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Preface

Stingless beekeeping (meliponiculture) in the Yucatan is an ancient activity.
Nowhere else in the world meliponiculture reached the level of technical skills and
productivity attained by the Maya in Mesoamerica with the stingless bee Melipona
beecheii. However, changes in the economic system, together with severe deteriora-
tion of the habitat, caused a steady decline of this activity, almost to the verge of
extinction. Fortunately, a series of events coincided in the mid-1980s that helped
raising concern and renewed interest with important initiatives to rescue meliponi-
culture in the Maya region. In my opinion, 1986 was a critical year due to the arrival
of the Africanized bee. The Africanization of European apiaries, drastically changed
beekeeping in the whole of Mexico, but especially in the Yucatan Peninsula. In this
area, with one of the largest densities of managed honey bee colonies in the Americas
(17-21/km?), hives were traditionally kept in the backyard of rural homes. To avoid
stinging accidents, apiaries had to be relocated in the forests, further away from
human settlements, leaving a vacant niche in rural homes. At around the same time
Jorge Gonzdlez Acereto, a tireless promoter of stingless bees and meliponiculture in
Mexico, started the characterization of nests of species from the Yucatdn Peninsula,
with the objective of designing modern hives to keep them. Other students and I
were involved in that project. Then, like most people, I was totally unaware of the
existence of these insects and their ancient cultivation. We travelled the Yucatan,
searching for colonies and species and got to know several stingless beekeepers
from whom I learnt the importance and cultural value of this Mayan heritage. We
visited remote rural villages in the forests of the Yucatan where stingless beekeeping
had survived thanks to isolation from modern cultural influences. New species, like
M. yucatanica, were discovered during our travel. With advice of various recog-
nized researchers, as Professor Paulo Nogueira and Virgilio de Portugal Araujo,
wooden hives of suitable size were produced for our different stingless bee species.
This started the modernization of stingless beekeeping in the Yucatan, allowing bet-
ter management and improvement on the production and quality of bee products. I
obtained my bachelor’s degree with a thesis investigating the development of colo-
nies of M. beecheii in various types of hive and concluded that, colonies did not
adapt to hives with excess volume because of thermoregulation problems. The
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development of modern husbandry, together with the promotion of stingless bee-
keeping as an alternative activity for rural villages, triggered a rebirth of the activity.
With support from the government, several groups of farmers, especially women,
got involved in meliponicuture, and started to take over the empty niche left by
honey bees. Initiatives like the Seminario Mesoamericano sobre Abejas Nativas,
devised by Margarita Medina and other stingless bee enthusiasts, helped to gather
scientists and beekeepers around similar objectives.

Nowadays, stingless bees have become a phenomenon all over the Yucatan
Peninsula and other regions of Mexico. Indigenous groups and agencies are promot-
ing M. beecheii and other species like never before. However, here lays a paradox:
the recent popularity of stingless beekeeping is also becoming a major hazard.
Uncontrolled selling of colonies because of high demand, and the negative impact
of inexperienced instructors are threatening the activity, perhaps at a larger scale
than ever. An avalanche of written and visual information on stingless bees can be
found today in social networks, especially for Latin America. Unfortunately, much
information found on these platforms lacks support and can be seriously mistaken,
but accepted to the letter by inexperienced hobbyists, in detriment of colonies.

A great deal of scientific information has accumulated on stingless bees.
However, it is generally dispersed and not easily available to the Spanish speak-
ing public. One purpose of this book is to compile information on different aspects
of the biology and management of stingless bees and (hopefully) make it accessible
to students, academics, instructors, and the general public. The original work in
Spanish, is aimed at readers in México, where information on these insects is lim-
ited. I dared to translate this work to English, intending that the information pro-
duced in Mexico (and Latin America), could be better known in other regions. I take
full responsibility for the mistakes.

I would like to acknowledge many colleagues, with whom I have shared con-
structive scientific discussion, and pleasant times for several years. I particularly
thank friends, who kindly reviewed and commented on earlier versions of the differ-
ent chapters: Rodolfo Jaffé, Claus Rasmussen, Rob Paxton, and Adam Hart. My
sincere thanks to all of you. My profound gratefulness to the agencies that have
supported my research during all this time: the International Foundation for Science
in Sweden, Fundacién Produce Yucatdan 2001-2007 (Manejo tecnificado de abejas
sin aguijon y su uso en la polinizacién de cultivos), SISIERRA (Rescate de mel-
ponicultura en la Peninsula de Yucatin), CONACyT Projects 2002-1556
(Rescate,conservacidon y mejoramiento genético de los recursos apicolas de México),
103341 (Conservacion de las abejas sin aguijon de México), B237532 (Climate
change and pollinators), and SAGARPA-CONACYT 291333 (Manejo sustentable
de polinizadores).

I would also like to acknowledge my colleagues in the Department of Tropical
Apiculture and my institution the Universidad Auténoma de Yucatdn. Teresita Solis
and Humberto Moo-Valle contributed with photographs and information in Chaps. 6
and 8, thank you for your help. Finally, I thank the many students and stingless
beekeepers for their help and enthusiasm; you have made my work truly enjoy-
able. I dedicate this book to my beloved parents, Evangelina and José Guadalupe,
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my sisters Elia and Rosa, my dear friend and companion Alvaro Pat, my aunt
Catalina, and my niece and nephew Mariana and Bernardo. Thank you all for your
support and understanding.

Meérida, Yucatan, Mexico José Javier G. Quezada Euan
February 2018
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Chapter 1
Taxonomy and Diversity of the Stingless
Bees

The two species of Melipona present in the Yucatan Peninsula. Left M. (Melikerria) beecheii and
right M. (Melipona) yucatanica.

The bees are among the largest and most diverse group of insects. A worldwide
estimation of 20,000 bee species is presently acknowledged (Roubik 1989).
Mexico’s bee fauna is considered mega-diverse encompassing an estimated 1800
species, representing approximately 10% of the world richness (Ayala 2006).

Together with their close relatives, the ants and wasps, the bees constitute the
order Hymenoptera or membrane-winged insects (Michener 1974) (Fig.1.1). As a
taxonomic group, the bees can be separated from their wasp relatives mainly by
their feeding habits, being predominantly vegetarian (with a few exceptions). They
feed upon nectar and pollen during their larval development and adulthood. The
bees have evolved especialized structures for the collection of resources from plants,
which are also useful in their taxonomic characterization (Michener 2000).

The bees or Apiformes are classified into seven families within the superfamily
Apoidea, which also includes the sphecoid wasps (Michener 2000). One of these
families of bees, the Apidae, is the most diverse and includes a small group in which
the pollen-transporting apparatus of the females is the corbicula or pollen basket
(Michener 1999; Hedtke et al. 2013; Fig. 1.2). The other Apidae as well as members
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;--- Crustacea o =

— Odonata
{ Orthoptera
""" Phasmida
Blattaria

CLASS { Heteroptera

INSECTA Homoptera
Coleoptera
Hymenoptera
Lepidoptera
Diptera

Fig. 1.1 Simplified phylogeny of the orders within the class Insecta. Underlined is the order
Hymenoptera, which includes the wasps, ants, and bees

Megachilid Anthophorid Euglossa Melipona

Fig. 1.2 Pollen-collecting apparatus of females of different bee groups. Most bees have hair
brushes or scopas on the abdomen (Megachilid) or legs (Anthophorid). The corbiculate bees are
characterized by the pollen basket or corbicula, a naked concavity of the tibia of their hind legs
(examples, Euglossa and Melipona)

of the other six families (but not the parasitic ones) possess scopas (hair brushes) on
the legs or abdomen, which are used for similar purpose (Fig. 1.2). The evolution of
the pollen basket in the form of a naked concavity on the outer side of the hind tibia,
allowed the corbiculate bees the transport of sticky materials and rapid dislodging
of their load (Roubik 1989). The first corbiculate bees probably diverged 72-95
mya from New World Centridini ancestors preceding the evolution of eusociality
(Martins et al. 2014).
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Apidae

Other Apidae

Centridini Corbiculate Apinae

Bombini Meliponini

Fig. 1.3 A simplified classification of the four tribes encompassing the corbiculate bees, a subset
within the Apinae (after Hedtke et al. 2013)

The corbiculate bees are placed within the subfamily Apinae and comprise four
tribes: Apini (honeybees), Bombini (bumble bees), Euglossini (orchid bees), and
Meliponini (stingless bees) (Michener 2000) (Fig. 1.3).

Most bee species worldwide are solitary, but a small group of species have
evolved different social lifestyles, from primitive to highly social behavior or euso-
ciality (Michener 1974). At the highest level of eusociality two groups of bees are
found: the honeybees and the stingless bees. In accordance to Michener (1974), the
highly eusocial bees are distinguished by the following traits: morphological and
physiological differentiation among females (true reproductive castes), division of
labor with cooperative work, colonies in which individuals of different generations
overlap, and reproduction by swarming.

1.1 General Features of the Meliponini

The Meliponini or stingless bees are by far the most diverse group within the cor-
biculate bees, not only for the current number of species (ca. 500), but also for the
contrasting differences in morphology, nesting habits, and behavior between spe-
cies (Roubik 2006). Nonetheless, it is possible to separate the stingless bees from
the other corbiculate bees by some common features Wille (1979):

1. A vestigial sting.

2. The presence of a penicillium, a comb of rigid bristles on the internal margin of
the corbicula. This structure is weaker or absent in the cleptobiotic genera
Lestrimelitta and Cleptotrigona.
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Melipona

Fig. 1.4 Comparative forewing venation and cells of Apis and Melipona. A reduction of veins and
cells, in particular the marginal cell (M) and the three submarginal cells (Sm), is observed in the
latter. The P indicates the pterostigma

3.

4.

S O 0

Weak and reduced forewing venation with a marginal cell relatively short, and
submarginal cells weak or absent (Fig. 1.4).

A pterostigma of the forewing of moderate (Melipona species), to large size
(non-Melipona species) (Fig. 1.3).

. A reduced number of hamuli (hooks) on the hind wings (8 to 16 in Melipona

and 4 to 10 in non-Melipona), compared with A. mellifera (ca. 20), and Bombus
(14 to 28).

. Absence of a pollen press (auricle) between the corbicula and the basitarsus.

The basitarsus is small and slender compared with Apis.

. Maxillary palps absent.

. Wax-producing glands on the dorsal part of the metasoma.
. Tibial spurs absent.

. Female claws simple, bifurcate in the males (Fig.1.5).

1.2 Biogeography and Phylogeny

The stingless bees are exclusively found in the tropical and subtropical regions of
the planet. In accordance to Moure et al. (2007), 60 genera are currently recognized.
However, this figure may vary in accordance to the classification system used, of
which two are presently accepted (Michener 2000; Camargo and Pedro 2007;
Moure et al. 2007; Rasmussen and Cameron 2010).

The highest abundance and diversity of stingless bees are found in the neotropics

with ca. 391 species and approximately 32 genera (Camargo and Pedro 2007;
Fig. 1.6). Other regions of the world seem to have less diversity, although it is noted
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Fig. 1.5 Distal portion of the hind leg of M. beecheii: ventral (above) and dorsal view (below).
The claws are simple in the worker and queen and bifurcate in the male

Neartic

60 Australasia

391  Neotropical Pa!e:otropical

Fig. 1.6 Present geographic distribution of the stingless bees. The red lines represent the limits of
their distribution confined to the tropics and subtropics. In white is the estimated number of esti-
mated species per biogeographic region

that they have been less intensely studied. In Africa, for instance, recent revisions
have reported some 50 species, and 70 species for Australasia and Indo-Malaysia
(Eardley 2004; Rasmussen and Cameron 2007). The advent of accessible molecular
methods has increased the number of studies on species complexes and the number
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of new species being identified (Halcroft et al. 2016). In addition, detailed revisions
have also recognized new genera in museum collections (Melo 2016).

The stingless bees are an ancient group. The fossil evidence suggests that the
time of emergence of Meliponini may be 70-90 million years ago; this is long
before the evolution of A. mellifera (Rasmussen and Cameron 2010). Thus, it seems
that the stingless bees are Gondwanian (Camargo and Vit 2013), but experienced a
posteriori diversification, mainly in South America. It is thought that vicariance
events (geographic separation of populations within a species) have contributed to
the high diversity of stingless bees in the neotropical region (Camargo and Vit
2013).

Four main hypotheses have been proposed to explain the biogeography of the
stingless bees, constructed upon information on the extant and fossil distribution
and their morphology. A first hypothesis, proposed by Kerr and Maule (1964), sug-
gested that stingless bees first appeared in South America and from here their expan-
sion occurred during the Eocene (50-60 mya). They moved to the Palearctic region
through the Bering Strait and from there they colonized the tropical regions of the
Old World in the late Oligocene (20-30 mya). The main argument for Kerr and
Maule’s (1964) hypothesis is that the higher diversity in genera and species is pres-
ently found in South America. Their hypothesis assumes the existence of a land
bridge between South America and Central America during the Paleocene-Eocene.
However, it is now accepted that both subcontinents were separated for more than
100 mya, and that a connection with North America was established via the Panama
Canal only 3—4 mya (perhaps only with patchy connections before).

Wille (1979), considering that the species with the more primitive or ancestral
characteristics are presently found in Africa, suggested that stingless bees origi-
nated in this continent during the late Cretaceous (80-100 mya). From Africa sting-
less bees supposedly moved to the southern parts of Europe during the Eocene,
when some land bridges connected both continents. From here, stingless bees even-
tually dispersed to the New World.

Later on, Camargo and Wittmann (1989) proposed a hypothesis suggesting the
appearance of meliponines in Gondwana during the early Cretaceous (100-120
mya), and subsequent movement through land connections that existed between
South America, the Antarctic, and Australia. This hypothesis attempted to explain
the disjunct distribution of modern species in the genus Plebeia across all three
subcontinents.

Finally, Michener (1990) proposed that stingless bees originated in North
America, when tropical conditions extended to septentrional parts of the New
World. However, this hypothesis does not explain a route of dispersion, and does not
recognize that Africa and South America share taxa. Michener (1990) also proposed
Melipona as a sister group to all the other stingless bees, and that Trigona sensu lato
(s.1.) should include species of the neotropical and Indo-Malayan regions, but con-
sidered African species a separate clade.
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In a further document, Camargo and Pedro (1992) elaborated on the original
hypothesis by Camargo and Wittmann (1989), and suggested two main routes of
dispersion of the meliponines from West-Gondwana via the Holartic and Panaustral
regions. Camargo and Pedro (1992) proposed that Trigona from the neotropical,
Indo-Malayan, and Australasian regions should form one group. However, these
authors considered the Afrotropical species a sister group of all other stingless bees.

A first attempt at constructing a molecular phylogeny of the stingless bees, was
undertaken by Costa et al. (2003). The authors built phylogenies based on the frag-
ment 16S of the rRNA. However, due to the low number of species, and the use of
only one fragment, not enough resolution for 34 species of stingless bees was
obtained.

A larger phylogenetic analysis was conducted by Rasmussen and Cameron
(2007, 2010) based on 9 genes for the basal framework, and including 79 taxa from
the Old and New World (Fig. 1.7). The results revealed three groups clearly
differentiated: Neotropical, Afrotropical, and Indo-Malayan-Australasian. The
Neotropical group diverged early from the others. An important finding was that the
species of Trigona from the New and Old World formed two separate clades imply-
ing different origin. The authors argue that since the first descriptions of Trigona
were made for Neotropical specimens, the genus should be used for American spe-
cies exclusively. In the analysis by Rasmussen and Cameron (2010) Melipona was
more parsimoniously placed within the neotropical clade, and not as a sister group
of all stingless bees as proposed by Michener (1990). In addition, the Neotropical
clade appeared composed by three groups (Fig. 1.7): one including the species of
Melipona, another for the minute species (e.g., Trigonisca s.1.), and a third one with
the other New World taxa (Rasmussen and Cameron 2010).

The findings of Rasmussen and Cameron (2010) are useful to test hypotheses on
the biogeography of stingless bees. The Gondwanian origin of the stingless bees
seems accurate. Rasmussen and Cameron (2010) also estimated the time of diver-
gence between Old and New World stingless bees at around 71-73 mya, the separa-
tion of the Afrotropical clade in 61 mya, and the clade Indo-Malayan-Australasia in
49 mya (Fig. 1.7).

Similar to Trigona, Old and New World Plebeia are not closely related, which
proves that the hypothesis for the dispersion of this genus is incorrect (Camargo and
Wittmann 1989). In the case of Kerr and Maule’s (1964) hypothesis, it does not
seem congruent with recent geological findings. Nonetheless, the other hypotheses,
in the opinion of Rasmussen and Cameron (2010), cannot be ruled out due to a lack
of evidence from fossils for a better phylogenetic picture.

Stingless bees are presently classified within a single tribe, the Meliponini
(Michener 2000). However, contrasting differences within the Meliponini have long
been recognized between the species of Melipona and the other genera (Wille 1983;
Table 1.1; Fig. 1.8).

It is interesting to note that Melipona and Trigona derive from the Greek,
meaning in the first case working incessantly for the honey (meli (honey) + ponein
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Nogueirapis

Parapartamona
Cephalotrigona

Ptilotrigona
Tetragona
Geotrigona
Oxytrigona
Scaptotrigona
Duckeola

Frieseomelitta
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Friesella

Plebela
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80 70 60 50 40 30 20 10 0 Million years

Fig. 1.7 Phylogenetic relationships of the stingless bees in accordance to the molecular study by
Rasmussen and Cameron (2010). Three main clades are identified, NEOT = neotropical,
ASIA = Indo-Malaya, AFR = Africa. Within the NEOT clade, three groups are found: the minute
stingless bees (blue root), Melipona (red root), and the other taxa of New World (green root).
Cretotrigona, the oldest fossil for the group, was used to provide an estimation of the time of
emergence of each branch

(to toil)). Trigona makes reference to the triangular shape of the abdomen of these
bees (tri (three) + gono (angle)) (Schwarz 1932).

In the neotropics, some 33 genera (Camargo and Vit 2013; Melo 2016), and
approximately 418 species of stingless bees are recognized (Pedro 2014). The genus
Melipona (Illiger, 1806) is exclusively Neotropical, and it encompasses an estimate
of 74 species found between Mexico and Argentina (Camargo and Pedro 1992;
Ramirez et al. 2010; Pedro 2014).

Melipona includes some of the most representative, economically and culturally,
species in the Americas. A first comprehensive phylogeny of the genus Melipona
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Table 1.1 Characteristics of the species in the genus Melipona and the other genera of the stingless

bees

Characteristic

Meliponini

Melipona

Non-Melipona

Nest entrance

Made of mud, with a radiated shape

Made of cerumen or resin. Some
species are distinctive for their tube
or trumpet-like entrances

Worker body size

Robust, with a total length >1 cm

Wasplike, slender, total length <1 cm

Body pilosity Abundant, the integument is furry, | Scarce—the integument is mostly
which gives an overall opaque glabrous, which gives a shiny
appearance appearance

Forewing Total length not beyond the tip of Total length well beyond the tip of
the abdomen the abdomen
Pterostigma of moderate size Pterostigma comparatively large in

relation to wing size

Hind wing 8-16 Hamuli Generally <8 hamuli

Dorsal vessel Type 1I (see Chap. 3) Type 1

Digestive tract Long Short

Royal cells

There are no royal cells—cells
where queens are reared are of the
same size as workers and males

Royal cells are larger than those of
males and workers

Distribution of
queen cells

The cells where queens are reared
are intermingled with those of males
and workers

Queen cells are normally found in the
periphery of the combs or the outer
parts of clustered cells

Gyne size

Gynes are generally smaller than
workers and males—thorax width
notably smaller

Normally gynes are larger than males
and workers

Ovaries of gynes
at emergence

Partially developed

Well developed

Gyne rate Gynes are frequently produced Gynes are produced at a lower rate
production

Caste Tropho-genetic Trophic

determination

s
M. beecheii

Cph. zexmeniae

Fig. 1.8 Workers of M. beecheii and Cph. zexmeniae to show some contrasting features between
Melipona and non-Melipona stingless bees. Body pilosity is more abundant in M. beecheii, and the
forewing is comparatively larger in Chp. zexmeniae (Table 1.1)
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was constructed using morphological characters by (Moure 1992), who recognized
four subgenera.
The four subgenera recognized by Moure (1992) within Melipona are:

Melipona (Melipona s. str.) lliger, 1806
Melipona (Michmelia) Moure, 1975
Melipona (Melikerria) Moure 1992
Melipona (Eomelipona) Moure 1992

Molecular studies have confirmed that Melipona is a modern clade within the
stingless bees, of post-Gondwanian origin, which probably rose approximately 24
mya in the upper Eocene (Rasmussen and Cameron 2010). However, an extensive
study of 35 Melipona species using mitochondrial, ribosomal, and nuclear DNA
markers, suggests even a more recent origin (14—17 mya) of this genus (Ramirez
et al. 2010). Interestingly, the phylogeny of Melipona by Ramirez et al. (2010), is
largely in agreement with the phylogeny proposed by Moure (1992), and more
recently by Camargo and Pedro (2007), both using morphological characters.

It is important to mention that in his most recent classification, Michener (2000)
did not recognize the subgenera proposed by Moure (1992) for Melipona, due to the
apparently subtle morphological differences between them. Michener (2000) nei-
ther recognized many of the genera used by Camargo and Pedro (2007) and Moure
et al. (2007), for other stingless bees.

The Melipona clade seems largely monophyletic, with a common ancestor
(Fernandes-Salomdo et al. 2005; Ramirez et al. 2010; Rasmussen and Cameron
2010) (Fig. 1.9). Nevertheless, in the most recent study by Ramirez et al. (2010), it
was found that three of the subgenera seem monophyletic (Melikerria, Melipona s.
str., and Michmelia), but in the case of Eomelipona, it seemed polyphyletic (more
than one possible ancestor, Fig. 1.9). Moreover, there was a group of species, which
were not assigned to any of the four proposed subgenera (Incertae sedis). These
non-classified Melipona species, are considered a sister group to all others, and
apparently form a monophyletic clade with Michmelia (Ramirez et al. 2010 ).

In Mexico, the most important species of Melipona, M. beecheii, belongs in the
subgenus Melikerria (Roubik and Camargo 2012). Two derived (apomorphic) traits
are characteristic of the subgenus Melikerria (Moure 1992):

1. The inner half of the apex of the mandibles is subdivided by strong emargination
into two distinct contiguous teeth (the median tooth with sinuosity).
2. The anterolateral angles of the mesonotum show a rust-red patch of hair.

The males have a scythe-shaped gonostyle (Roubik and Camargo 2012).

In addition to the Mesoamerican M. beecheii, eight other species are included in
the subgenus Melikerria, most of South American distribution. The following spe-
cies with the present geographic distribution are recognized in Melikerria (Camargo
and Pedro 2007; Roubik and Camargo 2012):

M. beecheii from Mexico to Costa Rica
M. triplaridis from Eastern Panama
M. salti, from the north of Colombia
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-— Michmelia

Melipona i

\) -— Melikerria **
I

L)
1
1 —n'(l'eﬁpona s. str.
1 I I
} Nedtropical genera of
— 1 Meliponini :

MELIPONINI (stingless

bees) x

I
Paleotropical:genera of

Mejiponini |

BOMBINI (Burijble bees)

Cretaceous - Eoc Oli Mio | Plio

I75

50 l 25 I 0 Million years

Fig. 1.9 Simplified phylogeny of the genus Melipona in accordance to Ramirez et al. (2010). The
tribes are written in capital letters. The estimated time of emergence of each clade is presented, Pal
(Paleocene), Eoc (Eocene), Oli (Oligocene), Mio (Miocene), Plio (Pliocene). The subgenus
Eomelipona has a likely polyphyletic origin, and is not included in the figure. The subgenus
Melikerria where M. beecheii is included is marked with a double asterisk

M. compressipes from Venezuela, Guyana, Suriname, French Guiana, and the north
of Brazil and Colombia

M. interrupta from Guyana, Suriname, French Guiana, and the north of Brazil

M. grandis from South Western Amazonia

M. fasciculata from oriental Amazonia

M. quinquefasciata from North East Brazil and Argentina

M. insularis from the island of Coiba, province of Veraguas, Panama

M. ambigua from North East Colombia

The recent discovery of two new Melikerria species, namely M. insularis and M.
ambigua, from Panama and Colombia, agrees with the idea that a land bridge united
North and South America around 20 mya, long before the generally accepted esti-
mation of 3 mya (Roubik and Camargo 2012). Thus, M. beecheii may have recently
derived from the most northern species of Melikerria.

1.3 Diversity of Mexican Stingless Bees

The extant stingless bee fauna of Mexico seems to be the result of recent migrations
of Central or South American taxa during the Pliocene and Pleistocene. Presently,
46 recognized species of stingless bees exist in Mexico (Ayala 1999). However, the
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advent of molecular tools and analyses of chemical profiles have contributed to
discover a large genetic diversity within several species complexes, some of which
could represent cryptic species.

Compared to other bees, stingless bee populations frequently show genetic dif-
ferentiation (structure) across regions. This may derive firstly, because swarms of
stingless bees exhibit limited dispersal (Rasmussen and Cameron 2010). Colonies
of stingless bees maintain long-time bonds with daughter swarms and these are
established near by (see Chap. 6). This system of reproduction, called philopatry,
reduces the spreading of colonies (and female reproductives) over long distances,
causing genetic differentiation over time (Quezada-Euan et al. 2012).
Interestingly, managed species tend to show weaker genetic structure than feral
ones (Jaffé et al. 2016; Landaverde-Gonzdlez et al. 2017); this is possibly due to
man-mediated colony movement across locations.

It should also be considered that meliponine species may be phenotypically simi-
lar, yet exhibiting substantial differentiation, in genetic and nonvisual traits, i.e.,
chemical profiles (Bickford et al. 2006). Such species are known as cryptic and seem
frequent in stingless bees (Michener 2000). On the other hand, large phenotypic
variation may lack significant genetic differentiation (Quezada-Eudn et al. 2012;
Hurtado-Burillo et al. 2017). Thus, accurate definition of true species in stingless
bees should involve the use of multiple criteria (Halcroft et al. 2016).

In Mexico, the genus Melipona is one of the most important. It is represented by
seven species, which comprise 15% of the Mexican stingless bee fauna (Ayala et al.
2013; Table 1.2). Among the Mexican species of Melipona, two are found in high-
land forests: M. colimana and M. fasciata, both in the subgenus Michmelia. The
workers of these species have the largest body size of them all. There are two other
species of the subgenus Michmelia in Mexico; both are found in lowland tropics,
M. solani and M. belizae. The workers of both species are clearly distinguished by
the orange pilosity. The smallest Mexican Melipona are both endemic, namely
M. yucatanica and M. lupitae. These species are phenotypically similar and are
close phylogenetically (Ayala 1999; Table 1.2).

The species with the most extensive geographic distribution is M. beecheii, and
also the most relevant due to its economic and cultural importance (Ayala 1999)
(Fig. 1.9a). It is also the only species of the subgenus Melikerria out of South
America (Roubik and Camargo 2012).

Molecular comparisons have shown that M. beecheii has probably experienced
earlier divergence from the other Melikerria (Roubik and Camargo 2012).

Roubik and Camargo (2012) suggested that M. beecheii probably derives from the
lineage of M. insularis, the most northern of all South American Melikerria. Its lin-
eage may have gone extinct on mainland, but relict populations survived on islands of
the Panama microplate, which eventually colonized the northern parts of Central
America and the tropical regions of Mexico. This scenario may also explain the larger
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genetic diversity found in M. beecheii from Central America compared to Mexico
(May-Itza et al. 2009), in agreement with a more recent colonization of the latter.
Presently, the distribution of M. beecheii in Mexico includes the low tropical and
subtropical forests of the Pacific and Gulf coasts, the Isthmus of Tehuantepec, and
the Yucatan Peninsula. Outside Mexico, it can be found in Guatemala, Belize,
Honduras, Salvador, and Nicaragua. The southernmost distribution is the Guanacaste
Peninsula of Costa Rica (Ayala 1999; Fig. 1.10A). This species is also one of the
only two Melipona found in the Antilles, on the islands of Cuba and Jamaica
(Genaro 2008). In the Yucatan Peninsula and some regions of Central America,

L2 Golfo
f. 5550 de
| México
K i1 ¥ g Cuba
]
Honduras

Océano Pacifico

Fig. 1.10 (A) Geographic distribution (in orange) of M. beecheii in accordance with Ayala (1999)
and Moure et al. (2007). (B) The two species of Melipona present in the Yucatan Peninsula: (a) M.
(Melikerria) beecheii and (b) M. (Melipona) yucatanica
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M. beecheii is sympatric with M. yucatanica (ts’ets in Maya), both recognized by
the Maya as different species (Gonzdlez-Acereto 1984). Although externally both
species may look similar, especially in the color of the integument (Fig. 1.10B),
they are not related (Camargo et al. 1988). Indeed, in accordance with Moure et al.
(2007), M. yucatanica belongs to the subgenus Melipona s. str. while M. beecheii is
included in Melikerria.

Across its wide geographic distribution, M. beecheii is known with a diversity of
names: abeja-real, Yilkil-kab, Colel-kab, Xunan kab (Xunaan-kaab), Pool-kab,
colmena-kab, abeja-alazana, pipioli, mimialcuatl, tsaspena, gato, abeja-aluva,
blanco-aluva, criolla, jicote-gato, jicote-estrella, abeja de la tierra, Ajau-chab, and
Suk-ajatié, the latter two among the Maya, Chol, Chontal, and Tzeltal from Tabasco
and Chiapas, in Mexico (Gonzélez-Acereto 2008; Moure et al. 2007). The diversity
fo names may be an indication of the extensive use of this species.

The first scientific description of M. beecheii was made by captain F.W. Beechey
in his manuscript narrating a 3-year voyage to the Pacific coasts of Mexico:
Narrative of a voyage to the Pacific and Beering’s strait, to cooperate with the polar
expeditions: performed in his Majesty’s Ship Blossom, under the command of
Captain F. W. Beechey. Vol. 2. (1831) London: H. Colburn & R. Bentley. In this
volume’s Appendix, from pages 357 to 365, the navigator includes a section called
“Mexican bees. Some account of the habits of a Mexican bee” (Fig. 1.11).

MEXICAN BEES.

SOME ACCOUNT OF THE HABITS OF A MEXICAN BEE,

PARTLY FROM THE NOTES OF CAPTAIN BEECHEY: WITH A DESCRIPTION
OF THE INSECT AND OF IT8 HIVE, BY E. T. BENNETT, E8qQ., F.L.3., &cC.

I the hives of the domesticated bees of Mexico we meet
with a structure altogether peculiar. They exhibit little of
the regularity of construction which characterizes the hives of
the bees of the old continent, and are far inferior in this re-
spect to the habitations of wasps. In one particular they
approximate to the nests of the European humble bees; the
honey which they contain is deposited in large bags distinct
from the common cells. It is somewhat singular that so in-
teresting a point of natural history has never been particularly
noticed ; our previous knowledge scarcely extending beyond
the facts, that some of the bees of America form nests, like
those of wasps, attached to, or suspended from trees, and
covered by an outer case constructed by themselves; whiie

Fig. 1.11 A section of the first page of the Appendix of the narrative of the journey by captain
Beechey (1831) along the Pacific coast of Mexico, where he described M. beecheii for the first time
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Because captain Beechey was the person who first gave an account on this bee
and its colonies, Bennett in 1831 used the captain’s name for its species nomencla-
ture, and assigned it to the genus Melipona, described by Illiger in 1806.

Beechey (1831: on the page 444 from the same Appendix) indicates the localities
visited along the Mexican Pacific coast: San Blds and Tepic in Nayarit, as well as
Mazatldn in Sinaloa and Acapulco in Guerrero. However, gives no precise locality
where he collected his specimens. Paradoxically, the economic and cultural value of
M. beecheii for the indigenous inhabitants of the west coast of Mexico is much less
representative compared with the Yucatan Peninsula (Quezada-Eudn et al. 2001;
Fig. 1.10). It is believed that the description made by Bennett of M. beecheii was
based on a single specimen whose present location is unknown (Moure et al. 2007).

In his revision of the stingless bees of Mexico, Ayala (1999) describes M. bee-
cheii as a medium-sized bee, measuring between 9.7 and 10.7 mm, with a forewing
span between 7.7 and 7.9 mm. The integument is black with yellow, brown, or black
marks on the legs, depending on the geographic origin (Fig. 1.12). The metasomal
tergi are black, with well-defined yellow bands. Noteworthy, there is a wide varia-
tion in size and coloration among specimens from different regions, particularly on
the maculae on the clypeus and the dark marks on the hind legs (Ayala 1999).

Ayala (1999) assigned M. beecheii in what he called the fasciata group. The
fasciata group of Melipona, have the lower part of the antennal scape yellow; the
head vertex on frontal view slightly concave with no elevation at the level of the
ocelli; the frontal-lateral sides of the scutum are covered by tufts of dense red hair,
in contrast with the rest of the pubescence, which is clear and less dense.

There has long been controversy on the taxonomy of M. beecheii as a single spe-
cies. This due to contrasting variation of color, body size, and occurrence of inter-
grades in specimens from different geographic regions (Schwarz 1932; Wille 1976;
Quezada-Eudn et al. 2001, 2007). Schwarz (1932) proposed the existence of two
subspecies of M. beecheii. One such subspecies (M. b. beecheii), may involve popu-
lations from southern Mexico, Guatemala, Nicaragua, and Costa Rica, and the other
(M. b. fulvipes), may include specimens from Cuba, Jamaica, Belize, and the
Yucatan Peninsula in Mexico. Camargo et al. (1988) also acknowledged the possi-
ble existence of these two subspecies in M. beecheii. However, to date, M. b. bee-
cheii and M. b. fulvipes are not accepted as true subspecies (Moure et al. 2007).

A first quantitative approach to analyze the morphological variation in M. bee-
cheii was done by Carrillo et al. (2001). Their study included specimens from the
Yucatan, Costa Rica, and Chiapas and compared body size and degree of macula-
tion of the clypeus (the section on the head below the antennae and above the man-
dibles) and the malar region (the area beside the clypeus) (Fig. 1.12). The results
showed that the bees from the Yucatan Peninsula were smaller and had significantly
more yellow marks on the face than the bees from the other two regions.

In a following study Quezada-Eudn et al. (2007) showed that morphological dif-
ferentiation between bees from the Yucatan Peninsula and Costa Rica was geneti-
cally supported (FST value = 0.280). In spite of clear genetic differences, the
sequencing of the mitochondrial cox1 revealed a differentiation between both popu-
lations of only 1.2%. Typically, sequence divergence of cox1 between insect species
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Fig. 1.12 [Intraspecific diversity in the pattern of coloration (maculation) of the face and body of
M. beecheii workers from (a) Costa Rica, (b) Chiapas, Mexico, and (¢) Yucatan, Mexico. There is
a clinal distribution in the degree of face and leg maculation decreasing from North to South. The
lower image shows workers from Chiapas (left) and Yucatan (right). The specimens from Chiapas
are larger and darker than the specimens from the Yucatan
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is in a range between 3 and 10% (Hebert et al. 2003), though sibling species may
show far lower sequence divergence (Hebert et al. 2004). Although the observed
divergence of 1.2% between populations of M. beecheii representing different spe-
cies is not yet clear, distinct genotypes can be found in both regions (Quezada-Eudn
et al. 2007).

In subsequent studies, samples from Guatemala, El Salvador, and Nicaragua,
together with samples from Mexico and Costa Rica were compared using the seg-
ments /752 and ITS1 of the ribosomal DNA (De La Rua et al. 2007; May-Itza et al.
2009). An interesting finding was that the /752 segment of M. beecheii is one of the
longest found in insects, with 1788 bp (De la Rua et al. 2007). After digestion, three
different patterns were found for both /752 and /751, which are in general congruent
with the geographic origin of the samples (De la Rda et al. 2007; May-Itza et al.
2009). A first pattern of /7S] and I7S2 was obtained in specimens from Mexico
(Yucatan and Chiapas) and northern de Guatemala, around the Petén region
(Fig. 1.13). A second ITS1 pattern (B), was found in populations from southern
Guatemala and El Salvador, and a third I7S1 pattern (C), was found in the bees from
San Marcos, in the southwestern part of Guatemala (Fig. 1.13). In the case of ITS2, a
characteristic pattern was found in specimens from southern Guatemala, Salvador,
and Costa Rica, and third pattern was only found in the bees from San Marcos (De la
Ruda et al. 2007). The largest genetic diversity of M. beecheii was found in Guatemala,
where all the different patterns of /751 and /72 found, are present (Fig. 1.13).

The evidence from molecular and morphometric analyses, suggests that M. bee-
cheii is a monophyletic species with two clearly differentiated groups (May-Itza
et al. 2012). Both groups are largely in agreement with the original subspecies pro-
posed by Schwarz (1932). The distribution of the two main genetic lineages in M.
beecheii seems defined by the Sierra Madre del Sur, which starts in Chiapas and
extends down to Central America (Fig. 1.14). This large mountain chain may have

LU B

Fig. 1.13 The three different patterns found after digestion of the ribosomal segment /7'S1 of M.
beecheii. ITS1-A is obtained in specimens from Mexico (Yucatan Peninsula and Chiapas, lanes 1,
2, and 3, respectively) and the north of Guatemala (Petén, lanes 8 and 10). The /7S1-B pattern is
found in bees from El Salvador (lane 4), and southern Guatemala (lanes 5, 6, and 9, respectively).
Pattern ITS1-C (lane 7), has only been detected in specimens from San Marcos, in southwestern
Guatemala
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acted as a barrier for genetic flow between populations to the north and south.
Speciation seems to frequently occur in stingless bees as a result of vicariance due
to geographic isolation (Quezada-Eudn et al. 2012; Jaffé et al. 2016).

There is also evidence for the existence of a cline in body size within the lin-
eages of M. beecheii (Fig. 1.14). The bees from central Guatemala have the largest
body size and this gradually decreases in the specimens from Salvador, Nicaragua
and Costa Rica. Interestingly, a similar pattern occurs to the north, with the bees
from the Yucatan Peninsula having the smallest body size of all populations stud-
ied (Fig. 1.14).

The mobilization of colonies is a potential threat for the genetic identity of the
different lineages of M. beecheii, as this species is extensively used in Mexico and

Fig. 1.14 Phenotypic and genetic diversity in M. beecheii. There is a cline in body size repre-
sented by the mean length of the forewing (mm) across the different regions. Two clear /TS pat-
terns are also evident (black and red dots), geographically separated by the Sierra Madre del Sur:
(1) Yucatan Peninsula-northern Guatemala-Chiapas, and (2) Central America. There are also /7S
differences within the Central American clade, suggesting one more genetic lineage in it (May-Itza
et al. 2009; May-Itza et al. 2012)
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Nicaragua

Costa Rica

Guatemala

El Salvador

México

Fig. 1.15 UPGMA tree based on the geometric morphometrics of wing shape in M. beecheii
specimens from different geographic regions (Francoy et al. 2011). The clades are in agreement
with the molecular results of /751

Central America for honey production, and colonies can be exchanged among
regions (May-Itza et al. 2012). In order to find quick and reliable methods that allow
geographic traceability of populations and lineages in M. beecheii, Francoy et al.
(2011) analyzed the geometric morphometrics of wings of the samples used in the
studies by May-Itza et al. (2009) and May-Itza et al. (2012). Their approach cor-
rectly assigned 87.1% of the colonies to their geographic region, and 92.4% to their
haplotype (Fig. 1.15). Thus, geometric morphometrics can be a cheap and reliable
method to accurately trace the geographic origin of specimens of M. beecheii, and
serve as a tool to control the movement of specimens and colonies across geo-
graphic regions (Francoy et al. 2011).

Although a clearer picture is now evident for the biogeography of M. beecheii
across the southern part of its distribution, nothing is yet known for populations
along the Gulf Coast of Mexico (Veracruz, San Luis Potosi{), and the Pacific coast,
between Chiapas and Sinaloa. Stingless beekeeping is increasing in these areas, and
it is important to develop studies on the genetic makeup of such populations in order
to preserve them.

M. beecheii is one of the two species of Melipona found in Cuba (Fonte 2007;
Genaro 2008), and the only one in the Greater Antilles. Given the limited ability for
colonies to move across large bodies of water, a plausible explanation for its pres-
ence on these islands seems human introduction (Michener 1982; Genaro 2008).

Because of their similarity in size and color, Schwarz (1932) and Camargo et al.
(1988), considered the bees from Cuba as M. fulvipes or a subspecies (M. beecheii
fulvipes), and placed together with the bees from the Yucatan Peninsula. Recently,
Lériga-Pefia and Quezada-Euan (2009) compared the body size and the maculation
of the head and legs of M. beecheii samples from Cuba with bees from the Yucatan
Peninsula and Costa Rica. Although the bees from Cuba and the Yucatan differed in
individual characters, a multivariate comparison showed extensive overlapping in
their overall body size. The bees from Costa Rica were significantly larger than
those from Yucatan and Cuba (Fig. 1.16).

DNA microsatellite markers confirmed that the samples from Cuba were geneti-
cally more similar to those from the Yucatan Peninsula too (Lériga-Pefa et al. 2011;
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® CUBA MEXICO = COSTARICA

Fig. 1.16 Morphological comparison of M. beecheii from Cuba and populations from Yucatan
(Mexico) and Costa Rica by means of a principal component analysis (abscissa = component 1 and
ordinate = component 2). The specimens from Cuba extensively overlap with those from the
Yucatan Peninsula

Hurtado-Burillo et al. 2014). Altogether, these results indicate that the “abejas de la
tierra,” as M. beecheii is known in Cuba (Fonte 2007), probably descend from
continental ancestors taken to the island from the Yucatan. Although there does not
seem to be records on this, it is likely that colonies were introduced to Cuba at some
point during the Spanish colony (sixteenth to nineteenth centuries) as a result of the
extensive trading between the Capitania General de Cuba and the Nueva Espaia’s
Yucatan Peninsula. It is important noticing that during the Spanish colony, M. bee-
cheii was the only honey-producing bee found in the Yucatan, because Apis mel-
lifera was not introduced until the first part of the twentieth century (Quezada-Eudn
et al. 2001). Thus, it sounds plausible that a population from the Yucatan may have
been introduced to Cuba for honey production.

A sympatric species with M. beecheii in southern Mexico is M. yucatanica. This
species could be considered endemic, although it is also present in Guatemala
(Ayala 1999). Morphological and molecular analyses have shown that the popula-
tions of M. yucatanica from the Yucatan and Guatemala show significant differen-
tiation (May-Itza et al. 2010). Similarly to M. beecheii, workers of M. yucatanica
from Guatemala are larger compared with the ones from the Yucatan. Analyses of
the coxl segment of the mitochondrial DNA showed two different clades corre-
sponding to the geographic regions of Guatemala and the Yucatan Peninsula (May-
Itzd et al. 2012).

Regarding other species of Mexican Melipona, recently a molecular comparison
was conducted between populations of M. fasciata and M. colimana from the Pacific
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coast, using cox1 and ITS1. It was confirmed that both species are sister lineages
(sequence divergence of only 0.6%), and belong within the subgenus Michmelia
(Ruiz et al. 2013).

Another economically and culturally important group of stingless bee species in
Mexico is the genus Scaptotrigona. In the last taxonomic revision of the stingless
bees of Mexico, only three Scaptotrigona species had been recognized, namely,
Scp. mexicana, Scp. hellwegeri, and Scp. pectoralis (Ayala 1999: Fig. 1.17).
Recently, the genetic diversity of the Mexican Scaptotrigona has been investigated,
and evidence of possible cryptic species has been found (Quezada-Eudn et al. 2012;
Hurtado-Burillo et al. 2013; Hurtado-Burillo et al. 2016).

The genetic diversity of Scp. hellwegeri was first studied using specimens from
two populations, one on the Trans-Pacific volcanic belt in Jalisco and another some
500 km south in Guerrero. Significant differences were found in the genetic makeup
and morphometrics between both populations indicating the existence of at least
two genetic lineages (Quezada-Eudn et al. 2012) (Fig. 1.17).

Later, Hurtado-Burillo et al. (2013) barcoded specimens of the three putative
species of Mexican Scaptotrigona and found intraspecific divergence of 0.7%,
whereas the interspecific value was 2.79%. Sequence analyses evidenced the close
affinity of Scp. mexicana with Scp. hellwegeri. The results also suggested the exis-
tence of cryptic species within Scp. mexicana.

To evaluate the previous hypothesis, Hurtado-Burillo et al. (2016) and Hurtado-
Burillo et al. (2017), performed a species delimitation analysis of the three putative
Mexican Scaptotrigona species, based on the geometric morphometrics of the fore-
wing and multilocus data. Their findings confirmed strong support for two clades in
Scp. mexicana, one distributed along the Gulf of Mexico (Veracruz and Puebla) and
another along the Pacific coast (Chiapas) (Fig.1.17). It had already been noted that
specimens of Scp. mexicana from the East and West coast show contrasting color
patterns (Ayala 1999); the findings of Hurtado-Burillo et al. (2017) suggest that they
may be cryptic species. In the case of Scp. pectoralis, no evidence of genetic struc-
ture was found among populations from the Yucatan Peninsula, and the Pacific and
the Gulf coasts. This species seems a single homogeneous population across Mexico
(Hurtado-Burillo et al. 2017) (Fig. 1.17). However, it would be important to com-
pare the genetic make up of Mexican Scp. pectoralis with populations from Central
America south of the Sierra Madre del Sur. In contrast, the populations of Scp.
hellwegeri from Jalisco and Guerrero do not seem to constitute separate spe-
cies (Hurtado-Burillo et al. 2017). Nonetheless, these two groups show genetic dif-
ferences which should grant their conservation as separate units (Quezada-Eudn
et al. 2012).

The pattern of geographic distribution of the 46 stingless bee species reported for
Mexico (Annex 1) allows the identification of three ecological groups (Ayala 1999):

1. Wide distribution (montane, tropical, or subtropical)
2. Distribution associated with evergreen tropical forest
3. Endemic species
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Most species present in the Yucatan Peninsula also exhibit wide distribution across
Mexico (Ayala 1999). Representatives are Pt. bilineata, M. beecheii, Pb. frontalis,
Tr. fulviventris, and Tgca. pipioli. Among them, the species with the most northern
distribution on Eastern Mexico is Pb. frontalis, reaching the state of Nuevo Leon.
Special cases of species with wide distribution are N. perilampoides and Fr. nigra.
N. perilampoides is the species with the most northern distribution of all stingless
bees; some specimens have been collected on the Pacific coast close to the 29° of
latitude. This species is highly eclectic being found from lowland forests up to
1500 m of altitude in pine forests. Populations of Fr. nigra are mostly found along
the Pacific coasts and the basin of the River Balsas reaching south in the Yucatan
Peninsula, but in contrast with N. perilampoides, it is not common along the Gulf.

Among the Mexican stingless bee fauna, the genus Plebeia stands out for the
number of species. The 11 species of this genus of minute stingless bees represent
nearly a quarter of the meliponines in Mexico (Ayala 2016). To date, no detailed
studies have been conducted to analyze morphological differences and the genetic
structure of any Mexican Plebeia; however, in accordance to the results in other
species and the more limited capacity of dispersion of Plebeia colonies, the exis-
tence of cryptic species in this genus is very likely. Ayala (2016) presented an
updated revision of the Mexican Plebeia, and separated them in at least three eco-
logical groups. A first group, commonly found in tropical forests, is comprised by
Pb. frontalis, Pb. llorentei, and Pb. jatiformis. A second group, restricted to the
temperate forests of central and southern Mexico, includes Pb. fulvopilosa and Pb.
manantlensis. Another group is formed with Pb. cora, Pb. parkeri, and Pb. mexica,
due to morphological similarities. On the other hand, morphologically similar spe-
cies, like the dark form of Pb. fulvopilosa and Pb. melanica, are considered different
species because of their allopatric distribution, restricted to the mountains and the
lowland evergreen tropics of Michoacan and Sierra Madre del Sur, respectively. In
contrast with the dark integument of the former two species, Pb. pulchra and P.
Jjatiformis are the species with lighter integument of all Mexican Plebeia. The small-
est species is Pb. mourena, whose workers are only 3 mm long.

The distribution of many stingless bee species in Mexico is being defined with
the help of collecting works (Ayala 1999). Using such data, recently, Yurrita et al.
(2017) presented a model of distribution for the Melipona in Mexico and Central
America. Interestingly, only 20% of the distribution of several species includes pro-
tected areas. Clearly, studies of such kind should be encouraged for the develop-
ment of future conservation strategies and to better plan collecting efforts.

To finish this chapter, general information on the geographic distribution, nest
characteristics, and external anatomy of the worker is presented in Figs. 1.18, 1.19,
1.20, 1.21, 1.22, 1.23, 1.24, 1.25, 1.26, 1.27, and 1.28 for some stingless bees from
the Yucatan Peninsula.
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Chapter 2 @
Nesting Biology Pt

Queen of Scp. pectoralis wandering among workers and combs.

The nest is central to the lives of stingless bees; here they develop and pass through
different life stages, feed, and reproduce. Stingless bee nesting biology is also
tightly linked with defense strategies and interaction with other organisms (Roubik
2006). Notably, large variation exists in the size, ornaments, and substrates used in
the nests of stingless bees (Wille and Michener 1973; Roubik 1983). In the forests,
different species may nest in tree trunks and stems, crevices within rocks, burrows
made by other animals, and termite nests (Roubik 2006). In general, the space
required for nesting is a function of the size of the colony and the body size of the
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individuals; species with large body size and large number of individuals usually
require larger nesting spaces (Wille and Michener 1973). Accordingly, large varia-
tion in nest volume can be found across species, from 0.1 in some Plebeia up to
35 L in the largest Melipona and Trigona (Roubik 1983, 2006).

Adaptability or flexibility of different species to varied substrates and environ-
ments seem to play an important role in the conformation of stingless bee
communities (Eltz et al. 2002, 2003). For instance, in the Yucatan Peninsula, some
species (e.g., M. yucatanica) only nest in large living trees, a type of substrate
mostly found in pristine forests. Such specific requirements for nesting, can restrain
distribution outside these environments. Less selective species may be more fre-
quently found in areas with some degree of alteration, such as M. beecheii and Cph.
zexmeniae. Even though these two species prefer pristine rainforests, they may use
alternative spaces in rocks or buildings, allowing them to nest in comparatively less
conserved areas. At the other extreme, there are eclectic species like N. perilampoi-
des and Fr. nigra showing ample flexibility in the use of different substrates and
environments for nesting. Such species can be common even in highly disturbed
areas (Fig. 2.1).

Selva
conservada

Fig. 2.1 Relative frequency of stingless bee species across three different landscapes in Yucatan.
The highest frequency for each species is represented by the black rectangles; the yellow lat-
eral lines show the relative presence across habitats. Selva conservada = pristine forest; Selva
alterada = fragmented forest; Urbano = Urban (data from Gonzélez-Acereto et al. 2006)
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Although adequate and sufficient nest substrates are strong determinants of
stingless bee communities, the availability of pollen and nectar can also affect nest
density and diversity (Eltz et al. 2002). Interestingly, considerable variation in nest-
ing habits can be found across different regions for the same species (Roubik 1983),
but no formal intraspecific comparison of nest characteristics has been conducted to
identify factors affecting such variation (Roubik 2006).

2.1 Nest Structure

In spite of the great variation in the size and accessories found in nests of different
stingless bees, the basic design is remarkably homogenous across species (Fig. 2.2;
Roubik 2006).

The basic material used for nest buildup for all species of stingless bees is the
cerumen. The bees make cerumen mixing the wax they produce on their dorsal
abdominal glands, with resins collected from various plants. In stingless bees the
use of pure wax, as used by honey bees, is practically nonexistent.

The nest connects with the outside world through the entrance. Entrances can be
very simple, in the shape of a simple hole scarcely surrounded by resin, to some
very large and ornate structures (for nest entrance diversity check Chap. 1
Figs. 1.18 to 1.28). The relative size (length and width) of the entrance seems to be
under conflicting selective pressures. Smaller entrances are easier to defend, but a
larger entrance can accommodate heavier forager traffic, so there may be a trade-off
between foraging capacity and security (Couvillon et al. 2008). Deposits of resin
near the entrance can be common in several species (e.g., Fr. nigra) which are used
in rapid defense against some predators like ants (Roubik 1983).

A layer of solid cerumen mixed with propolis (sometimes also mixed with mud)
known as bitumen is used to cover the interior of the nest. The bitumen is used to
line up the cavity and to isolate the nest from temperature changes. It also helps in

-
sl

Fig. 2.2 Basic structure of a stingless bee nest (Scp. pectoralis): (a) vertical cells in horizontal
combs in the brood area. (b) Involucrum. (¢) Food pots
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the control of the volume of the cavity. The bitumen can be removed to accommo-
date growth during the flowering season and contracted during dearth. Most struc-
tures inside the nest are attached to the bitumen by means of cerumen pillars and
connectives (Nogueira-Neto 1997).

Stingless bees, like honey bees, store food for long periods. For this, meli-
ponines use specially built containers, not the brood combs, as in the case of the
honey bee (Roubik 1989). Stingless bees build cerumen structures called pots where
the honey and pollen are kept (Roubik 2006; Camargo and Pedro 2007). Pollen and
honey are stored separately, meaning there are pollen and honey pots. An exception
is found in cleptobiotic species which store a mixture of pollen and honey in the
same pot. Pollen and honey pots are usually of similar size and they are intermin-
gled (Fig. 2.2). The shape of pots is usually ovoid, but may also vary across species,
sometimes appearing conical or cylindrical (Wille and Michener 1973).

In many species, there are one or few layers of thin cerumen called the involu-
crum. The involucrum separates the food pots from the brood area and serve as
protection to the latter. The involucrum also helps to control the temperature in the
brood area (Fig. 2.2). The brood area is the nest section containing the cells with
individuals in development. Callow workers and the queen are more frequently
found in the brood area. Similar to honey bees, stingless bees develop in individual
cells. However, the cells are in all, but two, species of stingless bees vertical (in
honey bees they are oblique, almost horizontal) (Wille 1983). In contrast with the
honey bees, the brood cells are built with cerumen and are used only once. The cells
can be attached to each other by small cerumen threads (called connectives) form-
ing clusters or built wall to wall forming horizontal combs (Fig. 2.3). Interestingly,
the arrangement in clusters or combs seems to relate to the body size of the species;
minute species more frequently build brood cells in clusters (Michener 2001).
Noteworthy, some comb-building species can also develop them in a spiral shape as
N. perilampoides (Fig. 2.3).

Wille (1983) divided the nest of stingless bees in accordance with the type of
cavity and the arrangement of the cells (combs or clusters) in five categories:

1. Nests in cavities with horizontal combs (examples are Melipona, Scaptotrigona,
Nannotrigona) (Fig. 2.3).

Exposed nests (Partamona, Tr. fuscipennis).

Subterranean nests (77 fulviventris).

Nests with cells in clusters (Plebeia, Trigonisca, Fr. nigra) (Fig. 2.3).

Nests with vertical combs (Scaura—one species in South America, and
Dactylurina—one species in Africa).

Al

Invariably, when individuals enter the pupal phase, in all stingless bees the workers
remove the external layer of cerumen from the cell, exposing the cocoon (Fig. 2.4).
Since the cocoon has no color, the cells and combs containing pupae are paler than
the combs with eggs and larvae, made with dark cerumen.

When the adult emerges, the workers remove the cocoon remains, which are then
taken out of the colony. The removal of empty cells normally starts from the center
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Fig. 2.3 Two basic types on brood cell arrangement in the Meliponini: above cells in clusters of
Fr. nigra, below horizontal combs of M. beecheii and N. perilampoides. A spiral shape is evident
in the horizontal comb of the latter

of the combs as these were the first cells produced. Therefore, an empty space starts
to show in the center of the comb, which increases gradually as individuals
emerge and eventually disappearing (Fig. 2.4). In contrast with honey bees that rear
many generations of workers in the same combs, stingless bees use brood cells
once. Perhaps this is an adaptation for an economic use of cerumen (Fig. 2.4, Wille
and Michener 1973).

Some species, like Cph. zexmeniae, do not eliminate the cocoons and waste from
their colonies; they store them in a separate chamber, usually in the lower part of the
cavity, forming a mass called scutellum. The scutellu may be used for temperature
control (Sakagami 1982). The scutellum is usually separated from the main nest by
a thin layer of bitumen (Zwaal 1992; Fig. 2.5). In many species like M. beecheii,
temporary waste dumps can be distributed on different parts of the nest, and eventu-
ally some specialized workers remove them from the colony (Medina-Medina et al.
2014).
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Fig. 2.4 Dynamics of comb construction in stingless bees. The combs start with a few cells
(brown rectangles) that will eventually occupy the center, as more cells are added (red arrows), and
the comb expands. The new cells are made of cerumen and can be found at different stages of
construction. When the queen lays an egg, the cell is sealed, and remains with its cerumen cover
during the egg and larval stages of individuals. When the bee enters the pupal stage, and builds up
acocoon, the outer layer of cerumen is removed by the workers exposing the light-colored cocoons
(cream rectangles). When the imago emerges, the workers remove the remains of the cocoon and
the cells start to disappear (blue arrows). In the empty space new cerumen cells start to be con-
structed (red arrows at the bottom and image on the right). The image below shows M. beecheii
workers removing the cerumen from cells with individuals already in the pupal stage and a cell
where a bee has already emerged in the center of the comb

Some stingless bees are associated with termite or ant nests (Wille and Michener
1973), although this association seems flexible (Roubik 1983). It seems that species
that nest in live termite mounds may use the holes made by birds or other predators
to start building their nest (Roubik 2006). Some species like Paratrigona peltata
and Scr. latitarsis may dig holes in the nests of Nasutitermes and Camponotus from
which the workers can start expanding a cavity and eventually build a nest (Wille
1983). Other species, e.g., Tr. fuscipennis, use termite nests usually when these are
almost empty (Wille 1983).
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Fig. 2.5 Nest of Cph.
zexmeniae showing the
position of the scutellum
(E), the brood chamber
(C), and food pots (P)

2.2 Homeostasis

One of the greatest achievements of eusociality is homeostasis, the capacity to
maintain a stable environment in the nest with relative independence from environ-
mental fluctuations (Michener 1974). Nest thermoregulation or temperature control
is one basic aspect of homeostasis in eusocial species. Solitary insects are ecto-
therms; that is, they lack, or have, negligible physiological processes to control
body temperature. This means that their body temperature fluctuates with the envi-
ronment. Highly eusocial insects show a progress towards nest temperature control
using a series of passive and active mechanisms resulting in various degrees of
endothermy. Notably, some eusocial species can keep nest temperature within nar-
row range variations (Seeley 1985; Heinrich 1993).

Despite the advantages of an optimal environment for the development of the
brood, homeostasis represents a big challenge for eusocial colonies. In the case of
the honey bee, producing heat in the winter or cooling down the nest in the summer,
implies an energy expenditure that can be similar to that of mammals (Moritz and
Southwick 1992). In social insects Colony heating is a product of individual heat
production involving the contraction of thoracic muscles. To produce heat over long
periods, workers need a source of energy in the form of carbohydrates. This involves



48 2 Nesting Biology

the accumulation of a large reserve of honey which requires a great deal of energy
to collect (Seeley 1985; Winston 1987).

The economy of heat production is contrasting between honey bees and stingless
bees. Generally, it seems that stingless bees, in spite of living in highly popu-
lated eusocial colonies are not quite capable of controlling nest temperature at nar-
row ranges (Roubik 1983). They seem to rely more on the use of passive mechanisms
to maintain nest temperatures, than the active production of heat (Heinrich 1993).
Such an incipient control of nest temperature may explain the distribution of sting-
less bees confined to the tropics, in comparison with the honey bee which has
colonized diverse environments (Engels et al. 1995). Stingless bees have probably
taken advantage of the warm temperatures, usually between 18 and 35 °C found in
the tropics, and have not evolved more efficient and active mechanisms of tempera-
ture control (Roubik 1989). Indeed, the immature of various species develop well at
such wide range of warm temperatures (Macias-Macfas et al. 2011).

Because of the lack of active mechanisms to produce heat, stingless bee colonies
seem particularly sensitive to cold. Individual and group heat production seem gen-
erally poor. When exposed to low temperature, stingless bees do not show the
instinctive clustering observed in workers of A. mellifera. Stingless bees move
closer to each other, but the cluster is not tight, leaving wide spaces among individu-
als, which result in comparatively high heat loss in the group (Zucchi and Sakagami
1972). The workers of several species are also less efficient in producing heat by
means of the contraction of their thoracic muscles (Roubik and Peralta 1983; Engels
et al. 1995). In addition, meliponine colonies do not store large amounts of honey
and this is more humid (with less sugar per weight unit), compared to that of the
honey bee (Roubik 1983). This means that their energy reserves are comparatively
poor in quantity and quality, thus reducing the capacity to produce heat over long
periods. As a result, stingless bee colonies strongly depend on local environmental
conditions and well-protected nest spaces to preserve the temperatures inside their
colonies (Roubik 1989). Interestingly, with adequate nest conditions (good insula-
tion) stingless bees can maintain nest temperatures within narrow ranges. For
instance, species like 77 spinipes can keep the temperature of the brood between 34
and 36 °C (Zucchi and Sakagami 1972). Some species in the Yucatan such as S.
pectoralis can also keep the nest within 3—4°C variation during the day (Table 2.1).

Noteworthy, most species of stingless bee nest in cavities with thick walls further
increasing the insulation with structures like the bitumen. Certainly, most structures
in stingless bee nests may serve as a means of insultation. The surrounding layout
of food pots and layers of involucrum could maintain stable temperatures in the
brood. Structures like the scutellum may produce additional heat through fermenta-
tion of debri (Zucchi and Sakagami 1972).

Actually, Temperature economy inside stingless bee colonies centers on the
brood. The brood chamber is the area experiencing the lowest temperature variation
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Table 2.1 Mean and range temperatures in the brood area of various species of stingless bees

Species Mean (°C) | Range (°C) | Locality Reference

Frieseomelitta nigra | — 21.0-31.0 | Colombia Torres et al. (2009)

Frieseomelitta varia | 23.74 18.0-29.6 | Riberdo Preto, | Zucchi and Sakagami (1972)
Brazil

Lestrimelitta niitkib | 27.6 23.5-31.9 | Yucatan, Mexico | Moo-Valle et al. (unpublished)

Leurotrigona mulleri | 23.31 16.5-29.2 | Riberao Preto, | Zucchi and Sakagami (1972)
Brazil

Melipona rufiventris | 31.3 31.04— Manaus, Brazil | Roubik and Peralta (1983)

31.85

Melipona beecheii 30.2 25.4-34.0 | Yucatan, Mexico | Moo-Valle et al. (2000)

Melipona colimana | 26 24-28 Jalisco, Mexico | Macias-Macias et al. (2011)

Melipona fasciculata | 29.6 26-33.5 Kerr et al. (1996)

Melipona interrupta | 29.84 27.3-31.8 | Manaus, Brazil | Becker (2014)

Melipona 29.3 25.0-31.7 | Riberdo Preto, | Zucchi and Sakagami (1972)

quadrifasciata Brazil

Melipona rufiventris | 31.91 30.3-34.0 | Riberdo Preto, | Zucchi and Sakagami (1972)
Brazil

Melipona scutellaris | 26.05 24.1-28.2 | Riberdo Preto, | Roldao (2011)

(winter) Brazil

Melipona scutellaris | 29.8 29.15- Riberao Preto, | Roldao (2011)

(summer) 30.75 Brazil

Melipona seminigra |31.73 31.03- Manaus, Brazil | Roubik and Peralta (1983)

32.36

Melipona subnitida | — 27.0-33.0 | Mossord, Brazil | Ferreira (2014)

Nannotrigona 29.08 23.3-32.3 | Yucatan, Mexico | Moo-Valle et al. (unpublished)

perilampoides

Plebeia droryana 26.14 20.0-29.5 | Riberdo Preto, | Zucchi and Sakagami (1972)
Brazil

Scaptotrigona 32.0 29.0-35.0 | Riberdo Preto, | Engels et al. (1995)

postica Brazil

Scaptotrigona 30.03 27.6-31.8 | Riberdo Preto, | Zucchi and Sakagami (1972);

depilis 26.5-35.0 | Brazil Vollet-Neto et al. (2015)

Tetragonisca 30.3 27.5-31.5 | Colombia Torres et al. (2007)

angustula

Trigona spinipes 35.06 34.1-36.0 | Riberdo Preto, | Zucchi and Sakagami (1972)

Brazil

in the nest (Moo-Valle et al. 2000). Detailed recordings showed that the temperature
of the brood in M. fuliginosa and Partamona cupira was relatively constant, in spite
of a high variation in the environment. Temperature fluctuation in the environment
was 4-26 °C, while the temperature in the brood only varied between 26.5 and
30 °C (average 28.3 °C) (Wille 1976).

The brood area is also one major source of heat. In nests of M. rufiventris and
M. seminigra the brood produced most of the heat compared with the food reserves
(Roubik and Peralta 1983). The pupae and larvae produce heat and some features
of their body structure contribute to retain it (Sung et al. 2008; Dantas 2016).
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For instance, the non keratinized body of immatures seems more capable of
heat exchange. However, immatures also contain a larger proportion of water com-
pared to adults, and can absorb proportionally more heat through convection
(Dantas 2016).

The involucrum is relevant in the heat balance, and species that do not build
involucrum experience comparatively wider temperature variations in the brood
area (Zucchi and Sakagami 1972).

Interestingly, nest temperatures of stingless bees are not constant throughout the
day; large variation can be found between day and night. In Yucatan, Moo-Valle
et al. (2000) studied the thermoregulation of M. beecheii in natural nesting cavities
(hollow logs), and found that colony temperature was more stable during the day
(9:00-20:00 h) than at night, when the environmental temperature decreased. It
seemed that workers did not engage in heat production at night to compensate low
temperatures in the environment. Indeed, night temperatures inside the colonies
varied more closely to the fluctuation outside the nest. The authors suggested that
stingless bees may economize on the metabolic heat produced during the day by
means of the insulating structures, when it decreases at night. This pattern reveals
the close relationship between environmental and internal nest temperatures in
stingless bees, and their need of sufficiently isolated cavities to avoid drastic reduc-
tion of temperature at night, or during the “colder” season. This is one basic aspect
to consider when trying to adapt the different species to artificial hives (Moo-Valle
et al. 2000; Macias-Macias et al. 2011).

All stingless bees defecate inside the nests and this material could produce addi-
tional heat, especially if accumulated in strategic places. Some species build tempo-
ral accumulations of feces and debris, including dead bees (waste dumps) across the
nest (Rasmussen and Camargo 2008). In species that build a scutellum, like
Cephalotrigona, the organic waste ferments, presumably producing heat that can
act as a large radiator (Zwaal 1992). In the Yucatan, Cph. capitata is a species that
builds a large scutellum, and this structure is frequently close to the brood area
(Fig. 2.5; Zwaal 1992). The nests of this species are mostly found subterranean or
in cavities of large trees with thick walls. Although Cph. capitata can produce large
reserves of honey, its adaptation to artificial boxes is problematic. If the environ-
mental temperature decreases below 21 °C, a significant mortality of the brood
occurs. Thus, thermal constraints are possibly the main factor to consider in the
management of this bee and perhaps others that also build a scutellum (Zwaal 1992).
Interestingly, in nests of Tr spinipes, the temperature of the scutellum was 10 °C
below the temperature of the brood suggesting little participation in heat generation
(Zucchi and Sakagami 1972). These contrasting findings show the need to develop
more studies on the role of the scutellum in the thermoregulation of stingless bee
colonies.

Pollen reserves are proportionally large in stingless bees and can be maintained
for long periods (Roubik 1982, 1983). It is known that stingless bee pollen can con-
tain a large diversity of fermenting microorganisms producing heat (Roubik 1989).
The location of pollen reserves around the brood may be an additional strategy for
thermoregulation.
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Although stingless bees live in the tropics, not much is known about the mecha-
nisms they use to deal with high environmental temperatures. This type of informa-
tion is relevant in the light of a potential rise in global temperatures and an increased
frequency of heat waves.

In the nest of most species, the excess of heat and humidity is eliminated by
means of ventilation. In hot days it is possible to see workers around the entrance
fanning their wings to create air currents in and out the nest (Roubik and Peralta
1983). Similar to the honey bee, part of the adult population may evacuate the nest
to disperse heat excess (Winston 1987; Engels et al. 1995). The dynamics of water
balance has not been studied in stingless bees (Roubik 2006). Normally, humidity is
high in tropical areas, and water condensation occurs inside colonies. Some species
can be seen eliminating water droplets at the entrance, possibly representing water
excess in the colony (Pers. Obs.) Although water deficit is perhaps not common in
stingless bees, some species can avidly collect water at times of hot environmental
temperatures. Nonetheless, the link between water collection and thermoregulation
has not been clearly established. In N. perilampoides, workers actively collect water
when exposed to high environmental temperatures (Cauich et al. 2004); the same
occurs in M. beecheii (pers. Obs.). Recently, it was reported that in Scp. aff. depilis
from Brazil, water collection and fanning increased as the temperature of the brood
was artificially raised. The authors suggested that these bees can actively reduce
nest overheating by fanning and water evaporation but no definite proof was
found (Vollet-Neto et al. 2015). On the other hand, it was noted that water could
only have a nutritional value and used to dilute food or obtain minerals (Vollet-Neto
etal. 2015). More research is needed to clear up if stingless bees use water evapora-
tion for colony thermoregulation, and the contribution of this mechanism to control
high nest temperatures.

In subterranean species, nest temperatures can be comparatively more stable
even at extreme environmental variations (Moritz and Crewe 1988). In such species,
the main challenge seems the elimination of excess carbon dioxide. This gas needs
to ascend to the surface to be expelled, usually through very narrow and long subter-
ranean tubes. In the African species T denoiti, as a response to gas accumulation,
the nests engage in active ventilation producing alternating phases of inspiration
and expiration each 2—3 min. This causes a periodic air exchange and elimination of
carbon dioxide (Moritz and Crewe 1988).

Activity outside the nests stops at night and some species close their entrance.
This behavior could help in thermoregulation and defense (Fig. 2.6). It seems that
highly defensive species do not close the entrance at night.

Most data on stingless bee thermoregulation have been obtained on tropical spe-
cies, dwelling at relatively stable environmental temperature and humidity. However,
some stingless bees inhabit tropical highlands, cloud forests, and boundaries
between tropical and temperate regions with broad temperature oscillation (Ortiz-
Mora et al. 1995). A study was conducted to compare temperature tolerance of high-
land M. colimana (a species of pine forests above 500 m in Jalisco, Mexico) with
lowland M. beecheii and Scp. hellwegeri. The results showed that M. colimana bet-
ter tolerated extreme changes in environmental temperatures (Macfas-Macias et al.
2011). Pupae mortality in M. colimana kept at 40 °C for 24 h was 30% lower than
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Fig. 2.6 Entrances of the nests of N. perilampoides (left) and Fr. nigra (right) at night. In the first
species, cerumen is used to build a tight mesh on the entrance, while in the latter resin is used to
build threads to block it

in the other two species. Interestingly, the highest mortality was registered in work-
ers (40%) and in pupae (90%) of M. beecheii at 40 °C. The workers of M. colimana
also tolerated low temperatures of 5 °C while 40% of M. beecheii and Scp. hellwegeri
workers died at that temperature. In the three species, the brood was more sensitive
to low temperatures compared with adults (Macias-Macfias et al. 2011). At 5 °C,
all M. beecheii and Scp. hellwegeri pupae died, but only 80% those of
M. colimana.

An interesting finding is that the workers of M. colimana seem to engage in
active mechanisms to compensate environment temperature extremes. At low tem-
peratures in the lab, M. colimana workers increased the consumption of sugar syrup,
which correlated with an increase in their thoracic temperature, a behavior that was
not observed in lowland species. Moreover, when submitted to high temperatures,
M. colimana workers engaged in water regurgitation and its evaporation through
wing fanning (Macfas-Macfas et al. 2011). As a result of living in areas with daily
and seasonal extreme temperatures M. colimana may have evolved some level of
active control of nest temperatures. Nonetheless, the relative contribution of passive
and active mechanisms for nest thermoregulation in stingless bees from highland
forests needs to be assessed in whole colonies in their natural habitats (Macias-
Macfas et al. 2011).

In insects, as in other organisms, inter- and intraspecific phenotypic variation can
occur in response to habitat temperatures (Laiolo 2013). Individuals at higher alti-
tudes or latitudes can be larger than those at lower ones. However, it has been found
that in insects, such a pattern defined as Bergmann’s rule is not even across species
or taxa (Shelomi 2012). Although no formal comparison has been made, in stingless
bees, there are examples of species from the highland tropics (M. colimana, M.
fasciata) that have comparatively larger body size than their tropical counterparts
(M. beecheii, M. yucatanica) (Ayala 1999). M. colimana is also darker and with
more pilosity on the thorax (Fig. 2.7), suggesting a better adaptation for maintaining
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M. beecheii M. yucatanica M. colimana

Fig. 2.7 Comparative body size, color, and pilosity of three species of Melipona from Mexico. M.
colimana from the highlands of the west Mexican coast has an average larger body size, darker
coloration, and more pilosity than M. beecheii and M. yucatanica from the lowlands of the Yucatan
Peninsula (photos courtesy of Ricardo Ayala)

body heat at high altitudes. Evidence of an inverse relationship between body color
and heat loss has also been found in stingless bees; that is, dark-colored species
warm up more rapidly and can keep higher body temperature than light-colored
ones (Pereboom and Biesmeijer 2003).

Although some aspects of nest temperature regulation in stingless bees are pres-
ently understood, much information is yet needed to comprehend the importance of
active and passive mechanisms and the variation across species and environments.
In the advent of global warming, the effect of high temperatures and the ability of
different species to deal with them are relevant, albeit only little explored, areas of
study.
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Chapter 3 @
Anatomy and Physiology Shekis

Workers of M. beecheii collecting pollen from a water lily.

A great deal of variation exists on the external features of stingless bees; this is in
strong contrast with the rather uniform body pattern found in the Apini, the other
eusocial group of bees (Rasmussen and Cameron 2010). The stingless bees show
notorious interspecific differences not only in size, but also in shape and color
Ayala 1999). The size and number of mandibular teeth, the degree of body pilosity,
the pattern of wing venation, and the size and shape of the corbiculae are
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PROSOMA MESOSOMA METASOMA
Head Thorax Abdomen

6) 15)14)

Fig. 3.1 External anatomy of a M. beecheii worker: (1) tegula; (2) ocellum; (3) compound eyes;
(4) antenna; (5) mandibula; (6) proboscis; (7) propodeum; (8) pterostigma; (9) forewing; (10)
hamuli on the hind wing; (11) hind wing; (12) abdominal segments A2 a A7; (13) corbicula; (14)
penicillum; (15) basitarsum

notorious examples of such variability. Nonetheless, stingless bees exhibit a basic
pattern of the body, which is similar to that of other Hymenoptera.

In this chapter a general description of the anatomy and physiology of stingless
bees is presented. Descriptions proceed in accordance to the main segments con-
forming the Hymenopteran’s body: the prosoma or head, the mesosoma or thorax,
and the metasoma or abdomen (Fig. 3.1).

For some particular structures, differences are pointed between Melipona and
other genera. Aspects related to the anatomy and physiology of the reproductive
system are presented in Chap. 6, in the section referring to individual reproduction
of gynes and males.

3.1 Prosoma

Structures found on the head or prosoma are important for the interaction of the
insect with its environment, most acting as centers for feeding and the senses. The
main organs here are the eyes, antennae, and proboscis.
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Fig. 3.2 Frontal image of the head of M. beecheii male, worker and queen. The ocelli and parts of
the antennae are labelled on the male and the proboscis on the worker

Bees have two types of eye. One, is a set of three simple eyes called ocelli that
are located at the frontal apex of the head (Fig. 3.2). The ocelli are not involved in
the process of image production, but in the perception of light intensity. There is
also a pair of large compound eyes located at both sides of the head. The large com-
pound eyes are formed by small facets called ommatidia. Each ommatidium is a
simple but complete optic unit with a corneal lens, a crystalline cone, and a light-
sensitive pigment, the rhodopsin. It seems that the ommatidia act by capturing
simple images in their visual area and that these are processed in the brain to obtain
a more complex and wider image (Dade 1985).

At the front of the head there is a pair of antennae. Each antenna is formed by three
segments; the larger one attaching the antenna to the head is the scape. After the
scape, the following small spherical segment is the pedicel, which allows free move-
ment of the distal section of the antennae called the flagellum (Fig. 3.2). The flagellum
is divided into small segments called flagellomeres, of which females (workers and
queens) have 10 and males 11. The surface of the flagellomeres is covered with chem-
ical and mechanical receptors called sensorial plates or sensilla. There are different
kinds of sensilla, each involved in the detection of the levels of CO,, pressure, and
temperature, as well as taste and smell, among others (Dade 1985). Inside the anten-
nae, the Johnston’s organ is involved in the reception of airborne sound. In M. scutel-
laris this organ seems capable of detecting the vibrations produced by forager bees
through the movement of air particles at distances of up to 2 cm (Hrncir et al. 2008).

Underneath the head is the proboscis, an articulated structure used by the bee as a
straw in the suction of nectar and liquids. When not in use, the parts of the proboscis
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Fig. 3.3 Mandibles of a
queen, male, and worker of
M. beecheii. There is a
striking difference in the
size of the mandible and
sharpness of the teeth
between the worker and
both sexuals

(the maxillary palpi, labial palpi, and glossa) are folded behind the head. When in
use, the proboscis extends and the palpi form a tube around the glossa. The glossa is
longitudinally indented by the salivary canal. The saliva is produced in glands in the
head and thorax, and is used to dilute food. Muscles, underneath the head, create a
sucking pump on the proboscis and the liquids can be ingested (Dade 1985). Taste
seems to be mainly sensed at the tip of the glossa (the flabellum) and the palpi.

The mandibles are found in the lower part the head. These appendages are the
main tools for processing food (pollen) and building materials (wax, cerumen, and
resin), but also the most important weapons for defense (Fig. 3.3). Given that meli-
ponines lack a sting, the mandibles can be especially developed in some species.
Accordingly, the mandibles can vary in size, the number of teeth, and their sharp-
ness. Interestingly, highly defensive species have larger mandibles with more numer-
ous and sharper teeth (Shackleton et al. 2015). Sexuals generally make little use of
the mandibles, and these are significantly smaller (Fig. 3.3).

3.2 Mesosoma

The mesosoma or thorax is the second largest body segment. The organs involved
in the locomotion of the insect (walking and flight) are found here. The mesosoma
is formed by segments that have been reorganized in the transition from the larval to
the adult stage during metamorphosis. The first abdominal segment of the larva
(A1) moves into the mesosoma to form the last segment of the adult’s thorax, and is
called the propodeum (Fig. 3.1). Between the propodeum and the first abdominal
segment of the adult (originally the larval A2), a narrowing of the body (wasp-waist)
called the petiole unites the thorax with the metasoma (abdomen). The petiole
allows great flexibility of the metasoma (Dade 1985).

The thorax carries two pairs of wings and three pairs of legs. Both types of
appendage are propelled by groups of muscles. The bee’s legs are three pairs
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Fig. 3.4 (a) Hind leg of M. beecheii male, queen, and worker. The corbicula and details of the
penicillum and rastellum (only found in the worker), are shown in images b and ¢, respectively

of segmented appendages. The segments of the legs, from the most proximal to the
more distal are, the coxa (the first segment attaching the leg to the mesosoma), fol-
lowed by the trochanter, femur, tibia, tarsus, and pretarsus. The tarsus is formed by
five segments called the tarsomeres of which the first, the basitarsus, is wider and
larger than the others. The basitarsus of the first pair of legs has a notch with hair
that is used to clean the antennae (antenna cleaner). The third pair of legs is of par-
ticular importance in the workers of stingless bees (and other corbiculate
Apinae), because the tibia forms the corbicula or pollen basket. The corbicula is a
broad expansion of the tibia; it is slightly concave with curved hairs along the edge
to help keeping the load in place (Fig. 3.4). The inner face of the basitarsus on the
third leg is covered with thick short bristles (the pollen brush) that groom the pollen
from the bee’s body and transfer it to the corbiculae.

On the distal edge of the corbicula a group of short stiff bristles are known as the
pollen rake or rastellum. The pollen rake is used during the transference of pollen
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Fig. 3.5 Workers of M. beecheii visiting an achiote flower (Bixa orellana) showing the pollen
loads (pellets) formed on the corbiculae. On the image to the right a worker with pollen loads and
two workers with wax scales produced on the dorsal glands of the metasoma

from the legs to the corbiculae (Fig. 3.4). The rastellum is absent in the cleptobiotic
genera (Lestrimelitta) and less developed in the Meliponini from Africa (Wille
1979). On the apical internal edge of the corbicula, a brushlike structure of stiff
setae, exclusive of the stingless bees is the penicillum (Wille 1979). In the genera of
cleptobiotic species the penicillum is greatly reduced; the males and gynes of all
species lack it too (Fig. 3.4). It is suggested that the penicillum is also used to pro-
cess the pollen loads. The pollen attached to the bee’s body is brushed off by means
of the first two legs. Then it is transferred from the second to the third leg of the
same side by passing the second leg between the space formed by the penicillum
and the basitarsus. Due to the curvature of the penicillum the pollen is pushed up
into the corbicula to form pellets (Fig. 3.5). Stingless bees do not have a pollen press
apparatus on the basitarsus like the honey bees (Wille 1979).

The wings of the bees are membranous structures, found in pairs on each side of
the body. Each pair is formed by a large forewing and a smaller hind wing (Fig. 3.6).
The wings have veins that act as mechanical support for their fine structure. The
spaces among the different veins are called wing cells (Fig. 3.6). The pattern of
forewing veins and cells is important in the taxonomic identification of species and
lineages of stingless bees (Francoy et al. 2011).

Flight is produced by the action of two sets of muscles found in pairs inside the
mesosoma, i.e., the longitudinal and dorsoventral (or vertical) muscles. These mus-
cles act to generate the energy and movement required for flight. Thanks to the
elastic cuticle between its segments, the mesosoma can expand and contract alterna-
tively. The longitudinal muscles pull the mesosoma front to back and the vertical
muscles pull it dorso-ventrally. The wing bases are inserted into a slit of the thorax
(longitudinal slit) and by the alternative movements of the muscles, the wings are
pushed up and down. The dorsoventral contraction elevates the wings, and the lon-
gitudinal contraction flips them down. Muscles contract and relax at a very high
speed (200-250 beats per second), elevating and pushing the wings down in alterna-
tive movements, creating the necessary stroke for flight (Dade 1985).
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Fig. 3.6 Fore and hind wings of three Meliponini from Yucatan to compare the relative size of the
pterostigma (P) and hamuli number (H), the latter in the amplified section. The species Scp. pecto-
ralis and N. perilampoides have seven and five hamuli, respectively; M. beecheii, with a larger
body mass, has ten

The mesosomal muscles produce a great amount of energy during contraction
(Winston 1987). During flight the forewing and hind wing form a functional unit.
This is achieved by means of a canal in the posterior margin of the forewing and a
set of hooks (hamuli) on the frontal edge of the hind wing. When the bee expands
its wings in preparation for flight, the hamuli on the hind wing clasp into the fore-
wing canal, effectively becoming one structure.

Through this mechanism, the bee can increase the surface and strength of the
wings, for a more powerful flight (Dade 1985). In the Meliponini, it has been found
that the number of hamuli in the different species is correlated with body mass
rather than wing length (Schwarz 1948). Non-Melipona stingless bees usually have
between 4 and 10 hamuli while Melipona species have between 8 and 16 (Schwarz
1948). Queens have less hamuli compared with males and workers (Schwarz 1948).
This is probably due to their low requirements for continuous and long flights, com-
pared to the other individuals.
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Fig. 3.7 Shape of the dorsal vessel (in red) in stingless bees: (a) type I aorta present in non-
Melipona species and (b) type 11 aorta present in Melipona and Meliponula

Some fossil stingless are small, like the present Plebeia. Wille (1979) suggests
that small size of their ancestors may explain some of the present anatomical fea-
tures of the stingless bees, for instance, the reduced wing venation. Weak veins like
those presently found in Meliponini, can be a hurdle for the strong flight needs of
highly social bees. It seems that non-Melipona and Melipona stingless bees evolved
different methods to compensate for the relative weakness of the veins. In the case
of non-Melipona species, the forewing evolved to a comparatively larger size and
the pterostigma is proportionally larger than in other corbiculate bees (Fig. 3.6).
Large pterostigmas are characteristic of small Hymenoptera which provide addi-
tional support to the wings during flight (Michener 2001). In comparison, Melipona
have comparatively shorter wings with a smaller pterostigma, but the number of
wing hamuli has increased, probably resulting in a better union between fore and
hind wings increasing flight capacity (Wille 1979; Fig. 3.6).

One portion of the circulatory system, the dorsal vessel, or aorta, is found in the
thorax. This vessel shows differences between Melipona and non-Melipona species.
In non-Melipona bees the thoracic portion of the aorta is normally straight, and it
passes below the longitudinal thoracic muscles not between them; this type of dor-
sal vessel is known as type I (Fig. 3.7). In Melipona the thoracic portion of the aorta
forms an arch between the longitudinal thoracic muscles and is known as type 11
(Fig. 3.7). It is thought that Type II aorta probably evolved as response for a better
irrigation of the muscles or temperature regulation during flight in larger bees (Wille
1979; Winston 1987).

3.3 Metasoma

Most organs and systems of the bee are found in the metasoma or abdomen. The
metasoma is formed by nine segments, each with a dorsal (tergite) and a ventral
plate (sternite). The segments of the metasoma lack the pleurite or lateral sclerite
between the terga and sterna found in the mesosomal segments. In contrast with the
thorax, the bee's abdomen can expand notably due to the elastic membranes between
the plates.
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Fig. 3.8 Digestive tract of M. beecheii and Scp. pectoralisworkers: (1) esophagus, (2) honey sac,
(3) proventriculus, (4) ventriculus, (5) short intestine or ileum, (6) rectum, (7) Malpighian tubules.
Elongation of the tract has occurred in Melipona, compared to other stingless bees, in particular
of the ileum (5). The red lines indicate the start of the ileum

In the adult stingless bee, only segments A2—A7 are externally visible. Segment
A1 has moved into the mesosoma to form the propodeum and segments A8 to A10
are located internally in the abdomen, some of them part of the vestigial sting.

The digestive tract extends from the proboscis in the head to the metasoma. In
the abdomen, the digestive tract is continuation of the esophagus, a long and slender
tube that extends from the head through the thorax. In the abdominal cavity, the
esophagus expands to form a sac called the honey stomach or crop. When empty,
the honey stomach is folded but its thin walls can expand notoriously to accommo-
date a large nectar volume (Fig. 3.8). The honey stomach does not have a digestive
function; it acts like a reservoir for the nectar. The honey stomach is separated from
the true stomach by a sphincter valve called the proventriculus which controls the
passage of pollen and other solids from the honey sac. The true stomach or ventricu-
lus is a thick muscular segmented tube where the digestion takes place (Fig. 3.8). A
series of membranes inside the ventriculus (the peritrophic membranes), wrap around
the pollen grains as they enter this part of the tract (Dade 1985). The peritrophic
membranes may possibly act to protect the delicate lining of the ventriculus against
the coarse or spinous exines of some types of pollen. In the ventriculus the pores of
the pollen grains are broken by osmotic shock (Crailsheim 1990). In addition, the
cells lining the ventriculus produce digestive juices and proteolytic enzymes pene-
trate the pores of the pollen. Inside the pollen, the enzymes digest the large mole-
cules and a broth can exit the pores. Once in the ventriculus lumen, the nutrients
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can absorbed into the hemolymph. Nutrients can be stored in the abdominal fat
bodies as fat, glycogen, or protein (Dade 1985).

After the ventriculus, a thinner tube called the short intestine or ileum is found.
In the insertion between the ventriculus with the ileum a series of tubules, called the
Malpighian tubules, join the digestive tract. The Malpighian tubules are involved in
the process of elimination of metabolic waste from the hemolymph. In the tubules,
metabolic residues and liquid absorbed from the hemolymph form the primary urine
that is poured into the ileum. Because bees feed on liquids (mostly nectar), it is sug-
gested that the primary urine is hypo-osmotic. To keep an osmotic balance, the bees
need to absorb ions actively from the urine while avoiding the absorption of excess
water; a process performed in the ileumn (Santos and Serrdo 2006). After the ileum,
the last section of the gut is the rectum. This is a large sac where the residues of the
digestion and the hemolymph accumulate to produce the feces (Fig. 3.8). The rec-
tum is involved in the absorption of water from the waste. Stingless bees in contrast
to honey bees defecate inside the colony.

The length of the digestive tract shows differences between Melipona and other
stingless bees. In non-Melipona species, the digestive tract is short (Fig. 3.8), com-
pared with that of Melipona. A long digestive tract is considered a derived charac-
teristic (Wille 1979). Notably, in the cleptobiotic Lestrimelitta, the ventriculus in
addition to the ileum is also shortened (Wille 1979). This may be a result of a life-
style involving the consumption of larval food and pollen, predigested by the hosts.

The bee’s circulatory system is open; there are no vessels in the form of arteries
or capillaries. Basically, there is one large vessel with two parts, the larger posterior
part or heart, is found in the metasoma. The first part, the aorta, already described in
Sect. 3.2, continues into the abdomen to form theheart. The heart is a muscular
organ that pumps the hemolymph from the abdomen to the mesosoma and the head.
The bee’s hemolymph is a yellowish liquid composed of the plasma and cells called
hemocytes. Hemocytes are involved in the immunity of the insect. The insect’s
hemolymph reaches all the organs and muscles carrying the nutrients and remov-
ing excretions. However, the hemolymph does not contain red cells and is not
involved in the transport of oxygen. In the abdomen, the hemolymph enters the
heart through a series of holes called the ostia. The walls of the heart pump the lig-
uid to the aorta and to the head where the hemolymph is poured onto the brain from
which it flows backwards to the abdomen (Dade 1985).

The bees, as other insects, breathe through the body cuticle by means of lateral
orifices called spiracles. From these, the incoming air flows through ducts called
tracheae to the different organs. The exchange of oxygen takes place in a series
of microscopic tubes called tracheoles which are in close contact with the cells. The
contractions of the abdomen pump the air in and out of the body (Dade 1985).

The bee’s nervous system comprises the brain and a set of ventral nerve cumulus,
called ganglia. The ganglia act as small satellite brains. It is important to note that
in stingless bees the abdominal ganglia have migrated towards the front (cephaliza-
tion) of the body (Wille 1979). This is more evident in Melipona (Fig. 3.9).

In some species, the abdominal ganglion three has migrated into the mesosoma.
Thus, the thorax in these species carries two ganglia of mesosomal origin and one
of metasomal origin (Wille 1961). It is believed that the cephalization of the abdom-
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Fig. 3.9 Ventral nervous
chain of a M. beecheii
worker in which the four
abdominal ganglia are
observed

inal ganglia could have occurred as a result of the loss of a functional sting which
would reduce the activity of the ganglia associated with this structure. In males, for
instance, there is a trend in all bee taxa for a reduction in the number of abdominal
ganglia (Wille 1979). Nonetheless, abdominal ganglion three also has a thoracic
position in females of some bumble bees and orchid bees (Cruz-Landim et al. 1972),
both having a functional sting.

The workers and males of some Melipona, such as M. quadrifasciata have five
abdominal ganglia, while the queens have only four (Kerr and Nielsen 1966). In
such species, the number of abdominal ganglia has been used to differentiate indi-
viduals with a queen genotype (Kerr 1950), but that due to nutritional factors are
phenotypically workers (see Chap. 4). In M. beecheii, however, both queens and
workers have four abdominal ganglia (Fig. 3.9; Darchen and Delage-Darchen
1975). In the adult bee, the last abdominal ganglion results from the fusion of the
larval abdominal ganglia 7, 8, and 9 and is found in the fourth abdominal segment
(Wille 1961).

The vestigial sting is found in the last portion of the abdomen. In the most primi-
tive genera, it is still possible to find a small sac, probably homologue to the acid
gland that exists in stinging bees. Interestingly, this sac is also found in the queens
of Meliponini (Kerr and Lello 1962). Parts of the vestigial sting include the valvulae
1 and 2, which are the remains of the stylet of stinging bees (Packer 2003; Fig. 3.10).
The valvulae 3 or gonostylus are the remains of the sheath. In stingless bees, valvu-
lae 3 are robust, and straight, profusely covered with bristles, compared with the
concave and smooth structures of stinging bees (Radovi¢ 1981; Fig. 3.10). In the
stingless bees the bristles of the gonostylus may act as mechanical receptors.
Interestingly, the contact of the gonostylus with non-sclerotized surfaces like the
skin, triggers some defensive responses, like biting and abdominal movements of
the workers that resemble the act of stinging (Radovi¢ 1981).
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Valvulae 1 and 2

Valvulae 3 or gonostylus

Fig. 3.10 Structure of the vestigial sting of a worker of M. beecheii in anterodorsal view. Valvulae
1 and 2 are the remains of the sting stylets and valvulae 3 or gonostylus are the remains of sting
sheath. The gonostylus is covered with abundant bristles that may act as mechanoreceptors trigger-
ing defense responses
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72 4 Sex Determination and Caste Production
4.1 Ontogenetic Development

Like all Hymenopterans, bees are holometabolous; they pass through a series of ana-
tomical and physiological changes, from larva to adult, called metamorphosis (Savard
et al. 2006; Fig. 4.1). In holometabolous insects, there are five main stages in the
ontogenetic development: egg, larva, prepupa, pupa, and adult or imago. After the
larva hatches, it experiences a rapid growth. Because the rigid outer cuticle prevents
the expansion and growth of the body, the larva needs to shed it in a series of molts
or ecdysis. The regulation of growth and the ecdysis is under the effect of various
hormones, the most important being the juvenile hormone (JH), insulin, and ecdy-
sone (Hartfelder et al. 2006; Nijhout and Callier 2015). During the larval phase of the
bee, there are four molts and five stages (Dade 1985). There is also a fifth molt
between the prepupal and pupal phases, plus a final one between the pupal and the
imago phases, making a total of six molts throughout the ontogenetic development.

In general, there is little information on the duration of ontogenetic development
in stingless bees. However, although the different phases are the same, there seem
to be substantial differences in duration across species and also between sexes and
castes (Table 4.1). For instance, in two Mexican species of Melipona, M. beecheii and
M. colimana, there are significant differences in the time of development of males,
gynes, and workers (Moo-Valle et al. 2004; Macias-Macias and Quezada-Eudn
2015). The total time for the development of the workers in M. beecheii is 53 + 1 days.
The queens develop faster (51 + 1 days) and the males slower (53.5 + 1 days) than the
workers (Table 4.1). Marked differences among individuals are found in the duration
of the third larval stage and the pupal stages 2 and 3 (Table 4.1).

In comparison with Melipona, the duration of development of the workers in non-
Melipona bees seems comparatively shorter: Ttr. angustula (36.5 days, Nates-Parra
et al. 1989), Friesella (35-36 days, Sakagami 1982), Ttgn. minangkabau (42 days),
Sundatrigona moorei, and Heterotrigona itama (46.5 days for both species) (Salmah
et al. 1996). However, the workers of Austroplebeia have a similar development time
to that of Melipona: 54-55 days (Halcroft et al. 2013). It has been suggested that inter-
specific differences in the length of development may be due to variation in the ability
to maintain stable nest temperatures. Species with less developed thermoregula-
tion may develop less rapidly (Halcroft et al. 2013; Macias-Macias and Quezada-Euan
2015). Other factors like body size may also affect the length of development, with
larger individuals normally taking longer to develop (Jaro$ik and Honekel 2007). In
the case of stingless bees, the larval food is formed mainly by pollen and honey which
may also contribute to delay development. In contrast, honey bee larval food is a prod-
uct of the worker glands and more readily digestible, possibly accelerating matura-
tion of individuals in this species (Velthuis et al. 2003; Quezada-Euan et al. 2011).

An interesting contrast regarding ontogenetic development seems to exist in
stingless bees. While Melipona gynes develop faster than workers and males, in
non-Melipona there seems to be an opposite trend; the workers and males develop
faster than gynes (Wille 1983). In a preliminary investigation on N. perilampoides,
we found that gynes take approximately 41 days to develop, and workers 36.5 days.
Similarly, gynes of S. pectoralis emerge around 44 days, while workers do so in 37
days (Quezada-Eudn, pers. Obs.). Information on other non-Melipona species is
required to confirm this observation.
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Table 4.1 Duration in days of the different phases of ontogenetic development of two species of
Melipona from Mexico

M. beecheii® M. colimana®
Phase Workers | Males | Gynes | Workers | Males | Gynes
Egg 8 8 8 11 11 11
Larva 1 5 5 5 4 4 4
Larva 2 4 4 4 4 4 4
Larva 3 9 10 8 8 11 8
Prepupa 2 2 2 2 2 2
Pupa (white) 3 3 3 5 5 4
Pupa (pink eye) 8 8 6 5 5 4
Pupa (pigmented ocelli) 6 6 4 10 10 6
Pupa (base of the wings and antennae 3 3 3 3 3 3
pigmented wings folded on the body)
Pupa (dark body, wings extended) 5 6 7 5 4 6
Average duration 52.72 |53.48 | 50.8 55.44 |57.14 | 52.62

“Moo-Valle et al. 2004
®Macias-Macias and Quezada-Eudn 2015

Melipona bees, similar to other Apidae, emerge with a pigmented cuticle.
However, the intensity of pigmentation and the thickness of the cuticle are still
incipient compared with solitary species. There is a process of gradual melanization
and maturation of the cuticle known as cuticular heterochrony (Elias-Neto et al.
2014). Interestingly, non-Melipona bees exhibit the highest degrees of heteroch-
rony; they lack pigmentation and the cuticle is soft at emergence. Melanization
occurs gradually as they age and is completed usually after 2 weeks (Salmah et al.
1996; Elias-Neto et al. 2014).

On the combs, the distribution of cells of different individuals varies across spe-
cies. In the case of M. beecheii and M. colimana, male and gyne cells are randomly
distributed (Moo-Valle et al. 2004; Macias-Macias and Quezada-Euan 2015).
However, in other species, like Brazilian M. quadrifasciata and M. favosa, cells
containing males are usually placed in the center of the combs and gyne cells in the
periphery (Koedam 1999). It is suggested that in species in which workers partici-
pate in male production, such as M. quadrifasciata and M. favosa, the workers lay
eggs in batches in periods of “worker reproductive dominance” resulting in clus-
tered male cells (Chinh et al. 2003; Sommeijer et al. 2003).

When worker and male Melipona complete their development, they emerge from
the cells with assistance from old workers. In contrast, gynes cut the cap by them-
selves, rapidly exit the cell and run to hide from workers.

4.2 The Sex and Caste of Individuals

In the highly eusocial colonies there are two sexes (males and females) and two
castes, workers and queens. In social insects, the term caste is more frequently used
to refer to the division of labor among females based on reproductive specialization
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(Michener 1974). Reproductive specialization is reflected in workers and queens
being morphologically and physiologically different (Michener 1974). Queens are
devoted to reproduction and have lost all structures for the collection of food and for
building a new nest. Workers, on the other hand, are dedicated to the collection of
food and activities inside the nest. In some species, workers are capable of repro-
duction, but as they are uncapable of mating, they can only produce unfertilized
eggs.

In the Hymenoptera, sex determination (how males and females are produced),
is the result of a haplodiploid system. In this type of system, the males normally
develop from unfertilized eggs, meaning that they only have one set of the chromo-
somes of the species (n), they are haploid. In contrast, females derive from fertilized
eggs and own two sets of chromosomes (2n), thus, being diploid. Males result from
the recombination of their mother’s genes but have no genetic contribution from the
males which sired the queen, they have no father (Fig. 4.2). This mode of reproduc-
tion in which males are produced from unfertilized eggs is known as arrhenotokous
parthenogenesis (Zayed 2009). In exceptional circumstances, males can develop
from fertilized eggs, as will be explained later.

In the Hymenoptera, there is no sex chromosome. A gene called single-locus
complementary sex determiner or sl-csd, of which there are several alleles, is
responsible of sex determination. The sex of the individual will depend on whether
it inherits one or two sl-csd copies, and if these are in homozygous or heterozy-
gous condition (Zayed 2009).

The product encoded by the sex locus sl-csd is necessary for feminization. At
molecular level, the sl-csd locus acts upon a specific target, identified as the femi-
nizing gene (fem) (Hasselmann et al. 2008). When sl-csd is artificially inactivated,
individuals develop a whole set of masculine characters (Beye et al. 2003). In het-
erozygotes (diploid individuals with two different sl-csd alleles), the effect of both
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loci is additive and activation of the gene fem occurs. The activation of fem triggers
a system for determining feminine characteristics. In individuals with only one copy
(haploid), or two identical (homozygotes) copies of sl-csd, there is insufficient acti-
vation of the fem gene, and a male is produced (Zayed 2009; Fig. 4.3). Although
complementary sex determination mediated by a sex locus has been frequently dem-
onstrated in Hymenoptera, some exceptions have also been found (Ma et al. 2013).

The number of sl-csd alleles varies across population and species. In stingless
bees, for instance, up to 25 alleles have been found for sl-csd in M. scutellaris from
Brazil (Araujo Alves et al. 2011).

Diversity in the number of sl-csd alleles in Hymenoptera populations is impor-
tant because as explained, when individuals receive two identical copies, a male
with two sets of chromosomes is produced, a diploid male (Zayed 2009) (Fig. 4.3).
Diploid males are commonly sterile; they cannot father diploid daughters and
reduce the reproductive success of the queens (Zayed and Packer 2005; Vollet-Neto
et al. 2017), representing dead ends for reproduction. A decrease in sl-csd allelic
richness can result in the production of more diploid males and, in turn, reduced
population growth, triggering what is known as the diploid male vortex. Thus, driv-
ers reducing the size of Hymenopteran populations (isolation or genetic drift) are
expected to increase the frequency of diploid males by means of increased homozy-
gosity at the sl-csd locus (Zayed and Packer 2005; Zayed 2009).

Interestingly, some stingless bees have mechanisms that seem to reduce the bur-
den of diploid males. In M. seminigra and M. interrupta, workers can detect diploid
males (probably by some kind of chemical as in honey bees) when they emerge and

Fig. 4.3 Diploid male production in stingless bees. The queen in this example carries two differ-
ent sl-csd alleles (1 and 2). However, one of these alleles is also present in the male siring her
(csdl). Theory predicts that 50% of the diploid individuals resulting from this cross would be
homozygous (csdl, csdl), and thus, diploid males
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eliminate them (Winston 1987; Francini et al. 2012). Queens producing diploid
males are also rapidly replaced (Francini et al. 2012; Vollet-Neto et al. 2017).
Surprisingly, in some Meliponini, diploid males can reach adulthood (for instance
in M. quadrifasciata; Borges et al. 2012), and can even join congregation areas, as
in the case of N. perilampoides, Ttr. angustula, and Scp. depilis (Quezada-Eudn
et al. 2013; Santos et al. 2013; Vollet-Neto et al. 2015). Nonetheless, it is not known
if stingless bee diploid males joining congregation areas can mate.

It is intriguing why in Brazil, some managed populations of stingless bees started
with only a few colonies, and thus, highly inbred, show no negative effects on health
and survival (Nogueira-Neto 2003; Alves et al. 2011). How these species and popu-
lations deal with the problem of diploid males is yet unknown, but surely under-
standing it should have important repercussions for the conservation of stingless
bees and other Hymenopterans.

Stingless bees are highly diverse and cytogenetics can contribute greatly to the
understanding the evolution of this Tribe (Rocha and Pompolo 1998; Tavares et al.
2017). Several studies have analyzed chromosome number variation and its distri-
bution in Meliponini (Lopes et al. 2008; Fracini et al. 2011; Lopes et al. 2011).

Using data on 104 species of stingless bees, Tavares et al. (2017) recognized
three main groups, in accordance to the most frequent chromosome number. The
first group (2n = 18), comprises species of the genus Melipona, whereas karyotypes
with 2n = 30 and 2n = 34, have been detected in species other than Melipona.
However, it is noted that in the latter, the number of chromosomes can range between
2n = 16 and 2n = 36 (Tavares et al. 2012). In the case of M. beecheii and other
Mexican species, the karyotype has not been analyzed yet.

In highly eusocial insects, the female larvae can develop either as worker or as
queen. Caste determination (how a female larva becomes queen or worker) could be
of two forms in stingless bees, trophic or tropho-genetic (Michener 1974; Sakagami
1982) (Fig. 4.4). Before describing each form, it is important to remember that in
contrast with the honey bee, in which larvae are gradually fed by nurse workers in
open cells, stingless bee larvae develop in isolation. The brood cells of stingless
bees are mass provisioned and after the queen lays an egg, they are sealed. This
system prevents contact between workers and larvae (Sakagami 1982). Rearing lar-
vae in closed cells has a collateral effect in Meliponini; it reduces the possibility of
workers controlling the fate of their sisters through feeding, as it occurs in the honey
bee (Bourke and Ratnieks 1999).

In stingless bees, one form of caste determination is trophic. The trophic deter-
mination of caste is found in genera other than Melipona (Sakagami 1982). In this
type of determination, the fate of the female larvae depends on differential nutrition;
larvae to become queens are reared in cells with more food than workers.

There are two variants in the system of trophic determination of caste. The first
variant includes the construction of royal cells in advance, that is, cells are expressly
built to rear a queen (Sakagami 1982). In species building combs, royal cells are
normally found in the periphery. In a second variant of the trophic determination,
queens are reared from worker cells through emergency queen rearing (Faustino
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Fig. 4.4 The different systems of caste production in Meliponini (in the black circle, a cell with a
future gyne): (a) Tropho-genetic in Melipona, the larva receives equal amount and quality of
food to her sisters. (b) Trophic, with two variants: B1 in non-Melipona that build combs, queen cells
are built expressively before the mother queen lays an egg; B2 occurs in non-Melipona species that
build cells in clusters. Queen cells in this case are built from individual worker cells that are united

et al. 2002; Teixeira 2012). In this variant, enlarged queen cells are produced by
merging two contiguous worker cells (Faustino et al. 2002). The workers unite
the cells and help building a passage between, so that both larvae can get in contact.
One larva prevails and consumes the food of the other cell. Alternatively, a support
cell containing only food could be built for the same purpose. In both cases, the larva
effectively increases its nutrient consumption, which will induce transformation
into a queen (Faustino et al. 2002; Teixeira 2012). Trophic caste production through
emergency queen rearing has been found in stingless bees that build clustered cells,
like those in the genera Frieseomelitta, Leurotrigona (Terada 1974; Faustino et al.
2002), and Austroplebeia (Teixeira 2012).

A contrasting form of caste determination is found in the genus Melipona. Caste
in this genus depends on the genotype of the individual, but the effect of food is
important for its expression (tropho-genetic caste determination) (Fig. 4.3). A prox-
imate model for caste determination in Melipona was originally proposed by Kerr
(1948, 1950). The model considers that two non-linked loci, each with a pair of
alleles, interact to produce the specific genotype of a queen. Only when both loci are
found in heterozygous condition the individual can become a queen, but the expres-
sion of queen phenotype will require an adequate amount and/or quality of food.

On the other hand, homozygosity for one or both loci would result in a worker
genotype (Fig. 4.4). Originally, Kerr (1948) also contemplated the possibility of a
third locus involved (which would result in a proportion of queens to workers of one
in eight), but this idea was later dismissed (Kerr 1969).

When female larvae with a queen genotype receive proper amount or quality of
food, the corpora allata (a pair of endocrine glands at the base of the brain) increase
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the production of JH necessary for the transformation into a queen (Kerr et al.
1975). However, undernourished double-heterozygous female larvae would only
express a worker phenotype (Darchen and Delage-Darchen 1975; Velthuis and
Sommeijer 1991). JH seems to control hypomethylation of the genome in individu-
als to become queens. In contrast, in worker larvae, hypermethylation of the genome
occurs (Cardoso-Junior et al. 2017).

In accordance to the two-loci model of caste determination in Melipona, 25%
would be the maximum possible queens. This means that potentially one queen
could result from each of four female larvae produced in the colony (Fig. 4.4).
However, the natural production of queens recorded in several species of Melipona
is below that prediction, ranging between 14 and 21% (Moo-Valle et al. 2001;
Sommeijer et al. 2003; Wenseleers et al. 2004; Morais et al. 2006). However, food
conditions in colonies seems to influence the rate of queen production across time
(Moo-Valle et al. 2001; Fig. 4.5). Interestingly, the experimental addition of 10 pg
of geraniol (a compound produced in the labial glands of workers) to larval food,
increased the production of queens in M. beecheii closer to the predicted 25% (Jarau
et al. 2010). These findings suggest that geraniol can probably act as a precursor of
compounds that regulate JH titers in female larvae (Jarau et al. 2010). Workers in
malnourished conditions may produce less geraniol, explaining differences in queen
production across colonies too.

30 -
- Queens

28 - -@- Males

Frequency (%)

Month

Fig. 4.5 Graphic representation of the genetic theory of caste production in Melipona (Kerr 1950).
The queen produces four types of egg, each with a combination of the two caste determining loci.
The male produces sperm of the same genotype given his haploid condition. The expected proba-
bility of an individual being double heterozygous (the queen genotype) is 25%. Workers are pro-
duced when the female is homozygous for one or both loci
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Fig. 4.6 Monthly production of gynes and males of M. beecheii in Yucatan (Moo-Valle et al.
2001)

The two systems of queen production in stingless bees affect the possibility for
self-determination of female larvae, i.e. its chances to become queen. Clearly, the
trophic system allows more worker control by manipulating the amount of food
provisioned in the cells (Fig. 4.6).

In contrast, genotype-based caste production is to some extent independent of
worker control. This increases the capacity of self-determination of the larvae, and
gives room for potential conflict among colony members (Wenseleers and Ratnieks
2004).

4.3 Relatedness and Reproductive Conflicts

One prerequisite for the evolution of sociality in Hymenoptera seems to be queen
single mating, or monandry. Monandry increases relatedness in the offspring, reduc-
ing potential conflicts over reproduction, and allowing altruism (Boomsma 2007).
In highly eusocial Hymenoptera, including the stingless bees, monandry seems the
prevailing reproductive strategy of queens (Paxton et al. 1999; Strassmann 2001;
Palmer et al. 2002). However, there are exceptions; the best known is that of Apis
species whose queens are highly polyandric, mating with over a dozen males
(Winston 1987).

The number of queen matings affects relatedness among colony members. In
colonies headed by monandrous queens, as in stingless bees, the workers are super-
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sisters (all daughters of the same father) and subfamilies are practically nonexistent
(Peters et al. 1999). The daughters of single-mated Hymenopteran queens are highly
related, because the male siring the queen is haploid (n) and the totality of his genes
are passed on to his female offspring. Indeed, the coefficient of relatedness (r)
between father and daughters is » = 1.00, and the he estimated coefficient of related-
ness among supersisters is 7 = 0.75 (Peters et al. 1999; Palmer et al. 2002).

Relatedness among members of stingless bee colonies has important repercus-
sions, because although workers are unable to mate, they can participate in male
production. As a result of queen single mating, a stingless bee supersisters, is related
more with her nephews (» = 0.375), than with her brothers (the queen sons, r = 0.25)
(Fig. 4.7). It is thought that because relatedness is higher with their sisters sons than
with their brothers, workers do not destroy eggs laid by other workers, and do not
show aggression towards them. The acceptance of reproductive workers and their
eggs in Meliponini is in strong contrast with the well-known behavior of “worker
policing” in the honey bee. Presumably, worker policing is consequence of higher
worker relatedness with brothers than nephews, due to queen polyandry (Ratnieks
1988).

In stingless bees, it is common that workers share in various degrees with the
queen in the production of males (T6th et al. 2002; Chinh et al. 2003; Koedam et al.
2005; Fig. 4.7). However, the sharing of worker reproduction varies among species
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and among colonies of the same species (T6th et al. 2002). There are also species in
which workers do not seem to reproduce whatsoever. In Fr. varia, and probably
other species of this genus, ovaries experience cell death and workers are perma-
nently sterile (Boleli et al. 1999). In other species like M. beecheii workers have
developed ovaries, but there is no molecular or behavioral evidence of worker repro-
duction, even during prolonged queenless periods (Paxton et al. 2001). For a yet not
understood reason, workers in this species do not seem capable of producing fertile
eggs. The eggs produced by M. beecheii workers lack nuclei, which is consistent
with being trophic eggs (Quezada-Eudn, unpublished data). No worker reproduc-
tion has been documented in M. colimana either (Macias-Macias and Quezada-
Eudn 2015). However, in this species no molecular evidence has been collected to
assess the contribution of workers in male production. Some hypotheses suggest
that the queen induces the production of trophic eggs by her workers (Cruz-Landim
2000), so it would be interesting to find out why, in the absence of the queen, the
workers of some species produce only trophic eggs. Workers of species like Sch.
quadripunctata are capable of producing males, but normally refrain from repro-
duction, probably because of the costs involved or because of strong reproductive
control by the queen (Téth et al. 2003). Ovarian supression of the workers via chem-
ical control of the queen has been found in Frs. schrotkyii (Nunes et al. 2014). On
the other extreme, there are species in which workers produce most of the males, as
in M. favosa (Sommeijer et al. 1999).

Although workers can participate in male production, they would benefit more as
queens, because of higher reproductive benefits. Adult workers are indifferent to
which individual becomes worker or queen, because they are equally related to both
supersisters (r = 0.75). However, for the colony’s benefit there must be a balance, as
not all female larvae can become queens (which would risk colony function). Thus,
conflict arises (Bourke and Ratnieks 1999).

In accordance to Bourke and Ratnieks (1999), the root of caste conflict in sting-
less bees lies in the potential of female larvae (totipotentiality) to become queens or
workers. As explained, the caste fate of female brood can be more or less controlled
by adult workers through feeding or by the individual itself (the genetic-trophic
mode) (Bourke and Ratnieks 1999). Such a differential outcome of caste determina-
tion has made the stingless bees a key taxon for testing arguments related to caste
conflict (Contel and Kerr 1976; Machado et al. 1984; Sommeijer et al. 1999;
Drumond et al. 2000; Paxton et al. 2001; Koedam et al. 2005).

Particularly, in Melipona, because larvae develop in cells of the same size and
receive the same amount of food (Wenseleers et al. 2004), there is larger margin for
auto-determination of female larvae (Bourke and Ratnieks 1999; Ratnieks 2001).
Indeed, many female larvae become queens. However, excess queens in Melipona
are killed by the workers as no surplus queens are generally needed. It seems that
excess queens are the result of the selfish behavior of female larvae (Wenseleers and
Ratnieks 2004).
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In contrast, in stingless bee genera other than Melipona, the larvae do not have
much margin for auto-determination, because through feeding, the workers can
have more control of their future (Wenseleers et al. 2005). Nonetheless, it is inter-
esting that in some genera like Cephalotrigona, Nannotrigona, Plebeia, and
Schwarziana, there is evidence for some degree of female auto-determination.
Females of those species can become queens with the amount of food provisioned
for a worker, but their size is smaller than normal queens; they become “dwarf”
queens. Dwarf queens can be functional, they can mate and head a colony (Ribeiro
et al. 2006), representing a viable option for female larvae. It has been argued that
the production of dwarf queens may be under a genetic mechanism like Melipona
(Wenseleers et al. 2005; Ribeiro et al. 2006).

In a situation where the larvae can control their own caste fate, the probability of
a larva becoming a queen has been calculated in a model proposed by Wenseleers
et al. (2003):

(1-R,)/(1+R,)

Here, R, is the coefficient of relatedness among sisters, and R, the coefficient of
relatedness of females with their brothers. In Melipona, because females are pro-
duced by monandric queens, the first coefficient is R, = 0.75. However, the related-
ness to males (R,,) in single-queen colonies can range from 0.25 to 0.75, as a result
of variable degrees of worker reproduction (Téth et al. 2002). Therefore, the produc-
tion of gynes in species where all the males are the sons of the queen (R,, = 0.25)
should be

(1-0.75)/(1+0.25) = 20%

Alternatively, in species in which the males are all sons of the workers (R,, = 0.75)
the frequency of queen production should be

(1-0.75)/(1+0.75) = 14%

In accordance to those calculations, queen production in Melipona should vary
between 14 and 20% depending on the extent of sharing between the queen and the
workers in the production of males (Wenseleers et al. 2003). The model predicts that
in species in which workers participate actively in the production of males, female
larvae would gain less by becoming a queen, resulting in fewer queens produced.
Theoretical predictions of queen production are supported with empirical evi-
dence in some Melipona species (Ratnieks 2001; Wenseleers and Ratnieks 2004)
(Fig. 4.8 and Table 4.2). In species where queens and workers share on male pro-
duction, like M. subnitida (Contel and Kerr 1976; Koedam 1999; Koedam et al.
2005), M. quadrifasciata (da Silva 1977; Téth et al. 2002), and M. favosa (Sommeijer
et al. 1999; Chinh et al. 2003), fewer female larvae become queens (5.1-8.6%, Kerr
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Fig. 4.8 In monandric Melipona, female relatedness is Rf = 0.75, theory predicts an inverse rela-
tionship between male production by workers and colony gyne production (from Wenseleers and

Ratnieks 2004)

Table 4.2 Coefficients of female relatedness (Rf) and their relationship with the percentage of
male sons of the workers, and the predicted proportion of female larvae that become gynes in
various species of Melipona

Species Rf % Male sons of the workers | % gynes produced in the colony
M. beecheii® 0.75 0 21

M. subnitida® 0.75 34 8.5

M. quadrifasciata® | 0.75 41 8.6

M. bicolor'* <0.75 |27-82 15.6

(Polygynia) Average = 54

M. favosa® 0.75 95 5

M. colimana? (@) 0 11.5

In M. favosa, males are mostly sons of workers, and queen production is lowest, while in M. bee-
cheii all males are produced by the queen and gyne production is highest. In the case of M. bicolor
where Rf < 0.75, the percentage of gynes produced also increases as predicted (Wenseleers et al.
2003; Wenseleers and Ratnieks 2004)

(?) = unknown

“Moo-Valle et al. (2001)
"Koedam et al. (2005)
°Téth et al. (2002)
dAlves et al. (2012)
°Ferreira et al. (2013)
Chinh et al. (2003)
¢Macias-Macias and Quezada-Eudn (2015)
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1950; Koedam 1999, Koedam et al. 2005; Sommeijer et al. 2003). In contrast, in M.
beecheii, in which all males are sons of the queen (Paxton et al. 2001), the produc-
tion of queens is highest (14.6-19.8%, Moo-Valle et al. 2001; Darchen and Delage-
Darchen 1975) (Fig. 4.8 and Table 4.2). Recently, the production of queens was
evaluated in six colonies of M. colimana, a species in which workers apparently do
not reproduce (Macias-Macias and Quezada-Eudn 2015). It was found that queen
production was on average 11.5%, a figure lower than in M. beecheii. It would be
interesting to confirm these apparently discordant results in M. colimana, with
molecular estimations of the number of queen matings and the maternity of males.

The model by Wenseleers et al. (2003) also predicts that when the relationship
among sisters decreases (R;< 0.75), the production of queens should increase. Such
a situation is found in colonies headed by polyandric queens, or when multiple
queens participate in reproduction (polygynia). An example of polygynic colonies
is Brazilian M. bicolor, in which up to seven reproductive queens can be found in
one colony (da Silva 1977; Nogueira-Neto 1997; Peters et al. 1999). Data obtained
in M. bicolor has shown that queen production is high (15.6%; Ferreira et al. 2013).
Estimates of mean effective maternity in M. bicolor are close to 1.1, meaning that
workers in this species are more related to their sisters” sons (r = 0.35) than the
queens’. In addition, the production of males, sons of the workers, was estimated in
around 37% (Alves et al. 2012) confirming that in M. bicolor, the queens produce
mostly female offspring (Koedam et al. 2007).

Interestingly, caste conflict models reveal that highly eusocial bees may be
oppressed rather than altruistic. Wenseleers and Ratnieks (2004) likened the
Melipona situation to a “tragedy of the commons”, in which some individuals
increase their exploitation of the common resource for their own benefit, but at the
same time reduce the resources for the whole group. Nonetheless, as revealed from
stingless bees, the group can impose different ways to control, usually through coer-
cion and even elimination of selfish individuals (such as the killing of excess
queens), and resolve conflict for the benefit of society.
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Chapter 5 @
Colony Function and Communication S

Workers of M. beecheii performing different activities in the brood area.

How colonies work as a coherent unit is one fascinating aspect of insect societ-
ies. The mechanisms that these small organisms, with apparently limited capacity
for reasoning and decision, use to produce sophisticated responses (highly struc-
tured nests, comb construction, food gathering, and colony defense), cooperating as
a functional unit, have captured the scientific interest for centuries. Today, it is gen-
erally accepted that social coordination seems based on individual behavior, and
that communication and information among colony members are key aspects to
produce coordinated responses (Seeley 1995).

In social insects, there is no central control of the activities; no individual or
group of individuals decide which tasks are performed, nor who, when, where, and
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how they are performed (Seeley 1998). The large number of individuals conforming
colonies would make this type of control inefficient, due to the time it may require
for the information to flow up to one central control and back to the executers
(Gordon 2016). Rather, it seems that workers react with individual responses to
diverse stimuli, which in turn affect the behavior of nearby nestmates. Individual
responses are somehow integrated to build group level organized and a coordinated
behaviors (Page Jr. 2013). Organization relies to a great extent on the ability to learn
and the capacity to communicate among colony members (Biesmeijer 1997). The
latter, the capacity to communicate, is especially relevant as it allows passing on and
receiving information among nestmates, from which coordinated actions result
(Seeley 1995).

Surprisingly, not much is yet known about colony integration in Meliponini com-
pared with the honey bees (Seeley 1995; Biesmeijer 1997). However, accumulat-
ing evidences are allowing a better understanding on how colonies work and the
proximate mechanisms involved in communication. This chapter covers some gen-
eral aspects of the organization of work in stingless bees, with descriptions of par-
ticular behaviors, like the process of oviposition and the mechanisms of defense. In
the last two sections, I summarized information of chemical and physical commu-
nication in Meliponini.

5.1 Organization of Activities

Stingless bee societies are formed by three types of individual, males, queens
(reproductive females), and workers (partially sterile females). The workers are by
far the main body of colonies; in stingless bees their numbers range from a few
hundred to over tens of thousands depending on the species (Sakagami 1982).
Workers perform most activities, including the construction of different structures,
feeding of the larvae and the queen, as well as defense of the nest, and collection of
food and other materials.

Similar to the honey bee, the various tasks that stingless bee workers perform
across their life can be roughly divided in activities inside and outside the colony.
There is also an intermediate phase in which the workers perform guarding and
orientation flights before they dedicate to external activities (Michener 1974).
However, how the progression across tasks and task assignment are achieved is a
complex phenomenon that is still not well understood. Like in the honey bee, the
progression of worker stingless bees across different tasks is strongly related to age
and is known as age polyethism (Wilson 1971). Interestingly, age polyethism is
flexible, meaning that workers can progress or revert across different activities,
depending on the needs of their colonies (Robinson and Huang 1998). Artificial
manipulation of colonies has shown that if young workers are eliminated, foragers
can revert to performing nest activities despite their older age (Sommeijer 1987).

Although stingless bee workers transit through a series of activities, these and the
age at which they perform them depend on the status of individuals (threshold to
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different stimuli), colony needs, and changes in the environment (Biesmeijer 1997).
The status of individuals depend on physiological changes related to age. Titers of
morphogenetic hormones like ecdysteroids, and Juvenile Hormone (JH) vary with
worker age and seem to affect individual sensibility to perform different tasks. In
the honey bee, it has been shown that such hormones play basic roles in the transi-
tion of workers across different activities (Hartfelder et al. 2002; Robinson and
Huang 1998; Page Jr. 2013). However, in stingless bees the interaction between the
different hormones show important differences with the honey bees (Hartfelder
et al. 2006). In some species, like M. quadrifasciata, the levels of JH and ecdyster-
oids show low hemolympbh titers during the first days after emergence in both, work-
ers and queens, which is similar to what occurs in the honey bee (Hartfelder et al.
2002). Nonetheless, in species like M. scutellaris, JH titers are highest in nurse bees
decreasing markedly in foragers (Cardoso-Junior et al. 2017a). A reverse situation
is found in worker honey bees, in which JH titers constantly increase as workers age
(Hartfelder et al. 2002; Page Jr. 2013). These findings suggest that stingless bees
may have maintained the ancestral gonadotropic function for JH (Cardoso-Jinior
et al. 2017a). Also in contrast with honey bees in which vitellogenin titers peak in
young workers, stingless bees’ vitellogenin patterns do not show marked relation-
ship with worker age (Hartfelder et al. 2006).

There is also a genetic component of polyethism and some bees tend to perform
certain activities more frequently than others; some may not even perform certain
activities at all (Biesmeijer 1997). Recently, findings in M. scutellaris suggest a pos-
sible mechanism linking genotype component with larval diet and activity (Cardoso-
Janior et al. 2017b). It seems that differences in global methylation of the genome
in the larval-pupal stages favor the activation of genes related to task allocation in
the adult bee (Cardoso-Junior et al. 2017b).

As explained before, flexibility in task performance is one important characteris-
tic of polyethism in the highly eusocial bees. Due to this particularity, the term work
division or division of labor, which suggests a rigid system of task performance, may
be better changed to task allocation (Gordon 2016). The term task allocation includes
elements of plasticity, suggesting that the assignment of individuals to different tasks
could vary in response to the constantly changing stimuli in the environment and
individual thresholds, determined physiologically and genetically (Gordon 2016).

Externally, workers of the highly eusocial bees are remarkably uniform (but see
Griiter et al. 2012), in comparison with ants or termites, in which highly differenti-
ated worker morphologies exist (Wilson 1971). Thus, in highly social bees, the term
caste seems more appropriate for the two morphologically and physiologically dif-
ferent individuals of the female sex, the workers, and the queen (Michener 1974).
The subdivision that exists among workers of the highly eusocial bees regarding
allocation to different activities may be better referred to as subcaste.

In general, the activities performed by the workers in the highly social bees could
be organized along two main principles (Ratnieks and Anderson 1999; Hart and
Ratnieks 2001):

— Task allocation: Workers are assigned to major groups of tasks like nursing,
defending, or foraging.
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— Task partition: The main tasks are divided among groups of workers, usually of
different age, in different subtasks. For instance, nectar collection is more effi-
ciently performed by two groups of workers, foragers and receivers. Interestingly,
task partitioning seems exclusive of highly eusocial species, being absent in
the Bombinini and Euglossini (Hart and Ratnieks 2002).

Generally, the activities performed by stingless bee workers fall into five major
groups (Sakagami 1982; Wille 1983):

(a) Cleaning and reparing the brood chamber
(b) Construction of cells and provisioning
(c) Nectar reception and processing

(d) Guard

(e) Nectar, pollen, and resin collection

Similar to honey bees, the first tasks occur in the nest and are performed by younger
bees. As bees age, they start performing activities closer to the exterior. In M. bee-
cheii, a detailed account on the activities of several workers, revealed a general pat-
tern from “indoor to outdoor” performance as workers age. Nonetheless, a great deal
of variation between individuals on the time and frequency dedicated to different
tasks was also noted (Medina-Medina et al. 2014; Fig. 5.1). Young bees mainly

Emerges from

Lifespan its cell
35-60 days

Fig. 5.1 A general sequence of activities during the life cycle of a M. beecheii worker: (a)
Construction and cleaning; (b) larval food provisioning and production of trophic eggs; (¢) nectar
reception and processing; (d) guard, orientation flights; (e) foraging
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engage in cleaning and construction in the brood area; they also have well-developed
wax glands. Workers between 10 and 18 days produce trophic eggs, receive nectar
from foragers, and spend a great deal of time in dehydrating it. Older bees (25—
35 days) usually perform activities related with guarding and cleaning; they also
start short-range flights presumably for orientation. After 35 days, workers start
foraging.

The average life span calculated for workers of M. beecheii was 52 days, with a
range between 35 and 60 days (Medina-Medina et al. 2014; Fig. 5.1).

Some distinctive tasks and behaviors only found in stingless bees (Sakagami
1982; Wille 1983) are:

1. The collection of large amounts of resin

2. Mass provisioning of larval food

3. Excretion inside the nest, which probably delays engaging in external activities
4. The production of trophic eggs to feed the queen

The type of activity affects worker longevity, possibly due to the physical wear
involved. In Costa Rica, Biesmeijer and Toth (1998) found that M. beecheii nectar
foragers are more active and live on average 3 days. In contrast, pollen foragers are
only active 1-3 h daily, and can live up to 12 days.

An interesting feature of task allocation in eusocial bees is specialization in field
bees (Kolmes 1985). In stingless bees, some individuals prefer collecting nectar
over pollen and vice versa (Biesmeijer and Toth 1998). In A. mellifera, it has been
documented that nectar foragers also specialize on some kinds of flowers (Seeley
1995). It seems that task specialization is beneficial for the colony, increasing indi-
vidual efficiency and performance.

In Melipona specialization on the collection of certain resource type seems less
common; most workers indistinctively engage in nectar, pollen, or resin foraging,
compared with honey bees (Biesmeijer and Toth 1998). Perhaps the small number
of workers per colony in Melipona can explain why specialization on particular
resources may not be adaptive. Non-specialized workers may more ready shift
to collecting different resources as they are available.

The causes of specialization are not well understood. In A. mellifera some physi-
cal characteristics of the workers could affect their preference for collecting nectar
or pollen. Forager honey bees were compared morphologically, and although no
substantial differences in body size were found, pollen collectors had significantly
more olfactory sensilla plates on the antennae compared with nectar collectors
(Riveros and Groenenberg (2010).

In M. beecheii, Quezada-Eudn et al. (2015) compared the body size of bees
bringing nectar, pollen, and resin to the colony. Similar to the honey bee, body size
did not vary between bees collecting different resources. Although the level of spe-
cialization of each worker was not determined, these results suggest that in the
highly eusocial honey bees and stingless bees, body size does not seem crucial in
determining specialization (Quezada-Eudn et al. 2015). It is possible that the elabo-
rate mechanisms of communication for food collection in the highly eusocial honey
bees and Melipona (Winston 1987; Nieh et al. 2003) could restrain large size
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differences between individuals. Large size differences could produce “distortion”
in the interpretation of messages related to distance and/or direction to food sources
(Waddington 1989; see section 5.6). It would be interesting to verify if similar prin-
ciples apply in non-Melipona species with less sophisticated communication
systems (Jarau 2009) and that present significant body size differences between
workers (Quezada-Euan et al. 2011).

One activity in which Worker body size seems important is guarding. Indeed, in
some meliponine species, a guard subcaste has been identified, larger compared to
other workers in the colony (Griiter et al. 2012, 2017).

In addition to the possible effect of morphological traits on specialization, there
also seems to be an influence of experience and learning. In Pb. emerina workers
specialize in the collection of resins only after a period of handling these materials
which occurs after the second week of life (dos Santos et al. 2010).

One important aspect in stingless bees is that males engage in some activities
(nectar dehydration, wax production) at least sporadically (Van Veen et al. 1997,
Velthuis et al. 2005). In this regard males of stingless bees are more similar to work-
ers (morphologically and behaviorally), compared to drones in the honey bee
(Hartfelder et al. 2006; Medina et al. 2016).

The evidence to date suggests that work allocation shares some common features
between stingless bees and honey bees but also important contrasts. It is possible
that similarities in the general mechanisms (genetic and physiologic) behind age
polyethism exist in both groups of bees (Robinson and Huang 1998; Hartfelder
et al. 2006). However, it is important to note that substantial differences exist in the
mechanisms controlling task allocation between both types of bee. Much work is
still needed to better understand the organization of work and its proximate causes
in the stingless bees.

5.2 Task Partitioning

For efficiency, one major task can be divided into subtasks, usually performed by
workers of different age (Hart and Ratnieks 2002).

One activity in which partitioning has been studied in detail is the collection of
food. In Apis nectar gatherers transfer nectar loads to receivers inside the colony,
who store it in the combs; foragers do not discharge the nectar they bring into the
cells (Hart and Ratnieks 2001). This type of partitioning increases efficiency and
also provides feedback between field and hive bees during nectar collection (Seeley
1985).

Nectar transference between nectar collectors and receivers has been docu-
mented for various species of stingless bees: M. favosa (Sommeijer 1984),
M.panamica (Nieh and Roubik 1998), and Tzgn. carbonaria (Nieh et al. 1999/2000).
In a study in Yucatan, Hart and Ratnieks (2002) evaluated the rate of food transfer-
ence in four species of stingless bee with different systems of recruitment, from
primitive (N. perilampoides) to more developed (M. beecheii) (Nieh et al. 1999/2000;



5.3 Food Provisioning and Oviposition Process 97

Schmidt et al. 2008). It was found that all species exhibited task partitioning during
nectar collection. However, there were substantial differences in the rates of trans-
ference between collectors and receivers. In M. beecheii nectar collectors trans-
ferred loads to a larger number of receivers (up to 12). In Fr. nigra, Pb. frontalis,
and Scp. pectoralis, with presumably less developed communication systems, nec-
tar was transferred to less receivers (x = 1.8). Interestingly, the lowest number of
transferences was observed in N. perilampoides (x = 1.5), which has a compara-
tively more primitive communication system. These results indicate that although
task partitioning during food collection seems a common feature in stingless bees,
there are differences in the intensity of interactions among workers, seemingly
related to the sophistication of communication of food resources (Hart and Ratnieks
2002).

Surprisingly, M. beecheii foragers transferred food to a much larger number of
receivers (X = 5.7), even compared with A. mellifera, in which average transference
from foragers to receivers is between 1.9 and 2.7 times (Kirchner and Lindauer
1994; Hart and Ratnieks 2001). Such a high rate of nectar transference in Melipona
could be related to the more sophisticated communication system in this genus
(Lindauer and Kerr 1960; Nieh and Roubik 1995, 1998; Nieh 1998), possibly
involving some mechanism of food recruiting in addition to nectar processing alone.
By sharing a load with multiple receivers, foragers may stimulate recruiting of more
food collectors. On the other hand, a large number of food discharges could indicate
that receivers may also be selective and refuse the nectar carried by some foragers,
or that the demand for nectar has decreased. Nevertheless, in the honey bee nectar
collection is largely determined by the number of receivers, rather than demand,
that seems constant (Seeley 1985).

Another example of task partitioning in stingless bees is the management of
waste. In most stingless bees, waste dumps are temporarily built in some areas of
the nest. In M. beecheii, some workers engage in gathering waste pellets,
Interestingly, they usually transfer such pellets (93% of cases) to other workers,
who take them out of the nest (Medina-Medina et al. 2014).

The results on food collection and waste management in stingless bees, show
that task partitioning seems to be exclusive to highly eusocial bees, albeit with vari-
ous degrees of complexity across species. Interestingly, it seems that task partition
has only evolved in species that found colonies through swarming, and is absent in
species whose colonies are founded by individual females (Hart and Ratnieks 2002).

5.3 Food Provisioning and Oviposition Process

One of the most studied behaviors in stingless bees is the process of food provision-
ing and oviposition. The process of food provisioning of brood cells and the subse-
quent oviposition by the queen is a highly ritualized conduct showing diverse
degrees of interaction and antagonism between queen and workers (Fig. 5.2.).
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Fig. 5.2 Phases of the process of provisioning and oviposition (POP) in M. beecheii: (a) Final
phase of cell construction with a “collared” cell. (b) The queen approaches the cell and stands on
one side while the workers take turns to discharge larval food; the queen frequently taps them on
the thorax with her front legs. (¢) The queen inspects the cell occasionally, possibly ingesting some
food. (d) After consuming the trophic egg or eggs laid by workers, the queen lays her egg. (e) The
queen moves away. (f) One worker climbs on top and rotates while capping the cell with the ceru-
men collar

Sakagami and Zucchi (1966) studied the complex sequence of behaviors known
as provisioning and oviposition process (POP). They divided the process in four
general phases which also take place in Apis, but in a different order:
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1. Cell construction (C)

2. Oviposition (O)

3. Provisioning of the larval food (P)
4. Cell closing (CC)

In honey bees the completion of the four phases takes roughly 8 days, because of the
prolonged feeding of the larvae in open cells. The order, thus, is C-O-P-CC. In
stingless bees, the whole process may only take 2 h and the sequence is C-P-
O-CC. A distinctive characteristic of the process in stingless bees is the ritualized
interaction between queen and workers between C and P.

Although the basic phases of the POP are similar across different stingless bee
species (Sakagami 1982; Drumond et al. 2000), there is a great deal of variation in
the duration of the different phases, aggression between queen and workers, number
of cells oviposited, etc. Such interspecific variation has been subject of various phy-
logenetic analyses (Zucchi 1993; Drumond et al. 2000).

One possible explanation for the complex queen-worker interaction during
the POP is that through ritualized behaviors, the queen reaffirms her reproductive
dominance over the workers. This may be so because in Meliponini the queen’s
chemical control of the workers seems generally less developed compared to the
honey bee (Wille 1983; Zucchi 1993). Nonetheless, recent evidence indicates that
chemical control of worker reproduction may occur in some species (Friesella
schrottkyi) by means of queen cuticular compounds (Nunes et al. 2014a). Although
stingless bees differ from honey bees in which the queen’s signal is mostly pro-
duced in the mandibular glands (Nunes et al. 2014a), these findings indicate that
physical and chemical control of worker reproduction by the queen may be found at
different degrees in stingless bees, and that both strategies may not be excluding.

The general process of the POP in M. beecheii is presented in Fig. 5.2. In this
species the whole process from construction, to cell capping, takes around 14.9 min.
Cell capping alone may take up to 8 min (van Veen 2000; Avila et al. 2005). The
highest frequency of POPs in M. beecheii occur at night. During the day, the fre-
quency of POPs is one approximately every 2 h, but in the evening they may occur
every hour (van Veen 2000).

During the POP, in most species of stingless bee, the workers produce a type of
egg as food for the queen. These eggs, known as trophic eggs, lack nuclei and are
infertile (Koedam et al. 1996). Trophic eggs are also found in other insects in which
they are used to feed the offspring (Crespi 1992; Perry and Roitberg 2006). Stingless
bees are in this sense a rare exception in the insect world, because trophic eggs are
used to feed the queen. Thus, trophic eggs seem to play an important, but little
understood, part in the interactions between workers and queen during the POP
(Sakagami 1982).

A characteristic of trophic eggs is an apparently incipient stage of development,
compared with fertile eggs. The chorion is thinner and more fragile. It is believed
that under the influence of the queen, trophic eggs are rapidly released from the
worker’s ovaries, and thus, they cannot complete their development (Cruz-Landim
2000). In contrast, workers also produce fertile functional eggs and these have a
thick chorion with a reticular pattern, similar to that of the queen’s (Koedam et al.
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1996; Velthuis 1997). Chemically, there are differences in the surface of trophic and
functional eggs too. In Melipona the queen’s eggs are rich in hydrocarbons C21-
C29 which may help in repelling water, in combination with a reticular surface. In
contrast, trophic eggs with little disturbance can easily sink into the larval food
(Jungnickel et al. 2001).

Trophic eggs are found in almost all neotropical stingless bees, but the site where
they are deposited during the POP varies across species (Sakagami 1982).

Trophic eggs in most Melipona species, are laid on top of the larval food or
attached to the wall inside the cell (Fig. 5.3); in other stingless bees, eggs are more
frequently laid on the rim of the cell (Sakagami 1982; Wille 1983).

In several species of Melipona, trophic eggs are smaller than the queen’s
(Aparecido-Pereira et al. 2006). However, in M. beecheii trophic eggs are relatively
large and of similar size to the queen’s (Fig. 5.3). Curiously, eggs produced by the
queen of different Melipona can have different shapes, but the size tends to remain
constant across species, in spite of differences in body size of the adult workers
(Velthuis et al. 2003).

Fig. 5.3 Worker (O,
trophic) and queen (R)
eggs in M. beecheii. The
image underneath shows
the position of both types
of egg on the larval food
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Fig. 5.4 Successive mode of cell provisioning and oviposition in M. beecheii. A few cells are built
simultaneously but only one is provisioned and oviposited after each POP (third from left to right)

An important difference in the POP of different species of stingless bees is the

number of cells that are built, provisioned, and oviposited by the queen (Roubik
1989). In accordance to the number of cells and their location during the oviposi-
tion, different POP patterns have been identified:

1.

Successive: In this pattern, the queen lays an egg in one cell which is sealed
before the process starts in another cell. A few cells can be provisioned with
larval food simultaneously (Melipona, Frieseomelitta). (Figs. 5.2 and 5.4).
Synchronic: A number of cells, up to a couple dozen, are simultaneously provi-
sioned; when they are ready, the queen lays eggs in rapid succession
(Nannotrigona, Plebeia). A few cells may be simultaneously capped by the
workers, not one by one, as in the successive pattern.

. Semi-synchronic: On the same comb there may be a few cells that are oviposited

successively, while others are oviposited in synchrony, like in Scaptotrigona
(Fig. 5.5).

. Composite: The queen can lay eggs in two different combs, while the cells on

one comb are provisioned and oviposited in succession, in other combs the pro-
vision and oviposition may occur in synchrony (Lestrimelitta) (Fig. 5.6).
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Fig. 5.5 Semi-synchronic cell provisioning in S. pectoralis. On the same comb, a group of cells
have been provisioned and are ready to be oviposited, while another group of cells are simultane-
ously built. The queen lays eggs consecutively in the cells that are ready

Fig. 5.6 Composite cell provisioning in L. niitkib. On each of two combs, more than a dozen cells
are being built and provisioned simultaneously. The queen may lay eggs in the cells on one comb
synchronically and successively, before moving to the other

5.4 Defense

In accordance to Hermann (1984), social insects face four principal classes of natu-
ral enemies: arthropod predators, vertebrate predators, insect parasitoids, and para-
sites and pathogens. One distinctive feature of highly eusocial insects is the build up
of large reserves of food, representing a valuable source of energy and protein for
other animals. Not surprisingly, together with the increase of reserves, the potential
attraction of various types of robbers and predators increased as well (Breed et al.
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2012). To avoid the potential risk of plunder, social insects have developed a series
of strategies to protect their nests.

Because stingless bees can accumulate large amounts of honey and pollen, it is
puzzling that this group of bees lost the functionality of the sting, one weapon com-
monly used by other social Hymenoptera for the protection of their nests.
Nonetheless, these insects have evolved a series of seemingly equally efficient strat-
egies to defend their nests (Kerr and Lello 1962; Griiter et al. 2012; Nunes et al.
2014a), which will be revised in this section.

It is not clear why stingless bees lost the functionality of their sting. However, it
seems that the sting in bees is generally under-relaxed selection, allowing a wide
range of morphologies and even gross reduction. Indeed, sting function has been
lost in members of three more bee families apart from the Apidae (stingless bees);
these are the Stenotritidae, Andrenidae, and Megachilidae (Packer 2003).

Some of the first stingless bees were small, and it is likely that they followed a
defense strategy based more on crypsis and retreat (Wille 1979). Modern minute
stingless bees still follow this type of strategy, they are timid (Kerr and Lello 1962;
Wille 1979). In the course of time, the value of the sting as a defense mechanism in
shy and inconspicuous species, may have been limited.

In A. mellifera, it is believed that the sting and venom evolved to defend the nest
against large predators, mainly mammals (Winston 1987). Interestingly, the sting of
the workers of A. mellifera has barbs and a ganglion associated, which keeps it bur-
ied in the skin while venom is pumped (Dade 1985). Another evidence of the use of
the sting of A. mellifera against large predators is the presence of hyaluronidase and
phospholipase in the venom. These two enzymes dilute the connective material of
the skin making it easy for the other materials to disperse. Melittin and other com-
pounds are responsible for the swelling and pain (Choo et al. 2010; Daneels et al.
2015). However, the production of venom is costly, as well as the massive
attacks involved in defending the nest against large predators.

Presently army ants, cleptobiotic bees (Lestrimelitta), and frequently conspecific
colonies are the main predators of stingless bees (Gloag et al. 2008; Griiter et al.
2016). It is likely that the sting and venom resulted gradually less useful against
such attackers (Gloag et al. 2008; Griiter et al. 2016). Against other insects a tactic
to immobilize the enemy or prevent invasion of the nest would be more advanta-
geous (Shackleton et al. 2015). Attacking also represents high costs for the colony
and a better strategy in species with low populations as many stingless bees, would
be withdrawal and camouflaging. However, presently, there seem to be two main
strategies of defense in stingless bees; one is crypsis and retreat, but in other species-
aggressive responses are the norm. In a few outstanding cases (Oxytrigona), defense
also involves the use of chemical weapons (Wille 1979). Nonetheless, mass attacks
seem to occur with more frequency in species with populous colonies.

As mentioned before, army ants and other meliponines are probably the main
predators of stingless bee colonies today. Different strategies have evolved to defend
against these attackers. In the case of army ants, stingless bees make use of resin to
block their entrance or repel the attacks.



104 5 Colony Function and Communication

A major threat to stingless bees is pillage by colonies of the same or different
species. Like other eusocial insects, stingless bees engage in robbing if the opportu-
nity arises, and some species are particularly prone to it (Griiter et al. 2016).
However, there are two genera of stingless bees that have specialized in stealing
food and materials from other nests, a behavior known as cleptobiosis (Breed et al.
2012). Bees of the neotropical Lestrimelitta with approximately two dozen species
(Camargo and Pedro 2007) and the African Cleptotrigona, with one species (Eardley
2004), are obligate cleptobionts. Workers of both species have lost the corbiculae
and plumose hairs involved in the collection of pollen, and obtain food and building
materials exclusively from robbing other stingless bees (Fig. 5.9). Lestrimelitta and
Cleptotrigona are not phylogenetically related, indicating that cleptobiosis evolved
independently in two different continents (Eardley 2004).

The attacks of cleptobiotic Lestrimelitta seem to be of particular importance in
having shaped the defense strategies of stingless bees, most notably the evolution of
morphologically distinct worker soldiers in some species. Worker polymorphism is
rare in flying social insects (Griiter et al. 2017), although it is common in ants and
termites (Holldobler and Wilson 1990). It is argued that the evolution of
morphological subcastes would be difficult in wasps and bees because of the limita-
tions posed by flight (Waddington 1989; Quezada-Eudn et al. 2013). Therefore, the
pressure that cleptobionts exert on stingless bee colonies must be considerable for
the evolution of such differentiated groups of workers. Apparently, a soldier sub-
caste has evolved more frequently in species that are preferred targets of Lestrimelitta
(Griiter et al. 2012, 2017). Nonetheless, soldiers have been found only in species
that defend aggressively by fighting cleptobionts. Species that are preferred hosts of
Lestrimelitta but that do not fight (Sakagami et al. 1993) may not have guard sub-
castes, but this has not been evaluated.

Biting is a frequent strategy used by stingless bee workers to defend their nests.
The mandibles are mainly used in the collection and handling of food and nest
materials. However, the size and sharpness of the mandibles seem to have evolved
in relation to the defensive capacity and aggressive behavior of different species
(Shackleton et al. 2015). Biting in stingless bees frequently involve a suicidal behav-
ior. During the defense, workers bite a target and do not dislodge their mandibles,
even when the head is sectioned from the body (Shackleton et al. 2015) (Fig. 5.7).

In species from Yucatan, the mandibles of the workers have remarkably different
size and shape (Fig. 5.8). In two of the most defensive species, Scp. pectoralis and
Pt. bilineata, a marked development in sharpness and relative size of mandibular
teeth is evident. It is noticeable that large mandibles with sharp teeth are also pres-
ent in M. beecheii (Fig. 5.8), compared with Brazilian species of Melipona,
which lack sharp teeth (Shackleton et al. 2015).

The mandibles of L. niitkib only have a couple small teeth, but a large blunt sur-
face and reduced curvature on the inner margin are evident (Fig. 5.8). This type of
mandible is probably designed to cause severe injuries when biting. Cleptobionts
use force to raid some species and their mandibles may be specially designed to
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Fig. 5.7 Worker of Scp.
pectoralis biting. Biting is
probably the most
important defense strategy
in stingless bees, and has a
suicidal component

M. beecheii S. pectoralis
L. niitkib
M. yucatanica
T. nigra
C. zexmeniae T. fulviventris
N. perilampoides
P. bilineata

v

Fig. 5.8 External surface of the right mandible of workers of various species of stingless bees in
Yucatan. The teeth are located on the left margin and the curvature on the superior margin of the
mandible, respectively

overcome their hosts’ aggressions. However, robber bees also use chemicals during
raids, especially citral produced in their mandibular glands. Whether the shape of
their mandibles is related to the use of chemical substances is unknown (Sakagami
et al. 1993; Quezada-Eudn et al. 2013). Aggression is not frequent in species with
small workers, like N. perilampoides and Plebeia; instead they retreat when
attacked. During the attacks of cleptobiotic bees, workers of these species cluster in
circles with their heads inwards, probably to protect against the bites of robbers
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Fig. 5.9 Above: Intraspecific mass attack between colonies of L. niitkib. Below: Workers of Fr.
nigra clustering with their heads inwards during an attack by L. niitkib

(Fig. 5.9). Perhaps this apparently defeatist behavior is important to avoid unneces-
sary deaths against a stronger enemy (Sakagami et al. 1993).

The intensity of the aggressive response of Yucatecan stingless bees falls into
two main categories, intense or timid (Table 5.1). Intraspecific variation in the
aggressive response is also evident (pers. Obs.). In M. beecheii, some colonies are
aggressive and some are tame, but it is not known if differences in the aggressive
response are linked to environmental variables or genetic components. In A. mel-
lifera it is known that environmental (colony size, amount of food reserves, environ-
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Table 5.1 Defensive strategies of some species of stingless bees from Yucatin

Intensity of | Worker Strategy against Strategy against
Species defense population® | mammals insects
Melipona beecheii | Medium 800-1500 Bite, pheromone Block nest entrance,
suicidal bite
Scaptotrigona Intense 20004000 | Massive attack, bite, | Suicidal bite
pectoralis recruit more attackers
Nannotrigona None 700-1200 Retreat Resin to immobilize
perilampoides intruders, retreat
Plebeia None 600-1000 Retreat Resin to immobilize
intruders, retreat
Frieseomelitta None 500-1000 Retreat Block entrance, resin
nigra to immobilize
intruders, retreat
Trigona Intense 5000-10,000 | Massive attack, Suicidal bite, resins
fuscipennis caustic bite, recruit
more attackers
Partamona Intense 2000-4000 | Massive attack, bite Suicidal bite, resins
bilineata
Trigona None 500-1000 Retreat Block entrance, resins
Sfulviventris
Cephalotrigona None 500-1200 Retreat Block entrance, resins
zexmeniae
Lestrimelitta None 3000-5000 | Retreat Suicidal bite
niitkib

“From Quezada-Eudn and Gonzalez-Acereto 2002

mental temperature, and humidity), but also genetic factors affect the intensity of
the aggressive response of colonies (Winston 1987).

Guarding and defense are among the final activities performed by workers
(Sommeijer 1984). The risk involved in guarding and external activities is higher
compared with nest activities. In this regard, the loss of workers of an advanced age
would be less detrimental to colonies than losing young ones. In fact, older workers
have a comparatively shorter life span and have already made a significant contribu-
tion to colony fitness (Tofilski 2002).

Stingless bees are avid collectors of resins and use them in the construction, but
also during the defense of their colonies. Indeed, resin use can be considered a pri-
mary line of defense, in probably all stingless bee species (Leonhardt and Bliithgen
2009). Some species, like Fr. nigra, maintain large reserves of resin near the entrance
and if an intruder breaks in, guards immobilize it, while others deposit drops of
resin on legs and wings to bury it. This mechanism called mummification has been
reported in various species of stingless bees, and is considered a defense strategy
against large intruders that cannot be easily removed from the colony. Resin also
protects the colony from bacteria and other microorganisms that may grow
on corpses (Greco et al. 2010).

Stingless bees are frequently in contact with resin, enriching their cuticular
chemical profile (Leonhardt et al. 2015). It has been suggested that resins com-
pounds on the cuticle could be used as protection against microorganisms (Simone-
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Finstrom and Spivak 2010). Nonetheless, experimental manipulation of Asian
stingless bees in which resin compounds were removed from the cuticle, were not
more susceptible to fungus infections compared with bees kept intact (Leonhardt
et al. 2015). However, resins were effective repellents against ants. Workers with
large amounts of resin-derived compounds on their bodies were significantly less
attractive to those predators (Leonhardt et al. 2015). Perhaps this may explain why
resin collection increases when ant attacks become more frequent (Leonhardt and
Bliithgen 2009). Resins can also be used as chemical mediators in inter- and intra-
specific coexistence. It has been discovered that chemical compounds in the resins
moderate aggression in coexisting Asian species (Leonhardt et al. 2010a).

Although resins may not be involved in the defense of stingless bees against
disease, they may be important in the protection of a valuable resource, their food
reserves. Stingless bees can store large food reserves which under tropical condi-
tions may be easily spoiled (Roubik 1989). Some resin compounds incorporated in
the cerumen of food pots could regulate the growth of microorganisms that may
spoil pollen or nectar (Roubik 1989). On the other hand, some bacteria and yeasts
may be beneficial for preserving the stored food. Perhaps stingless bees select dif-
ferent resins in accordance to antimicrobial properties, explaining why they are
choosy when collecting them. Workers learn to collect resin from specific plants,
and even slight variations of the plant’s chemical profiles can deter collection
(Leonhardt et al. 2010b).

Bees, like other insects, are protected against disease by humoral and cellu-
lar components of their immune system. Surprisingly, evidence of a reduced indi-
vidual immune response has been found in social insects, compared with solitary
species (Lopez-Uribe et al. 2016). In the honey bee, there is evidence that fewer
genes related with the immune response are generally active, compared with soli-
tary bees (Evans et al. 2006). It is argued that social insects may rely more on col-
lective mechanisms, such as hygienic behavior, than on individual immune function
to reduce the risk of disease (Lopez-Uribe et al. 2016).

Social bees have also developed an association with certain microbes (microbi-
onts) to protect against pathogens and to preserve food (Morais et al. 2013;
Leonhardt and Kaltenpoth 2014; Kwong et al. 2017). Among the important bacteria
living in stingless bees colonies are lactobacillus (Bacillus) important for the diges-
tion of pollen. The lactobacilli soften the hard pollen exine and may produce antibi-
otics or lactic acid to protect food reserves from the invasion by other microorganisms
(Menezes et al. 2013).

Some lactobacilli also inhabit the bee’s digestive system, and my be important
probiotics for the prevention of disease (Vasquez et al. 2012). These microbes can
be found in the gut just a few hours after the bee emerges (Vasquez et al. 2012). This
suggests that Lactobacillus firms of highly social species seem transmitted both,
horizontally (among individuals in the same generation), and vertically (between
generations) (McFrederick et al. 2013). The association between corbiculate bees
and gut microbiota seems an old one. At least five core gut bacterial lineages may
have been acquired early in the evolution of eusocial corbiculate bees, possibly 80
million years ago (Kwong et al. 2017). Interestingly, lactobacilli species seem com-
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mon across corbiculate taxa, with only a few firms restricted to particular hosts
(McFrederick et al. 2013). For instance, L. kunkeei can be found in the digestive
tract of M. beecheii and in the honey bee (Vasquez et al. 2012). In contrast, Leonhardt
and Kaltenpoth (2014) identified some Lactobacillus firms only in Australian sting-
less bees.

Some bacteria living in the colonies of stingless bees may protect against patho-
gens. For instance, Streptomyces, found in Trigona colonies from Brazil, produces
antibiotics with inhibitory effect on the pathogens causing American and European
foulbrood in the honey bee (Menezes et al. 2013). However, direct effects of this
and other bacterium in disease protection have not yet been found in stingless bees.

Some stingless bees have reached impressive symbiosis with their microbiota.
For instance, the larvae of Brazilian Scp. depilis feed on a fungus (genus Monascus)
that grows on the liquid food and its elimination triggers larval mortality (Menezes
et al. 2015). Similarly, Bacillus meliponotrophicus found in Trigona and Melipona
may be involved in some unknown process vital for the colonies. The application of
antibiotics/streptomycin to kill the bacterium resulted in their collapse (Machado
1971; Morais et al. 2013).

Microorganisms in the pollen and honey of stingless bees are important for fer-
mentation and predigestion, but may also control spoiling bacteria and yeast (Morais
et al. 2013). For instance, dehydration of pollen reserves in Ptilotrigona mediated
by the yeast Candida protects them from decay (Camargo et al. 1992). It is known
that some stingless bees (Trigona and Partamona) actively collect fungal spores, but
the use in colonies has not been studied (Morais et al. 2013).

Although a large variety of microorganisms are associated with stingless bees,
many aspects of their ecology and effect on the well-being of individuals, and colo-
nies, have just started to be explored and understood (Morais et al. 2013).

As mentioned before, social bees seem to largely depend on collective behav-
ioral mechanisms to fight disease. One of these mechanisms is hygienic behav-
ior. The ability to detect and remove dead or contaminated brood and adults from
nests has been known for over 50 years in the honey bee (Rothenbuhler 1964). In
A. mellifera, hygienic behavior is performed by workers between 15 and 20 days old,
before they start foraging (Spivak and Downey 1998). Hygienic bees use olfactory
signals to detect diseased or dead brood, which they uncap and remove from the
colony. Although hygienic behavior has a genetic component in the honey bee, the
frequency of colonies expressing it is low, in the range of 10%. (Lapidge et al.
2002; Bigio et al. 2013).

Given its economic importance, hygienic behavior had been extensively studied
in the honey bee (Rothenbuhler 1964; Spivak and Downey 1998). However, it was
not known if the rarity of disease in stingless bees may be due by similar mecha-
nisms. Medina-Medina et al. (2009) and Nunes-Silva et al. (2009) investigated if
Meliponini may also use hygienic behavior for colony immunity. Medina-Medina
et al. (2009) worked with two species of stingless bee from Yucatan (M. beecheii
and Scp. pectoralis), while Nunes-Silva et al. (2009) investigated the Brazilian Pb.
remota. In both studies a protocol similar to that used in A. mellifera to assess
hygienic behavior (Spivak and Downey 1998) was applied. Sections of comb with
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dead pupae were introduced in test colonies and the number and time in which dead
individuals were removed were registered. Interestingly, all three species of sting-
less bees exhibited hygienic behavior, but there were inter- and intraspecific differ-
ences in the number of pupae removed after 48 h, and the time to remove them
completely from the combs. The most hygienic species were Pb. remota and Scp.
pectoralis, with 96% and 66% dead pupae removed in 48 h, respectively. In com-
parison, M. beecheii colonies only removed between 30 and 40% dead pupae in the
same period of time. In addition, it took M. beecheii 9 days to remove all dead
pupae, while Scp. pectoralis accomplished that in just 3 days. It was also evi-
dent that intraspecific differences in hygienic behavior existed, suggesting this trait
may have a genetic component in stingless bees. Recently, Toufailia et al. (2016)
studied hygienic behavior in Brazilian M. scutellaris, Scp. depilis, and Ttr. angus-
tula. The authors also reported high levels of hygienic behavior after 48 h in all three
species (>60%). A significant negative correlation between freeze-killed brood
removal and the frequency of deformed Scp. depilis was found, implying a link
between hygienic behavior and disease presence in stingless bee colonies.

Interestingly, although hygienic behavior is present in honey bees and stingless
bees, marked diffences exist between both taxa. The levels of pupa removal of sting-
less bees is generally above 60% (in some species >90%) while in the honey bee it
is usually <50% (Medina-Medina et al. 2009; Nunes-Silva et al. 2009; Toufailia
et al. 2016). Moreover, hygienic behavior has been recorded in all colonies of sting-
less bees studied, while in honey bees, the frequency of colonies exhibiting hygienic
behavior is low (Bigio et al. 2013).

In addition, stingless bees remove infected cells completely, not just cappings, as
occurs in the honey bee (Medina-Medina et al. 2009). The elimination of cocoons
and waste in brood cells, reduces potential sources of infection to adults, brood, and
food stores (Medina-Medina et al. 2014). In contrast, in the honey bee, workers can
eliminate infected individuals, but potentially infected waste is left in the colony. In
Meliponini, a combination of a high level of hygienic behavior (high rate of brood
removal) and complete elimination of potential sources of infection seem highly
effective mechanisms to face and cope with disease. Low rates of infection and
spread of disease may result from the stingless bee system of pathogen management
(Toufailia et al. 2016; Diaz et al. 2017).

5.5 Communication by Chemical Means

In the highly eusocial insects information is extensively passed on among individu-
als using chemical signals (Wilson 1990). In the stingless bees, the identification of
specific chemical signals as well as evidence on their involvement in communica-
tion are still comparatively limited. Nonetheless, the amount of information on the
chemical world of stingless bees has significantly increased in the last two decades.
Thanks to new methods of analysis and the possibility of artificially producing many
of the identified compounds greatly improve the possibility of new and exciting
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discoveries on the chemical ecology of these insects (Couvillon and Ratnieks 2008;
Jarau 2009; Nunes et al. 2009a).

A distinctive feature of stingless bees is the impressive number and diversity of
chemical compounds on individuals and nests (Leonhardt et al. 2015). Some of
them, probably the majority, only serve a structural purpose. Nonetheless, those con-
veying information or semiochemicals can have important intra- or interspecific
effects (Wyatt 2003). Those semiochemicals mediating intraspecific communica-
tion are known as pheromones (Free 1987). Pheromones are compounds produced
in glands and secreted externally, serving as signals that affect the behavior, devel-
opment, and/or physiology of conspecifics (Free 1987). Those semiochemicals
acting at interspecific level are known as allelochemicals or allomones (Free
1987; Jarau 2009).

Apart from their type of action, semiochemicals can work as signals or cues
(Barth et al. 2008; Jarau 2009). A semiochemical is considered a signal if it evolved
to convey specific information. In contrast, a cue is incidentally used to transmit
information, but did not evolve specifically for that purpose (Barth et al. 2008).

One aspect of the life of stingless bee colonies, in which chemicals are frequently
involved, is the collection of food. From the food source itself, to the transmission
of information on location and direction, chemical signals are involved in the pro-
cess. Floral fragrances are important sources of chemicals that attract potential visi-
tors. Fragrances serve the plant guiding pollinators looking for potential food
(Raguso 2001). Indeed, flowers have evolved fragrance to attract pollinators evok-
ing discriminatory behavior (Proctor et al. 1996; Chittka and Thomson 2001). Bees
use fragrances to find flowers (and rewards), and they are capable of associating
them with specific food sources (Chittka and Thomson 2001; Raguso 2001). The
smell of food is of particular relevance to species with relative simple mecha-
nisms of communication, like Plebeia. In these species, foragers carry the smell of
flowers which seems the almost exclusive mechanism used by nestmates to find
such sources (Jarau 2009). The smell of food can be important in species with more
sophisticated mechanisms of food exploitation too.

A higher level of chemical communication involves the use of scent marks left
by the workers when visiting food sources. Species of Tetragonisca, Scaptotrigona,
Nannotrigona, and some Melipona use marks to find (or reject) flowers that have
been previously visited by nestmates. Experiments using artificial feeders show that
sources previously visited can be more attractive compared to non- visited ones
(Villa and Weiss 1990). Interestingly, scent marks may equally attract nestmates and
non-nest mates indicating that such cues are not colony specific (Nieh 2004; Nieh
et al. 2004; Jarau 2009).

The use of Scent marks may depend on reward accessibility. In 7% fulviventris, if
nectar is easily obtained, with little energy invested in the process, scent marks
are less intensely used. However, if food is difficult to obtain, bees more frequently
leave scent marks on them. Curiously, scent marks seem to have a repellent effect in
some situations, and flowers previously visited can become less attractive (Goulson
et al. 2001). Evidently, scent marks can have different effects depending on the
context in which food is presented. Scent marks are also involved in interspecific
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interactions; artificial feeders first visited by M. beecheii resulted less attractive to
Tr. corvina foragers (Boogert et al. 2000).

Although the effects of scent marks had been known, their origin had been debat-
able. Initial works in Melipona suggested the anal glands as the source of scent
marks (Kerr and Rocha 1988; Aguilar and Sommeijer 2001). However, there was no
clear correlation between gland depositions and attraction to food sources (Aguilar
and Sommeijer 2001). Moreover, feeders intensively marked were not visited at a
similar rate (Nieh 1998; Hrncir et al. 2004a), suggesting that anal glands were not
the origin of scent marks in Melipona.

Another candidate source of scent marks are the tendon glands inside the femur
and tibia. These glands open at the base of the pretarsus on the distal portion of the
legs. When the external duct of the tendon gland was obstructed in M. semi-
nigra workers visiting a feeder, significantly less visits occurred, compared to feed-
ers visted by workers with intact glands (Hrncir et al. 2004a). In addition, when
extracts of the tendon glands were experimentally applied to feeders, the number of
visits increased. Such results suggest tendon glands as a more plausible origin of
scent marks. Chemical analysis of tendon gland extracts revealed that frequent com-
pounds are saturated hydrocarbons (>10%, pentacosane and heptacosane), and their
corresponding alkenes (Jarau et al. 2004).

Although scent marks are important in food location, the effect can be consid-
ered a cue rather than a signal. The scent is left as the bee walks on the food, and is
therefore left passively. Foragers do not seem to leave scent marks on food sources
on purpose.

Another group of chemicals used in food location can be effectively considered
signals. They evolved specifically to guide nestmates to food sources (Schorkopf
et al. 2007; Barth et al. 2008). These signals are collectively known as trail phero-
mones and have been documented in various genera of stingless bees (7rigona,
Scaptotrigona, Geotrigona, Cephalotrigona, and Oxytrigona). Trail pheromones
represent a more efficient method for locating food sources compared to scent
marks. They can guide nestmates across distance but also altitude. The indication of
altitude is an important feature of food location in stingless bees in rain forests,
which is absent in A. mellifera (Jarau 2009). With the help of the glossa, successful
foragers leave pheromone droplets at regular intervals building a path from the
food source to the nest, that can be followed by nestmates. Droplets are usually
deposited more frequently in proximity to the food source (Schorkopf et al. 2007).
It has been shown that trail pheromones are produced in the labial glands of the
head, and not the mandibular glands, as was originally believed (Schorkopf et al.
2007, 2009).

Most species of stingless bee use either scent marks or trail pheromones as
guides to food sources. Nonetheless, there also seem to be some forms of food com-
munication not mediated by such chemical methods. A study in Pt. orizabaensis
showed that workers of this species can rapidly recruit nestmates to food sources,
but no evidence was found for the use of marks from the legs nor trail pheromones
produced in the labial glands (Flaig et al. 2016). Chemical signals (marks or trails)
are useful to colony members for food location. However, there is also the potential
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risk of such signals being used by conspecific and heterospecific competitors, a
form of “espionage ” defined as eavesdropping (Nieh et al. 2004). The risk of eaves-
dropping may represent a strong selective force upon mechanisms of food collec-
tion based on chemical cues. Perhaps, “hidden” food communication in some
species (as Pt. orizabaensis; Flaig et al. 2016) may be the evolutionary response to
avoid the risk of eavesdropping by competitors (Lichtenberg et al. 2011). There may
be still some interesting forms of food communication in stingless bees waiting to
be discovered.

The mandibular glands of stingless bees may not be involved in recruitment to
food sources, but they participate in other forms of chemical communication. Many
compounds found in the mandibular glands are highly volatile, disseminating rap-
idly. When threatened, workers of many species spread their mandibles, possibly
releasing alarm pheromones. One alarm pheromone frequently found in the man-
dibular glands of stingless bees is 2-heptanol (Keeping et al. 1982; Smith and
Roubik 1983; Johnson et al. 1985; Engels et al. 1987; Cruz-Lopez et al. 2007). This
compound is also found in honey bee workers (Free 1987). Nonetheless, in some
species, like M. beecheii, 2-heptanol has not been detected in the mandibular glands
of workers (Cruz-Lopez et al. 2005). Interestingly, the mandibular secretions of
males may trigger an aggressive response of Scaptotrigona and Partamona workers.
Males of these species seem to represent a first front in colony defense produc-
ing alarm signals that alert workers (Schorkopf 2016). An extreme case of the use of
the mandibular glands in defense, is in species of the genus Oxytrigona. The man-
dibular glands of Oxytrigona workers produce caustic chemicals (mainly formic
acid) that burn the skin when biting (Roubik et al. 1987).

Compounds produced in the mandibular glands of stingless bee gynes and males
seem to play an important role during sexual attraction (Engels et al. 1990).
However, no particular sexual attractant has yet been identified in mandibular bou-
quets of stingless bees.

Another important aspect of chemical communication in stingless bees is nest-
mate recognition. Stingless bees, like other highly eusocial insects need rapid and
efficient identification of nestmates from potential intruders (Nunes et al. 2008).
Most evidences from highly eusocial insects, including bees, suggest that the infor-
mation for nestmate recognition is encoded in the hydrocarbons covering the cuticle
(Vander Meer and Morel 1998; Lenoir et al. 2001; van Zweden and D’Ettorre 2010).

Cuticular hydrocarbons are hydrophobic compounds protecting the insect
from water loss (Gibbs 1995). There are differences in the volatility of cuticular
compounds which depend on the length of the molecule, the presence of unsatu-
rated bonds and methylation. Unsaturated hydrocarbons can be highly volatile, and
are good candidates for recognition cues (Gibbs and Pomonis 1995). Indeed, in the
stingless bees alkenes and alkadienes seem mainly responsible for nestmate recog-
nition (Jungnickel et al. 2004; Buchwald and Breed 2005; Pianaro et al. 2007,
Nunes et al. 2008; Nascimento and Nascimento 2012; Septanil et al. 2012). One
indication of the importance of unsaturated hydrorcarbons in stingless bee recogni-
tion is a highly diversified production of alkene isomers in this taxon (Martin et al.
2017). Cuticular hydrocarbons seem predominantly of genetic origin, but can also
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be acquired from the environment (Breed et al. 1985; Page Jr et al. 1991; Leonhardt
et al. 2015; Gutiérrez et al. 2016). In the case of stingless bees, cerumen has been
proposed as a candidate for external recognition hydrocarbons (Nunes et al. 2011),
although this hypothesis has not been confirmed (Jones et al. 2012). Similarly,
resin-derived terpenoids substantially enrich the cuticular profile of stingless bees,
but their role in nestmate recognition is still unclear (Leonhardt et al. 2010a, b;
Leonhardt et al. 2015).

It seems that the mixture of cuticular hydrocarbons provides an individual finger-
print. Guard bees are in charge of discriminating nestmates from potential intruders.
However, individual fingerprints change continuously, and guards must constantly
update their internal recognition pattern (Couvillon and Ratnieks 2008; Nunes et al.
2008; Nascimento and Nascimento 2012). Interestingly, although individual finger-
prints show variation, nestmate fingerprints are more similar to the guards’ than non-
nestmates (Couvillon and Ratnieks 2008; Nascimento and Nascimento 2012). Guard
bees compare the chemical fingerprint of individuals entering the nest with a pattern
in their brain of guards, if these do not match aggression is elicited against non-
nestmates (Nash and Boomsma 2008; van Zweden and D’Ettorre 2010; Nunes et al.
2011). It is suggested that in stingless bees a system based on undesirably absent
compounds is used for the recognition of intruders (Couvillon and Ratnieks 2008).

Nestmate recognition is important for the protection of food and materials in the
nest. However, specialized intruders have evolved chemical disguise or insignifi-
cance to avoid recognition (Lenoir et al. 2001; Martin et al. 2007; 2010; van Zweden
and D’Etorre 2010). Lestrimelitta workers are specialized cleptobionts which dur-
ing nest raids release large amounts of citral (lemon-smelling pheromone) produced
in the mandibular glands (Sakagami et al. 1993). Citral may weaken the defensive
response of hosts by disrupting chemical recognition (Blum et al. 1970). However,
no conclusive evidence for citral as a masking allomone has been found, and its use
by Lestrimelitta seems to vary depending on host species, and the context in which
the attacks are conducted (Sakagami et al. 1993). In some hosts, citral releases
aggression, but in others like Fr. varia, compounds from the labial glands of
Lestrimelitta could possibly have a repellent effect (von Zuben et al. 2016; Table 5.2)

Interestingly, Lestrimelitta is host selective (Sakagami et al. 1993; Quezada-
Eudn and Gonzélez-Acereto 2002). It is not clear how these obligate cleptobionts
select their hosts. It has been suggested that the quality of reserves and aggressive
response of the host, and perhaps genetic factors, may be involved in host selection.
It is also possible that specialization may be part of this system, and scouts gaining
easier access to some species could learn by association (Sakagami et al. 1993;
Jarau 2009).

Lestrimelitta mass attacks would require some sort of nestmates recruitment (Fig.
5.9). It is possible that Lestrimelitta scouts previously enter nests to obtain some
sort of information to select their prey (Sakagami et al. 1993).

Similar to other social cleptobionts Lestrimelitta scouts may use chemical decep-
tion or insignificance to avoid recognition (Quezada-Eudn et al. 2013). To evalu-
ate this possibility, the similarity of cuticular profiles was compared between
five potential host species and L. niitkib from the Yucatan Peninsula. The study



115

5.5 Communication by Chemical Means

(penunuod)

apeyuwed[Aing-u :oukD
(suoqred 1:1¢ 01 1:£7)
(86007) & 10 SounN DLIDA 4] SOUIPE[E PUE SUIYJE :UINY FEINIHID

a3k y)m asearoul suoueodpejuad-g
‘QUOUBIIPLI-T

‘Te 19 9youe poysod “do, ‘rouerdoy-
(£861) Te 12 aoURL] 1 S et Y 10puos pue

$90Q 1S9U UI JUISqe SIOF.IO) Ul J)sed Aq sadueyd
10p0qLi3 "] [eIURIOF ‘[RIOU ‘JoUBUOU 7 ‘[eueUOU ‘duoue)doy -7 Ie[NqIPUBIN PuB UONBOLJIIUSP]

DUOSLIAXD SQU0JI( souowozoyd
DU oUILISDT [en1)  pue[s Ienqpue Suiprey

SoudY[e 119y) pue $921N0S
(#007) Te 10 nexep paSuruas Py (L7D) duesooerday ((SzD) SUBSOORIUY SAUBY[Y Spue[3 uopua ], Jundiogur g P00y 0}

UIIPY saradg S[BIIWAYI0IWIS d)epIpu) uIdrLiQ adA g, uonduny

uonouny pue urstio Iy} YIIM S29q SSI[SUIS U0 PRJI2Jop S[EOTIAYOOTWAS AJLPIPULd SWOS  7°S AqE],

(Z861) T8 12 Surdoayy

(¥861) Te 10 uerg
(0L61) Te 30 wnjg




5 Colony Function and Communication

116

G861 ‘Te 19 uosuyor DUDLISIAJIS L]
ppdn.iiopul

(€861) 1qnoy pue g Dw12SHf

[oueUOU-7
[oueyday-¢

joueyday-¢

spunoduod
onsned pue
SIOSEO[OI JORNY ENIEYE( |

(¥10T 'Te 10 1ueIod) poysod “ddg
pp128SDfiiponb
JO s1oyI0M
(T107) T8 12 WIpUET-ZNI)  UI SOOUAIRYIP ATy
v128SDfiiponb

(2107) 'Te 12 seB10g sofew projdicy

J[eIN bupL10.4p "qq

IONIO N\ DuUDLioAp G

S1U102120D)S2)

N °IEN

SIU102120D]S2) N

(6002) Te 30 OreURI] IONIOAN
pppoundriponb yog

(96007) Te 30 seunN IONIO A\

IUAIYNY s9199ds

s103e10j ur Juonbary azow
1:L7-Z 9IIYM ‘SIOIOM 1sou Ul Juanbaiy /7D

SUOQIEI0IPAY JO QINJXIIA
SU0QIEd0IPAY
PAjeINIESUN PUE PIJRINES JO QINJXIA

JOUBUON[-Z-S PUE SPIOE OTUS[OUT] PUE JTA[OUI']

[euBOApENO],

QUAS0OBUON-6(Z)

9e1o0e [AuerogjAuelon)

SIOYIOM I3[0 Ul Juanbaiy arow
SouY[e ‘s1oI0M SunoA (£zD-£7D) pareinies

S[BITUIYIOIWIS dJepIpue))

uonoun j

(ponunuod) ' dAqeL,



117

5.5 Communication by Chemical Means

(panunuoo)

(9107) Te 10 usqnyZ UOA

(Q#102) “Te 10 sauny
(9107) 'T& 32 UdqNy UOA

(9107) 3dospzoyog

(ST0?) T8 10 1pIequoaT
(0107) ‘T8 32 IpIeyuod]

(6007) Te 10 ydodjIoyog
(5007) 'Te 30 zodo1-zn1)y
(#002) 'Te 10 O1OLIRg

(L007) Te 30 zodoT-zn1)
(L861) Te 10 SIqnoy

@ikt 7

p1dnd g
‘viv1oundiq “dog
‘sijdop “dog

SO[BUW PUB SIINIOA

sypsnp ‘ny
DLIDUOGIDD U] ]
pu1j]0d D3]]

sijdop “dog
sadiuids A

12y222q Y
DIADA A
1L4JSIAJLS “Ao]

PUOSLIAX)

(rava 4,7 [9dor)
9)B)00e-]AU09peXaY pue-[A09PEXdH

(D1p2U10AD]f N PUR DLIDA “As]
Ul UOISSQISTe 9SBI[AI) QUISOJIBUOU-G ‘[N

osuodsar oAISuUaJop
ul 9JeIpaw safewr Aq paonpoid souoworayq

s10yepaid [odox sprouadio g,
uo1ssa133e owe) sprouadia |,

QUOUEBIIPLN-T

‘opAyoprezueq ‘Teueuou ‘jouejdoy-g

(joueyday-g Jo 9oudsqe)
9)B)90R [ASouIe,] ‘[OTURIOD)

[oueuou-z ‘Joueydoy-g

9)e1008 [K0dpena) ‘Quoueydoy-g
PIoE JTULIO |

pue[3 [erqe’]

pue[S Ie[nqIpueA

SUISay]




5 Colony Function and Communication

118

-.- uoponpoxday

(ponunuod) ' dAqeL,




5.6 Communication by Physical Means 119

involved assessing the speed to recognize L. niitkib workers by guards of species that
are frequently raided, and others that are not raided. Interestingly, L. niitkib cuticular
profile was not insignificant, but remarkably similar to some of its preferred
hosts. Alkenes C27:1 and C29:1 were predominant in two frequently raided species
(N. perilampoides and Pb. frontalis) and L. niitkib. The workers of chemically simi-
lar species also took longer to react to L. niitkib compared with dissimilar ones,
suggesting that cleptobionts may pass unnoticed by guards. It was noted that cuticu-
lar similarities may arise as a result of the phylogenetic closeness of Lestrimelitta
with Nannotrigona and Plebeia (Rasmussen and Cameron 2010). The results of this
study indicate that chemical deception may be used in combination with other forms
of host attack by these obligate cleptobionts (Quezada-Eudn et al. 2013).

Apart as clues in nestmate recognition, cuticular hydrocarbons possibly indicate
the status of colony members (Cruz-Landim et al. 2012). Differences between the
cuticular profile of gynes and physogastric queens have been reported in various
species (Nunes et al. 2009a, b). Curiously, the cuticular profiles of workers seem to
be more similar to those of males than queens (Borges et al. 2012). Although cuticu-
lar compounds generally indicate the presence of the queen to members of her col-
ony (Engels 1987), a notable finding, is that the cuticular hydrocarbons of the queen
in Frs. schrotkyii seem also responsible of the ovarian suppression of workers, a
process somehow similar to that in A. mellifera (Nunes et al. 2014a).

In spite of the well-known role of chemical cues and pheromones in the attrac-
tion of mates in other insects, evidence is still scarce in stingless bees (Billen and
Morgan 1998; Griiter and Keller 2016). In Scp. postica, secondary alcohols (Engels
et al. 1987) and hydrocarbons of the queen cuticle (Flach et al. 2006), seem to be
involved in the attraction of mates. Flach et al. (2006) found that some chemicals in
the fragrance of an orchid flower are remarkably similar to the cuticular profile of
Scp. postica queens, and deceive males of this species to pollinate the plant. In Scp.
mexicana, males were capable of identifying virgin and physogastric queens by
their chemical profiles. The relative amounts of 2-nonanol and other alcohols of the
queen’s cuticle seem to act as discriminating cues (Verdugo-Dardén et al. 2011).
Similarly, isopropyl-hexanoate, a compound found on the abdomens of gynes of Ttr.
angustula, elicited a strong electroantennogram response in the males of this spe-
cies, suggesting its possible role as a sexual attractant (Fierro et al. 2011).

A summary of candidate semiochemicals and their suggested contribution in dif-
ferent aspects of the communication in stingless bees is presented in Table 5.2.

5.6 Communication by Physical Means

The best studied context in which bees frequently use physical cues is in the com-
munication during food exploitation. In the honey bee, the use of dances to indicate
distance and direction to the food as well as in recruitment is well known (Seeley 1985,
1995). The stingless bees also use physical mechanisms to communicate (vibrations,
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runs, sounds), but the information conveyed in many of these signals is not well
understood (Nieh et al. 2003; Hrncir et al. 2004b, Schmidt et al. 2008).

When foragers return to their nests after finding a source of food, they become
agitated, run rapidly around the nest, and frequently bump into other workers
(Hrncir et al. 2004a). These collisions or bumps are collectively known as jostling,
and have been interpreted as a way through which foragers communicate their suc-
cess in finding food, or may be used to recruit other foragers (Hrncir et al. 2004a;
Barth et al. 2008). In M. quadrifasciata, the number of workers engaging in syrup
collection increases in relation with the number of individuals being jostled by
scouts (Hrncir et al. 2000).

In addition to jostling, successful foragers can also use the thoracic muscles to
vibrate the substrate, producing sounds and air currents. Workers probably use the
subgenual organ of their legs or the Johnston’s organ of the antennae to perceive
such vibrations (Hrncir et al. 2006; Barth et al. 2008). It has been detected that
vibrations encoding information related with food finding are usually in the range
of 300-600 Hz, and that foragers frequently perform these vibrations when transfer-
ring food to nest bees (Hrncir et al. 2006). In M. seminigra, foragers returning from
the field frequently shake some apparently inactive workers in the nests, but it is not
clear if this stimulates them to start foraging (Hrncir et al. 2004b).

Mechanical cues seem to indicate a food resource, but whether they encrypt
some other information related to distance and orientation (as occurs in A. mel-
lifera), has not been conclusively demonstrated in stingless bees. In some Melipona,
no correlation has been found between the number and intensity of the vibrations
performed by successful foragers with the distance or orientation to the food source
(Hrncir et al. 2000; Hrncir et al. 2004b). In contrast, studies in other species have
detected significant correlation between the intensity and frequency of the vibra-
tions performed by foragers with the distance to food (Nieh 1998; Nieh and Roubik
1998). In M. seminigra, there is a great deal of variation in the pulsations of differ-
ent foragers coming from the same food source, raising doubts about their validity
as reliable indicators of distance (Hrncir et al. 2004b). It has been suggested that the
contrasting results found in Melipona may relate to differences in the ability to com-
municate spatial dimensions among species (Nieh 2004).

A clear evidence for the transmission of information by means of vibrations is
related to the quality of food. In various species, it has been consistently found that
the duration and frequency of thorax vibrations increase when the sugar content of
the food increases (M. costaricensis: Aguilar and Bricefio 2002; M. mandacaia, M.
bicolor: Nieh et al. 2003; M. seminigra: Hrncir et al. 2004b; N. testaceicornis:
Schmidt et al. 2008).

Bees live most of their lives in obscurity. However, they use vision in external
activities. Workers use ultraviolet light to find nectar guides on flowers and can
detect polarized light (Winston 1987; Chittka and Thomson 2001). It is documented
that stingless bees are capable of associating color with different food sources (Villa
and Weiss 1990). Workers of M. seminigra can use optic flow (moving images) in
route to the food source to obtain an indication of distance. However, whether this
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information is transmitted to other workers and how it is done remain unclear
(Hrncir et al. 2003).

The spectra of light may be differently perceived by stingless bee species. In a
comparative study, M. mondury preferred UV-reflecting over UV-absorbing bee-
blue-green objects, whereas M. quadrifasciata showed an opposite preference. This
result suggests that differential visual adaptations may have evolved to avoid inter-
specific competition during food collection in stingless bees (Koethe et al. 2016).

Stingless bees learn rapidly and are capable of associating time and space with
food availability (Breed et al. 2002). Workers can learn the location and the time
when food is available and can remember these traits for over long periods of time.
Learning and association have only been found in eusocial Hymenoptera (Breed
et al. 2002). When foraging, some visual cues, mainly the presence of other bees on
the food, could be used as additional guides or repellents to such sources
(Sommerlandt et al. 2014).

Evidently, stingless bees are capable of communicating food location and other
important features of their environment to other colony members. However, the
cues or signals they use, how they are transmitted, and the information they may
convey, are still not completely revealed.
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Chapter 6 @
Reproduction S

In collaboration with Teresita Solis

Mating in M. beecheii

There are two ways in which social insects can reproduce: one is through the pro-
duction of sexual offspring by queens, males, and (in some species) workers, and
the other is through colony fission (Ruttner 1985; Koeniger 1986). This means that,
in social insects, effective reproduction depends not only on individual perfor-
mance, but also to a large extent on the functioning of the colony. Both aspects are
tightly linked; survival of the colony is in the best interests of all colony members to
ensure high output of reproductives and daughter colonies (Crozier and Pamilo
2003).

Sexual offspring in stingless bees can be produced by queens and males, but also
workers. As explained in Chap. 4, the workers of many species are capable of pro-
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ducing male offspring, though whether the queen or workers dominate in male pro-
duction varies considerably between species, and also between colonies within a
species (Paxton et al. 2001; Té6th et al. 2002). Because the males of stingless bees
live a solitary life when reaching sexual maturity, they seem a relatively “cheap”
way of genetic dispersal, although male production generally occurs only when
colonies have accumulated sufficiently large food reserves (Moo-Valle et al. 2001).
In Melipona, gynes also invade colonies (Sommeijer et al. 2003), which may repre-
sent another type of “cheap” genetic dispersal, via females. Nonetheless, the
importance of gyne invasion of non-related colonies in natural populations remains
unknown. The same applies to workers; although workers can potentially parasitize
other colonies, no evidence of this has been found.

In addition to individual reproduction, propagation in social insects through the
female line, involves the production of workers that depart with the queen in a
swarm (Wilson 1971). Notably, reproduction of colonies in the highly eusocial bees
(meliponines and honey bees) invariably occurs through colony fission (splitting)
(Michener 1974; Holldobler and Wilson 1990). The mother colony divides into two
(and exceptionally more) colonies, each with a group of workers and generally one
queen. Thus, the investment in colony reproduction through swarming is large com-
pared to the investment in the production of individual sexual offspring (Fig. 6.1).

Daughter colony
(philopatry and temporal
resource dependence)

Mother colony % WMales (sons of the
i ? queen and workers)

Queens
s/
S

Workers

Fig. 6.1 Reproductive investment and potential routes of genetic dispersal in Meliponini. The
thickness of the arrow represents the magnitude of resource investment, and its length the potential
distance dispersal. Female dispersal via queens and workers has not been well documented in non-
managed populations
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In addition, colony reproduction seems especially demanding in the case of sting-
less bees because daughter colonies are not completely independent after departing.
There is a long-lasting bond between mother and daughter colony until the latter is
self-sufficient (Engels and Imperatriz-Fonseca 1990). This also implies that in
stingless bees dispersal via females involves comparatively shorter distances
(philopatry), than via males.

Although highly eusocial bees share some common features in the reproduction
of colonies and individuals, there are also marked contrasts in their reproductive
biology which are presented in Table 6.1.

Table 6.1 Comparison of some reproductive traits between stingless bees and honey bees

Individual traits

Stingless bees

Honey bees

Sexual dimorphism

Males larger than gynes in Melipona
Males smaller than gynes in
non-Melipona

Males larger than gynes in Apis
mellifera but smaller in other
Apis species

Virgin queen

At emergence, ovaries well developed
in non-Melipona gynes and
underdeveloped in Melipona
Ovarioles have increased in size rather
than number (usually n = 4)

Queens tolerate each other

Workers eliminate excess queens

At emergence ovaries well
developed

Ovarioles have increased in
number rather than length
(n>100)

Queens do not tolerate each other
Queens eliminate other queens

Males

Sexually immature at emergence
Solitary lifestyle when sexual maturity
is reached

Sexually immature at emergence
Live in colonies when sexual
maturity is reached

Reproductive
workers

Frequent in the presence of a queen
(queen’s chemical control of ovarian
development rare). No worker policing
has been documented

Rare (queen’s chemical control of
ovarian development).
Worker policing exists

Queen mating

Species predominantly monandrous

In non-Melipona, males congregate
nearby colonies searching for virgin
queens

Males of Melipona possibly congregate
far away from colonies and mating
seems to occur in these areas

All species are polyandrous
Males congregate far away from
colonies

Male mating

Monogynous—males die after mating

Monogynous—males die after
mating

Mated queen Physogastric—unable to fly Non-physogastric—capable of
flying
Contact Workers have little contact with the Workers frequently groom the

workers-queen

queen—the queen is frequently
aggressive towards workers
Ritualized oviposition

queen; there is a queen retinue—
no evident physical aggression of
the queen

Non-ritualized oviposition

Queen feeding

Mainly trophic eggs produced by the
workers

Royal jelly produced in glands in
the head of workers

Colony traits

Composition of
swarm

Non-mated gynes and workers

Mother queen and workers

(continued)
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Table 6.1 (continued)
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Individual traits

Stingless bees

Honey bees

After swarming

Non existent

Frequent in some populations

Contact between
mother and
daughter colony

Daughter colony located nearby
Long-lasting contact with mother
colony

Daughter colony moves far away
No further contact between
mother and daughter colonies

Preparation of the
new nest

Anticipated

No preparation before swarming

Reproductive
strategy

Few offspring colonies with high
survival rates (“K” strategy)

Tropical ecotypes: more offspring
colonies with relatively low

survival rates (“R” strategy)

6.1 Individual Reproduction

The production and behavior of sexual offspringin stingless bees show important
differences with the honey bees (Table 6.1).

When completing their development, queens of stingless bees can emerge rap-
idly from their cell, as in Melipona, or prolonged, sometimes needing the help of
workers, like in most other genera. Moreover, the queens of genera different to
Melipona seem to take longer to develop (pers. Obs.), in comparison with the queens
of Melipona (Moo-Valle et al. 2004). Possibly, these differences in duration of devel-
opment can explain why Melipona gynes emerge with underdeveloped ovaries,
compared with other genera of stingless bees (Wille 1983).

In the meliponines, the behavior of workers towards queens varies across spe-
cies. In most non-Melipona species, gynes at emergence are generally not attacked
by workers (Gutiérrez et al. 2016). In contrast, in Melipona, workers are frequently
aggressive to gynes; indeed, most excess queens are rapidly killed in the colonies
(Wenseleers et al. 2004; Jarau et al. 2009; Kircher et al. 2013). On the other hand,
stingless bee queens are rather indifferent to each other. There is no aggression
among gynes or with the mother queen (Kércher et al. 2013). In comparison, honey
bee queens are not tolerant to other queens; they fight each other to death (Winston
1987).

After the queen emerges she can be kept alive for some time. Some non-Meli-
pona species build special “compartments” where they maintain gynes, these could
be empty food pots or spaces in the involucrum. Such lodgings are known as royal
chambers and may serve to keep gynes as insurance in case of the loss of the mother
queen. Imperatriz-Fonseca and Zucchi (1995) report that in some species, the gyne
participates in the construction of her own chamber and can even control the access
of workers (e.g., in Frieseomelitta, Plebeia). In other species like Cel. longicornis,
a few workers form a shield around gynes to protect them against attacks by other
workers (Imperatriz-Fonseca and Zucchi 1995). Because swarming rates in sting-
less bees are low, most queens are eventually sacrificed.

Melipona species are outstanding for the excess number of queens produced (see
Chap. 4). However, most queens are killed (Wenseleers et al. 2004; Kércher et al.
2013). In M. beecheii, for instance, gynes live on average only 27 h (Wenseleers
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Fig. 6.2 The process of gyne sacrifice in M. beecheii. (a) Two aspects of decapitation by a single
worker. (b) Pulling extremities by various workers. (¢) A gyne faking death to avoid worker
aggression

et al. 2004). In this species, two forms of queen sacrifice have been recorded
(Fig. 6.2). Approximately 25% of sacrifices are made by a single worker. She climbs
on the gyne’s dorsum and, inserting the mandibles in the space between the head
and the thorax, quickly proceeds to decapitate her. In a second and more frequent
behavior, a group of workers hold the queen and pull her from the legs, head, and
abdomen, trying to dismember her (Fig. 6.2). This last type of killing can last up to
I h. In many cases, gynes try to hide from the workers, and can even fake death to
avoid elimination (Fig. 6.2, Wenseleers et al. 2004). It seems that less “fit” queens
fake death more frequently, as those engaging in this type of behavior are eventually
killed (van Veen et al. 1999). If queens avoid immediate killing, they can reach a
stage when start performing a behavior called abdominal inflation. Abdominal infla-
tion start in M. favosa and M. beecheii some 12-15 h after gyne emergence and
becomes more frequent with time (Koedam et al. 1995; van Veen et al. 1999). In M.
beecheii all queens eventually accepted in colonies performed abdominal inflation.
In some way queens with an inflated abdomen could be more attractive to workers
(van Veen et al. 1999). Gynes in Scaptotrigona inflate the abdomen and use it to hit
the workers that try to bite them. Perhaps this behavior is used to defend from
worker aggression and is also part of a process of queen domination (Gutiérrez et al.
2016). Abdominal inflation could also be related with pheromone production (van
Veen et al. 1999), but this has not been demonstrated.

The excess production of gynes in Melipona and aggressive harassment by their
worker sisters, are possibly the origin of a phenomenon observed in meliponaries,
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i.e., the invasion of unrelated colonies by “runaway” gynes (Sommeijer et al. 2003).
This behavior was first observed in the Caribbean species M. favosa, but no evidence
of reproductive takeover could be confirmed. The authors interpreted the aggression
of the workers as another way by which colonies (and workers) could increase repro-
ductive fitness via dispersal of their gyne sisters, if these were to become queens in
invaded colonies (Sommeijer et al. 2003) (Fig. 6.1). The rate of gyne colony usurp
was quantified by means of molecular analyses in M. scutellaris from Brazil. Gynes
of this species exhibited surprisingly high rates of colony invasion estimated in
~25% (Wenseleers et al. 2011). Interestingly, gynes seem to preferentially take over
queenless colonies at night, which suggests that this behavior does not occur ran-
domly (van Oystaeyen et al. 2013). Given the high frequency at which queen usurp-
ing could occur, it is puzzling why colonies do not seem to have developed
mechanisms to reject alien queens (Kircher et al. 2013; van Oystaeyen et al. 2013).

In M. beecheii we have observed (unpublished data) that many gynes exit their
colonies and seek refuge in areas like empty boxes or under pieces of wood.
However, most of these gynes do not survive long, probably because they need to be
fed by workers, although it has been suggested that they can probably feed on flow-
ers (Sommeijer and de Bruijn 2003). Marking large number of M. beecheii gynes
has failed to detect them in other colonies, but molecular analysis has not yet been
conducted to confirm if gyne colony takeover could be common in this species.
Although gyne usurping seems frequent in meliponarios, there is still no evidence
of its occurrence in non-managed populations (Wenseleers et al. 2011) and, thus,
whether it represents a significant mode of female gene dispersal in natural popula-
tions of stingless bees.

Female reproductive parasitism in stingless bees can potentially occur via work-
ers too. Workers, similar to gynes, can abandon their natal nest and invade other
colonies, where they can produce sons (Beekman and Oldroyd 2008). To date no
such phenomenon has been documented in any species of stingless bee. However,
worker parasitism across generations has been detected. In M. scutellaris workers
carry on producing sons, even after their mother queen has been superseded. In this
sense, daughters of the old queen parasite workers of the new generation (their
nieces), with which they are less genetically related (Alves et al. 2009).

Probably because of the large number of gynes produced in Melipona, colonies
seem highly selective in the process of queen replacement. In a study to evaluate the
process of queen acceptance in M. beecheil, it was found that colonies can remain
queenless for up to 3 weeks and can kill as many as 20 queens in this period (Flores-
Grande et al. unpublished data). Similar results have been obtained with other spe-
cies, like Brazilian M. compressipes (Kerr 1987). Even though in Melipona there is
strong selection on queens, the role of factors such as genotype, aggression, and
chemical profiles, among others, is still not well understood (Kerr 1987; Gutiérrez
et al. 2016). The speed of queen acceptance has important applications in manage-
ment because, if the queen is lost, the colony may remain queenless for several
weeks, which can affect growth and possibly compromise its survival.

After selection, the accepted gyne experiences notorious changes in behavior before
her mating flight. In this period, the gyne increases her activity, jostling and performing
considerable antennal contact and trophallaxis or food exchange with workers (van
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Veen 1999). Aggression towards workers, like pushing or jostling, could be considered
part of a gradual process of domination. In fact, physogastric queens frequently push
and hit the workers during the POP (Sakagami 1982; Jarau et al. 2009).

Regarding queen mating, Flores-Grande et al. (2003) found that gynes of M.
beecheii made a single mating flight. On the day of the mating flight, the gyne exits
the colony and makes a short “orientation” flight. She performs a first flight facing
the entrance of her colony in a zigzag pattern, possibly registering landmarks to help
in finding the colony. Slowly, the gyne flies away from the colony until she rapidly
disappears into the forest. The age at which gynes of M. beecheii undertook their
mating flights was 4.6 days in average, and the duration of the flight was only
10.8 min. In studies with M. beecheii in Costa Rica, the duration of mating flights
was over 100 min (van Veen and Sommeijer 2000). It is possible that such differ-
ences in mating flights for the same species relate to the availability of males in both
areas, and the possibility to find them nearby. Mating flights took place more fre-
quently at midday, between 11:30 and 12:50 h. The average temperature registered
for the mating flights in Yucatan was 31.1 °C, the environmental humidity was
38.2%, and wind speed was 0.58 m/s. The average age at which queens started egg
laying was 10.4 days after emergence, and 5.8 days after their mating flight (Flores-
Grande et al. 2003).

As a norm, stingless bees queens are monandrous, they mate with only one male
(Peters et al. 1999; Paxton et al. 1999; Palmer et al. 2002). After mating, the genital
capsule of the male detaches from his body and remains inserted in the queen’s
reproductive tract for a couple of days, forming what is known as the mating plug
(Melo et al. 2001) (Fig. 6.3). It is thought that the male capsule causes distension of

Fig. 6.3 Mating plug
formed by the genital
capsule of the male in the
reproductive tract of a
queen of M. beecheii
(photo by Fredy
Camposeco)
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the bursa copulatrix of the queen, and produces a mechanical signal. This signal
may be related to the activation of the corpora allata, and the production of JH that
triggers ovary growth. In a few M. quadrifasciata queens, removing the male genital
capsule in the first 3 days after mating resulted in reduced activation of the queen’s
ovaries (Melo et al. 2001).

In contrast with males of honey bees and bumble bees, the mating plug of sting-
less bee males has no glandular products. Thus, it is believed that there is no
male chemical stimulation that may induce ovarian development in stingless bee
queens, as known in the other corbiculate taxa (Colonello and Harfelder 2005).

After the mating flight, the queen reduces food soliciting, and her activity within
the nest markedly decreases, as does aggression towards workers (van Veen 1999).
At the same time the abdomen experiences a remarkable increase in size, known as
physogastria. Physogastric queens (also seen in termites and some ants) experience
a dramatic hypertrophy of the ovaries. In the process, the fat bodies in the abdomen
also experience considerable growth. The fat bodies are the main source of vitello-
genin, a major lipoprotein released into the hemolymph and taken up by the ovari-
oles for the production of eggs (Bordereau 1982; Paes de Oliveira and Cruz-Landim
2003; Paes de Oliveira et al. 2012).

Physogastria produces extreme distension of the abdomen, causing the interseg-
mental membranes of the metasoma to expand (Bordereau 1982). The abdominal
terga and sterna become well separated in stingless bee queens, which does not
occur in honey bee or bumble bee queens (Fig. 6.4). As a result of the physogastric
state, stingless bee queens can double their weight and become incapable of flying.

The females, (workers and queens) of stingless bees, normally have four ovari-
oles in each of their two ovaries (Cruz-Landim et al. 1998; Martins and Serrdo
2004). The workers’ ovaries are comparatively shorter than the queens’ (Cruz-
Landim 2000) (Figs. 6.4 and 6.5). In a few species (T spinipes, Pb. remota, N.
testaceicornis, Sch. quadripunctata), the queens can have up to eight ovarioles per
ovary (Cruz-Landim et al. 1998), but in Lestrimelitta, the number of ovarioles per
ovary can be up to 15 (Sakagami 1982). Nonetheless, the number of ovarioles per
ovary in stingless bees is in stark contrast to the more than 100 present in honey bee
queens (Engels and Imperatriz-Fonseca 1990; Martins and Serrao 2004).

It is suggested that the high demand for egg production in queens of the highly
eusocial bees was solved through different evolutionary routes. In Meliponini,
queens experienced an increase in the relative length of the ovaries more than an
increase in number. In contrast, queens of Apis have experienced an increase in the
number of ovarioles, rather than in longitude (Engels and Imperatriz-Fonseca 1990;
Martins and Serrao 2004).

Intraspecific variation in the length (and less frequently number) of ovarioles in
stingless bee queens has been observed. This variation may be related to differences in
nutrition during gyne development. In 77 spinipes larvae fed with larger amounts of
food had more and longer ovarioles (Buschini and Campos 1995; Lisboa et al. 2005).

In stingless bee queens, each ovary usually produces between one and a few
dozen per day, depending on the species (Engels and Imperatriz-Fonseca 1990).
The rate of queen egg production per day has been recorded in some species: in
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Fig. 6.4 Physogastric queen of M. beecheii (above left), showing the distended abdomen with
clearly visible abdominal membranes and separated plates compared with A. mellifera, in which
queens are non-physogastric. In the image below, the ovaries of worker, virgin (with the four ovari-
oles separated), and physogastric queen of M. beecheii, are shown
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Fig. 6.5 Oogenesis in a worker and the queen of M. beecheii, with the parts of the ovarian follicle:
the oocyte chamber and the nutritional chamber. The image below shows an egg nearly ready to be
laid; the nutritional chamber is atrophied
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M. compressipes it is between 25 and 30 eggs, in M. quadrifasciata between 10 and
20 (Kerr 1949), in P. remota between 60 and 180 (Van Benthem et al. 1995), in
M. beecheii between 25 and 35, and in L. niitkinb, between 100 and 200 eggs per
day (pers. Obs.). The rate of egg production of queens seem to depend on colony
food conditions (Moo-Valle et al. 2001).

The production of eggs in the ovaries of queens (and workers) starts in the ovar-
ian functional unit, the follicle. The ovarian follicle is formed by two sections, the
nutritional chamber and the oocyte chamber (Fig. 6.5). The nutritional chamber is
the section that supplies nutrients to the oocyte by means of special cells called
trophocytes. The trophocytes provide vitellogenin and other proteins needed for the
development of the oocyte (Cruz-Landim 2009). In the process of oogenesis, as
nutrients are absorbed by the oocyte chamber, the nutritional chamber experiences
gradual atrophy. The final stages of egg formation involve the production of the
vitelline membrane as well as the chorion, forming the egg shell (Cruz-Landim
2009). The chorion of the bee’s egg has two layers, a proteinic endochorion and the
exochorion mainly made of carbohydrate (Cruz-Landim 2009).

The ovaries of the queen have several follicles undergoing maturation at the
same time; in contrast, the ovaries of workers only have one maturing follicle, and
exceptionally two, in each ovary (Cruz-Landim 2000; Figs. 6.4 and 6.5).

The rate of ovarian development among workers of the same colony generally
depends on age. Young workers less than 1 week old usually have no developed
ovaries, but after this period, they start producing trophic or reproductively func-
tional eggs. The production of reproductive eggs is more frequent in workers before
they start foraging (van Veen 1999). In older workers (foragers), the ovaries usually
become atrophied (Fig. 6.6). Functional worker eggs are not fertilized, but develop
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Fig. 6.6 Comparative development of the ovaries in workers of different age in M. beecheii
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into males by parthenogenesis, similar to those of the queen (Koedam et al. 1999).
The characteristics of trophic and functional eggs in stingless bees are explained in
more detail in Sect. 5.3.

An outstanding fact of mated queens of social insects is the extremely long via-
bility of the sperm they store, which may span several years (Baer et al. 2016). It is
believed that the viability of sperm is maintained thanks to the stable conditions of
the spermatheca. The spermatheca is a spherical sac at the base of the queen’s ovi-
ducts where sperm is stored after mating (Cruz-Landim et al. 2003). To date it is not
quite understood how the viability of the sperm is maintained in the sperma-
theca. Honey bee queens may actively produce proteins to enhance sperm viability
during storage (den Boer et al. 2009). Interestingly, compounds that keep the sperm
alive may not be produced in the spermatheca; they could be absorbed from the
hemolymph, and secreted around the stored sperm (Cruz-Landim et al. 2003). The
spermatheca is connected to the reproductive tract by a small tube in the transition
between the bursa copulatrix and the midportion of the oviduct (Fig. 6.4).

Hymenopteran queens have control over sperm use by means of the sperma-
theca, and can switch between producing fertilized and non-fertilized eggs. In the
honey bee, failure of the queen to fertilize worker-destined eggs seems to be a signal
that workers use to replace her (Baer et al. 2016). In stingless bees, the longevity of
mated queens and the causes leading to supersedure are scarcely documented. In
queens of M. compressipes and M. scutellaris, a maximum longevity of 7 years has
been estimated (Kerr 1996; Kerr et al. 1996), although a more conservative figure of
22 months could be more realistic (Carvalho-Zilse and Kerr 2004). Similarly, in M.
beecheii queens more often seem to live an average of 2 years (van Veen 1999).

The males of stingless bees can be produced by the queen or the workers. As
explained in Chap. 4, the relative numbers of sons of the queen and workers vary
across species. In species in which males are mostly produced by the workers, the
cells containing males tend to form clusters in some sections of the combs (Koedam
etal. 1999). In the case of species like M. beecheii (Paxton et al. 2001) and M. coli-
mana, in which the queens produce most of the males, there is no clustering of male
cells (Moo-Valle et al. 2004; Macias-Macias and Quezada-Euan 2015).

Male production in colonies of stingless bees is frequently associated with the
amount of food reserves (Moo-Valle et al. 2001; Chinh et al. 2003). Colonies tend
to produce more males when they have large food reserves. In Melipona, when food
reserves dwindle, male production suffers more than queen production, and can
drop to almost zero (Moo-Valle et al. 2001). Generally, males represent an addi-
tional cost because their production would be at the expense of more valuable work-
ers (Velthuis et al. 2005). Nevertheless, it is interesting noting that a marked
seasonality in the production of males is not evident in stingless bees, in contrast to
A. mellifera. For instance, in M. beecheii it is possible to find males in colonies all
year round (Moo-Valle et al. 2001). In stingless bees asynchrony in the production
of males and gynes seems a common feature of colonies. However, asynchronous
production of males and gynes in a population, will lead to the simultaneous occur-
rence of both sexes from different colonies when mating occurs (Moo-Valle et al.
2001; Chinh et al. 2003; de de Bruijn and Sommeijer 2006).
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In highly eusocial bees, gene dispersal via males could be cheaper compared
with colony fission, in which many workers depart with the queen in a swarm
(Roubik 1990). Overall male production in stingless bees (as in other eusocial
Hymenoptera) is on average larger than gyne production (the numerical sex ratio is
male biased), even in species with excess production of gynes, like in Melipona. In
M. beecheii for instance, annual male production is twice that of gyne production
(Moo-Valle et al. 2001). In other stingless bees, male bias could be even larger
because fewer queens are produced. For instance, in the case of Sch. quadripunc-
tata, the production of males to gynes is in the range of 200:1 (Velthuis et al. 2005).
At the moment of mating, the rate of males to gynes can increase even more, because
many queens (particularly in Melipona) can be sacrificed before they mate. The
production of males to gynes at the time of mating can be easily in the range of
1000:1 (Engels and Imperatriz-Fonseca 1990). Under these conditions, in Melipona
the probability of mating for individual males is in the range of 0.01-0.002 (Velthuis
et al. 2005).

Evidently, excessive Male-biased production in stingless bees represents stark
competition for females. However, the males of highly eusocial bees do not com-
pete among themselves using strength, displacement, or fighting (Engels and
Imperatriz-Fonseca 1990). This means that selection by females seems scarce or
nonexistent; rather, males seem to engage in a scramble competition for queens
(Paxton 2005). Nonetheless, some male physical characteristics could be advanta-
geous in scramble competition for reproduction. In M. beecheii for instance, male
fresh weight can vary between 25 and 65 mg, representing a weight difference of
nearly threefold among individuals in the same population (Bustillos 2016; Fig. 6.7).

Although the benefit of large size has not been shown in stingless bees, there is
evidence from other Apidae, that larger males may have mating advantages (Schliins
et al. 2003; Couvillon et al. 2010). Likewise, it may be possible that larger, or
heavier stingless bee males, can more readily chase or get hold of gynes.
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On the other hand, small males may also have reproductive advantages. For
instance, small males of Scp. aff. depilis persist for longer periods in male congrega-
tions. It is speculated that persistence may increase their opportunities for mating,
but no correlation was found between body size and sperm viability in males per-
sisting in a congregation (Koffler et al. 2016). Nonetheless, it seems that stingless
bee males could be selected for endurance (Roubik 1990). It could also be possible
that small males persist longer in a mating congregation because small size restricts
dispersal over long distances; note, though, that it is not known if larger males tend
to disperse over longer distances. Although males of different sizes can follow con-
trasting reproductive strategies in other bee species (Alcock 1997), it remains to be
shown, if the striking differences in body size found in male stingless bees, may
have different adaptive value.

The resources of a colony may impact male traits. Males of M. beecheii reared in
colonies with large pollen reserves are larger and produce more spermatozoa, com-
pared with males reared in colonies with lesser reserves (Pech-May et al. 2012;
Fig. 6.8).

In stingless bees, the male reproductive tract is formed by the structures for the
production and storage of sperm, plus the copulatory organ or genital capsule
(Fig. 6.9). As in other bees, spermatogenesis in male stingless bees takes place dur-
ing the pupal stage and, when individuals emerge from their cells, the process is
completed (Dallacqua and Cruz-Landim 2003). This means that males emerge with
a fixed number of spermatozoa and no additional production occurs in adulthood.
However, males emerge sexually immature; the spermatozoa in their testes must
migrate to the seminal vesicles before mating and insemination can effectively
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Fig. 6.8 Sperm production in three groups of M. beecheii males reared in colonies with reduced
pollen reserves, excess pollen, and colonies non-manipulated (natural). PC1 is a multivariate mea-
sure of body size obtained from three morphometric traits (Pech-May et al. 2012)
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Fig. 6.10 Genital capsule and internal reproductive organs of a male of M. beecheii. The image on
the left shows the testicles surrounded by the scrotal capsule. The image on the right shows the
genital capsule removed and some migration of spermatozoa (dark spots) into the seminal
vesicles

occur (Chapman 1998). Young males, recently emerged from their cell, have
enlarged testes and the tubules (vas deferens) connecting the testicles with the semi-
nal vesicles, are distended. As individuals age, the spermatozoa migrate to the semi-
nal vesicles, and the testes gradually become atrophied in sexually mature individuals
(Brito et al. 2010) (Figs. 6.10 and 6.11). The testes of stingless bees have four semi-
niferous tubules each (Ferreira et al. 2004) (Fig. 6.11).
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Fig. 6.11 The process of male sexual maturation male sexual maturity in M. beecheii. The image
to the left shows a recently emerged male with no presence of spermatozoa (dark areas) in the
seminal vesicles. The image in the center shows the start of the migration of the spermatozoa,
which is almost finished in the male of the image to the right. In the image below, sperm concen-
trates in the confluence of the four seminiferous tubules of each testicle in five days old males,
when migration starts to the seminal vesicles

In contrast with other Apidae, the male reproductive tract of stingless bees has
simple genital ducts and lacks accessory glands (Ferreira et al. 2004; Colonello and
Hertfelder 2005). In other bees, male accessory glands produce secretions that serve
as nutrients for the spermatozoa in their movement along the female tract (den Boer
et al. 2009). These secretions can also modify the post-copulatory behavior of the
female (Dallacqua and Cruz-Landim 2003; Ferreira et al. 2004). Because of the lack
of accessory glands in stingless bees, it is believed that substances helping the sur-
vival of the spermatozoa are found in other sections of the male reproductive tract
(Dallacqua and Cruz-Landim 2003; Brito et al. 2010). In addition to anatomical
simplification, the reproductive system of male stingless bees has comparatively
thicker vas deferens and the ejaculatory duct is short. This type of elementary repro-
ductive apparatus (compared with males of other taxa), lacking accessory glands is
exclusive to the male Meliponini, and has been classified as type IV (Ferreira et al.
2004) (Fig. 6.11).

When stingless bee males emerge, they remain in their nest for a period of time
before reaching sexual maturity, after which they abandon the nest and start an
independent life, never returning to their natal colony (Roubik 1990). The time
males spend in their colonies is variable, and is related with the speed at which they
reach sexual maturity. In M. beecheii males can be sexually mature at 18 days, but
there is considerable variation, ranging between 6 and 27 days (Camposeco 2005).
Intra-colony factors could be related with the speed at which males reach sexual
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maturity. For instance, M. beecheii males that were reared in colonies with little
pollen reserves, reached maturity later, compared with males that were reared in
colonies with surplus pollen stores (Pech-May et al. 2012). However, in the same
species, the presence of spermatozoa in the seminal vesicles was evident on the fifth
day of age, in spite of the nutritional regime at which males were reared (Pech-May
et al. 2012). In other Melipona species, like M. compressipes, males reach sexual
maturity between 11 and 14 days of age (Kerr 1996), in M. scutellaris at 9—11 days
(Abreu and Penna 1992), and in M. quadrifasciata at 8—12 days (Camargo 1972).

In males of M. mondury (Lima et al. 2006) and Sc. xanthotricha (Aratjo et al.
2005), sperm can be seen in the vesicles 4 days after their emergence, but in the case
of M. quadrifasciata, this occurs only by day 7 (Camargo 1984), and in Frs. schrott-
kyi, by day 9. The latter, is the longest period registered for the start of sperm migra-
tion in stingless bees (Brito et al. 2010). It is not known if surplus nutrition in adult
males could accelerate sperm migration and sexual maturity.

The amount of sperm produced in male stingless bees is variable between, but
also within species. In M. quadrifasciata individual sperm production is in the range
of 1-1.2 x 109 (Kerr et al. 1962). In M. beecheii sperm production can vary among
males between 1 and 3 x 10° (Pech-May et al. 2012), and in Scp. aff. depilis an aver-
age of 1.4 x 10° spermatozoa per male has been registered (Meneses et al. 2014).

Before reaching sexual maturity, males are mostly inactive in the nest (van Veen
et al. 1997). Nevertheless, in contrast to honey bee males, they can engage is some
activities (nectar dehydration, wax production, collection of pollen, and propolis),
and can be indirectly involved in others, such as colony defense (Cortopassi-Laurino
1979; Boongird and Michener 2010; Schorkopf 2016). Nogueira-Neto (1997) con-
siders that the activities performed by stingless bee males are related more to their
preparation to leave the nest, rather than a real contribution to the colony. In this
regard, it is males older than 20 days which normally engage in nectar dehydration
(van Veen et al. 1997; van Veen 1999). In M. beecheii, van Veen (1999) observed
that, as males age, they tend to spend more time in the area of food pots, which
seems in agreement with the suggestion by Nogueira-Neto (1997).

The possibility of resin and pollen collection by males of some stingless bee spe-
cies is surprising. It has been proposed that this behavior may occur more frequently
in species in which males have hind tibiae comparatively similar to the workers’. In
such species males are called isopodal, to identify them from species in which males
and workers have very different hind legs, which are called anisopodal (Boongird
and Michener 2010). Whether males of isopodal species are recruited to collect
food, or if they do it independently, is still unknown.

When reaching sexual maturity, stingless bee males leave their natal colony (van
Veen 1999), after which they survive by feeding on flowers (Kerr et al. 1962; Pers.
Obs.). Eventually, males can join one aggregation, or perhaps move between several
of these male groups (Fig. 6.12). In Ttr. dorsalis, males that were individually
marked in an aggregation, remained in it for only a short time (Roubik 1990), which
suggests that they may search for a particularly suitable one, or move constantly
among different aggregations (dos Santos et al. 2016). Moving among aggregations
could increase their opportunities for mating.
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Fig. 6.12 Aggregation of N. perilampoides males. The behavior of the males at aggregations
alternates between flying in a cloud that moves around colonies (left), and resting nearby (image
to the right)

Two forms of male aggregations have been proposed in stingless bees. In species
other than Melipona, males actively search for virgin females, and they congregate
nearby colonies with young gynes (Fig. 6.12). In contrast, in Melipona it is believed
that it is the gynes that search for male aggregations, which seem to be located far
away from colonies (Velthuis et al. 2005). Nonetheless, Melipona male groups have
also been reported close to meliponarios (Sommeijer et al. 2004; dos Santos et al.
2014), and individual males can be seen perching nearby colonies (Pers. Obs.).

In the case of non-Melipona species, when a gyne is accepted in a colony, males
start to congregate nearby a few days after (Pers. Obs.). How males detect the pres-
ence of gynes in such colonies is still a matter of speculation. It has been suggested
that males at long distance perceive some kind of queen pheromone, or that foragers
carry queen smell, indirectly guiding males to their colony (Roubik 1990).

Male aggregations are formed by hundreds or thousands of males which origi-
nate from a large number of colonies, some located at considerable distances (dos
Santos et al. 2016). Molecular analyses of males at aggregations have revealed the
number of colonies from which they originate. In the case of Scp. mexicana males
at aggregations originate from 21 to 55 colonies (Kraus et al. 2008; Mueller et al.
2012), up to 70 in Ttr. angustula (dos Santos et al. 2016), and up to 132 in the Asian
Ttga. collina (Cameron et al. 2004). It is important to note that only a few males
seem to originate from colonies nearby; as a rule the majority of males come from
distant colonies (Mueller et al. 2012; dos Santos et al. 2016). Thus, male stingless
bees seem capable of moving over long distances and, some studies have directly
assessed this. Carvalho-Zilse and Kerr (2004) marked males of M. scutellaris and
released them at different distances from their colony. Their results showed that
some males can travel up to 1 km, although males released 100—400 m returned
with more frequency to the meliponary. Using molecular markers, dos Santos et al.
(2016) estimated the distance that Ttr angustula males can disperse to be 600 m on
average, but some dispersed over 2 km. It is important to note that such distances
were calculated between two points in single events. It is possible that males travel
considerably longer distances during their life span.
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The behavior of males moving away from their natal colony and the fact that
male aggregations are formed by males of multiple origin, seem effective adapta-
tions to reduce the possibility of inbreeding. The wandering behavior of males is
crucial in stingless bees, particularly considering that queens are predominantly
monandrous, and that colonies are philopatric. The long dispersal of stingless bee
males seems a key aspect to reduce inbreeding and effectively increase panmixia
(Kraus et al. 2008). Recent findings of only subtle genetic differentiation among
populations of some common species, like 7tr angustula (Santiago et al. 2016) and
Pt. bilineata (Landaverde-Gonzélez et al. 2017), indicate the importance of male-
mediated gene flow in stingless bees and the risk of losing genetic diversity if male
dispersal is affected.

In the case of Melipona, male aggregations have been rarely seen. It has been
suggested that males do not aggregate nearby colonies because although Melipona
colonies constantly produce queens, most are killed. In this regard, it would not be
adaptive for males to search for gynes near a colony (Sommeijer et al. 2004).
Detailed reports of male aggregations have been provided on M. favosa and M.
subnitida (Sommeijer and de Bruijn 1995; Sommeijer et al. 2004; dos Santos et al.
2014). The males of these species have been seen perching in groups, which con-
trast to the flying aggregations of males in A. mellifera, and non-Melipona stingless
bees. Such perching sites have been found usually at 1.5 m height, where the num-
ber of males can be between 300 and 400. Similar to the aggregations of other sting-
less bees, the first males are seen early in the morning and the last just before dusk,
but they do not overnight at the site (Sommeijer and de Bruijn 1995; Sommeijer
et al. 2004). It is important to note that although the presence of queens has been
reported in Melipona male aggregations, no attempts to mate have been observed
(Sommeijer et al. 2004; dos Santos et al. 2014). It could be argued that these perch-
ing aggregations are resting males. In fact, observations in confinement chambers
suggest that mating seems to take place in flight in Melipona, as in the other euso-
cial bees (pers. Obs.).

If stingless bee males and queens have some way to communicate their presence
to each other is still under speculation (Engels 1987). It has been suggested that
males of M. favosa release some kind of pheromone or chemical signal that attracts
queens (Sommeijer et al. 2004). Interestingly, in Scp. mexicana, Galindo-Lépez and
Kraus (2009) showed that males were attracted to groups of other males. Curiously,
in the field, males of that species were not attracted to colonies with virgin queens.
The authors proposed that some type of chemical attraction among males could
occur in this species. Interestingly, males of different species can attend the same
aggregation. Interspecific similarities in the cuticular compounds and possible con-
fusion caused by this type of recognition system have been dismissed as explanation
for mixed aggregations of males (dos Santos et al. 2015). The explanation of mixed
male aggregations is still unclear.

Interestingly, workers of M. favosa and M. quadrifasciata may also be found at
male aggregations. It has been proposed that workers may attract males to these
locations by means of pheromones or by bringing resin or other materials to these
sites from their nests (Roubik 1990; Sommeijer et al. 2004; dos Santos et al. 2014).
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As males are produced constantly in stingless bee colonies (Moo-Valle et al.
2001; de Bruijn and Sommeijer 2006), male aggregations can be active during most
part of the year.

6.2 Colony Reproduction and Dynamics

The formation of new nests in many highly eusocial insects involves colony fission
(reproductive division or swarming), although how this occurs varies across taxa
(Table 6.1). In the case of stingless bees, colony fission occurs at low frequencies,
and involves a long period of preparation. After swarming, a bond between mother
and daughter nests can last months before they separate completely (Engels and
Imperatriz-Fonseca 1990). In contrast, in honey bees, swarming occurs more fre-
quently and rapidly, and does not involve further contact between mother and
daughter colonies.

Swarming has rarely been observed in stingless bees; there are only few accounts
on how it occurs (Engels and Imperatriz-Fonseca 1990). A prerequisite for swarm-
ing is large worker populations and food reserves. In colonies with these conditions,
workers start searching for a potential new nest site nearby, sometimes in the same
tree or substrate as the mother colony. This may explain the frequent aggregation of
nests observed in many stingless bee species. In the honey bee, searching for a new
site where the swarm will establish, only occurs after the bees have left the mother
colony, and this can be located a kilometers away from the maternal nest (Seeley
1985).

Once a potential nest site has been selected, workers start conditioning the new
cavity and build structures using cerumen and resin taken from the mother colony
(Fig. 6.13). Within a few days, food pots are built and bees start moving pollen and
honey from the mother colony too. Interestingly, Nogueira-Neto (1997) noted that
the food carried by supplying bees is frequently a mixture of pollen and honey. Once
stores have been developed in the new nest, swarming takes place. A virgin or a few
virgin queens exit the mother colony with a group of workers that move into the new
nest. Stingless bee swarming is different compared with honey bees, in which the
mother queen leaves the nest before a virgin queen emerges (Winston 1987).
Because the physogastric stingless bee queen cannot fly, it is the gynes that relocate
with the swarms. At the new nest site, a young queen is selected and, after a few
days, she performs her nuptial flight. The workers continue moving food and build-
ing materials from the mother colony until the new nest is self-sufficient (Sakagami
1982; Engels and Imperatriz-Fonseca 1990; Fig. 6.13).

The conservative system of swarming in stingless bees results in low rates of
colony reproduction. The mother colony would need sufficient time (probably
years) to accumulate the reserves needed to support her survival, and that of a
daughter colony. The reproductive strategy of stingless bee colonies seems to be the
production of few offspring (Slaa 2006) (Fig. 6.1). However, new stingless bee col-
onies seem to have high rates of survival. In a study in Costa Rica, the survival of
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Fig. 6.13 The process of swarming (colony fission) in Meliponini. The letters and arrows indicate
the progression of events

new stingless bee colonies was close to 70% at the end of the first year. In compari-
son, nearly all new Africanized honey bee colonies established in the same area died
(Slaa 2006). In this regard, stingless bees seem to fit the description for K-strategists,
characterized by monogamy, slow growth, and production of a few progenies, each
with a high probability of survival. In comparison, r-strategists, like Africanized
honey bees, have high fecundity and relatively little investment in individual
progeny (Mac Arthur and Wilson 1967; Rinderer and Hellmich II 1991), but also
experience high rates of mortality.

However, the strategy of colony foundation involving philopatry can be disad-
vantageous when habitats are altered. Fewer nesting sites or food resources can
increase competition, but also the length of time necessary for colonies to reproduce
(Engels and Imperatriz-Fonseca 1990; Brown and Albrecht 2001). The relatively
limited dispersal of stingless bee colonies could also explain why populations of
some species exhibit marked genetic structure for maternal rather than biparentally
inherited genetic markers (Quezada-Eudn et al. 2012: Santiago et al. 2016).

Meliponini colonies may take years for swarming (Roubik 1989), depending on
the amount of reserves and building materials accumulated. In each annual cycle,
colonies may gain reserves and increase size during the flowering season, but lose
some during dearth, depending on the severity of shortage (Roubik 1982; Quezada-
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Eudn et al. 2015). Colonies may probably experience alternative episodes of
increasing and losing size, until they reach a status capable of sustaining mother and
daughter colonies (Quezada-Eudn et al. 2015). Large stingless bee species, like
Melipona, could be more sensitive to habitat alteration because they need compara-
tively more food and spacious cavities to reproduce (Brown and Albrecht 2001;
Macias-Macias et al. 2014). Various species of Melipona have been considered
under threat and risk of extinction (Kerr 2002); M. beecheii is one of them, espe-
cially in the Mayan region of southern Mexico (Quezada-Eudn et al. 2001;
Villanueva-Gutiérrez et al. 2013).

In the Yucatan, Santos (2006) surveyed the diversity of colonies in a deforested
northern part of the Peninsula. No nests of M. yucatanica or M. beecheii were found.
In contrast, small meliponine nests of Fr. nigra and N. perilampoides were common.
This may be because these species are less demanding in the size of cavities or food,
they need for successful nesting (Samejima et al. 2004).

Interestingly, the longevity of small stingless bee species in pristine forests can
be shorter when compared to deforested regions, or urban areas (Slaa 2006). For
instance, the annual survival of nests of Tt7. angustula in a forest was estimated at
0.74, but in deforested areas it increased to 0.92. Moreover, the life span of colonies
of this species has been estimated to be 12.5 years in deforested areas but only
3.8 years in forests (Slaa 2006).

The estimated natural density of stingless bee colonies varies between a few to
several nests per ha (Hubbell and Johnson 1977; Roubik 1983; Eltz et al. 2002;
Antonini and Martins 2003; Roubik 2006). Such contrasting findings in the density
of nests seem a result of two main factors, food resources and suitable spaces for
nesting (Eltz et al. 2002). In Costa Rica, Hubbell and Johnson (1977) reported that
food availability seemed to be the main factor limiting the density of colonies in
forests. Similarly, a study in Southeast Asia detected that food (mainly pollen) was
the factor with the highest impact on nest densities. However, the availability of
nesting sites also had a significant effect, albeit to a lesser extent (Eltz et al. 2002).
In contrast, in a different forest of Costa Rica, Brosi (2009) found a more marked
link between suitable nesting sites and density of colonies. In Mexico, Macias-
Macias and Quezada-Eudn (2015) in a cloud tropical forest of western Jalisco,
found that the availability of large cavities in trees (183 cm or greater in diameter)
was positively related to the density of M. colimana colonies. Thus, nest and food
availability are probably linked. In a given area, if food is scarce even with sufficient
nesting sites, colony density would decline, and vice versa. Nonetheless, habitat
conservation should increase food availability and the opportunities for nesting.
Indeed, the highest diversity of colonies of different species has been found in pre-
served forests (Hubbell and Johnson 1977; Batista et al. 2001; Samejima et al.
2004). In addition to the negative effect of deforestation, human practices, like
honey hunting, could represent an additional threat to the survival of stingless bee
colonies (Batista et al. 2001; Kerr 2002; Slaa 2006).
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It seems that the best strategy for the conservation of stingless bees is the preser-
vation of species diversity by maintaining sufficient numbers of colonies. Diversity
could be greatly enhanced by preserving patches of forest, even in highly deforested
regions, that serve as corridors connecting distant areas, allowing the transit of
reproductives and the survival of colonies (Brosi et al. 2007; Fischer et al. 2008;
Landaverde-Gonzalez et al. 2017).

6.3 Sexual Dimorphism

The concept of sexual size dimorphism (SSD) refers to the consistent difference in
average body size of males and females within a species (Fairbairn 1997). SSD can
be estimated using variables related to body mass (weight) and also linear measure-
ments (dimension). In animals, SSD could be male or female biased, depending on
which sex is larger. In species in which both sexes are of similar size SSD is there-
fore, close to zero (Fairbairn 1997).

It is assumed that body size differences can be subject to selection (natural or
sexual), that differentially affect one sex over the other (Fairbairn 1997). If the pres-
sure of selection upon fertility is strong, then females become larger than males.
However, if sexual selection acting upon males is relatively more important, then
SSD should be male biased (Teder 2005). In mammals and birds where males con-
trol a group of females, SSD is male biased. In contrast, in most insect species SSD
is female biased, which reflects more intense selection for fertility on females, than
sexual selection on males (Blanckenhorn et al. 2007).

Not much is known about the patterns of SSD in bees, and this is most evident in
the highly social species. In a comparative study, Shreeves and Field (2008) evalu-
ated the effect of parental care on SSD in solitary bees and wasps. The studied spe-
cies were classified into two groups, those that build their own nest, and parasite
species that do not build nests nor forage. The results showed that in both groups
SSD was female biased, but that it was more pronounced in species that build nests,
than in parasites (Shreeves and Field 2008). It seems that the selection pressure act-
ing on female fertility is stronger in females that build nests. Parasite females
released from the pressure of building a nest have experienced less selection for
large body size. Interestingly, the study also revealed that female-biased SSD is less
intense in bees compared with other Hymenoptera, possibly because of the com-
paratively minor load represented by pollen in relation with prey (Shreeves and
Field 2008).

Recently, the pattern of SSD was evaluated in eusocial corbiculate bees (A. mel-
lifera, M. beecheii, and E. viridissima) to test if, similar to solitary species, SSD is
female biased (Medina et al. 2016). The results, using fresh weight and dimensions
of virgin queens and males at emergence, showed that the highly eusocial species
had a moderate male-biased SSD (Medina et al. 2016). In the case of the primitively
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eusocial E. viridissima, males and females were of similar dimensions, but males
were slightly heavier. It is interesting that in both highly eusocial species (A. mel-
lifera, M. beecheii), males were larger than females. One possible explanation for
these results is that, similar to parasite solitary females, the queens of highly euso-
cial species have lost the pressure of nest building and provision, tasks that are now
performed by the workers (Medina et al. 2016). Nonetheless, these results are pre-
liminary, and more species should be studied to determine if this pattern is similar
across stingless bees, and other highly eusocial species.

One proximate cause of SSD in corbiculate bees is the relative rate of develop-
ment of males and females. In species where females develop faster (protogyny),
females are usually smaller than males, resulting in male-biased SSD (Teder 2014).
Both, the queens of A. mellifera and M. beecheii develop faster and emerge before
males. In contrast, in Bombus, another member of the corbiculate bees, queens
develop slower and are larger than males (Duchateau and Velthuis 1988; Cueva del
Castillo and Fairbairn 2012). Interestingly, stingless bee gynes other than Melipona
are larger than males and, it is suggested that they also take longer to develop (Wille
1983; Gonzalez-Acereto 2008).

Although preliminary, the evidence suggests two patterns of SSD in stingless
bees (Fig. 6.14). On one side, Melipona gynes develop faster and are of smaller size
and weight than males. On the other side, gynes of species different to Melipona are
larger than the males (and workers), and seem to take longer to develop (Figs. 6.14
and 6.15). These differences result in male-biased SSD in Melipona, but female-

Fig. 6.14 Two patterns of =
sexual dimorphism in

stingless bees: in M.

beecheii the male on the

left is larger than the gyne

on the right. The reverse is

found in Scp. pectoralis

S. pectoralis
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biased SSD in other stingless bees (Fig. 6.15). Finding explanations to these con-
trasting patterns should be important to better understand the evolution of
reproductive strategies in stingless bees.

6.4 Commercial Reproduction of Colonies

Stingless bee colonies normally reproduce slowly and they need a few months to be
self-sufficient (Slaa 2006). However commercial use of colonies requires methods
to facilitate a sustainable mass production over time (Quezada-Eudn et al. 2001; Slaa
20006).

One way to rapidly increase colony numbers is through the division of more than
one daughter from a single mother colony. For commercial purposes, an effective
way would be using few workers and combs in what are caled mini-divisions
(Imperatriz-Fonseca 1977). In Yucatan, studies with M. beecheii, have shown five
main aspects to consider in the production of mini-colonies in this species (Quijano
et al. 2008):

e The mother colonies used in the production of mini-divisions should have a
young queen and large population and reserves.

* The mother colony should not have been harvested in the previous season, and
should be fed with sugar syrup (and possibly some pollen supply), for at least 3
months to maintain large adult population and good rates of brood production.

e A worker number for a successful mini-division is ~200 young workers and a
comb with ~100 pupae. It is recommended that young naive workers are used,
because forager bees will return to the mother colony.

e Thermoregulation is crucial, so excess space in mini-hives should be avoided
or reduced. Small boxes (10 x 15 x 7 cm) made of thick wood (of at least 3 cm)
are recommended.

* Divisions should be well protected against the invasion of phorid flies. Mosquito
nets may be used to keep them closed for 2 or 3 days, and use vinegar traps if
necessary (see Chap. 8). Artificial feeding with pasteurized syrup is also recom-
mended after 1-2 days (sugar in water 1:1 or 2:1).

 If possible provide cerumen for the construction of structures.

e Supplying food pots should be avoided for a few days until the division is
organized.

* On a commercial scale, the use of temperature chambers could increase the suc-
cess of the mini-divisions (Pers. Obs.). It would be important to further evaluate
this alternative method of mass production of stingless bee colonies.

In the case of Melipona species, queen availability for the mini-divisions is not a
limiting factor; normally, there are surplus queens. However, for species other than
Melipona, the presence of a queen or a queen cell is essential for the success of
mini-divisions. The workers of most non-Melipona bees cannot produce emergency
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Fig. 6.16 Materials used for artificial queen rearing in non-Melipona stingless bees. The materials
should be sterilized prior to use

queens (Sakagami 1982). Queen availability is therefore an important factor limit-
ing the mass production of colonies in such species.

Recently, methods to artificially rear queens of non-Melipona stingless bees have
been developed. Prato (2010) successfully raised queens after transferring young
Ttr. angustula larvae to ELISA acrylic plate wells containing 55 pL of larval food
(Fig. 6.16). Baptistella et al. (2012) evaluated the survival and size of queens in Fr.
varia produced using 61-62 pL of larval food (2.3 times the amount needed to rear
a worker). They found that grafting larvae older than 1 day produced small low
quality queens (Menezes et al. 2013). In Scp. depilis artificial queen rearing was
successful using 134 pL of larval food (Menezes et al. 2013).

It seems that one crucial factor for artificial queen rearing in stingless bees is
humidity. The recommended humidity is 75% and temperature is 28° + 0.5 °C
(although the latter requires adjustment considering the ideal temperatures for each
species). Another consideration is the care of larvae when transferring them from
the cell to the acrylic plate. Larvae have soft bodies that can be easily damaged. In
addition, they need to be placed on the food in the same position that they were
when removed from their cells.

It is important remembering that, when larvae hatch, they lie on the larval food
on one of their sides. The spiracles in contact with the food are obstructed and the
larvae use the spiracles on the opposite side to breath. If larvae during transfer are
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Fig. 6.17 Artificial production of queens of Scaptotrigona pectoralis. The letters refer to the dif-
ferent steps described in the text.

placed on the side that has not been in contact with the food, they will not be able to
breath and will die (Baptistella et al. 2012; Menezes et al. 2013).

In Yucatan, we have used the basic methods of Baptistella et al. (2012) and
Menezes et al. (2013), with some modifications (Figs. 6.17 and 6.18), to rear queens
of Scp. pectoralis, N. perilampoides, and L. niitkib. The general process is described
in the following sections (see Fig. 6.17); the amount of food and the temperature are
the main factors that vary between species:

1. Two strong colonies must be used; one will serve as the donor of larval food and
the other of young larvae. It is not recommended to obtain larvae and food from
the same colony because it can reduce its strength.

2. All materials should be sterilized using hot water or UV light for 15 min. For the
collection of larval food, one or two new combs (<2 days sealed) should be
removed from the donor colony, and transferred to the lab or a room under clean
conditions. The caps of the cells are removed using forceps, opening four to six
cells at a time to avoid desiccation of the liquid food. The eggs on top of the food
should be discharged.

3. The larval food is collected using a micropipette. The food is deposited in
Eppendorf tubes (1.5 mL), and homogenized using a vortex apparatus (at ca.
3200 rpm). If the larval food is not used immediately it can be stored for a few
days at —20 °C (Prato 2010).
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4. Acrylic ELISA-type plates are recommended as artificial combs. The plate is
usually 1.5 cm thick (8.4 x 7.6 cm) with a total of 96 cells, each with 4 mm
diameter and 8 mm depth, similar to the cells of the three species mentioned
above. The amount of larval food used to rear queens in Scp. pectoralis has been
estimated at 86 pL (Gutiérrez et al. 2016), and for L. niitkib and N. perilampoi-
des 63 pL and 42 pL, respectively (Pers. Obs.). The corresponding amount of
food is deposited in alternate cells on the ELISA plate to avoid contamination of
neighboring cells in case they are invaded by fungi. Once the plate has been sup-
plied with larval food, it is placed in a room or an incubator at 28 °C with 100%
relative humidity for 24 h. That level of humidity can be best achieved by placing
the plate in a tray containing 50 mL of water, wrapping both with plastic film.
This step is important to keep the larval food moistened and also for its stratifica-
tion as occurs in nature, before larvae are grafted (Menezes et al. 2013).

5. On the day of grafting, a new comb (<24-h-old larvae) is extracted from the
donor colony. It is important to have registered the exact age of larvae because,
as mentioned before, larvae older than 1 day would result in less perfect queens.

6. In this case, comb cells are opened, one at a time. With a grafting needle similar
to that used in honey bee queen rearing, each larva is carefully removed from its
cell, and deposited in one of the ELISA plate cells supplied with larval food. The
grafting needle should have a smooth surface to avoid damaging the larva. After
all the larvae had been grafted, the plate is kept for additional 4 days at 28 + 2 °C
and 100% relative humidity, which is achieved as explained in step D. The larval
food should be moistened to allow adequate consumption by the larvae. If the
food desiccates, larvae will not be capable of consuming the total amount and
workers or imperfect queens are produced (pers. Obs.).

7. If larval food has been totally consumed after 4 days, the humidity is decreased
to ca. 75%, by adding NaCl (18 g of common salt to 50 mL of water in the tray).
If the food has not been consumed, one more day could be given to the larvae at
100% humidity. However, monitoring the humidity is important. Under excess
humidity, fungi could proliferate, but if humidity is insufficient, the larval tegu-
ment may dry (loss of the creamy, shiny aspect), in which case adding more
water to the tray is recommended. Larvae should be monitored every day.

When individuals enter the pupal stage, the plates can be checked every 3 days
(Fig. 6.18). After approximately 44 days, gynes of Scp. pectoralis complete their
development. Artificially produced gynes can be placed in small plastic boxes, with
a group of workers and syrup in Eppendorf tubes, where they can live up to 2 weeks
(pers. Obs.). Significant advances have been made to understand the reproductive
strategies of stingless bees. Manipulating reproduction opens the possibility of pre-
serving species and populations, and also for commercial use. However, significant
gaps are still left to fully comprehend reproduction in these insects that may sup-
port sustainable management.
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Fig. 6.18 Above: Different phases of artificial S. pectoralis gyne production. Below: ELISA plate
with S. pectoralis gynes in their final pupal stage
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Chapter 7
Services Provided by Stingless Bees

Melipona beecheii collecting pollen on achiote (Bixa orellana) flower

Social insects have their higher diversity in the tropics (Wilson 1971). The highly
eusocial bees (most Apis species and meliponines) are almost exclusively tropical,
being the most abundant flower visitors in these areas. Both groups of highly eusocial
bees are characterized by their large, perennial colonies, and their capacity to store
surplus amounts of food in wax made receptacles (Roubik 1989). Colonies of highly
eusocial bees can contain thousands of individuals and, because they are perennial,
require large supplies of food. To obtain food, stingless bees and honey bees visit a
large diversity of flowers, making them the most important generalist pollinators in
the tropics (Roubik and Moreno-Patifio 2013) (Table 7.1). However, compared with
honey bees, stingless bee colonies have smaller flight ranges, probably a few km?
(Roubik and Aluja 1983; van Nieuwstadt and Ruano-Iraheta 1996; Kuhn-Neto et al.
2009). Notably, palynological analyses of the diet reveal differences in the use of the
flora among stingless bees, indicating preferences for some plant species, even within
bees considered floral generalists (Roubik and Moreno-Patifio 2013).
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7 Services Provided by Stingless Bees

Table 7.1 Diversity of plant Family Species Life form

§pecies ViSi,ted b.y M. beecheii Bixaceae Bixa orellana Bush

in Yucatan identified by -

palynology of honey samples. Burseraceae Bursera simaruba Tree

Stingless bees are generalists, Compositae Bidens pilosa Herb

although preferences for Compositae Viguiera dentata Herb

some Kinds of plants can be Euphorbiaceae | Croton humilis Bush

eVident. (Parra-Canto Fabaceae Cassia fistula Tree

unpublished data) Fabaceae Pithecellobium albicans Tree
Fabaceae Senna racemosa Bush
Fabaceae Acacia gaumeri Bush
Fabaceae Delonix regia Tree
Fabaceae Mimosa bahamensis Bush
Fabaceae Cassia racemosa Bush
Fabaceae Senna atomaria Tree
Fabaceae Piscidia piscipula Tree
Malpighiaceae | Byrsonima crassifolia Tree
Myrtaceae Psidium guajava Tree
Nyctaginaceae | Boerhavia erecta Herb
Polygonaceae | Gymnopodium floribundum | Bush
Polygonaceae | Antigonon leptopus Creeper
Rhamnaceae Gouania lupuloides Creeper
Sapindaceae Thouinia paucidentata Tree
Solanaceae Solanum nigrum Bush
Solanaceae Solanum rudepanum Bush
Verbenaceae Aloysia virgata Bush

In their constant search for pollen and nectar, the highly eusocial bees provide
one of the most important ecosystem services, that is, the pollination of plants
(Roubik 1989). Pollination is the transfer of pollen from anthers to stigma between
flowers of the same species, being essential to the reproduction of most angiosperms
(plants with flowers) (Free 1993; Delaplane et al. 2013). In the tropics, the role of
eusocial bees as pollinators is even more relevant because of the higher diversity of
flowering plants, and the wider spatial distances between individuals, compared
with temperate areas (Bawa 1990). Indeed, the proportion of animal-pollinated
plants rises from a mean of 78% in temperate-zone communities, to 94% in tropical
communities (Ollerton et al. 2011). In Mexico, an estimated 85% of plants whose
fruit and seed are used by humans, depend to some degree on animal pollination
(Ashworth et al. 2009). Of the many animal pollinators in tropical areas, bees are
the most abundant and diverse, contributing to the reproduction of 50-70% of neo-
tropical plants (Bawa 1990; Biesmeijer 1997).

When visiting flowers to collect resources (pollen, nectar, resins), stingless bees
interact with many other species (and conspecifics), which has probably resulted in
a diversification of strategies for resource collection (Hrncir and Maia-Silva 2013).
Curiously, some species also rob the resources produced by plants, with no apparent
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benefit to these. For instance, Tr. ferricauda, Tr. fulviventris, and Tr. fuscipennis, use
their mandibles to open small holes at the base of the corollas, from where they can
obtain nectar, but without making contact with the reproductive parts of the flower.
These species can affect resource availability and, can indirectly change the fre-
quency and behavior of legitimate pollinators. Other bees use the holes produced by
robber bees to extract nectar too. Although potentially negative, nectar robbing may
sometimes be neutral, or even beneficial to plants (Roubik 1982; Murphy and Breed
2008).

In addition to their service as pollinators, stingless bee colonies also produce
large amounts of waste (feces and dead individuals). Most species of stingless bee
disperse debris over the forest, contributing to the recycle of nutrients. An estima-
tion, using cleptobiotic Lestrimelitta, indicates that a colony can produce almost
3 kg (representing 8—10 g per day) of waste annually (Roubik 1989). Thus, a popu-
lation of stingless bees in a given area, can produce several hundred kg of residues
per km? annually.

Stingless bees, like other pollinators, have a significant impact on ecosystems.
They are considered keystone species for the reproduction of plants and the life of
many animals, which depend on them for food in the form of fruit and seed. They
are support of the food chain (Biesmeijer 1997). The disappearance of bees could
have major consequences on ecosystems, but also on the provision of food, and
other commodities on which humankind depends (IPBES 2016).

7.1 Pollination of Crops

Besides their essential role as pollinators of wild plant species, stingless bees are
frequent visitors of many crops, which are used for food, medicine, fiber, and fuel
(Ashworth et al. 2009). In a first assessment, it was estimated that stingless bees
could contribute to the production of ca. 250 plants used by humans (Heard 1999).
Noteworthy, to date estimates of the pollination efficiency of stingless bees to dif-
ferent crops are limited. Data on at least 18 cultivated plants have shown a positive
effect of stingless bee visitation, but no crops exclusively pollinated by stingless
bees have been found (Heard 1999; Slaa et al. 2006). However, in general, informa-
tion on the pollination requirements for many tropical crops is not available (Roubik
1995), and the effect that stingless bees may have as pollinators of cultivated plants
in the tropics, could well be underestimated.

Some attributes make stingless bees effective pollinators, and suitable for com-
mercial use (Roubik 1995; Heard 1999; Slaa et al. 2006); among these:

Floral constancy and specialization: Although stingless bees are generalists,
species and colonies tend to visit some plants with higher frequencies than others
(Slaa et al. 2006). Individually, foragers also behave as specialists, showing prefer-
ence for a few flower types. This behavior is possibly related to the capacity of
stingless bees to learn, and may increase their efficiency in terms of energy expen-
diture during the collection of food (Chittka et al. 1999). Stingless bee workers are
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markedly constant in their daily pollen collection, and up to 97% pollen collected in
individual trips come from one plant type. Importantly, this constancy is also evi-
dent across different days, and foragers recurrently visit (>70% collecting trips) the
same plant species (White et al. 2001). In practical terms, floral constancy enhances
pollination efficacy by increasing the chances of pollen being transferred from
anthers to stigmas of the same plant. This implies a clear benefit to the productivity
of a given crop, and avoids the risk of non-conspecific pollination (Dafni et al.
2005).

One type of behavioral specialization for food collection is the mechanism of
pollen acquisition in species of the genus Melipona. Workers of Melipona, similar
to bumble bees, use sonication for the collection of pollen. During flower visitation,
the muscles of the thorax vibrate and, through a powerful pulse (sonication), the
flower’s anthers are shaken, releasing concealed pollen. In various plants (approxi-
mately 8-9% of seed-bearing species), pollen is maintained in specialized conical
or tubular anthers that do not experience dehiscence when the pollen matures
(Buchmann 1983; Free 1993). These anthers bare a pore or orifice on their extreme
(poricidal anthers), through which the pollen can be expelled. Plants with this pol-
lination system are called buzz-pollinated because sonication or “buzzing” is neces-
sary for effective pollination (De Luca and Vallejo-Marin 2013). Buzz pollination is
an example of plant adaptation to restrict access of floral visitors as pollen is a valu-
able resource (Solis-Montero et al. 2015). The mechanism of buzz pollination is
present in at least 21 plant families (De Luca and Vallejo-Marin 2013). In Mexico,
economically important buzz-pollinated crops are tomatoes (Lycopersicon) and
peppers (Capsicum), plus crops of regional importance like annatto (Bixa) (Caro
et al. 2017).

Adaptation to artificial lodgings: Many species of stingless bee can be adapted
to nest in wooden hives, which allows their relocation to crops when needed. Many
species also adapt well to working in confined areas like greenhouses (Cauich et al.
2004). However, it is important to note that many species do not adapt to wooden
lodgings, possibly due to thermoregulatory problems, or behave erratically in con-
fined environments (pers. Obs). In general, species that in natural conditions live in
termite mounds or underground experience greater difficulties in adapting to boxes
(pers. Obs.). Another important consideration when maintaining nests in artificial
lodgings is the availability of queens in some species; this has been discussed in
Chap. 6.

Perennial colonies and large populations per colony: Stingless bee colonies are
perennial. The queen may be naturally superseded, but the colony persists for a long
time (Slaa et al. 2006). However, it is recommended that species considered for pol-
lination should have at least a few hundred adult workers, as small forager popula-
tions may limit the capacity to visit significant flower numbers (Roubik 1995).
Perhaps small body size could also be an impediment to move across large distances
on field crops, but not so in greenhouses (Cauich et al. 2004).

Pollination efficiency: This is one of the most important features of pollinators,
however, it is perhaps the least studied. The concept of pollination efficiency refers
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to the capacity of floral visitors to positively contribute to the reproduction of the
plant (Ne’eman et al. 2010). In terms of crop productivity, pollination efficiency is,
thus, directly related to the amount of fruit and seed produced and their quality.

Under field conditions, it is common that flowers of any given crop are visited by
different insect species. Therefore, assessing the relative pollination efficiency of a
particular visitor is no easy task. However, the evaluation of efficiency is important
in crop management because not all flower visitors may contribute equally to plant
reproduction (Delaplane et al. 2013).

Most angiosperms need pollination to set seed, but benefit differently from ani-
mal vectors, depending on their reproductive system (Delaplane et al. 2013). One
system of reproduction, called xenogamy (outcrossing), requires the transfer of pol-
len between flowers of different plants of the same species (cross-pollination).
Another system called autogamy (selfing) occurs when fertilization takes place on
the same flower (self-pollination), or between different flowers on the same plant
(geitonogamy). Mixed mating systems, in which plants use outcrossing and autog-
amy, are common too (Meléndez-Ramirez et al. 2004; Rizzardo et al. 2012).
Evidently, strict xenogamic plants need pollen vectors that move between plants,
while geitonogamic or autogamic plants might obtain more benefit from vectors
visiting flowers on the same plant. Thus, a flower visitor must meet the specific
reproductive needs of a plant to qualify as a legitimate pollinator (Delaplane et al.
2013).

Evaluation of the pollination efficiency of individual species requires carefully
conducted experiments to test their capacity to produce fruit and/or seed (Roubik
1995). In nature, fruit set usually happens after repeated flower visits, but when
evaluating different candidate pollinators an equitable way to compare them is using
single-flower visits (Delaplane et al. 2013). It is also important to compare the
results of single floral visits with flowers that were not visited and flowers visited
without restriction. A standard method to conduct such comparisons involves the
use of bags to control the access of different visitors to “virgin flowers,” i.e., not
previously visited (Free 1993; Delaplane et al. 2013).

Bagging experiments start when flowers are in the bud stage. On the day of
flower anthesis, bags are removed and flowers are constantly observed to detect
when they are first visited. This entails some flowers being visited by insects differ-
ent to the one(s) being assessed, so sufficient virgin flowers should be available.
Visits are genuine only if the vector touches the stigma. After a single visit by the
insect under evaluation, the flower is bagged again to stop other visitors from dilut-
ing the effect (Dafni et al. 2005; Ne’eman et al. 2010). Variables used as indicators
of efficiency are fruit set (an initial number of formed fruit), number and weight of
ripe fruit, as well as number and weight of seeds plus germination rate (Free 1993;
Delaplane et al. 2013). For unbiased comparisons, it is important to include repli-
cates of each treatment (restricted, unrestricted and vector visited flowers) on each
of several plants. To calculate pollination efficiency, the results of individual floral
visitors are compared with unrestricted and non-visited flowers (Fig. 7.1).
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Fig. 7.1 Evaluation of pollination efficiency. A crop with sufficient number of flowering plants
(a) is identified. Select at least ten plants to bag flower buds. When flowers open, three treatments
can be used: unrestricted visits, permanently bagged (zero visits), and single visits by the pollinator
under study; a minimum of 3-5 flowers of each treatment should be used on each experimental
plant (b). Flowers are unbagged on the day of anthesis, and after being visited, they are bagged
again (c). Different treatments should be unmistakenly identified (d). The quantity and quality of
fruit and seed produced (e), can be compared among treatments

These parameters have been combined in an index that is useful to compare the
effect of different floral visitors (Spears 1983). The formula of Spear’s index is

(PE)=(Pi)(2)/(U)(2)
Where

Pi is the average number of seed in flowers that received a single visit by potential
pollinator i.

Z is the average number of seed produced in flowers that received no visits (bagged
control).

U is the average number of seed in flowers with unrestricted visits.
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One could also introduce a treatment “hand cross-pollination,” which is the theo-
retical maximum of a plant. Replacing U in the Spear’s index with this new treat-
ment gives a measure of the “ecosystem service of pollination” (Landaverde et al.
2017).

For a comprehensive comparison of efficiency, it is also possible to include data
on visitation rates per unit time, and the speed at which each visitor works on flow-
ers (Essenberg 2012). Such additional parameters could indicate the numerical
importance of visitors. For instance, a visitor with a modest individual pollination
index could significantly contribute to crop pollination due to sheer abundance, or
by visiting more plants per unit time, compared with more efficient, but less fre-
quent visitors.

As pollinator efficiency is not easily assessed, the frequency and behavior of dif-
ferent visitors may serve as indicators of pollination effectiveness (Ne’eman et al.
2010). Useful indicators of pollination service are, the time of contact with the
stigma, number of pollen grains transported on the body, and the quantity of pollen
deposited on stigmas after single visits, among others (Dafni et al. 2005; Ne’eman
et al. 2010; Delaplane et al. 2013).

7.2 Stingless Bees as Pollinators of Crops in Mexico

The geographic distribution of many stingless bee species in Mexico overlap with
important agricultural areas (Ayala 1999). However, accurate estimation of
their presence on crops across different geographic areas is still lacking (Fig. 7.2).
Nevertheless, the number of studies assessing plant pollination needs and the effect
of native bees is rapidly increasing, as well as the possibility of using stingless bees
in commercial pollination (Quezada-Eudn 2005; Cauich et al. 2004; Caro et al.
2017). In the following paragraphs, information is presented on various crops on
which the effect stingless bees has been evaluated in Mexico.

7.2.1 Avocado (Persea americana)

Mexico is the main world producer of this native fruit with ca. 1467 thousand tons
per year, which represented almost 53% of the world production in 2013. In Mexico,
avocado cultivated area is close to 170,000 ha and is growing by ca. 1% annually
(SHCP 2014).

Avocado flowers are hermaphrodite and dichogamous (flowers have stigma and
anthers maturing at different times). Avocado flowers have asynchronic protogyny,
meaning that first open as female and, after a period of time they close, opening later
as males. Because both sexes are not active at the same time, self-fertilization (and
geitonogamy) is unlikely, and cross-pollination is required (Ish-Am and Eisikowitch
1992). In addition to such flowering peculiarity, some trees will open first in the
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Fig. 7.2 Crops in the Yucatan on which the efficiency and effectiveness of stingless bees have
been assessed. (a) Avocado: F. nigra transports large amounts of pollen. (b) Achiote: M. beecheii
sonicates the anthers of flowers making it an efficient pollinator. (¢) Sikil-té (J. curcas): F. nigra is
a frequent and efficient visitor of this crop used as biofuel. (d) Habanero pepper: N. perilampoides
is an efficient pollinator in greenhouses. (e) Seeds of habanero peppers with and without pollina-
tion by N. perilampoides. (f) Other cultivars of local importance are visited by stingless bees, like
Yuca (Pachyrhizus erosus), but they probably act as commensals of more efficient visitors

morning as functionally female, close, and reopen in the afternoon as functionally
male (type A flowering tree). Other trees open first in the afternoon as functionally
female, close at night, and reopen the next morning as functionally male (type B
flowering sequence). Because of this particular system of reproduction, it is neces-
sary to have plants of both types, A and B, in the same plantation to ensure adequate
levels of cross-pollination (Lahav and Gazit 1991).

The main region for avocado production in Mexico is the state of Michoacan on
the Pacific coast with almost 90% of the national production. The variety known as
Hass is the most important, in terms of planted area and economic value (Fig. 7.3,
SHCP 2014). Hass avocado is of temperate origin, but there are many other avocado
varieties in Mexico; some of them tropical and well adapted to poor soils, like those
of the Yucatan Peninsula (Barrientos et al. 1991). There are some accounts of the
insect fauna visiting avocado in Mexico. In avocado cultivars on the Pacific coast
(Michoacan and Chiapas), and along the Gulf coast (Puebla and Veracruz), the
diversity of flower visitors was studied. A high frequency of stingless bees was
detected in both areas, as well as different wasps and flies (Castafieda-Vild6zola
et al. 1999; Ish-Am et al. 1999). Nine species of stingless bee were seen on avocado
flowers, however, only Pt. bilineata was frequent at all locations, while Geotrigona
acapulconis and N. perilampoides were present on both coasts. Visitors only seen in
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Fig. 7.3 Annual production in thousands of tons of the states that cultivate avocado in Mexico
(SIAP 2014)

Veracruz include Pb. frontalis, Scp. mexicana, Scp. pectoralis, Tr. fulviventris, Tr.
nigerrima, and Fr. nigra.

Due to their possible contribution to avocado pollination, several attempts have
been made to import colonies of Scp. mexicana to Israel, one of the world’s top
avocado exporters. There, the bees frequently visited the flowers, but the intense
heat (>43 °C) caused a collapse of their colonies (Gazit and Ish-Am 2007).

In Yucatan, Can-Alonzo et al. (2005) surveyed the bee fauna on “criollo”” avoca-
dos, a West Indian variety. They found that Fr. nigra and N. perilampoides were the
two most frequent species in those avocado cultivars (Fig. 7.2). The number of pol-
len grains was counted on the bodies of both bee species, resulting in significantly
larger quantities on Fr. nigra compared with N. perilampoides. In addition, the
intense activity even under conditions of high humidity, suggests that Fr. nigra
could be a good avocado pollinator. Interestingly, in a further study in the same
region, no stingless bees were observed visiting avocado flowers, although two col-
onies of Fr. nigra were found nesting in the area (Pérez-Balam et al. 2012). It would
be important to analyze the floral preferences of these bee species in the presence of
potentially competitive blossoms. For instance, honey bees abandon avocado flow-
ers when more attractive flowers are present (Ish-Am and Eisikowitch 1998). This
seems related to the high concentration of potassium salts in avocado nectar that
repels honey bees. Interestingly, some native pollinators (including Fr. nigra) better
tolerate salt concentration of avocado nectar (Afik et al. 2014). There is also a
possibility that salts and other compounds in the nectar could act differently on visi-
tors. Flies seem particularly attracted to avocado flowers and can be frequently
found at high numbers (Castafieda-Vildézola et al. 1999; Ish-Am et al. 1999; Pérez-
Balam et al. 2012). A study in the Yucatan Peninsula, found evidence of similar pol-
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linator performance of flies and honey bees on avocado. Flies, similar to honey bees,
were abundant and deposited equal number of pollen on stigmas (Pérez-Balam et al.
2012). It has been noted that avocado flowers do not seem to fit specific pollinators
(Wysoki et al. 2002), and it is possible that insects of different taxa could effectively
pollinate them. Evidently, more studies are needed on the pollination needs and visi-
tors of avocado for sustainable management. Currently, Mexico is facing a problem
of deforestation for the cultivation of avocado, adequate levels of pollination may
increase the productivity of cultivars reducing the need to open new areas.

7.2.2 Achiote (Bixa orellana)

Annatto (Bixa orellana) (also known as “achiote”) is a tree native to South America.
In Mexico, its seeds are used in traditional medicine, and as a red paste seasoning
base for many dishes of the ancestral Mayan cuisine. Commercially, this crop is
important for its seeds, which contain large amounts of bixin, an apocarotenoid
widely used as a natural colorant in the food industry (Caro et al. 2017). In Yucatan,
as in most of Mexico, annatto production is predominantly small scale, crop yields
are mainly for local consumption, and no sufficient production is obtained to cover
the demand (Rivera-Madrid et al. 2006).

This plant has perfect (hermaphrodite) flowers and is visited by many species of
bee, although it does not produce nectar (Roubik, 1995). Annatto’s anthers (ca. 300)
have a unique curved horseshoe-like theca with slit-like openings on top that require
sonication for pollen release (Venkatesh 1956). Other flower characteristics, such as
heterostylia (style longer and above anthers), make autogamy difficult (Caro et al.
2017). Controlled pollination experiments have shown that this plant is predomi-
nantly xenogamic, requiring cross-pollination for reproduction (Rivera-Madrid
et al. 2006), but some level of auto-compatibility could also exist (Joseph et al.
2012; Caro et al. 2017).

It has been reported that, in various regions of the neotropics, achiote is not
attractive to honey bees (Roubik 1995); however, in southern Mexico, honey bees
are numerically dominant on flowers. Nevertheless, honey bees do not have the
capacity to sonicate, and could be less efficient on achiote (Caro et al. 2017). In
Yucatan, a study was conducted to compare the pollination efficiency of honey bees
and native buzz-pollinating M. beecheii on achiote. The results, comparing the
amount of pollen grains adhering to stigmas and that develop tubes, the number and
weight of fruit, as well as the number and weight of seed, showed that M. beecheii,
on individual visits, is a more efficient pollinator of this crop (Caro et al. 2017)
(Figs. 7.2 and 7.4). However, given the sheer abundance on the crops, honey bees
could act as pollination facilitators. Notably, honey bees were 3—4 times more
abundant than stingless bees on the crop (Caro et al. 2017). A synergy between M.
beecheii releasing pollen from achiote flowers, and honey bees gleaning and mov-
ing it across flowers, could be possible.

In general, the relationship between genuine visitors like M. beecheii, and facilita-
tors like the honey bee, has been little studied on any crop. On one side, it is possible
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Fig. 7.4 Pollination efficiency of M. beecheii (Mb) compared with Africanized honey bees
(AHBSs), open pollination, and bagged flowers in achiote (B. orellana) in Yucatan (Caro et al.
2017). Different letters indicate significant differences among treatments at p < 0.01

that in spite of being less efficient on individual visits, honey bees may contribute to
pollination as a result of sheer number on flowers. However, such large numbers
could also disturb the behavior of more efficient pollinators and negatively affect
productivity (Roubik 2000; Pacheco-Filho et al. 2015; Solis-Montero et al. 2015).

7.2.3 Coffee (Coffea arabica and C. canephora)

Mexico is the fifth largest world producer of coffee and the third largest exporter of
organic coffee, almost 1.5 million people depend economically on coffee cultivation
(Vergara and Badano 2009). In Mexico, the state of Chiapas, on the Isthmus of
Tehuantepec, is the largest producer of coffee (Fig. 7.5).

Coffee has hermaphrodite flowers and is self-compatible. It has been generally
assumed that coffee is predominantly wind pollinated; however, cross-pollination
mediated by bees has a significantly positive effect on the productivity of some
varieties, especially C. canephora (Roubik 2002; Klein et al. 2003). In Mexico, the
main floral visitor of coffee grown under shade, is A. mellifera, reaching up to 84%
of total visits. However, the stingless bee 77 corvina has also been reported as an
important visitor, with 6% of total visits. Other species of stingless bee also visit
coffee flowers, but at lower frequency, among them, Scp. mexicana, Tr. niguerrima,
and Pb. frontalis (Vergara and Badano 2009; Badano and Vergara 2011). In general,
the diversity of bees found in different studies on coffee in Mexico, is low (between
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ing coffee in Mexico (SIAP 2014)

five and seven species), compared with over a few dozen registered in Central and
South America (Roubik 2002; Klein et al. 2003; Ricketts 2004; Veddeler et al.
2008).

One possible explanation of the low frequency of native bees in Mexican orchards
could be the sheer abundance of honey bees, but also the fragmented landscape
around them (Badano and Vergara 2011; Saturni et al. 2016). The effect of other
factors, such as the use of pesticides, has not been documented. This aspect is of
relevance because a low frequency of native bees has been correlated with low cof-
fee productivity (Vergara and Badano 2009; Badano and Vergara 2011). The intro-
duction of colonies of stingless bees seems a good alternative to increase the number
of flower visitors. Indeed, Arzaluz et al. (2002) divided colonies of Scp. mexicana in
coffee plantations, and colonies grew rapidly, suggesting a good contribution of
resources from this plant. Notably, in South America it is the high frequency of
honey bees which has been associated with large production of this crop (Roubik
2002). More studies are needed in Mexico to understand the relative effect of native
bees and honey bees, plus different environmental factors on coffee production.

7.2.4 Chillies and Peppers (Capsicum)

The different species and varieties of pepper are among the most important crops in
Mexico. The country is the center of origin of C. annuum, of which there are at least
120 different varieties, including cultivated (C. annuum var. annuum) and wild
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types (C. annuum var. glabriusculum). Introduced species also have great economic
and cultural importance, like habanero pepper (C. chinense; Conabio 2016). Hot
peppers are an essential part of Mexican gastronomy and one distinctively recog-
nized trait worldwide. The most important pepper-producing regions in Mexico are
divided in accordance with the species and varieties cultivated. The central, coast
and northern states produce mainly C. annuum with its different types (serrano,
poblano, chipotle, guajillo, etc.) and, the Yucatan Peninsula is the center of produc-
tion of habanero pepper (Fig. 7.6).

The Mexican production of hot peppers is only sufficient to cover half of the
country’s demand, the rest is imported from China and India. In spite of the clear
importance of chillies and peppers for the national economy, there is only little
information on the pollination needs and flower visitors (Macias-Macias et al.
2009). In other countries, like Brazil, a diverse bee fauna has been recorded on C.
annuum (Raw 2000).

In the Yucatan Peninsula, two native varieties of C. annuum are most consumed,
one domesticated (xkat-ik) and the other wild (max-ik). However, the most represen-
tative and economically important species in this region is the South American
native habanero pepper (C. chinense). In 2008, the Yucatan Peninsula obtained a
certificate of origin for the cultivation of habanero pepper, which triggered field and
greenhouse cultivation, the latter mainly for export.

Pepper flowers are hermaphrodite and potentially self-compatible. However,
flowers have poricidal anthers that require specialized visitors for pollen release
(Delaplane and Mayer 2000). Bees are frequent visitors of hot pepper flowers (Raw
2000; Macia-Macias et al. 2009). In the case of C. chinense, studies have been con-
ducted to evaluate pollination needs under greenhouse and open-field conditions
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(Cauich et al. 2006; Macias-Macias et al. 2009). In greenhouses, the stingless bee
N. perilampoides was an efficient pollinator of C. chinense, comparatively similar
to bumble bees and artificial vibration (Palma et al. 2008). The mechanism that N.
perilampoides bees use to collect the pollen from Solanaceae (including tomato as
explained in a following section) is not clear because, apparently, they are not capa-
ble of sonication (Slaa et al. 2006). It seems that bees may “milk” anthers with their
mandibles to extract pollen (pers. Obs.) (Fig. 7.2). This is similar to the behavior of
honey bees to obtain pollen from tomato (Banda and Paxton 1991). Although exces-
sive biting of the anthers can cause flower abortion in Solanaceae (Palma et al.
2008), the action by small Nannotrigona bees may not inflict great damage.

Under open-field conditions, stingless bees have been seen visiting habanero
pepper flowers. One study in Dzununcan, south of Mérida, reported the presence of
Pb. frontalis, Fr. nigra, N. perilampoides, Pt. bilineata, and Tr. fulviventris (Ancona-
Xiu 2007). However, stingless bees were less frequent compared with specimens of
Ceratina, Exomalopsis, and halictids. Nonetheless, a more extensive survey encom-
passing 37 localities, revealed that the frequency of stingless bees on habanero flow-
ers is variable depending on the degree of fragmentation of the habitat around crops
(Landaverde-Gonzdlez et al. 2017). Presumably, habitat fragmentation reduces the
opportunities for nesting of stingless bees, compared to solitary species. In addition
to the stingless bee species reported by Ancona-Xiu (2007), Landaverde-Gonzales
et al. (2017) also found Scp. pectoralis, Tr. fuscipennis, and Trigonisca on habanero
pepper flowers.

The efficiency of different pollinators on habanero pepper was studied in field
conditions by Macias-Macias et al. (2009); the most efficient bee visitors were vari-
ous halictids and the anthophorid Exomalopsis, all capable of sonication (Macias-
Macias et al. 2009; Landaverde-Gonzdlez et al. 2017). However, these species are
ground nesting, and therefore, difficult to rear for commercial pollination, espe-
cially under greenhouse conditions. In the Yucatan Peninsula. For the pollination of
greenhouse C. chinense, a good option is the stingless bee N. perilampoides (Cauich
et al. 2006; Palma et al. 2008), or possibly M. beecheii, although this species seems
more difficult to adapt to closed spaces (pers. Obs.). The introduction of bumble
bees from other regions or from abroad is not a good alternative for the Yucatan
Peninsula (where there is only one native species of bumble bee), because of the risk
of introducing exotic species that could scape and outcompete the native ones, or
bring pathogens in (Winter et al. 2006; Torres-Ruiz et al. 2013).

7.2.5 Cucurbits

The cucurbits encompass a large group of climbing plants whose fruits, seeds, and
flowers are greatly appreciated in Mexico. Of particular importance are the domes-
ticated species and varieties of squashes of the genus Cucurbita native to
Mesoamerica: calabaza (C. moschata), calabacin (C. pepo), calabaza pipiana or
rayada (C. argyrosperma), and chilacayote (C. ficifolia). In addition to species of
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Fig. 7.7 Annual production (in thousands of tons) of the main states cultivating calabacin
(Cucurbita pepo) in Mexico (SIAP 2014)

the genus Cucurbita, species of the genus Sechium, especially S. edule, locally
known as “chayotes,” are grown in different parts of the country. Mexico is the cen-
ter of origin and leading world exporter of chayotes (SIAP 2014). Of great impor-
tance are also introduced cucurbit species like watermelon (Citrullus lanatus),
cucumber (Cucumis sativus), and cantaloupe melon (Cucumis melo). The main
states for the production of cucurbits are Sonora and Sinaloa on the Northern Pacific
coast (Fig. 7.7).

In the case of the genus Cucurbita, all species are monoecious (separate female
and male flowers on the same plant) and, thus, necessarily require pollen vectors for
fertilization. Bees are effective pollinators of cucurbits. In particular the genera
Peponapis and Xenoglossa evolved with Cucurbita and are adapted specialized pol-
linators (Canto-Aguilar and Parra-Tabla 2000; Lopez-Uribe et al. 2016).
Commercially, honey bees are regarded as efficient pollinators of these plants (Free
1993; Delaplane and Mayer 2000).

Interestingly, although specialized bees are highly efficient on cucurbits, many
nonspecialized visitors are frequent on flowers and, could serve as alternative pol-
linators when specialized visitors are scarce (Canto-Aguilar and Parra-Tabla 2000;
Winfree et al. 2007).

In Yucatan, a study of the bee fauna visiting different Cucurbita, showed that
stingless bees (Pt. bilineata and Tr. fulviventris) are frequent visitors. However, the
dominant bees across diverse cucurbit crops were species of Ceratina and halictids
(Meléndez-Ramirez et al. 2002). Nonetheless, Pt. bilineata was present on squash,
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cucumber, and watermelon, but not on cantaloupe. Clearly, more studies are needed
to assess the potential contribution of different species of stingless bee to various
cucurbits, especially local varieties, which represent an important genetic resource.

In the case of S. edule, no study has been conducted in Mexico to record floral
visitors and their contribution as pollinators. However, it is known that chayotes
have unisexual flowers and that bagged female flowers do not produce fruit (Wille
and Orozco 1983). Observations made in Costa Rica suggest that small Trigona
bees could be efficient pollinators of this plant (Wille and Orozco 1983).

7.2.6 Physic Nut, Pinon Mexicano, or Sikil-té (Jatropha
curcas)

This crop has received worldwide attention because of biofuel production. Its oily
seeds represent an alternative income in areas where important cash crops cannot be
cultivated because of poor soil conditions (King et al. 2009). Physic nut is a small
tree native to Mexico and Central America, but has been introduced to many tropical
areas, in particular Africa, China, and India, that are presently the largest producers
(Ye et al. 2009). In Mexico, extensive cultivation of J. curcas started recently, and
the states of Sinaloa and Tamaulipas, on both coasts, have the largest cultivated area
(Fig. 7.8; SIAP 2014).
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Fig. 7.8 Cultivated area in thousands of ha (Miles de Ha.) of the main states cultivating physic nut
in Mexico (SIAP 2014)
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Fig. 7.9 Pollination efficiency of Fr. nigra compared with Africanized bees (AHB), unrestricted
pollination, no pollination, and hand cross-pollination (PC) of J. curcas. The red bars indicate
weight (g) and the yellow bars fruit set (%). Different letters indicate significant differences at
p <0.01 (data from Romero and Quezada-Euan 2013)

Sikil-té is a monoecious plant (unisexual flowers present on the same plant). The
plant produces panicles with flowers of both sexes but also exhibits protandry; male
flowers opening before female ones (Achten et al. 2010). It seems that insect-
mediated pollination is needed for effective fertilization. Apomixis (seed production
without fertilization) may be common in some varieties of physic nut, too
(Abdelgadir et al. 2012).

In the Old World, different species of honey bee are the main visitors of physic
nut. In a first study in Mexico, Romero and Quezada-Eudn (2013) surveyed the
insect fauna visiting flowers of sikil-t¢ in Yucatan. Honey bees and stingless bees
were the two main insect groups present on the flowers. Among the stingless bees,
the most abundant species was Cph. zexmeniae, followed by Fr. nigra, Tr. fulviven-
tris, and N. perilampoides. However, Cph. zexmeniae was not present at all sur-
veyed localities, and higher bee diversity was found in plantations surrounded by
secondary forest. Comparison of the quality of fruit and seed produced after single
visits by Africanized bees and the stingless bee Fr. nigra (Fig. 7.9), suggested that
both bee species were similarly efficient. Moreover, their effect was similar to that
found in flowers visited without restriction (Fig. 7.8). Nonetheless, Fr. nigra was
significantly more frequent on flowers, being potentially more important in provid-
ing pollination services (Romero and Quezada-Eudn 2013).
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It was concluded that physic nut requires cross-pollination for adequate produc-
tion, and that stingless bees and honey bees can effectively provide this service. The
conservation of forest areas is important to increase bee diversity on plantations.
Alternatively, the introduction of colonies of native stingless bees could be a good
option for the pollination of this crop (Romero and Quezada-Euan 2013).

7.2.7 Tomato: Jitomate (Solanum lycopersicum)

Mexico is among the ten most important world producers of red tomatoes, with
approximate three million tons produced in 2014. Nearly half of the total production
is exported, and Mexico is among the top world exporters, in close competition with
the Netherlands (SAGARPA 2015). Tomatoes are native to Mexico and Mesoamerica,
where wild varieties, representing important genetic resources, can still be found.
The state of Sinaloa on the Pacific coast is the top producer in Mexico (Fig. 7.10,
SIAP 2014).

Tomato flowers are self-compatible, but the anthers are poricidal and require
vibration for pollen release and effective pollination. Positive contribution of insect
visitors has been demonstrated for tomato production (Delaplane and Mayer 2000).
In Mexico, tomato cultivation in greenhouses has experienced a dramatic increase
and, presently it represents almost 75% of protected crops. As a result of this rapid
growth, the demand for pollinators of tomato in greenhouses has increased in paral-
lel. Commercially, honey bees have been used for tomato pollination in green-
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Fig. 7.10 Annual production in millions of tons (Millones de toneladas) of the main states culti-
vating tomato in Mexico (SIAP 2014)
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houses. Interestingly honey bees are effective tomato pollinators, in spite of their
inability to sonicate flowers. Nonetheless, buzz-pollinating bees, like bumble bees,
are comparatively more efficient and preferred for tomato production (Banda and
Paxton 1991). Initially, importing bumble bees from Europe and the United States
seemed like a good and rapid alternative to supply the demand for greenhouse
tomato pollinators. Nonetheless, there are negative aspects of importing exotic
bumble bees, like pathogen spread, naturalization, and competition with native spe-
cies (Arbetman et al. 2013; Schmid-Hempel et al. 2014). In Mexico, there is also a
potential risk of hybridization, as commercially used species from the United States
are related to Mexican species (Duennes et al. 2017). As a possible alternative,
attempts to rear native species of bumble bee have been made in Mexico, with vary-
ing success (Torres-Ruiz et al. 2013). However, bumble bees are not native to all
areas of the country, or native species are not suitable for commercial management.
In order to find alternative pollinators for greenhouse tomatoes in the Yucatan
Peninsula, Cauich et al. (2004) assessed the pollination efficiency of the stingless
bee, N. perilampoides. These bees easily adapted to confinement and started forag-
ing the following day after being introduced to the greenhouse. The results in terms
of quality and quantity of fruit and seed were similar to those obtained by artificial
(hand) vibration. It is not clear if N. perilampoides can sonicate tomato (Slaa et al.
2006). However, it seems that they can “milk” the anthers, similar to the behavior of
honey bees for obtaining pollen in this crop (Banda and Paxton 1991).

Another potential species to use in buzz-pollinated crops in the Yucatan Peninsula
is M. beecheii, provided that its adaptation to greenhouses is improved. To date few
attempts have been made to introduce M. beecheii in greenhouses, particularly
because colonies are more difficult to obtain (pers. Obs.). In Brazil, M. quadrifas-
ciata is an efficient pollinator of tomato in greenhouses, although open-field crops
were seldom visited by these bees. It is argued that the lack of nectar in tomato
flowers could make them less attractive compared with other blossoms nearby (dos
Santos et al. 2009). Perhaps this feature of tomato flowers can also explain the low
frequency of N. perilampoides, M. beecheii, and other stingless bees in open fields
in the Yucatan Peninsula.

In open-field tomato, halictid and anthophorid bees are common on the flowers
(Macias-Macias et al. 2009). Some of these bees are capable of flower sonication.
In a study in the Yucatan, bees of the genera Exomalopsis and Augochloropsis were
significantly more efficient in the production of fruit and seed in open-field toma-
toes compared with Africanized honey bees (Macias-Macfas et al. 2009).

7.2.8 Other Crops

Stingless bees are frequent visitors of crops of regional economic importance. Many
of these crops have yet unexploited potential.
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Stingless bees (and honey bees) are seen frequently visiting flowers of pitahaya
(Hylocereus undatus). The flowers of this plant are large (~15 cm long) and noctur-
nal, adapted for bat pollination (Ferral-Pifia et al. 2012). Nonetheless, it is possible
that bees could complement the pollination services on this and other bat-pollinated
plants, like agave.

In Mexico one native tuber consumed locally is jicama (pronounced heecama),
or yam bean (Pachyrhizus erosus). This climbing plant belongs to the family
Papilionidae of the Fabaceae, and produces flowers in panicles (Sgrensen 1996).
The flowers of jicama are hermaphrodite, but the sex organs are concealed.
Specialized flower visitors open the flower and expose the stigma and anthers
(Fig. 7.2). A valvular system of pollen exposition requires flower visitors to exert
pressure on the flower and push down the bottom petals to expose the nectaries.
During nectar collection the anthers and stigma of the flower rub against the ventral
parts of the insect. After visitation, the flower returns to its original form, preventing
nonspecialized visitors from gaining access (Cuanalo 2017). Although the predomi-
nant reproductive system in jicama seems to be autogamy (Sgrensen 1996), its flow-
ers produce large quantities of nectar that attract various species of bee (Cuanalo
2017). Controlled pollination experiments in Yucatan showed that autogamy in
jicama seems facultative, and that bee visitation increases the production of seed
(Cuanalo 2017). Stingless bees of the species Cph. zexmeniae, Fr. nigra, and N.
perilampoides are frequent flower visitors of jicama. However, stingless bees are
not capable of exposing the sex organs of the flower, and are therefore non-legitimate
visitors, compared with anthophorid and megachilid bees. However, the relative
contribution of non-legitimate flower visitors to pollination of this crop has not been
investigated (Cuanalo 2017).

Beans, native (Phaseolus lunatus) and introduced (Vigna unguiculata), are vis-
ited by bees. The stingless bees Tr. fulviventris, Fr. nigra, Cph. zexmeniae, and N.
perilampoides have been observed on flowers of V. unguiculata in milpa crops of
southern Yucatan (Farfan-Morales et al. 2015), but no study has been conducted to
assess their relative frequency and importance as pollinators.

Another crop on which stingless bees have been observed is nance (Byrsonima
crassifolia). In Yucatan, foragers of N. perilampoides are attracted in great numbers
to flowers of this plant where they avidly collect pollen (pers. Obs.). Although oil-
collecting bees of the tribe Centridini (Centris, Epicharis) are considered efficient
specialized pollinators of this tree, no comparison with non-specialized floral visi-
tors has been conducted to assess their relative contribution as pollinators (Sigrist
and Sazima 2004; Ribeiro et al. 2008).

An introduced crop of increasing importance in Mexico is rambutan (Nephelium
lappaceum). This tree originates from Southeast Asia. Rambutan produces inflores-
cences and most commercial cultivars are hermaphrodite and self-fertile. However,
the lack of sufficient pollen results in fruit malformation, making insect-mediated
pollination important (Tindall 1994). In its native region cross-pollination is
achieved by honey bees, which are predominant visitors, but some species of sting-
less bee are also reported on the inflorescences, such as Ttgn. iridipennis (Shivaramu
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et al. 2012). Rambutan was first introduced to Mexico in the 1950s as an alternative
crop in severely deteriorated habitats in Chiapas. Today this state has become the
most important rambutan producer in the country (Pérez-Romero and Pohlan 2004).
The flowers of rambutan do not seem to require specialized pollinators, and the
introduction of colonies of honey bees during blossom has resulted in adequate
levels of fruit production in Asia (Shivaramu et al. 2012). Interestingly, in Mexico it
has been reported that honey bees are not attracted to rambutan flowers. As an alter-
native, colonies of the stingless bee Scp. mexicana have been introduced to the crop,
which resulted in twofold increase in fruit production per ha. In Chiapas, the pres-
ence of other species of stingless bees, like Ttr. angustula and N. perilampoides, on
rambutan flowers is also reported, but at lower frequencies (Rincén-Rabanales et al.
2015).

In the Yucatan Peninsula, coconut palm (Cocos nucifera) is grown along the
coast, and flowers are visited in great numbers by honey bees. Although stingless
bees are not commonly seen on coconut flowers, it is thought that they can contrib-
ute to pollination (Meléndez-Ramirez et al. 2004).

Many other crops are visited by stingless bees in tropical and subtropical areas of
Mexico for which reports are lacking. Conducting more studies to determine the bee
fauna visiting crops is essential, as well as evaluation of their contribution as polli-
nators. That information is basic to plan strategies for sustainable management and
conservation (Quezada-Euan et al. 2001).

7.3 Facilitating Pollination Services

Many species of bee are not adaptable to artificial nests and the best option to ensure
adequate populations for pollination services is the conservation of habitats (Romero
and Quezada-Eudn 2013; Landaverde et al. 2017). In addition to sufficient nesting
sites, food availability is essential. Crop flowers are normally available during short
periods; thus, bees may require additional food sources when a crop is not in blos-
som. Additional plants in and around crops are important sources of additional food
for bees and other pollinators to maintain their populations. Flowers of these addi-
tional plants may also attract pollinators when a crop is in bloom, potentially
increasing the diversity of visitors and pollination rates of a crop (Kremen and
M’Gonigle 2015). Likewise, cultivation systems containing a mixture of inter-
planted primary and minority crops seem to increase bee richness (Norfolk et al.
2016). In addition, it is becoming evident that an important aspect to consider for
sustainable agriculture is the management of ruderal plants. Apart from restricting
the use of pesticides and destroying potential nesting sites that will reduce flower
visitors, it is important to preserve additional flowering plants (some of them con-
sidered weeds today), because they could facilitate the pollination of crops (Kremen
and M’Gonigle 2015; Norfolk et al. 2016).
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Chapter 8 m)
Managing and Preserving Stingless Bees b

In collaboration with Humberto Moo-Valle

A colony division of Melipona beecheii after 3 weeks in its new hive

8.1 The Api-Botanical Cycle

Stingless beekeeping (or meliponiculture) depends closely on the different floral
resources to support the growth of colonies and the production of surplus reserves
of honey, pollen, and resins for a profitable harvest. The adequate management of
colonies, through periods of abundance of resources and draught, is a key aspect to
keep them in good condition and to obtain maximum production.

Management of the colonies for commercial production needs to be planned and
conducted in accordance to the annual cycle of blossoms and the periods of resource
scarcity. The integration of management practices in relation with the availability of
floral resources is known as the api-botanical cycle (De Araujo Freitas et al. 2010).

In the Yucatan Peninsula, there are three clear flowering periods that define three
phases of the api-botanical cycle: pre-harvest, harvest, and postharvest.
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Fig. 8.1 The api-botanical cycle in the Yucatan Peninsula

The pre-harvest period roughly encompass the period between November and
January (Fig. 8.1). During this season some cold and rainy weather (called “norte”)
frequently takes place and the lowest temperatures for this region are recorded
(10° C in January—February). In this lapse, various species of climbing plants bloom
(Table 8.1). The flow of nectar during the preharvest is not abundant, but stimulates
population growth after a period of draught that occurs in the postharvest. It is
important to consider that colonies with large populations can better exploit the
nectar abundance during the harvest season, and it is in the interest of the beekeeper
to promote growth right before the main blossoms. This may be a good time to
transfer colonies from their natural lodgings to man-made ones, as colonies do not
have abundant food reserves that may attract parasites, and there is also plenty of
food to recover rapidly.

The harvest season in the Yucatan Peninsula takes place between January and
May (Fig. 8.1). In this season, the conditions become dry and some low temperatures
can still occur. However, temperature by the end of the harvest season could reach up
to 43° C, especially during April and May. It is in this period when the main honey
plants bloom. These plants are found in high densities, mainly in altered secondary
forests across the region, and produce vast amounts of nectar, with a high sugar con-
tent. The three most important nectar blossoms are known by their Mayan names as:
Tahonal (Viguiera dentata), Ts’i ts’il che’ (Gymnopodium floribundum), and Habin
(Piscidia piscipula). In optimal years, the three blossoms occur in succession mak-
ing it possible to obtain several honey harvests in this period. The weather during the



8.1 The Api-Botanical Cycle 195

Table 8.1 Flowering months of the main nectar- and pollen-producing plants in the Yucatan
Peninsula (Alfaro-Bates et al. 2010; Flores-Guido and Vermont-Ricalde 2011)
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P ] S S S s
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The names in white indicate species that flower during the period of harvest, in green the ones that
flower during the postharvest, and in yellow the plants that flower in the pre-harvest
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harvest season greatly influences the availability of nectar. Abundant nectar flow
would depend on sufficient rain before the main blossoms and high temperatures
when the flowers open. Sporadic showers during bloom can increase the period of
flower and nectar production by these plants (De Araujo Freitas et al. 2010).

During January—February, it is important to verify the occurrence of brood mor-
tality or excessive build of layers of involucrum, which may indicate a detrimental
effect of low temperatures on the colony. In such case, it may be necessary to rein-
force thermal isolation of colonies using polystyrene or cardboard to cover the
hives. This measure enhances control of the temperature and reduces the risk of
brood mortality. At the end of the harvest season, colonies should be populous and
with abundant reserves allowing the production of new ones. Divisions are better
carried out at the end of the harvest, when only scattered rains occur, as high humid-
ity is linked with the abundance of phorid flies (Gonzalez-Acereto 2008).

The last part of the api-botanical cycle is the postharvest season between the
months of June and October (Fig. 8.1). It is important to maintain sufficient honey
and pollen in the colonies to help them survive the postharvest because the avail-
ability of resources, mainly nectar, drastically decreases in this period.

The postharvest in the Yucatan concur with the rainy and hurricane seasons.
Many large trees flower during this season, but the total nectar production per area
is not sufficient to grant a harvest, at least not in the northern part of the Peninsula.
Normally, becasue of reduced food income, the reserves of colonies decrease at this
time of the year. One essential aspect of management in this season is watching over
the amount of brood and reserves avoiding a decrease at levels that may compro-
mise colony survival. If population and reserves drastically reduce, measures should
be taken to avoid colony collapse such as artificial feeding. In particular, small colo-
nies and colony divisions may require feeding with sugar syrup during this period.

The api-botanical cycle may vary between regions and geographic areas, depend-
ing on the flowering cycles. However, the general activities for colony management
during abundance and scarcity can apply to different regions. The main objective is
to keep colonies in good conditions across the different periods. In other areas of
Meéxico, for instance, there are not such clear pre-harvest, harvest, and postharvest
phases as in the Yucatan. In that case, the beekeeper can consider phases of abun-
dance and scarcity to plan activities (Fig. 8.1).

One basic aspect of the api-botanical cycle is information on the different blos-
soms and the period of the year in which they occur. It is also important to classify
the different blossoms regarding their potential for honey production or as support
for the colonies. Honey production depends on plant species that not only produce
nectar of good quality, but are also found in large numbers in an area (Table 8.1).

8.2 Establishing a Stingless Bee Yard

Essential to stingless beekeeping is the selection of the area where the colonies will
be maintained. It is important that the area includes diversity and abundance of
nectar- and pollen-producing species that supply food for the colonies across the
whole api-botanical cycle (Table 8.1). It is also important to select an area where
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potential risks, such as the frequent use of insecticides, are absent or can be kept to
a minimum.

The beekeeper should detect when nectar and pollen could be in low supply in
order to provide them to colonies if necessary. One cheap and ecological form of
feeding colonies during dearth is through management of flowering species around
the bee yard. Some good nectar- and pollen-producing species can be planted
around the meliponario, and with irrigation, they can provide food all year round. In
the Yucatan Peninsula, species like San Diego (Antigonon leptopus) or Lippia
(Aloysia virgata) can be especially important during the rainy season or when few
local plants bloom (see Annex 2). This kind of plants are excellent food providers
and represent a natural method to maintain colonies without additional investment
in sugar or pollen supplements.

Stingless bee colonies should be kept under shade as direct exposure to sunlight
and heat could cause overheating of the brood. To avoid sun exposure a hut or meli-
ponario could be build, to shelter the colonies. In the meliponario, the colonies can
be kept on individual bases, or in shelves that allow better use of the space (Fig. 8.2).
In some areas where high trees provide shade, colonies can be kept on individual
bases, but using a roof on top of each hive for sun protection, may be necessary.

Most stingless beekeepers start with a few colonies that are frequently obtained
from their natural habitats. However, it is important to avoid overexploiting feral
populations to supply colonies for meliponarios (see Chap. 6). In particular, rare or
endangered species can be severely affected by this type of practice. A way to
reduce the exploitation of feral populations is to increase the number of colonies in
meliponarios using methods for artificial division. One method to obtain colonies
from the wild without affecting feral populations is to withdraw only part of the
colony leaving the rest in its original lodging in the forest. For species living in
trees, an opening can be made with the use of an electric saw to expose part of the
nest. From this, some combs and workers can be withdrawn to start a new colony in
a hive box. After this process, the removed bark section is placed back and sealed
with mud or tar (Colleto-Silva 2005). Using this method, the mother and daughter
colonies can recover with little damage, increasing managed nests and preserving
feral populations at the same time.

It is also important to consider that several species, especially those nesting in
termite mounds and below ground, are difficult to adapt to hives, so it is not recom-
mended to extract these species from their natural lodging. On the other hand,
recovering colonies from areas where the forest has been logged down, could be an
important way to save them from destruction.

A basic aspect of management is to keep records of all colonies and the condi-
tions around the meliponario. Constantly registering information concerning the
state of each colony is essential to make decisions and plan the different activities.
Each colony should be assigned an individual number or identification code.
Individual record sheets should be designed to register all relevant information, as
well as performed or required management. The format can be designed in accor-
dance to the beekeeper’s needs, but it is important that all relevant information (like
colony number, food and brood condition, presence of queen, etc.), is included (see
an example in Annex 3). The information should be easy to read, quick to find, and
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Fig. 8.2 A stingless bee hut or meliponario with a roof made with palm leaves, metal or cardboard
sheets as protection against direct sunlight. The colonies could be stacked on shelves or like in the
Maya traditional system using inclined wooden supports for logs (hobones)

unambiguous to avoid confusion. As the number of colonies increases, managing
individual records may require the use of digital formats. For this, several software
are available and are relatively easy to obtain and use. Colony records should con-
tain information on the past and present situation of colonies, and are therefore
basic sources of information, not only to make immediate decisions, but also to plan
future actions. One valuable application of records is the identification of productive
colonies, as well as those recurrently experiencing problems of different type. The
information on honey production, weight, brood production, and other productive
traits, could be useful to develop selection programs including colonies from differ-
ent meliponarios (Silva-Barros 2006). It is important remembering that many pro-
ductive traits could have a genetic basis. The information registered across seasons
and years can be helpful to identify colonies which might be disease resistant, and
good honey producers, and use them in selection programs. When dividing colo-
nies, it is also important to keep track of their ancestry, in order to avoid overrepre-
senting a few genotypes in the meliponario (see Chap. 4).
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Ideally, beekeepers should be registered in some organization, and their records
could be useful to develop networks to increase the opportunities of economic sup-
port and fair trade. Moreover, schemes for conservation and maintenance of sting-
less beekeeping could be better designed if based on standardized data.

8.3 Transferring Colonies to Hive Boxes

Transferring colonies from their natural habitat to hive boxes is one important aspect
of stingless beekeeping, albeit one which may represent great difficulty. There are
several different models of hive boxes to keep stingless bees. Collectively they are usu-
ally called “rational” hives (Nogueira-Neto 1997; Sommeijer 1999; Gonzélez-Acereto
2008; Venturieri 2008; Greco et al. 2010; Villas-Bdas 2012; Kiatoko et al. 2016).

The different rational hive models basically differ in the position of the food pots
in regard to the brood. There are two main patterns of hive boxes: horizontal and
vertical. In vertical models, the brood is placed in the bottom part of a tower-like
hive, in a section called the brood chamber. As the colony grows, most food pots
(and also part of the brood) develop on the top section of the brood chamber. In hori-
zontal models, the food pots are mainly located next to the brood area. As the colony
expands, food pots grow on both sides of the brood and eventually on top of it. In
both types of model, supers can be added on top to accomodate the expanding brood
and food reserves. The history and design of the different rational hive models
including the Mayan “jobon” can be found in different texts and won’t be covered
in this book (see Nogueira-Neto 1997; Gonzalez-Acereto 2008).

In nature, both patterns of nest construction (nest expanding horizontally or ver-
tically) can be found (Fig. 8.3). This means that colonies can adapt to both model
types similarly. What is most important is providing the adequate space to avoid
deficient control of temperature. This is perhaps the most important aspect to con-
sider when transferring a colony to a modern hive. We have seen cases in which
colonies are transferred to boxes that more than double their size, with the fallacy
that as the colony grows, it will eventually fulfil such excess space. However, if the
colony does not have adequate temperature conditions from the start, it may suffer
from brood deaths and reduction of the adult population, which could cause its col-
lapse (Gonzalez-Acereto 2008).

Because stingless bee colonies mostly depend on passive mechanisms for ther-
moregulation, the thickness of the wood used for the hives should be of at least
2.5-3 cm. The width of hive walls is important to ensure isolation from extreme
temperatures. It is also important to use wood that has not been treated against
woodworm or termites, because these insecticides are harmful for the bees and can
kill the colony.

One problem with the incorporation of hive box technology in peasant farmer
communities from the Yucatdn Peninsula is that many designs can be complex and
expensive. For the Yucatan, Jorge Gonzdlez-Acereto designed a simple and cheap
horizontal hive model with hinges on the lateral walls (TIBGA), to allow easy inspec-
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Fig. 8.3 Representation of sectioned “rational” hive boxes for stingless bees showing the general
disposition of the brood and food pots, in vertical hives (on the left), and horizontal hives (on the
right): A) supers and C) brood chamber

tion of the nest (Fig. 8.4). As the colony grows, supers can be added on top as in other
horizontal models. The size of the brood chamber and the super varies in accordance
with the species; but it is important to use a size that fits the needs of each species. One
way of calculating the adequate hive space for species that have not been previously
kept in hives is by taking measures of the brood and pot areas of several colonies in
natural conditions. From these measurements, it is possible to obtain an average vol-
ume and, then estimate length, width and height of the hive, accordingly (see Annex
3). In vertical models, it is recommended that the interior space of the brood chamber
is 2-3 cm wider than the largest comb recorded in natural nests (Villas-Boas 2012).

Useful elements of different hive models are the movable wooden strips on top
of each hive section (Fig. 8.4). The bees affix the nest structures to these strips
allowing detachment of the different hive sections with only little damage to brood
cells and pots.

The strips allow easy inspection of colonies and removing supers for colony
harvest (Fig. 8.4).

Once a model hive has been selected, and the adequate size calculated, the bee-
keeper can start transferring colonies from their natural lodgings. It is important to
bear in mind that colony transference to a new lodging is inevitably damaging, but
the aim is keeping this damage to a minimum.

The steps for the transference of colonies to a wooden box are presented in
Fig. 8.5, and described in the following sections.

If the colony is in a log, it is recommended to make two opposite longitudinal
incisions with a chainsaw. Sawing can damage some structures and should be made
carefully. If substantial damage was made, the colony should be sealed using mud
or tar and returned to its original position, for at least 2 weeks, for recovery
(Fig. 8.5a). In case the colony was not damaged, the trunk can be opened straight
away and proceed to transfer the colony to the hive.
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Fig. 8.4 Above on the left, a horizontal wooden hive model TIBGA showing the movable walls.
The holes on the posterior wall are potential entrances; after the colony has been transferred, three
holes are sealed with wax or cerumen and only one entrance is maintained. On the right, a Portugal
Araujo vertical hive with its different parts. Below, a close-up of the Portugal Araujo super, with
wooden strips on top, and a partial wooden floor to support the construction of food pots

Fig. 8.5 Transferring stingless bee colonies to wooden hives. Letters correspond to the description
made in Sect. 3
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When transferring colonies, the first thing before opening the trunk is to prepare
the hive box that will accommodate the colony. No spaces should be left between
the box and the floor or the lid. Any gaps should be filled using wax or cerumen.
Different kinds of plastic tape can also be used for the same purpose. Blocking gaps
is necessary because after transference the bees are not yet organized, and parasite
flies can enter the colony. In a following step, small spheres made with wax or ceru-
men (between 0.5 and 1 cm depending on the size of the adult worker bees), are
placed on the hive floor. These spheres will serve as supports for the combs or cells,
maintaining space (bee space) through which the bees can transit. The brood should
not be directly placed on the floor because the bees won’t be able to reach cells
containing dead or damaged individuals, and remove them from the colony
(Fig. 8.5b). The cerumen spheres also grant emergence of individuals, which could
be difficult if combs are directly placed on top of each other.

Once the box is ready, the trunk with the colony can be opened. The structure of
the entrance should be removed with the help of a sharp knife and keep it aside
to use at the end of the process. After this, the trunk is opened with the help of chis-
els to fully expose the cavity. It is important to avoid excessive hammering to reduce
damaging the young brood. As the cavity is exposed, it is important to detect the
position of the brood and the food reserves, and place the trunk with the brood cells
facing upwards, to avoid drowning of the larvae in the liquid food.

Slowly, sections of the trunk are separated to expose as much of the nest as pos-
sible. The connectives attaching the different nest structures to the walls should be
carefully cut, using scissors and thin blade knives. It is important to avoid perforat-
ing the combs and food pots (Fig. 8.5¢). The first part to remove should be the brood
area, because the queen and young bees, are found here. If possible, the combs
should be removed as a single package, but sometimes it will be necessary to remove
one by one. To separate different combs, use the scissors or thin blade knives.

It is essential to verify the extent of damage to the combs, especially those con-
taining larvae and eggs, because the exposed larval food is an ideal substrate for the
parasite flies to lay their eggs. If combs are damaged, the exposed larval food should
be cleaned with water. A wash bottle is useful for this. All larval food should be
washed out, and the cells dried with the help of paper tissue, before they are trans-
ferred into the box. If the combs have been severely damaged, it may be best not
putting them in the hive. If some pupae had been exposed, they should be removed
using forceps; this will help the workers to concentrate in rebuilding the structures
and defend the nest, rather than removing dead individuals.

Finding the queen is essential, especially in the case of species other than
Melipona. If queen cells are present, they may be an alternative in case the mother
queen is lost, but this will delay the development of the colony. If the mother queen
is not seen in the combs that have been transferred, she may be hidden among the
food reserves or a crevice. In such case, removing the food stores and collecting the
workers, should be made with special care and trying to find the queen. When the
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Fig. 8.6 Entomological sucking pumps to collect bees from their nest during transference to hive
boxes. Left: Plastic tubes with caps on both ends; on the right car vacuum cleaner adapted to a
plastic container to collect bees

queen is found, one can use a piece of wood or a sheet of paper where she can climb
and take her to the hive, on the combs.

Once the combs and the queen have been transferred to the hive box, the lid
should be placed on top, to stop reducing the temperature of the brood and possible
entrance of flies (Fig. 8.5d).

Next is the collection of the adult population that remain in the trunk. This is
done using manual or electric pumps to aspire the individuals into a tube, or some
kind of container, where they are temporarily collected (Figs. 8.5f and 8.6). Attention
should be put in collecting most young workers (detected by the pale color of the
cuticle in non-Melipona bees), as they will not be able to find the new nest, and
would be lost otherwise.

When several individuals have been collected in the containers, they are trans-
ferred to the hive. This should be made with a quick shake and strong hit on the
container that would make the bees fall inside the hive. After this, the lid should be
rapidly placed back to stop them from flying out. This procedure is performed sev-
eral times until most bees have been collected from the old nest and transferred to
the hive (Figs. 8.5g and 8.6).

The food reserves are last to be removed from the trunk. By then, most bees
should have been transferred to the box. Otherwise, many bees can drown in honey
if the pots break. If the mass of food pots can be completely removed, it should be
placed in a plastic container. The bees remaining in the spaces between pots should
be collected with the pumps too. When most bees have been collected, the food pots
can be cut to harvest the honey and pollen, or alternatively taken to a fridge to do
this later (see Sect. 2.4).

Before finishing the transference, an evaluation of the size of the colony and the
space occupied in the box should be made. If an excess space is left, it would be
necessary to reduce it, by means of plywood or thick cardboard. Narrowing the
space will allow better control of temperature and defense. An extremely large vol-
ume can increase the loss of heat through convection, which could be potentially
more harmful in vertical hives (Quezada-Euan 1988; Moo-Valle et al. 2000). Lack
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of adequate temperature control can lead to brood death and an eventual colony col-
lapse (Quezada-Eudn and Gonzélez- Acereto 1994).

If there were any bees hidden in crevices of the log, they should be collected and
transferred to the hive as explained before or using forceps. Once most adults
are inside the hive, the lid is sealed with plastic tape. Finally, the hive should be
placed where the trunk was located, trying to match the original position and height
of the entrance. Flying bees can only find the hive if the hive entrance is in the same
position and at a similar height of the original trunk entrance. To further help them
in finding their nest, the structure of the entrance cut off the trunk (that was removed
beforehand), should be attached to the box entrance using a bit of wax or cerumen
(Fig. 8.5h). The field bees can identify the smell of the entrance and enter the hive
box.

It is not advisable to place food pots in the hive immediately after transferring a
colony because they can attract phorid flies. The workers are still disorganized and
will have problems in rejecting intruders. Any small perforation of the pollen pots
would be used for the flies to lay their eggs. After 2 or 3 days, food can be provided
to the colony, using the honey collected or sugar syrup (see Sect. 5). The day after
transference, an evaluation of the number of flies inside the hive should be made
(Fig. 8.51). If a large number of flies is detected, then it may be necessary to use
some control methods (see Sect. 7).

The resins and cerumen in the original nest could be given to the colony right after
transference, provided there have no pollen or honey residues. Otherwise,
they should be washed and dried with a paper tissue before incorporating them to
the hive. Resins and cerumen are important resources that the bees need to recon-
struct and defend the nest.

In the first colony inspections (usually 24 h after), it is recommended to quickly
open the hive, just to check if there might be problems with the reconstruction and
flies. Workers seen actively foraging and little or no attack by fly maggots, are good
indications that the transference has been successful. It is not advisable to provide
pollen until the colony is well organized. When pollen pots are used to feed the
colonies, it is important that only sealed pots are used to avoid fly invasion.

8.4 Dividing Colonies

The process of division will increase the number of colonies in the meliponarios,
and avoid depending on feral populations.

Under natural conditions stingless bee colonies reproduce at low rates (see Chap.
6). However, the stingless beekeeper can accelerate this process by improving the
conditions of the colonies. One way to do this is to leave in the harvest at least half
the amount of honey and pollen obtained, in the colony. Additionally, the colonies
can be artificially fed to stimulate the production of brood. When the colonies have
reached a large size, they can be divided, preferably, at the end of the period of nec-
tar flow.
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Fig. 8.7 The process of dividing stingless bee colonies. The letters correspond to the description
in Sect. 4

In general, the process of dividing stingless bee colonies is similar to transferring
colonies to hives (Fig. 8.7). First, the hive box should be prepared sealing the crev-
ices and placing the sphere supports of cerumen or wax on the hive floor (Fig. 8.5).

The donor colony should be strong enough to extract four to five brood combs
and keep at least a similar number in the mother nest (Fig. 8.7a). Only “mature”
combs containing pupae are recommended in the production of daughter colonies.
As reviewed in Chap. 2, the cells containing individuals in early stages of develop-
ment (eggs and larvae) are made of cerumen. Combs made of cerumen are soft and
easily damaged. Exposing the larval food from cerumen combs is one of the main
causes of colony collapse by parasite flies (Fig. 8.7b). Even if these combs are
intact, the eggs and larvae can sink and die in the liquid larval food. In contrast,
combs containing pupae are made of cocoons, and are more resistant to manipula-
tion. In stingless bees other than Melipona, it is essential to have at least one queen
cell on the combs that will be transferred. These species won’t produce a queen
otherwise (Fig. 8.7¢). The rule of using only pupae cells for colony division, does
not apply completely to species that build cell clusters, such as Fr. nigra. In these
species, as explained in Chap. 4, the production of queens results from joining two
contiguous cells containing young larvae. Therefore, in addition to mature cells, a
few cells containing eggs, or very young larvae, should be provided in these spe-
cies (Fig. 8.7¢).
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Worker population is important to support the development of the daughter col-
ony.There are two ways to ensure sufficient numbers of workers in the division. One
is to directly take young bees from the mother nest using entomological pumps as
performed during colony transference. During this process, it is important to iden-
tify young bees because they have not yet established the location of their col-
ony and will remain in the new hive. Young bees can be identified by the hairy
thorax in Melipona, and the lack of melanization in the case of other stingless bees.
Older bees will return to the mother colony, and there is a risk to end up with a weak
young colony.

Another way to populate the new hive is by switching places with the mother
colony, moving the latter at least 5 m away. Some cerumen from the mother colony
should be attached at the entrance of the division to additionally attract the foragers
to enter the young colony (Fig. 8.7d). The foragers coming from the field will enter
the new hive and would reinforce it. Older workers will be more efficient to defend
against flies and build up food reserves.

In a final step, the hive space occupied by mother and daughter colonies should
be adjusted in the hive as needed. This could be done by removing excess supers in
the mother colony, or narrowing the space in both hives by means of cardboard or
plywood sheets (Fig. 8.7d).

As for colony transference, the division should be checked 24 h after, and pro-
vide food accordingly. The presence of flies should be monitored, and if abundant,
control methods should be applied (Fig. 8.7f). It is also essential to verify that
a queen cell or virgin queen is present, and that the workers are reconstructing the
nest. The frequency of artificial feeding should be adjusted in accordance with the
consumption of syrup or honey; usually, it can be done twice a week (Fig. 8.7g).
Eventually, new combs will be built as the new queen mates and starts laying eggs
(Fig. 8.7h).

In M. beecheii, the new colony could take time to accept a queen. In these cir-
cumstances, the division can experience a reduction on the population of adult bees.
If so, one or two combs with pupae could be extracted from the mother nest to pro-
vide new workers, one or two weeks after division. However, this must be conducted
only if the survival of the mother colony is not compromised (Figs. 8.7h and 8.8).

Some hive models have been designed to facilitate the process of colony divi-
sion. One such model is the Brazilian Fernando Oliveira/INPA. In this model the
brood and super boxes are of equal dimensions. A special type of super is known as
the module for division. The bottom section of the module of division is adapted
with triangular pieces of wood attached to the corners, to where the bees will
affix combs and pots (Fig. 8.9d). In large colonies, the brood grows upwards,
with some combs constructed in the module of division (Fig. 8.9, Villas-Bdas 2012).
When sufficient combs are being built in the division module, the colony can be
divided by just separating the brood area and the module. The process produce little
damage because combs and pots have been securely attached to each box. This pro-
cess has the advantage that even brood combs containing young individuals can be
separated without harm (Fig. 8.9a). The supers for food stores also have special
supports (see Fig. 8.4), which facilitate separation (Villas-Bdas 2012). The internal
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Fig. 8.8 Reducing the hive space to fit the new division is a crucial aspect of management, also
recommended for weak colonies. For this, a piece of cardboard (red arrow) or plywood, could be
used to confine the division

Fig. 8.9 A section of hive
model Fernando Oliveira/
INPA with the brood
chamber (C), the module
of division (D), and the
super for food stores (A).
On the right, views of the
bottom part of the division
module and the super with
the position in the hive
indicated with red arrows.
The different sections can
be moved with little
damage to the colonies (in
accordance to Villas-Bdas
2012)

measures of the Fernando Oliveira/INPA hive for species of Melipona from Brazil
are 15 x 15 cm. As a rule, the height of the supers is calculated adding 2-3 cm to the
average height of the food pots according to the species (Villas-Bodas 2012).

In the Yucatan Peninsula, the optimal time for making colony divisions is
between February and late April, which encompass the dry season. One advantage
is that uring draught, parasite flies are less frequent (Robinson 1981; Oliveira et al.
2013). The rainy season between late May and November is not recommended for
dividing colonies, because the frequency of flies increases in the environment, and
there is also little food in the field to support the growth of new colonies (Gonzélez-



208 8 Managing and Preserving Stingless Bees

Acereto 2008). During the rainy season queen mating may take longer because the
production of males decreases in this period too (Moo-Valle et al. 2001; Gonzélez-
Acereto 2008).

8.5 Artificial Feeding

The amount of honey reserves in the colonies can vary across seasons in accordance
with the availability of nectar in the field. It is important that colonies keep a stock
of honey and pollen because the reduction of reserves affects the production of
individuals and strength.

At times of little nectar income, it may be necessary to artificially feed colonies
(Fig. 8.1). The ideal food is honey, but it may be expensive, instead sugar syrup is a
good alternative. The use of sugar syrup is also recommended after transferring or
dividing colonies. Some beekeepers use A. mellifera honey to feed stingless bee
colonies, but such practice may carry the risk of disease transmission.

The concentration of sugar in the syrup can vary. More concentrated syrups last
longer without spoiling, but represent more expenditure. The percentage humidity
in the honey of stingless bees is close to 25% (Catzin-Ventura et al. 2008), so a
recommended sugar:water concentration should be in the range of 1:1-3:1. In some
species more diluted syrup may be preferred because its evaporation may be impor-
tant to preserve nest humidity (Nogueira-Neto 1997). In the honey bee, diluted syr-
ups are used to stimulate egg laying by the queen, and more concentrated syrups are
used to maintain the colonies when no nectar is available (De Araujo Freitas et al.
2010). To reduce fermenting, it is also recommended to boil the syrup for 10—15 min.
Once prepared, the syrup should be left to cool down before using it. It can be
preserved in the fridge for 1 week or so, but it needs to be at environment tempera-
ture before being given to the colonies. Sugar syrup is mainly a source of carbohy-
drates, and lack of other components normally contained in nectar. In Brazil, the
addition of 200 mg of mineral salts per liter of syrup has produced good results,
compared with sugar syrup alone (Costa and Venturieri 2009).

How much syrup is given to colonies will depend on the rate of consump-
tion (Nogueira-Neto 1997). To start, it is recommended to use ca. 50-100 mL; if
completely consumed, a similar amount could be provided after 2 days. The fre-
quency of feeding is normally two or three times a week. Sometimes the bees do not
consume the syrup, but store it sealing the recipient where it was supplied. In such
case, no more syrup should be given because there is evidence that the bees are not
using it and the potential risk that stored syrup could be mixed with nectar, when the
flowering season starts.

There are various ways in which the syrup can be supplied to colonies. One is by
means of plastic syringes (5-10 mL). Nogueira-Neto (1997) describes how to make
feeders with syringes. Although feeders made with plastic syringes or plastic tubes
work well, the cotton blocks to seal the extremes of the tubes, if not suffi-
ciently tight, may cause some syrup spill over.
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Fig. 8.10 Feeders made with cerumen. In A and B, wooden molds to make feeders with melted
cerumen. In C, cerumen feeders of various sizes and a plastic feeder covered in cerumen. In D, one
cerumen covered plastic container in a colony of M. beecheii

Other types of feeders can be made with cerumen. These feeders resemble food
pots and are better accepted by the bees. To make them, wooden molds of different
sizes are used, in accordance to the amount of syrup (Fig. 8.10). The wooden mold
should be soaked in water for at least 48 h before using. This is important or feeder
will crack and the syrup will pour out. To make these feeders, equal amounts of
cerumen and water are heated at low or medium flame. It is recommended to gently
stir the solution to homogenize it. If cerumen is scarce, it is also possible to add
some amount of pure honey bee wax of known origin. It is important that the tem-
perature of the mixture is only sufficient for the cerumen to melt. Above 65 °C, the
mixture starts bubbling and could cause burns (Fig. 8.10).

Once the cerumen is thoroughly melted, the mixture is left to cool down for about
5 min. Next, the wooden molds are slowly immersed in the melted cerumen for about
30 s, and then retrieved and dipped in cold water to harden the cerumen adhered to it.
The excess water is dried off with a tissue and the mold is immersed in the melted
cerumen again. This process can be done a few times, until the feeder is about 2 mm
thick. Then, the feeder can be removed from the mold and is ready to be used. Before
using the molds again, they need to be soaked in water for about 5-10 min.
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Another version of cerumen feeders is made using a plastic cup (30-50 mL),
which is immersed in melted cerumen (Fig. 8.10). Some wooden sticks can be
placed inside the cup before immersion. The wooden sticks are good support for the
bees, to avoid drowning in the syrup. Plastic containers with wooden sticks can also
be used as syrup feeders without the cerumen cover.

The feeders with syrup are preferably placed next to the food pots (Fig. 8.10).
One or two feeders can be used depending on the strength of the colony and the rate
of consumption. Feeding the colonies twice a week seems a good standard measure.
As explained before, feeding should stop when the bees significantly reduce con-
sumption, or when nectar collection becomes evident. If the bees mix the nectar
with syrup, it would spoil the honey. In the case of beekeepers selling colonies
instead of honey, artificial feeding is an important part of the management, and can
be used all year round (Villas-Bdas 2012).

Stingless bees normally store large amounts of pollen, and it may not be neces-
sary to provide additional pollen or pollen supplements. Nonetheless, some attempts
have been made to produce protein supplements for stingless bees using soy meal
(18% protein). These supplements are usually well accepted by the bees. Brazilian
M. flavolineata bees, feeding on a pollen supplement, showed significant develop-
ment of the hypopharyngeal glands (Costa and Venturieri 2009). To date, no com-
mercial brand for pollen substitutes is available in Mexico for stingless bees.

8.6 Harvesting Honey, Pollen, and Propolis

During the flowering season, the colony reserves of honey and pollen grow consid-
erably. Because of the abundance of resources, it is possible to harvest colonies
without compromising their well-being. It is recommended that only half of
the honey reserves should be harvested to allow a quick recovery of the colonies
(Gonzalez-Acereto 2008). In the Yucatan Peninsula, the harvest season takes place
between January and April (Fig. 8.1).

The process of honey harvest has to be carefully conducted to avoid exten-
sive damage to colonies, and to obtain a product of high quality for human con-
sumption. In this regard, it is important that the process meets top hygienic standards,
similar to those handling any other food. The harvest should be preferably made in
a closed room. However, it is also possible to harvest in the field, provided that
hygienic conditions are ideal. For this, a large tent with a canvas roof and mosquito
net walls is good (Gonzélez-Acereto 2008).

All materials in contact with the honey should be previously cleaned using hot
water and neutral detergents or soap (Villas-Boas 2012). Honey is sugar concen-
trated and can easily ferment if its humidity increases, so all containers and materi-
als used for the extraction should be dry.

It is recommended using ceramic, glass, and stainless steel to avoid contamina-
tion of the honey. Utensils for the harvest include knives of different sizes, strainers,
and colanders of different mesh size, cotton cloth, sterile plastic syringes (10—
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20 mL), jars, and jugs. The people involved in and in contact with the honey should
wear face masks, gloves and aprons as additional hygienic measures (Fig. 8.11).

A simple way to harvest the honey is to first identify the honey pots. Usually
honey pots are mixed with those containing pollen, but have a wet appearance and

Fig. 8.11 Honey harvest in stingless bees: above, using a 20 ml syringe with a 14 G needle; mid-
dle, using a syringe with a plastic extension; and below, a honey extractor made with an adapted
electric vacuum pump
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are soft. Then, with the help of a needle the honey pots are punctured one by one.
As soon as the pots are perforated, the honey will start to pour. Because honey is a
viscous material, it is difficult to extract using small syringes. Syringes of volumes
of at least 20 mL are more appropriate for the extraction of honey. Alternatively,
needles with a gauge of 18G or below could be adapted to syringes of small volume
(Fig. 8.11). Another option is to adapt a narrow plastic hose of sufficient diameter to
a syringe. These simple methods of honey extraction could be lengthy when har-
vesting many colonies (Fig. 8.11).

A faster method to extract the honey is using an electric suction pump. A home-
made device could be made using a portable vacuum cleaner adapted to a plastic
container (2-3 L), where the honey will be collected (Fig. 8.11). This method is fast,
but needs access to electricity, which may be difficult in remote areas. In addition,
it may increase the amount of bubbles in the honey, and possibly creates more con-
tact with air microorganisms, so it needs to be done slowly (Villas-Bdas 2012). An
alternative in case of no access to electricity, could be the use of a bike floor pump
(Villas-Bdas 2012).

Harvesting the honey during the process of colony transference to hive boxes
involves some other considerations. Groups of pots (packages) obtained from the
colonies (see Sect. 3) should be placed in clean plastic containers, while the trans-
ference of the colony is carried. Afterwards, extracting the pot contents should be
done in two steps.

First, to obtain “pure” honey, the beekeeper should use a syringe or a sucking
pump as explained. Pollen pots should not be opened at this time, to avoid mixing
with the honey (see extraction process further).

After extraction of honey, pollen pots can be opened to scoop out their contents.
However, at the end of the harvest, some pollen and honey pots remain that are dif-
ficult to extract, because they are intermingled. With the help of a knife, the pot
package is sliced, and the contents (honey and pollen mixed) can be collected. This
mixture should not be combined with the honey first extracted.

It may be necessary to squeeze the pot package with the hands. This mixture of
pollen and honey can be commercialized too. It is becoming popular in the Yucatan
Peninsula with the name of “Mayan jelly”.

After the harvest, any residues of wax or debri are filtered from the honey using
a clean cotton cloth. The filtered honey can be stored in polycarbonate-free plastic
or glass containers, at room temperature, or in the fridge. The containers to keep the
honey should be previously sterilized using hot water, but must be completely dry
to avoid increasing humidity in the honey. It is also important to maintain the con-
tainers sealed to avoid exposure to environmental humidity.

Stingless bee honey can be consumed straight away after the harvest. If stored for
long periods, one potential problem is fermentation because of its natural high
humidity. In this case, the life of the product can be extended, and its properties
maintained using various methods (Venturieri et al. 2007; Villas-Bdas 2012).
Avoiding exposure to heat (direct or environmental) is essential, as this can alter
sugar and nutrient contents. Some enzymes in the honey are heat sensitive and can
degrade in a hot environment. The content of hydroxymethyl furfural (HMF)
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increases in honeys maintained in warm environments for long periods. This com-
pound is a product of the degradation of the fructose when exposed to heat.

Honey can be preserved in the fridge at 2—4 °C. At such temperature, the honey
can be kept for 1 year without altering its quality. It is important to bear in mind that
some honeys crystallize or granulate when exposed to cold temperatures (Venturieri
et al. 2007). This is due to the balance of the different type of sugars in the honey.
In the Yucatan Peninsula, honey from V. dentata can easily crystallize. It is not rec-
ommended to maintain this type of honeys in refrigeration.

Another method to preserve stingless bee honey is dehydration (Venturieri et al.
2007; Villas-Boas 2012). For this process the honey is poured on innocuous plastic
or stainless steel trays to expose it to cold temperatures in an air-conditioned room
for 1248 h. The humidity is gradually removed from the honey with the help of a
dehumidifier. The dry air produced by the dehumidifier absorbs moist from the
honey, which is removed from the room by air conditioning. The humidity in the
honey should be checked with a refractometer until it reaches 20%. After this pro-
cess, the treated honey can be stored in sterile jars. Dehydrated honey can be pre-
served for 2 years (Villas-Bdas 2012).

Pasteurization can be used to preserve stingless bee honey too. As explained
before, honey exposed to high temperature can be damaged. Because of this poten-
tial problem, when pasteurizing honey, a water bath is used to avoid direct contact
with the heat source. A second condition is a maximum temperature of 65 °C in the
product. Above this limit, the sugars start burning and the amino acids and vitamins
deteriorate. The maximum temperature should be slowly reached. For pasteuriza-
tion, only sterile glass jars should be used. The jars are filled with honey to about
85% of their capacity and placed without the lid on a metal or ceramic pot which is
then deposited in a larger container with water. The container is submitted to a heat
source. When temperature in the honey reaches 65 °C, the jars are left for 5 min at
this temperature and then removed from the heat. The lid should be immediately
sealed and the jars can then be submerged in tap water or left to cool down at room
temperature. However, to better maintain taste, smell and nutritional properties
pasteurized honey should be cooled down quickly (Venturieri et al. 2007).
Pasteurization can extend the life of stingless bee honey between 6 months and 1
year (Villas-Bdas 2012).

Another process to preserve stingless bee honey involves partial fermenting and
is called maturation. Indeed, for centuries some indigenous cultures have consumed
fermented stingless bee honey (Quezada-Eudn et al. 2001; Villas-Bdas 2012). For
maturation, the honey is stored in glass containers at room temperature, close to but
not exceeding 30 °C. At such conditions, fermentation should start. Two weeks
after, the lids on the bottles are partially opened so the carbonic gas produced by
fermentation can escape. After some minutes, the container is sealed. This process
is repeated weekly for a period of 3—6 months. Then fermentation should have sta-
bilized. An indicator of stabilization is when the foam on the honey sticks to the
neck of the jar, and does not move when leaned (Villas-Boas 2012).

An extensive account on stingless bee honey, its physicochemical, microbiologi-
cal, and organoleptic characteristics, is presented in the book Pot-Honey edited by
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Table 8.2 Comparison of the composition of Africanized A. mellifera and stingless bee honeys
from the Yucatan Peninsula (Catzin-Ventura et al. 2008)

Species
Scp. pectoralis

A. mellifera (n = 10) | M. beecheii (n =10) | (n=10)
Parameters X St. dv. x St. dv. x St. dv.
Humidity (%) 17.32 1.6 24.1° 1.2 24.1° 1.3
pH 4.5% 0.4 4.32 1.1 4.1# 0.5
Acidity (mg/kg™") 38.1# 4.0 40.3* 10.5 4477 15.5
Glucose (%) 36.7 8.3 10.0° 1.8 13.4¢ 2.5
Sucrose (%) 0.4* 0.1 0.1° 0.1 0.01¢ 0.0
HMF (mg/kg™") 8.6 2.9 5.7% 8.3 1.2° 0.9

Different letters in the same row indicate significant differences at p < 0.05

Vit et al. (2013), and will not be analyzed in detail in this book. In general, the so-
called pot honey (from stingless bees) shows contrasting differences with the honey
of A. mellifera. In the Yucatan, Catzin-Ventura et al. (2008) compared M. beecheii,
Scp. pectoralis and A. mellifera honeys (Table 8.2). Interestingly, the honey of both
stingless bees was only slightly more acid, but not significantly so, compared with
the honey bee. However, significant differences were found in the percentage of
humidity, the content of different sugars, and HMF (Table 8.2). Stingless bee hon-
eys had significantly lower amounts of glucose, sucose, and HMF.

In contrast with honey, stingless bee pollen has not been widely consumed
and exploited. There is a potential for pollen harvest because many species store large
quantities, and it is nutritionally rich (Menezes et al. 2012). For example, pollen anal-
yses of two Brazilian species of Melipona showed protein contents between 24 and
38% (Rebelo et al. 2016). In the Yucatan Peninsula, pollen is traditionally discarded
by traditional beekeepers, but in other parts of Mexico, pollen is mixed with juice,
milk, or water. More recently, pollen is gaining attention as an ingredient of exotic and
traditional cuisine (pers. Obs.; VII seminario Mesoamericano abejas nativas). In the
Yucatan honey mixed with pollen is becoming popular to make Mayan jelly.

Stingless bee pollen is normally obtained directly from the pots during the har-
vest of honey. No process to exclusively harvest pollen has been developed for
stingless bees. Attempts to use conventional pollen traps, as in the honey bee, have
failed in stingless bees because of their small entrances, and the tendency to deposit
propolis on objects in front of the nest (Menezes et al. 2012). Scooping the pollen
out from pots in the colony carries the problem of infiltration of phorid flies.
However, during colony transference the use of a spoon is a rapid method to collect
pollen. A technique to obtain fresh pollen from stingless bees has been proposed in
Brazil (Menezes et al. 2012). At the peak of the foraging activity, a strong colony is
selected and relocated 5—-10 m away, placing an empty hive in its site. This empty
hive is previously supplied with cerumen, if possible from the mother colony. The
entrance tube from the original hive, or a part of it, should also be placed at the
entrance of the empty hive. The foragers returning from the field should start build-
ing new pots and store honey and pollen in the new, empty hive. After a week, the
pollen and honey can be harvested from the new pots without the risk of brood dam-
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Fig. 8.12 On the left slicing pot packages to collect the pollen after the harvest of honey. On the
right cerumen washed and drying on paper

age. In a week, an average of 54 g of pollen was obtained per colony in Scp. depilis
(Menezes et al. 2012). Although the procedure could be effective to obtain fresh
pollen, it involves sacrificing some part of the population.

Pollen should be stored in amber glass containers to reduce exposure to light and
preserved in the fridge at 2—4 °C (Fig. 8.12).

After the harvest of honey and pollen, the cerumen should be thoroughly washed
to remove residues. Then layers of cerumen can be extended on paper and left to dry
for 1 or 2 days under shade. After this, the cerumen can be used again in the colonies
or melted to make artificial feeders. If not used immediately, the cerumen can be
stored in the fridge or at room temperature. In this case, it should be important to
store it in plastic bags tightly sealed to avoid destruction by insects.

A product with potential use is resin. However, presently the harvest of stingless
bee resin is limited, and there is little information on its medicinal properties
(Fig. 8.13).

Some species like Fr. nigra build large resin stores (Fig. 8.13). Part of these
reserves can be harvested. For this, a sharp knife is used to remove the propolis. The
process should be made carefully to avoid contaminating the resin with other mate-
rials from the colony (Fig. 8.13). Only about half of the resin stores should be
removed because it is an important material for the bees, basic for construction and
defense.

8.7 Control of Parasites and Predators

The large number of colonies concentrated in a meliponario could potentially attract
predators and increase the risks of disease transmission. Keeping colonies with
strong populations is probably the best way to deal with the attacks of predators and
to resist infection. An important basic recommendation is to also avoid large disrup-
tions when managing the colonies.
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Fig. 8.13 Collection of resins in Fr. nigra: (a, b) deposits of resin; (¢) a sharp knife is used to
remove them; (d) the resins are deposited in a clean container

Interestingly, stingless bees are resistant to some major parasites of the honey
bee. Stingless beekeepers in Mexico frequently worry about the effects of the Asian
Varroa mite (Varroa destructor) or the African small hive beetle (Aethina tumida).
In the case of Varroa, the method of brood production in stingless bees involving
immediate cell capping after oviposition, prevents these mites from entering the
cells to reproduce. In the honey bee, mites are attracted by larval pheromones, and
can enter the brood cells that remain open throughout the development of the larvae
(Rickli et al. 1992). In addition, there seems to be a high degree of host specificity
in Varroa mediated by semiochemicals (Pernal et al. 2005), meaning that it may not
be attracted to stingless bee colonies. Indeed, the Varroa mite has coexisted with
stingless bees in tropical Asia, with no evidence of the mite reproducing in their
colonies. To our knowledge, no report of Varroa mites in any species of stingless bee
in the Americas has been made. Interestingly, some mites can pose a risk to stingless
bee colonies. In México and other parts of Latin America, the cosmopolitan parasit-
oid mite Pyemotes tritici has been reported destroying colonies of M. subnitida
(Nogueira-Neto 1997), M. colimana (Macias-Macias and Otero-Colina 2004),
Fr. varia and Ttr. angustula (Menezes et al. 2009). Infested ants or beetles could
have been a source of infestation for M. colimana (Macias-Macias and Otero-Colina
2004). Nonetheless, it is noted that infestation occurred after transferring a colony
to a new hive, and did not spread to other colonies (Macias-Macias and Otero-
Colina 2004). This indicates that a large disruption may have created conditions for
mite invasion or reproduction in the colony.
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In the case of the small hive beetle Aethina tumida the potential of colony inva-
sion exists, but seemingly only for weak colonies. Small hive beetles originally
come from Africa, but are now spread across Mexico. They are opportunists, and are
known to invade weak honey bee colonies, where their larvae can cause severe dam-
age. The same seems to apply to stingless bees, but invasion rates seem low. In
Cuba, the rate of M. beecheii colonies parasitized by the beetle is below 3%, and is
associated with previous damage of the colonies during management (Loriga-Pefia
et al. 2014). Thus, the best method to prevent invasion by these beetles is to main-
tain the colonies with good populations and avoid practices that extensively damage
them, during the harvest or transference to hive boxes.

Other insects can be particularly destructive to stingless bee colonies. That is the
case of the fly Pseudohypocera kerteszi (family: Phoridae), locally known as
“Nenem” (in Maya), or humpback fly. This fly is not a specific plague of stingless
bees; like the small hive beetle it is an opportunist (Robinson 1981; Wolff and Nava
2007). In strong colonies, the flies are rapidly chased away by guards, but weak or
disturbed colonies can be attacked and destroyed. Maggots are the real cause of the
destruction. They use their mandibles to perforate pots and combs feeding on their
contents including immature stages (Fig. 8.14).

Adult flies are small, between 2 and 3 mm long, the females being larger than the
males (Fig. 8.15; Robinson 1981). Only gravid females are usually seen inside the
colonies, suggesting that mating presumably takes place outside the colony

Fig. 8.14 Above left a gravid female of Pseudohypocera kerteszi, the humpback fly whose vora-
cious maggots can destroy stingless bee colonies (above right). Below, vinegar traps inside a col-
ony (left) and with several drown flies (right)
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Fig. 8.15 An attack of army ants on a colony of M. beecheii. A few guards have blocked the
entrance to stop the ants from entering the colony. It can be seen that the ants have decapitated
some guards and bee foragers have been left outside the colony. The block is removed from inside
the colony after the danger has passed (photograph by Humberto Moo)

(Robroek et al. 2003). The females are attracted by the acid smell of exposed pollen
and larval food where they lay their eggs (Robinson 1981; Ramos et al. 2003).
Eggs eggs hatch rapidly, only 12-18 h after laid (Robroek et al. 2003). Female flies
are prolific, producing up to 34 eggs during their life span of 35—45 days. The total
time for the development from egg to adult is approximately 10 days, varying in
accordance to environmental temperatures (Robroek et al. 2003).

In the Yucatan, the stingless bees Scp. pectoralis and Fr. nigra are particularly
resistant to humpback fly invasions. These two species can successfully repel the
invasions, apparently due to their high levels of hygienic behavior. Eliminating
maggots in such species can be quick and the bees pile them in waste dumps before
removing from the colony. Other species are more susceptible to the invasion of
flies, among them M. beecheii, Cph. zexmeniae, Tr. fulviventris, and Pb. frontalis
(Gonzalez-Acereto 2008).

Traditional methods are applied by local beekeepers to repel humpback flies. The
leaves of some plants have been used, like “chaca’j” (Bursera simaruba), “naban-
ché” (Elaphrium pubescens), and the toxic herb “ik aban” (Croton humilis). Before
a colony is transferred or divided, the interior of the hive is smeared with leaves of
those plants. Various degrees of success have been reported, but the effectiveness of
the different plants to repel flies is still not clear (Gonzalez-Acereto 2008).

An efficient method to control the number of flies in stingless bee colonies is the
use of traps with acetic acid (Ramos et al. 2003; Oliveira et al. 2013). In the Yucatan,
Ramos et al. (2003) found that commercial apple vinegar (5% of acetic acid) was
highly attractive to female humpback flies (Fig. 8.14). They designed a trap using a
plastic cup adding 5-10 mL of apple vinegar and sealed with a plastic cap. Small
holes (about 2 mm) are made on the cap to allow passage of the adult female flies.
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The flies, attracted by the smell, enter the cup and drown in the acid (Gonzélez-
Acereto et al. 2006). These traps catch many adult female flies inside colonies
reducing the potential number of maggots invading pots and cells (Gonzélez-
Acereto 2008). Depending on the severity of fly invasion, one or two traps can be
used per hive. Because of the volatility of the acetic acid, it is recommended replac-
ing it every two days.

If traps donot reduce the number of adult flies and maggots, it may be necessary
to clean the colony. The beekeeper would have to remove all the combs and pots out
of the hive. The hive should be thoroughly cleaned with a damp cloth (only water
should be used). The pots and combs should be inspected to remove maggots with
the help of forceps. Any residues of pollen or larval food should also be cleaned
with a wash pump or a damp cloth. The space occupied by the colony in the hive
should be adjusted accordingly, using a block of plywood or cardboard. The affected
colony could be swapped with a strong one to increase the number of guard and
forager bees. It is important to evaluate the severity of the damage; if colonies are
too weak, they may not recover despite these measures (Gonzdlez-Acereto 2008).

Other members of the phorid flies develop as internal parasites (parasitoids) of vari-
ous Apids, including stingless bees. Approximately 170 species are now recognized in
the neotropical genus of parasitoid flies Melaloncha (Brown 2016). The female of
these bee-killing flies lays eggs inserting her ovipositor between the soft membranes
of the exoskeleton. The hatching larva feeds on the organs and tissues of the host
(Brown 2004, 2005, 2016). There are two major groups of Melaloncha: the M. cingu-
lata group seems to prefer Partamona and Scp. mexicana, while flies of the M. furcata
group frequently attack species of Plebeia (Brown 2004, 2005). The extent of the
damage caused by bee-killing flies to the colonies of stingless bees is yet unclear.

Stingless bees are also at risk by one of the most important predators of neotropi-
cal forests, the army ants (Formicidae: Ecitoninae). Army ants form nomadic colo-
nies frequently preying on other social insects (Holldobler and Wilson 1990) and,
thus, are important agents in shaping the structure of tropical communities (Kaspari
and O’Donell 2003). In the Yucatan Peninsula Eciton burchelli parvispinum is the
most common species of army ant, but at least 12 other species in the genera
Neivamyrmex, Nomamyrmex, Cheliomyrmex, and Labidus, have been reported
(Watkins 1982). A common strategy used by stingless bees against the attacks of
army ants is blocking the entrance with resin and cerumen, and in some species like
M. beecheii with the body of guards (Fig. 8.15). Although statistics are lacking, we
have not seen a dramatic effect of army ants on our meliponarios. Annually, one or
two colonies (out of a 100) can be lost to ant raids. Perhaps the fact that colonies are
kept on bases full of water, and above ground, ameliorates the impact of ants.
Nonetheless, it is possible that colonies in the wild are more frequently raided and
destroyed (Roubik 1989). In contrast with their effect on stingless bee hives, army
ants could be a severe problem for apiaries in the Yucatan (pers. Obs.).

Interestingly, frequent attackers of stingless bees are other stingless bees. A
recent review suggests that at least 60 species of stingless bees may be involved in
heterospecific conflicts. However, only a few species seem particularly prone to
robbing during such attacks (Griiter et al. 2016). In the Yucatan, we have seen that
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Fig. 8.16 An attack of L. niitkib to a colony of Fr. nigra. On the left robber bees opening brood
cells to steal their contents and the cerumen. On the right a detail of a worker of L. niitkib

Scp. pectoralis and M. beecheii tend to more frequently rob colonies of the same
and other species. In meliponaries, the proximity of colonies can trigger robbing,
particularly in periods of scarcity. It is therefore recommended that artificial feeding
and other management during dearth are carefully conducted, to avoid honey or
syrup spilling over and trigger pillage. Feeding colonies late in the afternoon can
reduce the risk of robbing (pers. Obs.).

An obligate robber stingless bee is Lestrimelitta. The colonies of this neotropical
species survive exclusively by plundering other colonies for food and building
materials. Even for reproduction, Lestrimelitta swarms invade the nest of other spe-
cies (Quezada-Eudn and Gonzélez-Acereto 2002). Lestrimelitta shows preference
for certain hosts (Sakagami et al. 1993; Quezada-Euan et al. 2013) and, within a
species, some colonies (apparently weak or with food of better quality), are pre-
ferred over others (Sakagami et al. 1993; Griiter et al. 2016).

Once Lestrimelitta has invaded a host, it is difficult to stop the attack (Fig. 8.16).
In the Yucatan one method that can prevent attacks by local L. niitkib is the introduc-
tion of three or four colonies of Scp. pectoralis, distributed across the meliponario.
The colonies of Scp. pectoralis are aggressive, and the smell of citral triggers a
strong defensive response (pers. Obs.). When L. niitkib workers release citral during
their attacks, Scp. pectoralis guards can detect and repel the intruders stopping the
attack to colonies in the meliponario (Gonzalez-Acereto and Medina-Medina 1998).
A similar strategy has been proposed by Rech et al. (2013) in Brazil, using colonies
of Duckeola and M. fulva to protect colonies in meliponarios of central Amazonia.

For the beekeeper, Lestrimelitta represents a pest and an enemy to eradicate
Nogueira-Neto (1997). The number of colonies of L. niitkib destroyed annually in
the Yucatan is unknown, but there is increased difficulty to find nests of this species
(pers. Obs.), suggesting possible reduction in the population. Predators, as these
cleptobiotic bees, possibly contribute to maintain the stability of stingless bee popu-
lations. In spite of the apparent destructive effect, Lestrimelitta could contribute to
keep healthy populations and regulate their numbers (Roubik 1989).
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Regarding other insect pests, interestingly, no wasp parasitoids or beetles are
reported affecting stingless bees or their nests (Roubik 1989).

The intense transit of foraging bees in meliponarios attracts larger predators, like
toads (Bufo) and lizards (Anolis, Sceloporus). These animals do not normally repre-
sent a great danger to colonies, as they only capture a few bees. However, we wit-
nessed a temporarily high density of Anolis that were particularly keen on a nest of
L. niitkib and destroyed it. The lizards waited at the nest’s entrance tube and ate the
bees coming in and out of the colony. To deal with this problem, we used vaseline
around the base of the entrance tube. The lizards were repelled by the vaseline stick-
ing to their feet. An alternative is also to use a large plastic cup, remove the bottom
part, and place the device around the entrance tube so that lizards cannot climb
directly on it. It is also important that the hives are not directly placed on the floor.
Bases should be used to keep colonies at least 1 m above ground; this will also
reduce the attacks by toads.

Mammals can have some impact on meliponarios. In some areas of Mexico, a
small carnivore, Tayra (Eira) barbara (Mustelidae), can become a problem (De
Araujo Freitas et al. 2010). Beekeepers frequently poison these creatures locally
called “cabeza de viejo (oldman head),” but this practice has a negative impact on
the ecosystems. One way to deal with this problem is to use traps to catch the ani-
mals and relocate them in areas far away from the meliponarios. The meliponarios
can also be protected with some type of farm mesh around. This practice can reduce
the incidence of attacks by 7. barbara and other mammals like raccoons, possums,
armadillos, and anteaters.

8.8 Hazards and Threats to Stingless Bees in Mexico

A priority today is the preservation of ecosystems and the services they provide to
humankind. In this context, a central issue is the protection of keystone species that
provide ecosystem stability. One of these important keystone groups is the pollina-
tors (IPBES 2016). Sadly, it is well established that pollinators have experienced
various degrees of decline worldwide (Biesmeijer et al. 2006; Freitas et al. 2009;
IPBES 2016). Particularly important is a drastic reduction in the number of man-
aged honey bee colonies in the Unites States and Europe, that triggered an interna-
tional alert and discussion on the future of food production in relation to pollination
(Potts et al. 2010). Concomitantly, the loss of honey bee colonies has helped to
reveal the importance of preserving native bees as alternative providers of pollina-
tion services (Kremen et al. 2002; Garibaldi et al. 2013; Winfree et al. 2015).
Nonetheless, declines in various species of native bees have also been documented
in temperate areas (Biesmeijer et al. 2006). Regrettably, scant information is only
available on the status of native bee populations in the tropics (Freitas et al. 2009).
However, some tropical species are considered under threat, suggesting that bee
declines are occurring in these areas too (Kerr 2002; Freitas et al. 2009; Vandame
and Palacio 2010; Villanueva-Gutiérrez et al. 2013).
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Fig. 8.17 Deforestation rates in Mexico (INEGI 2011)

Several drivers have been considered as major causatives of the decline of bees
and other pollinators (Potts et al. 2010; DeGrandi-Hoffman and Chen 2015; Garcfia-
Morales et al. 2016; IPBES 2016). Two of the most important drivers affecting pol-
linators in tropical areas are habitat loss and indiscriminate use of
agrochemicals (Freitas et al. 2009).

Deforestation severely affects tropical biodiversity. In Mexico, agricultural
expansion, road building, and urban development are the main causes of forest dis-
appearance (Gibson et al. 2011; Laurence et al. 2014). Indeed, deforestation rates
are high (Vidal et al. 2013; Rosete-Vergés et al. 2014). During the mid-1980s, the
rate of deforestation in Mexico was 600,000 ha per year, by the mid-1990s it
increased to 700,000 ha per year, and by the year 2000 that rate increased to
800,000 ha per year (Herrera and Herrera 2003). The Yucatan Peninsula is the region
with the highest deforestation rate in the country (INEGI 2011) (Fig. 8.17).

The Yucatan has experienced a long history of deforestation since the Maya;
large areas of rainforest were cleared down for agriculture and fuel (Abrams and
Rue 1988). After the Spanish conquest, the development of large haciendas, with
the cultivation of sugar cane (Saccharum officinarum) and henequen (Agave four-
croydes) further decimated the forests, in particular in the center and north of the
Peninsula.

At the end of the last century (between 1980 and 1990), deforestation substan-
tially increased as extensive agriculture expanded (Rueda 2010). More recently,
urban developments have become an additional threat, with large sections of forest
removed around Merida and Cancun. Uncontrolled man-made fires are also consid-
ered major hazards to the forest cover of this region (Ellis et al. 2017).
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An overall impact of deforestation on Mexico’s native apifauna has not been
assessed. However, regional studies have shown that the diversity and abundance of
bees decrease in altered landscapes compared with preserved fragments (Aguirre
and Dirzo 2008; Meneses Calvillo et al. 2010). Similarly, the diversity of bees in
crops varies with the degree of forest conservation around them. More diverse and
abundant bee faunas are present in forests around J. curcas (Romero and Quezada-
Eudn 2013) and hot habanero pepper C. chinense (Landaverde-Gonzdlez et al.
2017). These studies suggest that deforestation in Mexico, as in other countries, is
negatively affecting bee populations.

The consequences of small population size can be more severe in bees compared
with other organisms. Small population sizes in Hymenoptera, carry the risk of an
extinction vortex (Gilpin and Soulé 1986; Pellet et al. 2007). When colony numbers
decrease, the numbers of alleles at the sex locus csd also reduce, increasing the poten-
tial for inbreeding and the production of diploid males, that represent reproductive
dead ends (Crozier 1971; Crozier and Pamilo 1996; Zayed and Packer 2005).

Habitat degradation can also alter genetic flow by reducing the connectivity
between regions (Brown and Albrecht 2001; Hanski 2011). In the case of stingless
bees, characteristics like colony philopatry, and small body size of many species
could further reduce the exchange of reproductives, increasing genetic isolation and
inbreeding (Brown and Albrecht 2001; Quezada-Euan et al. 2012).

In general, moving towards more sustainable and pollinator-friendly agriculture
and diversifying the agricultural landscapes could reduce the risks of pollinator
decline. For this, three recommended key aspects to consider are (1) improving
agricultural production and livelihoods while minimizing environmental damage;
(2) strengthening diversified farming systems; and (3) investing in the protection
and restoration of natural and seminatural habitats (IPBES 2016).

In Mexico, an important step towards the conservation of habitats is educating on
the importance of pollinators. Presently, farmers are not aware of the economic
value of pollinators and the importance of preserving them for the productivity of
their farms. Farming practices could change through the economic incentive of
increased crops (Morandin and Winston 2006; IPBES 2016).

Urban habitats could also be used for the conservation of bees and pollinators
(Herndndez et al. 2009). In general, people in cities are not informed of the impor-
tance of bees. Educating people is a key aspect to change perception on beneficial
insects and reduce threats. Habitats for pollinators can enhance life quality, promot-
ing and diversifying home and public gardens (Gaston et al. 2005). Large cities in
Mexico are frequently limited in public gardens, but council programs could encour-
age “planting for bees”, recommending and delivering flowering plants that can be
used by bees and other insects. Artificial nest sites in parks (Maclvor and Packer
2015) and road edges could improve the number of bees in these areas too (Dicks
et al. 2010). School gardens with bees nesting in them could be used to teach the
importance of habitat conservation and pollinators to young generations (Decourtye
et al. 2010; Dicks et al. 2010; Quezada-Eudn and Ayala 2010).

Another major threat related with the expansion of agriculture is a heavy use of
agrochemicals for pest and disease control in crops (IPBES 2016). All over the
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world, the extensive and uncontrolled use of pesticides (fungicides, herbicides,
insecticides, rodenticides) is identified as a major factor threatening pollinators and
wildlife (Phalan et al. 2013; Costantini 2015). Regarding bees, only a limited num-
ber of studies have assessed the effect of agrochemicals on non-A. mellifera species
(Devillers and Pham-Delegue 2002; Fischer and Moriarty 2014; Johnson 2015).
Regrettably, studies in tropical areas with native species are also scarce (Johansen
and Mayer 1990; Belzunces et al. 1999). In addition, there is limited evidence of
the interaction between agrochemicals and other drivers (multifactorial studies)
(Motzke et al. 2015). Nonetheless, public awareness is rising and various initiatives
to reduce the use of pesticides and promote alternative safer methods are increasing
(IPBES 2016).

Toxicological studies on stingless bees are comparatively recent and the toxicity
of different compounds has only been assessed on a few species (Malaspina and
Stort 1983; Macieira and Hebling-Beraldo 1989; Moraes et al. 2000). Nonetheless,
similar to the honey bee, many common pesticides are highly toxic to stingless bees,
in accordance to the criteria of LDs, < 2 pg/specimen (Table 8.3; Devillers and
Pham-Delegue 2002). However, differences exist in the toxicity of individual com-
pounds between species (Table 8.3).

The first insecticides widely used belong to the organophosphate and carbamate
family. These compounds are highly hazardous to bees, but their use is declining
because of the risk to humans and increased resistance of target insects (Johansen
and Mayer 1990). In Mexico, the use of DDT was prohibited in 1999 and other
organochlorine compounds have been gradually banned, but organophosphate and
carbamate insecticides are still in use (Waliszewski et al. 2013).

Neonicotinoids are a new generation of insecticides that have become popular
because they seem potentially less harmful to humans and other vertebrates.
However, neonicotinoids are highly toxic to insects, whose neuronal receptors
present high affinity to such compounds (Casida and Durkin 2013). In insects, neo-
nicotinoids block the neuronal receptors for acetylcholine, causing hyperexcite-
ment and rapid death (Casida and Durkin 2013; Van der Slujs et al. 2013). In
Mexico, the use of neonicotinoids started when imidacloprid was approved in
1993. Later on, in 2004 thiamethoxam was also endorsed. Both neonicotinoids are
mainly used in Solanaceae (potato, tomato, and peppers) for the control of whitefly
(Bemisia tabacti), a vector of viral diseases of economic interest (Gutiérrez-Olivares
et al. 2007).

A potential problem of neonicotinoids on pollinators is their systemic mode of
action. They are absorbed by the plant’s roots and can reach the nectar and pollen
(Stoner and Eitzer 2012). Neonicotinoids are also used as coat protection of seeds
against the attacks of insect pests. However, they are active throughout the germina-
tion period, and can be potentially toxic to insects other than the target (Girolami
et al. 2009). Laboratory tests have shown that neonicotinoids are among the most
toxic compounds to stingless bees (Table 8.3; Valdovinos-Nufiez et al. 2009; Soares
et al. 2015; Costa et al. Rosa et al. 2016).

Another class of insecticides gaining popularity is the so-called biopesticides.
These compounds are derivatives from microorganisms or plants (Lasota and Dybas
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1991; Sparks et al. 2001). In appearance, biopesticides seem more environmentally
friendly, degrading rapidly, and because of this, are preferred in organic systems.
However, laboratory studies have detected biopesticide levels of toxicity similar to
conventional compounds (Xavier et al. 2010, 2015; Del Sarto et al. 2014; Barbosa
et al. 2015a).

One of the first widely approved biopesticides is spinosad; it is obtained from the
bacterium Saccharopolyspora spinosa (Sparks et al. 2001). This compound is a
repellent to Tr. fulviventris and Scp. mexicana workers (Gémez-Escobar et al. 2014),
and when fed to larvae of M. quadrifasciata caused deformities (Barbosa et al.
2015b; Tomé et al. 2015a). In studies using contact and oral application, spinosad
resulted highly toxic to Pt. helleri and Scp. xanthotricha (Tomé et al. 2015b).
Another popular biopesticide is abamectin, an avermectin product of the fermenta-
tion by Streptomyces avermitilis (Lasota and Dybas 1991). Abamectin resulted
highly toxic to M. quadrifasciata (Table 8.3; Del Sarto et al. 2014).

Today azadirachtin is the most frequently used biopesticide. Azadirachtin is an
extract from the neem (or nim) tree (Azadirachta indica). This plant was introduced
in Mexico at the end of last century, specifically for the production of biopesticides
(Koul 2004). In spite of initial optimism, recent assessments have shown that azadi-
rachtin is highly toxic to most stingless bees (Barbosa et al. 2015a; Barbosa et al.
2015b; Lima et al. 2016). A significant antifeeding effect was observed when azadi-
rachtin was fed to M. quadrifasciata and Pt. helleri workers (Bernardes et al. 2017).

Entomogenous fungi have been used to control insect pests by biological means
(Ferron 1978). Various entomopathogenic fungi exhibit medium to high toxicity to
Mexican M. beecheii, Scp. mexicana, and Ttr. angustula (Toledo-Hernéndez et al.
2016).

More recently, oil extracts from different plants have been used as biopesticides;
among these, garlic, andiroba, citronella, eucalyptus, neem, and rotenone are more
popular (Moreira et al. 2007; Mureithi 2008). All these compounds are toxic to
honey bees (Xavier et al. 2015). However, in stingless bees contrasting results have
been found. N. festaceicornis workers were not affected after contact with garlic
extract, rotenone, andiroba, citronella, neem, or eucalyptus oils (Xavier et al. 2010).
However, in Ttr. angustula andiroba, citronella, neem, and eucalyptus oils were
toxic, but not the garlic extract nor rotenone. The most toxic compound to 7. angus-
tula was citronella oil, and the least toxic, andiroba oil. Eucalyptus oil and neem oil
presented intermediate toxicity to 7. angustula (Xavier et al. 2010).

These evidences show that biopesticides can be as lethal to bees as conventional
pesticides, and should not be exempted from risk assessment (Xavier et al. 2015;
Tomé et al. 2015a; Bernardes et al. 2017; Lima et al. 2016).

A growing tendency in agriculture is the use of genetically modified crops
(GMC) (Morandin 2008). This type of crops has caused major concerns regarding
their possible effect on bees and other pollinators. Today, two main groups of GMC
crops exist, herbicide-tolerant (HT) and insect tolerant (IT) (Morandin 2008). HT
crops are presently the most abundant class (70% of all GMC) and are potentially
less harmful for bees (Huang et al. 2004). An argument raised in favor of HT crops
is that the overall amount of chemicals used during the cycle of crop production
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could be reduced, representing less contamination of the environment (Morandin
2008). Nonetheless, HT crops can have an important indirect effect on bee popula-
tions by changing the botanical composition of plantations, and reducing the diver-
sity of ruderals on which bees can feed (Haughton et al. 2003; Hawes et al. 2003).
Thus, it seems, that paradoxically, the use of herbicides by eliminating ground veg-
etation can reduce pollination services to crops (Morandin and Winston 2005;
Kremen and M’Gonigle 2015; Norfolk et al. 2016). Associated with the use of HT
crops is the herbicide glyphosate. Honey bees exposed to concentrations of glypho-
sate normally found under field conditions were not affected, but there is a possibil-
ity that sensitivity to nectar and associative learning could be impaired (Herbert
et al. 2014). The effect of glyphosate has not been tested in other bees.

In contrast to HT, IT crops can be potentially more harmful to bees. One group
of IT crops is known as Bt because the inserts that confer resistance come from the
bacterium Bacillus thuringiensis (Bt toxin). One important Bt toxin group is Cry,
which in lab tests has proven lethal to Lepidoptera and Coleoptera (Benz and
Joeressen 1994; Simpson et al. 1997). However, Bt toxins have not been lethal to
Hymenoptera and their colonies (Malone and Pham-Delegue 2001; Hanley et al.
2003; Malone et al. 2004; Liu et al. 2005; Lima et al. 2011). A study conducted on
honey bees showed that Cry proteins naturally occur in these insects, and that nurse
bees foraging on Bt maize had no reduced life span, No change in the composition
of gut bacteria was found either, indicating no indirect harmful effects on honey
bees (Hendriksma et al. 2013). In Brazil, tests of CrylAc at an overall amount of
1.8 pg during the larval development of 77 spinipes, revealed no harmful effects
(Lima et al. 2013).

Another class of IT crops use protease inhibitors (PIs) as protectors (Morandin
2008). In contrast to Cry proteins, PIs can affect the development and longevity of
worker honey bees (Broodsgard et al. 2003; Malone et al. 2004; Sagili et al. 2005),
but no evidence of their effect on stingless bees is yet available. To date the main IT
crops with PI protection are cotton, tobacco, potato, and wheat, whose flowers are
not intensively visited by bees (Habib and Fazili 2007; Gatehouse 2011). However,
more information is needed on IT crops, and their possible effect on bees and other
pollinators.

Some fertilizers can also affect insects because they contain heavy metals
(Johnson 2015; Rodrigues et al. 2016). Foliar fertilizers containing copper can be
moderately toxic to the stingless bee Frs. schrottkyi (Rodrigues et al. 2016).

Apart from the lethal effect, most agrochemicals also have sublethal conse-
quences on individual bees and colonies. Sublethal effects generally include impair-
ment of the individual’s physiology and behavior, resulting in a reduced life span
and performance (Vandame et al. 1995; Cruz et al. 2010). Workers exposed to sub-
lethal doses can carry contaminated pollen and nectar to their hives affecting whole
colonies (Tomé et al. 2015a; Guedes et al. 2016). Thus, sublethal effects could be
more detrimental on the long term for bee populations (Atkins 1993; Decourtye
et al. 2005; Desneux et al. 2007; De la Rua et al. 2009). Interestingly, apparently
less harmful pesticides can have marked sublethal effects (Tomé et al. 2012; Jacob
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et al. 2013). For instance, azadirachtin causes little mortality in Pt. helleri and Scp.
xanthotricha, but can affect their flight capacities (Tomé et al. 2015b).

Aerial control of insect pests (locusts and mosquitoes) can be particularly harm-
ful because larger areas are sprayed at once. In Mexico, the main insecticide cur-
rently used for locust control is fipronil, a member of the phenylpyrazole family
(Sagarpa 2008). Fipronil is highly toxic for Brazilian M. scutellaris (Lourencgo et al.
2012), and can affect orientation and memory capacity in Scp. postica (Jacob et al.
2015). The effect of the aerial control of locust on beneficial insects has not been
evaluated in Mexico.

Similarly, campaigns against mosquitoes to prevent vector-transmitted diseases,
like dengue and Zika, are becoming more frequent during the Mexican rainy season
and after hurricanes (Valdovinos-Nufies et al. 2003). Permethrin is a commonly
used insecticide in mosquito control, but it is highly toxic to M. beecheii, Fr. nigra,
and N. perilampoides (Valdovinos-Nuiiez et al. 2009). Normally, applications take
place at dusk when they may be less harmful to bees. However, in the United States,
it was found that pyrethroids for mosquito control can contaminate pollen (Long
and Krupke 2016).

Some characteristics of the stingless bees could make them potentially more
susceptible to the effect of pesticides. Several species have relatively small popula-
tions, and the development of individuals is comparatively slow (Moo-Valle et al.
2004). A sudden loss of workers could be, thus, more costly and detrimental to
stingless bees compared to honey bees, for instance (Valdovinos-Nuifiez et al. 2009).
The stingless bee mass feeding system could increase the exposure of larvae to
contaminated food (Lima et al. 2016). Indeed, an antifeeding effect in stingless bees
seems common for various insecticides (Bernardes et al. 2017). In Pb. droriana the
addition of chlorpyrifos to the larval food reduced consumption and produced
deformities (dos Santos et al. 2016). In species in which female castes are deter-
mined by overfeeding, the production of queens can be compromised if larvae are
not properly nourished (dos Santos et al. 2016).

Many species of stingless bee are small sized. Bees of small size can compara-
tively absorb more pesticide per body unit because of relatively large surface in
relation to mass (Johansen et al. 1983; Lundin et al. 2015). In the Yucatan,
Valdovinos-Nuiies et al. (2009) found that at similar dose, M. beecheii workers were
less susceptible to permethrin and methomyl, compared with smaller Fr. nigra and
N. perilampoides. Variables like pH of the hemolymph, level of fat reserves, and
detoxification enzymes, have been found to affect the susceptibility of honey bees
and leaf cutter bees to pesticides (Ahmad and Johansen 1973, Yu et al. 1984), but no
data are available in Meliponini. Interestingly, detoxification enzymes in honey bees
are less diverse than in other insects making them probably more susceptible to a
range of chemicals (Johnson 2015). This aspect deserves evaluation in stingless
bees.

Age and sex can also affect susceptibility to pesticides. Young workers are in
general more susceptible than foragers, presumably because detoxification
enzymes are still incipient (Meled et al. 1998; Guez et al. 2001; Xavier et al. 2015;
Lima et al. 2016). In A. mellifera queens are more resistant to DDT than workers
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(Graves and Mackensen 1965; Guirguis and Brindley 1975; Tasei 2002). In M. bee-
cheii, sexually immature males were more susceptible than gynes to various insec-
ticides (Valdovinos-Nuiies et al. 2009). It is important to document the effect of
insecticides on mature male stingless bees because they live a solitary life, increas-
ing the risk of contact with insecticides (Valdovinos-Nuiies et al. 2009).

Although pesticides have negative effects on bees, adequate management can
reduce to a large extent the impact of application. Respecting the amounts and peri-
odicity of application, together with early warnings and cooperation between bee-
keepers and farmer’s can substantially reduce bee poisoning (Johansen and Mayer
1990). The effects of pesticides can also be reduced when combined with alternative
forms of crop management to control pests and diseases. Integrated management of
crops should be supported with education programs and policies developed to
accomplish the farmers’ needs (IPBES 2016).

Another potential threat to bees is the spread of pathogens and parasites (Paxton
et al. 2007; Higes et al. 2009; van Engelsdorp et al. 2009; Neumann and Carreck
2010; Martin et al. 2013). So far, no evidence of major diseases or epidemics has
been recorded in stingless bees (Nunes-Silva et al. 2016). An explanation could rely
on the stingless bees’ more efficient behaviors to fight diseases (Medina et al. 2009).
However, extensive search of pathogens in stingless bees is still limited.

A latent problem regarding disease spread is the introduction of exotic bees, that
may carry unknown pathogens (Colla et al. 2006; Plischuk et al. 2009).
Interestingly, surveys of viruses in stingless bees have revealed little levels of cross
infections with other Apids. In Brazilian M. scutellaris only evidence of acute paral-
ysis virus was found (Ueira-Vieira et al. 2015). Similarly, in Scp. mexicana, only
deformed wing and black queen cell viruses were found, out of seven candidates
tested (Guzman-Novoa et al. 2015). Apparently, virus transmission can occur from
honey bees to stingless bees (probably by sharing food sources or robbing), but,
curiously, no evidence of disease has been detected in colonies where viruses are
present (Ueira-Vieira et al. 2015; Guzman-Novoa et al. 2015). One possible expla-
nation is innate or behavioral resistance of stingless bees to honey bee viruses and
other pathogens. For instance, no molecular evidence of Nosema has been detected in
workers of M. beecheii (Medina-Medina et al. 2012) and, artificial inoculation with
spores failed to infect the midgut of workers (Soto-Vargas 2014). Similarly, no evi-
dence of active replication of microsporidians and protozoans (Nosematidae and
Leishmaniinae) was found in six species of Brazilian stingless bee (Nunes-Silva
et al. 2016). Nonetheless, Apicystis bombi, a pathogen from bumble bees, has been
detected in Pb. emerina and Ttrg. fiebrigi, albeit at low prevalence (3% out of 131
colonies) (Nunes-Silva et al. 2016).

Even though no major honey bee disease has been found affecting stingless bees,
it is well documented that exotic bees can introduce novel pathogens and should be
an important criterion against introduction (Otterstatter and Thomson 2008; Dafni
et al. 2010; Goulson and Hughes 2015; Nunes-Silva et al. 2016). Moving colonies
across regions may also represent a similar threat. The commercial exploitation of
stingless bees is increasing and moving colonies across regions could scale. The
evidence from other species and latitudes underlines the danger of such practice. A
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caution principle to stop the movement of colonies to areas where they are exotic
would be the best option to avoid potentially disastrous consequences (Vandame
and Palacio 2010; Quezada-Euan et al. 2012). An apparently harmless symbiont to
one species can become a severe parasite when crossing over to a different species.
An interesting example is the mite V. destructor that spread from a resistant host, A.
cerana, to the susceptible A. mellifera causing major colony losses world-
wide (Martin and Medina 2004).

In this section I pointed out the impact that several drivers can have on the diver-
sity and abundance of bees in forest and agricultural ecosystems (Fig. 8.18). In the
absence of these important pollinators, pollen flow, flower fertilization, and plant
reproduction (fruit and seed) would be severely compromised (Potts et al. 2010;
Hadley and Betts 2012; Fig. 8.18). For commercial crops, reduced bee richness and
abundance means less productivity (Gemmill-Herren 2016). For the prosperous
honey industry in Mexico, it is of central importance maintaining the vital link
between nectar producing plants and pollinating bees. A reduction in the number
and diversity of native plants because of low pollination rates and deforesta-
tion, would have a negative impact on the production of honey. Today, it seems that
preserving natural habitats and heterogeneous agricultural landscapes is the best
option to support large and diverse pollinator assemblages that sustain ecosystems,
as well as crop and honey production (Novais et al. 2016).
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Chapter 9 @
The Past, Present, and Future e
of Meliponiculture in Mexico

“There are two castes of bees and both are smaller than ours.
The larger are kept in hives which are rather small; they do not
make combs like our bees but small vesicles like wax hazelnuts,
clustered tightly ... These bees do not sting and do no harm.”

Fray Diego de Landa, 1553

A meliponario in the Yucatan at the start of the twentieth century

Accounts on ancient meliponiculture are not abundant for the Americas. Most pre-
Columbian evidence comes from Mexico, in particular from the Yucatan Peninsula.
Early accounts from Spaniards indicate that outstanding levels of husbandry and
large concentrations of colonies of Melipona beecheii (‘Xunan kab’ in Mayan) were
present in the region. An extensive and probably monopolized trade of honey and
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cerumen with distant territories may have supported the economy and the develop-
ment of Mayan civilization. Rich manifestations of the intricate bond between the
Maya and Xunan kab are still found in the complex cosmogony and mythology
associated with the cultivation of these bees (Jax et al. 2013). The cultivation of M.
beecheii still played a crucial role in the Yucatan Peninsula and southern
Mexico by the end of the nineteenth century, being important in folk medicine,
economy, and cosmology (Velednitsky 2011). However, recent changes in the eco-
nomic system, accelerated a loss of indigenous knowledge and practices, including
traditional stingless beekeeping. Meliponiculture, considered obsolete and non-
profitable, gradually started to disappear (Stearman et al. 2008). Nonetheless, in
recent decades there has been renewed interest in stingless bees and their conserva-
tion, coupled with important efforts by beekeepers, academics, and general public
aiming at restoring meliponiculture (Quezada-Eudn et al. 2001; Venturieri 2008;
Reyes-Gonzilez et al. 2014).

This chapter presents an account of the importance of meliponiculture for
Mesoamerican civilizations, in particular the Maya (the past), discussing the differ-
ent agents that caused a decline and also a recent surge of interest (the present),
ending with an agenda of actions that can help to reduce current threats and sustain
the activity (the future).

9.1 Meliponiculture in Pre-Columbian Mesoamerica

In Mayan cosmogony, honey is associated with fertility, rendering the bees that
produce it, guarantors of life (de Jong 1999; Lépez-Maldonado 2005). For the
Maya, stingless beekeeping had similar importance to the cultivation of maize, a
staple food for Mesoamerican civilizations (de Jong 1999).

As for other human groups, honey represented a significant source of carbohy-
drate and to obtain it, early Mesoamericans probably raided wild nests, much like it
is still practiced today in other parts of the world (Crane 1990; Gonzalez-Acereto
2008). However, in Mesoamerica, a systematic cultivation of some species of sting-
less bee evolved, building a rich network between traditional knowledge and
mythology (de Jong 1999; Quezada-Euén et al. 2001, 2011.

It is difficult to trace the exact origin of meliponiculture in Mesoamerica.
However, in accordance to archaeological remains and its current geographic distri-
bution, it is likely that it may have started in the region of the Yucatan Peninsula and
north of Guatemala, probably around 1400-1900 years ago (Kent 1984; Crane
1992). It is believed that from this area, stingless beekeeping may have spread to
other regions of Mesoamerica (Fig. 9.1).

Evidence of a Mayan origin of meliponiculture is, that apart from the highlands
of Puebla and Veracruz, only rudimentary forms of stingless beekeeping exist out-
side the Yucatan and Guatemala (Posey 1983; Quintal and Roubik 2013).
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Fig. 9.1 Some of the main Mesoamerican civilizations. The Mesoamerican region is shaded; the
red line indicates the boundaries between the Maya and other cultures. Meliponiculture probably
arose in the Maya region

It is likely that meliponiculture in the Mayan area evolved from a primitive type
of honey hunting, with colonies maintained in the forest and harvested periodically.
That type of practice still occurs today in the Yucatan, with species like C. zexme-
niae (Gonzalez-Acereto 2008), that nests underground and does not adapt well to
wooden hives. In the case of species that nest in hollow trees, it is possible that some
colonies were moved from the forests near human settlements, to prevent others
from stealing the honey. The Maya Chontal from Tabasco obtain colonies of sting-
less bees from the forest in this way. When a forest patch is cleared for agriculture,
the nests of stingless bees found by the owner are left for some time in the field.
One afternoon, when most worker bees have entered the nest, the log is transported
to the land owner home (Vdsquez-Ddvila and Herndandez 2011). Usually, the logs
are hung horizontally with some rope, below the house eaves to protect them from
direct sunlight and rain.

It is likely that species that produced little or less appreciated honey were prob-
ably less favored compared with more productive species that better adapted to
man-made lodgings. The use of man-made lodgings probably ensured honey of
good quality as well as colony survival (Quezada-Eudn 2005). From wild nests
established in backyards, it is possible that husbandry developed. For this, a crucial
step occurred when people mastered the reproduction and division of colonies
(Fig. 9.2). In the case of M. beecheii, the constant production of queens may have
facilitated artificial division, as beekeepers did not need to learn how to rear
them. Divisions may have been easier from colonies nesting in large cavities
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Fig. 9.2 Traditional Mayan stingless bee keeping with M. beecheii. Major steps should have
occurred when people learned how to reproduce the colonies (above) and systematically harvest
the honey (below) from specially made hives in hollow logs or jobones

(as M. beecheii), allowing better manipulation of combs with less damage to the
nest. Interestingly, no other stingless bee species was systematically cultivated in
the Mayan region, despite their potential for beekeeping. This may also have to do
with beliefs behind the cultivation of the different species, which will be explained
in further paragraphs.

Methods to keep the new colonies developed. Interestingly, the use of hollow
logs (jobon, pronounced “ho bon”) to keep M. beecheii is widely spread and very
similar across the Mayan region (Fig. 9.2). For example, the length of the modern
Maya jobon is between 50 and 60 cm long, with a diameter of about 30 cm and
walls of 4 cm in width (Bianco et al. 2017).

The pattern of the traditional meliponary (Nahil-kab in Mayan language) is
another development widely used in the Mayan region. The orientation and storage
of the jobones with their main axis from east to west are also remarkably similar
across the Yucatan Peninsula (Fig. 9.3). The jobones are stacked on an A-frame
under a thatched roof structure. The A-frame is made of two inclined wooden racks
and is kept in the house lot (solar) (Bianco et al. 2017).
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Fig. 9.3 Traditional meliponario in the Yucatan. The jobones are stacked on two opposite inclin-
ing groups forming an A shape

The adoption of meliponiculture techniques, especially colony division, must
have triggered extensive trade of M. beecheii products in the Maya area and abroad
(Quezada-Eudn 2011). When the Spaniards arrived in the sixteenth century, melipo-
narios had colonies by the hundreds (de Landa 1553; Quezada-Euén et al. 2001).
Large numbers of managed colonies probably meant a large and constant supply of
honey and cerumen that could be traded. Indeed, it seems that the production of M.
beecheii in the Yucatan Peninsula occurred as large-scale cottage industry, and was
organized at household and neighborhood level (Batin Alpuche 2009). Thus, a
potential accumulation of wealth could have derived from honey and cerumen trad-
ing (Quezada-Euan et al. 2001).

Although rational stingless beekeeping seems an ancient activity in Mesoamerica,
only few archaeological evidences are found today. New techniques like the analy-
sis of soil chemistry are promising methods to trace the origins of meliponiculture
in this region (Bianco et al. 2017). Among the available evidence, round flat lime-
stones (U maak, tapas or panuchos; Lopez-Maldonado 2005), which were used to
plug the extremes of the jobon, have been frequently found in Mayan preclassic
settlements. Dating of these pieces suggests that meliponiculture was already well
established in the Yucatan around 100-300 B.C. (Crane 1992). Interestingly, today
Jjobones more frequently have fapas made of wood rather than stone.

The recent finding of a ceramic object representing a jobon in the building 99 of
Nakum (Petén, Guatemala; Fig. 9.4) confirms the dates suggested by Crane (1992)
for the development of meliponiculture. The ceramic piece has been assigned to the
Proto-Classic period, around 100 B.C. (Zralka et al. 2014). The Nakum ceramic
jobon is smaller than modern ones, measuring only about 30 cm long, with a
maximum diameter of 18 cm. This is the oldest representation of a stingless bee-
keeping artifact.
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Fig. 9.4 Ceramic representation of a Mayan stingless bee hive or jobon found in the Petén,
Guatemala, ca. 100-300 A.D. (photo courtesy by Zralka et al. 2014)

Fig. 9.5 A ceramic representation of Ah-Mucen-kab, one of the Mayan god protectors of M. bee-
cheii and meliponiculture. Originally exhibited at the Museo de Antropologia e Historia in Palacio
Cantén Mérida, Yucatan

Diverse objects related to stingless beekeeping have also been found at various
sites of the Mayan region (Zralka et al. 2014). One representative incense burner
comes from the island of Cozumel on the Eastern Caribbean Coast of the Yucatan
Peninsula. This was an important center for stingless beekeeping in the late post-
classic period (Diaz del Castillo 1568; Calkins 1974). The incenser, part of the
Museo Cantén collection in Mérida, is a cylindrical vase of 34 cm of height repre-
senting Ah-Mucen-kab, the descending Mayan bee-god (Fig. 9.5). The image is
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holding what has been identified as a set of combs and, on each side, it carries a pair
of small representations of jobones. Images of the descending god are also found in
temples of Tulum from the postclassic around 1200 A.D. (Fig. 9.6). Another exam-
ple of a guardian god of the bees is found in the National Museum of Anthropology
in Mexico city, a vase in the shape of an old man, Hobnil, with a characteristic
necklace carrying a jobon (Fig. 9.6).

Probably the best example of the importance of stingless beekeeping for the
Maya is the Tro-Cortesianus or Madrid Codex (Figs. 9.7 and 9.8). This document,
dated ca. 900-1500 AD, is one of the three only surviving pre-Columbian Mayan

Fig. 9.6 On the left, a ceramic representation of Hobnil, another guardian god of stingless bees.
On the right, the descending god associated with stingless bees, at one of the temples of the
Caribbean archaeological site of Tulum

Fig. 9.7 Two details from the Madrid codex representing deities in the process of manipulating M.
beecheii colonies in the meliponarios
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Fig. 9.8 Pages 103-112 of the Madrid Codex representing stingless beekeeping with M. beecheii
(Xunan kab). The images in Fig. 9.7 are taken from pages 104 and 106, respectively. Courtesy by
Zralka et al. (2014)

codices and the longest one. The complete document, kept in the Museo de las
Americas in Madrid, consists of 56 sheets painted on both sides, that is a total of 112
pages. The codex was named after Herndn Cortés, assuming that he brought the
codex to Spain. A large section of the codex (pages 103—112) is devoted to what it
seems a ritualized process of harvesting the honey and dividing the colonies of M.
beecheii (Fig. 9.8). The sacred nature of beekeeping for the Maya is revealed by the
many deities identified in the Codex, probably representing protectors and guard-
ians of the bees or their huts (Nahil-kab). Some of these deities in addition to
Ah-Mucen-kab have been identified as Noh Yum-kab, Hobnil, Balam-kab, and Moc-
chi (Echazarreta and Garcia-Quintanilla 2008).

Altogether 47 glyphs and representation of bees are found in the Madrid Codex
(Fig. 9.6). Interestingly, all the bees are represented with features of other animals.
For instance, the bee face with “fangs” has been related to the jaguar (Panthera
onca, Balam in Maya), probably referring to the guard bee and its aggressive attitude
(the Balam-kab; Fig. 9.9). However, the images of bees have also been suggested to
represent the queen.

Among the animals present in the codex, the armadillo (Dasypus novemcinctus)
in the first section of page 103 represents an interesting association with Xunan kab



9.1 Meliponiculture in Pre-Columbian Mesoamerica 251

Fig. 9.9 Detail of the
Madrid Codex probably
representing the guard
(Balam-kab) or the queen
bee of M. beecheii

in relation with fertility. It is believed that the armadillo, in its constant movement
between earth and the underworld, carries the forces of fertility. Armadillos fre-
quently have twin offspring, which may also link them with the metaphor of the
Mayan Hero Twins, the brothers Hunah Pu and Ix Balam Keh of the Popol Vuh
(L6pez-Maldonado 2005).

In Mayan mythology, it is believed that M. beecheii was given to man directly by
the main deity, Kun’ku o Yumbil dios. Thus, in essence, the stingless beekeepers do
not own these creatures; they are only carers (de Jong 1999, 2001). The Mayans see
Xunan kab colonies as extension of their family and considered them equal, calling
them “gente,” people. One aspect of this strong relationship is shown when the bee-
keeper dies. It is believed that the bees would perish unless another man in the
hierarchical order of the family quickly informs the bees that he would look after
them (Weaver and Weaver 1981). Today, it is still common that jobones are passed
on to a male family member, but female beneficiaries are now accepted (Bianco
et al. 2017).

The belief of a divine origin of Xunan kab determined that many of the activities
related to the management of colonies were considered sacred. Today, for instance,
the traditional harvest of the honey (U hanli-kab “‘the dinner of the bees”) still
involves a series of rituals that can only be performed by a priest shaman (h-men).
The shaman acts as an intermediary to invoke the blessing and permission of deities,
the real owners of the bees, before performing any type of harvest (Weaver and
Weaver 1981). This Mayan belief system is based on the intrinsic connection among
man, the bees, and the environment. Man interacts with nature in which all living
and unanimated things had a soul and possess equal rights. In this way, humans can
take goods from animals and the environment, but are also compelled to return part
of the benefits to their divine owners or sacred winds (Echazarreta and Garcia-
Quintanilla 2008). Therefore, many Mayan rituals are aimed at obtaining permis-
sion and show gratitude for what has been obtained.

In Mayan ceremonies, the honey of M. beecheii is a basic ingredient because of
its status as a vital fluid. It is used to prepare a drink called balché, also consumed
in such ceremonies. This drink is a brew made specifically with Xunan kab honey
mixed with other ingredients, the most important the bark of a local tree, the balché
(Lonchocarpus longistylus). The Mayans may have recognized the enzymatic prop-
erties of the honey in accelerating the fermentation process. The alkaloids of the
bark, released in the brew, may have induced hallucinations and trascendental states
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of conscience in the priests that consumed it (Lépez-Maldonado 2005). Balché was
only consumed during rituals and women were not allowed to drink it. Women con-
sumed honey with Sac-hd, a nonalcoholic drink made with ground maize. Presently,
these drinks are still prepared and consumed during ceremonies related to care and
harvest of the crops, the livestock, and the bees. Some balché is sprinkled on the
hives during the U hanli-kab ceremony (Bianco et al. 2017).

Xunan kab is associated with the female gender; they live and work in the house,
not in the forests, like men do (de Jong 2001). The temperature of the honey is an
important feature for the Maya. The honey of Xunan kab is considered warm, as
other vital fluids. In this regard, it is a carrier of life and fertility, like blood and
semen. This vision relates to the Mayan concept of Mother Earth as a living entity
made of spirit, blood, and flesh. The honey is obtained from the earth through the
flowers by the sacred Xunan kab and is seen therefore as an earth fluid (de Jong
2001). That is why the honey from Xunan kab is also strongly associated with
women fertility (de Jong 1999; Gonzalez-Acereto et al. 2008). In association to the
female cycle of fertility, the splitting of bee colonies is traditionally made during the
full moon, when it is believed that the brood is mature (L6pez-Maldonado 2005).
Interestingly, other species of stingless bee are considered masculine (they inhabit
and work in the forest), and their honey is regarded as cold (de Jong 2001).

In traditional Mayan medicine, the honey of M. beecheii is used to treat various
diseases which are believed to result from imbalance of body temperature. One
remarkable use of the honey is to stimulate conception (de Jong 1999). It is also
used to speed up childbirth and applied to the baby’s umbilical cord favors healing
and detaching. The honey is used as sweetener for corn gruel drinks given to women
after childbirth and tea drinks made from medicinal plants. In contrast to the wide
use of honey, pollen has no use in traditional medicine because it is regarded as
bee waste. During the harvest, pollen is traditionally buried in the ground (Gonzalez-
Acereto 2008). Such a vision on the pollen may derive either from its strong and
rancid smell or from the fact that when phorid flies invade colonies, the maggots are
mostly seen in pollen pots.

Having the status of a sacred creature, the traditional cultivation of M. beecheii
is strongly associated with various symbols, reminders of a divine origin and the
creation of the world. For instance, the major axis of the jobones is normally ori-
ented from East to West representing the daily journey of the sun (de Jong 1999,
2001). It is believed that a rectangular figure, frequently carved around the entrance
(Fig. 9.8), represents the Earth and the four cardinal points, each protected by one
of the gods called the Balam ob. A figure in the shape of a cross is also carved right
above the entrance, which may represent the primordial tree, the Yax-ché (Ceiba
pentandra). For the Maya, the highest point of the cross mirrors the level in the sky
where the god creator resides (Fig. 9.10). An alternative purpose for the cross above
the entrance may be to protect the colonies from evil eye. On a more practical view,
it also indicates the position of the log to prevent placing it upside down after man-
agement (Weaver and Weaver 1981; Gonzalez-Acereto 2008).
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Fig. 9.10 An engraved
rectangle is frequently
made around the entrance
of the jobon, probably
symbolizing the four
cardinal points. Above the
rectangle, a carved cross
can be seen

Although trading of ‘Xunan kab’ honey and cerumen was important across Pre-
Columbian Mesoamerica there are no data indicating the scale at which it occurred.
It seems that Mesoamerica’s trading functioned upon a system of regional special-
ization, meaning that the production of honey and cerumen, like other agrarian
goods, was concentrated in certain areas. Such items were taken to distant loca-
tions where they could not be produced (Batin Alpuche 2009). It is known that
stingless bee cerumen and honey from the Yucatan were traded for cacao seeds,
precious stones and metals, highly valued by pre-Columbian people but, not pres-
ent in the Maya area (Battin Alpuche 2009). In this way, the Yucatan Peninsula
seems to have monopolized on the production of honey and cerumen in
Mesoamerica. Honey and cerumen were also staple tribute or tax. In the Mendoza
Codex images of towns delivering jars of honey to the Aztecs are depicted. From
these evidences, it is clear that stingless beekeeping may have been one of the pil-
lars of Mayan economy.

As described before, honey was mainly used in medicine and rituals rather than
as everyday sweetener. In the case of cerumen, one use involded making of candles
and figurines for use in rituals (Bianco et al. 2017). Archaeological evidence
from ceramic and debris, suggests that lost-wax casting also formed an important
component of postclassic-period Mayan metallurgical technologies (Tarkanian and
Paris 2017). This activity must have used cerumen extensively.

After the Spanish conquest in 1521, the encomienda and repartimiento systems
were a means of obtaining tax and goods from native communities, including honey
and cerumen (Bianco et al. 2017). To control uprising and facilitate tax collection,
Spanish authorities resettled Mayan people into few villages, called congregacion
(Bianco et al. 2017). Thus, traditional beekeeping practices were probably altered
because of the increased concentration of beekeepers and restricted access to forests
(Bianco et al. 2017). Colonization was accompanied by devastating exotic diseases,
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religious prosecution, enslavement, and destruction of Mayan cultural sites
(Velednitsky 2011). However, despite substantial changes in the social system,
stingless bee honey and cerumen continued playing a key role in colonial economy.
From 1549 to 1551 alone, “the Spaniards took in 2182 arrobas (11-kg units) of
cerumen and over 2035 arrobas of honey” from 173 towns in the province of
Yucatan (Quezada-Euan 2011). Of these towns, 157 (or 90%) paid some part of
their tribute in the form of honey, while 163 towns were required to pay some ceru-
men. Only ten communities in the Yucatan in 1549 did not pay any honey or ceru-
men taxes (Porter-Bolland 2001). From these figures, it is possible to estimate that
the production of honey and cerumen was in the range of 7 tons per year, which
assuming an average 2 1 of honey produced per colony suggests that at least 3000—
4000 colonies were maintained in Mayan villages of the Yucatan alone. Indeed,
some references cite that meliponarios contained up to 500 colonies (de Landa
1553).

The large amount of honey and cerumen obtained from the Yucatan Peninsula
may have prevented the Spaniards from introducing the honey bee into this region,
despite having been successfully introduced since the sixteenth century into other
areas of Mexico. Indeed, the introduction of honey bees was easily accepted in the
central regions of Mexico, presumably because no significant stingless beekeeping
existed there. On the other hand, the Maya accustomed to work with meli-
ponines, were reluctant to work with a bee that stung (Labougle and Zozaya 1986).
The introduction of the honey bee into the Yucatan occurred until the beginning of
the twentieth century with stock from the United States. That is why the honey bee
is locally known as the “American” bee (Quezada-Euan 2005).

During the Spanish colony, manuscripts recovering Mayan traditions and leg-
ends were still produced, among the most representative are the Chilam Balam of
Chumayel and the ritual of the Bacabes. Both manuscripts were produced at the end
of the sixteenth or start of the seventeenth centuries and include significant sections
highlighting the importance of stingless bees. In the Chilam Balam, the cardinal
points are described in association with a bee of different color. The great red
bee belongs to the East, the great white bee to the North, the great black bee to the
West, and the great yellow bee to the South. The different bees are probably associ-
ated with sacred winds and protectors of the earth (known as the ‘Bacabes’) that
dwell at the four cardinal points. In the book of the Bacabes, descriptions of Mayan
cosmogony and therapeutics include the use of the honey of M. beecheii.

It is interesting that the Mayan names presently given to M. beecheii (Xunan kab
and Colel-kab) may have originated during the Spanish colony (Gonzélez-Acereto,
Pers. Inf.). In the descriptions made by de Landa (1553) no name is registered for
the bees that he saw in Mayan meliponarios. This is surprising considering the
detailed descriptions he made of the colonies, and ceremonies, using M. bee-
cheii honey and cerumen. The words Xunan and Colel were used to refer to the
Spanish ladies, and were also used to invoke the Virgin Mary. Given the divine
nature granted to M. beecheii, it is possible that such title was used to separate this
bee from other species. However, names given to other stingless bees by the Maya
are well known and, probably date before the arrival of Spaniards (Fig. 9.11). The
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name Pool-kab, used in the southern part of the Peninsula, could be one of the origi-
nal Mayan designations for M. beecheii.

Outside the Yucatan Peninsula, traditional stingless beekeeping only shows mod-
erate levels of development. However, an exception is the northern parts of Puebla
and Veracruz. In these regions, the Totonacas and Nahuas of the highlands cultivate
large number of colonies of the species Scp. mexicana (Fig. 9.12), with levels of
technification similar to those of M. beecheii (Quezada-Euén et al. 2001). It is puz-
zling that indigenous stingless beekeeping with M. beecheii is practically nonexis-
tent outside the Yucatan Peninsula (Foster 1942; Calkins 1974), despite the
extended natural distribution of the species in Mexico (Quezada-Eudn et al. 2007).
One explanation may be a monopolized cultivation by the Maya. However, one may
ponder different reasons why this species was more prolific, or managed with
greater success in some regions and not in others. For instance, I have seen that
dividing and reproducing M. beecheii colonies are more difficult in the humid envi-
ronments of tropical Chiapas compared to the dry lowland forests of the Yucatan.

In the northern highlands of Puebla and Veracruz native people cultivate Scp.
mexicana, locally known as Pisil-nek-mej or Taxkdt. These bees are reared in earth-
enware instead of hollow logs. Two pots of approximately 2 L united by their rims

-

1) Trigona fulviventris Muul kab Q’ _
2) Trigona fuscipennis Kuris kab ' v
3) Trigona nigra * Sak- xic l’ﬁ

4) Trigonisca pipioli Puup, Chachem ;@h

5) Trigonisca maya Puup, Chachem /&@

6) Partamona bilineata * X’nuk p f

7) Plebeia pulchra Us kab o

8) Plebeia frontalis Us kab "

9) Plebeia moureana Us kab

10) Plebeia parkeri Us kab

10) Scaptotrigona pectoralis K’an tsak x

11) Cephalotrigona zexmeniae * Taj- kab ﬁ
12) Nannotrigona perilampoides Bo’ol *

13) Lestrimelitta niitkib Limon kab, Nnt_ 'h

14) Melipona yucatanica s’ ets
15) Melipona beecheii * Xunan kab, Co el kab, Pool kab’

Fig. 9.11 Mayan names (in red) given to the different species of stingless bees in the Yucatan
Peninsula. *Denotes species whose products are used in traditional medicine
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Fig. 9.12 Traditional meliponario on the northern highlands in Puebla. Colonies of Scp. mexicana
are kept in earthenware. The bottom pot serves as brood chamber and the top as super

are used as brood chamber and super, respectively (Fig. 9.12). Not much is known
about the cosmogony and ritual significance of Pisil-nek-mej and its honey, but it is
possible that they had a cultural importance similar to maize. In the past, their honey
may have been traded or paid as tithe to the Aztecs as explained in the codex
Misantla (Garcia-Flores et al. 2013). Today, the honey of Scp. mexicana is still used
in local medicine.

Other indigenous groups like Zapotecos, Mixes, Zoques, and Popolucas of the
Isthmus of Tehuantepec use the honey of M. beecheii, Scp. pectoralis, Scp. mexicana,
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Ttr. angustula, and Fr. nigra in medicine. However, forest beekeeping is usually
practiced and there is no rational management of stingless bees in this area (Vasquez-
Davila 2009). A similar situation occurs along the Mexican Pacific coast. In the
highlands of Guerrero, the Tlapanecos keep colonies of M. fasciata (Colmena real)
in hollow logs similar to the system used for M. beecheii (Gonzalez-Acereto 2008).
However, it seems that the management of this species is only recent (Dixon 1987).
Likewise, Scp. hellwegeri (Abeja bermeja) and N. perilampoides may have been
cultivated to some extent on the Pacific coast but no evidence of ancient stingless
beekeeping with these species is available (Bennett 1964).

As the number of settlements and the population grew during the Spanish colony,
cattle ranching and agriculture expansion reduced natural forests. During this
period, the introduction of sugarcane and the possibility to use cheap sugar for
sweetening food, may have contributed to reduce the demand for stingless bee
honey (Quezada-Eudn et al. 2001).

9.2 Present Situation and Perspectives

After independence from Spain agriculture and cattle ranching continued expand-
ing greatly across Mexico (Coerver et al. 2004). More recently, the cultivation of
sisal or henequen (Agave fourcroydes) had a substantial impact on the local econ-
omy and landscape of the Yucatan. Henequen had been used since pre-Columbian
times by the Maya. However, it gained economic relevance during the second half
of the nineteenth century as a consequence of the large demand for fiber in the
United States. The economic success of henequen was unprecedented, but being an
extensive monocrop it took its toll on the forests and biodiversity of the Yucatan
Peninsula. It has been estimated that about a third of the natural forests were logged
down to cultivate henequen in the north of the Yucatan and adjacent regions that
supplied wood needed for steam-powered extraction of the fiber (Russell 2010;
Boyer 2012). The consequence of such extensive deforestation on stingless bee-
keeping, although not quantified, should have been significant.

More recently, the introduction of the honey bee and the Government’s impulse
on apiculture at the start of the twentieth century could have increased competition
for floral resources, but, probably more negative, it decreased the interest and
changed the local view on stingless beekeeping. Honey bee colonies produce at
least ten times more honey and wax, and their products were in constant demand
with a defined international market. Apiculture improved the income of peasant
farmers and was eventually linked with modernity and prosperity (Quezada-Euédn
et al. 2001). Apiculture grew to such extent in the Yucatdn Peninsula that it became
the most important honey producing area, with one of the highest densities of man-
aged colonies (17/km?) in México and the world (Quezada-Euan 2007). Such
expansion was accompanied by a gradual abandonment of stingless beekeeping that
was considered archaic and non-profitable.

In recent decades, a migration to urban areas reduced the interest in agronomic
activities in general, and Mayan farmers have turned their back on the cultivation of
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indigenous plants and animals in favor of more cost-effective species or varieties.
Recent surveys have shown a constant reduction in the number of colonies and
people involved in meliponiculture (Gonzdlez-Acereto et al. 2006; Villanueva-
Gutiérrez et al. 2013). For instance, in Quintana Roo, the number of stingless bee
colonies in meliponarios declined by 93% between 1981 and 2004 (Villanueva-
Gutiérrez et al. 2013).

Evidently, meliponiculture in Mexico had been continuously practiced from pre-
Columbian times until the present, but its importance decreased significantly over
time. By the last part of the last century it was considered at the verge of extinction
(Quezada-Eudn et al. 2001). Nonetheless, critical events together with the tenacity
of determined promoters worked together in favor of the activity. A major change
for beekeeping occurred by the end of the 1980s in Mexico, and particularly in the
Yucatdn Peninsula. Apiculture was mainly practiced in the backyards of rural
homes. An approximate 15,000 beekeepers all over the Peninsula kept apiaries of
20-30 hives with European stock in their villages. However, in 1987 this situation
changed. The Africanized honey bee, a hybrid of African and European honey bees,
was first reported in Yucatan in August 1987 (Quezada-Eudn 2007). Africanized
honey bees are more defensive and stinging incidents prompted the relocation of
apiaries outside towns, leaving Mayan villages with practically no honey producing
bees. Africanization of the honey bees in the Yucatan abruptly ended the centennial

Fig. 9.13 Main indigenous groups practicing meliponiculture in twenty-first-century Mexico
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tradition of beekeeping at home. Nonetheless, it also opened an opportunity for
stingless beekeeping to take over. Stingless beekeeping was then almost forgotten,
but with the help of academics and promoters it started to gain attention. Jorge
Gonzalez Acereto had been in contact with Professors Virgilio de Portugal Araujo
and Paulo Nogeuira Neto with the idea of using modern hives similar to those
designed in Angola and Brazil to keep stingless bees in Yucatan. From 1986 to 1990
and with the support of UADY and the MacArthur foundation, he characterized the
nests of M. beecheii and other species to design hives according to the volumes that
they use in nature. With the use of modern hives, a program started to promote sting-
less beekeeping for the backyards of rural villages. Interestingly, Maya women from
several villages got involved in this enterprise. Courses were given to groups of
farmers who wanted to learn stingless beekeeping using modern methods or the
traditional ones with jobones, respecting their culture. The popularity of stingless
beekeeping increased slowly in the Yucatan and other areas of Mexico. One impor-
tant catalyst was the contact among beekeepers and academics, impulsed by initia-
tives like the Seminario Nacional de Abejas sin aguijén in 1999, now Congreso
Mesoamericano de Abejas Nativas, devised by Margarita Medina and other enthu-
siasts. Today, indigenous groups like Ix-ek from Campeche and Tosepan Titataniske
from Puebla represent successful cases of new generation stingless beekeepers.
Noteworthy, stingless beekeeping in twenty-first-century Mexico is still mainly
practiced by indigenous peasant farmers. Thus, initiatives for rescuing and preserv-
ing meliponiculture must consider the rights of indigenous groups, local knowledge
and governance systems, in relation to bees and land, to ensure effective protection
of these resources, especially from plundering by outsiders. The main regions where
stingless beekeeping is found today are the Yucatan Peninsula and parts of Tabasco
and Chiapas (Maya), the highlands of Puebla and Veracruz (Nahua), the Huasteca in
San Luis Potosi (Huasteco), and the mountains of Guerrero (Tlapaneco) (Fig. 9.13).

Today, meliponiculture has gained great popularity. It is seen as an activity
important to maintain for cultural reasons, and stingless bee products are becoming
trendy and high-priced. Paradoxically such great popularity is becoming one of the
major threats to stingless beekeeping, particularly in the Yucatan Peninsula. Only
between 2016 and 2017 several projects to develop meliponiculture were
Government approved and more than a dozen courses were advertised on the
Internet at diverse social platforms. Unfortunately, many of those projects and
courses are in the hands of inexperienced instructors resulting in countless numbers
of colonies lost (Velednitsky 2011). Frequently, courses are only theoretical and the
essential aspect of practice is absent, with no follow-up supervision to solve prob-
lems and flaws. Related with the former is a proliferation of hive models and sizes
across the Yucatan Peninsula, many of excessive volume. It is not clear how exceed-
ing the thermoregulation capacity of colonies has contributed to colony failure, but
I suspect it is significant. Combined inexperience with lack of knowledge on the
biology and management of stingless bees has proved disastrous. Certification of
instructors and regulation of colony purchases and suppliers are urgent to avoid a
man-caused extinction vortex.
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One important aspect constraining economic revenues from meliponiculture is
the lack of an established market for the products of stingless bees and, producers
may find problems to sell them. It is also important to determine the composition of
honey, pollen and resins and to assess their use as alternative health products.
Schemes for accurate characterization of stingless bee honey are necessary to pre-
vent adulteration (Quezada-Eudn et al. 2001). Many efforts are being conducted
internationally by groups of recognized researchers and standards are being estab-
lished for different stingless bee honeys (Vit et al. 2013). The characterization of
products and the development of beekeepers’ networks may also serve to set prod-
uct prices for a sustainable market (Jaffé et al. 2015).

Extension programs for indigenous communities should also consider traditions
and beliefs as essential elements of sustainable production (Jaffé et al. 2015). This
type of approach would preserve not only the activity but also the traditional knowl-
edge associated with it (i.e., the use of honey and its medicinal properties) that is
rapidly disappearing (Quezada-Euén et al. 2018).

Colonies are scarce and in high demand, boosting the price. The price of a colony
of M. beecheii can reach $3000 MXN (the equivalent to ca. 150 USD). Unfortunately
high colony demand is resulting in the decimation of populations too. We have seen
that many of these colonies rapidly die because they have been badly divided, hav-
ing meager population and sometimes queenless. Thus, the destruction of wild
populations can become a server threat. In this regard, a way to prevent the destruc-
tion of wild colonies is by improving the methods of colony multiplication, includ-
ing queen production (Quezada-Eudn et al. 2001). It is essential to increase studies
on different species and also to assess the possibility of controlling reproduction
artificially.

The archaeological sites (Chichen-Itz4) and the Mayan Riviera have expanded
their tourist offer. Hotels and resorts are now keeping M. beecheii colonies as a tour-
ist attraction. This could be a potential way of preserving meliponiculture, provided
that the colonies are well managed and propagated. Insects can be an important
source for recreation and tourism (Lemelin 2012). Stingless bees can also be kept in
urban areas (Hill et al. 2016). There is great potential for this activity and could be
a way to preserve pollinators in the cities.

In the Yucatan, we have conducted a program to promote and rescue stingless
beekeeping (Gonzdlez-Acereto et al. 2006). A keystone in this project is a commit-
ted participation of scientists, government, and beekeepers. The results are quite
promising and we expect that this may have positive implications in other areas of
the Peninsula and Mexico. The main objective was to maintain colony numbers and
steadily increase them. For this, we followed these steps:

(a) Propose hive boxes as alternative to traditional hollow logs to facilitate manage-
ment, feeding, and harvesting of colonies. This meant designing hive models
for easy use and with the right size for the different species. However, the
decision to continue working with hollow logs is respected, and does not inter-
fere with trainining.

(b) Develop methods for controlling pests and parasites.
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Fig. 9.14 Extension courses developed for groups of Mayan women. Hands-on work should be an
important component of stingless bee courses

(c) Imparting hands-on-work courses with emphasis on methods for transference,
reproduction, and management during dearth.

(d) Develop a stock of colonies that can be given on loan to beekeepers to start their
own meliponarios.

A goal is to increase the number of skilled stingless beekeepers. To achieve this, a
few beekeepers from strategic regions can be trained to later communicate their
experience to other members in their communities. An important element of our
teaching programs is a demonstrative meliponario. The university has a large sting-
less bee yard which serves this purpose, as well as a source of biological material
for groups of beekeepers. This scheme has been useful in increasing the interest and
promoting stingless bees even in areas where they had been unknown. Colonies of
M. beecheii can be given on loan to potential beekeepers, but there is a compromise
to also take one colony of the species Scp. pectoralis or Fr. nigra. The course is
given to the recipients of colonies and constant supervision is provided for a reason-
able amount of time, usually 1 year. After this period, the aim is to have skilled
beekeepers and also daughter colonies that will remain in their property as well as
their production. The mother colonies are returned to the university. A similar
scheme of loan could be practiced from beekeepers that have large meliponaries to
other members of the community or to different communities (Gonzalez-Acereto
et al. 2006) (Fig. 9.14).

It is crucial that farmers become aware of the potential problem of moving spe-
cies and colonies across regions. As the interest in meliponiculture and the popular-
ity of M. beecheii grows there have been attempts to bring colonies into areas where
they are not native. There are many risks involved in the relocation of species rang-
ing from genetic erosion to disease spillover (Quezada-Eudn et al. 2012).
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Fig. 9.15 Liters of honey (miel virgen) from Scp. mexicana harvested by the cooperative Tosepan
Titataniske in Cuetzalan, Puebla, between 2005 and 2015

Another weakness of meliponiculture in Mexico is the limited number of sting-
less beekeepers’ organizations. Working in groups could be key to impulse the
activity, by improving the opportunities of financial support, marketing, and also to
guarantee a fair trade (Jaffé et al. 2015). In Mexico, an example of a successful
cooperative of stingless beekeepers is the Sociedad Cooperativa Agropecuaria
Regional Tosepan Titataniske in the Nahua community of Cuetzalan, Puebla
(Fig. 9.15). It is one of the largest cooperatives of indigenous people in Mexico and
probably Latin America. Their main product is “miel virgen” obtained from thou-
sands of colonies of Scp. mexicana (outside the Yucatan Peninsula the general term
“miel virgen” is used for stingless bee honey). However, Tosepan has also diversi-
fied stingless bee products, producing sweets, eye drops, soap, shampoo, and other
cosmetics using honey, pollen, and propolis as ingredients. The large metropolitan
area around Mexico city has become their main market (Sociedad Tosepan
Titataniske 2017).

To improve organization and conservation actions, it should be important to
build up a data base of stingless beekeepers and their colonies, perhaps in different
regions. This would be an essential tool to start monitoring the numbers of stingless
beekeepers as well as their colony stocks. Regional and seasonal trends can be
traced using this information and could eventually be used for the development of
selection and reproduction programs.

Recently, stingless bee products have substantially increased in urban markets.
However, one problem is that there is no certification of the origin and contents.
Doses and effects on people are practically unknown, so tests should be imple-
mented urgently. As a result of the increasing demand, it is also possible that
adulteration will start occurring with more frequency. The value of M. beecheii
honey can be up to $1200 MXN per liter (ca. 60 USD) and, less pricey A. mellifera
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honey is sometimes diluted to resemble stingless bee honey. The detection of unique
components of stingless bee honey may prevent counterfeit (Vit et al. 2004, 2013;
Catzin-Ventura et al. 2008). To stop adulteration, large-scale screenings could be
made by the approved laboratories in Mexico as implemented for A. mellifera
honey. In addition, it is crucial to obtain information on the medicinal properties of
honey and resins from stingless bees. Recently, more evidence has been found for
the antimicrobial, anti-inflammatory, anti-lipidemic, and antioxidant properties of
various stingless bee honeys (Catzin-Ventura et al. 2008; Rao et al. 2016). Toxic
properties of some honeys have been reported too (i.e., Lestrimelitta; Nogueira-
Neto 1997), but it is possible that some of their components may have medici-
nal value. The confirmation of therapeutic effects could support the status of
stingless bee products as alternative medicine and increase economic revenue
(Quezada-Eudn et al. 2001). Thus, the pharmacology of stingless bee products and
its medicinal properties should be a promising field in the future.

Stingless bee colony production for commercial pollination is yet another way to
promote the activity and provide additional income to rural families. Native sting-
less bees may be more efficient pollinators than introduced bee species especially
for some neotropical crops like tomato, pepper, squash, and avocado because they
evolved together with those plants (Cauich et al. 2004; Can-Alonzo et al. 2005;
Palma et al. 2008). Promising species to use in commercial pollination are Fr. nigra,
Scp. pectoralis, Scp. mexicana, M. beecheii, M. colimana, and N. perilampoides
(Cauich et al. 2004; Palma et al. 2008; Romero and Quezada-Euan 2013). Efficient
methods to reproduce colonies at large scales are urgently needed to fully develop
this potential application (Quezada-Euan et al. 2001). Presently, there is a national
program called “Sistemas Producto” (product system) devoted to agrarian products
that have been identified as keystone for the national economy. The Sistemas
Producto aim at increasing efficiency and competitiveness by the integration of the
different actors (links) of the productive chain. Regrettably, out of 23 crop systems,
none considers the contribution of pollination in their productive chain. This is an
important aspect to consider in the short term, to promote pollination services in
different regions of Mexico.

In general, in tropical America there is the lack of information on the biology and
taxonomic status of pollinators and their services, which is particularly serious for
bees (Freitas et al. 2009; Jaffé et al. 2015). Despite being one of the most biologi-
cally diverse countries, there are only a handful of taxonomic specialists and bee
biologists in Mexico. Measures to preserve these insects should be supported with
the development of scientific capacities (Freitas et al. 2009).

General aspects of programs for preserving pollinators can be applied for the
conservation of stingless bees in Mexico (Dicks et al. 2010, 2016; Brown et al.
2016; IPBES 2016). Mexico is part of the North American Pollinator Protection
Campaign and is developing joint schemes for the conservation of species shared
with Canada and the United States. However, a national initiative including native
species and considering the Mexican context is still needed. In Table 9.1, I summarize
some important recommendations made by various groups of specialists for the
conservation of pollinators worldwide and, include topics particular for Mexico.
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The former list is by no means exhaustive, but the objective is to provide a base
outline on which to develop a Mexican national initiative with actions that can be
measured over time. The short-term application of policies and practices should
minimize future threats and maximize future benefits (Brown et al. 2016).

It is possible that in the near future stingless beekeeping could express its full
potential in benefit of farmers and society. This vision could only be possible with
the participation, integration, and true commitment of stakeholders, beekeepers,
academics, and government.
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Annex 1: List of Abbreviations of the Genera
of Stingless Bees Used in the Book
and Recognized Species for Mexico

Presently, there are two accepted systems of nomenclature used in stingless bees
(Michener 2000; Camargo and Pedro 2007; Moure et al. 2007; Rasmussen and
Cameron 2010). In the book, I preeminently use the genera proposed by Camargo
and Pedro (2007) and Moure et al. (2007). Stingless bee genera appear abbreviated
in the book; however, I use a non-conventional system of abbreviation when differ-
ent genera start with the same letter. Here is the list of genera abbreviations used in
the book:

Apis= A.
Austroplebeia= Au.
Cephalotrigona= Cph.
Friesella= Frs.
Frieseomelitta= Fr.
Lestrimelitta= L.
Melipona= M.
Nannotrigona= N.
Partamona= Pt.
Plebeia= Pb.
Scaptotrigona= Scp.
Scaura= Scr.
Schwarziana=Sch.
Tetragonilla=Ttga.
Tetragonisca= Ttr.
Tetragonula= Ttgn.
Trigona= Tr.
Trigonisca= Tgca.

In Mexico in accordance to Camargo and Pedro (2007) and Moure et al. (2007)
16 genera of stingless bees are reported and 46 species are formally recognized
(Ayala 1999):
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. Cephalotrigona eburneiventer
. Cph. oaxacana

. Cph. zexmeniae **

. Dolichotrigona schulthesi
. Lestrimelitta chamelensis
. L. niitkib **

. Melipona beecheii**

. M. belizae.

. M. colimana.

. M. fasciata.

. M. lupitae

. M. solani

. M. yucatanica**

. Nannotrigona perilampoides™**
. Oxytrigona mediorufa

. Paratrigona guatemalensis
. Partamona bilineata™**

. Pt. orizabaensis

. Plebeia cora

. Pb. frontalis **

. Pb. fulvopilosa

. Pb. jatiformis

. Pb. llorentei

. Pb. manantlensis

. Pb. melanica

. Pb. mexica

. Pb. moureana**

. Pb. parkeri**

. Pb. pulchra**

. Scaura latitarsis

. Scaptotrigona hellwegeri
. Scp. mexicana

. Scp. pectoralis**

. Frieseomelitta nigra**

. Geotrigona acapulconis
. Tetragona dorsalis

. Tetragonisca angustula

. Trigona corvina

. Tr. fulviventris**

. Tr. fuscipennis**

. Tr. nigerrima

. Tr. silvestriana

. Trigonisca azteca

. Tgca. maya**

. Tgca. mixteca

. Tgca. pipioli**

e BEN I Y R N O R S

A A D DB BB D WL LW WL L LWL WIENNDNDNNINDLDNDNDNIND = === ===
AN A W= OOV IANUNHKEWNN—=OWOVWOJIANWUPBAWN=—,OWKIANWUBEWND—ONO

*Asterisks indicate species present in the Yucatan Peninsula



Annex 2: Nectar- and Pollen-Producing Plants
in the Yucatan Peninsula

PLANTS OF THE PRE-HARVEST

Merremia aegyptia (Convolvulaceae)
. Mayan name: 5o’ ots' aak'

Nectar production

Wide Naotropical distribution

Type: Climbing plant

Turbina corymbosa(Convolvulaceae)

Mayan name: xtabentiin

Nectar production

Found from Mexico to Colombia and Ecuador

Type: Climbing plant

a
%3?Jm‘quemoﬂ.f':-'a azurea (Convolvulaceae)

Mayan name: yaax ak

Nectar and pollen production

Found from souther US to South America

(-

S Type: Climbing plant

‘k
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NTS OF THE HARVEST

Viguiera dentata (Asteraceae)
Mayan name: tah, tajonal, tah ché
Nectar and Pollen production
Widely distributed in the Neotropics

Type: Herb

Gymnopodium floribundum
(Polygonaceae)

Mayan name: zs'iits'ilché, dzi dzil ché
Nectar production

Distributed from Mexico to Central
America

e: Small tree

Piscidia piscipula (Leguminosae)

Mayan name: ja'abin

Nectar production
Tropical areas from the south of the US to

ﬁw¢‘£ Honduras

Q , T\ ’i\ Type: Tree




Annex 2: Nectar- and Pollen-Producing Plants in the Yucatan Peninsula 275

PLANTS OF THE POST-HARVEST

Bursera simaruba (Burse

™ Mayan name: chakaj

Pollen production
Wide Neotropical distribution

Type: Tree

Senegalia gaumeri(Leguminosae)
Mayan name: box
Nectar and pollen production

Distributed in southern Mexico and
Guatemala

Type: Tree

Lysiloma latisiliquum (Leguminosae)
Mayan name: zsalam
Pollen and nectar production

Fournd from Southern U
America and the Antilles

S to Central

Type: tree




276 Annex 2: Nectar- and Pollen-Producing Plants in the Yucatan Peninsula

PLANTS THAT CAN BE USED TO FEED THE
COLONIES DURING DRAUGHT

Aloysia virgata (Verbenaceae)
Common name: lipia, residan

Nectar production

Native to the Pacific islands but widely

across Mexico

Type: Bush

Antigonon leptopus (Polygonaceae)
Common name: makal, Flor de San Diego
Nectar production

Distribution: Native to Mexico but present in
tropical
America

Type: Climbing plant

Bidens pilosa (Asteraceae)
Mayan name: k'an tumbuub
Nectar production

Native from tropical America, now found in many
parts of the world

Type: Herb
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PLANTS THAT CAN BE USED TO FEED THE
COLONIES DURING DRAUGHT

Bauhinia divaricata (Leguminosae)
Mayan name: s’ ulub rook'
Nectar production

Distribution: South of Mexico, Central
America and Greater Antilles

Type: Bush

Apoplanesia paniculata (Leguminosae)
Mayan name: chuliiul, cholul
Pollen production

Distribution: South of Mexico down to
Venezuela

Type: Tree

Cassia fistula (Leguminosae)

Common name: lluvia de oro
Nectar and pollen production

Native from Asia but widely spread
in tropical México.

Type: Tree
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PLANTS VISITED BY M. be

Thouinia pauci ata (Sapindaceae)
Mayan name: k'an chuunup
Nectar and pollen production

Found in Southern Mexico, Belize and
Guatemala

Type: Tree

Senna atomaria (Legumin
Mayan name: Tu ché

Nectar and pollen production
Neotropical distribution

Type: Tree

Psidium guajava (Myrtaceae)

Common name: pichi, guayaba

Nectar and pollen production

Neotropical distribution

Type: Tree




Annex 3: Record Sheet Template, Nest
Dimensions, and Hive Sizes for Stingless Bees
from the Yucatan Peninsula

Annex 3.1: An Example Record Template for a Meliponario

Name of Meliponario: Kanlol
Locality: Izamal

Bee species: Melipona beecheii

Date of record: 13/May/2017

Colony/

hive Queen New | Pupae Number | Phorids

number | presence | Strength | combs |combs | Total | of pots | or pests | Observations

2 Yes Strong |7 6 13 |21 No No

6 No Weak |0 3 3 110 A few | Possibly
queenless, feed
and provide
phorid traps

9 Yes Medium | 4 4 8 |17 No Feed

Annex 3.2: Nest Dimensions of Stingless Bee Species
from Yucatan

© Springer International Publishing AG, part of Springer Nature 2018
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282 Annex 3: Record Sheet Template, Nest Dimensions, and Hive Sizes...

Recommended internal dimensions of wooden hives (wood thickness at least
2.5 cm) for stingless bees from the Yucatan. Volumes (V) were calculated from data
on cavity size (diameter and length) in Annex 3.2 and using an approach to the cyl-
inder volume

(V=m 1 length):

Horizontal model TIBGA (measures are for the brood chamber, the super should be
half the height):

M. beecheii

Natural volume =7.8 L
9 cm height x 15 cm width x 55 cm length

Scp. pectoralis

Natural volume =4 L
9 cm height x 12 cm width x 40 cm length

Fr. nigra

Natural volume =2.2 L
9 cm height x 10 cm width x 30 cm length

N. perilampoides and P. frontalis
8 cm height x 9 cm width x 25 cm length
Vertical models as for Portugal Araujo-1:
M. beecheii

Brood chamber: 30 cm height x 16 cm width X 16 cm length
Super: 5 cm height x 16 cm width x 16 cm length

Scp. pectoralis

Brood chamber: 30 cm height x 12 cm width X 12 cm length
Super: 5 cm height x 12 cm width x 12 cm length

Fr. nigra

Brood chamber: 25 cm height x 10 cm width x 10 cm length
Super: 4 cm height x 10 cm width x 10 cm length

N. perilampoides and P. frontalis

Brood chamber: 20 cm height x 9 cm width x 10 cm length
Super: 3 cm height x 9 cm width x 10 cm length

It is important to note that the measures for horizontal hives are recommended
based on measures taken from natural nests. Colonies may grow in the hives and
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would need additional space. In such case supers with the same length and width
dimensions but with half the height can be provided.

In the case of Cephalotrigona zexmeniae colonies generally do not adapt well to
wooden hives unless wood of at least 4 cm thick is used. Styrene could also be used
as an additional outer cover. Hive sizes for Scp. pectoralis or M. beecheii would be
suitable for this species.
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bacteria, 109
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Deforestation, 222
Digestive tract, 65
Diploid male, 76
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migration, 257

national initiative, 266
nonalcoholic drink, 252
orientation and storage, 246
popularity, 261
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