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Abstract

Colonies of Apis florea, which only abscond a short distance, usually return to salvage old nest
wax; but, those colonies, and all other honeybee species which go considerably further, do not.
Wax salvage would clearly be counter-productive unless the energy input/energy yield threshold
was a profitable one. There are two possible trade-offs in this scenario, the trade-off between the
energy expended to recover the wax (recovering hypothesis) as against that of replacing the wax
by new secretion (replacing hypothesis). In order to compare the two hypotheses, the fuel costs
involved in salvaging wax on one return trip, the average flower handling time, flight time and
relative values for substituting the salvaged wax with nectar were calculated. Moreover, the
energy value of the wax was determined. Net energy gains for salvaged wax were calculated.
The energy value of the salvaged wax was 42.7 J/mg, thus too high to be the limiting factor since
salvaging costs are only 642.76 mJ/mg (recovering hypothesis). The recovery costs
(642.76 mJ/mg) only fall below the replacement costs for absconding distance below 115 m thus
supporting the replacing hypothesis. This energetic trade-off between replacing and recycling
plus the small absconding range of A. florea might explain why A. florea is probably the only
honeybee species known to salvage wax and it parsimoniously explains the underlying reasons
why A. florea only salvages wax from the old nest if the new nesting site is less than 100–200 m
away—energetically, it pays off to recycle.
Electronic supplementary material  The online version of this article (doi:10.1007/s00360-010-
0530-6) contains supplementary material, which is available to authorized users.
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Introduction

The secretion of wax and construction of combs represents a large metabolic investment by
honeybees, so that desertion or loss of the nest constitutes a substantial energetic expenditure
(Hepburn et al. 1984). Nonetheless, nest desertion by absconding or migrating colonies is a
common feature of tropical honeybees (Hepburn and Radloff 1998; Oldroyd and Wongsiri



2006). Despite the possible cost effectiveness of cannibalising wax from a deserted nest and
reusing it in the construction of a new one, this behaviour has been reported thus far in only one
species, the red dwarf honeybee, Apis florea (Akratanakul 1977; Dutton and Free 1979;
Booncham 1995; Wongsiri et al. 1997).

However, there is a peculiar element to this wax-salvage behaviour. Colonies, which abscond a
relatively short distance, less than about 200 m, usually return to salvage old nest wax
(Booncham 1995); conversely, those which go considerably further, as in seasonal migrations,
do not (Seeley et al. 1982). Thus, just as the timing of comb construction in temperate honeybees
requires the right balance between the energy costs of construction and the opportunity costs of
missed nectar flows (Pratt 2004), so too are the dwarf honeybees faced with decisions on the
expenditure of energy. Wax salvage would clearly be counter-productive unless the energy
input/energy yield threshold was a profitable one. The energetic trade-off could be either
between the energy of the wax recovered as against the energy invested to do so (recovering
hypothesis) or, alternatively, the energy invested to replace the wax as against the energy
invested to recycle the wax (replacing hypothesis).

Here we examine these hypotheses and report the results of measurements on absconding
colonies of the red dwarf honeybee to measure the energetic efficacy of wax recovery and
provide a first approximation for calculating the energetics of wax-salvage behaviour.

Materials and methods

Observations

Observations and experiments on six queenright colonies of A. florea were performed on the
Ratchaburi Campus, King Mongkut’s University of Technology Thonburi, in Chom Bueng,
Thailand (13.37N, 99.35E) during April–August 2008. The colonies were collected one at a time
from a nearby forest, moved at dusk, and suspended under an open-sided bamboo kiosk. Before
placing the colony in the kiosk, the total colony was weighed and the bees removed from the
comb and separately weighed. The average mass of 100 workers was determined to extrapolate
average individual bee weights. Measurements of the size of the comb (length, breadth and
width) were recorded and the bees were then returned to the comb and allowed to settle for 24 h
before the experiment commenced.

At dusk the next day, the brood comb extending below the crown and its supporting twig
(Fig. 1a) was cut away and removed to induce absconding. The rationale for removing the brood
area of the comb is that colonies on the verge of absconding usually wait until the sealed brood
has emerged before leaving the now empty natal nest. Removal of the brood comb usually
obviates this step (Woyke 1976). After removing the brood nest, the queen was caged and placed
in a box along with workers scraped from the comb. Then the comb crown attached to its twig
was weighed as was the newly separated brood comb. Finally, the colony was returned to the
comb crown and suspended in the kiosk (Fig. 1b).

http://www.springerlink.com/content/b627856173269748/fulltext.html#Fig1


Fig. 1 a The single comb nest of Apis florea (bees removed) consists of a bulbous waxen “crown” replete with
honey surrounding a twig and below which is the fan-shaped brood comb. The very white wax surrounding the fan
is newly secreted wax; the greater area consists of capped developing brood while the empty darkish group of cells
at the centre is brood cells from which an earlier generation has already emerged but in which the queen has not yet
laid a new series of eggs. To induce absconding, the comb below the crown is cut away. b The isolated “crown”
comb above the twig as it appears immediately after a colony of Apis florea has absconded. c The isolated “crown”
comb above the twig as it appears 1 week after a colony of Apis florea has absconded and during which wax-
salvaging foragers have stripped it of wax



The following morning, colonies were observed continuously until they absconded and the
distance flown to the new nest site measured when possible, usually about 100 m. However,
many colonies flew further and we lost them in the forest at these greater distances. Observations
on the comb crowns for the following 48 h showed that no forager of these far-flown colonies
returned to salvage wax. None of these colonies is included in the analysis since they were lost to
us so that it was not possible to measure the absconding distance. When one of the six queenright
colonies absconded, the crown comb and supporting twig were weighed and re-hung (Fig. 1b).
When returning wax-scavenging bees arrived at the comb crown, 13 different coloured craft
paints were used to mark individual bees on the thorax enabling us to identify those returning
more than once for wax collection. The comb crown was weighed once after 24 h and again
1 week later to determine the amount of wax collected following absconding (Fig. 1c). Finally,
five individual foragers laden with salvaged wax in both their corbiculae were caught and the
total weight of wax/bee measured. After 1 week, the comb crown wax remaining on the twig was
removed and the twig weighed to determine what the original comb crown weight had been.

The crop loads of 20 randomly collected nectar foragers of neighbouring queenright colonies and
the wax loads of five workers of each of the absconded colonies were measured to obtain the
relevant data for the energetic calculations, and the time needed to load the wax.

Energy considerations

Energy values of samples of beeswax from A. florea were measured using standard calorimetric
analysis in a modular calorimeter (MC-1000 Operators Manual) and are expressed in
megajoules/kilograms (=J/mg). The average energy value for honey is 1,271.936 kJ/100 g
(National Honey Board, USA 2010) and bees need about 6.25 kg of honey to produce one
kilogramme of wax (Weiss 1965). The values are based on A. mellifera but due to the lack of
data for A. florea are taken as reasonable estimates. The amount of floral nectar required to
produce 6.25 units of honey was calculated based on an average sugar content of nectar (25%,
Root 1972) in relation to honey (80%, White and Doner 1980).

The following data were taken as constants for A. florea: flight speed (4.81 m/s) and mass
specific metabolic rate during flight (400 W/kg thorax) (Dyer and Seeley 1987). The cost of a
single salvaging trip to obtain wax (mJ) and the energetic costs involved in securing the amount
of floral nectar necessary to produce the same amount of wax were calculated. Furthermore, the
distance at which the cost of salvaging wax is equal to the cost of substituting floral nectar to
obtain the energetic equivalent of salvage wax was also calculated.

Results

The rather variable results on wax salvage by six colonies of A. florea are shown in Table 1.
Colony size varied from 3,715 to 25,200 bees and there was no significant correlation between
colony size and weight of the original comb (r = −0.33, P = 0.520). The observed absconding
distances of the colonies were 51.5 ± 27.9 m (mean ± SD) to a new nesting site with a range of
15–89 m. Pre-absconding net comb crown mass averaged 79.1 ± 96.1 mg. Slightly over half of
this wax, 42.2 ± 66.5 mg, was salvaged within 24 h and, by the end of 1 week, only an additional



4.11 mg had been removed. Thus, nearly 60% of the wax available was quickly removed which
staves off competition from any other scavenging colonies.

Table 1 The weights of the workers of the colonies absconded, the comb, the crown and the total amount of
salvaged wax taken (unit is mg)

Colony Bee weight Comb weight Crown weight Total taken

1 78.02 186.82 112.53 112.01

2 308.93 114.24 30.46 28.22

3 290.28 81.71 8.24 5.42

4 529.96 226.81 44.63 34.90

5 413.80 57.03 18.30 12.81

6 251.25 352.07 260.21 241.63

Mean 312.04 169.78 79.06 72.50

SD 152.83 109.84 96.11 91.23

There was no significant correlation between colony size and the amount of wax taken
(r = −0.46, P = 0.356). In fact, the smallest colony (3,715 bees) salvaged 76.6 mg wax which is
significantly greater than the 7.04 mg salvaged by the largest colony (25,200 bees). The salvaged
wax loads in both corbiculae of five individual foragers ranged from 0.7 to 1.2 mg and averaged
1.12 mg. The mean gross energy of the A. florea wax was 42.7 ± 0.1 J/mg.

There was a highly significant correlation between the amount of wax present in the crown on
absconding and the amount subsequently salvaged: the greater the amount of crown wax
available, the more taken (r = 0.99, P < 0.001). Furthermore, the workers stayed on average
6.3 min (±2.1) to salvage one load of wax. The crop content of nectar foragers ranged from 7 to
13 μl with an average of 8.18 μl (±2.0).

Energetics of salvaging wax

The costs involved in salvaging wax by a worker and in substituting the salvaged wax with
nectar were determined using the following parameter values (for the complete list and
references see Table 2):



Table 2 Parameters, symbols and values used to calculate the net energy gains for salvaging wax

Parameter Symbol Value References
Absconding distance d 51.5 m This study

Foraging distance D
Mean 51.5 m

Median 268 m

This study, based
on “d”

Dyer and Seeley
(1991)

Mass specific metabolic rate
of flying bee r f 0.4 mW/mg Dyer and Seeley

(1987)
Mass specific metabolic rate
of non-flying bee r s 0.05 mW/mg Schmid-Hempel et

al. (1985)
Increase % of mass metabolic
rate for each mg of additional
weight

1%/mg Schmid-Hempel et
al. (1985)

Mass of bee m b 26.165 mg This study
Mass of wax load m w 1.12 mg This study
Mass of nectar load m n 9.91 mg This study

Flight speed v 4.81 m/s Dyer and Seeley
(1987)

Handling time for wax
salvage t w 378 s This study

Handling time for nectar
collection t n 159 s This study

Number of trips to collect
nectar for one load of wax T 2.26 This study

Amount of honey needed to
produce 1 kg of wax

To calculate the amount
of nectar needed to
replace the wax

6.25 kg Weiss (1965)

Energy of honey To calculate the energy
intake of the nectar 1,271.936 kJ/100 g National Honey

Board, USA (2010)
Nectar load 8.18 μl This study

Specific weight of nectar To calculate the mass of
a nectar load 1.1125 of water

Mass specific metabolic rate of flying bee (r f) = 0.4 mW/mg

Mass specific metabolic rate of non-flying bee (r s) = 0.05 mW/mg

Mass of bee (m b) = 26.165 mg

Mass of wax load (m w) = 1.12 mg



Mass of nectar load (m n) = 9.91 mg

Absconding distance (d) = 51.5 m

Flight speed (v) = 4.81 m/s

Handling time for wax salvage (t w) = 378 s (6.3 min)

Handling time for nectar collection (t n) = 159 s

Number of trips to collect nectar for one load of wax (T) = 2.26

Cost involved in salvaging wax in one return trip

(1)

where E wax_OUT denotes the energy spent on the flight out, E wax_HANDLE the energy used
during handling the wax and E wax_IN the energy spent on the flight back with the wax load.
The energy spent by a worker on the flight out is given by

(1a)

giving E wax_OUT = 112.1 mJ.

The energy used by the worker during handling the wax is given by

(1b)

giving E wax_HANDLE = 494.5 mJ.

The energy spent on the flight back with the wax load is given by

(1c)

where the mass specific metabolic rate is increased by 1% for each mg of additional weight of
wax (Schmid-Hempel et al. 1985), giving E wax_IN = 113.3 mJ.

Entering the values of Eq. 1a–1c into Eq. 1 results in:

the cost involved in salvaging wax in one return trip or the costs are 642.89 mJ/mg wax
salvaged.

http://www.springerlink.com/content/b627856173269748/fulltext.html#Equ1


Cost involved in substituting the salvaged wax with nectar

In order to produce 1.12 mg of wax (equal to 1 load of 1 worker), 7 mg of honey is needed
(6.25 mg honey/mg wax, Weiss 1965). Honey has a sugar concentration of about 80% and nectar
has a concentration of about 25%; thus, to take in the same amount of energy, the bees must
harvest 22.4 mg nectar (7 mg × 80/25), ignoring the energy needed to convert the nectar into
honey for simplicity. The average crop load was 8.81 μl, and the specific weight of a 25% nectar
solution is 1.1125; so workers carry 9.91 mg. From this it follows that bees require 2.26 foraging
trips to garner 22.4 mg of floral nectar.

However, there is the question of the availability of floral nectar, which clearly affects the time
required to collect 9.91 mg. If we use a simple example of rape, Brassica, a single flower
produces 9–27 mg in 24 h (Farkas 2008). Taking the lower end of the range, and assuming a
linear production over 24 h, this would result in 0.375 mg/h available per flower. Therefore, a
worker has to visit 26.4 flowers, spending 6 s per flower (Farkas 2008) and requires a handling
time of 159 s to fill the crop.

Energetics of substituting wax with nectar

(2)

where E nec_OUT is the energy used flying out, E nec_HANDLE the energy used during handling
the nectar and E nec_IN the energy invested flying back with the nectar load.

The energy spent by a worker on the flight out is given by:

(2a)

where D is the average foraging distance. Assuming the same distance as in Eq. 1a,

D = 51.5 m, giving E nec_OUT = 112.1 mJ.

The energy used by the worker during handling the nectar is given by:

(2b)

giving E nec_HANDLE = 208.0 mJ.

The energy spent on the flight back with the nectar load is given by:

(2c)

where the mass metabolic rate is increased by 1% for each mg of additional weight of nectar
(Schmid-Hempel et al. 1985), giving E nec_IN = 123.2 mJ.



Entering the values of Eq. 2a–2c into Eq. 2 results in:

E nectar = 2.26 · (112.1 mJ + 208.0 mJ + 123.2 mJ) = 1,001.85 mJ.

Net energy gain = E nectar − E wax = 1,001.85 mJ − 719.89 mJ = 281.96 mJ.

The energy gain for salvaging the wax instead of replacing it with nectar would be 282 mJ under
the condition that average absconding distance and average foraging distance are both 51.5 m.

By setting Eq. 1 equal to Eq. 2 and solving for d, the absconding distance, one obtains the
maximum distance at which energetically salvaging and collecting nectar cost the same:

Obviously, this depends on the average foraging distance D. At a distance of 115.9 m, the energy
spent salvaging wax would be equal to the energy spent substituting the wax with nectar under
the assumption that the average foraging distance is 51.5 m. Using the median foraging distance
estimated by Dyer and Seeley (1987) of 268 m, salvaging wax would be energetically beneficial
up to 607 m (Fig. 2). The data from Punchihewa et al. (1985) are similar to our observations that
the median foraging distance is below 150 m (see Figs. 3 & 8 of Punchihewa et al. 1985).

Fig. 2 Relationship between average foraging distance and absconding distance—the dashed line represents the
situation when the energy invested for salvaging equals the energy invested to replace the wax with nectar based on
an average foraging distance of 51.5 m (this study). The dotted line is the same calculation assuming a median
foraging distance of 268 m (Dyer and Seeley 1991). Above the diagonal line it would be energetically beneficial to
collected nectar, below it would be more beneficial to salvage the wax



Discussion

To make a single return flight to the old comb to salvage wax, a worker spends 112.1 mJ for the
flight, for handling the actual wax it takes 378 s and uses 494.5 mJ, and to carry the wax load
home a further 113.3 mJ, equalling a total 719.9 mJ. The energy value of a wax load recovered is
47.8 J. Since one salvaging trip costs only 1/70 of the energy recovered (719.9 mJ or 0.7 J), an
even longer flight distance of several kilometres would still be beneficial if the trade-off were
between energy invested and energy recovered.

The observations and calculations support the replacing hypothesis that wax salvaging is a trade-
off between the energy invested to recycle the wax as against the energy replacing it. Salvaging
wax does not yield an energetic gain if the absconding distance is greater than 115 m (under the
assumption that the average foraging distance is 51.5 m). If the average foraging distance is
actually smaller, e.g. nectar sources are closer to the new nest site, the cut-off distance is less
(Fig. 2). That energetic trade-off and the unique behavioural ecology of A. florea, e.g. small
absconding range, might be the reason why A. florea is the only species of honeybees that has
been reported to salvage wax. Apis florea only salvages the crown of the comb, which is where
honey and pollen are stored, most likely for efficiency reasons. The main part of the comb is
used for brood rearing so during the brood cycles the silk of the pupae remains in the cells
(Hepburn 1986). This silk however reinforces the combs, which substantially increases both the
tensile strength and the stability of the cells (Pirk et al. 2004) and therefore makes it more
difficult to harvest the pure wax.

Indeed the trade-off scenario holds for other species like A. mellifera which has an average
foraging distance of about 1,000 m (Seeley 1985) and a minimum absconding range of about
6,000 m (Schneider 1990). If our model is parameterized for these values then salvaging is not
energetically profitable for this species (Figure S1; Table S1). An average foraging distance of
1,000 m means that wax salvaging would only be beneficial with an average absconding distance
of below 468 m. The costs for a wax trip (6 km one way) would be around 71.6 J and to replace
the wax with nectar would cost only 6.8 J. Generalising these considerations would explain why
it is not beneficial for any other species, except possibly, Apis andreniformis, to salvage wax.

The six absconding colonies flew an average distance of 51.5 ± 27.9 m to a new nesting site and,
within these limits, there was no significant correlation between distance moved and the amount
of wax salvaged. Distance between the new and old nest site is an important parameter since
colonies, which abscond further than 100 m away do not return to salvage wax (Seeley et al.
1982). Indeed, the energetic trade-off scenario described here supports that observation.

To salvage the wax from an old nest site around 200 m away would only be feasible if the
average foraging distance is above 75 m (Fig. 2). The proposed trade-off between energy
recovery and distance gives a parsimonious explanation why such behaviour is only observed in
A. florea, despite the fact that worker bees of all honeybee species can be observed salvaging
abandoned propolis, wax and honey stores. Published data on foraging distances show that A.
florea workers can travel about 800 m to forage on artificial feeders and this suggests that
absconding is less related to tapping new resources than to microclimatic parameters related to
the nest itself. The energetic trade-off nicely explains the underlying reasons why A. florea only



salvages wax from the old nest if the new nesting site is less than 100 m away—energetically, it
pays off to recycle.

Acknowledgments  We thank S. Pratt, J. Boyles and C. L. Sole for valuable comments and the
Claude Leon Foundation, the NRF and the University of Pretoria for financial support (CWWP).

References

Akratanakul P (1977) The natural history of the dwarf honey bee, Apis florea F. in Thailand. Thesis,
Cornell University, Ithaca, New York, USA, pp 1–91

Booncham U (1995) Niche differences among four sympatric species of honey bees in dry-evergreen
forest. Thesis, University of Chulalongkorn, pp 1–117 (in Thai)

Dutton RW, Free JB (1979) The present status of beekeeping in Oman. Bee World 60(4):176–185   Dyer
FC, Seeley TD (1987) Interspecific comparisons of endothermy in honeybees (Apis): deviations from the
expected size-related patterns. J Exp Biol 127:1–26

Dyer FC, Seeley TD (1991) Dance dialects and foraging range in three Asian honey bee species. Behav
Ecol Sociobiol 28:227–233

Farkas A (2008) Nectar production and nectar sugar composition of three oilseed rape (Brassica napus)
cultivars in Hungary. Acta Hortic 767:275–284

Hepburn HR (1986) Honeybees and wax: an experimental natural history. Springer, Berlin   Hepburn HR,
Radloff SE (1998) Honeybees of Africa. Springer, Berlin

 Hepburn HR, Hugo JJ, Mitchell D, Nijland MJM, Scrimgeour AG (1984) On the energetic costs of wax
production by the African honeybee, Apis mellifera adansonii. S Afr J Sci 80:363–368

National Honey Board, USA (2010) http://www.honey.com/nhb/technical/technical-reference/. Accessed
25 Jan 2010

Oldroyd BP, Wongsiri S (2006) Asian honey bees. Harvard University Press, Cambridge, p 340

Pirk CWW, Hepburn HR, Radloff SE, Tautz J (2004) Honeybee combs: construction through a liquid
equilibrium process? Naturwissenschaften 91:350–353

Pratt SC (2004) Collective control of the timing and type of comb construction by honey bees (Apis
mellifera). Apidologie 35:193–205

Punchihewa RWK, Koeniger N, Kevan PG, Gadawski RM (1985) Observations on the dance
communication and natural foraging ranges of Apis cerana, Apis dorsata and Apis florea. J Apic Res
24:168–175

 Root AI (1972) ABC and XYZ of bee culture an encyclopedia pertaining to scientific and practical
culture of bees, 23rd edn. A.I. Root Company, Medina

http://www.honey.com/nhb/technical/technical-reference/


Schmid-Hempel P, Kacelnik A, Houston AI (1985) Honeybees maximize efficiency by not filling their
crop. Behav Ecol Sociobiol 17:61–66

Schneider SS (1990) Nest characteristics and recruitment behaviour of absconding colonies of the African
honey bee, Apis mellifera scutellata (Hymenoptera: Apidae). J Kansas Entomol Soc 3:225–240

Seeley TD (1985) Honeybee ecology: a study of adaptation in social life. Princeton University Press,
Princeton

Seeley TD, Seeley RH, Akratanakul P (1982) Colony defense strategies of honeybees in Thailand. Ecol
Monogr 52(1):43–63

Weiss K (1965) Ueber den Zuckerverbrauch und die Beanspruchung der Bienen bei der Wachserzeugung.
Z Bienenforsch 8:106–124

White JW, Doner LW (1980) Honey composition and properties. In: Beekeeping in the United States.
USDA agricultural handbook, vol 335, pp 82–91

Wongsiri S, Lekprayoon C, Thapa R, Thirakhupt K, Rinderer TE, Sylvester HA, Oldroyd BP, Booncham
U (1997) Comparative biology of Apis andreniformis and Apis florea in Thailand. Bee World 78(1):23–
35

 Woyke J (1976) Brood-rearing efficiency and absconding in Indian honeybees. J Apic Res 15:133–143


