MeliponaGARBAGE BEES RELEASE THEIR CARGO
ACCORDING TO A GAUSSIAN DISTRIBUTION

KERR, A. St and KERR, W. B.
lnstitute of Physics, Dept. Applied Physics, University of Sdo Paulo, CEP 05508-900, S&o Paulo, SP, Brazil
’Federal University of Uberlandia, Dept. Genetics and Biochemistry, CEP 38400-902, Uberlandia, MG, Brazil

Correspondence to: Warwick Estevam Kerr, Federal University of Uberlandia, Dept. Genetics and Biochemistry,
CEP 38400-902, Uberlandia, MG, Brazil

Received August 08, 1996 — Accepted September 09, 1998 — Distributed February 23, 1999
(With 1 figure)

ABSTRACT

Worker bees oMeliponacompressipeandMelipona scutellarigMeliponinae, Apidae) colonies, in-
volved in carrying garbage to the outside of the nest, dump each individual load cargo of cocoon pellets
(cocoon + larval feces + remaining wax). Rdelipona scutellarighey weight a mean of 27.8 mg,

and are dropped at a distance of 1 to 45 m and between 1 and 33Vmdompressipesaccord-

ing to a Gaussian Distribution. In the casévbfscutellaristhe expression is:
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A
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(¥) = bx od2r Xpaigwhere

N(x) = number of pelletsExp = e elevated to the expression in brackets;distance in meters; the
linear term bx) describes accidental cargo slipping.

The constants for the observed data are:0.69;A = 1363;0 = 2.16 m;<x> = 32.14 m.
Evolutionary aspects of this method of disposal of garbage are discussed.

Key words:stingless beedylelipona scutellarisMelipona compressipegarbage bees, Gaussian Distri-
bution, garbage release.

RESUMO
Abelhas lixeiras deMelipona soltam suas cargas conforme uma distribuicdo normal

As operarias lixeiras deleliponacompressipes Meliponascutellaris(Meliponinae, Apidae) soltam
sua carga de casulo + fezes + cera (que pesa em média 27.8 Mglipomascutellarig a distancia

de 1 a 35 m parkleliponacompressipes de 1 a 45 pandleliponascutellaris de acordo com uma
Distribuicdo Gaussiana. Para o casdviidiponascutellarisa expresséo € :

O-(x - P O

N(X) = bx+ J_ Expaigem que,

N(x) = numero de carga&xp= e elevado & expresséo entre colchexes;distdncia em metros; o
termo linear Ifx) expressa escorregamentos acidentais de carga.

Foram determinadas as seguintes constantes para os dados obskrvé@j63;A = 1363,0 = 2,16 m;
<x> = 32,14 m. Foram discutidos aspectos evolutivos desse método de lidar com o lixo.

Palavras-chaveabelhas sem ferradjeliponascutellaris Meliponacompressipgsabelhas lixeiras,
Distribuicdo Gaussiana.
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INTRODUCTION MATERIALS AND METHODS

Comparative studies of biological activities Twenty hives oMelipona compressipegere
of stingless bees are important to the understandingsed in S&o Luis, MA, Brazil (2°31'S; 44°16’'W)
of the phylogeny among the groups. The releasingn 1986, and 20 oMelipona scutellaris in
of the garbage to the outside of the hives differdJberlandia, MG, Brazil (18°56’S, 48°18'W) in
considerably in different species of beéqis 1993. Both in S&o Luis and Uberlandia the hives
melliferabees (Apidae, Apinae) defecate outsidewere arranged on a three floors shelf, in a same
the hive (except for the queen). Stingless beesertical plan. The measurements of the distances
(Apidae, Meliponinae) defecate within the hive were taken from the center of the base of the shelf
and these feces are brought by garbage bees o the mark of a melted wax dropped in a long
two stages to the outside. one meter wide paved way. A first measurement
Bees of the subfamily Meliponinae live inside of the weight of 20 complete sets of cocoon +
a sealed waxy alveolus from the egg till the prepufeces + wax was 576 mg (each weight 28.8 mg).
pal stage. At the end of the larval phase each larvA second measurement collected the following
weaves a thin silk cocoon. This silk lines the in-data: 5 sets of cocoon + feces + wax before taken
terior of the wax cell. Adult worker bees removeto the garbage mound weight 184 mg (1 alveo-
the wax from cocoon in order to employ it in otherlus weight 36,8 mg). The weight of five sets of
constructions and also for allowing more air to filtercocoons with 50% of their heights cut in the pro-
through the silk for the pupa. Some wax plus thecess of the releasing of the alveoli from the combs
silk cocoon and the feces produced by the prepupand transportation to the garbage mound was 139
before pupating are left behind at emergence. mg (1 cell = 27,8 mg). Watchings were also made
The bee tears the superior part of the cocoorin three nests dfestrimelitta limaoand two of
emerges, and begins its adult life. For three to fouFrieseomelitta varia.
days this worker stays on the brood comb heat- Our data were analyzed with the help of the
ing larvae and pupae. Origin V.4.0 Program (from the Microcal Soft-
Between the 9th and 14th day they build newware, Inc.).
wax cells and provision them with pollen, honey
and glandular food for the queen both to eat a little RESULTS
and to oviposit. At around 18 to 20 days of age,
the bees become garbage collectors within the hive.  The workers oMelipona scutellarigelease
These workers remove each used cocoon, and platieeir cargo of cocoon + feces + wax to a certain
it on a garbage mound within the nest. At aboutistance from the colony. The sun melts the wax
25 days of age, the workers begin the labor obf the pellets leaving in the cement paved soil a
taking these cocoon pellets (comprised of cocoorharacteristic dark mark.
silk + feces + wax) out of the hive (Keet al., In 1986, flying garbage bees bfelipona
1996). compressipesvere seeing releasing the cargo
Workers ofLestrimelitta limaorelease all (cocoon + feces + wax) between 1 to 35 m dis-
garbage directly from the hive entrance andant. Two sets were released at smaller distances
workers ofFrieseomelitta variado it within less  than three meters, 10 were released between 23
than one meter of the hive. Observation of somend 30 m, and one between 30 and 35 m from the
Melipona compressipdsves gave us the impres- hive. About 800 were released between seven and
sion that they dispersed the compound pellet cargpd3 m, with a media in 18 m. This configuration
(cocoon + wax + feces) under a mathematicabf cargo releasing indicates that garbage bees of
pattern. An enormous quantity of beauty in na-+this species might release the comb residues at
ture follows mathematical rules. a standard distance subjected to a random variation
The formation of the figures of shells and due to both imprecision of evaluation of the
snails has been recently studied by Meinhardvorkers about the position where it is and to
(1995). The objective of this paper is to find outeventual escapement of the cargo.
if our hypothesis is actual and if it contains an In 1993, this type of observation was re-
evolutive explanation. peated withMelipona scutellarisThe number of
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melted pellets marks in the soil and their respectivé&-urthermore at Fig. 1 it can be seen a smoothly
distances to the colonies were quantified with moréncreasing background. These points were fitted
data and more precision. The results are in Tablby the linear termi), in Equation 1. It means
1. Some larvae that were killed by an unusual coldthat the chance of happen an accidental releas-
in two days, when external temperature decreasedg, during the fly, increases linearly with the
to 1°C and 22C, and weighed 120 to 160 mg were distance from the hive.
released from 0,5 to 5 m; they are very smooth The functional fitting provided a useful way
and felt easily from the bee mandibles. In this casdp analyze our data, since it simplifies the test of
the same or another bee takes it and releasesdifferent hypothesis. Either a pure Gaussian or a
10 to 15 m far. Gaussian plus a constant or a linear term, provided

The average distancex>) of garbage re- good fit to theMelipona scutellaridlata set. The
lease in the data of Table 1 is 30.9 m with stanGaussian term is evidently dominant, although the
dard deviationd) of 5.2 m. The points of release inclusion of the linear term provided the best
carried out at 16 m or less are at more than .95 correlation and biological interpretation. It enabled
from the average and therefore, they have a prolie distinguish between dump or slipping of the
ability of 0.42% or less of belonging to this dis- garbage, and the calculation of the specific con-
tribution. They may be considered as atypicalstants of each process. The mean and standard
caused by badly succeeded transportation, that igleviation, in this case, are obtained as parameters
the worker left the cargo to slip before time; thisof the adjusted function and are very close to the
allow us to estimate a new media and error for th@alues obtained, with the exclusion of the atypical
all other points<x> = 31.9 m andr = 2.8 m. points k < 16 m).

The distribution was analyzed adjusting it This strengthens the qualitative visual ob-
through a Gaussian function for all points, usingservation thaMelipona compressipasorkers also
the least squares method. The expression fitted waelease their cargoes according to this type of

distribution, being possible to estimate the param-

N(X) = bxe+ ey (X B0 eters associated to their Gaussian curve even from
- o2 H 20° H 1) the few data that were collected for this species.

The mean is around 18 m. It should be remem-
whereN(x) = number of cocoon pelletg;= dis-  pered that this is a bee stronger tihdelipona
tance in m; Exp = the base of Natural Logarithmscytellaris that had a mean of 32.1 m. From a total
(e=2.71828...) elevated to the exponent insideyf 820 pellets, 800 were concentrated in 16 m that
the brackets; the linear terrhx) describes the s, 97.6% of all cases, givenaa= 3.54 m.
accidental cargo slipping. This characteristic of releasing their cargo

The data fitted for the observed data are;according to a Gaussian distribution is not gen-
b=0.69+0.22;A = 1363 + 96;0 = standard eral to all meliponid species; workerslofstri-
deviation = 2.16 + 0.13 nxx> = mean distance = melitta limaq the pirate bee for instance, release
32.14 £ 0.10 m. The correlation coefficient wasthe garbage right in front of the hiigieseomelitta

0.994 (P< 0,001). varia workers release all the garbage in less than
1 m. In some species the workers release the gar-
DISCUSSION bage to the outside very near to their own nest.

Among the bad consequences that such behav-
Bees have a great quantity of biological datgor may bring are:

that were naturally selected and that fit mathemati- a) May attract the terrible enenf§seudo-
cal equations and curves that likely are the ones hypocera kertesZDiptera, Phoridae).
that provide them the best adaptability (Darwin, b) The garbage may alert the carnivore irara
1859; Vogt, 1911). In the present case one con- (Eira barbara, Mustelidae) that usually
cludes that, except for cargo that slipped before destroy the nest to eat the honey, pollen,
and fell occasionally, the workers bfelipona brood and bees.

scutellarisrelease the set of cocoon (plus larval c) In case of disease, these species will main-
feces and a small quantity of wax) according to tain a focus of it very near to the colony
the normal distribution term in the Equation 1. for a longer time.
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TABLE 1
Distribution of cocoon pellet drops byMelipona scutellarisalong a long paved walk.
Position intervals Interval center Frequency of pellets Fitted
(class intervals) (class mark)

(m) (m)

0-1 0.5 0

1-3 2 1 1
3-4 3.5 Grass (1) 2
4-6 5 7 3
7-11 9 Grass (1) 6
11-13 12 7 8
13-15 14 18 10
15-17 16 16 11
17-23 20 Roof and grass (1) 14
23-25 24 19 17
25-27 26 21 22
27-29 28 68 59
29-31 30 176 175
31-33 32 263 273
33-35 34 216 197
35-37 36 52 76
37-39 38 34 33
39-49 Street (1)

(1) There was no possibility to count the pellets felt in these places since the wax does not melt on this type of substrate
and change of places with the wind.
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Fig. 1 — Gaussian Distribution plus a linear terbx) that fits observed values of garbage pellets (wax + feces + cocoons)
released by worker bees bfelipona scutellarishroughout an axis from the hive to 40 meters. Data in page 121.
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