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Abstract |

Foraging behavior of two honeybee species Apis dorsata F. and Apis florea F in relation to sugar
composition and energetic of nectar production was studied in a community of plant species where
the two bee species forage regularly throughout the year. Qualitative and quantitative analysis of
nectars from 51 cultivated and ornamental plants revealed that their nectars contained three types of
sugars viz. glucose, fructose and sucrose. Quantitative studies enable categorization of the nectars
into three groups a) glucose and fructose dominated, b) sucrose dominated and, c) nectars having
nearly equal proportions of glucose, fructose and sucrose. Of the two honeybee species, Apis
dorsata preferred relatively large sized sucrose dominated flowers whereas Apis florea small flowers
with glucose + fructose dominated sugars. However, energy cost and reward provided a clear
picture which indicates that A. dorsata bigger in size and tongue length forage flowers providing high
energy rewards compared to A. florea which forage low energy rewarding flowers. Such preferences
seem to be associated with the foraging profitability of the pollinators.
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INTRODUCTION

The habitat of most animals provides resources of
different types that are essential for the species’ survival,
but these may not necessarily be close together. Accord-
ingly, these animals have to forage to bridge some
temporal or spatial distance to locate the essential resources
(Schoener, 1971). It is one of the most consistent and de-
manding tasks for any given living organism related to its
survivability. The data on foraging ability and behaviour
are, therefore, necessary to the understanding of population
dynamics and community structure of bees as well as to
develop conservation strategies. The foraging behavior of
social insects is especially interesting because individuals

do not forage to meet their own nutritional needs; rather
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they forage to meet the needs of the colony (Winston 1987,
Robinson 1992; Seeley 1995; Robinson 2002, Seeley
1989; Hunt et al., 1995; Dreller and Page, 1999; Page and
Erber, 2002). Flowering plants and honeybees have a
special relationship in which both are benefited from each
other. Nectar is the carbohydrate compounds mainly
sucrose, fructose and glucose portion of the honeybee’s
food and is the raw material of honey (Jones and Yates,
1991). Several floral stimuli including colour, shape and
odor are responsible to attract the pollinators (Faegri and
van der Pijl, 1966; Grant and Grant, 1968). These stimuli
seem to work in succession as primary fixity factors and
lead pollinators to an end fixity stimuli system comprising
the potential energy reward of a flower as nectar and pollen

(Sihag, 1982a). It is on account of the interaction of these
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fixity systems that a pollinator-flower relationship is
established which has during the recent years caught the
attention of ecologists and some interesting information
has thus become available (Heinrich, 1975ab, 1976a.b;
Heinrich and Raven, 1972; Wolf, 1975; Wolf and
Hainsworth, 1971, Wolf et al., 1972, 1975; Waddington et
al., 1981). Of the several factors, reward system offered by
the flowers plays a determinant role besides inter play of
other factors which participate in attracting floral visitors.
In this connection flower visitors relationship got set
heavily between the visitors energy need and the quantity
of food it can harvest from flowers (Hocking, 1953; Churchill
and Christenensen, 1970; Hainsworth and Wolf, 1972ab.c;
Heinrich and Raven, 1972; Stiles, 1971) which influence
the frequency of visits to flowers (Heinrich, 1973;
Heinrich, 1975). The social set up of honeybees require
since a large quantity of food supply for their brood many
more times their own energy requirements is secured by
them by repeated visits to flowers (Reddy and Reddy,
1984). This can keep happening only if a flower provides
sufficient reward to attract the foragers on one hand and
limit the reward on the other hand compelling the visitors
to frequent other flowers of the same species (Heinrich,
1975), thus enabling development of an optimum strategy
both by flowers and pollinators for maximum cross
pollination (Emlen, 1966; Schoenar, 1971; Cody, 1974;
Abrol, 2010, 2011). Apis florea F. and A. dorsata F. which
stand phylogenetically at the lower level in Apis group of
bees make the potential pollinators of several plants in the
Indian sub-continent where bee pollinator-flower relatio-
nship attains significance (Arias and Sheppard, 2005). This
study was made to determine whether the foraging
behavior of two sympatric honeybee species which utilize
the common resources and differ morphologically from
each in terms of energy intake and energy requirements
differs from each other. The results obtained are presented

in this paper.

MATERIALS AND METHODS

Sampling of bees

The purpose of this study was to describe the energetic

mechanism underlying the choice of individual flowers of
a plant species by two honeybee species. Material for these
studies is comprised of two species of wild nesting
honeybees viz. A. dorsata and A. florea which are active
throughout the year. In order to determine the response of
these species to different nectars, 51 cultivated and
ornamental honey plants were studied. Floral attractability
and fidelity of these species were adjudged by their relative
abundance (measured in terms of number/ha, (Jain and
Kapil, 1980; Sihag, 1982b; Abrol, 1992) and in relation to
the quality and quantity of nectar. The observations were
made throughout the year with the calendar of flowering

plants.

Qualitative and quantitative analysis of nectar

The quantitative analysis of nectar was made by measu-
ring the amount of nectar secreted/day. For this purpose,
flower buds which may bloom in next 2~3 h were selected
and nectar was collected from these opened flowers next
day in the fore-noon when temperature fluctuated between
22~24°C. Total dissolved sugars present in nectar were
measured with the help of a pocket refractometer model
No. 1093, manufactured by M/s Toshniwal Brothers, Pvt.
Ltd., New Delhi.

Nectar was collected with micro-capillaries and sugars
present in the nectar were analysed by paper chromato-
graphy using n-butanol-acetic acid-water (4:1:5) as the
solvent (Block et al., 1958). For this purpose, samples
collected were immediately loaded on chromatographic
sheet (Whatmann No. 1, 55x45cm) for qualitative analysis
as described by Partridge (1948) using n-butanol acetic
acid and water (4:5:1) as running solvent. The quantitative
estimation of different sugars was done according to
Johnston et al. (1964). The different components of sugar
separated on the chromatograph were eluted by dissolving
thespots in 80% ethanol. The extract of the respective
sugars, thus obtained was analysed quantiratively by
colorimetric method of Yemm and Willis (1954) using
0.2% anthrone dissolved in 70% sulphuric acid and recoer-
ding O.D at 620nm for sucrose and fructose and at 540nm

for glucose with Spectronic 20.
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Calculation of energy per flower

Total reducing sugars present in a unit amount of nectar
were estimated, following Spagyi’s modified method
(Nelson, 1944) and their volume in each nectar was then
converted into energy (joules) by a method suggested by
Heinrich and Raven (1972).

The amount of sugar and energy content per flower per
day was calculated using the formula.

Amount of sugar per

Flower per day (mg) =

Nectar volume (ul) x Nectar sugar concentration (%)
100
Energy per flower per day (joules) = Amount of sugar

per flower per day (mg) x 16.74 where, 16.74 is the joule
of energy obtained from one 1mg of sugar irrespective of
the type of sugar (Heinrich1975; 1mg = 4 cal=4x4.186
joules=16.74 joules).

Body weight and tongue length measurements

Samples of forager bees of both the honeybee species
were collected from the flowers. The collected bees taken
in a glass jar and then killed under cooling in a deep
freezer. After obtaining their body weight on a digital
balance, the bees were dissected to separate their tongues.
The separated body parts of worker bees were put on glass
slides and covered with another glass slides. All measure-
ments were taken by using Leica M 165 C stereo micros-
cope with high speed digital fire wire live camera and LAS
measurement module and data transfer. The images were
analyzed and the measurements were recorded into a com-
puter. The recorded data were analyzed following Sokal
and Rholf (1981).

RESULTS

The data presented in table 1 shows the population
dynamics of two honeybee species Apis dorsata and A.
florea attracted to different plant species in relation to
dominant sugar, Volume of nectar per flower (ul),
Percentage of dissolved sugars (%), Total dissolved sugar
per flower (mg) and Energy per flower (joules). The

qualitative analysis of the nectars from different honeybee

plants revealed the existence of primarily three sugars viz.
sucrose, glucose and fructose, were categorized in into
three categories: Sucrose dominated nectars, Glucose
dominated and Equi-proportioned. However, few nectars
possessed two sugars wherein either sucrose or fructose
was absent. Of the 51 plants 13 were with sucrose
dominating nectar such as Hibiscus rosa-sinensis L,
Eucalyptus hybrid, Oenothera dromundii Hook, Lens
culinaris Medik, Pisum sativum, Cicer arietinum L.,
Melilotus indica, C. Limettoides Tanaka, C. medica L. var.
galgala, Linaria bipartite Willd, Lantana camera L.,
Cajanus cajan, Helianthus annuus, 7 plants with equal
amount of sucrose and glucose+fructose composition in
nectar which included Echium vulgare L, Dahlia sp, C.
paradisi Macf. C. maxima (Burm) Antirrtinum majus L
Luffa acutangula (L) Roxb. Cucumis melo L and 31 with
glucose dominating sugars such as Ruelthia tuberosa L.,
Tecoma stans HB.&K, Cosmos bipinnata Cav., Brassica
compestris L. var. toria, B. napus L., B. carinata L, B. hi-
rta Moench, B. rapa L., B. juncea Czern & Coss, B. olera-
cea var. botrytis L., Eruca sativa Lam., Raphanus sativas
L., Iberis amara L., Cherianthus cheri L., Benincasa
hispida Cogn., Momordica charantia L., Citrullus vulgare
Schrad, Althaea rosea cav., Prunus persica (L) Batsch, P.
domestica (L)) Schncid, Citrus sincensis Osbeck, Petunia
alba L., L. indica Roxb., Verbena bipinnatifida Schau.,
Coriandrum sativum, Foeniculum vulgare, Medicago
sativa, Trifolium alexandrium, Mangifera indica,
Parkinsonia aculeata.

Of 13 plants with sucrose dominating nectar, 7 attracted
predominantly A. dorsata and the remaining 6 A. florea.
Similarly, of 31 plants having glucose dominated nectars,
27 were visited in large numbers by A. florea, 2 by A.
dorsata, C. vulgare showed equal attractability whereas P.
alba attracted no A. dorsata bees. Out of 7 plants with
equal amount of sucrose and glucose+fructose composition
in nectar, 2 plant species received A. dorsata in consi-
derable number,whereas 4 species received A. florea
whereas one species of plant received almost equal
proportion of the population of two bees species (Table 1,
Fig. 1). The bee population-nectar quality pattern appare-
ntly indicates general preference of A. dorsata for flowers
having nectar with sucrose dominated sugars and A. florea

for flowers with glucose dominated nectars. Morpho-
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logically both the species of honeybee are quite distinct
from each other. Apis dorsata is the largest one whereas A.
florea is smallest of all the honeybee species. The body
weight and tongue length of two honeybee species, A.
dorsata and A. florea are quite different. Apis dorsata is
larger in size having much higher body weight (123.00+
521, Mean=£S.D., N=50) and tongue length (6.451+0.34,
Mean*S.D., N=50) and tongue length compared to A.
Sflorea (22.6+3.21,Mean =S.D.,N=50 ) and 3.31+0.234,
Mean £ S.D., N=50), respectively.

Correlation analysis of different parameters (Table 2)
such as volume of nectar per flower (ul), percentage of
dissolved sugars (%), total dissolved sugar per flower (mg)
and energy per flower (joules) in relation to A. florea and
A. dorsata revealed that all these parameters strongly
influenced the visits of A. dorsata as relationship with all
the factors was highly significant and positive whereas the
relationship with A. florea was either non-significant or
negative except nectar sugar concentration which strongly
influenced the foraging population. Interrelationships
among different nectar characteristics revealed that nectar
volume was highly significant and positively correlated
sugar content and energy rewards whereas negatively with
sugar concentration. Nectar sugar concentration decreases
as the volume increases in flowers. Similarly, sugar content
was highly significant and positively correlated with
energy per flower, as both these are dependent parameters
as the sugar content increases energy value increases vice-
versa. Relationship between nectar sugar concentration and
sugar content was found to be non-significant.

Multiple correlation analysis of the data also revealed the
similar trend where R? for A. florea and A. dorsata was 27
and 51 percent, respectively; indicating that 73% in case of
former and 49% in case of later remained unexplained
(Table 3). The studies clearly reveal that in case of A.
dorsata all the studied parameters could shape the foraging
behavior and selection of flowers compared to A. florea
which because of low energy requirements could forage on

any plant species available.

DISCUSSION

The studies revealed the existence of primarily three

sugars viz. sucrose, glucose and fructose, were categorized
in into three categories: Sucrose dominated nectars,
Glucose dominated and Equi-proportioned (Table 1).
However, few nectars possessed two sugars wherein either
sucrose or fructose was absenta condition typical of nectars
from most flowers (Percival, 1961). The two honeybee
species exhibited a marked preference for either sucrose
dominated or glucose dominated sugars. The behavior
pattern of these two honeybee species, A. dorsata and A.
florea is contrary to the behaviour of A. mellifera which
preferred a sugar solution containing equal mixtures of
sucrose, glucose and fructose over other test solutions
(Wykes, 1952a,b) and sweet clover with nectar having
balanced sucrose glucose-fructose composition over alfa-
Ifa, alsike or red clover in which sucrose was dominant
(Furgala et al., 1958). The foraging behaviour of A. florea
is nevertheless remarkably compatible with its natural
habitat niche demanding low energy requirements. It is
hence indicative of variable ecological distribution of the
two indigenous wild honeybee species i.c. A. dorsata and
A. florea (Kapil et al., 1971). This aspect demands a detail-
ed study on energy budget-niche determination interac-
tions. It is further interesting to find that A. dorsata
preferred nectar yielding plants high energy rewards
regardless of the kind of sugars present. By contrast, A.
florea preferred flowers with low energy rewards.
Seemingly, energy reward makes a suitable parameter to
determine the foraging strategies of these bees. Hibiscus
rosa sinensis is an exception, however. Here less popu-
lation of A. dorsata on this species does not appear to be
related to the energy reward. Rather because the flower is
red coloured, is perhaps less conspicuous to bees/insects
(Heinrich and Raven, 1972).

Waddington et al. (1981) opined that the total energy
reward and the intermittent energy flow are the two
parameters which interact with each other to determine the
foraging strategies of bees. In this connection, the studies
made on bumblebees (Waddington et al., 1981; Heinrich,
1976b) are of interest. They observed that bumblebees
visited in large numbers and were in general distributed
over such flowers producing the largest amount of nectar
per day. The foraging strategy exhibited by A. dorsata

seem to follow this pattern. However, A. florea falls apart
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Table 1. Differential attractability of honeybee Apis dorsata and A. florea to nectar production characteristics (per flower) of different

plants
Plant Plant Flower Nectar Domtl- Sugar  Sugar  Energy No. bees/m2 (n=5)
family species  period (ul) Suag‘;r (%)  (mg) (joules) Aflorea A dorsata Ratio
1 Acanthaceae Ruelthia 7-8 0.624(24) G 29 0.181 3.02 28+0.83 20*10 0.71
tuberosa
2 Bignoniaceae  Tecoma 4-10 2.499(36) G 30 0.7497 12.54 181083 3.0t0.71 1.66
stans
3 Boraginacea Echium 10 0.0448(89) E 27 0.012 0.20 40t158 0471054 035
vulgare
4 Cannaceae Canna 1-2 0.388(25) G 28 0.086 143 34114 0.6+054 0.17
indica
Compositae Dabhlia sp 8-9 0.053(75) E 18 0.0096  0.160 32%1.095 0.670.54 0.28
Compositae Cosmos 8-9 0.047(85) G 23 0.0141 0236 42%130 08%0.83 0.19
bipinnata
7  Cruciferae Brassica 10-11  0.0862(58) G 34 0.025 0418 140*+141 227%0.83 0.15
compestris
var. toria
8  Cruciferae B.napus 10-12  0.089(56) G 32 0.028 0468 120158 227083 0.18
9  Cruciferae B.carinata  11-12  0.122(49) G 38 0.046 0.770  12.6*2.88 227%0.70 0.18
10  Cruciferae B.hirta 12-1 0.125(48) G 36 0.045 0.753 124*1.67 3.07%0.70 0.15
11 Cruciferae B.rapa 2 0.125(35) G 32 0.04 0669 130*+122 22%0.83 0.24
12 Cruciferae B juncea 12-3  0.1176(34) G 29 0.034 0.126 124+207 22+044 0.16
13 Cruciferae B.oleracea 2-3 0.108(55) G 32 0.035 0.132  68*T130 2617054 0.17
var.botrytis
14 Cruciferae Eruca sativa  2-3 0.117(51) G 30 0.035 0.130 72*71.64 247054 0.38
15 Cruciferae Raphanus 2-3 0.102(39) G 35 0.035 0586 68T130 267054 0.38
sativas
16  Cruciferae Iberis amara  1-3 0.345(29) G 21 0.072 1205 32%+1.09 1.0*0.70 0.33
17 Cruciferae Cherianthus  4-5y  0.0412(97) G 20 0.008 0.134 2817044 0.670.54 0.35
cheri
18 Cucurbitaceae  Benincasa 6-8 0.615(13) G 31 0.019 0318 46*1.14 34*1.14 0.31
hispida
19 Cucurbitaceae  Luffa 7-8 0.533(15) E 34 0.181 3.02 26151 1.8+0.83 0.21
acutangula
20 Cucurbitaceae  Cucumis melo 3-4 0.555(18) E 36 0.199 331 281083 3.0%0.70 0.73
21 Cucurbitaceae  Momordica — 3-4 0.038(20) G 35 0.134 224 46+1.14 1.6+0.54 0.69
charantia
22 Cucurbitaceae  Citrullus 7-8 0.454(12) G 32 0.145 243 26151 26+054 0.07
vulgare
23 Malvaceae Hibiscus rosa- 7-8 3.16(22) S 21 0.663 11.09 181083 147%0.89 0.53
sinensi
24  Malvaceae Althaea rosea 7-8 0.024(20) G 19 0.004 0066 38*T1.64 047054 0.10
25 Myrtacea Eucalyptus 2-4 0.222(15) S 32 0.072 1.20 287083 3.0*T1.22 0.77
hybrid
26  Onagraceae Oenothera 6-7 0.037(18) S 21 0.007 0.117 24*089 18+044 0.10
dromundii
27 Papilionaceae  Lens culinaris 3-5 0.057(22) S 26 0014 0234 227083 22%+0.03 0.07
28 Papilionaceae  Pisum sativum 7-8 0.117(15) S 26 0.30 5.02 141054 261052 0.07
29 Leguminosae  Cicer 12-2 0.83(22) S 0.021 035 20+0.70  2.670.54 1.30
arietinum
30 Fabaceae Melilotus 3-6 0.324(15) S 32 0.007 0.117 20*0.70 1.6+0.54 13

indica
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Table 1. Continued

Plant Plant Flower Nectar Domi Sugar Sugar  Energy No. bees/m2 (n=5)
family species  period (ul) nant gy (mg)  (joules) .
sugar A.florea  A.dorsata Ratio

31 Rosaceae Prunus 3-4 0.112(20) G 35 0.039 0652 32%083 38*1.28 0.80
persica

32 Rosaceae P.domestica  3-4 0.032(18) G 30 0.009 0.150 62*178 40*10 1.18

33 Rutaceae Citrus sinensis 3-4 3.72(18) G 28 0.669 11.19  58*148 40*1.58 0.64

34 Rutaceae C paradisi 3-4 4.2(12) E 20 0.84 1406 28%t0.83 3.0*0.70 0.68

35 Rutaceae C Limettoides 3-4 4.18(25) S 21 0.86 1439 34+054 48*+13 0.07

36 Rutaceae C.medica var. 3-4 3.88(25) S 18 0.69 1155 34+054 52%083 041
galgala

37 Rutaceae C.maxima 3-4 3.84(25) E 20 0.76 1272 3.0%0.70 3.0*0.70 0.52

38 Plantginaceae  Anfirrtinum  10-2 0.25(40) E 28 0.07 1.171 1.6£054 0.8£0.83 0.50
majus

39 Plantginaceae  Linaria 6-10 0.04(40) S 30 0.013 0217 24*054 19F054 0.79
bipartita

40 Petunioideaec  Petunia alba  4-5 0.13(42) 22 0.029 0478  6.6T0.54 0 0.67

41 Verbeneaceae Lantana 4-10 0.188(54) S 24 0.045 0753 32%1.09 0.6*0.89 0.18
camera

42 Verbeneaceae L. indica 4-10 0.178(55) G 23 0.041 0686 34140 04F054 0.18

43 Verbeneaceae  Verbena 3-4 0.05(9) G 26 0.013 0.217 20X0.7 12*044 0.60
bipinnatifida

44  Leguminosae  Cajanus cajan 9-12 3.20(16) S 42 1.36 2276 267046 847F0.72 320

45 Umbelliferac  Coriandrum  2-3 0.0028(14) G 35 0.0009 0.0150 84*0.68 227%0.76 0.26
sativum

46  Umbelliferac  Foeniculum  2-3 0.0012(16) G 45 0.0005 0.0083 64*0.72 327%0.86 0.50
vulgare

47 Leguminosae  Medicago 4-5 0.035(12) G 37 00130 0217 60*f054 42F0.64 0.70
sativa

48 Leguminosae  Trifolium 3-4 0.015(18) G 38 0.0057 0.0954 8.0*042 42F044 0.52
alexandrium

49  Anacardiaceac  Mangifera 3-5 0.0026(16) G 36 0.0009 0.0155 4.6*052 12F0.24 0.26
indica

50 Leguminosae  Parkinsonia  3-4 0.106(18) G 42 0.045 0.753 221036 8.6F042 3.90
aculeata

51 Compositae Helianthus 5-7 0.025(12) S 43 0010 0.1674 80042 42%+0.64 0.52
annuus

*The numbers for flowering period indicate the month, in parentheses the number of flower sampled. Dominant sugar was expressed as

G, glucose, S, sucrose.

and the difference relates to its differential energy requir-
ements.

The occurrence of sucrose or glucose doiminated nectars
indicate that total caloric reward is an important factor for
foragers and determines their population on a particular
crop. Abrol (1985) found that large sized bees such as
Xylocopa fenestrata, Megachile lanata, M cephalotes and
Apis dorsata visited sucrose dominated flowers such as

Cajanus cajan and Pongamia glabra providing large

amounts of nectar with more caloric rewards than did Apis
florea and Pithtis smaragdula with their low energy
requirements relied on glucose dominated flowers of
Coriandrum sativum, Trifolium alexandrium, Medicago
sativa and Foeniculum vulgare. Wyke (1952) suggested
that bees preferred equi-proportioned sugars, viz glucose,
fructose and sucrose than any other combination but
neither Waller (1972) using behavioural responses, nor
Whitehead and Larsen (1976) with their electrop-



Foraging Strategies in Honeybees, Apis dorsata F. and Apis florea F. in Relation to Availability of Energy Rewards 15

Table 2. Correlation coefficient matrix exhibiting the relationship of bee activity with floral nectar characteristics

Correlation coefficient (r) with

Parameter Population/m2 Population/m2 Nectar sugar Sugar content/  Energy/flower/day
A. florea A. dorsata concentration (%) flower/day (mg) (joules)
Nectar volume (ul) 0.262ns 0.373%%* -0.329* 0.903** 0.923%%*
Nectar sugar concentration (%) 0.376%* 0.443%%* -0.161 ns 0.169 ns
Sugar content/flower/day (mg) -0.281%* 0.464%%* 0.988%*
Energy/flower/day (joules) -0.286* 0.463%*

*P<0.05; **P<0.01; ns= non significant; df=n-2=49.

Table 3. Multiple regression analysis of different nectar characteristics with honeybee species Apis florea and Apis dorsata

Beta coefficient for

Coefficient of
i X X X X i
Bees species Constant | 2 3 4 determination (R?) Residual
Apis florea (Y ) -1.114 1.319 0.207 126.73 -8.004 0.27 73
A. dorsata (Y,) -2.348 0434 0.147 6.506 0.279 0.51 49

Where, Y= Apis florea, Y, = A.dorsata, X ,=Nectar Volume, X,= percentage dissolved solids, X;= total dissolved solids, X,=energy per

flower.

hysiological studies support Wyke’s results. Bachman and
Waller (1977) also did not support her contention.

The other explanation of differential behavior of two
honeybee species is related to their body size (Harder,
1985). The body weight and tongue length of two
honeybee species, A. dorsata and A. florea are quite
different. Apis dorsata is larger in size having much higher
body weight and tongue length as compared to A. florea.
Evidently, Apis dorsata had higher energy requirements
and foraging rate than A. florea. Abrol (2006) studied the
foraging behavior of honeybee A. florea F. on carrot
(Dacus carota) flowers and found that of all the insects, the
dwarf honeybee A. florea F. was the most abundant. This
was mainly due to the fact that A. florea had much
suitability of its tongue length to the corolla length of carrot
bloom compared to A. dorsata. Besides, difference in the
body weight of two species is also responsible to determine
in the energy cost of an individual (Wolf, 1975; Wolf et al.,
1975). By this logic, A. dorsata spends more energy during
foraging and hence its foraging cost stands higher than A.
florea. This makes A. dorsata to become selective in
obtaining an energy reward.

Nectar enrichment and intermittent energy reward are
the other factors to determine the foraging strategies of the
bees (Waddington et al., 1981). Differential preference of

A. dorsata shown in table 1 can probably be explained well

by this point. Rewarding system developed by the flowers
enable pollinators to discriminate between the closely
related plant species or ecotypes. This has resulted in a co-
partnership between the flowers and their pollen vectors.
Co-evolution has brought a close correlation between
pollinator needs and floral energy expenditures (Heinrich,
1975a).

Species provide more intermittent energy reward com-
pared with the lower nectar yielding species. And if the
floral reward is coupled with the foraging cost of the bees,
only foraging on those species will be profitable whose
energy reward exceeds the foraging cost of a pollinator.
Probably, this is the reasons that A. dorsata preferred
Tecoma stans over Brassica compestris var. toria, Eucaly-
ptus sp. over Brassica juncea, T. stans over Eucalyptus sp.,
Citrus paradise over Eucalyptus sp. and C. limettoides
over Eucalyptus sp. On the other hand, A. florea did not
exhibit a specialized foraging pattern. The reason obv-
iously seems to be the low foraging cost which may be
compensated by the small quantity of nectar. Correlation
analysis and multiple regression analysis of the data also
confirmed the above observations.

The study examined parameters such as nectar sugar
composition of flowers, availability of rewards, nectar
volume, nectar concentration, energy per flower coupled

with body size and tongue length of bees which determine
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Fig. 1. Graphical representation of attractabilty of Apis dorsata and Apis florea to A) nectar volume, B) percentage of dissolved solids,
C) total dissolved sugar and D) energy per flower. X- Axis represent nectar volume, percentage of dissolved solids, total dissolved
sugar and energy per flower whereas Y- Axis represent dependent variables such as A. dorsata and A. florea.

foraging strategies of these bees. However, this gives rise
to many more questions for future research. These are:
what is the energy budget pattern of these bees? What is
the energy economy? How these bees respond to the
persistent versus intermittent energy rewards?, and what
should be the optimum floral reward which is profitable to
a species? The exploration of these questions is likely to
generate better understanding of plant strategies to attract
the pollinators, pollinator strategies to discriminate ‘major’
and ‘minor’ energy sources and ultimately the co
evolutionary basis of flower pollinator relationship.
Hence, these may prove fruitful in evolving high energy
rewarding varieties with reference to pollination of crops

and development of Apiculture.
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