however, it is probable
that many colonies in their O visibility category were not completely
shaded and would fall into category 5 on my scale. Thus figures on
their scale, which was intended primarily to indicate visibility to
predators, if interpreted as indicating shade (for comparison with results
here) wbuld‘overestimate the proportion of colonies in very shady
positions.

‘Nest habitat was not described in detail, as was done by
Seeley et al (1982), but the colonies were put into broad habitat
categories, Batina Gardens, Interior Gardens etc; the numbers of
colonies in each category reflect: the time spent on surveys there as

well as the relative density of colonies.

C. RESULTS AND DISCUSSION

1. Location of Apis florea nests according to tree type occupied
1.1 Khabura and other Batina records
‘(1) Introduction

Table 2.2 shows the number and percentages of A. florea

colonies found in different species of tree, bush etc in the old,
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cultivated areas (with their aésociated écrub) at Khabura along with a
few records from other villages on the Batina. ~ In order to determine
whether the colonies were selecting any particular type of tree for
their nests it was necessary to compare these figures with the relative
numbers of different trees available. In an agricultural survey of

a representative strip of the Khabura gardens, Dutton & Letts (1982)
had already made accurate counts of the numbers of mature and young
date palms and of (Citrus trees (mostly limes) and measured the area of
land that was devoted to these and other frui; trees and the areas of
deserted land and that with scrub/trees. At least 207 of the Khabura
colonies recorded fell directly into Dutton's survey area, while field
observations and aerial photographs indicated that the areas.in which
the other Khabura célonies occurred were broadly similar in terms of

tree -composition.
(ii) Calculation of percentages of different tree types at Khabura

Dutton & Letts (1982) did not present data for the old gardens

as relative numbers or percentages of different tree types (as required

for this analysis) but it was possible, by rather involved computations,
to derive these figures from several of their tables and figures as
follows. |

Dutton'& Letts' Table 5.7.4 gave mean crop areas per hectare
in the old Khabura gardens from which 7 area occupied by each crop was
calculated (Table 2.la). These figures, though, are different from
relative tree numbers as they do not take into account planting density
‘and exclude some of the intercropped trees ie limes and fruit trees.

- However, Dutton & Letts' Table 5.5.1 gave numbers of discrete
Citrus (489) and of Citrus interplanted with date palms (585) for old

and new gardens at Khabura. Dutton suggested that the overall planting



Table 2.1

gardens at Khabura, Oman.

Relative abundance of different crops and trees in old

Derived from data in Dutton -

& Letts (1982); see text for assumptions and details

of calculations.

(a) Percehtage area occupied by discretely-planted, main crops and

intercropped palms; based on Dutton & Letts' Table 5.7.4 which

gives mean crop areas per hectare for the old, Khabura gardens.

7 Area
Discrete Palms 58.0
Intercropped Palms 7.7
Nothing/Scrub 23,8
Discrete Limes (CZitrus) 2.9
Alfalfa 6.2
Discrete Fruit Trees '1.2
Bananas 0.1
Onions .Ol

(b)

Percentage area occupied by different tree types (with areas of -

intercropping being included twice, once for each constituent

crop, giving a total of greater than 100%), numbers of different

tree types and their percentage of total tree number in c. 105ha

of garden at Khabura.

% Area Nos. of Trees

% Total Trees

. (Discrete)
Date Palms
(Intercropped)
Nothing/Scrub
Discrete Limes (CZtrus)
Intercropped Limes

Alfalfa

Discrete Fruit Trees (including
' bananas)

Intercropped Fruit Trees

Intercropped Other

TOTAL

58.0 7,739 « 014 - 50.5
65.7 '
7.7§ 4,970 « Young »~ 32.4
23.8 1,160 7.6

2.9
6.4 936 6.1

3.5

6.2

1.3
5.3 515 3.4

4.0

.2

107.6 15,320

100
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density of (Citrus was similar whether discrete or intercropped, there-

fore the area of discrete C7itrus compared .to interplanted Citrus will

be at a ratio of 489 :‘585 (this assumes that the ratio of discrete :
intercropped Citrus for old gardens is approximately the same as that
for new gardens; this may be-true, but in any case only a small
proportion, 138 out of 1074 trees, of the (Citrus sample came from the
new gardens). Therefore with 2.97 of the crop area being discrete
Citrus trees, 2.9 x 585/489 =3.5% of the crop area is of (Citrus
interplanted with date églms. The total area of Citrus is 2.9 + 3.5
= 6.47.

With 7.7% of the area of the old gardens being date palms
intércropped with other trees and crops (from Table 5.7.4) but knowing
that 3.5% of the area is of intercropped date palm and Citrus, it can
be calculated that 7.7 - 3.5 = 4,27 of the area is of palms interplanted
with crops other than CZtrus. From field observations and Dutton &
Letts' report this means approximately 47 fruit trees and 0.27 crops
such "as onions,

Thus, adding‘these percentage areas of intercropping to the
.percentage areas of discrete crops already derived from Dutton & Letts'

vTable 5.7.4, gives the overall percentage areas of the various trees
and crops (Table 2.1b) - with a total of more than 100% because of the
inter-cropping.

Having calculated the percentage area of the various crops,
the corresponding numbers of trees needs to be found. From Dutton &
Letts' Table 5.3.2 it can be calculated that the total numbers of palms

(discrete, interéropped and edge) in the area of old gardens concerned
were :- Maturé, 7,739 and Young, 4,970.. Dutton's designation of"young"
palms corresponded broadly to my own (less than c. 3m high) for A. florea

nests that were found close to the ground on their lower fronds.
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From Dutton & Letts' Figure 5.5.1 it can be calculated that
there were 936 (Citrus trees (occurring in 22 of the old gardems) in
the area to which the percentages in Table 2.1b refer. Thus 936 (Citrus
trees occupy 6.47 of the crop area. If the fruit trees, which occupy
5.3%Z of the crop area, are at the same density as the Citrus there
wpuld'be 936 x 5.3/6.4 = 775 of them. However, most of the fruit trees
eg Mango, Indian Almond, are larger than the CZtrus and it is estimated
that 14 Citrus trees are equivalent to 1 fruit tree in terms of area.
Thus it is calculatéd that approximately 775 x 2/3 = 515 fruit trees
occupy this 5.37 of the crop area.

Aerial photographs and field observations indicated that
;pproximately half of the '"nothing/scrub" category was empty but half
was oc¢cupied by trees and shrubs (decacia nilotica, Ziziphus spina-christi
etc) at approximately the same density as the fruit trees. Thus
515 x'11}9/5.3 = 1160 trees and shrubs occupy 11.97 (half of 23.8) of
this area.

These derived figures for numbers of trees in Dutton's Khabura
survey area are presented in the second column of Table 2.1b. From these
figﬁres the percentage of the total number of trees was calculated for
each tfee category; these percentages are given in the third column of
‘Table 2.1b and in Table 2.2 for comparison with the numbers of A. florea
colonies in each category.

From Dutton & Letts' Figure 5.7.3 it was calculated that these
15,320 trees were in c. 105 hectares of gardens (97ha old, including
"empty/scrub”, and 8ha no longer cultivated) at an overall density of
145.4 trees/ha.

Accofding to my own field observations, the primary components
of Dutton's "scrub" category were Acacia nilotica, Ziziphus spina-christi

and the other species listed under scrub/non-fruit trees in Table 2.2;
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these are mostly native and naturalized species that were sometimes
encouraged as shade, timber, ornamental etc trees. Mangifera indica
(mango) and others listed in Table 2.2 were the main species in the
fruit tree category. Dutton (pers. comm.) confirmed that this
categorization corresponded with his. The trees within each category
have been listed in what was thought to be their approximate order of
abundance at Khabura, | These final figures for relative numbers and
percentages of each tree type are the result of rather involved cal-
culations, baéed on Dutton & Letts' data, and a small degree of
estimation. However, they are almost certainly accurate enough to
fall within the range of variation that existed in different parts of
the old Khabura gardens, where most of the florea colonies were found,
and are suitable for use in the. statistical analysis of nest site

selection by these bees.

(iii) Analyses

Expected numbers of florea colonies in each tree category were
calculated (Table 2.2) according to the frequency of trees in each
category, on the assumption that the colonies selected the trees at
random. From these expected numbers and the observed numbers, X2 -
values were calculated to determine whether or nof florea were selecting
particular tybes of tree for nest sites.

Based on Hunter (1962), Selection Ratios for each tree type

were calculated as follows:-

% florea nests in tree type x
% tree type x in habitat

Values < 1 indicate rejection or avoidance of the tree type

Values > 1 indicate positive selection of the tree type



Table 2.2 Selection of trees for nest sites by Apis florea at Khabura and other sites on the Batina coast of ,
Oman. Unbracketed figures :- percentage different tree types (derived from Dutton & Letts 1982),expected & observed
numbers and observed percentages of A. florea colonies in different trees in old gardens at Khabura. Figures

in brackets include a few colonies from similar gardens elswhere on the Batina coast. Selection ratios indicate
selection/avoidance of tree types by A. florea colonies for nest sites. See text for further details.

% Total Trees No. of A. florea Colonies % A. florea  Selection
Colonies Ratios
Expected Observed  Observed
Phoenix dactylifera (Mature)  50.5 33.8(38.4) 7 10.4 (9.2) .206 (.182)
Phoenix dactylifera (Young) 32.4 21.7(24.6) 4 6.0 (5.3) .185 (.164)
Acacia nilotica 6(12) 9.0(15.8)
Ziziphus spina-christi 10(11) 14.9(24.5)
Serub/ Prosopis cineraria 4 6.0 (5.3)
Non-Fruit_ ] Sesbania sesban 1 1.5 (1.3)
Trees | Azadirachta indica 3 45 (3.9)
Euphorbia sp. indet. RPW 792 1 1.5 (1.3)
Acacia tortilis 1 1.5 (1.3)
| Tamarindus indica 1 1.5 (1.3)
L Sub-Total 7.6 5.1 (5.8) 27(34) 40.3(44.7) 5.3 (5.88)
Citrus spp. 6.1 4.1 (4.6) 16(17) 23.9(22.4) 3.92 (3.67) -
Fibng;fera indica. 4 (5) 6.0 (6.6)
Terminalia catappa 3 4.5 (3.9)
Fruit Cordia myxa 3 4.5 (3.9)
Trees  -{ Morus sp. 2 3.0 (2.6)
Punica granatum 1 1.5 (1.3)
Psidium guajava 0 0 (0)
Ficus carica 0 0 (0)
— Sub-Total 3.4 2.3 (2.6) 13(14) 19.4(18.4) 5.7 (5.41)
Totals © 100% 67 (76) 67(76) 100%

Combining "Fruit Trees" (Expected values<5) with Citrus and testing whether or not there is selection overall for
different tree types:-

Khabura: X§ = 209.5; Sig. p < .001°
Batina : X~ = 258.7; Sig. p < .001

2
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(iv) Interpretation of Results

There is little difference in the percentages of colonies

in different tree types whether-of not the extra Batina colonies are

added to those at Khabura. The percentage of colonies in Acacia

nilotica trees did increase from 9.0 to 15.8% with their inclusion but this
was a result of a more intensive search in an area of abandoned. date gardens
close to the sea, where these trees were more numerous than elsewhere.
Bearing this in -mind, the results from Khabura and the Bitina will be
considered together. The statistical analyses (x?- values, Table 2.2)
show very strongly that florea colonies are not selecting at random the
\tfees in which they nest. The selection ratios indicate that they are
-avoiding both mature (.206, Khabura) and young (.185, Khabura) date palms,
but favouring the Scrub/Non-Fruit Trees (5.3, Khabura); Citrus (3.92,
Khabura) and Fruit Trees (5.7, Khabura).

If date palms, being avoided, are excluded from the figures,

rather fewer colonies than might be expected occur in (CZtrus trees and
rather more in the Scrub and Fruit Trees (combined), but the differences
are not significant (Table 2.3). The small differences could easily be
explained by slight errors in the estimates of relative tree numbers, the
tree counts having been made in only a portion of the area in which florea
colonies were found, and by colonies in some trees being missed. The
avoidance of date palms cannot be attributed to such errors; they were
clearly the most abundant tree (>807%) of fhe cultivated Batina strip,

yet contained only 14.57 of the florea colonies. It was usually easy

to see their nests attached to the base of frond mid-ribs and exposure,
especially lack of shade, is thought to be the main reason why florea
&id:not often nest in date palms. In fact of the 4 colonies recorded
in young date palms, 2 were in shady positions close to the ground enveloped

. by lucerne (Medicago sativa) which was being grown around the trees.



Table 2.3 Comparison of - Apis florea nest frequency in Citrus versus
Other Trees, excluding date palms, at Khabura - unbracketed
figures. Figures in brackets include a few colonies from
similar gardens elsewhere on the Batina Coast.

No, of Colonies

Observed  Expected

Citrus o 16(17) 20(23)
Serub- and Fruit Trees 40(48) 36(42)
Totals | 56 (65) 56 (65)

Testing selection by A. florea for Scrub
and Fruit Trees versus Citrus:-

Mmhma:Xi

Batina : Xi

1.24 NS

2.42 NS
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1.2 Gardens/Oases in the Interior of Oman
(1) Calculation of percentages of different tree types

.Table 2.4 shows the numbers and percentages of florea colonies
found in different species of trees in oases of the Interior of Oman.
Dutton & Letts (1982) made accurate counts of relative numbers of palms,
Citrus and other fruit trees in two such oases, Ibri and Araqi, in the
Dhahira region. Though the frequencies of Citrus trees and young date
palms were rather higher in Ibri than Araqi, and the frequency of mature
palms rather lower, an average of the tree frequencies found in the 2 oases
.is likely to be representative of relative tree numbers in most Omani
oases (13 out of 44 of these florea colonies were in fact recorded from

Ibri). The figures in Dutton & Letts' (1982) Table 5.3.3 (Ibri) and
5.3.5 (Argqi) were therefore combined as percentages and are presénted
in Table 2.4. The trees/bushes listed as "others' were not counted by

Dutton & Letts, only fruit trees, and therefore I have estimated from
my own observations that they typically constitute about 37 of the total
trees; to balance this addition I have deducted 27 from the figure for
mature date palms and 17 from the figure for young palms (these being
the two most abundant categories). Therefore, though each colony will
not have selected its nest sitevfrom trees/bushes in these exact proportions,
the figures should correspond well to overall nest site availability for
the 44 wild florea colonies investigated in these Interior oases.

. Expected numbers of florea colonies were calculated according to the
relative proportions of the different trees, excluding bananas (Musa. spp.)
as theée were not considered to provide potential nest sites because of
their structure (mostly leaf with no suitable branch or twig for attachment).
Indeed, I never saw any florea nests on banana plants in Oman and only one

was reported to me.



‘Table 2.4  Selection of trees for nest sites by Apis florea in gardens/oases of the interior of Oman.
Percenﬁages of different trees available (derived from Dutton & Letts 1982 - details in text), expected and
observed numbers, and observed percentages of A. florea colonies in these trees. Selection ratios indicate
selection/avoidance of trees by A. florea colonies for nest sites (see section 1.1 (iii) for details).

-

% Total Trees No. of A. florea Colonies % A. florea Selection

, Colonies Ratios
Expected Observed Observed
Phoenix dactylifera (Mature) 46.2 22.2 5 11.4 .25
Phoenix dactylifera (Young) R4.8 11.9 4 9.1 .37
Citrus spp. 13.1 6.3 25 56.8 4.3
_Musa sp. 8.5 0 0 0 0
Psidium guajava 2.6 1.3 0 0 0
Fruit ' | Mangifera indica 0.9 FZ 4o5
Trees —1 Carica papaya 0.3 40 0
Ficus carica 0.3 0.9 3 1 2.3 3.8
| Morus sp, 0.3 L 0 0
[ Ziziphus spina-christi 2 4.5
Prosopis cineraria 2 be5
Others o Jasminum sp. 3.0 . 1.4 711 2.3 5.3
Salsola sp. 1 2.3
L_Ornamental indet, | 1 2.3
Totals 100 44 44 100

Combining "Fruit Trees" and "Others" (Expected va

uas<<5) with Citrus sDP., and investigating whether or not
there is selection by A. florea for different tire voes

, by testing versus mature and young date palms.

W -
ct

X2 = 82,2; Sig., p<<.001
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(ii) Interpretation of results

Tbe x2- value of 82;2, Table 2.4, shows there is very clear
seléction among the tree-types by florea for nest-sites in Interior
gardéns, as with the colénies found at Khabura and elsewhere on the Batina
coast. The selectioh ratios show that once more both mature (.25) and
young (.37) date palms were avoided, the ratios being a little higher
but of the same order as those from the Bitina. Over-exposure to the
sun is also the reason advanced for this avoidance of date palms, Two
out of the 4 colonies on young date palms were in fact well-shaded by
dense ground vegetation, like the two amidst lucerne at Khabura.

When date palms, bananas and "Others" (for which tree numbers
weré only estimated) are excluded, and observed and expected numbers of
fiofea colonies in Citrus and Fruit Trees are compared (Table 2.5a), the
figures indicate that there may be some preference for Citrus, but that
selection is not statistically significant. At Khabura, when scrub and
fruit trees were combined, they contained proportionately more florea
than the Citrus trees, though the difference was not significant
(Table 2.3). On the assumption that florea were selecting sites with
adequate shade, as suggested by the avoidance of date palms, this apparent
preference for Citrus is most likely explained in terms of avoidance of
gﬁave treés, Psidium guajava. This species was the most abundant of the
fruit tréés; at least in Ibri and Araqi where there were more than the
other'fruit,trees’combined, but no nests were found in them; its foliage
is not as dense as that of others such as mango, Mangifera indica. Like-
wise, pawpaw, Carica papaya, is supérficially similar to the date palm
in shape and would provide little in the way of shade or a suitable nest
support. When these treés are excluded (Table 2.5b), the observed and
expécted values correspond almost exactly; though the x2 test is not strictly

valid, as one expected value is less than 5, no significant selection is

indicated.



Table 2.5

(a)

Comparisons of Apis florea nest frequency in

(a) Citrus versus "Fruit Trees" (excluding date palms,
bananas and "others") and

(b) Citrus versus Mango and Fig and Mulberry

in gardens/oases of the interior of Oman.

No. of Colonies

Observed 'Expected

CitrusA 25 20.96
Fruit Trees 3 7.04
Totals 28 28

X2 =3.097 .05¢qpel NS

No. of Colonies

Observed  Expected

Citrus 25 25.12
Mango, Fig, Mulberry 3 2,88
Totals 28 28

2
X5 = 0.006 NS
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. fhe seléction ratio for "Other" trees (5.3, Table 2.4) is
the same as that for Scrub/Non—fruit trees at Khabura (Table 2.2)
which, with some of the trees being the same, eg Ziziphus and Prosopis,
adds support to the consistency of the selection by florea for such
trees and to the accuracy of the surveys of nests and vegetation, even
though the samples were small. The slightly higher selection ratio
for CZtrus in the Interior (4.3) than af Khabura (3.92) could just be
due to sampling error; however, it could also be due to the fact that
up to 257 of the Citrus trees in the Interior oases were of varieties
or species other than limes, Citrus aurantifolia, whereas the Citrus
on the Batina were almost entirely limes (Dutton & Letts 1982). The
non-lime Citrus were often larger trees, which perhaps provided more
shade; 1indeed on one visit to a region of gardens in Ibri of 10 florea
colonies found in Citrus trees only 3 were in trees I identified as
limes, -but 7 in "non-limes'". Though the ratio of limes : non-limes
was not counted, the siting of these 10 colonies did suggest that
non—liﬁes were particularly favoured, giving a higher selection ratio

for all CZtrus in the Interior, than on the Batina.

1.3 Wild habitats

Frequencies of florea nests in wild habitats, ie uncultivated
by man but some used as rangeland for goats and sheep by pastoralists,
in.northern Oman are given in Table 2.6, The numbers of colonies
" involved are too small for statistical analysis. Also, accurate figures
were not available forvrelative frequencies of the tree species in the
different habitats, so expected numbers of florea nests in each (assuming
selection at raﬁdom) could not bé calculated.

However, with Acacia tortilis being the dominant tree of the

‘plains and Ziziphus spina-christi that of the wadis, and with them con-



Table 2.6 Frequency of Apis florea nests in

No. of colonies found

different species of tree/bush in wild habitats of northern Oman.

Plant Most Frequenf In:

Plainé

Plains

Plains and Wadis
Wadis

Mountains

Acacia tortilis
Salvadora persica
Prosopis cineraria
Ziziphus spina-christi

Commiphora sp. (prob. myrrha)

Total no. of colonies

(tree)
(bush)
(tree)
(tree)
(bush)

Plains

l\ONI—‘\]

10

Wadis

A~ b O O O

Mountains

1
/
/
0
1
2

"Totals

J.H A NV P @

16
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taining 7 out of 8 and 4 out of 4 of the colonies in these habitats,
respectively, it is probable that, of the plants available, they can
provide satisfactory nest sites and are not completely avoided. The
same appliesAtoAFrosopis etneraria. bther species of tree are scarce
and though bushes are abundant in places, most are low and presumably
will only be used, as with the myrrh bush (Commiphora) and Salvadora.
persica, when other suitable nest sites are absent nearby.

All the species mentioned éan have fairly dense foliage,
th?th this is less so for Acacia tortilis. However, without extra
sé%ings it can only be concluded that when florea do nest in these wild

habitats, they will tend to use trees that offer a certain amount of

shade, rather than exposed bushes.
1.4 New and ornamental gardens

Little time was spent searching for florea colonies in the
"new gardens" on the Batina that were brought into cultivation mostly
in the 1970s (described by Dutton & Letts 1982), as they did not offer
so many good nest sites as the "old gardens', having larger areas of
vegetables and fodder crops and fewer trees, mostly immature. Two
colonies were found in these new gardens, both in aubergine plants
(Solanum melongena), and they have been included with the colonies found
in shrubs and trees in "ornamental" gardens, most of them surrounding
new houses in the capital area of Oman (Medinat Qaboos, Mire. al Fahal,
Seeb and so on). The number of nests found in each species of plant are
"listed in Table 2.7.

After séeing several of such coloﬁies it became apparent that
a ‘number of them were quite close (within 1m) to the buildings and walls
enclosing the gardens, and that these might have been providing some

shade.  The presence. or absence of such structures was therefore recorded



Table 2.7 Nest sites of ApZs florea in '"new" and ornamental gardens and
proximity of nests towalls and buildings that might offer shade

and protection.

Number of A. florea Colonies

Nest Site _ Wallé in Wall presént Wall very

. e s Total

vicinity nearby ~ 1-10m close < ~ 1m

absent '
Bougainvillea glabra - 1 6 7
Trees, shrubs indet. 1 3 1 5°
Lantana camara 2 2
Solanum melongena ' 2 . 2
Ipomoea pes-caprae ‘ ' 1 1
Datura sp. 1 1
Phoenix dactylifera 1 1
Nerium mascatense 1 1

Total ' 3 7 ' 10 20
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as well (Table 2.7). The close proximity of 10 out of 20 of the
éolonies to the walls may in part be due to the fact that many of the
garden shrubs, particularly the Bougainvillea, were grown close to these
structures and not further away in the open. Unfortunately no actual
data on the distribution and abundance of these plants-in ornamental
gardens was gathered.

However, the shrubs were not usually restricted to walls of
any particuiar'aspect and the colonies would have had a choice of walls
against which they could site their nest; the aspect and position
(bearing) with~respect'to the colonies of the closest walls was measured
in several cases (Table 2.8). With all 6 of the colonies where this
information was recorded, they were adjacent to walls facing between ESE
and S. The mean bearing of the walls from the colonies was 319o (ie
to the NW); the Rayleigh test (Batschelet 1965) shows that this distribution
is not random but that there is a preferred bearing (Z = 3.745, Sig.

p < .05).
| The sample is too small for statistical analysis by the yx2
‘test, butvif these»6 colonies were selecting sites against these walls

at random, the expected number adjacent to different walls would be as

follows:-
East to South Quadrant : 3 Quadrants from South, through
North to East
Expected. 1} : 43
Observed 6 : 0

With this arrangement, it can be seen that the probability of a colony
being adjacent to a wall in the East to South quadrant is 1/4 and against
the remaining walls is 3/4, if there is no selection by the bees. Thus,

analysed as a binomial, the probability of all 6 colonies being in the



Table 2.8 Position/bearing with respect to nest, and aspect of walls

close (<~lm.) to which 6A4pis florea colonies had selected nest

sites in ornamental gardens.

Mean angle calculated according to Batschelet (1965) - see

section 2.4.

Bougainvillea glabra

" "

Ipomoea pes-caprae
Datura sp.

Phoenix dactylifera

Mean

95% Confidence Limits

Bearing of wall Approx. aspect
from colony of wall

330° SSE

340° SSE

360° S

315° SE

290° ESE

320° (also 230°) SE (also NE)

*319° SE/SSE

293° - 345°

* Therefore mean éolony exposure is to the SE (139°), 95% confidence

limits 113° - 165°.
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one quadrént is %5 = 2,44 x 10—4. This is highly significant and
indicates strongly that florea colonies nesting against walls favoured
those with an East to Southlasféct.

Indeed, after the departure of colonies from 2 of these sites
at Khabura, other colonies landed in virtually the same positions
that had been adopted by the previous incumbents. One "new" colony,
absconding from an experimental hive (No; 9) on 14.xii.79; attached its
comb to the lower edge of a portakabin overgrown by a creeper, Ipomoea
pes—caprae, on which an earlier colony, a swarm of unknown origin, had
started to build its comb just a few cm away on 1l4.vi.79. (This colony
was removed to a hive, 5, and on 1l4.vi.79 a queenless swarm from another
hive, 13, settled and built comb on the edge of the portakabin exactly
where the absconding colony later settled.) At the second site, a
Bougainvillea growing against the SSE facing wall of a small cour;yard
garden, a colony, FD, had been present for nearly a year before absconding
when its comb collapsed at the end of May 1980 (see Table 6.3 and
associated comments, Chapter VI). Yet after I left Oman, R.W. Dutton
(pe;s. comm.) reported another colony settled at nearly the same site.
Some Omanis, for instaﬁce Nasr Ahmad al-Ghaythi of Zahib (Chapter 1V),
also reported thét colonies sometimes 'returned" to old nest sites in
trees and caves (probably different colonies in reality), so.such
"returning! behaviour may not be due to chance, but to cerﬁain sites
being particularly suitable.

Whether there is some pheromonal attraction of the new colony
to the‘remnants of wax comb at such a site, 6r whether the site is
selected on its physical characteristics alone, is not known. However,
the above information does strongly‘suggest that florea colonies near
buildings in Oman favour walls with a SE/SSE aspect where they are likely

to receive more insolation in the morning but less in the afternoon;
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and if there is adequate shade froﬁ foliage and from the honeycomb
above, direct insolation at mid-day on the brood comb should be minimél.
It appeared that NW facing walls were avoided; colonies would not
benefit from warming insolation in the cooler hours of the morning in
such sites. A similar tendency, but not statistically significant, was
recorded for the florea kept in wall recesses by Nasr Ahmad al-Ghaythi
(Chapter IV), and the implications are discussed further in section 4
of this chapter with the results on nest orientation and tree sector

occupied.

2. Location of Apis florea nests in bushes and trees : height

distribution

Height distributions of florea colonies in trees and bushes,
from all habitats, are given in Figures 2.la and b. The mean height
3.28m (n = 126) is very close to that recorded by Seeley et al (1982)
for florea in Thailand, but the pattern of distribution is different.
The .modal height in Thailand was between 1.5 and 2.0m, but in Oman the
distribution was distinctly bi-modal with the primary mode between O and
1.0m and a secondary one between 3.0 and 4.0m, with relatively few
colonies between 1.0 and 2,0m. There are 4 possible reasons for this

"dip" in the distribution:-—

(i) Unrepresentative sampling of florea colonies. This is

not likely as those colonies between 1.0 and 2.0m are closest to eye
1eve1 and should have been the easiest to locate.

(ii) Greater predation, particularly by man, of florea

colonies between 1.0 and 2.0m. This is plausible as such colonies
would be amongst the easiest to locate and remove. However, most
colonies that I recorded were reported to me by the main "predators"

themselves, the garden owners, and it is unlikely that they would omit to



Figure 2,1 Nest height distributions for Apis florea in trees in Oman.

a. For 93 colonies measurgd acéurately enough to fall
within O0,5m limits. }
b. For the ébove 93 colonies, pius énothef 33 colonies
. allocated to the same O.5m categories, but Qhose
height was measured or estimated less accurately

(to within eirea 1m).

AMean’héight'(takinngid-ﬁoint_of each O.SmAclass X no.
'1n that class) = 3, 28m
)'; fn = 126 Range 0. 2 = e 10 T ;ﬂ

| ':fMedlan = 3,0m’ (end of 2. 5

- 3. Om class)
A}‘: :P;1mary.Moda1‘C1assj. .é.O :1- 0. Sm
' Secondary Modal Class =

3 0 - 3. 5m
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;tell me of‘colonles at this height ‘but point out ones that were lower
and higher. '~;d::i

(111) Selection, by florea, of lower and h1gher nest sites
‘would also seem plausxble to av01d the greater chance of detection by
nan at’ 1ntermed1ate nelghts.id However; there was no evidence to suggest
there.Werejtwo‘aub;populationéiof florea seleeting different nest sites
-and with as many (11) neats'between 1.0.and 2.0m as, say, between 4.0
and- 5.0m (10 neate> there was not comolete avoidance of this height.

'(iv)‘ Nest site availability between 1.0 and 2.0m might be low.

To con81der thlS last pos51b111ty a breakdown of the nest
'ﬂheights of colonles was made (Figure 2 2 and Tables 2.9 and 2.10),
broadly corresponding to the different tree/bush types set out in the
'_prev1ous section (Tables 2.2 and 2. 4) Though the limits of the
: vegetation strata above and below florea nests were not recorded, as by
Seeley et al (19825, a ‘knowledge of the typical structure of theA
ddifferent tree anddahrub species-tbat were occupied by the colonies
permits internretation of the Oman data (the plant species used for nests
were not identified by Seeley et al in Thailand). | |
| Date palms were by and large either short, with fronds arising
from the trunk close to the ground, or comparatively tall with the first
fronds emerging usually well over 3m from the ground (the lower ones
having been removed). The height distribution of florea nests in this:
species (Figure 2.2a) matcbes.this pattern closely.
| Colonies in native and naturalised shrubs and trees (Figure 2.2b)

bave a pattern of height distribution similar to the overall pattern
(Figurel2.1). ‘However, further breakdown according to plant species
soggeat;s. though tbe. aamples'becoﬁle, small, that florea are not avoiding
particular nest heights, ‘but' oceupy sites at any height less than c. 8m

when the structure of the plant makes this possible. For instance,



Figure 2.2 Nest height distributions of Apis florea colonies in trees
and bushes in Oman. Breakdown of data in Figure 2.1b

into different tree categories as follows:-

a. Date palms

b. Native and naturalised shrubs and trees;
for further breakdown see Table 2.9.

c. Shrubs and trees in '"new" Batina gardens
and in ornamental gardens; for fufther
breakdown see Table 2,10.

d. Cultivated fruit trees other than Citrus spp.

e. Citrus spp.

Characteristic shapes of some of the trees

and shrubs are illustrated.
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Table 2.9 Nest height distribution of Apis florea in naturalised and native
shrubs and trees, in old gafdens and wild habitats in Oman.

Breakdown of Fig. 2.2b according to plant species and structure.

No. of colonies per height class

Height (m) ' 0-1 1-2 2-3 3-4 4-5 56 6-7 7-8

F Commiphora sp. 1
Bushes Jasminum sp. 1

L Salsola sp. 1
Small [ Acacia Fortilis 2 3 2 1
Trees Euphorbia sp. 1

L Sesbania sesban 1
Bush to Prosopis cineraria 3 1 1
Large Tree [ ziziphus spina-christi 3 4 2 1 1
Large Acacia nilotica 1 2 1 2 1 2
Trees Azadirachta indica 1 1

| Indet. 1

Table 2.10 Nest height distribution of ApZs florea in plants in "new" Batina
gardens and in ornamental gardens in Oman. Breakdown of Fig. 2.2c

according to plant species and structure.

No. of colonies per height class

Height (m) 0-1 1-2 2-3 3-4 4-5

Lantana camara
Datura sp.
Bushes Solanum melongena
Nerium mascatense
Bush indet.
Creeper [ Ipomoea pes-caprae
Climber [ Bougainvillea glabra :
Trees [ Indet. 2 1

WER PPN EFPN




43

Acacia tortilfs is usually a small tree which, particularly when young,.
may have bfanches and foliage fairly close to the ground and Table 2.9
shows that colonies are found at a11 hgights. ‘However, the larger
trees such as Ziziphus spina-christi and Acacia nilotica do not often
have many branches or foliage within 2m of the ground (perhaps from
browsing and cutting), so florea colonies can only nest highér in the
trees. As young plants, these trees are spindly in habit with little
shade or sﬁbport suitable for florea. In contrast, most bushes and
shrubs-in Oman, in habitats where florea were found, appeared to be
fairiy compact and less than 1 - 2m high. Thus unless florea were to
nest in exposed sites at the tops of the bushes,Atheir nests would need
to be below lm in height to obtain adequate shade.
Similarly, in the mainly ornamental gardens (Figure 2.2c'and
- Table 2.10) small bushes were usually dominant, with just a few trees
and'only Bougainvillea bridging the height gap, so that most colonies
 were lqw down in the bushes but a few higher up, in trees which did not
. have low branches. Colonies in Bougainvillea between 1 and 2m might be
expected, but this absence may be due to the small sample size.
| Fruit trees, such as the mango, did not often have branches
" close to the ground either (probably from pruning) and it can be seen
that the height 6f florea colonies is distributed fairly evenly ébove
2m (Figure 2.2d). However, Citrus treeé and especially limes,

C. aurahtifblia, often have an almost hemispherical structure with the
i branches and foliage extending close to the ground, so that nest sites
are usually available from almost ground level to the top of the tree.
Figure 2.2e shows there is no "dip" in the number of nests between 1 and
2m, but that they are disfributed fairly evenly between O and 6m, in a

pattern similar to the overall height distribution recorded by Seeley

'et al (1982).
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Therefore, it appears that the bimodal distriﬁution of
berea ﬁest heights is primarily a function of nest height availability,
| with bushes below 1 to im and taller trees without lower branches
pfédominating; Tﬁe two species of tree, Acacia tortilis and Citrus
aurantifolia, which sometimes do have branches right down to ground
level are therefore the exceptions in the vegetation which "prove the
rule" that florea colonies select any available nest site between O and
8m (occasionally to 1lm) éround~a mean of about 3m; despite the compar-
atively small number of nests between 1 and 2m there is probably no

avoidance of any particular height below 8m.

3. Location of Apis florea nests in bushes and trees : size of

supporting branch

The distribution of the diameters of the nest support branchés
used by florea in Oman are given in Figure 2.3. " The mean oﬁ 13.6mm is
close to the 12mm-recorded.by Seeley et al (1982) for florea in Thailand.’
In trees, the combs of colonies did encircle supports as large as 30mm
'in mean diameter (40mm wide by 20mm high in this case of a date palm

'frond-mid—rib) and one colony, not included here but in section 6 on
céﬁities, was attached to a piece of timber 48 x 67mm (mean 57.5mm) in
cross;section; the honeycomb encircling it at one end. Therefore, even
thoﬁgh colonies will attach their combs to very large structures and the
roofs of cave§; not encircling a supporting branch at all, it is evident
uthéﬁ fibrea favoured branches or twigs between about 6 and 20mm in
diameter.

The hatched area in Figure 2.3 indicates that the support
diameter for nests on palm fronds is rather higher (mean 21.25, S.E.
2.05mm, n = 8) than for nests on-other trees (mean 12.3, S.E. 0.71lmm,

n = 47) and this difference is significant, t = 4,69, p < .00l.



Figure 2.3 - Distribution of support branch diameters for Apis florea
nests in trees in Oman. Hatched areas are for colonies

in date palms.

Mean diameter : 13.6mm"(% I mid-point of each class
x frequency). Range : 5 - 30mm. Modal Class : 8 - 10mm. -

Median : 12mm. n = 55,
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Most of the onred nests on date palm fronds were close to the trunk
where the frond mid-rib is at its thickest. The colonies could,
however, have selected sites closer to the distal end of the frond if

a smaller support had been the priority; but if they had chosen such

a position they would have received less shade and been liable to
greater movement in the wind. So the fact that they did select a’
position where the frond was significantly thicker than the diameter

of supports used in other trees, adds further credence to the hypothesis
that florea colonies select sites with some shelter (ie nearer the trunk),
even if other features (here substrate branch diameter) are not optimal.
That colonies have to nest on such a broad support to obtain what may
be only a bare minimum of shade from the relatively sparse foliage of
the date palm, may be another reason why florea avoid these trees for
nesting sites.

‘Many of the trees eg Acacia tortilis, Acacta nilotica, Prosopts
eineraria and Ziziphus spina-christi in Oman had large spines and thorns
on their branches and twigs but this did not seem to deter florea from
bﬁildiﬁg nests in them. Some nests were situated on branches with one
or mofe side shoots and frequéntly twigs and thorns other than those
from the suppbrting twig were embedded in the brood comb and honeycomb,
For instance one colony in an Acacia tortilis tree had twigs of diameter
| 2mm‘and 3.5mm protruding into the honeycomb, with thorns from 3 to 15mm
long.cémpletely en§e19pedAiﬁ the wax; 17mm of a larger thorn, total
length 23mm, was also embedded in the wax. Anothér éolony of florea
in an Acacia tortilis tree similérly had thorny twigs of 1.5mm and 3-4mm
diameter in its honeycomb; in some cases a cell wall would follow the
edge of the thorn, in others the thorn would go straight through the

" cell walls. These thorns, rather than being a problem, may therefore
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even strengthen the bonding of the comb to the tree and in addition

should provide some protection from larger predators such as man.

4., Location of Apis florea nests in bushes and trees : orientation

of nests and compass sector of tree occupied

The orientation of colonies in trees is shown in Figure 2.4a,
with the colonies grouped according to 8 sectors of the compass. The
figure indicates the bearings at which the colonies and their supporting
branches (distal end) point, ie away from the cehtre of the tree. The
same number of colonies would be expected in each éector if the nests
were orientated at random (uniform distribution), but the significant
(p < .01) xi value of 21.96 shows random orientation is not the case,
and Figure 2.4a iﬁdicates how the branches pointing from west through
to north-east were avoided, while those pointing from east through to
séuth were preferred.

Angles of 0° - 360° cannot be treated as linear dimensions
u for the calculation of mean bearings, standard errors etc; instead,
valid measures of mean direction and dispersion were calculated according

to methods detailed by Batschelet (1965). Using each colony measurement

(n = 75), not the grouped data, the mean direction or mean angle of
orientation was 160.2° (approx. SSE) and the mean angular deviation
(a measﬁre éf dispersion similar to the standard deviation) was 64.7°.
The 95% confidence interval for the mean angle was 133.9° - 186.5°
(160.2° + 26.30). The Rayleigh test confirmed the earlier chi-squared
fest that the population did not have a uniform distribution, Z = 9.80,
sig. p < .0L.

Of the 25 colonies for which the region (eg'NE sector, SSW
seétor etc) of ﬁree occupied by the nest was also recorded, the tree

compass sector (angle) for 21 of the colonies matched closely the
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éorresponding colony orientation (bearing at which the colony and
supporting branch pointed). This would be expected as, in general,
branches radiate out from the centre of a tree and within limits are
approximately straight. In the case of colonies in date palms, of
which the fronds are straight and arranged actinomorphically (ie
radially‘symmetrical), the orientation of a colony and the frond to
wﬁich it is attached is exactly the same as the compass sector or region
of the palm tree which it occupies. Of the 4 colonies for which the
position in the tree did not correspond to their orientation, 2 were
near the centre of the trees, a third was on a twig which pointed at
270° (W) but was in fact in the NE part of the tree, and the fourth was
attached almost perpendicularly to, rather than along, a twig poiﬁting
at 50° in the SE (1400) sector of its tree. Therefore for most colonies,
orientation was a satisfactory measure of the compass sector of tree
oécﬁpied:_

Figure 2.4b shows the data on colony orientation being used
ig'this way, as a measure of the tree sector occupied by florea nests,
aftef a re-classification of some of the data as follows:- (a) the 2
colonies at the centre of trees were excluded (b) the 2 other colonies
mentioned above were transferred to their appropriate tree sectors
(c) the 6 colénies in plants adjacent to walls were transferred to
sepfors corresponding to the aspect of the wall (d) 4 extra colonies
were included for which the sector of tree occupied was ﬁeasured, but
 not orientation. Thus Figure 2.4b should only contain a very small
numbér'of incorrectly represented colonies ie those colonies for which
tree compass seétor was not measured and in which the compass sector
did not match the colony orientation.

Coﬁparing the observed values in each of the 8 sectors with

those expected on the assumption of the null hypothesis, namely a uniform
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distributiénlof colonies around the centre of trees, a strong selection
by florea for the east tolsouth compass sector or'asgect of trees and
walls is indicated (x"; = 34,06, p < .001, n = 77). The mean compass -
sector was 155.00, the mean angular deviation 60}60, and the 957
confidénce interval for the mean sector was 136.7° - 173.3° (155.0° +
18.30);- The Rayieigh test statistic value, Z = 14,94, was significant
(p < .0l1) providing confirmation of the x? value, so the null hypothesis
can be rejected.
 Therefore, even though the compass sector occupied was not

measured directly for 46 of the 77 colonies, but oniy as indicated by
their orientation, Figure 2.4b and the statistics show that the inclusion
Qf the "sector" and other data in the re-analysis of the orientation data
(Figure 2.4a), results in an even more distinct distribution. More
detailed information on the actual tree compass sector occupied by these
N46 colonies is therefore likely to have enhanced this trend, not -
diminiéhed it; this suggests that the positioning of the colﬁny in a
cer;ain sector of a tree might be as or more important than its orientation.

In fact if the orientation with respect to the sun was of

primary importance, and not the sector of the tree, a bi-modal distribution
could be expected with, for example, half of the colonies '"pointing"

south and in the southern sectof of trees, and the other half "pointing"
north and in the northern sector. In this situation, the colonies in
boﬁh categories would run along a north-south axis and both would be

at identical anglés with respect to the sun, throughout the day ie Soth

#t right angles early in the morning and so on. However, the actual
distribution is uni-modal indicating that it is a particular sector of

the trees or a position against a wall with a partieular aspect, that the
colonies are selecting. A branch which allows them to orientate their
nest along a line running approximately from NNW to SSE may be advantageous

too, but not if positioned in the northern half of a tree.
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. This evidence supports Humayd Sulayman al-Shimili's oSservation
in the Dhahira region of interior Oman that some florea nest on the
south side of ‘trees throughout the year (Dutton & Free 1979) and sub-
stantiates the pattern of occupation that was recorded for florea kept
by.N;sr Ahmad al-Ghaythi in recesses along 4 walls of his garden
(Chapter IV, Tables 4.1 and 4.2). A greater occupation than expected
was observed in the east facing Qall and lower occupations in those
facing north and west, though the samples recorded were not large enough
for the differences to be statistically significant. Crane (1983a)
recorded a similar preference (by beekeepers) for the construction of
mellifera boles in Britain and Ireland with a south or south-east aspect.

The advantage to florea colonies of nesting in the south-east
quadrant of a tree would appear to be thermoregulatory. They would be
in a position to receive more insolation than in the north-western
quadraﬁt, especially early in the day when ambient temperatures are
lowest and the brood would benefit from extra warmth (see Chapter V).
furthérmore, the insolation should facilitate foraging activity by the
workers earlier in the &ay. Avitabile et al (1978) and Seeley & Morse
(1978) have found that mellifera in the northern hemisphere prefer
cavities with south-west to south-facing entrances and Seeley & Heiﬁrich
(1981) élso cénélpde that such selection facilitates nest thermoregulation.

This fesult may seem surprising in a country such as Oman with
a hot climate, where colonies of florea might be expected to seek as
éhaded a site as possible in the NW quadrant of trees. However,
maintaining the temperature of a single, small brood comb with a com-
pératively large surface area above 32°C could place a considerable

:gnérgetic burden on a colony. The monthly means of daily mean ambient
temperétures are below 30°C for 7 months of the year and the monthly

means of daily minimum temperature are down to about 15°C for 4 months
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of thé year (see Appendix II) and recordings of nest temperatures have
shown-that'onrea are not able to thermoregulate as well as mellifera
at low ambient temperatures (Chapter V). Most colonies did occupy
sites whi;h provided substantial but not 1007 shade (see next section)
so presumably sufficient radiant energy filters through the foliage
around a nesf to hélp meet the bees' thermoregulatory requirements.
Then when the temperatures are hiéhest the sun will be nearly diréctly
above the colony and the expanded honeycomb.should provide some shade
and insulation to the brood comb (énd the bees do not appear to expend
much energy in controlling the temperature of the exposed honeycomb
itself - see Chapter V),

of the 10 colonies that selected sites which were orientated
between 270° (W) and 45° (NE), & had definitely arrived at these sites
between the middle of May and the middle of June, the time of year with
’the highest temperatures (see Appendix II1). Another 4 colonies had
almost certainly arrived at these sites between the end of April and
‘ tﬁe beginning of Sgptember and it was likely that the remaining 2 colonies
aISOYa;rived at their chosen nest sites in late spring or summer. Some
~ of these iO colonies were thought to be reproductiQe swarms but one at
" least had absconded from its previous site. 1In general it was difficult
fo eStimate reliably the age of nests (length of time the colony had
-been establishéd at a particular site) so further analysis to see if
nest site selection by swarms varied with the time of year was not
attempted, though such information would be valuable. Nevertheleés,
thg:feﬁ records above that were examined have revealed that at least
- 8 of the 10 colonies that nested in the potentially shadiest sectors of
trees had selected these sites in the hotfest months of the year and
it was unlikely that any had selected such sites in the cooler winter
months. This was further evidence that florea were selecting nest sites

according to their suitability for colony thermoregulation.
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It should however be pointed out that the primary swarming
season occurs in late sﬁring/early summer (see Figuré 6.3a and Table 4,14)
and judging from Figure 2.4a, many of the new colonies at this time of
year must still nest in the SE quadrant of trees and would soon encounter
the highest températures of summer. Therefore, it appears that most
swarms and absconding colonies throughout the year will select nest sites
in the 90° - 225o sector of trees, but there is a tendency for some
colonies to establish nests in the 270° to 45° sector in summer (though
rarely, if ever, in winter).
Could protection from the wind have been a factor inducing

colonies to select nest sites in pafticular tree quadrants? With the

two predominant airflows in Oman coming from almost opposite direcﬁions

in two distinct periods, from the north-west or north between November and
mid-April and from the south-west between late June and mid-September
(Pedgley 1970; Horn & Nielsen. 1977a) this seemed unlikely. Furthermore,
due to various factors eg deflection by mountain ranges, there is regional
Ahd‘altitudinal variation in the prevailing wind direction in Oman
(Pedgley 1970) and this would tend to obscure any local relationship
between nest orientation and wind direction that migﬁt have existed, as
nest sites were recorded from several regions of the country. On the
'Batina coast Qheré most florea nest ;ecords were obtained, winds from

‘the north-east were overall the most prevalent in 1980 according to
monthly "wind roses'" from Seeb (Oman National Meteorological Service,
unpublished), so SE quadrant nests and orientations would appear tolhave
little advantage here. At higher altitudes in the mountains of the Jabal
. Akhdar the prevailing wind is from the north, but at lower altitudes there
is an increasing south-west ‘component in summer (Horn et al 1977; Gallagher

& Woodcock 1980). In the Dhahira region a local man claimed the prevailing
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wind was from the west and colonies nesting in the mountains therefore
 avoided caves with this aspecf (ﬁutton & Simpson 1977), but I did not
- record any wild coionies in caves there so was not able to check this
statement.

Seeley et al (1982) and Seeley (1983) considered that in Thailand
nest site selectioq by florea, and the two other south-east Asian species
of Apis, was particularly important as a defense strategy‘but placed less
eﬁphasis on.its role in aiding coloﬂy thermoregulation. However, whether
flérea build their nests to the NW or SE of walls or in particular sectors
of trees should not make any difference to the likelihood of their
detection by predators. Therefore, the results here indicate that
the selection of at least one nest site attribute in Oman is being
determined by the thermoregulatory requirements of florea colonigs and
- not by predation pressure.

| How do florea identify the tree sector and comb orientation
required? This should present little problem to a member of the genus
Apis whose abilities to use the sun for orientation purposes are well
'rknown.(von Frisch 1967). Memory of a previously used comb directionm,
Qith the earth's magnetic'field as a reference, may also/alternatively
influence the orientation of a new comb (or selection of a branch along
$ which to build a new comb in the case of florea) as has been demonstrated

for mellifera (De Jong 1982).

5. Location of Apis florea nests in bushes and trees : shade

Despite the inadequacy of the method of visual estimation of
;he.shade experienced by each florea colony, Figure 2.5 shows a clear
pattern. With a mean shade value of 71.7% as determined by this method
and the modal frequency being 75 - 907, it appears that most colonies in

trees are selecting sites which offer a substantial amount of shade,
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but ﬁot>usua11y sites that are éompletély'shaded, This concurs well with
the findings on nest oriéntatioﬁ in the previous section where colonies
were shown té be selecting sites in the SE sector of trees; if it had
been completely shaded sites that were being sought, most colonies
would hé&e been.éxpectgd in the NW sector of trees andbto the NW of walls.
To benefit from warming insolation some radiant energy would need to
penétraﬁe to the nest through the foliage, but not so much that over-
heating ensued. 257 exposufe should therefore permit‘adequate; but
not excessive, heating and particularly for ngSE" colonies which would
receive the heat when most needed, early in the morning.
‘ Eveh for colonies in categofies where the shade value was
- less than 60%, the expande& honeycomb above the brood should provide
extra shade and insulatiqn from the strong mid-day sun. _The single
éolonyi which was eétimated to ha;re no more than 10Z shade was in a
- - 2iaiphus spina—christi‘tree that had lost most of its leaves due to
dféught, and only bare twigs were above the nest. It was likely that
the colony had selected this site when the foliage was more dense and
. was now finding it most unsuitable. No brood was present when it was
- examined in July, many bees were "fanning" and it looked as though it
' Qould soon abscond. |
| If cdncealment from predators was the primary factor determining
"Qﬁpicelbf nest sites by fiofea in Oman, as Ségley et al (1982) sugéested
, Qéé'thg case ip Thailaﬁd, more tree colonies wéuld deftainiy have been
" expected in cétegory 6 (90 - 1007 shade) since such shaded sites would
B pfesumably prévide better cover. The shadé/exposure of colonies in
.caVities is discussed in section 6.4.
| | ~Another reason for florea not selectingltotally concealed sites

concérns their communication dances. Von Frisch (1967) showed that when
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mellifera foragers weré»using the plane of vibration of polarized
light as a reference when indicating the position of a food source,
it was necesséry for them to have a view of blue sky and to perform
their‘dances on a horizontal platform - not on a vertical surface.

| Similarly, florea in Ceylon have been shown by Lindauer (1957) to use
polariied 1ight'and the sun for reference when they point directly at
the food sources during their dénces on the horizontal honeycomb plétform;
dances were disoriented uniess the dancing bees had a clear view of the
sky from the honeycomb.

Koeniger et al (1982) confirmed Lindauer's behavioural
descriptions and noted that there was a correlation between the location
of the dance on the honeycomb platform and the direction of the dance
eg a dance pointing NE would be performed on the north to east sector
of the honeycomb. Unlike Lindauer, Koeniger et al concluded that when
dancing florea could not see the sky they related the direction 6f the
.#‘fOOd source to something they could perceive (other than the sun or sky)
when in the experimental room as well as when outside. Nevertheless
these-colonigs without a view of the sky showed a strong tendency to
aﬁscondk Tirgari (1971) in Iran also noted that in 3 cases when
colonies of florea were deprived of blue sky they moved to another

location in two days.

Lindauer, though, also demonstrated that the dances were
disoriented if the.bees were forced to perfdrm them on vertical parts
éf the comb and it was therefore suéposgd that florea could not transform
'iqformation on the positién of the food source to a vertical plane (as
v. do mellifera dancers which use gravity to indicate.the position of the
sun in the darkness of their hives).' 'Akratanakul (1977) in Thailand
also fduﬁ&‘that florea bees dancing on a vertical comb performed an

irregular dance from which recruits were unable to obtain information
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concerninglthé-directibn and dist;nce of food. However, in Oman
vhere florea nest in caves, Free & Williams (1979) have since observed
workers of thi#,species performing apparently normal dances on the
vertical comb face; but it is not known if such dances are effective
or accurate, If the dances are effectiQe, Omani florea danéers (like
those of mellifera) can presumably equate gravity with the position of
the sun; but at times when this is not visible cannot equate.gravity
with the plane of polﬁrized light; and their dances then surely have
to'be‘performedldh a horizontal sﬁrface. | |

However, even though florea may be capable of performing
dances, not necessarily accurate, on a vertical surface when the sun
or sky is visible (as do dorsata), a horizontal dance platform is
normally used by colonies in trées (Lindauer 1957; my own observations).
- Therefore a horizontal surface is probably the preferred and most
. éééurate dance floor for florea and to be effective should pfovide a view
" either of the sun or of some blue sky (for polarized light). Completely
_.§OVered nest siteé might eliminaté this use of polarized light (on the
.aSéumptidn that florea, like mellifera, cannot transform directional
information that is based on polarized light to a vertical dance surface).

Poléri;ed light is valuable for foragers at times when'the sun
ig_obscured by clouds, mountains etc and the ihébility to use it would
necessitate dances with respect to soﬁe other feature or on a vertical
1fsurface. These might be less accurate or not favoured and, in the
: létter'cése, only possible when the sun is visiblg during foraging flights.
‘However, there is increasing evidence that mellifera bees

A-éon;ain ferromagnetic material, can perceive the earth's magnetic field

T énd may use it for orientation (Martin & Lindauer 1981; De Jong 1982;

~“Kﬁ;efbaCh et al 1982; Crane 1983b). Also that they can memorise the

sun's course in relation to landmarks visible on previous sunny days,
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éuch asja-ling‘pf>trees, and use theée to locate a fdod source on
errcast days (Dyef.& Gould 1981). Florea bees may be able to use
_éuch cués too and it is manifest that more research is neédedbto under~
'stand better their.danéing behaviour. Nevertheless it seems clear

_ that partially exposeﬁ nest sites should facilitate their dances and

.therefore be favoured during the nest selection process.

6. Natural A. florea nests in caves .and similar structures

6.1 Introduction and overall site classification

20 naturally established colonies were recorded in sites
other than bushes and trees; these have been allocated to a "cave"
category, though most were in equivalent man-made structures and only

3»iﬁ'natural'caves (Figs. 2.6 & 3.4; Table 2.11). 12 of the colonies were

Table 2.11° Nest sites of Apis florea in Oman, other than in bushes

and trees - "cave" category
- . o , Typical Position
Type of Nest Site No. of Colonies Recorded of Nest

Window, Building etc 9 Above ground level
Natural Cave - : - 3 At ground level
Vertical Shaft (especially wells) 4) .

R ‘ : ‘ ) ' Below ground level
"Tunnel" (for access to falaj, well etc) 4)

- . recorded ffom_places along tﬁe Batina.Coast, including the capital region,
‘.anﬂ 8 (inclﬁding those in natural caves) from places in the interior of
nOwéﬁ} .The ﬁest sites included a packing~case turned on its side, a coil
of telgﬁhoﬁe'cable against a wall, the inside of a house along the bottom

e&ge of an inward-opening window, a vertical metal pipe 9cm in diameter

4.4m down the centre of a well and another 1.9m down a well on a vertical
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plastic hose écm.in diameter thatAreturned the cooling water from the
wgll's diesel pﬁmp. This shéws the diversity of structures and sites
whicﬁ florea would use in Oman. \

It was difficult to take comparable measurements of certain
nest site attributes with this diversity eg diameter of support when
ltﬁe substrate was the under-side of a packing case or a vertical rather
than horizontal pipe; névertheless some useful information was gained
on other attributes, though.the sémple sizes were rather small.

The caves themselves, including those adopted by florea bee-
~ keepers (Chapter ITII, Sections B and C), were frequently little more

 than deep hollows under over-hanging rocks (Figure 3.4, Chapter III).

Thé caves usually extended back no more than about 3m with .heights

o typically less than lm ie not the sort which an upright man could enter.

- The eﬁtrances were broad, not restricted, so in most cases with the
colonies only O0.5m to 2.0m back from the cave entrance a man could
' réach‘the colény by kneéling or lying down and inserting his head and
shoulders into the cave. Therefore, these cavés and other sites are
'different from the cavities selected by mellzfera (Seeley & Morse 1976,
1978; Avitable et al 1978) and cerana (Seeley et al 1982; Seeley 1983)
Whiéh have entrance openings usually ﬁo bigger than 1-4Ocm2 that can
. exclude the larger predators. Also florea colonies; which are compar-
atively small, Wéuld not be able to control the microclimate within the
reiatively large cavities recorded here as do the other 2 Apis spp. in
their selecfed éavities.

One florea colony which was included in the tree category
ﬁiéht alternétivély have been included in this sectionbas it was in a
: ‘lﬁrge hole, just aboye a side branch, ;n the trunk of a Prosopis cineraria
“tree; but this too was not like the cavities selected by the two hole-
nestiné.Apis spp; since‘the opening was almost as large as the cavity

itself and the whole comb could be removed intact, without the need to

enlarge the entrance.
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6.2 Height distribution

The distance from ground level of 15 colonies was measured
and in Table 2.12 these have been split into the 3 categories used

in Table 2.11. The distances given do not refer to the nearest solid

Table 2.12 Distances, above and below ground, of 15 Apis florea
colonies naturally established in caves and similar

structures in Oman. For further details see text.

Type of Nest Site Distance from Ground Level, m
Mean Range n

Window, Building etc +3.48 .16 to 12 7
Natural Cave + .23 .2 to .25 3
Vertical Shaft, "Tunnel" -2.34 4.4 to -1.8 5
Overall ' ' "+0.89  —h.b to +12 15

_ structure below the nest, which for example might be a window sill,

but to the ground. With the colonies in caves the heights were measured
ffqm tﬁe attachment at the fop centre of the comb; in fact two of the
'célonies were attached to sloping roofs and in one of them the height
from the cave floor of the comb attachment ranged from .12m to .27m

and the bottom of the comb almost touched the cave floor in places.

On the other hand, 3 colonies in "tunnels" at the edge of "falaj"
inspection hoies were 1.8m Eglgﬁ ground level, yet there was still a
fﬁfther 1.8m below them to tﬁe floor of the tunnel, and the colony 4.4m
down a well was still 2.4m above the water at the bottom. Therefore

the values in ghe table .indicate only typical nest heigﬁts, but do not
convey in detail théir‘distance from other structures which may or may not

have influenced the colonies in selecting their sites.
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o Therefofe, as ﬁas'also cbncluded-from the height distribution
of»colonies in trees‘(Results, Section 2); apart from avoiding very
high structurés, florea do not appear to havé a particulérly favoured
nest height and will even nest below grouﬁd level. They presumably
select sites on the basis of other characteristics. If ﬁredation by
large predators such as man was a serious problem it might be expected
.that low nest sites such as those in caves, which were particularly

accessible, would be avoided but this did not appear to be the case.
6.3 Aspect of cavities and orientation of nests

The orientations (aspects) of the entrancés of 10 of the
cavitiés or nest site structures are given in Table 2.13; the entrances
to the coionies underground were vertical, with no particular orientaﬁion'
s0 couid not be iﬁcludéd. Though the Rayleigh tesfhindicates there is
‘no preferred aspect (that is statistically significant), the sample size
'.isvémall. The mean ﬁspect‘is 132.9° (approx. SE) which is consistent
with the findings in section 4 of this chapter, that florea usually
ééléct nest sites in the east to south-west sector of trees. The
obéérﬁed'nﬁmber (6) of caQities used by.fiorea with this aspect is greater
" than that (3.755 which would be expected if there was no selection for
caves with a-particuiar aspect; but the sample is also too-small for
énaiysisvby the chi-squared test. |

| Exactly‘the séme interpretation can be-puf on the data for
orien;ation of the colonies within.the éaves KTable 2.13). The mean
.angle at which the most exposed surface faces is 138.0° (approx. SE)

and more colonies than wquld be expected occur in the cpfresponding E

to SW gector; but the sample 1is also too small to be statistically
signifigant.v Once a colony has selected a particular cave the aspect

of its own most exposed surface 1s obviously limited, but it was interesting



Table 2.13  Aspect of 10 cavity entrances and orientation of the

4 Apis florea colonies using them in Oman.  Cavity includes
those types of site detailed in Results 6.1 (p. 56) and
colony orientation is the direction in which the most exposed
side 6f the comb faces as described in Methods 2 (iv) (p. 26 ).
The numbers of cavities and colonies in each of 8 sectors
are given and have then been put in two groups; those in
the 3 sectors facing E to SW and the rést. The expected
numbers in each group assuming a random (even) distribution
are in brackets below the observed numbers, Statistical

analyses after Batschelet (1965).

Aépett/Orientation . No. of Cavities No.‘of Colonies

1% 45° | 0 1

4% 90° 1 {

| 91‘5— 135° 3 2

' 4 _| 6 4 _| 6

136°- 180° . (6.25)] 1[(3.75) (6.25) | 2}(3.75)
181%- 225° 2 ;l
226%- 270° 0 | [o
271°- 315° - 1 - 41
316%- 360° 2 (1

" Mean aépect'of cavity entrances : 132.9° (approx. SE), Mean angular

deviation : 69.6°. Rayleigh statistic Z = 0.693, NS

Mean orientation of colonies : 138.0° (approx. SE), Mean angular

"deviation_: 69.6°. Rayleigh statistic Z = 0.691, NS
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to note that of these 10 colonies in cavities, 8 faced very nearly
the same way as the cavity entrance (ie one side of the comb faced out
of the cavity and the other faced inside so was hidden from view) while
only one colony‘was perpendicular to the entrance (ie its comb ran from
the front, back into the cave). The other (tenth) colony was at an
angle to the entrance of its cavity, a packing case, but slightly closer
to the perpendicular position; as a result it was facing at 170°.
Therefore it appears that once florea colonies have selected
a'ééve or other cavity they usually build their comb so that one side
faces out of the entrance. This may be the most suitable position
for the landing and dances of returning foragers, But may also be‘the
most effective for thermoregulation., If, as appears to be the case,
florea are selecting caves facing SE into which there may be some direct
sunlight, the insolation will strike a greater surface area of comb if
it is positioned "broadside on'' at the entrance, rather than "end on'.
The warming effect would then be greater and is presumably beneficial
to the colény eariy in the morning, especially in winter. The exact
position of the comb will of course also be determined to someAextent

by the texture and contours of the '"cave'" roof and its floor.
6.4 Shade/exposure

The amount of shade experienced at the nest was estimated
for 19 of the colonies (Table 2.14). As might be expected, colonies
in'cavities were generally in rather shadier sites than those in trees
.(Figure 2.5) with mean shade values of 91.7% and 71.77 respectively,
‘the overall mean being 75.1%. Most colonies were found in trees and
b;shes, Eut it should not necessa;ily be éoncluded that florea colonies
“were selecting such sites in preférence to cavities because the trees

offered greater exposure. It may have been that colonies were using
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Table 2:14 Shade experienced at the nests of 19 colonies in cavities
| in Oman. Cavities include those types‘of site detailed

in 6.1 of the Results. See text (Methods 2.(v) p. 26) for
details of estimation;' The final two columns indicate
whether or not a colony was thought to receive direct
insolation sometimes (not 1007 reliable as the sun was not
always in the appropriate position when each colony was
examinéd). - Mean shade value 91.77 (%-E mid-point of each

class x frequency).

Class Percent Shade No. of Colonies With Direct Sun No Direct Sun
0 to &4 - 0 - 75% 0 0 .0

5 75 - 90% 5 5 ' 0

-6 : 90 - 100% 14 6 8

trees because there were not enough cavities available. However, as is
also considered in the final discussion of this chapter, with village
buildings near to and in the gardens and with many caves in the hills,
there did not'appear to be a shortage. Nevertheless, the temperature
ﬁeaéurements in caves (see the following section-6.5) did indicate that
noé.all had a suitable microcliﬁate. Alternatively, some colonies may
‘have been deliberately selecting shady cavities just in the hotter months
(see section 6.7); but cavities are probably not better than trees for
avoiding predators (see D, Final Discussion).

Furthgrmore, visibility to predators and shade may not be the
only factors involved in the selection as it is not known how effective

the foragers' communication dances are, on the vertical surfaces that
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would ﬁave to be their dance platform in these cavities (Lindauer 1957;
Free & Williams 1979; Free 1981). The problem§ that a colony, in a
tree and completely shaded from the sky, would face with its communication
dances have already been discussed (Sectién C. 5) and a colony in a cave,
even if the sky is visible from inside, is-effectively in a similar
situation as it only has a vertical dance floor.

Florea daﬁcers almost certainly cannot use the plane of .
vibration of polarized light as a reference for dances on such a vertical
surface (Von Frisch (1967) found that mellifera dancers canAonly use
pdlgrized light when dancing on a horizontal surface), so the dancers
wéuld be dependent on the ability to transform forage information, based
on the sun's'fosition, to a vgrtical surface. Such vertical dances are
notlnormally performed by colonies with a flat surface available, so
maY'not'be as éccurate or satisfactory.

Thus colonies in caves, being in virtually the same situation

‘as completely covered tree-colonies, as far as communication dances are

concerned (ie both would have to use vertical surfaces, but for different

'  reasons) may partly explain why the shade values for colonies in caves

aré greater than those in trees. That is they are able to select a
vefy sheltered/shaded position (if desired) and need not consider whether
sufficient sky is~visib1e for horizontal communicatioﬁ dances. . Tree
colonies on the other hand ﬁéed to select sites with a view oﬁ,the sun
'or~some sky if'they are to make good use of their horizontal dance

platforms.
- 6.5 Cave temperatures

In order to see if microclimatic differences from ambient
temperatures existed which might explain the selection or rejection of

caves by florea colonies, temperature measurements were made inside
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2 natural rock caves off the Wadi Hawasina, in the foothills of the Hajar
" mountains. The, first cave recorded (No.4, Fig.2.7a) contained a colony
which had flown there of its own accord and the second (No.S5, Figs. 2.7p

and 3.6) a colony which had been brought there by a bee-keeper (Khalifa);

from wax cell remains on the roof, the latter cave must have previously
coﬁtainéd colonies of florea, either put there by the beekeeper and/or

of natural origin; Tﬁere were a number of "sidr" (Ziziphus spina-christ?)
" and "samur" (dcacia tortilis) trees in the wadis dissecting the area and
various ofher caves so it did not appear that the wild colony had been
forced to choose a sub-optimal site because of limited nest site avail-
ability, but the bee-keeper might not necessarily have selected the best
cave for the other colony.

The temperatures in May 1980 (the first.really hot month of
. theAyear) of cave No. 4 facingANW (310°) were considerably more stable
than the outside shade temperatures measured under a tree, varying from
33°¢ just after dawn to 37.7°C in the afternoon, while the latter
'rénged frém 26.3°C to 42.3°C over thg same period (Fig. 2.7a).  Though
. both sets of temperature conditions might stress a colony, thefe would
‘be less temperature stress in the daytime on a colony in the cave than
~on one in a tree. At night, the cooler temperatures outside the cave
might be preferable to a colony, but not suffiéiently advantageous to
»make it worthwhile for the colony to endure the daytime temperature
stress; the night—time ambient temperature might even be a little
below the optimum and the warmer cavg rather better,

The temperature readings (Fig. 2.7b) made-later in the summer,
at the end of July 1980 in the other-cave (No. 5) facing neariy due
north (3500),ﬁe11,a different story. Though the temperature in the
cave (37° - 42.1°C) is still less variable than the ambient temperature

(29.70- 42.7°C) and does not reach quite such a high peak, inspection






457 a CAVE 4
He
X
\
\
40 \
\
X
\
. \
() ¥
[]
(]
=
= 35
1 59
0 .
e Evening sun striking
E . cave entrance
(0]
- ‘I
1
X
30 4 ' -%-- Ambient temperature
30 , _
| A
' —e— Cave temperature
!
{
[
[
*__3(
25
A T T ] 1 T T T !
Time 0400 0600 0800 1000 1200 1400 1600 1800 2000 (h)
Date 16.v.80 ” 17.v.80 || 15.v.80



45 - b CAVES5

40
o M
’ #]
(] ' ,'
-} . ;(,
s 35 h / .
o /

/
Q
£ X
] /
- )
,>(
)(/
x - %-- Ambient temperature

—&— Cave temperature

25 : : :
: ' J T T T T T T 1
N Time 0400 0600 . 0800 1000 - 1200 1400 1600 1800 2000 (h)

" pate  24wii.80 ” 23.vii.80 ” 22 vii.80



64

ofbthe‘graﬁhs shows that 6vera11 in the daytime it is hotter in the
cave. The same must also be true at night, so a colony in this cave
at this time of year may experience considerable stress with temper-
atures almost permanently above 35°C, while outside in a tree it might
be rather better with temperatures between 30°C and 35°C for some of
the day and night.

Thﬁs the recordings from these 2 caves show that even without
direct sunshine (jﬁst a little in cave No. 4 in the evening) cave micro-
climate can be very different from that in normal shade, eg in a tree,
and may offer opportuﬁities and disadvantages to florea colonies accord-

int to the time of year.

6.6 History of colonies occupying the caves in which temperatures

were recorded .

The natural responses of the colonies (without disturbance)
t§ the conditions that existed in these 2 caves, in terms of absconding
or'remaining, would have been informative, but the histories of the
‘ colonies were not known with absolute certaihty and they suffered dis-
turbance when the beekeeper took honey from them. As far as I could
ascértéin from the ﬁeekeeper, who first showed me the colony in cave No. 4
on 13.v.80, and from my own observations of his various colonies on
'}28.111. 80,'13.v. 80, 15-17. v. 80 and 22-24, vii. 80,its putative

history'was as follows (overleaf):-
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Nest sited in:
Ziziphus spina—christi tree

. Moved by beekeeper . After 28,111.80, poss.c.2.iv.80

v o
Cave No. 1, Aspect c. 300

Absconded Poss. c. 4.1v.80

v

Cave No. 4; Aspect 310°, Definitely present
13-17.v.80

Absconded (after 2kg honey extracted) Poss. c. 30.v.80

v
Another Ziziphus spina-christi tree. Definitely

present
22-24.vii, 80

Probably absconded, because Poss. c¢. 26.vii.80
tree became defoliated in

drought

‘-—-—-———-

It appeared thatlthe beekeeper had found the colony in a
"sidr" tree in spring and moved the colony to cave No. 1. He either
took the honeycomb from the colony at the time he movéd it or some days
aftgrwérds, but this dis;urbance and/or unsuitable conditions in‘caveANo. 1
induced the bees to abscond to cave No. 4, probably at the beginning of
:'April. Cave ﬁd. 4 was only approximately 150m from cave No. 1, faced
in a similar direction (3100), was relatively deep and the cblony had
attached itself ﬁear the back of the cave, approximately between 1.0

and 1.5m from the entrance.
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Thgé the cave was selected when thé temperature was beginning
to rise in.late~spring,and, as has already been'discussed, probably
pro?ided‘a,suitable microclimaté (Figure 2.7a) for the colony; the
bee-keeper said he later harvested approximately 2kg of honey from
the nest. After this it absconded to a '"sidr'" tree about 100m away,
probably at the end of May - beginning of June. It may have absconded
because of the disturbance of honey-harvesting and/or because the
microclimaté at its chosen nest site had become very hot - as did
cave No. 5 in July (Figure 2.7b) - and the '"sidr" tree was cooler,

| The colony actually in cave No. 5 had been brought there in
the "samur" (4eacia tortilis) flowéring season, ie in April or early May,
and had subsequently yielded c. 0.5kg of honey in this site — probably
towards the end of May. The disturbance of honey-harvesting was
presumably nét sufficient to make the bees abscond at the time and the
cave microclimate was satisfactory. However, when the temperature
recordings were made at the end of July no brood was present in the
colony, no pollen was visible, sealed honey cells occupied only 5% of
. the totél comb and unsealed honey cells less than 57. This was indicative
that absconding might soon occur, though.there was very little foraging
activity and virtually no forage available in the vicinity that would
havé stimulated brood rearing. No more visits were made to the colony
after 24.vii,80, but another colony that had been put in a similar cave,
No. 7,‘in‘tﬁe same rock face about 30m away was, on 22.vii.80, in mﬁch
the same state as -the colony upder study and it absconde& on 23.,vii.80.
On this basis I deduced that the colony .in cave No.-5 would also have
absconded.ﬁefore the end of July and the reasons for both (5 and 7)
colonies absconding was not disturbance, but the hot microclimate that
existed in the caves in July,exacerbated by lack of forage in the

vicinity.
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Firm conclusions cannot be drawn from these few observationms.
WouldAthe'temperatures inside cave No. 4 have become higher as the
season‘proéressed and followed the same pattern as the temperature in
cave No. 5 at the end of July, or did cave No. 4 have different physical
characteristics? Fér instance cave No. 7 from which.the other colony
of bees was known to have absconded on 23.vii.80 was just below the top
of a plateau with oniy approximately 0.5m of rock above it and the
bottom surface of this rock (ie the cave roof) was fairly hot to the
touch. Therefore, as the summer temperatures build up and the rocks
absorb heat, even north-facing caves like this can develop intolerable
microclimates; cave No. 5 had a thicker roof (exact thickness of rock
above nof recorded) than cave No. 7, but nevertheless in summer the
roék obviously retained heat and re-radiated it when outsidé_temper—

atures were lower.
6.7 Discussion

So each cave or other caQity may have its own peculiar
temperature qharacteristics dependent on factors such as its size,
‘éhape, rock type and'aSpect that may result in it being warmer or
cooler than the outside atmoéphere according to the time of year;
there are probably temperaturé gradients within the cavities too,
making certain sites of attachment for florea better than others.

To what extent flofea can assess the characteristics of such cavities
before making a selection is ﬁot clear, but the data on orientation of
colonies in trees (section 4) and the similar data on cavities in
section 6.3 suggests fhat they do make some selection on the basis of
a§pect. ‘However, the cave temperature data also suggests that some
sites may not be suitable fhe»whole year round - at least for weak
colonies - and a change of nest site to another cave or a trce may be

necessary.
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To consider the possibility of seasonal variatioﬁ in the
type of cévities selected by florea, the time of year at which colonies
érrivéd at éavities of different orientations was checked. Of the 3
colonies which arrived in cavities facing from west to north, 2 were
known tovhave arrived in April at the beginning of the hottest period
and the 3rd was thought to have arrived in September, towards the end
of this hot period. The dates of arrival of 2 of the colonies in wells
were also known reasonably accurately; one definitely arrived on 30.v.79,
the other was first seen on 14.vi.80 and was said to have arrived in
April. These colonies, being in very shaded positions, can be con-
sidered equivalent to those in N facing caves.

Of the 7 colonies in cavities facing from NE to SW all were
known or deduced to have arrived in the autumn-winter-spring months,
from Ocﬁober through to the middle of March at the latest, These few
observationé are consistent with a hypothesis that orientations and
sites are selected appropriate to the prevailing temperature condiiioﬁs
ie caves facing south in winter etc. The data on colonies in tfees,
however, indicated that some florea colonies arrived in SE sectors
throughout the year, even in summer, but that of the small number of

‘c01onies in NW tree sectors, most arrived in summer (Results, section 4).
Therefore thére appears to be some seasonal variation in nest site
selection, but the pattern is in need of further elucidation.

Hdwever, those colonies which do stay in one site for several

.months maf sooner or later encounter less favourable temperature con-
ditions and I speculate that in these circumstances 3 options are open
to thg bees:-

(i) Strong colonies (populous with good food reserves) fhat are
able to thermoregulate satisfactorily under the more adverse conditions
would remain in the>original site selected, maybe rearing brood at a

reduced level according to forage availability and reserves.
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(ii) Some weak colonies, less able to cope with the temperature
extremes would cease brood rearing and become relatively inaétive;
equivalent to hibernation and éestivation in winter and summer respect-
ively, the neét.temperature tending to fluctuate, between limits, with
ambient.

| (iii) Other weak colonies would abscond, selecting a more

suitable site that facilitated thermoregulation and brood rearing.

The option followed would depend onlthe strength of the colony,
how extreme the temperatures experienced were, the extent (if any) of
disturbance‘or predation at the existing nest site and the availability
of alternative sites. Therefore once a site has been selected and a
colony haé started to develop, various factors come into play, which
determine the length of time spent there and which induce absconding;
these are discuésed further in Chapter VI but the sort of consequences
 to colonies of their nest site sélection must at least be illustrated
and considered briefly here. These proposed "options" and the
principles involved apply equally well to colonies which have selected
nest sites in trees, but are discussed in relation to colonies in caves
becausg they provide some good examples.

Example (a) The third coloﬁy (Figure 3.4, Chapter III) to
have selected a NNW (3400) facing'cavity (mentioned above) was thought by
the bee-keeper to have arrived there in September, and its size when I
first saw it on 28.xii.79 suggested he was correct. The temperatures
in September are ﬁigh (Abpendix II) and a north-facing cave at that time
would almost certainly be preferable to one facing south.. However, with
lbw temper#tures 3 months later in December the reverse would be the case

and a south-facing cave might be better, providing some insolation to aid
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wifh thefmorggulation. Nevertheless, in this case the cplony had
grown stfonglduring the "sidr" (Ziziphus spina-christi) flowering
season in late autumn and on 28.x11.79 had a large area of brood, much
stored'honey and foragers were seen to be gathering at least 2 kinds
of pollen and probably nectar. It was therefore a case of option (i),
a strong colony staying in the site selected in an earlier season and
' devoting its energy to maintaining the température of its large brood
"investment'" - rather than letting brood rearing run down so it could
abscond/migfate to a warmer site.

| Example (b) However, the bee-keeper then proceeded to upset
the balance by removing all the honey from this wild colony. He put
the brood comb back in the cave very clumsily (Chapter III, Figure 3.5)
and though the bees re-clustered, he said they absconded 2 days later -
-presumably after some of the sealed brood had been able to emerge.
'Latef, he pointed out to me the rocky mountain in which he subsequently
found the colony (about 0.8 to lkm from its original site) and though
"I did not visit the cave the aspect of the mountain face was approximately
§22£E.‘ Therefore, though'this large colony had originally adopted
6ption (i), predation by man had altered the situation and the maintenance
with food and warmth of a large area of brood with no honey stores would
have been difficult, so the colony absconded to what must have been a
better (warmer) site for that cold time of year - option (iii).

Example (c) The strong colony in cave No. 4, discussed earlier,
o a;so,appeared to be a case of option (1), until it was-predated whén,
being the hot season, it absconded to a site iq a tree that was potentially
" cooler - option (iii). |

‘Examples (d) and (e) The colonies in caves No. 5 (on the likely

assumption that it did soon abscond) and No. 7 would also be cases of
option (iii), weak colonies absconding to presumably more suitable sites

‘as the summer temperatures in their caves became too extreme.
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It is ali too apparent from this speculation that the data
on ﬁhe seasonal nature of cave nest site selection is very sparse.

More measurements are needed at different times of year of the diurnal
temperature fluctuations in caves (used and abandoned by bees) of
.different conformation and aépect. At the same time, the selection

éf these caves by florea and how the colonies develop should be followed,
and the nature of the sites to which any abscond compared with those
they have deserted and others available.

It might then be determined whether the colonies in the mountains
are occupying caves at certain times of year because (a) they provide
the best sites, with suifable temperature characteristics that trees
cannot offer or (b) Dbecause certain trees eg with dense foliage in
fact provide the best sites but, unlike in cultivated areas, there are
insufficient of them available and colonies are therefore forced to use
lcaves as second best, with their possible disadvantages for forage
communication dances.

AWhateQer the complete picture, it can be tentatively concluded

that cave orientétion and internal temperature characteristics are
" important factors in determining nest site selection, Alsp that there
- appears to be éome seasonal variation with the final selection to some
extent dependent on the ambient temperature conditions at the time.
A site offering the best opportunity for growth and reproduction in the
shopt term.may sometimes be chosen and if the colony thrives it may then
be éble to survive subsequent adverse conditions; if it does not thrive
or is predated it may abscond.

The data on tree sector occupied, however, with most colonies
selecting SE sectors, did suggest that there-cﬁn be optimal sites likely
to be suitaEle for the year as a whole. Such sites may not be the best
at any one point in time, but should overall be the most satisfactory

with less extreme microclimatic pressures, which would thus obviate



the need to:abscond. The ability to move nest site_relativel? easily
,(abscond) must be a useful asset, but at a cost in terms of enefgy

and the gap in brood rearing, so mainly for use in emergencies. Thus
colonies that can waste less time and energy by sélecting sites where
they can grow and reproduce for much of the year should usually be
more.successful fhan those which select sites that necessitate a move
after only a few months.,

Finally,_it'should be remembered that some of these colonies
wﬁich héve séttled in sites that prove to be suitable only for a few
months may not have deliberately selected a short-term site, but only
did so because they were not able to assess the sites' characteristics
adequately eg the colony which absconded from cave No. 4 to the Ziz2iphus
spina-christi tree that lost its leaves under drought conditions.

Thefe is bound to be some variation in the nest sites selected and
not.all sites will be optimal or even well chosen, particularly in areas

where the availability of suitable ones is limited.

D. FINAL DISCUSSION

Overall selection of habitat, trees.and cavities by Apis florea for

nest sites

Though habitat aﬁd vegetation structure in Oman were not
described quantitatively in this study, as in Thailand by Seeley et al
.(1982), it was appareht that little of the area occupied by florea
was even'superficially comparable to Thai primary rain forest. Perhaps

just ‘a few densely vegetated parts of the intensively cultivated date

gardens of the interior oases might have been structurally similar to

Seeley et al's tropical rain forest category as these gardens have

71
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relatively higﬁ average tree densities (438 Paims + Fruit Trees/ha at
Araqi, 573/ha at Ibri;> Dutton & Letts 1982) that are greater than those
of the Batina gardens (145 trees/ha, including uncultivated patches;

see Results 1;1 (i1i) in this chapter). However, in general, interior
date gardens would correspond to the areas Seeley et al described as
"secondary growth', as would the old Batina gardens. The new Batina
gardens, ornamental ones and the "wild" plains and mountains, all with
felatively sparse tree cover, probably correspond in structure to the
"cleared areés" described for Thailand.

It can be seen from the totals in Table 2.15 that if the four

general habitats are grouped into 2 categories, equivalent to "seconda?y
growth" and "cleared areas" as above, that most colonies (125; 71%) in
Oman were recofded in "secondary growth" (cultivated date gardens) and
fewer (51; 29%7) in "cleared areas" (wild habitats and new gardens).
On the other hand in Thailand, most (61762) of the florea colonies were
in the cleared areas and only 34.17 in the secondary growth and 4.37% in
the primary rain.forest, which suggests they were selecting rather more
exposed habitats in Thailand than in Oman.

Though the larger number of colonies recorded from cultivated
areas in Oman in part reflects the greater search effort there by myself
and informants, and though the distinction between date gardens and new
gardené was not always clear cut (eg there were cleared areas within the
old gardens and some of the new ones were developing quite dense vegetation),
it was nevertheless apparent that a greater density of colonies occurred
in the '"secondary growth" oases than tHe "cleared" wild habitats. This
in turn may have primarily been due to the seasonal scarcity of forage
and absence of water in certain wild areas, but it may also have
reflected the‘greater availability and suitability of nest sites in the

more densely vegetated areas.



Table 2.15

Overall numbers of naturally established Apis florea
colonies recorded in different nest sites (including
colonies attached to physical substrates) in Oman,
divided according to four broad habitat categories.
Percentages of the colonies in the different habitat
categories are given and also the percentages nesting

in cavities, as opposed to trees.

Number of nests in different general habitats

Khabura
and Interior  Wild New and A
Plant Used other Batina Oases Habitats Ornamental Total
—_— Gardens
~ Gardens - —_—
Phoenix dactylifera 7 5 0 12
{(mature)
Phoenix dactylifera 4 -4 1 9
(young)
Citrus spp. 17 42
Mangifera indica 5 7
Acacia nilotica 12 12

Ziziphus spina-christi
Azadirachta indica
Sesbania sesban
Terminalia catappa
Cordia myxa
Prosopis cineraria
Morus sp.
Punica granatum
Ficus carica
Euphorbia sp.
Tamarindus indica
Acacia tortilis
Jasminum sp.
Solanum melongena
Bougainvillea glabra
Lantana camara
Nerium mascatense
Datura sp.
Ipomoea pes-—caprae
Commiphora sp.
Salsola sp.
Salvadora persica
Ornamentals indet.
(incl. Leguminosae)
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(Plains)
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1 Jabal)

(Jabal)

(Plains)
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|
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Sub-totals 76 44 16

Cavities 4 1 6
(caves, wells, etc.)

20

156
20

TOTALS (PERCENTAGES) 80 (45.5%) 45 (25.6%) 22

% Total in Cavities 5% 2.2% 27.

(12.5%)
3%

29 (16.5%)
31.0%

176
11.49
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" Therefore in Oﬁan, where the predation pressure is apparently
less than in Thailand (Chapter IX and Appendix I), most florea colonies
were occupying a quite densely vegetated habitat where the opportunities
for concealment were presumably high, but in Thailand, with the greater
jpredatiOn'pressure, tﬁe colonies were in more open habitats. If pre-
dation was thé major factor determining nest site selection by fiérea
in Thailand and concealment was the main strategy for avoiding it
(Seeley et al 1982) it is not altogether clear to me why the florea
colonies did not occupy 'secondary growth" and '"primary rain forest"
habitats where concealment would presumably be the greatest. Seeley
et al's visibility figures indicate that most florea colonies were well
cohcealéd in the “cleared areas'"; but I suggest that the concealment
' was not maximum apropos insolation and the colonies might have been
avoiding the most densely vegetated primary forest areas, despite better
.éoncealment opportunities>from predators, because insufficient sunshine
pénetra;ed for communication dances and particularly thermoregulation.
This interprefation might belﬁased on misconceptions of the Thai environ-
R menf, but I believe should be'considered in view of the apparently
'diffefent.findings in Oman.

My experience in Oman indicated that florea nests were not easy

'.fo fihd‘whatever the habitat and degree of exposure, and I can well
believe that 63% of Seeley ef al's colonies were not "immediately visible"
froﬁ any of 4 sides, above or below, to an observer 5m away. I felt
it was often the smali size, particularly when viewed from end-on or
. below, ofAonrea coionies and their shape and dark colour amongst the

'lﬁranéhes which made their detection by sight difficult, not just the
degree of concealment of the nest site. Both well-concealed and relatively
exposed colonies might be equally difficult to spot from 5 or 10m -

until one knew where they were! (e‘j see F\‘b~1~6 C"d\)-
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" Visibility, like shade, is not an easy attribute to measure
and the human visibility scale used by Seeley et al is probably in-
applicable to other predators which may use other visual or completely
different sensory cues to detect a colony of bees. I found the most
effective searching technique was to peer into bushes and trees from
close to or within, as did Omani florea "hunters' - not to gaze at
possible sites from a distance of 5m or more. So, though florea
colonies clearly select more concealed sites than dorsata, Seeley
et al's visibility scale may not be entirely appropriate, even for man
as a predator, in describing a nest site. Because of their large
size, most dorsata colonies would probably be visible in sites where
florea colonies would be considered "invisible". In fact, once located,
I found some previously "invisible" florea colonies could be spotted
from gfeater than 5m and I suggest that Seeley et al's visibility scale
did not indicate adeqeately the full range and extent of colony exposure
to solar radiation;

Thus colonies in Omaﬁ and Thailand hay have been selecting
partly exposed sites suitable primarily for thermofegulation and
coﬁmunication dances, but it happened that the appropriate conditions
for these (circa 75% shade, 257 exposure) nearly always provided
adequate concealment from various predators; this concealment value
may tﬁerefore have been of only secondary importance. The finding in
Oman that florea show a preference for the SE quadrant of trees strongly
”suppofts the hypothesis that thermoregulatory requirements are of prime
importance ih nest’site selection by florea. A

| . Whe;her'ef net'floﬁea werefnesfing in shadier sites in the
Omani dete‘éardensfthen in the Thai eleared areas, because of higher
summer temperatures in the former regions, cannet be ascertained as

Seeley et gl did not directly measure shade. However, they do cite
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a case of‘a'miXed'brchard where 4 florea colonies were found nesting
in 23 leafy mango trees (Mangifera indica) but none in 321 custard apple
trees (Anona squamosa) which had lost most of their leaves. The
number (4) of florea colonies recorded was too small for the chi-
§quared test that they applied in their statistical analysis to be
valid, but neverfheless a highly significant association between florea
colonies and leafy mango trees is still shown if the more appropriate
Fisher exact probability test (Siegel 1956) is used, p = 3.09 x 10_5.
Relatively low light levels were recorded next to the nests and it was
concluded that fioréa selected nest sites surrounded by dense foliage,
but fhese observations do not indicate whether such selection is for
thermoreguiation or against predation.

Similarly either interpretation could be put on their
ofservation that colonies which becoﬁe more exposed at the beginning
of the dry season showed a greater tendency to abscond than those whose
. visibility had not increased. Trials that Seeley et al conducted,‘

- exposing 3 colonies but keeping them shaded by leaving vegetation over-
head,'whilé leaving 3 controls shaded and concéaled, showed that the
former?_exposedvéolqnies abscénd more rapidly. This did suggest

colonies might be dbandoning their nests because of exposure to predators,
ﬂut.they did add the céveat that excess insolation might also stimulate
éélony ﬁo?eﬁéht, | I:too would guess that it was quite possible that

the shade they left above these colonies was not adequate and was
con#ributory to theif abscoﬁding.

Table 2.15 also shows that the percentages of the total number
" of colonies in wild habitats (27.3%) and new gardens (31Z) that were
_foﬁhd in cavities were greater than the percentages found in cavities
iﬁ the Bétina,(SZ) and Interior (2.27) date gardens. Assuming these

figures reflect the true proportions of cavity nesting colonies in these
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areas and they are not the result of inadequate searching, there are
2 possible explanations for this difference in nest site distribution

- between the habitats.

(a) Compared to the gardens there are more cavities available
in the mountains, and relatively few trees that provide the correct
shade/éxposure, so more bees have to make use of the sub-optimal cave
nest sites,

| (b) There are differences in the meteorological conditions
bétweeh'aensely vegetated gardens and the more open wild habitats, and
certain caves offer a better microclimate than trees in these circum-

stances.

Without detaiied measures of nest site availability and more
measuremehts.of éa?ity temperatures, the relative importance of the
- 2‘éxp1anations cannot be determined but I suspect there is some truth
ig(each} " When one considers tﬁe buildings, wells etc that offer
édfgﬁtial_nest,sités.in oasés there may be és many per unit area as
tﬁete are caves in the hills, but the density of trees in wild habitats
is obviously lower than in date gardens. Perhaps most cavities are
'notjvery.suitab1e ¢g cave No. 5, Figure 2,7b, and are not usually
selected in dases; butlhave to be used more often from necessity in
the mountains where trees are scarce.

On the other hand the temperatures in cave No. 4, Figure 2.7a,
Qéfe better (céolef) than nearby tree temperatures in May; also south-
facing caves might retain the heat better in winter and therefore some
cavities may be actively selected in favour of trees at certain times
of year. The 2 colonies in wells at Khabura arrived there just before
and during the hottest period of the year (section 6.7), again suggesting
that in soﬁe months there is a greater tendency to favour such sites

because they are cooler, to sites in trees.
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It is not likely that caves are selected to avoid predation
as the colonies are not well hidden inside them and are only difficult
to find if there are a lot of caves to search. Once found, colonies
would be particularly susceptible to predation by invertebrates and
vertebrates, as they are close to the ground and not in thorny trees.
Colonies in windows, on buildings and in wells were also easier to
spot than those in trees, but these positions sometimes made the nests
more inaccessible.
| Similarly, thé greater number of florea colonies found in
cultivated areas (almost certainly reflecting a higher denmsity as well
as-é‘gfeater search effort) did not suggest that predation was a major
factor involved in determining the distribution of colonies between
these éﬁd wild areas. Predation pressure from man must have been
greater in the areas he cultivated and also from other predators such
as ants, hornets and bee-eaters that benefited from the water and food
that man's activities provided. Yet the bees were not deterred from
| nestinglin such areas; the f1§ra1 rewards of man's crops and weeds and
the shelter - but not complete shade - from the vegetation presumably
outweighed such predation problems.

Three other minor points on nest sites can be mentioned here,
2 iﬁ‘félation to remarks in the literature. Dutton & Free (1979),
Williams (1979) and Free (1981) report an Omani bee-—keeper's comment
that some florea colonies move fufther back into caves in the heat
of the'summér. I never encountered or heard reports of colonies
' actuaiiy shifging the position of their whole comb such a short distance
‘within one cave; it is more likely they would move to a completely
differenﬁ site (cave or tree) that would offer a more significant

change in microclimate.
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Free (1981) reported that the comb of florea colonies is
‘ often attached to a palm leaf; this study has shown that, though
colonies will nest on date-palm leaves, they are usually avoided and
it is only because balms are by far the most abundant tree in Omani
ggrdgns that a number of colonies have been recorded in this species.

As for fhg 6yeréll numbers of florea colonies in different
f?ée species in Oman, most were found in (itrus trees (Table 2.15).
Théugh 1arger samples would be needed to consider the relative selection
for scarcer trees such as mangoes, indian almond and others, a person
searching for florea colonies would probably do well to pay most
attentiop to gardeﬁs with Citrus trees, particularly if planted evenly
in rows allowing easy inspection, and to concentrate on the SE quadrant
of the trees.

To reiterate the main cbnclusions, it appears that in Oman
most'fiorea colonies were selecting quite well-hidden nest sites,
often in dense patches of vegetation, but they were situated so as to
receive a small amount of insolation. The south—-east quadrants of
érees.gnd cavities and walls with east to south aspects were particularly
.jfayoured and(such sites should facilitate colony thermoregulation and
forage communication dances. In the hotter months there was a greater
tendéné& for some ofbthe colonies to choose more sheltered sites such
aé welis_and the_nqrthern parts of trees. Predation pressure on florea
was probably less than in‘Thailagd (Appendix I) and did not appear to
be bf»sucﬁ,majﬁr‘importanée‘in'determining nest site selection in Oman,

i'aé Seeley et al (1982) concluded it 'was in Thailand.
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CHAPTER III

SITING OF APIS FLOREA COLONIES BY BEE-KEEPERS
AND OTHER ASPECTS OF TRADITIONAL HONEYBEE

MANAGEMENT IN OMAN

General Introduction

VHaving considered in the previous chapter the nest sites
selected by wild colonies of Apis florea it is pertinent to consider
next thé types of nest sites chosen for florea by Omani bee-keepers.

The satisfactory siting of coionies is a critical facet of the overall
management of this species and is treated in detail in Part I; the
positioning of colénies in trees, in natural caves and in man-made
éavities will each be examined separately and information is tabulated
where possible.

" However, the enumeration of the prevalence of various practices
‘was_not easy as there proved to be almost as many methods of keeping
florea as there were bee-keepers, each bee-keeper or bee-keeping family
héving their own favoured techniques and folklore. The techniques were
usually variations on a theme that involved the "zoora", a mid-rib of a
'bdate palm frond-split down the middle to hold the comb, and the me;hods
préctised by Humayd Sulayman al-Shimili of al-Ghubbi as described by
Dutton & Simpson (1977), Dutton & Free (1979) and Williams (1979)

. appgared to be typical of»tha§ theme. Therefore, in Part II of the
chapter detaiis of Omani florea management will be described which
differ from Humaydfé methods, and wﬁich have not been mentioned in the
first part of the chapter, especially those of practical interest.

Details bf "honey-hunting" expeditions to the "jabal" (mountains),

an important activity for some florea specialists, will also be related
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and the survival of florea in these remote areas considered. Unless
speéifically stated, details of the colonies kept by and the bee-
keeping practices of Nasr Ahmad al-Ghaythi at Zahib, who had the most
advanced florea management system that I encountered, have not been
included in this cﬁapter. A separate chapter (IV) is devoted to him
and his bees. Thus in this thesis it is hoped that nearly the full
range of ménagement techniques to which florea is subjected in Oman will
. be covered; though various examples which were alike have not been
described in detail, selected ones are given throughout this chaéfer

to illustrate cert#iﬁ points. For brevity, in certain tables bee-keepers
have béen given designatory létters, a, b, ¢, d, e etc so that cross-

references can be made between tables and between tables and text.
"PART I  SELECTION OF NEST SITES FOR APIS FLOREA BY OMANI BEE-KEEPERS

'A. SITING OF APIS FLOREA COLONIES IN TREES AND BUSHES

1. Introduction

Although early studies on florea management.in Oman primarily
described techniques of keeping colonies in caves, both natural and
artificial (Dutton & Simpson 1977; Dutton & Free 1979; Williams 1979),
many colonies are also sited in trees. The trees used may either‘be
-in the gardens or in uncﬁltivated areas where pastoralists and gardén—
owners, qu instance Nasr Ahmad al-Ghaythi (Chapter IV), might put
ﬁheir colonies. The types of trees and bushes used and other site

-

characteristics are described here and compared with naturally selected

tree sites.
The data on sites selected by wild colonies was being collected
concurrently with information on practical bee-keeping and was not

analysed till later, so I did not appreciate that the exact position
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iﬁ which a bee-keeﬁer put a colony in a tree was necessarily of much
significance, particuarly as the sites the bee-~keepers chose seemed
to be mainly for their own benefit ie in easily accessible positions
in trees close to their houses. Therefore, though convenience was
certainly an important criterion, I may have underestimated the extent
to which some bee-keepers took into account other factors, such as
colohy orientation, in determining the final choice of site and as a
result did not always measure these attributes.

Mainly for this reason, but also because I did not want to
. disturb coionies that were not mine, the sample sizes for some nest-

site attributes are small, some of the measurements having been estimated.

2. Type of bush or tree

The plant species in which the various colonies in trees were
kebt are listed in Table 3.1, (7trus trees were clearly the most
frequently used, even though there were more young palms available
(Tables'2.2 and 2.4) and must therefore be preferred by most bee-keepers.

"This distribution closely reflects the selection pattern exhibited by

| wild cdlonies of florea whereby the most abundant date-palm was avoided
in favour of plants with densér foliage, such as Citrus spp. (Chapter II,
C;l), It appeared that the taller trees such és Ziziphus spina-christi,
'Mbngiféra indica (mango) and Terminalia catappa (Indian almond) were
glso nét often used in the date-gardens, presumably because they have
few brénches'at tﬂe base and it would have been necessary to climb them
tb find a suitable shady site. Nearly all the trees used offered sites
‘accessible from the.ground.

Apaft from the many trees and bushes used by Nasr Ahmad al-
Ghaythi for siting his florea colonies in the "sayh" or gravel plains

(Chaptgr IV) the only record of florea being kept in trees outside
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Table 3.1 Typés'of bush/tree used By 13 bee-keepers in Oman for
siting colonies of Apis florea under their management.
The number of colonies kept in each species and the number .

of bee-keepers recorded using each species are given.

Nest Site : No. of Colonies No. of Bee-keepers
Citrus spp. 18 10
Phoenix dactylifera (young) | 2 2
Vitis vinifera 2 2
Mangifera indiea 1 1
Punica granatum ' 1 1
Jasminum sp. 1 1
Tecoma stans 1 1
Ziziphus spina-christi 1 1
TbTALS- 8 species 27 13%

* This figure is 13 not 19 because some bee-keepers used more than
one species of plant; in fact Humayd Sulayman al-Shimili and

members of his family had colonies in 5 different species.

the cﬁltivated afeas was of one pastoralist, Said Ali (bee-keeper d),
'qn»the Bitina ﬁlain keeping a colony in a Ziziphus spina-christi tree
in November 1979. He said he ﬁad found the éolony about 1 month

' .previously (gndvof september, beginning of October) and initially had
put‘it in one of his ESE facing caves at the side of a wadi where he
keﬁtvcolonies'duting the winter (5 had been recorded in these caves

in December 1977)., However, ambient temperétures can still be high
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in autumn and he had considered the colony was-getting toé hot in its
cave, so had moved it to a shadier position in the ESE part of the
Ziziphus spina-christi tree less than 100& away, in the wadi. He said
it was usual for him to move colonies from his ESE facing caves to

tree sites where there was better shade in the heat of the summer.

It so happened that a wild colony of florea had séﬁtled in the same
tree; within a few metres of the first but furthef round towards the NE,
apparently soon after thé kept colony had been sited there; this event
supported the bee-keepef‘s choice of nest site.

Though this man and Nasr were the only 2 fioreaAkeepers
actually recorded keeping colonies in trees outside cultivated areas,
there were probably others»who did the same. However, itAdid appear
that most bee-keepers with access to gardens kept their colonies there
in summer (in trees or cavities) while the pastoralists in the plains

and mountains, on the whole, used caves throughout the year.

3. Height of nest site

The mean height at which florea colonies were sited in trees
by Omani bee-keepers was 1.84m (Table 3.2) which is lower than the mean

of 3.28m for natural nests (Chapter II, Figs.Z.la'and b). With 11 out

Table 3.2 Nest height distribution of Apis florea colonies sited in

trees and bushes by bee-keepers in Oman .

Nest Height, m ~No. of Colonies
0 - 0.49 3
0.5 - 0.99 » 4 Mean Height : 1.84m
1.0 - 1.49 : 2 Standard Error : 0.50m
1.5 - 1.99 2 Range ¢ 0.34 - 7.0m
2.0 - 2,99 1 n & 15
3.0 - 3.99
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of 15 colonies at or léwer than 2m‘(which is just over head height),
this indicates that most colonies are put at a height convenient for
access by the bee~keeper from the ground. The low height distribution
also reflgcts the fact tha; the Citrus trees which were favoured are not
as tall as most other trees available - though one reason that Citrus
trees were favoured may have been their low height with branches near
the ground!
The highest colony, 7m, was in a mango tree and was kepﬁ there,
by a less experienced bee-keeper, as this was the site at which he had
found the colony. The next highest colony, c. 5m, was that mentioned
"in the previous section being kept in a Z7Zziphus spina-christi tree by
the pastoraliét, Said Ali. It would have been difficult for him to
have put the colony at head height in this or nearby trees as they did
“not have suitable low branches. The other 2 colonies above 2m belonged
to a man on the Batina who ﬁas not a specialist florea keeper; one had
been returned, in a split date frond mid-=rib, to its original natural
_ site"after-its honey was removed and both were probably put at this

height to keep them out of reach of children/neighbours.

4. 'szé'of-colony support

The ways in which managed colonies-were supported were recorded
.and!ére;summ5riied in Table 3.3.  All but one of the beekeepers used &“ZQONC
'ﬁ?"zoor ", the‘ﬁid-rib of a date palm frond; it would be split long-
iﬁﬁdinallyidoﬁn tﬁe midd1e to within a few cm of one end, the comb

‘ wedgéd iﬁ the middle and the split pieces at the other end, then tied
;bgethef. 'Tﬁe "zéora" and comb would usually be rested on and/or tied

to two adjaceqt fadiating branches in a tree, so that the "zoora" was

at a tangent (forming the third side of a triangle with the trunk of

the tree as the apex). The typical way in which a "zoora" is utilized
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- for supporting combs has been described for Humayd Sulayman al-Shimili
of al-Ghubbi by Dutton & Free (1979) and Williams (1979) and similarly

for Nasr Ahmad al-Ghaythi of Zahib in this thesis, Chapter IV,

Table 3.3 Types of support used for 27 colonies of Apis florea
kept in trees by 13 bee-keepers in Oman. Their use is

explained further in the text.

Type of Support No. of Colonies No. of Bee-keepers
. "Zoora" (mid—rib of date palm frond) 22 12
On original supporting stick 2 2

(one later moved to "zoora"
Tied to branch . . 2 1

Box . 1 1

Two colonies wefe‘recorded that had been moved from their
natural nest sites with their combs still attached to the twig they
had tﬁemselves selected. In fact several of the coloﬁies recorded
'may initiélly have been brought by a bee-keeper to a new site on their

original twig, and later transferred to a "zoora" when the honey was

. removed; I found this was definitely the case with a colony belonging

to one bee-keeper after inspecting it on more than one occasion. This
probably happened most often with small colonies that contained
quantities.of honey too small to be worth removing and which could be
:tranéported easily with little risk of the brood comb breaking away
(as it was liable to do with colonies possessing a large brood comb).
One man, Sulayman Sayf al-Muskari of Murani near Ibra
(Sharqiya region), bee-keeper O, believed that a colony should, if
possibie‘after its honey has been taken, be re-attached to the same

type of support and at the same site. When visited on 10.xii.79
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he had 2 colqnies.dealt with in this way, one tiéd'along a branch in

a lime tree (éitrus aurantifolia) aﬁd the other tied along the mid-rib
of the frond of a young‘pqu.tree - apparently nbt the original, which
must have been'rémoved‘with honey- still attached, but this was considered
to be eqpivalent to it (Fig. 3.1). A third colony had been cut from
another 1ime tree and had had much of its honeycomb fempved, but in such
‘a way that the brood comb was sfill attached to the original twig, which
was fhen put back in the same lime tree.

So, rather than wedging a colony in a split stick, Sulayman
preferred to keep it on the same supporting stick, if neceésary by tying
it, so the bees could build their comb again around their chosen support.
This techniﬁueiwas attractive in principle, as some honey should be left
to the bees and brood should not be lost as a result of being squashed
between the split stick, but in practice may not have been satisfactory
sinée these particular colonies were not in a very good state. Since much
of a florea honeyéomb'ié constructed below the top of its supporting
.twig if would be difficult to remove just a portion of it without either
'damagiﬁg the Honeycomb itself, causing much honey to leak out, or weak-
eﬁing the attachment of the brood comb which might subsequently fall
away. ‘Tying a brood comb to a support is not simple either, for with
my own hiving experiménts I sometimes found the weight of the brood
comb.was sqfficient to cause the string, leaflets etc holding the comb
ﬁo cut tﬁrough the soft wax, so that the brood comb fell avay.

| | Finall&, one colony was partly suppérted/enclosed by a ﬁooden
ﬁox (probably the sort used for packing orangeé) in/undér a limé'tree,
but uﬁfortunately full details wefe not recorded. The bee—kéeper L)

" in trees or cavities

concerned usually kept his colonies on "zoor
and this colony too I believe was attached to a '"zoora" and the box,
rather than being a deliberately constructed hive.was just a convenient

way of keeping and sheltering the colony at that particular site in the

hot season.
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5. Size of colony support

The dimensions of most of the 'zoora' used were not measured,
their length tb some extent depending on the distance between the.branches
on which their ends &ere to rest. Those used ﬁy str Ahmad al-Ghaythi
(Chapter IV Pt I, A.3) averaged .67m long and seemed fairly typical of
those used by other florea keepers. Nasr was, however, particularly

"zoora" had to fit in his wall

consistent in the lengths he used as thé
recesses, while other bee-keepers probably employed a greater range of
sizes. For instance one florea '"zoora" used by a neighbour of Humayd
Sulayman (bee-keeper h) at al-Ghubbi was fairly robust, having been cut
near the base of the frond, and measured 1.05m long while another used
by bee-keeper m in the Batina gardens was even longer at 1.23m. At
the opposite end of the scale, one employed in Diqgl, a village in the
_ Batina plain, was very slender and only 0.6m long. |

" varied corr-

The cross—sections ("diameter") of the "zoor
espondingly and of coursé became much thicker once split and opened up
for the comb to be wedged inside. At the proximal end, where the split .
staftéd, the "zoora" from al-Ghubbi was 29mm "thick“ (deep) and at the
- distal end where the split ends were bound tdgether it was 27mm thick;
at the same pasitions the height of the "zoora" was 23mm and 2lmm

respectively. For the very slender '

'zoora" from Diqal, the correspond-
ing measuremenﬁs were 15 to 13mm thick (deep) and 9 to 8mm ﬁigh.

The size of the split in the middle of the "zoora" depended
bn how tightly the florea comb was clamped inside, but would be approx-
'imately the thickness of the brood comb ie just under 20mm. Thus, once
the comb was clamped in the "zoora", the cross-section of the support in

the case of the large "zoora" from al-Ghubbi would have been as large as

29 + 18 = 47mm by 23mm (Figure 3.2). This 1is considerably larger than
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fhe 13.6mm mean diameter for naturally selected supporting'twigs/branches
(Chapter II, C.3), and nearly all other hzoora" used would be larger toé.
. However, this factor.did not appear to deter the bees or bee-keepers
from using these "zoora" which have the advantage of being abundant,
straight (unlike most twigs) and rigid, while the ends maintain a certain
springiness once split that helps hoid the comb when it is inserted,

The '"zoora" were usually split along a vertical axis and rested
in their natural, horizontal positibn but on at least one occasion a
"zoora" was seen to have been split along a horizontal axis and then
turned through a right angle from its natural position so it was resting

on its side (Figure 3.2).

6. Tree Sector and Colony Orientation

The data on this aspect of siting florea colonies in trees is
very limited, conperning only 13 colonies and 7 bee-keepers (Table 3.4).
When I discussed such matters with them, florea keepers usually geemed
to be more concerned whether a colony shoul& be placed in a tree in a
garden or in a cave/cavity at a particular season, father than the exact
‘positioning in a tree. However, with their concern that.colonies should
receive the cqfrect amount of sun or shade when selecting an appropriate
positién for a colony in a tree, if bee-keepers were looking for a shady
site they would be moré likely to find this in the northern sector of a
tree. Alternatively, if looking for a more sunny site they would be
most likely to choose a position in the southern sector of the tree. |
Thefe was some evidence of selection for the latter (though whether
deliberate or by the "chance"'method above was ﬁot ciear),with 5 autﬁmn-winter~
spring coloniés being in a sector from E to SW (Table 3.4a). A 6th
colony, however, was in a S to SSW sector all year round; maybe once

established it was strong enough to be able to cope here with the extremes



Table 3.4

Pésitioning of Apis florea colonies kept in trees and bushes
in.the Sultanate of Oman, according to season and owner.

The ietters d, £, h etc refer to different Bee-keepers and
the abbreviations in brackets to the seasons of the year

in which the colonies were képt in the trees. Su: Summer,
circa May to August. A: Autumn, circa September to mid-.
November. W: Winter, circa mid-November to mid-February.

Sp: Spring circa mid-February to April.

(a) “Sector of tree occupied by 10 colonies, belonging to 7 bee-keepers

Bea;ing'(degrees) Autumn - Winter - Spring Summer
1° - 45°%) o
' - a0° ; .o (W) £ (Spfsu)
91° - 135° d (a)  m (Spisu)
136° - 180° ~voo (W)
181° - 225° wp () o (W),Ah(H-Sp) ,nq (A-W-SpfSu)
2260'—_2700
271° - 315°
316° 3_6o° q & — q (Su)

continued overleaf



Table 3.4 continued

(b) Direction in which most exposed side of colony faces; 9 colonies

belonging to 6 bee-keepers

Aspect/Bearing (degrees) Autumn - Winter - Spring Summer
1° - 45°
46° - 90°
91° - 135° h (W, o W), m (Sp ¢+ Su)
136° - 180° b (Sp)
181° - 225° q (A-W-Sp } su)
226° ~ 270° . - |
271° - 315° p (A), q (&) | q (Su)
316° - 360° q (A) nf (Sp + Su) g (Su)
1t —— .1
n : position approximate, estimated without a compass
* positioned by a "casual" bee-keeper
*% : sited in.a Citrus tree against a cliff, so colony

. 1is classified according to the aspect of the cliff,

not the actual tree sector. A photograph indicated

the two approximately corresponded.
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of both winter and summer. Two colonies in NE to SE sectors were
present from spring through to summer and anothef colonyAwas kept in

e Nw'to N sector from summer tili the end of autumn, but without knowing
;he'diffe;enttextents to which each was exposed to solar radiation during
Both hot and cool seasons, little com@ent can be made as to whether the

sites were intended  to be most suitable for spring, summer or autumm.

The data on the direction faced by kept colonies is no more
conclusive (Table 3.4b); there is perhaﬁs a tendency for bee-keepere
'te orientate colonies with the exposed side northwards if established
in summer and south or eastwards if established at other times, but not
 for them to change the colony orientation as the seasons change. These
orientation topics are worthy of further investigation in view of the
- findings that naturally established colonies in Oman overalllfavoured
’eifes in the SE sector of trees, but with some colonies establishing
'jthemselves in summer, selecting sites in northerly sectors (Chapter 1I,
C.4). The present siting practices of Omani bee-keepers and their degree
Vof success should be considered more closely and the bee-keepers could
be encouraged also to test for themselves whether siting colonies accord-
';iné to tﬁe natural orientation preferences of the bees reduces absconding,

‘while facilitating foraging and brood rearing.

7.  Shad

Despite<the-inadequate method of estimating shade, it is
appafent from Table 3.5a and b.that bee-keeﬁers never put their florea
colonies in sites that were excessively exposed to the sunshine; all the
eelbnies, winﬁer and summer, were judged to have éreater than 757 shade/

~cover. Warmth and cold were factors often referred to by bee-keepers
with respect to the nest site requirements of their florea, and sites

with insolation to warm the bees early in the morning were considered



Table 3.5a

Shade experienced by 16 of the 27 Apis florea colonies

that were recorded being kept in trees and bushes in

northern Oman by 9 different bee-keepers. See Chapter 1I,

B Methods 2 (v) for manner of estimating shade.

direct sﬁnlight, = :  no direct sunlight hitting or thought

- to hit colony '

exposed to direct light, but not certain whether direct sunlight
would strike colony or not

* - . L3 L3 . * . N
: colony in this site during spring and summer; therefore
%% : colony in this site all year ) included twice
Shade Season during which colony was being kept
Autumn/Winter/Spring Summer
pA Category + ? - + ? -
<75 0 -4 0 0 0 0 0o 0
% Kk * k% *
75- 90 5 2+1 +1 3+1 0 1+1 1 0
. _ x Kk % Kk
90 - 100 6 1 143 +1 o 2 3 +1 0
Table 3.5b  Summary of Table 3.5a, assuming all ? colonies receive at
o least a little direct sunlight and that the siting of
‘colonies in the one place during spring and summer are two
independent sitings ie those colonies marked * and ** are
included twice. V
- Shade Season during which colony was being kept
Autumn/Winter/Spring Summer
Z Category + +
<75 0-4 0 0
75- 90 5 8 3
90 - 100 6 6 6
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by some to be particularly important inAtbe cooler months. | It séemed
fhét mﬁst colonies were put in positions to receive at least some direct
sunlight (Table 3.5a and b), but more carefui observations, on the time
of day and extent to which colonies were exposed to it at different
seaéons, are needed to determine how effectively the bee-keepers practise
what they preach in this respect.

There was also some evidence to suggest that colonies in summer
were put in rather shadier sites than during the winter, fﬁr 6 out of the
9 summer colonies (67Z) were in the highest shade category (6), but only
6 out of the 14 autumn/winter/spring colonies (437%7). However, it was
obviously not always necessary for a colony to be moved to a different
éite as the seasons changed, since 4 colonies were kept successfully at
their existing sites from spring through to summer - a time when there
is a very marked temperature change. Two further colonies were kept in
their respective sites the whole year round.

With gardens beihg small in Oman, observant and serious bee-
keepers may become familiar with particulér tree sites from which bees
do..not abscond as the seasons change and therefore may use them regularly.
The general pattern though, with experienced bee-keepers, appeared to be
~one of favouring slightly different types of tree site according to the
,éiﬁé of year; however, flourishing colonies might be left in the one
poSition from spring to summer, while newiy gathered ones would be put

in a different site, chosen in part because of the shade requirements.
8. Discussion

The information presented in this section suggests that two
general considerations determined the way in which florea bee-keepers
used trees for siting colonies. One was the convenience of the site

and the materials involved for the bee-keeper, the other was the suitability
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of.the si;e, as perceived by the bee;keéper, for the bees.- The height
of the colony and type of support used (the "zoofa") were usually for
the convenience of the bee-keeper, while the amount of shade provided
was for the benefit of the bees. The type of tree- selected would
appear to satisfy both parties, particularly where the Citrus tree

was concefned. The positioning/orientation of the colony within the
tree in some cases may have been for the supposed benefit of the bees,
but in other cases will have been determined by the presence of convenient
resting.places for the‘"zoora" or other support. Overall the tree nest
sites chosen by the bee-keepers were not that dissimiiar to naturally
selected sites and until a greater understanding of the precise nest
requirements of florea for communication dances, thermoregulation etc

is obtained, close adherence to such a practice is probably wise.
" B, SITING OF APIS FLOREA COLONIES IN NATURAL CAVES

1. Introduction

This section considers the use, by florea "honey-hunters" and
bee-~keepers in the‘mountains of northern Oman, of natural caves of the
" type described in Chapter II. C.6.1. In some cases the bee-keepers
had built up low barriers of stones across the front of the cave entrances
which may have helped to conceal the colonies, but fhey would not have
prevented entry by a determined predator; such walls would also serve
as an "alama", a sign which indicates that a colony is ownéd (Dutton &
Simpson 1977).

Somé of the caves were near a bee-keeper's home, .for instance
: if»ﬁis village or settlement was near or at the edge of a wadi which had
suitable cavities in its banks, while others were several kilometres

distant in steep rocky hillsides. The "honey-hunters" I accompanied
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on their expedi;ions té the hills in fact practised a form of manage-
ment as they did not completely destroy a nestAfrom which they had taken
the honeycomb, but returned the brood comb to ﬁhe cave by wedging it
.against the roof with sticks (this chapter, Pt II, A.2). It was highly
likely that some of the colonies I observed already supported in this way
by sticks had originally arrived in the caves of their own accord but
nevertheless they have been put in the "kept" cétegory only as it was

a bee-keeper who was the last to install them there.

On the two occasions vaas‘with "honey-hunters"/bee-keepers
when they removed honey from colonies in caves, the combs were returned
to the same cave rather than taken to another one. Whgther such bee-
keepers do ever move colonies at certain times of year to other nearby
caves with a different aspect was not ciear? One of those concerned,
‘Khalifa (bee-keeper c) of the Wadi Hawasina, did move colonies from
distant caves to ones nearer his abode, but I understood this was
primarily for his own convenience rather than to provide a better site
for his beés. He did however consider that florea needed the warmth
of the sun in ﬁhe wintef and shade in the summer, so may have taken this
into account when chooéing‘the caves near his home. Humayd Sulayman al-
Shimili similarly brought colonies of florea from caves in the mountains
near Ibri to,éites near his home (Dutton & Free 1979; Williams 1979)
but it is not known either if he ever transferred them to other caves
in the mountains.

Whether or not these colonies I observed had been moved to
the caves or had initially flown there of their own accord, it Qas
' appareht from éxtensive traces of the hexagonal patterns of wax comb
on the cave roofs that many of them had contained colonies of florea

on.prior occasions. In other words, they had been used, maybe regularly,
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by flofea in the past with or without the help of bee—keepefs (but there
‘ wés.no way of teliing at what seasons these prio; occupations had been).
The ”honey-hunters"/bee-keepers-confirméd this; for instance, Khalifa
(bee—keeper c, from the Wadi Hawasina), referring to the wild colony in
a NNW facing'cave from which he took the honey and returned the brood
comb on 28.xii.79 (see Chapter II;.C. 6.7), said that florea often came
to thi§ cave of their own accord, sometimes staying after he took their
honey. On the other hand, on occasions when they absconded he told me
another (or possibly the same?) colony might later occupy the cave.

Some caves empty of beés also had traces of wax on their roofs
indicating past occupation but data on their orientations etc are not
included in the analyses‘below. Of the occupied caves, only data on
6rientation and shade are presented as parametefs on the position of
colonies within the caves (ie height and depth) may have been selected
by the bee-keeper for ease of access and inspection rather than for
microclimatic reasons. The objective of measuring cave orientation
was:to establish to what extent bee-keepers practised the policy,
expounded by some, of keeping colonies at'different sites appropriate
to the season. Orientation and shade were measured as described in

Chapter II, p. 26 and 59-60.

2. Orientation of caves

The aspects of caves used by 7 flored bee-kegpers are given
in Table 3.6a, and the time of yéar they were kept there indicaﬁed.
The bee-keepers, as far as 1 knew, were not related and were effectively.
independent in their practices, though 2 or 3 of them might at some stage
have been in contact ﬁith each other. It can be seen that all 13 colonies
in caves facing in the East to South quadrant were there over thé cooler

months of the year from October to March, and it was 6 different bee~keepers
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‘that were siting the colonies in this way. One of the bee-keepers (c)
had a colony in é WNW facing cave in spring (March) and at the same
time another ;olqny in a SE facing cave. He was ﬁhe bee-keeper who re-
established.a stroﬁg, wild colony in the same NNW facing cave in December
having removed the honey from it (see Chapter II, C, 6.7). In summer
he had 3 colonies in NW to NE facing caves, so he did tend to use caves
with orientations appropriate to the season, but did not always strictly
adhere to such a policy. Even though his 3 summer colonies were in
N'facing caves, 2 still absconded and the third looked as thouéh it was
on the point of absconding (it Qas in cave No. 5 which became very hot
in July and which had temperature measurements made inside, Chapter II,
Figure 2.7b). The 2 other natural caves-being used in summer contained
colonies belonging to a single bee-keeper (f) and both faced N to NE.
Therefore, of 20 colonies kept by 7 bee—keépers in natural
caves, 18 kept by 6 of the bee-keepers were in positions consistent
wi;h a>policy of using approximately north facing caves in summer,
but south-east facing ones from autumn to spring. One bee-keeper was
responsible for the 2 colonies which did not fit this pattern.
Unfortunately, of ﬁhe 18 "correctly" placed colonies, 13 were autumn
to spring but only 5 were summer records and these latter belonged:to
jﬁét 2 bee-keepers, so the summer sample size was very small. Part
of the reason'for the small summer sample size was that bee-keepers
and myself were reluctant to embark on honey-hunting expeditions in
the veryihot months of July and August when honey yields were likely
to be low, Also, apart from tﬁe one bee-keeper who was less comsistent
With’tﬁe orientatiop of the caves he used, the records of summer caves
‘came from bee-keépers different to those providing the records of winter
caves. It would have been valuable to have had detailed records of the

caves used by each of 2 or 3 bee-keepers in both summer and winter.



Table 3.6a Orientation of 20 natural caves used by 7 bee-keepers/

"honey-hunters"

for Apis florea colonies in Oman.

The

letters a,b,c,d etc refer to different bee-keepers and

the abbreviations in brackets to the seasons of the year

in which the colonies were kept in the caves (see Table 3.4
for details),

Aspect/Bearing (degrees) Autumn - Winter - Spring Summer
19— 45°
462 - 902 c(Su),£(Su),f(Su
91o - 135o d (A-W) ,d (A-W),d (A-w) ,d (A-W) ,d (A=W), e (A-W) e(A—W)
136o - 180_ b(A-W),g(A-W),g(A-W),g(W),a (W), c(Sp)
181" - 225
226°-~ 270°
27197 - 315° c(Sp)
316° - 360 c (A-W) ¢ (Su),c(Su)
Table 3.6b Orientation of 19 of the Apis florea colonies within the

above

its o

F: One side of
“A(F): Colony/comb

caves. The comb of the other colony, c(Su), in a
cave facing N was removed after it absconded and before

rientation was measured.

colony/comb faces out of the cave
at an angle to cave entrance, but closer to F

A(P): " " " but closer to P
P: Colony/comb runs along a line pointing directly out of the
cave entrance
F A(F) A(P) P
" Cooler Months (Autumn, Winter, Spring) 6 0 3 4
Hottest Months (Summer) 1 0 3 2
Total 7 0 6 6
Table 3.6c  Shade experienced by 18 of the 20 above-mentioned colonies
kept in natural caves. See Chapter II, Methods, p. 26-27
for manner of estimating these values.
+ : direct sunlight, - : no direct sunlight, hitting or
: thought to hit colony
Shade Season during which colony was being kept
Autumn/Winter/Spring Summer
% _Category + - - -
<75 0-4 0 0 0o o
75-90 5 8 0 0 0
90-100 6 1 4 0 5
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3. Orientation of colonies within caves

As explained.in Chapter II, p. 59-60 for colonies in natural
caves, the orientation of the colonies themselves within the caves was
measured.' 0f the 13 winter celonies in caves with a south-east aspect,

6 faced out'of the cave entrance, 4 were perpendicular to it and 3 were
ae an angie to.the‘entraﬁce (but closer to the perpendicular orientation);
Of the 7 colonies in W to NE facing caves, one was not measured before

it abscended and its eomb was removed, one faced out of the cave entrance,
2 were perpendicular to it and 3 were at an angle (all closer to the
perpendicular orientation). This spectrum of angles (Table 3.6b)
suggests that the bee-keepers did not consider that the orientation

of the comb wiehin a cave was éarticularly important, only the aspect.

ef the cave itself; the orientation of the combs within the caves

I believe.was primarily dependent on the position of convenient resting

places;eg'see this chapter, p. 100 and p. 122.
4., Shade

Table 3.6c indicates the amount of shade and insolation

» experienced by the florea colonies in the positions at which they had
been sited by the bee-keepers. All 5 colonies observed ip summer
were eompletely shaded, receiving no direct sunlight. Of the 13
colonies in the relatively cool autumn to epring season only 4 vere
completely shaded in this way. However, 2 of them had been put in
these sites in the middle of March just before the hot season, so maybe
the bee-keeper was anticipating the future requirements of the bees.
The third coleny, which'has been mentioned before (p. 68-69, 93,94 and
Figure 3.4) hae selected its shady cave in autumn and was re-installed

in it in December when the bee-keeper took the honey (Figure 3.5).
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It abséonded'soon after and the complete shade, with no warming
insolation, may have been a contributory factor to this desertion.
The 4th colony had been put in a shady, but south—-facing, cave during
the wiﬁter which may or may not have been ideal. It had not absconded
and when the bee-keepers took the small amount of honey in it in March,
they returned the colony to the same position in the cave, which was
then probably suitable for the approaching months with temperatures
beginning té rise.

All of'the more exposed colonies (8 in sha&e category 5 and
1 in category 6, but all experiencing some direct insolation) were in
these sites in the cooler autumn to spring months and not in the summer.
None were in very exposed positions, categories O - 4, as was the case
with wild colonies nesting in cavities, all of which were in shade

éa;egories 5 and 6 too.
5. Discussion

From the above observa;ions, it appeared that thg bee-keepers,
aé well as using south-east facing caves in winter and north facing
caves ‘in summer,.sited the colonies within caves in such a way that
many of the winter colonies were exposed to some insolation. Colonies
in north-facing caves obviously cannot be put in a positioﬁ to receive
any sunlight, but with south-facing caves the bee-keepers can put the
colonies at different depths within the caves, as they consider appropriate,
in order to attain different degrees of exposure.

Unfortunately, the distance into the cave at which the colonies
| were‘sited was not recorded; such measurements might have usefuily
supplemented the rather abproximate data on degree of colony exposure.
However, as the temperature récordings inside caves have already suggested

(Chapter II, p.. 62-64 and Figures 2.7a and b), different caves probably
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have their own individuél temperature characteristics, and direct
exposure of a colony to the sun will not be the only faétor determining
a cave's suitability for the bees. It is most unlikély that the bee-
keepers ever ﬁéasured a cave to make sure they had the best position

for a colony of florea for a given time of year, but their observations
on wild éolonigs and experiences of keeping them in various caves (eg
length of time é colony spent in a cave, the month in which it absconded)
must have taught them the types of cave and positionings in caves most
likely to be successful.

Some bee—keepers, for instance c. (p. 94), may have been less
aware of a colony's nesﬁ requirements than others and consequently been
less consistent in the sites they chose, but overall it appeared that
the bee—keepers did pay some attention to the thermoregulatory problems
of flofea in the exﬁreme climate prevailing in the mountains of northern
Oman. They often talked in terms of certain nest sites being hot or
cold bu;, having no knowledge of the communicétion dances of honeybees,
did not appreciate that they might need a view of the sun or sky.
Neverthéless, at least one bee-keeper did tell me that enclosed spaces
such as boxes/hives were not suitable for florea (maybe from his éwn
practical experience, finding that the bees absconded) but did not give

' any reason why this should be so.

C. SITING OF APIS FLOREA COLONIES IN ARTIFICIAL CAVES AND BUILDINGS

1. Introduction

Various man-made cavities used by bee-keepers as sites for
their colonies of onréa are now considered. Some of the cavities
had been éSpecially constructed for florea and include "artificial caves"
like that described by Dutton & Free (1979). Others,-such as the

unglazed window—openingé of houses, were obviously designed for other
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purposes but .along with miscellaneous incidental sites, as occurred
in ruined buildings,'we;e deemed convenient and suitable by the bee-
keepers. bne such colony in a window is illustrated in Figure 3.3a.
All these sites were very close to'thé bee-keepers' dwellings,
unlike some of the natural caves, and it was probable that most of the
colonies had originally been brought to and installed in the sites and
that the cavities had not been selected by colonies of their own accord
in thé past. |
The wall recesses in which colonies were kept by Nasr Ahmad
al-Ghaythi are considered separately in Chapter IV, but 2 similar recesses
or "bee boles" (Figure 3.3b) at Digal on the Batina plain are included
here. Orientation and shade measurements were made as described in

Chapter II (p. 26 and 59-60).

2. Orientation of cavities

Table 3.7a shows the orientation of 22 man-made cavities
used by 7 bee-keepers for florea colonies. If the seasonal nature of
the sites is disregarded the overall mean direction or angle is 1510,
the mean angular deviation 44° and the confidence intervals 121° - 181°
(95%) and 113° - 189° (9972); n = 14, having considered_some of the cavities
to be effectively one, according to notes 2 and 3. The Rayleigh Statistic
Z = 6.936, significéﬁt p < .0l (see Baﬁschelef 1965 for data analysis
methods) indicates that bee-keepers were not selecting cavities at random,
but favoured those facing'approximately SSE, an orientation similar to
that selected by wild colonies in trees 155° (Figure 2.4b) and in cavities
132.9° (p. 59 and Table 2.13).

However, the sample is biased towards autumn—winter-spring
colonies and an inspection of the table shows a south-east to south aspect

for the colonies at this time of year is clearly preferred by bee-keepers.



Figure 3.3a

Figure 3.3b

b =

A small colony of Apie florea kept in the recessed
window of a house'at the village of Hijar in the .
Ghubra Bowl, Jabal Akhdar, on 22.vii.78. The
colony was well above head level, ?>2,5m, so was
not particularly -disturbed .even though the room
was used as a "majlis" (sitting/entertaining room).
The colony had had its hoﬁeycomb removed and the
brood comb was wedged in a split stick (not a
"zoora") which was supported at either end by

other sticks. The window faced approximately east

" so the colony probably received some direct insol-

ation early in the morning but would have been
shaded for the rest of the day. Another colony,
wedged in a "zoora", but also supported by cleft -

sticks at each end, was in an adjacent window

“recess facing in the same direction. The colonies

had apparently been found as natural swarms in May
and brought to this site in June where they were
being kept during the hot months of the year.

See text Section C.1.

One of two "bee boles" for Apis florea at Diqal,
a village in the Batina plain of northern Oman.
They were in a stone wall that supported a bank

separating date gardens from a wadi. This recess

- was 30cm high, 38cm wide and 25cm deep (a little

smaller than its neighbour 1.6m away) and the
bottom was 50cm from the ground. Behind the flat
stone on top was a small gap that would help air
circulation. Both recesses faced SE (145°C). -
I never saw them occupied but Salim Ali said he
put colonies there in the cooler months of the

year for warmth (see text, p. 104.)
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With.a larger sample of summer colonies a bimodal distribution might
have become more distinct with a tendency to select north-facing
cavities in summer, as appeared to be the case with colonies kept in
natural caves. The smaller summer sample is probably a result of
fgwér visits to bee-keepers at this time of year and of bee-keepers
having fewer colonies because of absconding at the end of the "samur",

Acacia tortilis, honey flow (Chapter VI).

3. Orientation of colonies within the cavities

With 10 out of 14 colonies being positioned so that one side
faced out of the cavities (Table 3.7b) it would appear that bee-keepers
preferred to site their colonies in this way rather.than pointing, out
ofAthe.entrance. However, the south-facing wall déscribed in Note 2,
Table 3.7b belonging to the al-Shimili family of al-Ghubby (experienced
-fioréa keepers‘eg Dutton & Free 1979), contained on 13.i,78 (winter)

4 colonies all running perpendicular:to the line of the wall and pointing
out of their cavities. Counting these colonies individually would boost
the P (pointing) figure from 3 to 6; however, the F (facing) figure
could similarly be boosted from 10 to 11 by counting individually the

two wall cavities mentioned in Note 3. This data is therefore rather
contradictory, bﬁt seems to point to a tendency by some bee-keepers to
Aput colonies parallel to the cavity entrance, the wéy that most natural
‘cave colonies construct their combs (p. 59-60).

However, when considered in relation to the individual sites
concerned and to bee-keepers' comments, the orientation of the colony
itself was obviously not a feature given priority. For instance,

2 colonies kept in cavities in ruined buildings by the afore-mentioned
'Humgyd Sulayman al-Shimili were observed on 10.vii.80. They had been

deliberately sited in cavities facing SW and S to avoid the hot north



Table 3.7a

Orientation of 22 artificial caves, buildings etc used by
bee-keepers for Apis florea in Oman. The letters b,g,h etc
refer to different bee—keepers and the abbreviations in brackets
to the seasons of the year in which the colonies were kept in
the sites (see Table 3.4 and text, p.98 for further details).
Aspect/Bearing (degrees) Autumn - Winter - Spring Summer
10 - 450 i(A)
460'— 90 C fk (Su), k(SU)
917 - 1357 5. 9 i1(su), jl(su)
136 - 180" b(W),b(W),g(W),h(W),h(W),£” (W),h" (W-Sp);
o o , h(SpfSu)
181o - 225 h(Spf-Su)
226 - 270
271o - 315O
316~ - 360
Notes: 1. These were colonies in recesses in a south-east facing wall
of the inner courtyard of a house. However, a stack of Apzs

mellifera jemenitica '"tubl" (date-log hives) were stacked up

almost immediately in front of them, so effectively the

colonies did not face in any particular direction ie like north-

facing colonies with no view of the sun.

2.

This refers to a specially built stone wall with a row of

"artificial" caves hollowed out near the top. It contained

colonies in winter and spring; 5 out of 8 cavities were

occupied on one occasion, but they were counted as one as the

site was constructed and used by a single family.

3.

by

This refers to two recesses (Figuré 3.3b) in‘a bank bounded

‘a ‘stone wall that were not occupied when inspected., The bee-

keeper however said he used them for florea in the cooler months

of

the year. The recesses were fairly shallow and any colonies

inside would have been positioned parallel to the line of the

wall,



Table 3.7b Orientation of Apis florea colonies within the cavities of
Table 3,7a, grouping some of the colonies:-as in Notes 2
and 3 so that n = 14, not 22, The symbols etc are

as in Table 3.6b

F A(F) A(®) P

Cooler Months (Autumn, Winter, Spring) 5 .0 o 3
Hottest Monthé (Summer) : 5 0 1 0
0 o 1 3

Table 3.7c  Shade experienced in man-made Apis florea cavities,
| grouping some of the colonies as in Notes 2 and 3 (Table 3.7a)
so that n = 14, not 22. See Chapter.II, p. 26
for manner of estimating these values.
+ : direct sunlight - : no direct sunlight hitting

or thought to hit colony in cavity.

"Shade Season during which colony was being kept
Autumm, Winter, Spfing | Summer
7 © 'Category ) + - + -
<75 - 0-4 1 0 0 0
75-90 . 5 | 6 0 o o
90-100 6A : 0 ' B | 2 4
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winds as discussed below. The first nest had been.positioned so that
one side of the colony faced towards the entrance; apparently the
reason'for this was just to make the colony easy to inépect, not because
of the wind or sun. The second nest was at an angle to the entrance
closer to the pefpendicular, making it more difficult to examine.

I understood it was sited thus because, in this particular cavity,

it was the best angle for supporting the ends of the "zoora" to which
the colony was attached - again not because of the sun or wind or even

for ease of inspection,
4. Shade

Table 3.7¢~indicates that bee-keepers generally sited their
colonies so that they were well shaded in summer, but more exposed in
the cooler months when,they were usually put in a position to receive
some direct insolation., The one colony that was an exception, being
completely shaded in the "cooler" months, was observed at the beginning
of November 1978 in a recess in the courtyard wall of a house. It had
aéparently been in the recess for about one month, having been trans-
ferred there from a well in the courtyard where the colony had arrived
as a swarm, The recess was nearly completely covered over with a sack
(like a curtain), which may initially have been beneficial when it was
hotter, bqt now must primarily have been kept in place to protect passing
householders from stings rather than the bees from sunlight (people
regularly movingvin front of an exposed colony might also have induced
the bees to absébnd). Furthermore, the recess faced NNE and had probably‘
been selected only because it was the nearest convenient cavity to the
well. The owner, though familiar with florea and techniques of using a
"zoora" to suppért the comb, did not appear to be a serious bee-keeper,

but was just making some use of this colony which had happened to land
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in his well. Therefore, the shading and siting of the colony was
not undertaken solely with the bees in mind, and this bee-keeper's

departure from the overall siting pattern is easily explained.

5. Discussion

In puﬁting colonies in éﬁady positions in summer and partially
insolated SSE facing ones in winter, the bee~keepers were certainly
implementing a practice which they often emphasised during my conversations
with them - that the bees needed warmth in winter, but not excessive
heat in summer and should be sited accordingly. They did not apparently
site colonies with concealment from predators in mind (though they would
usually keep colony locations quiet from other human beings.) but exper-
ience had presumably taught fhem to take account of the bees thermo~
:egulatory_;equirements. To what extent they understood the biology
of nest thermoregulation by honeybees, that brood should not be chilled
< ete I did not determiné, but they must have been aware that the bees
gqﬁld generate a temperature greater than ambient as their warmth‘can
be felt when fingers are used to part the protective curtain of workers
“round a florea brood comb or when scooping up handfuls of bees during
colony manipulations.

The practice of most bee-keepers of putting colonies in SSE
faging cavities I believe was designed to provide an appropriate degree
of insolation and shade. Humayd Sulayman al-Shimili at al-Ghubby in
the Dhahira however, did not just consider the sun when siting his
colonies but also the wind and this is illustrated with further reference
Ato the 2 colonies of his'in ruined buildings, already mentioned when con-

sidering colony orientétion within éavities (p.99-100). The colony in the
SW facing cavity he said had been moved there in March and that in the
S facing cavity in February. So both colonies had initially been

present in cooler months and then, with the sun following a lower arc

&5
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in the sky the bees had apparenﬁly been exposéd to some warming
'insolation.  In July the sun moves almost immediately overhead and

no direct sunshine would strike thé colonies. Humayd claimed south-facing
caves were préferablefinwthe summer as, though they were exposed to the
prevailing southerly winds at ‘this time (SW on the interior plains according
to Gallagher & Woodcock 1980), these were not hot like the less frequent
northerly wind; (shamal). Humayd also said that bees did not usually
nest in north-facing caves in nearby mountains either, unless there was
a‘large boulder in front, because of these hot northerly winds. Dutton

& Simpson (1977) and Williams (1979) reported the same bee-keeper as
saying that}florea colonies avoided west-facing caves because the
prevailing wind in the Dhahira was from that direction.

Nasr Ahmad al-Ghaythi in the Sﬁarqiya (eastern region of Oman)
was another bee-keeper who held that wind was a factor that should be
considered when choosing nest sites. At the end of June his only colony
in the pléins outside his village was in a type of aftificial cave facing
approximately WSW into the prevailing wind (Chapter IV, p. 178) and he
said the cooling effect of the wind was important in autumn when he had
more colonies in the piains (Chapter IV, p. 146),

These reports, some conflicting, concerning wind direction, need
, clgfifying wiﬁh careful monitoring of a number of florea colonies, backed
up Sy reliable local meteorological data.

Retufning to .insolation, Humayd informed both myself and Dutton
&'Simpson (1977) that bees in the mountains preferred east-facing caves
in wiﬁter.where they are warmed by thé-morning sun, and that south-facing
caves were satisfactory in‘summer; if the colonies were deep enough inside,
as the sun passed overhead. So with wind and sun considered iﬁportant,

Humayd must have put some thought into selecting appropriate cavities.,
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However, whatever his hypotheses and success in keeping these
2 colonies in S and SW-facing cavities, he had been less successful in
preventing many other colonies absconding after the end of the "samur",

Acacia tortilis, flowering season (April and May, Chapter VII). In

" the middle of May (1980), a time when he would have been harvesting

"samur" honey, Humayd said he had 25 colonies but towards the end of
June only 8 and on the 10th July I saw he had just the 2 colonies.
All these colonies would have been kept in both buildings and trees
around his home; "as discussed in Chapter IV, C.3 for florea belonging
to Nasr Ahmad al-Ghaythi and in Chapter VI, absconding at this time of
year was probably due to a combination of factors (eg lack of forage,
"predation" (harvesting) of the honeycomb after the main honey flow and
sub-optimal nest sites) and ma& have been part of a seasonal cycle.
' Not knowing the nest sites which Humayd's bees had deserted, it was
- difficult to establish whether they had absconded mainly because Humayd
had not, in fact, made é good nest site selection or for other reaséns.
'Drbught conditions were prevailing in 1980 and it may have been that
lack of forage indﬁéed colonies to leave sites in which they would have
remaineﬁ in better years. So not even careful nest site selection by

a specialist such as Humayd is always successful.

D. SEASONAL MOVEMENT OF APIS FLOREA COLONIESABY INDIVIDUAL_OMANI BEE-

KEEPERS AND THEIR OVERALL PATTERN OF NEST-SITE CHOICE

1. Introduction

In sections A, B and C details of florea colony sitings by
. bee-keepers within 3 different categories, namely trees, natural caves
and "artificial" cavities, have been considered. However, it will have

" been apparent from the text and the letters a, b, c etc used to denote
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differént beekeepers in the tables, that individual bee-keepers were
observed to use sites in more than one category eg trees and "artificial”
cavities at the same time or at different times during the course of a
year, In ordér to understand better their intentions in siting colonies
in these ways, this section will consider further the conceptions some
bee—keeperé had of the seasonal requirements of florea colonies, which

in turn is based on their observations and interpretations of the move-
ments of wild and kept colonies. The overall use of sites by bee-—

kéepers will then be outlined.

2. 'Diqal ‘: 'Salim Ali (farmer, Bee-keeper %) and Said Ali(Badu

Around April time, SZlim Ali said he and other florea
’spécialists would go and look for wild colonies in the plains and hills
around their village of Diqal, in the Batina plain near the foot of the
Hajai mountains. At tﬁis season he said that colonies, of their own’
acéqrd, would come frém mountain caves looking for cooler sites in the
date gardens and that bee-keepers too would bring the colonies into
the gardens and put them in shady sites near the base of trees.

 After honey, gathered during the Acactia tortilis flowering

season (April - May),was harvested he said the bees would usually remain
in their shady garden sites, but when their "sidr" (ZZziphus spina-christi)
honey was taken in autumn some wouid abscond and'othérs would stay. For
‘the winter S3alim would put colonies in 2 specially constructed SE (1450)

| facing, fairly exﬁoséd recesses "makinas" (shelﬁer—wlj.é-\»)as the bees
needéd warmth (see Table 3.7, note 3 and Figure 3.3b). However, if the
‘winter was very cold the bées might abscond to a warmer site eg to the

EEE of a tree or back to the "Jabal" (mountains). At the end of March,

any colonies in the recesses would be brought to the shady tree sites.
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Thus Sidlim used shady tree sifes in summer and open artificial
cavities in winter in the belief that appropriate temperature conditions
were of prime importance to the bees; despite these precautions he said
thé bees' acceptance of these sites could still be quredictable and
some colonies would abscond. Superficially his colony locations would
appear‘ﬁo be the opposite of Nasr Ahmad al-Ghaythi's, who put his
colonies in trees in the winter but in recesses during the summer
(Chapter 1IV),. In fact the objectives were the same and have been
achieved in each case. Nasr's tree locations were in the plains and
quite exposed (equivalent to Salim's open, winter recesses) while Nasr's
recesses were shady, in a garden, and sheltered by daté logs (like
S3alim's Citrus:tree sites under date palms).

' Said Ali was a bedu pastoralist (shawawi) living just outside
the village of Diqal whose moving of a florea colony from a cave to a
"sidr" tree in autumm, because it was too hot in the former, has already
been mentioned on p. 81-3. His usual practice was similar to S3&lim
Ali's in-that he kept his colonies in a row of ESE (1180) facing caves
in winter and moved them to trees in summer for shade. Said though,
living in a sparsely vegetated natural habitat, was very restricted in
his éhoice.of suitable trees (to Ziziphus spina-christi) in comparison
to Salim with his date garden. S3dlim, in contrast, had had to make
artificial caves at the edge of his garden, while Said had ﬁany natural
ones available.

Said also considered that the drought conditions prevailihg
Qhen I talked to him in November 1979 had made many colonies of bees
migrate to the farms on the Batina coast, where ifrigation provided
forage, and further into the mountains where there had been some rain.
The disténces involved however would be approximately 20km and 10km

respectively and there was no direct evidence for such an occurrence.
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Though he genuinely believed the colonies moved such distances,

I think it was just an easy mis-interpretation of the evidence that

the numbers of éolonies in the area had dropped and a case of 'the

other man's grass being greener'. The real interpretation would

almost certainly be high mortality, due to drought and man, with little
or no colony réplacement through reproductive swarming. Similar'comments

are recorded in Chapter VI,

3. Dhahira : Humayd Sﬁlazman al-Shimili (Bee-keeper h)

Humayd and family, like S3alim Ali, kept florea colonies both
in trees and in artificial caves and ruined buildings. In contrast,
however, Humayd would use each type of site in both winter aﬁd summer
and, as just discussed in Section C, his main concern appeared to be
the selection of a site with the correct orientation; this applied
particularly to cavities, but was less evident with colonies in trees.

It may have been that local wind conditions in the Dhahira
region necessitated a colony siting tactic different from that on the
Batina plain, but the overall strategy in both cases appeared to be one
of selecting a site with a suitable microclimate. The seasonal pattern
of natural colony movement in and around the village of al-Ghubby, as
Humayd described and understood it, though similar, was not as distinct
as Salim had depicted for Diqal, and this may explain Humayd'é lack of
. concern as to whether colonies were put in trees or caves at a given
season.

In the winter Humayd said colonies could be found in all types
of siﬁe and areés; in caves in the hills, in trees in the desert "sahara"
and in the gardens. If there was winter rainfall, he said that most

- colonies would then reproduce and the swarms would go to the "jabal",
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If the rainfall was particularly good, the colonies might stay in the
"jabal" during the summer, but if it became dry they would return.to

the gardens for the "qayz" (hottest months).  Any colonies in sites

that faced the sun would move to another place (garden or "jabal")

in summer, but sheltered ones would stay put. Thus the colonies in

his new gardens and ruined village, which were rather exposed, having
few treeé, he thought had gone to the nearby gardens of Araqi.

Therefore, in general, Humayd seemed to think that though
there was a trend for colonies in summer to move into the shady gardens
and in winter to go to the plains and hills, factors such as rainfall
(and thus forage availability) and individual nest site quality were
considered important too, in determining an appropriate nest site.

Thus he did not have a strict routine of trees in gardens in summer,
and exposed cavities in winter.

In July 1980, Humayd told me how he had been managing colonies
of florea for people in'the gardens of neighbouring Ibri, Araqi and
vAraYbi for a fee (apparently altogether 90 colonies for 5-10 Rials
Omani each) and that most of the colonies had'stayed after he had taken
the hongy. This was in stark contrast to the 2 colonies‘that remained
in the cavities in his ruined village (al=-Ghubby) which in May had
accommodated 25 colonies. So I believe if he had adhered to a stricter
policy of seasonal nest site selection, keeping colonies in summer in
shady gardens (in recesses like Nasr, Chapter IV, or trees like S3alim)
and moving them to rqined buildings and his artificial caves in winter,
'he‘might have ﬁad less trbuble with absconding after harvesting the

Msamur" honey.
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4. Misfah, near al Hamra, Said Ali Amr al-Abryin (Bee-keeper f)

Most of the date gardens at Misfah were terraced and on the
flanks of a steep, hiéh—sided wadi. Said kept colonies of florea
in both trees and natﬁral caves, and the natural caves I saw him use
‘in summer were at the foot of a cliff bordering the top edge of the
date gardens. Though the cliff faced ENE, the colonies at the base
were well shaded (category 6) by tall date palms immediately in fromt;
his:coiony in a (Ztrus tree was also on an ENE fécing terrace and fairly
well shaded.(category 5), though possibly exposed to early morning sun-
shine. He said he had 7 éther colonies and though I did not see them
I assumed they were in similar positions on the ENE-facing side of the
wadi.

Said explained thaf he moved colonies to sunny or shady sites
| according to the season, in winter for iﬁstance to caves in the opposite
side of the wadi, which had an approximately WSW aspect and was an
uncultivated, exposed rocky slope. The colonies could probably have
beeﬁ sited to receive warming insolation during part of the day, though
not very early in the morning because of the mountain slope rising to
the ENE.

.ThuS'Said wés another florea keeper who considered that the
micréclimatic (ﬁemperature) properties of a nést site were of import-
ance but, having well-shaded caves, he did not operate a strict seasonal

alternation betweén tree and cave sites.

5. Compilation of nest site types used by bee-keepefs

The following iist gives a breakdown of the types of nest

site I found being used by 21 florea bee-keepers:-
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Tree Sites only : 8 Bee-keepers
Natural Caves only : 3 "
Man-made davities only A : 3 "
Both Tree Sites + Natural Caves : 2 "
Both Tree Sites + Man-made Cavities : 3 "

. Both Natural and Man-made Cavities : 2 "

TOTAL

21 Bee-keepers

These figures count Humayd Sulayman al-Shimili and his several relatives
who also dealt with florea as one bee-keeper, and exclude records from
people who told me about colonies they kept, but which I did not actually
see, Salim Ali of Diqal however was included as a bee-keeper in the
man-made cavity category because of the 2 special recesses he had, even
. though they were empty when investigated. If Nasr Ahmad al-Ghaythi
(Chapter IV) is added to this list as a bee-keeper using trees, recesses
(mah—made cavities) and also natural ones in the mountains, then overall
I encountered colonies being sited in trees by 14 of the 22 bee—keeperé
(63.6%), in natural caves by 8 (36.47%) and in man-made cavities by 9
(40.9%).- Only 8 out of 22 bee-keepers (36.4%) used more than one type
6f site, 14 (63.6Z) using just a siﬂgle type of site ie just trees,
just natural cavities, or just man-made cavities.

If the number of colonies involved are totalled (but excluding
all‘N;s; Ahmad's at Zahib and assuming Salim Ali's 2 recesses were
oécupiéd)_l_recofded 27 (39.17) kept in treés, 20 (29;02) kept in
natural caves and 22 (31.9%) in man-made cavities.

Thus trees were the sites used by most bee-keepers (63.62) and

. were also the type of site adopted for most kept florea colonies (39.1%),

with caves, natural and man-made, falling behind both in terms of numbers

of bee-keepers using each of them and the totdl number of colonies kept

in each.
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However, if the type of cavity is ignored ie combining natural
and man-made cave categories, exactly the same number of bee-keepers
(14, including Nasr) use cavities as use trees and overall more colonies
are kepf in cavities (42) than in trees (27), not counting the many
colonies kept by Nasr in each site type.

Therefore, depending on the way in which cavities are assessed,
trees either are or are not the most frequently used site for colonies
of florea . This is difficult to interpret, but from it I infer that
whether a colony is put in a tree or a cavity is not important in itself
and -that both can be suitable in winter or summer. What appeared to be
important to skilled bee-keepers were.the characteristics of the individual
nest site and its surroundings, especially with respect to temperature
ie a warm site in winter and a cool one in summer:  For instance Nasr
- Ahmad al-Ghaythi found that with the habitat available to him, thinly-
| foliaged Acacia tortilis trees in winter and artificial cavities in a
garden in summer, best met these requirements, while Salim Ali of Diqgl
in his garden without a large enclosing wall fouﬁd that exposed recesses,
with a south-east orientation in winter, and dense (7trus trees in summer,
offered equivalent conditions. Most casual bee-keepers and honey-hunters
probably just psed whatever the local environment offered ie people on the
Bitina just used trees and "hunters'" in the mountains used caves, but
maybe selecting the final site with shade and orientation in mind.

| The records on the seasons during which colonies were kept at

particular types of site were re—-examined to see whether trees were being
used a ‘lot in summer but less frequently in winter; while cavities were
used less in summer but a lot in winter (or vice-versa). However, the
records.showed that there was no overall distinction between trees and

cavities in the time of year at which bee-keepers used them, which
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supports the conclusion that the category of nest site type is not
important (tree or cavity) but its individﬁal characteristics are
eg orientaﬁion, habitat, foliage density.

I expect that one or two of the bee-keepers that I recofdéd
as gsing only one type of nest site eg trees I would eventually have
found also used other types had I visited them more often. However,
on the whole, I gained the impression that most bee-keepers had an
established pattern of nest site use that did not vary much, particularly
where recesses and artificial caves had been built. Through their own
trial and error and from éxperience passed down through the family or
other mentofs, bee-keepers probably got to know certain sites (even
individual mountain caves and particular positions in trees) that were
most likely to be suitable at each éeason.

Thus the prevalence of florea being kept by various bee-keepers
in SE to S facing cavities (natural and man-made) in winter will not be
a chance occurrence buf a regular practice. Even though colonies would
abscond from these siteé, some because they had been left there in the
‘wrong season, others because forage was scarce and their honey had been
taken, the notions and experience of so many Omani bee-keepers that
nest microclimate was important to florea, was further evidence that
thermoregulatory gonsiderations, in addition to predation (Seeley et

- ql 1982), were important in determining nest site selection by-this

species.
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PART 11
MISCELLANEOUS OMANT TECHNIQUES FOR MANAGING APIS FLOREA
A, HONEYCOMB REMOVAL AND COLONY RE-ESTABLISHMENT

1. Apis florea nests in trees

At the end of the "sidf" (Ziziphus spina-christi) flowering
season in 1978, I observed Sayf Ali Salim of Rustaq (bee-keeper q)
use a teéhnique for removing the honey from a colony already on a "zoora",
in a bush, that differs from the description of Humayd Sulayman al-
Shimili's technique given Sy Williams (1979). It is also different
from that of Nasr Ahmad al-Ghaythi as related in Chaﬁter IV, Part I, D.1.

On 21.x.78 the honeycomb contained a lot of honey below the
"zoora“, but the cells above the ''zoora" were not full. On 3.xi.78
most of these cells were full and sealed, and c. 5.xi.78 the colony
sent off a swarm - a prime one, presumably with the old queen. Other
sWarms may subsequently have left and on 20.xi.78 Sayf reckoned the bees
had been consuming some of the stored honey. The honey was removgd on
22.xi.78 but in retrospect it might well have been better to have removed
it before then (as discussed on p.114).

Anyway, on the afternoon of 22.,xi.78, with the colony ﬁaving
about one half to two—fhirds the original complement of adult bees,
'.buf still a very large brood and honey comb (the whole comb 32cm wide x
30cm high) fhat waslconsequently exposed in parts, Sayf prepared a new
"éoora" befofe attempting to remove the honey from the existing one.
With a knife he brushed some of the bees on the honey comb and those
on the top half of the brood comb downwards so tﬁat much of the comb
was exposed. Many éf the bees took wing and circled in flight around

the nest as a result of this disturbance, later settling on the bush
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in small clustérs;‘ others dropped to the floor forming 2 large clusters,
- while some remained on the honey and brood comb. Sayf took the prepared
"zoora" and slid it horizontally 2 to 4cm below the expanded honeycomb,
with the split ends of the "zoora" on either side of the brood comb.
He tied the split ends together so that the comb was wedged into the
new "zoora", but still supported by the old one just above it; a small
area of sealed brood at the top centre of the brood comb was partly
covered and squashed. 4 The new "zoora" was then rested on 2 branches
below the Original one, . Next Sayf took his knife and made a horizontal
cut directly above the new 'zoora'", through the brood comb and just
below the areas of honey and pollen. Thus he had removed the honey
- comb, with the pollen and also a little brood, in one piece and still
attached to the original "zoora"; the brood comb, already attached to énother
"zoora", had been left in the same position as before.

The clusters of bees on the ground were attacked by ants,
- probably Pachycondyla sennaarensis, so were scooped up and draped on
the brood comb where the rest of the bees were clustering. 'The operation
had been»carried out too near to dusk so the bees had not-returned to
their comb of their own accord as quickly as was usual and some were
attracted to the lights of a house nearby.

Sayf removed the honey from another colony in the same way,
but ran‘into problems as the brood comb was particularly elongated
horizontally (45cm) and the split "zoora" he had prepared was barely
iong~eﬁqugh to clasp it. The split ends could not be tied tight and
the brood comb started to slip out of it when the honeycomb and original
supporting "zoora" were removed. The split ends were eventually tied
properly'but the édge of the brood comb was so close to the split tip
of the "zoora" that it had to be squashed against the branch on which

the tip of the "zoora" was resting (otherwise the "zoora" would have
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slipped off the brapéh). As a result the brood comb was rather
damaged.

It was reported to me that both of these colonies absconded
the following morning, so the end result of these operations was not
very satisfactory. However, the principle of fixing a new "zoora"
to a colony before removing the old one seemed good. ~ Humayd Sulayman
al-Shimili, according to Williams' account (1979), did not use such a
method, but the sequence of his technique was not described distinctly.
~ Disturbance and damage dufing honeycomb removal should be reduced if
a cblony'é brood comb, which can be particularly soft and breakable
‘when young, can be left in position in this way and not removed and put
_on the ground. Furthermore, not all the bees have to be brushed away
with Sayf's method and the likelihood of the brood becoming chilled/
heated and the queen lost is minimised. |

It is of course necessary to have a site with suitable resting

points for the new "zoora" or to have a helper to hold it when the old
"zoora" and honeyécmb are removed. The method is also appropriate for
accessible wild colonies as well as those already én a "zoora'.
| - The disadvantage of the method as described above was the

cémplete,removal of all the honey and pollen stores. This, along.with
the disturbance, Qould have ﬁeen the main reason for both colonies ab-
.éconding the following day, as feeding the remaining brood would have
been difficult, particularly with the honey flow over. This highlighté
one of fhe main problems of florea management, namely absconding. To

reduce the likelihood of absconding:-

(i) the honey should have been removed before the end of
the flow so that the bees had the opportunity to obtain more stores.

This might have resulted in honey with a high moisture content (>20%7),
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but such incompletely ripened honey did not seem to concern the
Omanis.

(ii) only fﬂéﬁ of the honey should have been removed, which
would not have been easy with only a single, ovoid-shaped honeycomb.

It would have been possible to have fixed the new ''zoora" a little
higher up the comb, leaving all the pollen and some honey; but to have
left a still larger proportion of the honey would not have been easy as,
if put high up, the "zoora" would have squeezed much of the honey out
as it was tightened. The brdod and honeycomb belowlthe "zoora" might
alsé have torn away under their own weight once damaged; such tearing
might be reduced by inducing the bees to build brood combs that were
wide, but not high, as was the case with the colonies of Nasr Ahmad

al Ghaythi (Chapter IV, Pt II, C.6, p. 195).

With refinement, this method of Sayf's should allow some
redu;tion in the likelihood of subsequent absconding but it would mean
a lower honey yield, a£ any one harvest, than Sayf had obtained on this
occasion., It was estimated that the honeycombs from these 2 colonies
had each weighed at léast lkg. However, a method of inducing the
bees to store some of their éurplus honey in a frame from which the
honey could bé extracted and thgn the frame and comb returned to the

colony, would in theory be far more satisfactory (see Chapter VIII, p.412).

2. Apis florea nests in caves

Dutton & Free (1979) and Williams (1979) described how an
: 6mani bee-keeper, Humayd Sulayman al-Shimili, took the honey from a
natural colony in a mountain cave and how the colony was fixed to a
"zoora" and installed in an artificial cave near his home. It was
not stated whether Humayd ever put a colony back in its original cave

after taking the honey, but Khalifa (bee-keeper c), a bedu pastoralist
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("shawawi") and hunter (“qannas— "otﬁéof bees and other animals, who
managed colonies in the caves around his settlement in the Wédi Tifli
(leading to the Wadi Hawasina in the northern part of the Hajar Mount-
ains) sometimes did so, His method is described here.

The colony concerned was in a NNW facing cave (Figure 3.4)

and has already been mentioned in Chapter II, C. 6.7. He called the
cave "qow;r" ( ‘)])gg ), a hole or hollow. First Khalifa cleared
a small wall of stones he had built to block up the lower half of the
cave entrance. He put his head and shoulders into the cave and brushed
handfuls of bees from the comb ont§ the cave floor, which was covered
with a mildly aromatic grass Cymbbpogon schoenanthus, called "sakhbar",
that was supposed to repel ants. Many of the bees also toék flight.
Khalifa cut away the brooé comb with a knife, leaving virtually no
pollen on it and no honey cells, and put it on the ground just outside
the cave. Next ﬁe cut the honeycomb from the cave roof, catching it
in én.aluminium boﬁl héld underneath. Then he picked up the brood
comb and, holding it against the roof of the cave, propped it up with
3 sticks (probably from a Labandula subnuda bush). One end of each
stick was on the ground, the other penetrated the brood comb near the
top, so it was squashed/pinned against the cave roof (Figure 3.5).

Thué the top part of the comb was bent over and damaged, killing some of
the brood, and the lower part of thé comb in this case did not even hang
vértically.

The bee-keeper then spread some fresher "sakhbar" leaves

under the comb and moved 20m away to allow the bees to return to the
comb. In the meantime the bees had been forming clusters on nearby
bushes and some were also spread over rocks around the cave. No attempt
had been made to find, cage or protect the queen duriﬂg the operation,

but the bees and presumably the queen soon re-clustered on their brood
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comb. The protective wall was nét replaced at this stage, as I
understood it to prevent further disturbance while the bees.were
‘settling.

I was subsequently informed that the bees absconded 2 days
later. As with the colonies on "zoor " just described and as discussed
in Chaptér II, C. 6.7, the absconding of this colony was attributed
partly to all the honey being removed.when,there was still a lot of
broédito support and partly to the severe disturbance, with the brood
comb being re-installed véry poorly.

Khalifa's method however did not always result in immediate
absconding.  In July 1980 I observed 2 colonies supported in this way
in caves Nos. 5 and 7 (see Chapter II, C. 6.5, 6.6 and 6.7 for earlier
reference to these colonies). He had taken honey from them around the
en& of May and the brood combs had been pinned to their cave roofs with
- 2 and 4 sticks respectively (Figures 3.6 and 3.7). Both had clearly
re-established themselves, reared brood and stored honey again. The
colony in cave No. 7 aﬁsconded on 23.vii.80 and the colony in cave No. 5
looked as though it would soon abscond; this was 1 to 2 months after
_ré—establishment and probably due to poor microclimate and lack of forage
ip aﬂ unusually dry year rather than the installment method.

The method is very similar to that described in Part II, B.2
'of”this_chaptér for "honey-hunters" in the Jabal Salakh and in the
moﬁﬁtains neér Birkat—al-Mawz and, to improve upon it, I would make the

following suggestions:—

(i) that the brood comb with pollén and possibly some honey
comb be.put into a "zoora" before being cut away (according to the method
deécribed in the previous section)~and the "zoora" then be supported
within the cave By stones or by a forked or cleft stick, with one end

" resting on the ground.
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(ii) when the honeycomﬁ‘is cut away a proportion of it should
be left attached to the cave roof, Thus, until more can be gathered
by the forégers,sufficient stores are left for the existing brood and
young bees to be fed and for repairs to the comb to be hade. The
"zoora" holding the brood comb could be located immediately underneath
the honeycomb (where it would catch some of the drips of honmey) in the
hope that the bees would soon re-attach the brood comb to the honey-
comb.

Khalifa had in fact done'something along these lines with 2
colonies that I saw on 28.111.80, One colony, in cave (a), he said
had come from a '"salam" bush (Acacia ehrenbergiana) in early March and
had yielded nearly lkg of honey at the time. The brood comb had then
been wedged in a "zoora", one end of which was held up by 2 sticks,
while the other was supported by rocks.in the cave (Figure 3.8).

The honeycomb had not been attached to the cave roof, so no honey could
héve been left ﬁhere when the honey waé harvested.

The second colony had apparently come from another cave in
_early March and was wedged into a split "sidr" (Z7Zziphus spina-christz)

twig and supported against the roof of cave (b) by sticks at either end.

In,this‘qase,spmé of the honeycomb had been attached, by the bees, to

i the cave roof‘<Eigure 3.9) and when the comb was full of honey, a portion
could have'been left there and a portion removed by the beé—keeper.
However, when I next saw thé nest on 13.v.80, Khalifa said he had removed
the hoﬁey the previous day; the brood comb hadvbeen wedged against the
foof with 2 sticks according to the first methﬁd described in this section
(Figure 3.10) and the bees had already abscénded, probably earlier on the
day of my visit. The comb was nearly empty of brood so the bees may
have been (i) on the point of absconding anyway, or (ii) have been

part- way through a swarming cycle (ie the old queen and a swarm had
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" already ieft, but the new queen had ﬁot started laying) and the .
disturbanée and/or microclimate induced the new queen and the remaining
gees to desert too. If the honey had been harvested earlier, when
brood rgaring was continuing and before swarming, and some honey had
been left on the cavé roof with the ecomb supported as suggested, the

bees might have stayed (if the microclimate and forage were right!).
3. Discussion

These examples show how difficult it is to assess the effect-
iveness of a particular bee-keéping technique; when removing honey and
re-installing a colony in a cave or at any other site it is not just the
way the comb is supported which is under trial. Factors such as site
microclimate, forage availability, quantity of honey and pollen stores
left and quantity taken, degree of disturbance and stage in swarming
cycle are 511 liable to influence the colony's tendency to abscond,
and thus affect the outcome of any trial. Even the availability of
a horizontal dancing platform may be important (see Chapter II, C. 5).

In the lasf 2 cases described, the photographs (Figures 3.8,

9 and 10) shoﬁ that such a horizontal platform was available. In
cave (;) because there was a gap between the cave roof and the top of
the colony, held in the "zoora'", and in cave (b), even though there was
no gap in the honeycomb as.it was bqilt betwéen the "zoora" and the cave
roof, there was a nearly horizbntal shoulder to the honeycomb which
probably provided a satisfactory dance floor.

_With the vériety of colony supporting techniques employed in
Oman (fr§m wedging a comb in a split "zoora" in a tree, to tying it back
to the original branch, from propping up combs in natural caves to
supporting them in "zoor " in specially built artificial caves) and with

the several other factors that influence absconding and thus the success
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of the techniques, I hesitate in recommending any particular one.
However, the properties of the '"zoora" and its widespread adoption by
bee-keepers indicate that its use should be high among the list of
priorities for traditional style florea managément, and certainly as
an altgrnative to verticai sticks for propping up combs in caves.
However, except possibly in a cave as suggested on p. 118, it is not
easy to leave sufficient honey for the colony when the bulk.of it is
removed still attached to the "zoora'".

Maybe a combination of old and new techniques would be better,
as suggested in Chapter VIIi, p. 412 ie putting a small frame with
foundéfion on fop of the "zoora", which could be removed for honey
extraction without disturbing the brood. Nevertheless, just using the
bést materials in a certain fashion at an appropriate time and place,
with this sensitive species, will not substitute for the skills of‘the
bee—keeper, both in his handling of the bees and his experience in
selecting the most suifable nest site in his garden or other terrain.
A‘cémbination of the two, method and skill, is the most likely recipe

for success.

B. HUNTING FOR COLONIES OF APIS FLOREA

1, Introduction

Dutton & Simpson (1977), Dutton & Free (1979) and Williams

"+ (1979) have already described one Omani's custom of searching for wild

onrea'in mountain éaves and how he brought a colony to an artificial
cave near his home. During the course of surveys in other parts of the
country I came across alnumber of Omanis who also went searching in the
hills and plains for wild colonies of florea and I accompanied some of

them on such expeditions.
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As might be expected, some of their practices were rather
different from those of Humayd SulaymAn, the bee-keeper investigated
by Dutton et al, while others were much the same. Aspects of their
practices will be considered in this section with particular reference
to expeditions I made with 2 brothers, Salim Said and Hamid Said (bee-
keepers a) of Adam, to Jabal Salakh and Jabal Madmar on either side of
their éasis, and with Nasr Ahmad al-Ghaythi of Zahib to the JabalMadar
south of Mudaybi. These 3 hills were very alike in that they were
outcrops of limestone, 10l4m, 740m and 766m high respectively, surrounded
by gravel plains and isolated from the main Hajar mountain range. They
also had a similar, characteristic vegetation. . The sites were favoured
by the hunters and therefore, by implication, florea (though few colonies
were actually found on my trips!), so their vegetation,-which provided
the bees with forage, will be described. The survival of florea in
| these remote areas will also be discussed. Observations concerning

other "honey-hunters" are mentioned where relevant, but are not considered

i the same detail.

2. Hunting for 4pis florea near Adam

On 11.iii.78 I accompanied Salim and Hamid Said up a steep-
sideq, boulder-strewn Qadi, fed further up by several smaller wadis,
théﬁ drained down the northern side of the Jabal Salakh to the west of
Adam, They searched for colonies in the numerous small caves and
crannies. in the sides of the wadis, using binoculars from a distance
as well as looking right into'some cavities from close quarters. Like
Humayd Sulayman (Duttoﬁ & Simpson 1977) they looked for signs of bees
.flying in and out ie shimmering wings against the sun, and they looked
on the rocks for tﬁe dried yellow drops of excreta (called "qatra",

"kiis", "kuth" or "(a)rayta") usually produced by young bees on their
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first orientation flights. These drops were tiny (one large oval
drop measured 6.5 x 3mm) and not easy to spot; they probably just
indicated a colony was or had been in the vicinity. On this trip
they were of little value and no nest was found near the large spot
mentioned.

I was shown one or two empty ''bee caves' with traces of wax
on the roof, and other more inaccessible ones that had contained colonies
in the past were pointed out. Eventually a cave actually containing a
colony was found; this too had hexagonal wax remnants on the roof
(Figure 3.1) so it obviously had been used by bees in the past and it
was clear that the "hunters" had prior knowledge of it. Examination
showed that the colony was supported by 2 sticks put there previously.
Salim took the honey from it in the following way:-

Some small twigs, with leaves on, were brushed quite vigorously
against the curtain of bees so that nearly all flew into the air, just
a few falling to the gréund. With a knife, he immediately made a
horizontal cut below the hbneycomb in order to.remove the brood comb,
which he put on the ground. The honeycomb was cut away from the roof

into a small, leather bag.

It then became quite apparent that these men were not "hunters"

that destroyed their quarry but were, after a fashion, bee-keepers.
They did not take the colony back to their garden like Humayd Sulayman
(Dutton & Free 1979; Williams 1979) - it would have been a difficult
journey in this case - but re-installed it in the same cave. Salim
took the brodd comb, presséd it into the roof of the cave where there
was a small right-angled kink, pushed a small twig horizontally against
the top face qf the comb and then propped this up with a longer stick,
nearly vertical with the lower end resting on the floor of the cave

(Figure 3.11). The whole operation took less than 5 minutes and the
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comb was placed viftually in its o:igiﬁai position, held by the twigs.
The bees flew round while this wés happening and quickly started to
settle again when Salim had finished. No precautions were taken to
protect the queen and no honey wa; left for the bees, but probably only
a little Brood succumbed to physical damage.
Though the colony was small (brood comb 13cm wide x llcm high;
' honéycomb 11.5cm wide x 6.5cm high) it had 2 concentric rings of sealed
brood plus unsealed brood and these might have suffered from starvation
unless the bees were able to compensate quickly for their loss of honey.
The honey harvested cannot have weighed more than 100gm and was con-
, sﬁmed on the spot by Salim and Hamid. Considering this small yield
and the risk that the bees miéht now abscond, it might have been better
to have left the colony for a few more weeks and to have taken a greater
harvest later.
| The search for more colonies then continued and I gathered
2 pthérs were found, bdt I did not see them as I had become separated
- from @y guides while ipves;igating the flora. I suspect that they too
‘wére in previously occupied caves and that the hunters already knew
their location. The following day a shorter expedition up a similar,
H—éraining wadi of the Jabal Madmgr, to the east of Adam, was made.
No Eees were found, not even foraging, but another cave with wax that
they aiready knew Egg contained a colony was péinted out to me.
| Likewise on a trip I made into the mountains near Birkat-al-
‘Mawz on 28.ii.78 with a man called Sulayman (bee-keeper b), though he
too went searching for spots of florea faeces (again called "kiis"),
rhe already knew where to find the 2 colonies that we encountered.
. He showed me one that was naturally established in a myrrh bush
(Commiphora sp.) and another coloﬁy in a cave that had a vertical stick

against the comb. * The latter had obviously been propped up, in a way
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similar to that just described for Salim Said, when Sulayman had last
taken the honey. He also showed me 2 empty caves with wax remnants

on the roof that were therefore once occupied.

3. Hunting for Apis florea in the Jabal Madar -

This refers to a trip made with Nasr Ahmad al-Ghaythi, the
subject of Chapter IV. 1In addition to managing the colonies in and
nearAhis village of Zahib he sometimes made 4-day long expeditions with
a friend to this small mountain to look for "wild" florea. He said he
usually wentvin the "qayz" (JﬁZéé), the hot part of the summer  towards
the end of the Acacia tortilis flowering season, probably in May. This
trip however was made at the end of the Ziziphus spina-christi flowering
season on 12.xii.79.

As on the Jabal Salakh and Jabal Madmar trips, wadis (two)
draining down thé north side of the mountain were investigated and Nasr
seafched the caves from a distance with binoculgrs and from close to.
He called the caves "sarab" ( d;i;ﬁs - literally hole, den or lair
of animal). One such cavity that had contained florea, from wax traces
of cells left on'the roof, was on the west side of one "wadi" facing
east and another was under the north side of a boulder, c. 4m in diameter,
at the foot of the wadi. Nasr knew of both caves already and said that
"on a previbué visit‘he had re-installed the colony under the‘boulder
with the support of a stick (presumably in the way S3lim Said had done)
after taking the honey. So the aim of_N;sr's mountain expeditions was
primarilyrto look for "wild" honey rather than to gather colonies to
add to his apiaries at Z3hib.

Despite several hours searching, we did not find any living
colonies, only florea workers foraging on flowers and gathering water.

Nasr said the bees nested in caves during the hot season, but they moved
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to the more open "sémur" (Acacia tortilis) trees in the plains below
for warmth in the.winter, the time of year we were searching.
Unfortunately, I did ndt record this properly at the time,
but while watching worker A. florea gather water from a pool, I am
fairly certain that ﬁzsr and I discussed how he could trace a nest
' from watching the line of flight of such bees on their return "home",
though in this case we were not successful. However, I did record
-8alim Ali (bee-keeper &) of Diqal explaining to me how he and 2 other
florea specialists would track colonies in this way from water at a
dripping "falaj", rock pool etc. He said that as the bees flew straight
back to the nest, if one followed this line, investigating trees (or
caves) en route the nest could be found. The advantage of '"bee-lining"
from water is that one can sit at one spot waiting for bees to drink
their fill from the one source in the knowledge that they are heading
"for "home" when they leave. I have tried "bee-lining' from a patch of
fiowers with no succesé as, though I could sometimes follow an individual
forager for maybe 10 mins, I found I usually lost track of it amongst
| others before it took off for its nest. Even following the flight of
fiorea from water is difficult because of the small size of the insect.
Salim Ali said that he too, and other florea specialists, if they noticed
drops‘"qafar" (plural) of yellow faeces on tﬁe ground, would look for a
colony in the vicinity. These drops can perhaps be a more useful sign

than the Jabal Salakhvtrip indicated.

4, Vegetation, sources of forage and survival of Apis florea in

mountain "wadis" where they are hunted

Plants from the Jabal Salakh and Jabal Madar were collected

and pressed and these plus others recorded are listed in Table 3.8.



Table 3.8 Vegetation of limestone hills in northern Oman, where Ap7s florea specialists hunted and managed wild colonies,
as indicated by lists of plants collected and/or recorded from 3 localities:— Jabal Salakh (J.S.) and Jabal
Madmar (J.M.M.) to the west and east of Adam, and the Jabal Madar (J.M.D.) south of Mudaybi. A description
of the hills and vegetation are in the text (Chapter III, Pt. II B. 3 & 4). Records of foraging insects are
given and of the overall flowering periods of the plants in northern Oman and whether they are a source of
nectar (N) and/or pollen (P) to A. florea (? indicates a probable source). Further details of plants are in
Table 7.3 and Appendix III,
* : plant frequent near the wadi outlets at the foot of the hills
00 : plant in flower (F1) and in fruit (Fr) on day of visit
-— : plant not in flower or fruit womnon "
0 : plant only in flower on day of visit
_0 : " 1" .t fruit 1t 11 11 11
J.S5.& J.M.M. J.M.D. MONTHS (1-12) FLOREA
FAMILY GENUS  SPECIES 11.1ii.78 12.xii.79 IN FLOWER FORAGE
Fl Fr. Fl Fr.
ACANTHACEAE Blepharis ciliaris 0 O (one plant) | 1 3 g 9 10 12
ANACARDIACEAE Rhus aucheri -0 11
 (Caralluma aucherana 00. Diptera - 3
ASCLEF TADACEAE (Periploca aphylla .0 00~ 'g? oiea 2 3 4 12 [N
BURSERACEAE Commiphora spp. 4 -0 iptera 12
CAPPARACEAE Maerua crassifolia - - 12 3 NP
(Grantia aucheri 0 3
' - (Helichrysum sp. nov. 0 0 3 12 NE
COMPOSITAE (Launaea spinosa 0 2 12 |2
(PuZicar'ia gZu‘binosa — 1 3 L 9
‘ - (Vernonia arabica -0 -0 3 ?
CONVOLVULACEAE Convolvulus virgatus 0 1 6 9 12 |7
CRUCIFERAE Physorrhynchus chamaerapistum 0 12 3 12 |NP
EUPHORBIACEAE Euphorbia larica 0 florea 00 2 3 12 |N?
ILLECEBRACEAE (Cometes surattensis 70 3 10 N &/or P
(Gymmocarpos deecander N O 3
Co 2 .
LABIATAE *° - (Lavandula aff. submuda (Li;ﬁjp:lj) 12 3 10 11 1212
FLeucas inflata 0 0 florea 3 12]xp
(Acacia tortilis” - - ‘4 5 NP
(Argyrolobium roseum 0 1 3 12
LEGUMINOSAE (Indigofera arabica 00 . £ inel 3 8 9 10
(Taverrniera glabm 0 f.{?;zgp;;;g: té 3 11 NP
(Tephrosia apotlinea 2TOTEEEG° P 3 5 10 11 i2|NP
' (Hibiscus micranthus -0
MALVACEAE (Pavonia arabica 00 3
MORACEAE Ficus pseudosycomorus - ?
MORINGACEAE Moringa peregrina o] - 12 3 4
NYCTAGINACEAE Boerhavia elegans 0 ' " 8 12
PLUMBAGINACEAE Dyerophytum indicum 0 - 2 3 11
POLYGALACEAE (Polygala ?erfa'optez:a 0 3y
(Polygala mascatensis 0 6 7 12
RESEDACEAE Ochradenus sp. nov. 12 3 4 - 11 12|NP
RHAMNACEAE Ziziphus spina—christi - 00 florea 1 9 10 11 12|NP
(Jaubertia aucheri* - 12 3 45 NP?
RUBIACEAE (Pseudogaillonia hymenostephana | 00 0 2 3 12
SALVADORACEAE Salvadora persica* 0 (in bud) - 3
SOLANACEAE Lycium shawit -0 1 2 3 7 10 11 12
TILIACEAE Grewia erythraea -0 ?
ZYGOPHYLLACEAE (Fagonia S?p. . % 00 00 2 3 4 10 12
(Zygophyllum coceineum -0? - 2 12}?
{Aristida adscensionie 0 1 3
(Cenchrus ciliaris ] 0 1 3 9 12} .
GRAMINEAE (Chrysopogon aucheri o 0 3 1212
(Enmeapogon persicus 0 3
(Hyparrhenia hirta 0 3 10
PALMAE ?Chamaerops sp. —
GNETACEAE Ephedra sp. 00 12
33 species 31 species Mainly winter and spring c.19
recorded recorded flowering bee species
recorded
Total : 47 species
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Though tﬁe botanical studies were an exhaustive and were made at
different'times in the year it was aéparent from the floristics and
habitats as seen in the field, and from the lists, that the plant
communities occurring in the wadis of the 3 mountains (Jabals Salakh,
Madmar and Madar) were essentially the same.

Though the plants from the neighbouring Jabal Salakh and Jabal
Madmar are not listed separately, bee-plants such as Periploca aphylla,
Euphorbia larica and Leucas inflata occurréd at both sites. Likewise
the flora occurring in the 2 wadis explored in the Jabal Madar were
virtually the same. ~ Where plants were collecﬁed or noted in one site
and not the other, the omission in most cases eg Physorrhynchus
chamaerapistum, Indigofera arabica and Lycium shawii is likely to have
been due to incomplete recording rather than genuine absence. When
collecting, photographing and recording unfamiliar plants (often not
in flower) in difficult terrain with shade temperatures in the order of
3Q°C, in addition to searching for and examining colonies of bees with
guides spéaking another language, some omissions are almost inevitable!

Plants such as Euphorbia larica grew on the mountain slopes
jﬁst above ﬁhe wadi; some trees, particularly Moringa peregrina, and
" shrubs such as Periploca aphylla and Dyerophytum indicum were most
ftequent in rocky crevices on the steep sides of the wadi. Small
specimens of the trees Acacia tortilis and Ziziphus spina-christi
grew amongst the boulders in the bottom of the wadis along with small
perennial shrubs and herbs such as Leucas inflata, Argyrolobium roseum
and Physsérrhynchus chamaerapistum.

A - In an entirély separate range of mountains, another limestone
‘wadl had'a flora similar to that of the more isolated mountain out-
crops just described and onrea'oécurred there too. The wadi was
at the southern end of the. Jabal Akhdar massif near Birkat-al-Mawz,

almost due north of the Jabal Salakh and separated by 60 - 70km of
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gravel plain, and it WAS hunter/bee-keeper b'who had shown me wild and
managed colonies (p. 123) there. Species such as Periploca aphylla,
Physorrhynchus chamaerapistum, Euphorbia larica, Acacta tortilis,

Moringa peregrina and Fagonia sp. were present, so perhaps a community
containing such combinations of plants is particularly suited to florea.
Though only a few sightings of foraging florea were made on these mountain
expeditions, knowledge of the flowering seasons of other plants present
;nd of their value as bee forage (Chapter VII, Table 7.3) did indeed
indicate that this type of limestone flora offered reasonable foraging
opportunities.

Plants such as Periploca aphylla, Maerua crassifolia,
Physorrhynchus chamaerapistum, Euphorbia larica, Taverniera glabra and
Ochradenus sp. nov, would supply nectar and pollen in winter and spring,
encouraging the development of a strong colony with brood (and maybe
even a honey surplus in a wet year) in time for the flowering of Acacia
tortilis. This tree would provide the main honey crop, for the bee-
keeper and/or for colony reproduction, and would see colonies with
.sufficignt surplus through the summer months until autumn-flowering
plants, particularly Ziziphus spina-christi, became available.

One other provision of these wadis must also be emphasised
before their suitability for florea is fully explained, namely water.
Especially in the summer months, water would be essentigl for the dilution
of honey stores and the cooling of colonies. In both the Jabal Salakh
and Jabal Madar there were small pools of water in the wadis, often
only a few inches deep, that had been left after rain in the previous
ﬁonths and fiorea were seen collecting water from ome of them (some
bees had drowned too). Some of these pools, instead of being in gravelly
deposits at the bottom of the wadis, were in deep depressions hollowed-

out in boulders by the action of water and stones and my impression was
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that such fools Qere frequent in limeétone rock formations but less so
in areas of harder igneous or metamorphic rock. If this is so, the
. occurrence of such pools of water and the characteristic flora may help
explain the apparent preference of bees and hunters for suéh limestone
hills,

Nevertheless, I suspect some of the pools I saw would not have
.1asted many ménths without replenishment and in situations where such
water supplies did dry up, the outcome to the colonies is a matter

worthy of speculation.

(1) The colonies might abscond to the nearest village where
.water, from "falaj" or well, and forage would be available. However,
in the case of the Jabal Madar the distance from the wadi, where I saw
florea foraging, to the nearest village, Aflaj, was greater than S5km (Fig.4.1).
The'distance from the florea colony in the Jabal Salakh to Adam, the
nearest oasis, was greater than 10km, The possibility of such long
distance colony movements cannot be e#cluded, but I made no such observ-
ations in Oman and no substantiated cases have been reported in the liter-
ature. Until this study (Chapter IV, Pt. I, C. 2) florea was not even
thqught to forage much further than 400m from the nest (Lindauer 1957).
' Eveﬁ if long distance movements were possible, to be of any survival
value they would have to be made in one direction only (towards the
" nearest oasis), which in the case of the Jabal Salakh colony would have

necessitated a round trip of greater than 20km by a scout bee.

:(ii) An alternative course available to some colonies and which
would provide water would be to abscond to or near a Qell if one was not
aiready within foraging range. Weils, built by the bedu, were sometimes
sited néar the foot of such mountains as the water table would be nearer

the surface, with the higher rainfall and run off. For instance, Nasr
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Abmad showed me 3 wells 1 to Zkm from the foot of the Jabal Madar,

and he said they sometimes contained colonies of florea, with nests
attached below ground level to the inside walls. None were there on
12.xii.79 when I looked. The vegetation in the outwash fan from the
mountain wadis, where the wells were sited, was generally denser than

in the surrounding plains; Acacia tortilis was dominant, but other bee-
plants such as Ziziphus spina-christi, Maerua crassifolia, Jaubertia

aucherti and Zygophyllum coccineum occurred too.

(iii) A third possibility is that colonies deprived of water
may be able to effect some form of aestivation. By ceasing brood
production, foraging etc, and if in a suitably sheltered site where
temperatures did not reach 1ethal levels (?c. 48°C), they might be able
to abandon thermoregulatory activities and let colony temperature fluct-
vate with ambient. - Respiration/metabolism would be reduced to an
abs&lute minimum and survival, with virtually no use of honey stores,
might be feasible till further rain fell. I ﬁave no measurements of
é colony deprived of water to support this speculation, but I did record
a ciuster temperature of 39.4°C for a colony in July in cave No. 5 in

the_wédi Hawasina (Figures 2.7b and 3.6).

(iv) Demise of a colony is the final alternative, and in
dry periods I expect mortality occurs, both of colonies which abscond

and of those which stay.

Unless one of the first 3 alternatives is invoked, it is
diffiéult té'explain how populations of florea can survive in these
Aremote hills. It also begs the question already mooted on ﬁ. 14-15
"could flprea survive in northern Oman before man arrived, dug wells
and established oasis cuitivation?" Temporary pools of water are

frequent in rainy periods, but not when most needed in hot, dry spells.
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Reliable sources of perennial water are few and far between in northern
Oman. If florea in Arabia did pre—date man, unless they could survive
for long periods (months) without water, the populations must have been
isolated andAnear permanént water, expanding their range in wetter -spells.
On the other hand, if Arabia enjoyed a wetter climate than now (and there
is little concrete information on this), before ﬁan established his
reliable water suppiies, florea might have been widespread and its

range now has become reduced. However, the absence of florea from
Dhofar suggests that there has not been a wet era in this SE part of
lArabia since florea arrived in northern Oman. Larsen (pers. comm.)
reported florea foraging on Ochradenus sp. on Jazirat al-Ghanam, an
island at the NW tip of the Musandam peninsula, in late February/early
March 1979; apparently dry and with no cultivation, f?orea's-presence
on the island (if permanent) is remarkable. Perhaps colonies really

do have some ability to cope with extended dry periods by migrating

gonsiderable distances or aestivating.

CONCLUSION

Nearly all the bee-keepers covered in this chapter,-as far
as i could ascertain, dealt with florea on a fairly regular basis.
It appeared that there were never more than a handful of people in
any one village or town who specialized with florea in this way; some-
times none could be found despite earnest enquiries. It seemed tﬁat
the majority of the population did not have either the time or the
inclination or the skili to manage colonies of florea properly.

Surveys had neverthelgss shown that florea was widespread in
northern Oman (Figure 1.1) and that colonies occurred in and around

most villages. So if a man (not a specialist) found a colony that
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contained some honey in his garden he could either leave it, ask some-
one who was more of a specialist to deal with it properly (in the way
that Humayd was asked, p. 107), or attempt to take the honey himself.
The latter was ffequently the case in the Batina date gardens, where
skilled bee-keepers were scarce or absent, and on several occasions

I came across brood combs discarded from colonies that had had their
honey taken. Sometimes the owner would try to re-éstablish a colony
in a '"zoora", having heard of or seen other pebpie doing this, but it
would not necessaiily be done well and if it was leading to painful
stings thé attempt might be abandoned.

Another man I knew, regularly hunted wild colonies for their
honey in the gardens, scrub and plains of the Batina and made a'little
money by selling the extracted honey. He knew it would have been Sest
to have kept the colonies afterwards, but did not have the knowledge of
the specialist florea keepers that would have enabled him to do so
properly,

Thus a whole range of management techniques exist in Oman
- that range from crude robbing of the honey and destruction of the nest
to the sophisticated migratory bee-keeping of Nasr Ahmad‘al-éhaytﬁi.
This chapter and that on Nasr (Chapter IV) have naturally concentrated
on the skills employed at the top end of the spectrum. I was not
convinced that -all of the ideas and practices mentioned were satisfactory
eg the theory of Said Ali, the bedu bee—keeper of Diqgl, that colonies
absconded 20km to the Batina, and Khalifa's method of propping up éave
colonies with sticks. On the other hand, I am certain that much can
be learnt from the years of observation and experience that the florea
keeperé possess between them, The conviction of so many that florea
célonies have different seasonal nest-site requifements (warm spots

& .
partly exposed to the sun in winter and shady ones in summer) and that
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bees &ould absqond if thé éites were not correct can hardly be:ignored.
Even though numbers of their colonies did abscond, a proportion often
stayed despite suffering from human "predation"; I am certain the
pfopqrtion would have been much smaller if the bee-keepers had not
paid so much attention té’the selection of suitable nest sites.

As discuésed at the end of Part I, on the basis of the bee-
keeping site§ investigated, it would be misleading £o>make a simple
recommendation such as '"trees are best in winter and cavities in summer"
as so much depends on the type of tree and its associated vegetation
and the type of cavity and its orientatién, surroundings etc. Bee-
| keepers could be found using both trees and cavities successfully at
almoé; any time of year, Howevér; if approfriate sites afe to be

,récommended in a little more detail I would propose the following:-

Winter Summer
‘ A Thinly foliated trees and Densely foliated trees
7314 Watripapo  bushes, SE quadrant eg eg Ziziphus spina-christt.
Wfld H?bltats‘ Acacia tortilis. SE Possibly N facing caves

facing caves

Thinly foliated trees and Densely foliated trees
A bushes in open, SE quadrant and bushes under date-
Date Gardens eg Citrus and grape-vine. " palms, SE quadrant eg
Exposed SE facing wall Citrus.  Well shaded

recesses v ‘ recesses or caves

In ﬁhat months the divisioné between winter and summer come
would be up. to the bge;keeper to judge, taking into account the strength
-éf his,colonies, their degree of exposure etc, but in general colonies
should probably.be moved to summer sites in March or April and back to
" winter sites in October. The SE sector of trees should be favoured,
pérficularly in winter; even in summer a 1itt1e direct insolation in

the morning might be useful, with the sun going overhead at mid-day.
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in summer‘mounﬁain caves did not appear to be particularly satisfactory,
for instance several of Khalifa's (bee-keeper c) colonies absconded

" from céves at this season. Even though Humayd bn Sulayman al-Shimili
'said that colonies nested in south-facing caves in summer and that the
sun .did not ﬁenetrate deeply into them (Dutton & Simpson 1977), I believe
the heating uﬁ of the enveloping rock would usuglly lead to an unfavour-
;ble microclimate as the cave temperature measurements in Chaptér IT
suggested. Most colonies Humayd found in south-facing caves in
summer had probably selected these sites in winter or spring, but he
would have found them in May (summer) while taking the "samur" honey
har?estf Cool, N facing caves might be satisfactory in summer, if
sheltered from hot winds, and if shady trees are not available. Until
‘the communication dance requirements of florea are understood better,
all colonies in caves should be supported on a "zoora", not squashed
“against the CaQe roof, so that they have a dance platform.

The above suggestions on siting should only be a ggiég to
intending keepers of florea. The bee—keepers I met had come to favour
) cert#in types of site, even individual caves, as a result of experience.
A»New bée—keepérs 1ikéwise will have to try out various sites in their own
neighbourhood and then use those from which fewest abscond.

As for other management techniques, uniess experiments with
hives and frames are undertaken (Chapter VIII), those methods involving
a "zoora", as described in this chapter and in Chapter IV on Nasr Ahmad
"al-Ghayfhi, were the more satisfactory. 'However, bee—keepers should

refrain from taking their harvest at the end of a honey flow and from

taking away all the honey and pollen.
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CHAPTER IV

MANAGEMENT OF APIS FLOREA BY NASR AHMAD AL-GHAYTHI AND ITS

ANNUAL CYCLE AT ZAHIB, SHARQIYA
INTRODUCTION

The purpose of Part I of this chapter is to record, in as

great a detail as practicable, the bee-keeping methods of one Omani
who speciglizéd in the management of Apig florea for honey production.
Operations with florea on the scale at which this man practised have
not been recorded before and may not be matched in Oman or any other
country where this species is found. Therefore, the nest sites at
the two locations where his bees were kept, the vegetation at each
that provided forage at different times of year and his various manage-
~ ment techniques, are described as all may be contributory to his success:
Part II of the chapter investigates the annual cycle of florea under
these conditions and cénsiders the suitability of this bee-keeper's
methods in relation to problems such as absconding and swarming. The
bee-keeper'é full name was Nasr bin Ahmad bin Sayf Al-Ghaythi, referred
to hereafter as "Nasr". ﬁe kept the bees at his date garden in.the
A_viliage of Zahib and in tﬁe plains to the east of this oasis (Figure 4.1).
Zzhib is in the plains jﬁst to the south of the Eastern Hajar mountains,
: aéproximatgly 130km SSW of,Muscaf in the Waliyat of Mudaybi in the
.Sharqiya‘(Eastern) region of Oman.

 Previous descriptions of florea ménagement (Dutton & Simpson
'1977; Dutton & Free 1979; Will%ams 1979) have bgen qualitative and
éave no data dn the numbers of colonies involved or their state at
different seasons, Howeﬁer, subsequent investigations that I made on
the bee-keeping of Humayd bin Sulayman, who was the subject of the above

studies, indicated that he usually worked with fewer colonies than Nasr,
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’ ﬁhough-Humayd too was very skilled in his handling of florea. For
instance Humayd informed me that in mid-May 1980 he had approximately
25 florea colonies, when Nasr had approximately 30, but on 10,vii.80
I saw Humayd had only 2 colonies, while Nasr 3 days earlier (7.vii.80) '
still had 22, Most of Humayd's colonies had absconded, but comparatively
few of Nasr's.

Similarly, the experience of many other Omani florea bee-
‘keepers that I encountered, and my own attempts at domestication of
florea (Chapter VI and Chapter VIII) have shown that, because of ab-
sconding, it is difficult to keep significant numbers (>10) of florea
colonies throughout the year, in the way that Nasr did. This may have
- been accentuated between 1977 and 1980 when hear—drought conditions
prevailed in many areas of Oman. Therefore, with the exceptional
situation of having 18 to 30 of Nasr's colonies relatively accessible
for examination at any one time, the opportunity was taken to gather
much-needed, quantifiable data on the numbers, developmental state etc
of florea colonies - albeit under management - at different times of the

year, in a single area.

METHODS

The information was collected on 7 visits to Nasr centred on

the following dates (some visits were of more than one day's duration):-

I 11.ix.78 Early Autumn, before "sidr" season
II 1.x%i.78 Late Autumn, end of "sidr" season
I 14.xii.78 Winter
IV 30. vi.79 Mid-Summer
v 11.xii,79 Winter
VI 11, iv.80 Spring, start of "samur" season

VII 6.vii.80 Mid-Summer
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"Sidr" season : wusual main flowering period of Ziziphus spina-christti,
end of September to beginning of November
"Samur" season : usual flowering period of Acacia tortilis,

c. 10th April to 15th May

Thus most seasons were covered (illness prevented one planned visit

in May) while visits III and V (December) and IV and VII (June/July)
were at almost exactly the same time but in different years, and allowed
a check to be made on the consistency of both Nasr's management methods
and the seasonal deve10pment'of the bees,

The méasurements and observations are my own but, when stated,
are supplemented by Nasr's own commeﬁts and vivid descriptions, which
he kindly provided in answer to my numerous questions. He had had no
school education and thus had virtually no formal knowledge of the
'biology of honeybees; he claimed that his uncle had introduced him
to'keeping florea but that he had also developed his own ideas and
techniques. He was unable to keep any records and his various estimates
_bfitime.were not always consistent, so these were adjusted appropriately
aécording to my own knowledge of'the developmeﬁt of florea colonies and
_the.flowéring,seésons.

TWO'speéial-features of his management system were (a) his
siting of onrea:colonies in specially constructed recesses in the wall
of his garden, as well as in treeé, and (b) his practice of "migratory
. bee-keeping", moving most golqnies in the cooler, winter months to trees
énd bushes in a region of the plains c. 3km to the east of his village.
The location of the two "apiaries', at the garden and in the plain
(sayh), are indicated in Figure 4.1 and the number of colonies képt at
each site at different times of year, during the course of this study,

are shown in Figures 4.2 and 4.3.



Figures 4.2 and 4.3

Number of colonies of Apis onreaAképt by Nasr
Ahmad al-Ghaythi at and.near Zahib, Oman between
August 1978 and July 1980, presented in chrono-
légical'order (4.2) and rearranged according to
one calendar year to show the annual cycle (4.3).
The numbers in his garden (hatched coluﬁns) and
in trees at his apiary site in the nearby
alluvial plain, "sayh", (ﬁnhatched columns)

are distinguished. é———p 1indicates

the approximate periods during which Nasr would
move colonies from garden to "sayh'" in autumn
and from "sayh" to garden in early spring.
Dashed columns indicate numbers were estimated
to within 1 or 2 colonies. The data was gained
from 7 visits, detailed on p. 135, supplemented
by Nasr's comments and a personal communication

from Adrian Brockett (A.B.).
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When possible, the total number of colonies was counted on each
visit and details of the following recorded for individual colonies:-
nest site (eg type of tree, height, orientatioﬁ); colony shape, height
and width (with a tape measure); depth of beés in protective curéain
and percentage of comb covered by them (visual eséimate); worker and
. drone brood; adult drones; queen cells; stores of pollen and honey;
recent History df the colony (information from Ngsr) eg wherher it had
been divided, had honey extracted etc. Usually only one side of a
colony~ﬁou1d be ‘examined. Photographé were used to confirm some of
these observations and they sometimes provided data that had hot been
recorded. Where height and width of a colony had been measured, a
Colony Area Index (C;A.I.) was calculated, by multiplying the two
dimensions. The C.A.I. gives an approximation (slight overestimate,
as it assumes a rectangular shape) of the true surface area of the side
of a colony and enables comparisons of colony size to be made. Some-
times colonies left areas of older brood comb and honey comb exposed,
when they weré not'beiﬁg used; then the visual estimate of percentage
Acpver of bees x C.A.I. gave a '"Colony Cover Index" (C.C.I.). This
indicates the active or functional area of such colonies.

On several of the visits only a sample of the colonies could
be examined and not all the details it was desired to obtain (from each
: éolonj) éould be recorded because of the fﬁllowing pfoblems;- (a) The
inaccessibiiity of some of the colonies eg in the tops of thorny Acacia
trees, (b) The need to leave the bees undisturbed, particularly to
prevent absconding. (¢) Nasr's high standards; he was usually happy
: for'me to examine some colonies (as representative of his skills as a
| bee-keeper) but was not always keen that I should investigate every
single colony, particularl& the weaker ones! However, bearing in mind

that Nasr did not really appreciate the need for detailed research
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- (as he‘cénsideréd he knew all that was necessary concerning the strength
of the bees, their management etc and a sample of one or two colonies
would be adequate tb show me), he was exceedingly co-operative and
patienf. Thus,'pérticularly on thelearlier visits when Nasr was
unfamiliar with my research, only a subjective assessment of the state
of some of the colonies could be made and, where so, this is indicated
in the text. On the later visits I was able to make closer inspections

of many more of the colonies.

PART 1. LOCATION OF COLONIES, VEGETATION AND BEE-KEEPING TECHNIQUES

1. Summer site of Apis.florea; Nasr's walled garden, Zihib

1.1 Number and position of '"Bee Boles"

Figure 4.4 is a diagram of the garden (area .239 hectéres)
indicating the positions of the recesses or "bee boles", in the wall
enclosing it, and the various trees in which colqnies of florea were
| éited. Altogethervthere were 24 "boles" though one of them (No. 155
was damaged where the east wall had céllapsed above it and was never
seen to be used. Another bole (No. 4) was not seen to be used on any
of the visits either, possibly because it was shallow and a cassava
bush made access difficult, The.mean distancé between boles (ceﬁtre
to centre) was 5.63m; S.E, = 0.55m; Range 3.5 - 13m;-n = 19.

The distribution of "boles" in the differeﬁt walls is shown
'iﬁ-Table'4.i._ This eQen distribution of boles per wéll suggests'that
when the bee-keéper constructed . the Boles in‘the wall he did not consider_
Iaﬁy éarticulgr aspect was pfeferable for the bees. To investigate

whether wall aspect had any influence on the tendency of florea colonies

' to stay at a site and not abscond, counts of the number occupied/wall
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Figure 4.4 Diagram of Nasr Ahmad al-Ghaythi's garden at Zahib, Oman showing the position of

bee "boles" (recesses in the surrounding wall) and of trees used for siting
colonies of Apis flores, The dimensions of the garden and the positions marked
for the boles are accurate to within circa lm; the tree locations marked may be
slightly less accurate in a few cases. The boles and tree sites have been
allocated numbers and letters respectively, and these are rgtérred to in the
text; three of the sites were slightly different from the others and detalls
can be found as follows:- site 12, p.l4ls sites C and Q, p.142. Further
descriptions of the garden, boles and their use at different times of year are
also given within the text and especially on pp.138-145. )



Tablé 4.1

‘on 7 separate visits.

Number of boles (recesses) and Apts florea colonies 1n each wall of Nasr's garden at Zahib, Oman,

Negative figures in brackets are numbers known to have absconded recently.

North Wall East Wall South Wall West Wall .Nb. in
Colony Aspect _South | West North East trees
No. of Boles 6 5 (+ 1 collapsed) 5 6 ( + 1 not used)
No.  April Visit VI 4 3 4 6 (-1) 12+13
o June/July Visit IV (-1) 5 4 (-3) 3 6 : 5
c July Visit VII 4 (-2) 2 -3 1 (*)5 10
ﬁ September Visiﬁ I 4 3 4 6 ‘ 1
p
i November Visit II 0 0] 0] 0
d December Visit IV (-2) 3 c.1?
December Visit III 1 0] 0 0
% =

with another colony.

->

= one colony had déserted its comb to return to its original bole, in the same wall, where it united

= new colony formed by division during visit,
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were made on each visit. The counts from the 3 winter visits when

the garden walls were scarcely being used are excluded from the

calculations.

Summing the counts from the 4 "summer" visits, expected

occupation values, assuming no difference between the walls, were

calculated (Table 4.2).

" Table 4.2 Influence of aspect on occupation of boles by Apis florea

at Zahib., Observed occupation and expected values,

assuming aspect has no-influence, summing 4 "summer"

visits (I, IV, VI and VII).

= number of boles in wall x number of visits.

Number of boles available

Expected

number of colonies = (number of visits x available boles

* v
in wall) x (grand total number of boles occupied) +*

*
(grand total number of boles available).

for all walls over 4 visits.

* -
= 1e sums

Example : N wall. No. expected = (4x6) x 64 + 88 = 17.45

Wall ' North East South West TOTAL

Colony Aspect South West North East

No. of boles available 24 20 20 24 88

No. of colonies observed 17 12 12 23 64

No. of ‘colonies expected 17.45 14,55 14,55 17.45 64
3

This showed that, though the West wall had a greater proportion of its

boles pccupied than expected and the South and East walls a rather

smaller pfoportion, there was no significant difference (x§ =7;35%?)

between the walls in retaining colonies of florea.

This test assumes
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that the counts on each visit were independent and that equilibrium
had beén reached between the rate of absconding from each wall and the
rate at which Nasr replaced the colonies (if Nasr replaced a colony as
soon as it absconded no differences would be recorded). With visits
being far apart and Nasr not having a stock of colonies to replace lost

ones these assumptions are not unreasonable,

1.2 Diﬁensions of boles

A typical bole is shaped as in Figure 4.5a, ie tending towards
a rectangle, rounded at the top and bottom, with a notch at either side
near the toﬁ for supporting the '"zoora" (split date palm frond) on which
Nasr kept his colonies. Figure 4.5b shows a colony in bole 20. Measure-
ments were taken of the dimensions of some of the boles (selected at
random) and are presented in Table 4.3.

There was no fixed position in which the "zoor "' were résted
in the notches, but they were usually pushed near to or right against
the back. " Thus the mean distance from the "zoora" to the back of a

" bole was 98.5mm (S.E. = 7.2mm; Range 60-140mm; n = 10).






Table 4.3 Dimensions of recesses, "bee boles", for Apig florea in Nasr's garden at Z3hib, Oman. Measurements

were made on colonies selected at random.

Figure 4.5.

The letters a-j correspond to those in the diagrams of

Bole Dimensions (cm)

Mean S.E. Range . n
a.. Ht of notch (ie colony on "zoora")from_ground. 83.8. 5.51 60 - 150 23
b. Internal height (ie back) of bole 55.7 3.13 40 -~ 64 6
c. External height (ie front) of 501e 59.3 3.00 51 - 68 6
d. Width of bole 58.1 1.32 55 - 63 7
e. Depth of bole 19.0 1.04 14 - 25 9
f. Height from zoora to top of bole 10.6 .73 8 - 16 10

Notch Dimensions (cm)

g. Length . 8.8 .80 6 - 10 5
h. Internal height (ie back) of notch 2;9 .29 2 - 3.5 5
i. External height (ie front) of notch 5.9 .40 4 - 7 12
j. Depth 9.73 .62 8 - 14 11
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In one bole (20, Figure 4.5b) there was a protruding bolt

"zoora", if it was short, was

close to one of the notches on which the
rested. At a second site (12) there was no proper recess, but the

"zoora" was rested on two iron pegs protruding from the wall.
1.3 Other features and provisions in the garden

The height of the mud and stone walls encircling the garden
and containing the boles was variable but measurements made in a few

places were as follows:-

N wall : 1.80m, 1.91m, 1.56m (E corner)
E wall : 1.75m (typical height), 1.68m (near E corner)

S wall : 1.,95m

W wall : Not measured. Similar to E wall, lower than S wall

The colonies were protected by the wall behind them and were usually
Agiven some shade from the front, particularly by cut sections of date-
palm trunk, split down the middle, and leant against the wall (Figure
4.5) eg 3 over bole 13 had lengths 1,50m, 0.84m and 1.49m. Date-
palm fronds, sacking etc were also used for shade. |

In addition to shade, Nasr made a regular supply of water
;availaﬁle to his bees, in a circular trough resting on a block of wood;
he put t&igs-in the water which gave the bees extra purchase while
drinkihé. He said a raised trough was better and iﬁ December 1979
florea were seen to drink from this raised trough, but not from ohe on
the grouﬁd. Presumably a raised troughiis safer from predators such
as toads (Bufo sp.). He killed éne of these, on Visit VII (July), that

was under a florea colony, claiming it ate the bees.
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On Visit IV 6 of the "zoor" (split palm frond mid-ribs)

| Nasr used‘fpr holding the combs were measured. Their mean length was
67.2cm (Range 63.0 - 70.0cm). Near the split end Nasr had made a notch
on either side of the mid-rib so that the strip of cloth he used for
tying the ends together did not slip: it was 8.0cm from the end of one
65.0cm~long "zoora'". The height of one zoora was measured as 10mm and

the thickness/depth (back to front) of another that enclosed a comb was

40mm,
1.4 Siting of colonies in trees in the garden

15 different frees, 10 date~palm and 5 Citrus sp., were seen
to be used for siting flérea colonies over the seven visits. Two
other sites were also used; one (C) so that the colony was resting
‘between two date-palm trunks lying on the ground, and for shade was
-covgred with branches and fabric, while at a second site (Q) the colon&
was supported by one end of its "zoora" that was wedged into a hole in
the angle between two walls. Not being proper "boles'", these sites
have been included in the ''tree'" category.

The date-palms used were young trees and the ends of the
"zoora" holding a colony would be tied to the palm fronds, at their
bases close to the trunk, between waist and head height (mean = 1.21m,
S.E.- = 0.10m, range = 1.00 - 1.50m, n = 5). The "goor" holding colonies
in Citrﬁs treeé were tied to convenient branches at a range of heights
from 1.50 to 3.00m (mean = 1.92m, S.E. = d.28m, n=5).

Therefore, though the samples are too small for §atisfactory
statistical tests, the colonies kept in Citrus trees were generally
higher than thésé in date palms. However, this appeared to be just

a reflection of the height of suitable branches on the two trees.
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Comﬁining them,ltﬁé overall mean height of colonies kept in trees was
| 1.57m, S.E. = 0,.18m, significantly higher than those kept in the bee
boles, 0.838m (d.= 3.89, tan ©6 = 3.267, P < 0.01). |
| -The region of the tree in which the bees were placed by Nasr

was recorded for 6 colonies on Visit VI (April 1980) as follows:-

NE E ESE SE

2 1 2 1
Oné of the faces of the colony would be orientated in approximately the
same direction. 3 of the tree sites were re—examined on Visit VII
(July 198Q) and they all contaiﬁed colonies (probably the same ones)
in the same positions. This suggested a preference for sites facing

east which received the morning sun.
1.5 Discussion : overall siting of colonies in Nasr's garden

Though there were no significant differences (Table 4.2)
in absconding rate from walls with different orientation, as measured
'by'the occupation of boles in summer, overali a greater proportion of
the boles in ﬁhe western wall (23/24) than in the southern (12/20) and
eastern (12/20), were occupied by florea colonies. Continuous records
of the number of colonies staying at and absconding from each wall over
2 years pr‘so would be.needed, héwever, to establish whether there were
significant_differénces, between the walls, in the mean length of time
that colonies stayed.l The number of colonies that had absconded from
each wall just prior to my visits, known from the presence of abandoned
combs and‘N;sr's commenté (Table 4.1), did suggest that the W wall was
better thén the S in Jqu;' 3 colonies had recently.absconded from
the S wali'on both July visits, but none from the Wwall.

With Ngsr also positioning many of his colonies in the E sector

of trees it did appear that sites receiving the early morning sun, even
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_ if filtered by palm logs etc, might be favourable; maybeAthe advantage
of such siting patterns would ha;e been even more evident had Nasr kept
a greater number of florea colonies in the garden during the cooler
months.

It might have been expected that the southern wall (facing N)
would be better in the summer, but with the sun virtually overhead at
this time of year little shade advantage would be gained. 1In Nasr's
gafden, the south wall may have been poorest in summer because the ground
was relatively open in front of it and the microclimate consequently too
hot, while there were more and larger date palms giving essential shade
in the northern part of the garden. ©Possibly as important, the sun
would not be visible for communication dances from a recess in the
N facing wall.

L Theée findings concur well with the observations in Chapter II
that wild colonies ténd to select nest sites in the SE quadrant of trees
aﬁd to.the S and E of walls., It is also especially pertinent to note
that keepers of mellifera from Roman times to the 19th Century favoured
south—fécing hive siteé in and against walls and buildings (Crane 1983a).
Most (48.87Z, n = 627) bee bole sets in Britain and Ireland facelsouth
(south-east, 15.6%, was the next preferred aspect) and warmth from the
sun and sheltef from the wind were the main reasons given fof this
‘choice. Columelia's statement in De re rustica, quoted by Crane,

"The heat of summer is not so harmful to this kind of creature as the
cold of wintér'.., the bees' dwelling-places ... ought to be so arranged
és to face the south-east, in order that the bees may enjoy the sun when
»-they,go out in the morning and maybe mofe wide-awake; for cold begets
sloth" is remarkably consistent with Nasr's and other Omanis' under-

‘standing of florea, and indeed my own!
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.Did Nast use boles in preference to trees? 13 was thg
largest number of trees he had in use at one time (Visit VI) and then
most (17) of the wall recesses were occupied. On another visit (1)
when exactly the same number of boles was occupied, only 1 colony was
recorded in a tree. Examination of the data in this way suggested
that Nasr generally utilized the boles first and then the trees.

He did not indicate that one type of site was better than the other
and I suspect he used the boles first because of ease of access and
the way a "zoora" could be simply rested in the notches. In trees, two

level branches the right distance apart have to be found and the "zoora"

ends then tied to them.

2. Winter site of colonies in plains 3km from Zahib (Figure 4.1)

2.1 Siting of colonies

On Visits IT and III the positions of 14 and 15 colonies,
respectively, were recorded at this site and,‘as it was not possible
to match all the individual colonies from one visit to the next, the
measurements of the two visits are here combined. (Nasr might move
cblonies from time to time eg after honey extraction, division.)

_(i) 12 colonies (6 on each visit) were high in Acacia tortilis
‘trees at‘a meaﬁ height of 4.1lm (range 3 - 5m); Nasr had to climb the
trees to reach the sites, which_recéived some shade from the surrounding
twigs and small leaves.

(ii) 6 colonies, 3 on each visit, were at head height (mean
1.73m of 3 measured) in Acacia tortflis trees and could be inspected
from the ground.,

(iii) 11 colbnies were close to the ground (5 on Visit II,

6 on Visit III), their "zoor" supports being from 0.2 to 0.75m from
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"the ground; the bottom of some colonies was as little as 70 - 80mm
from the ground.' 5 colonies were in Acacia tortilis trees; 4 in
Leptadenia pyrotechnica bushes (a colony each in the same two bushes
on both visits); 1 in a small Maerua erassifolia bush (with a small
stone wall round its base protecting the colony); 1 supported in a box
shéded by a mat of brush etc.

3 additional colonies were noted in Acacta tortilis trees

on Visit III, but their heights not recorded.

2.2 Other features and provisions

Some of the colonies, especially the lower ones, were covered
and surrounded with brush etc for shade and protection. According to
Nasr, and I believe his supposition to be correct, the colonies in
their.faifb exposed situations benefit in winter from the warmth of the
'sun'hére and also from the cool breezes neither of which penetratés the
date garden to the same extent. 'This sounds paradoxical but it is
presumed the insolation is important in warming the colonies in the
morning and the breezes are beneficial during the hotter part of the day.

Estimates were made of the distance between 6 successive
colonies; the mean was 43m with a range of 10m to 100m (to the nearest
colony), so the foraging areas of most of the colonies probably over-
lapped completely. Nasr suppliéd water regularly, obtained from a well
near to the centre of his bee-keeping area, in a smail cement trough;
he placed twigs, stones and rags inside the trough éo the bees could

stand and drink with little risk of drowning.
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3. Vegetation
3.1 Nasr's garden (Table 4.4)

This was a garden of area 0.24ha, irrigated by a "falaj",
in which date palms were tﬁe primary tree crop supplementéd by several
smallér trees such as Citrus spp. These provided a considerable amount
of shade, but there were open areas in which graminaceous crops, onions
etc were grown. Weeds, as in other gardens in the interior where
large basins are irrigated by "falaj", covered much of the ground
throughout the garden. Aerial photographs and direct observation
showed that date palm was the primary crop in other gardems in the
oasis too so, though there may have been some differences in the under-
crops grown, ;heir weed flora was probably similar. All the gardens
ﬁould have been in range of Nasr's bees és his garden was near the
centre éf the oasis which, from aerial photographs, was approximately
rectangular in shape (600m by 430m, total area 26 hectares including
paths etc). Some of the neighbouring oasis of Sharqi may also have
been within the foraging range of florea from Nasr's garden. His garden
was 1,150m from the nearest garden in Shgrqi, which was very similar in
size, shape and layout to Zahib.

25 plaﬁt species were recognized in Nasr's garden, but there
was not any obvious difference in the overall composition of the flora
from other gardens of the interior of Oman, to which Nasr's success in

‘keeping large numbers of florea at this site could be attributed. The
weeds Phyla nodiflora, Vernonia einerea, Portulaca oleracea, Pimpinella
?sp. nov. and Euphorbia heterophylla, however, were abundant or frequent
énd.all afg knqwn-to be sources of forage for florea (Chapter VII) so
their combined presence must help to maintain the colonies when major

sources are not flowering.



Tables 4.4 and 4.5

1 © 1 0O

.o

Vegetation of a falaj-irrigated date-garden (4.4)
at Zahib in the Sharqiya region of Oman and of the
alluvial outwash plain, dissected by a wadi (4.5)
that bordered the village; Nasr Ahmad al-Ghaythi
kept Apis florea colonies at both localities.
Plants collected and/or recorded from the two sites
are listed with records of whether they were in
flower or fruit on visits at 4 different times of
year (detailed on p. 135). The overall flowering
periods of the plants in northern Oman and whether
a source.of nectar (N) and/or pollen (P) to A.florea
are given. (? indicates a probable source). Further
details of the plants can be found in Tables 7.1-3
and Appendix III and descriptions of the two sites
on p. 147 and 148.

plant in flower (F1) and in fruit (Fr)

plant not in flower or fruit

‘plant only in flower

plant only in fruit _

plant not recorded in Nasr's garden but pollen sample
indicated its presence in the vicinity

plant recorded at nearby oasis, Sanaw, on 14.x1i.78
so likely to occur at Zahib too

bee plant according to Nasr  _

not a bee plant according to Nasr

exudate of fresh dates

sight or pollen record indicated definite exploit-
ation at Zahib

The records are not comprehensive, particularly of
the plants in flower at each visit, but should cover
the main components of the flora on which Nasr's
bee-keeping was based.



Table 4.4

30 June- FLOREA
‘11 April] 6 July | 1 Nov| 11-14 Dec | MONTHS(1-12) IN FLOWER FORAGE
F1 Fr} F1 Fr |Fl F¥Fr] Fl Fr
FAMILY GENUS SPECIES :
AMARANTHACEAE Achyranthes aspera 0 0 1 34 9 12
BORAGINACEAE Cordia myxa 2 N
(Blumea aurita 0 - 10 0 " 7 '
(Carthamus tinctorius (V) 2 3 NP
(E’cZipta. .alba 0 (0] u 6 8 12 N %
COMPOSITAE (Flaveria trinerva 0 0 12 4 6 78 9 10 NP
(Launaea sp. 0 0 0 u 7 10 12 NP
(Vernonia einerea ? oo 0 0 0 1 3456 7 9 11 12{NP
CONVOLVULACEAE Convolvulus arvensis 0 123456 7 9 *
(Citrullus lanatus 6 7 8 NP
CUCURBITACEAE (Cucumis melo (V) 0 56 7 NP
(Buphorbia helioscopia/peplus 12 4 ' NP
(Euphorbia heterophylla 0 1 11 12|NP
EUPHORBTACEAE (Euphorbia indica/prostrata 0 ofo 0 34 7 9 12}
(Manihot esculenta ?
(Phyllanthus maderaspatensis o 0 0 0 6 7 8 12
(at Suhayla) -} (Ricinus communis ? P
LABIATAE Ocimum sp. (V) 12 & 67889 10 12{NP
(Cassia italica 0 0 34 7 8 12
’ (Medicago sativa (2V) - 4 5678 NP
LEGUMINOSAE (Melilotus indicus 0 231 NP
( Tamarindus indica 6 10 11
LYTHRACEAE Lawsonia inermis 0 5 78 - |NB -
( Abutilon sp. ?
MALVACEAE ( Sida spinosa 0 0 23 9 10 11 12
(Fieus carica ?
MORACEAE ( Morus sp. 0? 123
MYRTACEAE indet. (V) P
OXALIDACEAE Oxalis corniculata - 1 78 12
(Portulaca oleracea 0 34567839 1 NP
PORIULACACEAE (Portulaca quadrifida Y 2 10 11 12f ?
PRIMULACEAE Anagallis arvensis - 0 123%4 ?
PUNICACEAE Punica granatum - - 4L 6 ? %
RHAMNACEAE Ziziphus spina-christi 0 9 10 11 NP
RUTACEAE Citrus (22 spp.) - of- 0 l123 p
( Solanum incarum 0 1,5, 69 10 13
SOLANACEAE ( Solarum nigrum 0 jo0 8
( Withania somnifera 0 0 . 12
TILIACEAE Corchorus trilocularis 0] 0 0 234567 11 12
Anethum graveolens o 345686 NP
UMBELL IFERAE Pimpinella sp. 0 b Ef*
VERBENACEAE Phyla nodiflora 0 0 0 1234567891011 12 NP
MUSACEAE Musa sp. 1234 67 12 N
(Cynodon dactylon 0 b 67 11 12 P
(?Eragrostis sp. 0 :
GRAMINEAE (Setaria verticillata 0 3y 8 9
(Sorghum sp. 3 6 8 10 12 ?
LILIACEAE Allium cepa - - 2 3 4
PALMAE Phoenix dactylifera Y 1 2(&) 6 7 8(fr.) EP
TOTALS 50 11 16 2 18 Mixture of winter, spring, 31

NO. OF SPECIES

summer and all year
flowerers




Table 4.5

NO. OF SPECIES

spring flowering

30 June -
11 April 6 July 1 Nov 11-14 Dec MONTHS (1-12) IN FLOWER | FLORFA
FORAGE
F1l Fr Fi Fr Fl Fr Fi Fr
FAMILY GENUS SPECIES .
APOCYNACEAE Rhazya stricta - 0 0 12 12 *
(Calotropis procera 0 234 67810 Ny
ASCLEPIADACEAE (Leptadenia pyrotechnica - 0 0 0 2 11 12 N
(Pentatropis spiralis - ?
*
(Dipterygium glaucum 0 2 3 7 9 12 NP,
CAPPARACEAE (Maerua crassifolia - - 123 NE
CRUCIFERAE Morettia sp. 0 ?
CUCURBITACEAE (Citrullus cv. 678 NP
(Cucumis  cv. 56 7 NP
EUPHORBIACEAE Euphorbia gramulata 1234 12
*
(Acacia ehrenbergiana 0 Y 3 4 12 NP2
(Acacia tortilis 0 - - - 4 5 Xp
(Cassia italica 0 0 0 3y 7 8 12 X g
LEGUMINOSAE (Crotalaria aegyptiaca 0 0 1234 12 %
(Indigofera sp. ? '
(Prosopis cineraria 0 - - 34 5 NP
*
RESEDACEAE Ochraderus sp. nov. - 0 - 0 1234 11 12 NP
*
RHAMNACEAE Ziziphus spina-christi - - 0 9 10'11 i3
RUBIACEAE Jaubertia auchert 12345 NP?
SOLANACEAE Lyctum shawii 1 34 7 10 11 12
Tribulus sp. 0 1230 12 7P
X
ZYGOPHYLLACEAE Zygophyllum coccineum - 0 2 12 :
Zygophyllum simplex 12345
TOTALS 23 1 2 7 Mainly winter and 19
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3.2 Plain ("Sayh" or ''Sahara'), Table 4.5

The winter site for Nasr's bees, c. 3km from Z3hib, was an
area of alluvial outwash plain, dissected by ‘a broad, shallow wadi
that drained from the plains and the hills and mountains of the Hajar
range to the North. Some of the hills and plains near to this site
have very scant vegetation but closer to the wadi, with fewer stones
“and a greater depth of silt at the surface, a considerable increase
in the density of Acacia tortilis trees was apparent. This was the
dominant tree, with smaller numbers of Prosopis eineraria and Ziziphus
spina—christi, all important sources of forage for florea. The shrub
layer was sparse; it included 3 known sources of forage, Maerua
erassifolia, Ochradenus sp. nov. and Leptadenia pyrotechnica, but none
were abundant. Zygophyllum cocecineum, Rhazya stricta and Cassia.italica
- were the main undershrubs; the first-named, abundant in patches, was
nof seen in flower on any of my visits, but Nasr claimed it was a source
of forage té florea. This was likely as a closely related annual species,
ZygophyZZum simplex, is certainly used by florea. Elsewhere in Oman
Z. coceineum was recofded in flower from the latter half of December to
the beginning of Februéry and on 14.xii.78 Nasr said it was about to
flowef,;at a season when little else was available in the plains. Nasr
also claimed that the bees used the flowers of Rhazya stricta, but I
have not been able to confirm this; it is a plant avoided by and probably
toxic to livestock. Cagsstia italica was not used by bees, according to
Nasr,'and my observations supported this. Very few ephemeral plants
were seen on my visits, but after rain plants such as Asphodelus fistulosus,-

Zygophyllum simplex and Tribulus sp. are probably valuable sources of

- forage.
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Brigh;—red pollen being gathe;ed by many colonies in December
78, subsequently identified as Euphorbia heterophylla, showed that the
bees did forage at date gardens some distanée away while being kept -at
this site. It was difficult to pin-point on aerial photographs the
exact site Nasr used:ﬁear this wadi, but from a 1:100,000 map it was
c. 3.0km East of Zahib, 2.5km ENE of Shariq and 1.5km NW of Suhayla,
a small uninhabited oasis (Figure 4.1). It was not known whether the
weed E. heterophylla occurred at the two latter sites but it did not
" occur "wild" in the intermediate plains. Therefore, unless this weed
was growing at a nearer cultivated site that was not located, florea
must have been fofaging at sources ¢, 1,5 - 3,00km from their nests,

considerably further than the 400m which has been reported before

(Lindauer 1957).

4, Major management techniques employed by Nasr

The most important operations of Nasr's florea management
will be described here while other minor practices will be mentioned

at appropriate points elsewhere in the text.

4,1 Honey removal

On the afternoon of 10.iv.80, during the course of Visit VI,
,str demonstrated ﬁis method for-reﬁoving a florea honeycomb using
colony‘H,,héld on a split "zoora" resting in a date palm. Though the
chOny'was strong with the brood comb fully occupied and being extended
and its honeycomb was filled with honey,Athe honey was nearly all in
unsealed cellé which could have been ektended much further ie honey
extraction was rather prematuré, from this coibny, but still allowed

satisfactory observations of Nasr's technique.
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He took the colony from the tree and slowly turned it upside
down; he then rested one end of the '"'zoora" in a little hole in the wall
and, with his waist, leant against the other end. The colony was thus
well supported and both his hands were free to brush the bees very gently
down away from the brood comb which was now protruding vertically above
the "zoora'". When all the bees were hanging in a cluster around and
below the honeycomb he cut with é knife (previously held in his mouth)
between the brood and honeycombs, through the middle of the pollen
storaée érea. He was therefore able to lift away the brood comb
almost completely free of adult bees.

He was able to leave the '"zoora', with honeycomb plus bees,
supported by the one end wedged in the wall while he inserted the brood
comb iﬁto aﬁother "zoora" already split down the middle for c. 957 of
its length. The split ends of the '"zoora" were tied together, with
a strip of cloth ("khart"), so that the brood comb was sandwiched in
the middle, its pollen storage cells and some brood cells being enclosed
and squashed a little., He then held this new 'zoora" and brood comb
édjacent to the cluster of bees hanging from the honeycomb and gentiy
brushed and 'patted” the bees so that they walked up onto their
original brood comb. He returned the bees and brood comb to their
site in the palm tree nearby. The following day the bees were still
present and from the presence of eggs in recéntly completed cells the
queen was deduced'to be ovipositing still; it appeared, then, that
' thevcolony would not abscond.

The honeycomb was therefore free of bees and still attached
neatly to the "200raf.> He cut away and discarded the band of pollen
cells still present immediately below the honeycomb which was now ready
for expressing and stfaining. This particular comb was given away still
attached to the "zoora"”, but he had already explained his simple technique

of extracting the honey on Visit III.
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All the honeycomb is cut aﬁd scraped away from around the
"zoora" with a‘knife so it falls inko a large tiﬁ (eg that-had contained
powdered milk). The Honey is separated from the wax by straining
through a colander (called "mokhal - L}é’o‘; classical Arabic for a
sieve is "munkhal" - (.’) into another tin. The tin Nasr used had
a nick in it-éo the honey could then be poured more easily in through
the narrow top of a soft-drink bottle. A little wax and pollen sediment
usually floats to the top of the honey and is left; this sediment is
considered by some Omanis to be a sign of the natural origin of the honey.

The rest of the wax is discarded; Nasr did not indicate he had any use

for it.
4.2 '"Making increase" through colony division
(i) Division

On the morning (09.15 - 10.00h) of 11.iv.80, Visit VI, Nasr
demonstrated a method of creating extra colonies which I shall call
"division", though as two colonies are used to produce a third, it is
not the splitting of one colony into two. Initially he had said he
would divide one of the colonies used, I, in about 2 days; time, but
in order to show me he kindly performed the operation a little-earlier
than he had inteﬁded.

Having sélec;ed colony I, on a "zoora" resting in a date palm
and measuring 16Cm‘high by 34cm wide with a large brood area, he gently
brushea the bees away.from the left-hand side of the comb. This revealed
a iobe of white, relatively new brood comb which he cut away from just
below the honey area (Figure 4.6), through the bottom of the bands of
‘pollen célls. _ﬁe squeezed, with finger and thumb, the cut pollen and

brood cells remaining on tﬁe'parent comb, thus evening out the slightly
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Cut " Zoora" .

Figure 4.6 Diagram to illustrate‘removal of portion of brood comb
from Apis florea colony I during Nasr's colony "division"

procedure. Details in text.

damaged edge. He blew and brushed off the fe§ bees still on the
removed portion of comb and wedged it into a prepared, split "zoora",
as'with thé cut brood coﬁb described in the honey-removal section.

He checked the comb was in the centre of the "zoora" by measuring the
distance from either end with his out-stretched haﬁd.

The parent brood comb (I) was left in the date palm but the
”new" c6m5 was taken to bole 20 approximately -12m away; the resident
colony from this‘bole'was removed and the new "zoora" and brood comb
éut in it; placg.. Nasr then gently patted and brushed the bees, first
‘Qn the.top, then on the sides, of "removed" colony 20, which he was
hdlding.bf its "zoora" in one hand. This too was a large colony (18cm
High by 35cm wide) and did have 1 or 2 queen cells which Nasr had removed
éarlier in the day, before he had decided to perform the division. Con-
.Siderable numbers_of worker and drone bees took off from the colony and
clustered round the introduce& brood comb at their original nest site.
The queen was also seen to take off but not to land. She could have

settled again on her own brood comb, but a cluster of bees had started
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to form on the introducgd "zoora", a few cm from the brood comb; this
suggested the queen had settled here and that some bees were clustering
around her. Nasr brushed this cluster off the "zoora" so that all the
bees settled on the adjacent brood comb,

NEsr then moved the colony originally in bole 20 to a Citrus
tree (A) at the opposite end of his garden, 37m to the south, where he
tied it to convenient branches (having first removed the comb of a
colony which had recently absconded). He presumably moved this second
"parent" colony to the tree once he thought a proportion of the workers,
sufficient to form a viable colony, had joined the new, introduced comb;
this may have been c. 40% of the worker population. Nasr had thus used
a section of brood comb from one colony and a portion of the worker

population of a second colony to produce a third one.
- (i1) - Advantages and problems of division technique

Nasr's method would appear to be far preferable to a method
involving the division of the bees and brood of one comb only, as each
colony would suffer only a partial setback in its own development.
Observations were not possible over the following days to investigate
whéthe; the worker bees accepted the brood of this other colony;
there were no initial signs of rejection and presumably Nasr would not
use this method if such a problem was acute. Howevef, one slight draw-
back, which would apply also to one colony divided in two, was that
duriﬁg the day more workers from the seéond parent colény, now in the
ditrus tree (A), returned to their original site in bole 20, strength-
ening the new colony .but depleting their own. Observations by Free &
Williams (1979) indicated that florea workers could remember a previous
nest site and some of the bees in this case, presumably foragers in the

main, were -still orientated on bole 20. The final proportions of workers
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attached'to the new and the parént colony were nét known, but if im-—
balanced some re—adiustment might have been made by brushing bees from
one colony to the other, Aiternative solutions might be (i) to brush
fewer bees onto the newlcolony in the first place or (ii) move the
second parent colony further away, beyond the range from which workers
are 1ike1y to return. This distance would need to be determined

experimentally.
(ii1) Queen rearing and introduction

In the case described above either the new colony or the second
parent‘colony would be left without a queen. Though Nasr was not aware
of the biological processes involved he realized that a colony without a
queen reared no brood and if a queen recently emerged from a queen cell
was introduced, he said there would be brood after approximately one week.
He did not know, either, that a virgin queen went on a mating flight and
had never seen such an occurrence. He realized that theAdrones did not
‘forage on flowers or for water, but had no idea they were involved with
fertilizing the quéen. He had'séen them fly upwards towards the sun
and believed they came back from such flights to feed the workers;

So he had seen food exchange between workers and drones but thought food
was passing in the-opposite direction.

However, despite this misunderstanding of the reproductive

biology of honeybeeé, his techniques for providing a new queen to a

"re-queening' of one

‘queenless colony appeared satisfactory. Nasr's
pdrtion_qf the divided colony was not seen but he showed me the process
he uged. His new queens came from queen cells (which must be sealed,
though he did not specify this) that are removed from a colony and

stored in a large powdered milk tin for up to c. 5 days until the adults

emerge. I saw queen cells stored in this way, including one which he
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said he would introduce to the queenless colony just created. It
alfeady had a hole exposing the queen's thorax, but it may have been
nibbled by worker bees before the cell was put in the tin rather than
the queen within her cell.A Presumably the temperatures of early summer
(mean c. 29°C at Sgeb on the Batina and likely to be similar here) are
sufficiently high té allow metamorphosis and eclosure away from the nest.
With the division described above Nasr had in fact already
removed 1 or more queen cells from éach of the parent colonies before
he had decided to perform the division for my edification. In normal
circumstances he might have cut the brood comb, that formed the new
colony, in such a way that it had one queen cell and left another queen
cell with the colony which provided the adult bees. Nasr would have
been able to identify the colony without the queen by searching for it
and from the absence of new brood and the construction of emergency
queen cells. He would then leave the queen cell on the queenless colony
and remove it from the queen-right one. Under the existing circumstances
he would also have identified the queenless colony and then introduced

to it the virgin queen, after it had emerged in the tin.
(iv) Swarm Control and Success of Divisions

The advantage of removing all queen cells from a colony and
allowing queens to emerge elsewhgre, rather than trying to catch virgin
queens that have emerged in situ, is that swarming by the old queen
(and new queens) is unlikely. If a colony is used in a division as well
as having its quéen cells removed, the depletiqn of the worker or brood
complement should reduce the tendency of the colony to produce more queen
cells.  Thus Nasr's practices of division and queen cell removal should

achieve a degree of swarm control in addition to the production of extra

colonies,
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It was not}pdssible to follow precise;y the outcome of this.
particular divisipn, but on Visit VII 3 months later (July), a strong
colony was still present ih bole 20 and had had, according to N;sr,
honey removed from it c. 1 month previously. Like@ise £here was a
strong colony in palm.tree I which had had honey removed c. 15 days ago.
There was no coloﬁy in the (Citrus tree. Theréfore, assuming Nasr had
not moved either, the new colony and the one which had provided the
brood comb had both stayed and produced honey. The second parent
colony removed to the Citrus may (i) have absconded soon after the
division with or without the virgin queen (ii) have stayed, produced
‘honey and absconded when this was removed or (iii) have been moved
to another site by Nasr.

Discussions with(N;sr and examinations of his colonies
ihdicéted that he would sometimes divide the one colony into two.

For instanée on Visit IV colony D had had, by a horizontal cut right
along its length, the bottom portion of its brood comb removed to make
a new colony and the worker population had apparently been divided too.
Hdwever, Nasr said he would only divide his colonies in two and no more.

The overall success rate of Nasr's techniques of "making
'increase" were not easy to assess. Amongst some pieces of brood comb
T 6btained from Nasr on Visit VII, 12 looked as thodgh they had been
deserted recently and some of these (not counted), from their shape and
his neat "fingermarks" along the comb edge, looked as though théy were
combs produced by divisionms. Therefore, in one season, he must lose
several colonies after divisions. However, his colony numbers rise
"from c. 20 to c.- 30 between winter and summer (Figure 4.3) and even if
a proportion of this increase is from gathefing wild colonies his methods,
though not perfect, must be quite effective and have the added advantage

that those colonies involved are inhibited from swarming.
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4.3 Prevention of absconding

Nasr thought that a colony might abscond if (a) it had no
brood (b) its workers clusteredvloosely and (c) when brushed away,
the workers took wing, did not return quickly and huﬁg loosely under
the comb before re-forming a cluster, This description matches fairly
well my observations of the behaviour of fiorea within a day or so of
absconding.

One piece of action Nasr took in summer (I observed this in
July 1980) to prevent absconding was to sprinkle water on the ground
underneath colonies, every day, presumably in the belief that the cooler,
locally moist atmosphere created was beneficial. The efficacy of this
was not assessed.

Nasr said that once the queen took off he knew all the bees
would go (however, large numbers of workers usually take off first, by
whiéh time it is obvious absconding is happening) and if he was present
he wéuld catch the queen in his hand. He said he would hold her in his
hand close against the cémb which the bees were leaving, till they
returned; he indicated he would hold the comb in the air, amongst the
departing bees, if necessary. A qﬁeen cage, as was used successfully
on colony IC on 17.vii.80 at Khabura (Chapter VIII, p. 382),would prébably
be an easier way of achieving the same end, but it too depends on
noticing that a colony is likely to abscond.

| Nasr also said that if he saw a swarm passing "over his head"
ﬁé would leap up and catch the larger queen (which must be easier said
than done); he would then hold the queen against a comb in a "zoora",
if available, till the bees settle. No assessment was made of how often:

this treatment of absconding colonies and swarms took place, nor of its

success.
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4.4 Gathering a wild 4pis florea colony
(1) Introduction

In addition to dividing his own colonies, Nasr would also
gather wild colonies from Z3hib and its vicinity to supplement his
stocks; colonies would probably include ones of hie own which had
absconded. He also used to look for florea in the Jabal Madar
(Chapter 1II); hé would take the honey from these but probably did
not bring the colonies back to his apiaries. I was never present when
he did gather a wild colony from a tree, but he did enact and describe

his-method vividly enough for it to be recorded here.
(ii) Method

(a) The bees are brushed away (by hand) from all round fhe
whole comb, sé that they take wing. Recently emerged bees presumably
remain on the brood comb.

(b) The twig, supporting the comb, is cut away from the
tree.

(c) The brood and honeycomb are separated with a knife and,
apart from a small piece that is cﬁt away from the brood comb, are
temporarily pﬁt to one side. The main portion of brood comb is put
in his ﬁat!

(d) The small piece of brood comb is impaled on the thbrns
of a twig, some honey smeared on it and the twig rested in the tree
Ain the position where the colony had been.

(e) While the bees are settling round the piece of comb and

twig, the honeycomb can be scraped from the twig to a container.
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(f). When all the bees have settled, the twig and piece of
éomb round which they are cluétéred are picked up and very gently moved
into a small'sack which is then tied shu£ quickly so that no bees escape.

(g) The bees in the sack, the bfood comb in his hat and the
honey in the contaiper-are then taken, by donkey, to the new site;

(h) The brood comb is wedged into a hzoora" and is put in
the required position, with some honey smeared on it.

(i) The sack is cpened in front of the comb and all the bees
rush out and eventually settle on the comb in the "zoora"; The small

piece of brood comb impaled on the twig is discarded.

(1ii) Discussion

This procedure for gathering wild florea differs slightly
from that of Humayd bn Sulayman of al-Ghubby (180km away, but several
hours by road, and there would have beeg no contact between the two bee-
keépers) as described by Dutton & Free (1979). The initial brushing and
scooping of handfuls of bees away from the comb is common to the two
‘methods. However, Humayd wedges the brood comb into the ''zoora" at
the original site, allows the bees tb settle on it and carries the comb
and bees together to their new site. Nasr takes-the>main plece of
brdod comb to the new site, separately from the bees. The advantage
of Humayd's method is that the workers can envelop the broed as usual
and may be able to provide food and thermoregulation. However, my
own experience has shown that a brood comb, barticularly one of soft,
fresh wax, that has just been fixed into a "zoora" or frame,can easily
tear loose if shaken in transit. The brood comb is thus damaged and
when it falls away can crush and suffocate some of the adult bees
(workers, drones aﬁd queen) also in the sack. fhis problem is avoided

if the brood comb is not inserted in the "zoora" till at the new nest
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site, as with‘Ngsr's.method. ‘However, this way there ﬁay be some
mortality of the brood if temperatures are extreme in transit.
Gathering a colony at a time of day when the temperature is betweén
25° and 30°C and moving it quickly should avoid this; in these cir-
cumstances Nasr's method should be favourable.

Moving a recently established colony, which has already
secured its comb to a 'zoora", by enclosing both comb and bees in the
same sack, should also be satisfactory. Similarly, a small wild
colony with insufficient honey for harvesting could be moved "intact',
but it is probably advisable to separate the honey, brood comb and bees
of a large colony before moving (Nasr's method) if the honeycomb is
likely to get damaged or the brood comb to tear away from the honeycomb
under its own weight (cf colony FD on 27.v.80, Table 6.3).

Finally, at the beginning of such colony gatheriﬁg operations,
if the queen can be caught and caged, and then piaced where it is désired
that the bees should settle, the chances of the bees re-settling in the
~ "wrong" positién (at their original site or away from their new one)
should be greatly reduced. Methods of enclosing a queen in a hive,

to the same end, are considered in Chapter VIII.

PART II  STATE OF APIS FLOREA COLONIES AT DIFFERENT

SEASONS AT ZAHIB
A. INTRODUCTION

The state of the colonies under Nasr's management at the time
of éach visit will now be considered, taking the visits, not in strict
chronological order, but re-arranging them according to the seasons as
if they all occurred in the one year. On some of the visits, part--

icularly the early ones, it was not possible to gain much more than
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qualitative information. No attempt was made to traée each colony
from one visit to the next aé his movement of colonies from garden to
plain, during divisions etc, made this almost. impossible without‘
labelling of "zoora", and these would have been changed when honey

was exfracted. The stage of development of each colony at any one
time is_primarily a result of the natural environméntai conditiéns of
forage, temperature etc that prevailed in the previousAmohths, but is
also affected by Nasr's treatment. His division of colonies mimics
reproductive swarming and was done at times when colonies would have
been reproducing anyway. Therefore, his florea were manipulated to
.reproducé in a similar way to wild ones, but had their honey taken
from them at intervals which was in fact the fate of most colonies
found by man in Oman. His local migration of the colonies, to a
micro-environment considered more suitable, should have ameliorated
the effect of honey-extraction and ma§ also have matched the selection,
by swarms, of diffgrent micro—environments at equivalent seasons.
Finally, the effect of his removal of drone comb from some colonies
was probably minor, but may have delayed swarming and promoted honey
production.  Therefore, overall, despite Nasr's "interference", the
development of his colonies should approximate to the natural develop-

ment cycle of florea in this region of Oman.

B. OBSERVATIONS

1. Spring, Visit VI, 11,iv.80. Start of "samur" season

GARDEN SITE

- 1.1 Colony Number, Shape and Size

On this visit Nasr had 12 colonies in "tree" sites, which

became 13 after a division, and 17 colonies in boles, giving a total of
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29 + 1 (Table 4.1). . The mean dimensions of the colonies are given
in Tables 4.6 and 4.7. These show that the colonies were significantly
Qider than they were tall (1.61 times) but there was no significant
difference in the size, as measured by the Colony Area Index, of colonies

kept in trees as opposed to those kept in boles.

1.2 Worker brood

- A1l 29 golonies contained brood at one stage or another.
Most (25) had both sealed and unsealed brood. 3 colonies (3, 7 and E)
had only a little sealed brood and no eggs or larvae, having become
queenless probably because they were‘recently involved in colony
divisions; str, however, had requeened them and oviposition was
likely to start again soon. A fourth colony (13) also had no eggs or
larvae, only a little sealed worker brood, its queen having been taken
to a new coloﬁy by Nasr during the course of a colony division (possibly
involving workers too, from this colony). Many (17) queen cells were
present so this colony also would soon ﬁave had a new queen and brood
rearing been continued.

Therefore all colonies with fertile queens were actively
rearing worker brood and those without queens or with unfertilised ones
had been rearing brood recently. The area of brood in each colony was
not measured, but a large proportion of the brood comb was occupied in
those colonies gxamined more closely, and some combs were still being
_extended (new wax); it appeared that most colonies were similarly

strong and rearing comparable quantities of brood.
1.3 Drone comb and drones

6 colonies had drone comb with brood at various stages of

development, including some with eggs only and others with emerging



Table 4.6 Dimensions in cm of Apis florea colonies in Nasr's garden,

Zzhib, 11.iv.80, with comparison of height and width

Colony Height (cm) Colony Width (cm)

Mean 16.59 26.75
Standard Error 0.60 . 1.07
n 28 28

F-test showed varianceé not equal
Fisher-Behrens d = 8.255, Significant, p << .01

Ratio, Mean Width/Mean Height is 1.61 : 1

Table 4.7 Colony Area Indices of Aptis florea colonies in "boles"

and in trees in Nasr's garden, Z3hib, 11.iv.80.

Measurements in cm?

C.A.I. (Height x Width) cm?

Colonies in Boles Colonies in Trees Colonies in Both Sites

" Mean T 458 439.1 450.6
Standard Error 38.6 39.5 27.7

n 17 11 28

Differences between colonies in boles and trees not significant.
N.B. Bee Cover Index = 1007; ie all combs were well covered by

a curtain of bees and significant areas of comb were not exposed.
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" adults. str cut the drone cqmb away.from one of these colonies (22)
while my inspections were being made, pinching, with finger and thumb,
the bottom of thé damaged comb remaining to tidy up the edge. A large
comb, from which{the-bees had dbsconded and which was left in a Citrug
tree, also had an area of drone comb with empty cells from which drones
had already emerged and sealed drone cells from which drones were still
emerging; Two other colonies, E and H, showed signs of having had
their drone comb removed recently in a similar fashion. Adult drones

 were seen on 17 of the colonies (only a few on 3 of these) which
suggested that either (i) there is extensive drifting from colony

to colony by the drones and/or (ii) Nasr had already removed drone
comb from a significant proportion of the colonies, having allowed at
least some of the adults to emerge. He said he would cut drone comb

away sometimes, but not always; his criteria for AOing so were not clear.

In fact the drone comb (85mm high x 90mm wide) on one of the 6 colonies
(19) had been cut away from the worker brood comb and attached, by a
thorn, directly beneath the "zoora" just to the right of the main brood
comb., A few drones were Still emerging, but most of the cells were
empty and no more eggs had been laid in them. Nasr said he had not yet
divided the colony and had rémoved the drone comb so that the colony

' would.make more worker comb below; he gave no reason for retaining the

drone comb till the adults had emerged.
1.4 Queen cells

8 colonies had queen cells (from cups to sealed cells) as
detailed in Table 4.8. Therefore, from those colonies which I inspected
with Nasr present, he removed some or all of the queen cells whenever
‘they were fouﬁd; he was not present when I saw the queen cup on

colony K. Colony E also showed signs of queen cells having been removed.



Table 4.8 Queeﬁ cell status of 8 Apis florea colonies, kept by Nasr in his garden at Zahib, Oman,

on 11.iv.80

Em, Emergency Queen Cells -

Where . recorded:- _S, Sealed US, Unsealed
In Boles In Trees
Colony Identifier 13 : 16 20 23 B G I K
- No. of Queen Cells 17 (S+US) Several c.2 3 (Em) 6 (US) 2(US) 1 1{Us)
: (us) '
No. removed by Nasr . Some All c.2 3 6 2 1 0]
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This colony had apparently lost its queen; it may therefore have
produced queen cells, which Nasr then removed when he released a new

queen to the coiony.
1.5 Colonies involved in division

Some of the colonies cited above haﬁ prdduced queen cells
as a result of N;sr'é ac;ivities in dividing colonies, leaving part
queenless. Nasr's comﬁents, confirmed by examination of the colonies
for (i) shape of their comb, (ii) for recently cut edges, (iii) absepce
of honeycomb, and (iv) absence of queen and the presence of queen cells
indicated that some colonies had fairly recently (apparently in the last
- week) been divided.

Three colonies (23, J, M) appeared to have been formed around
sections of brood comb removed from other colonies, two of them taking
tﬁe‘original queen and one having a new queen introduced. It was
diffiéult to deduce whether or not in each case bees had been provided
from a second "parent" colony to cluster round the-"new" brood comb,
as in the division already described (Part I, 4.2). However, it was
concluded that one of the new colonies (J) may have been produced from
two "pafent" colonies in this way, while the other two new colonies may
have bgenAproducéd by taking both brood and bees from the one "parent"
colony only.

| In addition to the 3 new colonies mentioned above, two other
colonies were used to create a third during the course of this Visit VI
(as described in.Part I, 4.2) and Nasr stated that he would split yet
another colony (G), a large one in a tree, in about two days' time.
Therefore, if successful, 5 new colonies.would have been produced in less
than a month, ie c. 7 strong colonies being used to create 12, taking

Nasr's total number of colonies to 31.



1.6 Honey Production
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11 colonies had had honey taken from them within, approximately,

the last two weeks according to Nasr's comments and my examinations of

the combs (Table 4.9).

It was thought that most of the colonies had

had honey extracted from them when they were in the garden some time

Table 4.9

colonies in Nasr's garden, Zahib, 10.iv.80.

s:.say@; US: Unsealed Honey,

- :absent, + :present

Honey extraction from and recovery of eleven Apis florea

G: Garden,

Colony Symbol

12

16

TOTALS
(No.of
colonies)

Location when
honey taken

Time when honey
taken (No. of
days ago)

Time when brought
| from sayh (No. of
days ago)

Presence of fresh
honey again

Presence of new
honeycomb

§?

us

14

<7

G?

14

us

G?

Us

G?

<7

- after being brought in from the "éayb", but Nasr did not

full. details.

in the sayh before being brought to the garden.

always give

A 1arge,>recent1y

abandoned comb Nasr had left in a Citrus tree, still with some brood

At least one colony, however, had had its honey extracted

emerging, had clearly had all its honey remo§ed and this was likely to

have been a major cause of their absconding. Nasr did not say that

any other colonies had absconded recently and it did not look as if any
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of thé colonies listed in Table 4.9 would abscond; if this was the
case, losing only one colony after honey extraction from 12 gave Nasr
a high success rate for florea.

Excluding those 11 colonies in Table 4.9, 10 colonies had
‘sealed and/or unsealed honey (7 with unsealed honey only); 3 colonies
had been cfeaﬁed ohly recently from sections of brood comb, as detailed
in the last section, and as might be expected had not yet built any
proper honeycomb. ihe reﬁéining 5 colonies in Nasr's garden had no

recorded honey.
"SAYH" (PLAINS SITE)
1.7 Status of Apis florea, Visit VI, 11.iv.80

In order to assess the status of florea outside the oases
at this season and for Nasr to check whether he had left any of his
colonies behind in the '"sayh", the trees and scrub at his apiary site
near the broad wadi and around the small uninhabited date garden at
Suhayli were séarched. It appeared that he obtained wild colonies from
this iatter sité, 4km ESE of Zahib (Figure 4.1) and somgtimes kept a few.
colonies here;

No bees were found at either site nor were any drinking from
either the small falaj running into Suhayli (12.00h) or the water trough
next to the well at his main "apiary" (13.15h); drinking bees would.have
been expected at this time of day if colonies had been in the vicinity.
However, near Suhayli there was the remains of a comb in an Acacia
tortilis tree and Nasr said he had removed 2 other wild éolonies about
42 weeks'agé; one from an Acacia tortilis tree, the other from a large
Prosépis cineraria. These might otherwise still have been present.
Nasr said that'any colonies which were still in the area would have gone

‘to shady sités, away from the tops of trées where they would have been

more exposed to the sun.
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2, Mid-summer, Visit VII, 6.vii.80
GARDEN SITE
2.1 Colony Number, Shape and Size

The number of colonies in Nasr's garden had dropped to 22
from the 30 (to 31) of the previous visit in April (Figures 4.2 and 4.3).
12 colonies were in boles (see Table 4.1 for distribution) and 10 were
in "tree" sites including C, rested between two horizontal palm trunks,
and Q, supported by one end of its "zoora" in the angle between 2 walls.

Tabie 4,10 shows that, though the colonies in trees are a little
taller than those in boles, there is no significant difference in height
or width of colonies kept in the two site types, and the ratio of |
Height/Width is 1.65 : 1, similar to the value of 1.61 : 1 in April,
Visit VI.

Table 4.11 shows there is no significant difference between
the size of colonies (C.A.I.) kept in boles or "trees", nor in the area
of cémb covered by bees as measured by the'Colohy Cover Igdex". The area
of comb covered by'bees in boles ranged from 607 to 1007, but in’tnees
the rangé was 807 to 1007 cover, ie exposed comb, no longer used for
‘brood rearing or honey étorage was frequent at this time of year, whereas
in April (Visit VI) all combs were effectively completely covered by bees.
Furthermore, considering all nest sites, the Colony Area Index in July,
359.9cm2 (Tabie 4;11) was significantly smailer than that in Aprii,
450.6cm2 (Tablé 4.7); t48 = 2,456, significant at p < 0.C2. The diff-
efence is even greater if the areas of comb covered by bees are compared:
329.8cu? (Table 4.11) in July and 450.6cu® (Table 4.7) in April.

From Tables 4.6 and 4.10 it can be seen that this reduction in
colony area between April and July has been brought about by reductions

in both the height and widths of the colonies. This will have been



Table 4.10 Dimensions in cm of Apis florea colonies in Nasr's garden at Zdhib, Oman, on 11.iv.80, comparing

height and width of those colonies in boles with those colonies in "trees"

Colony Height (cm) Colony Width (cm)
In Boles In "Trees"  Both Sites In Boles In "Trees" Both Sites
Mean 13.92 15.25 14.50 23.88 24.0 23,93
Standard Error .879 - < 506 .552 1.48 1.202 , . 965
n 13 10 - 23 13 10 ' 23

Boles versus '"Trees":— (1) Colony height, Fisher Behrens d = 1.311, 0 = 300, not significant.
(2) Colony width, not significant

Colony Height versus Colony Width (Both Sites), significant, P << .01,
Ratio, Mean Width/Mean Height is 1,65 : 1 :

Table 4.11 Colony Area Indices and Cover Indices of ApiZs florea colonies in Nasr's garden, Z3hib, 6.vii,80.

Measurements in cm2. For each colony, Colony Cover Index = C.A.I. x Z Cover of Bees

C.A.I. (Height x Width), cm2 Colony Cover Index,*cm2
In Boles In "Trees" All Sites In Boles In "Trees" All Sites
Mean 352.8 368.4 359.9 311.1 352,2 329.8
Standard Error 34,0 28,2 22,1 31.8 28.7 21.6
n 12 10 22 12 10 22

Colonies in Boles versus those in '"Trees':- (1) C.A.I., NS
: (2) Colony Cover Index, ty < 0.9438, NS
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the result of recent honey ;omb>remova1 (p.170 ). As the combs are
widest at the honey storage area, both the height and widths of the
colonies will have been redqced when their honey was cut awéy and

it did not appear that the combs had been re-extended to any'great

degree since then.

2.2 Density of Bees in curtain

For most colonies the thickness of the protective curtain of

- bees covering the centre of the brood comb was estimated in terms of
number of bees after making an opening in the curtain with a pencilj;

for some colonies the depth in mm of the curtain, from its surface to
that of the brood comb, was also measured. In most cases, as bees in
different layers overlapped and moved, it was not possible to specify

an integral number of bees in the curtain, but an estimate of eg between
4 and 5 bees thick would be scored 4.5. No records were made on the
presence, absence or size of the gap between the comb and the bees of
the curtain that Lindauer (1957) observed at high temperatures.

For 19 colonies measured, the mean thickness of bees in the
centre of the curtain wés 3.4 bees (range 1.5 to 5.5 bees); the mean
depth of the curtain,'measﬁred for 13 colonies, was 15.0mm (range 6.0 -
25,0mm). Considering the 12 colonies for which thickness was measured
in terms of both number of bees and depth in mm it has been calculated
that each bee occupied, on average, 3.99mm of the depth of the curtain.

The data suggested that for the colonies in the trees there '
were more bees in the curtain and that they were a little more tightly
packed than in the colonies in the bdles, maybe because there was more
shade at the former sites. However, this slight difference may partly
have been a consequence of the fact that more colonies in boles Qere

measured in the late evening, while several of the "tree" colonies were
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measured in the early morning, when it was cooler; Lindauer (1957)
observed that~bee$ in the curtain became more tightly packed when it

was cooler. More defailed examinétions are needed'to determine such
diurnal. changes in the composition of the bee curtain. Similar measure-
ments were not made on visits at other times of the year and these would
be necessary too if seasonal changes in the curtain are to be invest-

igated.
2.3 Worker brood

All 22 colonies had brood at one or more stages (eggs, larvae,
sealed pupae), 17 having sealed brood. Only one colony, 12, did not
have eggs and this had only a little, old sealed brood and a recently
emerged, apparently virgin queen. The bees were nefvous during the
inspection, readily taking wing, and with little food stored in the comb
it appeared possible that this colony would abscond and not resume brood
rearing. Excluding 12, the estimated brood area of the colonies rangea
from almost 100% (colony 1 with which the bees from colony 6, previously
kept at béle 1, had united) to 10%; most colonies had more than this
béttom figure, 5 colonies having an estimated 807 of their brood comb

containing brood.
2.4 Drone comb, drones, queen cells and colony divisions

No adult drones, nor drone brood, were recorded on any of.the
colonies. Even if Nasr had still been removing drone comb, some drone
"cells and adult drones would have been expected at this date (6th July)
if the colony reproductive season was still in progress.

Only colony 12 had any queen cells and these, 2 emergency and
1 normal queen cell, were all empty. Therefore, unless other colonies

nearby in the oasis contained drones, the virgin queen on colony 12
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would be unlikely to mate. The natural dwindling of drones at this
time of year was probably accelerated by Nasr's practice of removing
drone comb from numbers of his colonies of florea. If colonies
regularly become queenless-at this season and virgin queens consequently
need drones for fertilization, Nasr might be advised to try and keep at
least one colony stocked with drones for as long as possible.

Colony 12 may have become queenless after being involved in
a division, bgt otherwise it did not appear thaf any colonies had been
recently divided nor would it be advisable at this season without drones

and with little forage.
2.5 Honey and pollen

Nasr said he had taken honey from & of the colonies in the
last 3 weeks, from one of them only 5 days ago, and honey must have
been extracted from most of the ofhers some time earlier. Though some
colonies were.difficult to categorize it was considered that c. 10
colonies had little or no fresh comb built above the '"zoora" since honey
removal, while c. 4 colonies had properly-formed but empty honeycombs
and the remaining c. 8 colonies possessed a certain amount of filled
hoﬁeycomb above the "zoora". Sealed honey was recorded in 13 out of
the 22 colonies, as much as 807 of the honeycomb in a smaller colony (3),
but in other colonies as little as 5% or only a few cells. In at least
9 colonies, some or all of the honey and/or nectar was stored in old
brood comb below the "zoora", thé honeycomb not having beeﬁ expanded
much since honey extraction. Fresh nectar was found in all 22 colonies,
some of it quite dark. It may have been gathered from the exudate of
drying fresh dates, "rutab", and/or from Phyla nodiflora; according to
Nasr, though florea forage on "rutab" what they gather is for théir own

consumption and does not yield surplus honey.
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20 out of the 22 colpnies were inspected for pollen. In
only one colony was no pollen recorded, while 19 had some present;
no colony had large quantities of pollen present and 5 hadAonly a little.
It was usually stored between brood and honey, but in 4 colonies it was
scattered amongst the brood. Much of the pollen was pale brown in colour
and may have been from Phyla nodiflora; one colony, Q, had a large
proportion of orange-brown pollen whiéh was identified as that of melon,
Cucumis ﬁelo, from'a pollen load of the same colour gathered by a returning

forager (08.50h).

2.6 Absconding

Y

There was direct evidence in terms of abandoned combs on "zoor"

that 5 colonies had absconded in the last month or so; in addition
colony 6 had united with colony 1. Nasr said that only 4 or 5 colonies
abscond per season but on the previous visit in April he had 36 colonies
and had been planning to divide another, making 31. Therefore, including
colony 6, at least 9 colonies must have abandoned their combs.sinCe mid-
April and as mentioned on p, 156, 12 faifly freéh, abandoned combs
(including ones involved in divisions) were given to me on this visit.

So, combining these two figures, in the order of 307 of his maximum

"samur" season,

number of colonies had absconded soon after the end of the
following>divisions and honey removal, In September'1978 (Visit I),
only 18 colonies were present in the garden so, if 1980 and 1978 are

comparable years, the loss of a few more colonies during the rest of the

1980 summer might be expected and colony 12 would be the next to go.
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"SAYH" (PLAINS SITE)
2.7 Status of Apis florea, Visit VII, 6.vii.80

Tree sites where Nasr had previously kept or found bees, both
near the uninhabited oasis of Suhayla and at his "apiary" next to the
broad wadi, were investigated. Nasr claimed that florea colonies often
returned to the same site, and near Suhayla he searched in a particular
‘Acaéia tree from which he had earlier taken a (?wild) colony to his
garden. It héd absconded after he had taken the honey-this season and
he thought it might then have returned here, c. 4km away. No bees were
however found in this tree or neighbouring trees, nor at a small, deserted
well-garden nearby. Apparently there had been a colony in the well
within the last month, but the bees must have absconded of their own
accord or after the garden owner took any honey present.

| Likewise no florea colonies were found in the trees at the

wadi site and there was no water in the trough which, at other seasons,
Nasr kept full for the bees. At another well-garden closer (?1.5km)

to Zahib, where a few melons were still being grown, there had apparently
been a colony of florea in a ?ile of Acacia branches and others in
Acactia frees nearby. This was substantiated by the presence of split
"zoor"; one contéiniﬁg a brood comb which the bees had abandoned after
their honey had been taken. Nasr said he had taken'honey from the
colonies here during/at the end of the "samur" (deacia tortilis)‘flowering
‘season, but then left ﬁhe combs and bees "for the bedu". Two or three
of these colonies had still been present in the last few weeks, but all
had now absconded. The causes of absconding were probably a combination
of (i) unsuitable, exposed nest sites in Acacia trees with few leéves
(i1) 1lack of honey and pollen stores (iii) lack of forage in the

vicinity (iv) further predation by bedu.
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It appeared therefprg that nest sites in the'plains outside
the oases were most unsuitable at this hot time of year (July). However,
Nasr contradicted this ﬁy stating‘that the bees which absconded from
his garden after the end of the "samur" season and also after the "rutab"
season returned to the "sayh', and that he had followed 6ne such colony
to an Acdcia tortilis tree. He claimed the advantage of such a site
would be exposure to cooler breezes which would not reach colonies in
his garden.

However, it may have been the case that most of his florea
absconded to other gardens within the oasis. Detailed studies of marked
colonies wouid be needed to elucidate this paradox. If most absconding
florea really do settle in trees in the "sayh" at this time of year, maybe.
they select very well shaded sites (which are hard to find) that are close

to oases and so have forage nearby.

3, '‘Mid-summer. Visit IV, 30.vi.79

GARDEN SITE
3.1 Colony number, shape and size

Visit IV corresponds, in sea;on, to Visit VII of 1980.

Visit VII wés discussed first, even though it was a few days later in
the year than Visit IV, as it followed on directly from Visit VI in
April 1980.

23 colonies were present in the gérden (Table 4.1) with 18
of them in boles and 5 in trees; a few days later in the next year,
1980, there were 22 colonies with only 12 in boles but 10 in trees.
The overéll numbers in mid-summer 1979 and 1980 were therefore effect—

ively the same, but the distribution rather different.



174

Table 4,12 Dimensions in cm of Apis florea colonies in Nasr's garden,

Zahib, Oman on 30.vi.79

Colony Height (cm) Colony Width (cm)
Mean 13.91 25.63
Standard Error .565 1.145
n ' 23 23

Ratio, Mean Width/Mean Height is 1.84 : 1

Table 4.13 Colony Area Indices (C.A.I.) and Colony Cover Indices (C.C.L.)
of Apis florea colonies in Nasr's garden, Z3hib, 30.vi.79.
Measurements in cmz. For each colony, Colony Cover

Index = C.A.I. x Z.Cover of Bees

C.A.I. (Height x Width) cm2 C.C.I. cm2

In In All In In All

Boles "Trees" Sites |Boles "Trees" Sites

Mean - 355.4 363.4 357.2 319.0 348.5 | 325.4

Standard Error 27.4 41.8 22.9 25.0 42.8 21.5
n 18 5 23 18 5 23

The standard errors in Table 4.12 indicate that the width of
the colonies was significantly greater than their height, ratio 1.84:1.
Comparing tﬁe mean 1979 colony dimensions with those in 1980 (Table 4.10)
at the same season, the mean heights are almost the same, 13.9lcm and
14.50cm respectively; the mean 1979 width, 25.63cm is a little greater

than the mean 1980 width, 23.93cm, but the difference is not significant,

= 1.1
TP 1.135.
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The standard errors in Table 4,13 iﬁdicate that there were
no significant differences between the Comb Area Indices and Colony Cover
Indices of colonies in boles and in trees; this was the case on other
visits too. As with the 1980 Summer Visit, the C.A,I. on this summer
1979 Visit, 357.2cm2, was significantly smallef than that, 450.6cm2,
on Visit VI in April 1980 (tl;9 = 2,527, Significant P < 0.02).

In fact, for the summers of 1979 and 1980, the respective
C.A.L.s (357.2cm2 and 359.9cm2) and C.C.1I.s (325.4cm2 and 329.8cm2) are
almost exactly the same. Therefore, though the 1979 and 1980 summer
combs are a little different in shape, the mean size reached by a colony
under Nasr's management regime appeared to be most consistent at this
time of year. This evidence suggested that Ngsr could remove, at the
right times, the appropriate quantity of honey from his colonies, accord-
ing to their health and the forage available, in order to maintain colony
size at a satisféctory level., Taking too much honey in a poor season

could lead to extinction of a colony and allowing colonies to develop

too much in a rainy year could lead to swarming.
3.2 Density of bees in curtain

This was not measured accurately as on Visit VII, but if Qas
estimated that the typical density of the cuftain was 4 bees thick,
ranging from a minimum of 2 to a maximum of 6. These va}ues were of
the same order as the values on Visit VII (mean 3.4, range 1.5 to 5.5),

suggesﬁing that they were typical for this time of year.

3.3 Worker brood

Only 8 colonies were examined at all closely for this, by
brushing away part of the curtain of bees. All 8 had sealed brood

(pupae) but only 2 were estimated to have had a large area of it.
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One of the weaker colonies examined, though it had brood, had no eggs
at the edge of the comb; their presence would have indicated a strong,
growing colony. Therefore, though brood rearing appeared to be con-

tinuing in June/July in most of the colonies,. there was no rapid growth.
3.4 Drone comb, drones and queen cells

Drone comb was only recorded on 2 colonies (9 and A) and it
was not protected by bees on either of these 2 colonies. Though not
every éolony was searched thoréughly round the periphery, drone comb
was not apparent on any of the other colonies. The sizes (height x
width) of the 2 pieces of drone comb were 3.5 x 7.0cm (24.50cm2) and
3.5 x 9.0cm (31.50cm2), being 4.9% and 9.1% of the area, respectively,
of the rest of thgir combs. The first (9) piece of drone comb contained
one egg, the second (A) was completely empty.

Adult drones were only recorded on one colony (13) and then
only 1 or 2 weré'visible af a time.

Queen cells were not recorded on any of the colonies and it
is unlikely that any wént unnoticed as their presence is usuallf obvious
- at the bottom of a colony. It appeared that Nasr had cut away the

drone comb and queen cells from neariy all the colonies.
3.5 Honey and pollen

All the ;olénies showed signs of honey having been harvested
recently ie of having ha&'honeycomb removed from above the brood comﬁ.
Some (11) colonies still had empty brood comb protruding to a maximum
heigﬁt of 30mm above the "zoora" following honey harvesting, but little
had Peen feéonstructed with fresh wax.

Sealed honey was recorded on only one colony and that was below

the "zoora"; a little unsealed honey was present on some, probably most,

of the colonies,
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Nzér said he had harvested the honey 2 months ago (beginning
of May), but I expect harvesting héd continued for 2 weeks or so on either
side of this. He said he had recently sold 18 squash bottles of honey
for approximately 300 Rials Omani, ie 16-17 RO/bottle. Whether this
represented his total harvest was not clear. He claimed that 2-to 3
boﬁtles of honey could be obtained from a single colény during the
Acacta tortilis season. This is probably the yield of the best.rather
than of average colonies but not an exaggeration as the lengths of wax
left in the centre of 3 "zoor" from which he had harvested honey
measured 42, 48 and 59¢m. This would have been the maximum widths
of the colonies just prior to honey extraction; the last value being
double the present mean width, indicates a very large colony.

“Pollen stores were not investigated.

3.6 Absconding

Abandoned combs and Nasr's comments indicated that a minimum
of 6 colonies had absconded since honey harvesting, including 2 from
the one bole (10) - Nasr having replaced the first colony to abscond,
with another which did the same! They cannot all have absconded
immediately after honey removal as one colony had absconded on 29.vi.79

and another on 30.vi.79.

3.7 Overall assessment
A subjective assessment (based on size, density of bees etc)

of the condition of 14 colonies chosen at random was made in the field:-

Strong | Quite Strong | Small but Healthy | Weak

No. of colonies 2 5 3 4
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Tﬁerefore, despite the scarcity of flowers, Nasr had succeeded in
maintaining most of his-colonies that had not absconded in a satisfactory
state., Figures for autumn visits (Figures 4,2 and 3) in&icate that

a few more colonies might abscond but sufficient healthy stock would

be left for the "sidr" (Ziziphus spina-christi) honey flow in autumm.

The state of the colonies, with virtually no drénes, only a little honey
remaining and so on, thus corresponds very closely to that found in

1980 a few days later in the year.
"SAY@" (PLAINS SITE).
3.8 Status of Apis florea, Visit IV, 30.vi.79

Only one colony was present at the apiary site near the wadi
aﬁd this was in an "artificial cave" of stones, similar to that described
by Dutton & Free (1979); it was probably the same site, under a small,
low growing Maerua crassifolia tree, as was recorded on Visit II.
According to Nasr the "cave" entrance waé orientated so that it faced
into the prevailingAwind (probably WSW.but not recorded) to keep the
" colony cool, and the "zoora" was put at right angles to this, so that
one of the brood surfaces of the comb was exposed to the entrance.

A small opening had been left at the back of the "cave" to allow air
to flow through it.

The condition of this colony was not recorded. Its presence
serves to indicéte that florea could be left in the "sayh" during summer -
giving sﬁpport to Nasr's claim (Visit VII) that célonies absconding from

his. garden went to the 'sayh" - though with what chance of survival and

for how long were not known.
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4, EafLy Autumn, Visit I, 11.ix.78. Before "Sidr" Season

Apart from making a count of the number of colonies in the
garden only a little detailed information was gathéred on this first
visit. 18 colonies were observed, 17 in "boles" and just 1 in a
Citrus tree (not being familiar with the garden it was possible, but
unlikely, that 1 or 2 colonies in other trees mighf have been missed).

The condition of 5 colonies examined more closely was as follows:-—

(2) One was very weak, probably without brood, and Nasr reckoned it
would abscond.

(b) A second had adult drones, drone comb and at least two queen cells
(the drone and queen cells were probably sealed but full details were
not regorded). The queen cells were not emergency ones and Nasr
.explained how he would take the queen from one of them to another colony
without a queen, which I understood had been created by division from
this colony with queen cells. Prior to the division this parent -colony
must have been quite strong.

(c) A third colony that had now been re-queened Nasr said had lost its
Queen £o a pest, probably a robber fly (Asilidae). This explanation
sounded ratherlunlikelyAas the fobber flies in Oman were not observed

to take bees from within the protective curtain of florea colonies.

A queen might only fall prey if forced to take flight during an inspection,ﬁ
of on a mating flight;

»(d). A fourth colony was medium-sized and considered healthy, having
broqd, though no adult drones or drone or queeﬁ cells; Nasr said
drones would appear after a month, during the "sidr" season, when there
would be more honey.

(e) A fifth colony was considgred to be strong, and returning foragers -

were dancing.
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A count of abandoned combs in "boles" indicated that 4 colonies
must have absconded in the last month or so, including one which had
apparently gone, 5 days ago, to an Acacia tortilis tree in the "sayh".

No visit was made to the apiary site in the "sayh" but Nasr did not mention
that any:other colonies of.fiorea wére present there at the time.

The state and size of most colonies, therefore, appeared in
general to be simila; to that of mid-summer (July) with brood rearing
occurring, but not at a high level. Little or no surplus hbney had been
stored. One colony had been dividéd, another was dwindling and some had
recently absconded, suggesting that Nasr's colonies steadily decline in
number from a peak of just over 30 at the end of the "samur' season to

just under 20 at the beginning of the "sidr" season.

5. Late Autumn. Visit II, 1.xi.78. End of "Sidr" Season

There were no florea colonies in the garden on this visit
at the end of the "sidr" season, all having been ﬁoved to the "sayh"
approximately 15 days prévibusly. The greatest temperature drop (see
“Appendix II) occurs in October, so moving the bees from the cooler garden
- sites to the warmer tree sites in the middle of this month appeared to be
appropriate. 14 colonies were seen at the wadi apiary (details of siting
ofvcolonies given on p. 145) and Nasr said there were 4 others he had
moved near to the uninhabited oasis Supayli;

No detailed inspections were made (to avoid disturbance and
because of the inaccessibility of many colonies in the tops of_thorny
Acacia trees) but most colonies, though of various sizes, appeared to be
relatively healthy. - With thick protectiﬁe curtains of bees over the
brood combs, it was assumed thgt most were still rearing brood; yellow
pollen, probably of Ziziphus spina-christi, waé being gathered (15.45h,

1.x1.78) by at least one colony, and this also suggested brood rearing.
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Water was being collected from the nearby trough (15.15-16.30h)
indicating cobling of the cqlonies and their brood and/or dilution of
honey for consumption. | The honeycombs of two colonies were inspected;
one contained a féir quantity of honey, the other was rather empty.'

Nasr said he had removed "sidr" honey from many of the colonies (probably
in the last 3 weeks)'and reckoned he had obtained 20 bottles., |

Drones were definitely hot présent on 3ucolonies (though they
had apparently been present on one of them, recently) but were recorded
on a fourth, large colony. At least 11 queen cells héd been removed
from this coloﬁy by Ngsr, and dropped on the ground within the last 2 days;
this, presumably, was to prevent swarmiﬂg.

One of the colonies belonged to a friend of Nasr and I understood
Nasr had removed the honey and brought it here that day, probably from a
wild nest site in the "sayh" or the man's garden.
| Just before the "sidr" season Nasr had 18 colonies, including
one about to abscond; on this visit he had 17 colonies, plus the one
belonging to a friend, so if more colonies had absconded in recent weeks
he had made good any loss. It was probable, howgver? that no further
colonies had absconded during the "sidr" season and the 17 colonies that
remained had produced sufficient quantities of honey for extraction, and
. at least one reaChgd a swarming stage. The colonies had been moved from
garden to plains in the "sidr" season, but it was likely that most of the
honey was removed once the bees were in their "sayh" site, since Nasr
claimed if was from heré that they foraged on Ziziphus trees near Suhayli

and also in the village of Sharqi.
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6. Winter. Visit III, 14, xii.78

6.1 Apts florea at the garden site

One colony was being kept in the garden, in ''bole" 19, on
this visit. It measured approximately 18cm high by 17cm wide and
apparently came from a wild colony<Ngsf-had found in an Acacia tortilis
tree in the "sayh" on the pfevious day. Photographs indicated the honey-
comb had been removed when the colony was gathered, but a curtain of bees
completely enveloped the remaining comb which was not examined. Foragers
were gathering pollen, including that of Euphorbia heterophylla, so brood

rearing was probably being continued.
6.2 Numbers of colonies in "sayh"

18 colonies were present, all at the wadi site. Nasr did not
mention any being near the Suhayli oasis; the 4 colonies that had been at
Suhayli had probably been moved to join the 14 that were at the wadi site
in November. The details of the trees in which Nasr put the colonies

are given on p. 145.
6.3 Brood rearing and colony strength, "sayh"

Oniy one large colony was inspected fér brood and quite a
large proportion of its brood comb had sealed cells; a closer look for
eggs and larQae was not made but they were presumed to be present. - A
subjective aésessment of the size/céndition of all but one of the colonies

was made as follows:

Large, Strong | Medium, Quite Healthy| Small, Healthy | Small, Weak

No. of
colonies 2 4 9 2
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6.4 Drones, "sayh"

Drones, from a few ‘to large numbers, were seen on 5 colbnies
and were definitely absent from 3; they were not regorded from the 10
other colonies, but inspections were not thorough enough to state
categorically their absence. Those drones present would be the remmant
of those produced by colonies which had grown strong during the "sidr"

season.

6.5 Honey

5 colonies were examined and their stores assessed as follows:-

No Honey Very Little Honey Small Quantity of Honey

1 3 1

From one of the large coloﬁiés, which héd drones present, Nasr said he
had harvested honey three times during the "sidr" season that had finished
about one month earlier. He obtained 3 "squash bottles" of honey for
which he received 12 Rials Omani each. From another colony he said he
had harvested honey twice. Altogether Nasr reckoned he had obtained

20 bottles of honey from the "sidr" this year, which is in the order of

1 bottle (approximately 1 kilo)/colony.
. 6,6 Sources of forage and location of colonies

Foraging activity was observed on 16 of the 18 colonieé between
11.30 and 13.30h on 14.xii.78; the remaining 2 éoloﬁies were not suff-
‘iciently accessible for such activity to be seén. A bright red/orange
pollen, identified as Euphorbia heterophylla was being gathered by a
minimum-éf 9 of the colonies, and a pale buff pollen (possibly Vernonia

éinerea) was also being gathered by one of these 9 colonies.  Workers
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were gathering nectar (not pollen which>is in the form of pollinia)
 from Leptadenia pyrotechnica and_this and/ér water was probably the
forage being gathered b& bees without pollen loads that were observed
on 5 colonies. On 5 other colonies, only unspecified foraging activity
could be seen.

Therefore, in December, these colonies in the "sayh" were not
on the whole large, nor did they have significant quantities of honey
left to them after the "sidr" season but their foraging activity did
. suggest most would be rearing brood. Apart from the few, scattered
bushes of Leptadenia pyrotechnica there were virtually no flowers available
to the bees in the '"sayh" and most forage appeared to be coming from weeds
in the déte gardens. This suggested that the advantage (if any) of the
"sayh" at this time of year was the greéter insolation and thus warming
of the florea colonies, reducing the energy consumption required for
thermoregulation.

However, Zygophyllum coccinewn (‘'tharmad"), an abundant
succulent shrublet in the plains near Zahib, was, accordi;g to Nasr, a
source of forage to florea and about to flower. 2. coccineum might,
 therefore, be 'a critical source of forage to fiorea in the plains, till
the.Citrus trees are in flowef, when Nasr said he would take the bees
,béck_to his garden. 4This would be in 1-2 months' time towards the end
of January; the bees would‘then be in the garden just before the temperature

rises rapidly in March and April.

7. Winter. Visit V, 1l.xii.79
7.1 Introduction

This 1979 visit was made at virtually the same time of year as

Visit III in 1978. It was primarily to explore the Jabal Madar (see Chapter III
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. where Nasr sometimes looked for wild florea but a brief assessment of
his kept colonies was made; their siting was rather different from 1978,

with some colonies at the wadi site, but also several in his garden.

7.2 Apis florea at the garden site

c. 7 colonies weré presént altogether, 3 in boles in the

north wall and 3 in the west wall; 1 colony might have been present in
the south wall, but this wall was not checked properly, and there were
‘none in the trees. There were two recently abandoned combs in the north
wall and Nasr thought one of the colonies still present might soon abscond
too, as it had no brood and its honey was in old dfone cells, not new
comb. Nasr attributed the absconding to it being too cold for the colonies
in this wallnfor, though facing south, the "boles" were well shaded by trees.
However, another of the colonies in the north wall was quite large, measuring
c. 18cm high by 29cm wide, and was completely enveloped by a thick curtain
of bees; it almost certainly was rearing brood and though its honeycomb was
only drawn out a little,more honey had been stored since the last harvest
-'a little over one month ago at the end of the "sidr" season. This colony
was not likely fo abscond and, despite saying the north wall was too cold,
Nasr was still providing the colony with some shade from date—palm:logs.

| 4As‘is also discussed in Chapter VI, the sizes of the colonies
might be the explanation to this paradox. In winter, in a cool micro-
environmént, colonies with a large population of bees and some honey may
be able to generate sufficient heat for brood rearing, while weak colonies
may not, particularly when forage is scarce. Therefore, smaller colonies
in the garden may abscond to a nest site with a more favourable micro-
environﬁent, such as a tree in the "sayh". Consistent with this explanation
_was the fact that Nasr had tracked (by following workers coilecting wax

from the old comb) one of his colonies, that had absconded about 5 days ago,
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to an Acaéia tortilis tree c. 500m to the east of his garden. It was
a fairly dense, young tree c. 2.5m high and the colony had settled near
its centre but towards the E side, where it was fairly well shaded but
might receive some morning sunshine.

Of the colonies in the western wall, only the comb of one
was inspected. It had no sealed brood, only eggs, so might have been
on the point of brood rearing; alternatively the queen may have been
ovipositing without the workers tending the eggs. Pollen (Euphorbia
heterophylla and possibly Vermonia cinerea) was being gathered by foragers
of the other 2 colonies, suggesting brood rearing was in progress or

imminent.
7.3 Apis florea in "sayh"

Not all the coldnies at the wadi site were seen, but there
were more than in the garden and it was estimated that 9 were present in
Acacia tortilis trees (in addition to the one which had absconded from
the garden) and 1 was in the centre of a Leptadenia pyrotechmica bush.
Only this last colony was inspected; it was in a very shady position and
was rearing brood, but its honeyéomb had not been drawn out since honey

had last been removed from it (maybe 1 month ago).
7.4 Nasr's "migration" of colonies, 1979-1980

On this yisit,ll.xii.79, Nasr saidbhe would, within a few days
(ie mid to late December), move from his garden to sites in the "sayh"
any colonies that he thought might abscond, such as the broodless colony
in the N wall. His observations that colonies without brood, and on
which some bees hung lbOSely below the comb and did not re-cluster
quickly when brﬁshed aside, were likely tb abscond, were consistent

with my own observations. However, the colomy which had
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already absconded to the Acacia ffee he said he would bring back to
the garden fairly soon, maybe in 10 déys'-time which seemed premature.
Re—conéidering this Nasr said he might move the colony when the male
date-palms flowered; this would be more than 45 days later in February
at é similar time to Citrus flowering which is the time he héd said he
would move his bees, from the "sayh" to the garden the previous year.
indeed, when N;sr visited Khabura on 22.i.80 he told me half his colonies
were in the "sayh" and half in the garden; the bees were foraging on
Citrus and already storing some honey. So there appeared to be no
specific &ate for moving all colonies from "sayh" to gardens, but a general
period from mid-January to March.

There was similar confusion concerning the time Nasr had
moved his bees from the garden to the 'sayh" in autumn 1979. On 11.xii.79
he said he had moved them there 20 days earlier, but this would have been
the middle of November, after the end of the main ZZziphus flowering
Season; in 1978 the bees had been moved from the garden to the "sayh"
in mid-October. Whether the colonies were moved to the."sayb" at different
times in the 2 years or whether Nasr underestimated the number of days

which had elapsed since he had moved them in 1979 is discussed below.
7.5 "Migration" of colonies to "sayh"; differences between 1978 and 1979

The main difference between the December visits of 1978 and
1979 was tﬁat there was only one colony in the garden in 1978 but about
7 in 1979. In 1978 Nasr had been concerned about aerial applications
of insecticides to the oases, which apparently had killed some of his bees
2 years earlier, so that autumn he may have been more wary of keeping too
many colonies in his garden unnecessarily, so had kept nearly all colonies
in the‘“éay@". As "aidr", Ziziphus spina-christi trees, grew both at

the oases of Zahib and Sharqi and at the wadi site and nearby Suhayli,
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Ngs;'s florea should produce some "sidr" honey, whether kept in his
garden or the plains. Experience_may have taught N;sr that one site
was rather better than the other, in'general, but if an autumn was
particularly hot, or plants were not flowerihg well, or certain colonies
in the garden were about to abscond; or pesticide applications were likely
etc., the timing of '"migration' of all or some of the cbloniesAcould be
adjusted. Therefore Nasr may have moved his bées to the "sayh" in mid-
October both in 1978 and 1979 (and in error told me it was mid-November
in 1979), but the alternative is that he did in fact move the bees to
the "sayh" in 1979, in mid~November, a month later than in 1978. With
1979 being the second dry year in succession, the flowering of Ziziphus
spina-christi in the oases may have been better than that in the "sayh",
so with little danger of pesticide applications in the gardens some colonies
~ were kept there longer.

Therefore, whichever alternative was correct, the differences
between the garden and "sayh" apiaries in terms of either microclimate
or férége availability (or both) may have influenced Nasr's timing of
colony "migration". Furthermore, Nasr did not have to move all the
c§1oniés during one day or week and his timing of "migration" for individual
'colonies may have been influenced by their conditiom or their location in

.particularly favourable nest sites.

" C. DISCUSSION

1. Overall cycle of Apis florea

The principal events in the developmental cycle of the managed
florea colonies at Zahib are given in Table 4.14. The features detailed
for months when no visits were made are based on (a) interpolation of

observed cblony dévelopment at Zahib, (b) knowledge of colony development
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(Chapter Vi) and plant flowering times (Chapter VIIL), at other localities
in Oman and (c) Nasr's anmswers to questions on this subject. The actual
number of colonies kept fluctuated and was determined by the balance
between those colonies lost through absconding and those gained from
divisions and the gathering of wild colonies. The overall numbers and
their distribution between the garden and the "sayh" at different times

of yeaf have>a1ready been presented (Figures 4.2 and 4.3) and indicate
that the maximum occurs in April/May and the minimum in September.

Crucial points in the cycle are considered below.

2. Importarce of sources of forage prior to Acacia tortilis

Though mosf honey is extracted during the flowering of the
‘"samur" tree, Acacia fortilis, and much of it is probably derived from
this source, the greétést increase in colony numbers (from approximately
18 to 30) has taken place before the "samur" starts to flower. Smilarly,
all colonies with fertile queens were strong and rearing brood in early
April and several colonies had drone and/or ﬁuéeﬁ cells, 17 having adult
drones (see Part II B. 1). Therefore, plants other than Acacia tortilis
ﬁust be‘prOViding qﬁaﬁtities of nectar and pollen sufficient for gfowth
and reproduc;ion, though not for maximal honey production,‘at this time
of year.
When the héneycomb was.remoﬁed from colony H on 10.iv.80
(Parf I, 4.1) a band of nearly full pollen cells was exposed beneath
the honeycoﬁb. Over 807 of this was yellow to dull oraﬁge in colour
‘and microscopic analysis showed it to be Prosopis cineraria; also
identified were smaller quantities of Euphorbia heterophylla, Pimpinella
sp. and Acacia sp. (ehrenbergiana or tortilis). Therefore, these plants

and other krown sources of forage that flower in February, March and April



Table 4.14  Summary of annual cycle of Apis florea under management of
Nasr Ahmad at Zdhib, Sultanate of Oman

(December) Cool. Most colonies in "sayh"; strong colonies

~January rearing brood but little growth, no honey surplus.
Forage from weeds and desert shrubs.

February - Cool. Some colonies now in garden as tree crops
(Citrus spp., Phoenix dactylifera, Mangifera indica)
and annuals flower. Brood rearing starts to increase.

March Warm. Remaining colonies moved to garden.

Development accelerating, particularly if winter rain
has increased flowering of annuals and shrubs.

Early April'

Prosopis cineraria starts flowering,
colony growth continues. Drone and queen cells
produced, some removed. Larger colonies divided;
surplus honey being stored and extracted from some
colonies.,

Becoming hot.

Mid-April to

Hot. Acacia tortilis flowering. Maximum "samur"

Mid-May - honey production and harvesting. Swarm control
still required.

Mid-May to Hot. Remaining honey extracted from a few colonies.
Little forage except for garden weeds, melons etc.

Late June

Several colonies abscond, others continue brood
rearing, but negligible growth. Most remaining
drone and queen cells removed; drones dwindle.

July, August
Early September

Hot. Forage still scarce. Sugary exudate of fresh
dates available. A few more colonies abscond,
brood rearing reduced.

Late September
October ‘

Temperature dropping. Ziziphus spina-christi
flowering. Most colonies moved to the '"sayh".

Active brood rearing; some drone and queen production.
""Sidr" honey harvested.

November
December

Cool. Ziziphus flowers finishing, brood rearing
reduced. Forage from Leptadenia pyrotechnica,
EBuphorbia heterophylla etc.  Some colonies abscond
from garden to "sayh'".
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(sée Tables 4.4 and 5) must be‘critical to the successful build-up

of florea before the "'samur" season and are probably as important as
Acacia tortilis if "samur" honey is to be produced. The flowers of
Citrus sp. and of various weeds (eg Phyla nodiflora) and herbs (eg
Ocimum sp.), being irrigated, should be available every year in the
oases as should the flowers of the deep-rooted Prosopis cineraria
(whether in oasis or plain) but abundant flowering.of desert annuals
and shrubs in spring is dependent on winter rainfall, Without Qinter
rain, but with forage from the oasis flora, colony growth and reproduction
will proceed in spring; however, both should be enhanced after heavy
rainfall so that more and larger colonies are able to exploit the

Acacia honey flow.

3. Absconding after "Samur'' Honey Flow

t

It appears that Nasr loses in the order of 40% (12 out of 30)
of his maximum number of colonies through absconding during the summer
months after extraction of the "samur'" honey. Though it may be the
stimulus in some cases, the disturbance associated with extracting the
honey is probably not the‘méjor factor that inducgs absconding, as Nasr
claimed he could extract honey 2 or 3 times in a season from a strong
colony. Tﬁe main cause of.absconding at this season is likely to be
a combination of (i) scarcity of forage when colony stores have been
‘depleted and (ii) sub—optimal nest sites at the high temperatures
preﬁailing in the summer months at the end of the "samur" honey flow
(monthly mean temperatures for June and July at Seeb, on the coast, are
approximately 35°C and are possibly higher at locations like Zdhib in
the interior of Oman - see Appendix II). This absconding appears then
‘to be equivalent to the "resource-related" or 'seasonal" absconding

described by Winston et al (1979) for Africanized Apis mellifera
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in South America. In Oman, ﬁredation- of florea colonies (by Nasr

in this case), though it may be a contributory factor and the "final
straw', in some cases does not then appear to be the fundamental reason
for absconding.  This conclusion is different from that reached by
Seeley et al (1982) and Seeley (1983) based on studies éf florea in
Thailana and discussed in Chapter II; they deduced that it 335 éredation
that caused frequent shifts in nest site, and did not consider environ-
mental conditions such as temperature and forage availability to be as
important.

With the number of colonies dropping from about 30 to 22 by
the beginning of July, in the order of 8 colonies (c. 277) must abscond
within 1} months of the end of the "samur" honey flow. 4 or 5 more
(c. 15%) might be expected to abscond in the remaining 2} months or so
~ before the start of "sidr" flowering. It is possible that those colonies
which had had nearly all their honey taken right at the end of the
"samur" honey flow absconded soon afterwards, while those that had had
honey taken earlier and been able to replenish their honey and pollen
stores, or had been left a sufficient amount, stayed. The few colonies
in which these stores subsequently became depleted, particulariy if they
were in an unfavourable nest site, might be-the ones to abscond later in
the summér.

The sho;tage of forage in sﬁmmer when tempera;ures are very high
does therefore appear to blay a critical role in the cycle of florea in
Oman. In this species of honeybeevwith a small, exépsed nest,absconding
is.evidently a good adaptation to an environment with a patchy distribution
of forage and with a wide range of temperatures where one nest site may
not be suitable for all seésons.

If absconding is to be reduced in a bee-keepiné situation

such as Nasr's, it would be worthwhile to determine whether or mot leaving
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a portion of a colony's honey, or extracting the honey early enough
for the comb to be re-built and filled, does induce the bees to stay
longer. This could best be done expefimentally at a well-organized
apiary such as Nasr's;. The balance between reducing the "samur" honey
harvest (eg by taking honey once not twice ffom strong éolonies) and
increasing the number of colonies held at the beginning of the "sidr"
season would have to be established. Leaving some honey for a colony
might be easier if a method of inducing florea to re-use comb in a frame,
from which honey can be extracted, can be found (Chapter VIII). ‘Also
honey yields might not be reduced at all this way és Acacia nectar
&ould no longer be diverted to comb building after each honey ext;action.
Finally, éncouraging the cultivation of summer-flowering crops
such as melons and lucerne, or moving bees near to such crops, might
help to supplement the little forage that is available from weeds (Phyla
nodif'lora, Portulaca oleracea) and fresh dates, "rutab" (Chapter VII).
Feediné sugar syrup to the bees would be an additional help, as long as
the bees did not store surplus sugar just prior to the start of the "sidr"

‘season as, with only one honeycomb, sugar and nectar honey would become

mixed. -

4, "Sidr" (Ziziphus spina*ehristi) season; end of September - beginning

of November

Apart from "sidr" itself, very few plants are in flower either
before or during this season (Tables 4.4 and 5 and Chapter VIiI). Nasr's
florea, whether in the gardens or the "sayh", were primarily dependent
on the nectar and pollen of the "sidr" for their own growth from fairly
weak colonies in September; with little brood or stores, to strong -
colonies by'October/November that could gather surplus honey. Thus the

absence of alternative sources of forage must be the main reason that



193

there was 1ittle or no build-up in colony strength or numbers before
the "sidr" season as there was before the "samur" season. Similarly,
though some stronger colonies might reach a swarming stage with

drone and queen cell production, the flowering season appeared to

be too short for Nasr to exploit the limited potential for dividing:
colonies and replenishing his stocks. Instead of producing a few
extra small colonies which might not survive the following 2 or 3
cooler mdhths with limited forage, he concentrated on honey production.

This would appear to be the best strategy in the circumstances.

5. Nasr's "migration'' of colonies : for microclimate or forage?

Nasr's movement of colonies from garden to "sayh" in the
autumn and the possibility that its timing and the numbers of colonies
involved might véry according to circumstances, such as pesticide
application or differences in "sidr" flowering intensity between
the two sites, has already been considered (Part 1I, B. 7.5).

It appeared that some colonies were usuall& kept in the garden
and some in the "sayh" in winter and early spring, and that a
certain number of florea colonies were left in the "sayh" during
the spring flowering of (CZtrus sp. and of garden weeds; some of
them were still present there at the end of March (p. 165).
However, except for the one colony in the "sayh" in July 1979
(p. 178), all colonies were brought into the garden before the
"samur" started to flower in.the "sayh'". They were kept there

throughout its flowering season and until the end of summer.
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Therefore, in winter when plants sucﬁ as Euphorbia hetero-
phylla were being exploited (p. 149) and in spring when date-
palm, Citrus spp. etc were important, a number of colonies were
kept in the "sayh" away from their main sources of forage.
Similarly, when the mgin source of forage was "samur", Acacta
tortilis, all the bees were kept in the oasis, not inAthe "sayh".
Assuming that Nasr's experience had taught him that‘this strategy
was successful (and it would be of interest to compare the initial
state and subsequent development of those colonies kept in the
"sayh" in spring with those moved to the garden), this evidence
suggests that the primary advantage of moving the colonies was
to provide them with nest sites that offered a favourable micro-
climate in a particular season; the shady garden in summer,
and in winter the "sayh" with greater insolation, but also cooling
breezes. Meteorological measurements are needed to determine

the magnitude of the differences in conditions at the two sites.

~Nasr did not appear to be entirely aware of the fact that
when the bees were at his wadi site some were foraging in the
oases; he thought that the bright orange/red pollen from the
weed Euyphorbia heterophylla was from the desert shrub Leptadenia
pyrotechnica which the bees were using at the time, but which
produces only tiny, yellow pollinia. However, he was keen to
establish a garden/farm around the well at his wadi site and
the cgltivation of flowering crops (and weeds:) could only help

‘the bees here, as long as trees and shrubs useful to them were

not grubbed up.
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6. Shape of combs under Nasr's management

Table 6.2 and the associated text in Chapter VI show that
colonies under Nasr's management were considerably wider (1.6 to 1.8
times) than they were high, while the width and height of wild colonies
were approximately the same. This is attributable to Nasr's regular
removal of drone and honeycomb, and maybe to other less apparent features
of his management, and presumably contributes to the suppression of
swarming. As detailed in Chapter VI, frames with this width : height
ratio, for combs of florea in hives (Chapter VIII), should be investigated,

considering the success Nasr has with colonies maintained to such a shape.

7. Overall honey yields

It was difficult to determine the yields of honey at differen;
seééons és Nasr did not seem to keep count of the number of bottles
harvested. 1In 1978 hé reckoned he had obtained c. 20 bottles of '"sidr"
honey. More coloniesAwére kept in the "samur' season and each probably
yielded a greater quantity of honey (having developed.considerably
-Before the Acacia flow started) and in June 1980 Nasr told A. Brockett
(perg. comm, ) that he had already gathered 900 Rials' worth of honey
and ,might even have 1,000 Rials' worth whén he had harvested a little
more. He had been selling most of the honey in Al Ain (Abu Dhabi)
where it was probably fetching 18-20 Rials Omani. If these figures
were correct, his 30 coloﬁies must have produced 45-50 bottles of honey
ie approximatelj 1likg each. This figure seemed high for a dry year,

. but not impossible if yields of lkg or less from smaller colonies were

balanced by larger colonies producing 2 or even 3 harvests of lkg, as

he said they did.
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Therefore, in one yeaf his florea might produce up to 70
‘bottles4(kg) of honey which at the (exorbitant) 1980 prices of 18 Rials/
bottle would give an income ofl1,260 Rials Omani. Though the yield
per colony was small coﬁpared to that which meiliféra can produce in
Oman, the price of the honey makes Nasr's enterprise worthwhile. The
material costs were'negligible, but hard work and skill were essential,
An even greater understanding of Nasr's management system and techniques

would therefore be worthwhile, with a view to their édoption by other

florea keepers in Oman.
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CHAPTER V

COLONY TEMPERATURE REGULATION AND WORKER FORAGING ACTIVITY:

APIS FLORFA AND APIS MELLIFERA

A. INTRODUCTION

This chapter considers brood-nest and honeycomb temperature
regulation and the diurnal pattern of foraging, particﬁlarly with
respect to temperature, of Apis florea and Apis mellifera jemenitica.
The primary aim was to investigate any differences between the two
species in their tehperature relations and thus in their adaptation
to the ho; and arid Omani environment. Since northern Oman, other
than parts of Iran, is probably.the only region in the world where
flérea and mellifera have overlappéd in their range for any length of
time, it was an unus@al opportunity for comparative studies to be
performed; it was hoped they might shed light on aspects of combetition
or co—existenée between the two species. There are many processes and
environmental factors influencing the two activities under examination
and some of these are considered, but comprehensive studies to evaluate

their respective roles were not attempted.

1. Colony temperature regulation

It has long been known that colonies of mellifera maintain
their brood-nest temperature at around 34 - 3500, while temperétures
in broédless areas of the nest may fluctuate widely (eg Lensky 1964a). -
Seeley & Heinrich (1981). héve recently reviewed the subject of thermo-
rggulation by>honeybees, éspecially mellifera, and other social insects
and most of the information in this section of the introduction is

derived from this source. Heinrich (1974, 1975d, 198la, b and c),
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Chappell (1982), Kronenberg & Heller (1982) and Rittef (1982), provided
further background details on honeybee and insect thermoregulation.

Brood'rearing by mellifera can occur at air temperatures
external to the hive of -40°C to 40°C.or more and, according to Free (1977)
colonies can even maintain a stable brood temperature of about 35°C for
sho