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Foreword

The stingless bees are one of the most diverse, attractive, fascinating, conspicuous,
and useful of all the insect groups of the tropical world. This is a formidable and
contentious claim but I believe it can be backed up. They are 50 times more species
rich than the honey bees, the other tribe of highly eusocial bees. They are ubiquitous
in the tropics and thrive in tropical cities. In rural areas, they nest in a diversity of
sites and are found on the flowers of a broad diversity of crop plants. Their role in
natural systems is barely studied but they almost certainly deserve that hallowed
title of keystone species. They are popular with the general public and are greatly
appreciated in zoos and gardens. The chapters of this book provide abundant further
evidence of the ecological and economic importance of stingless bees.

Given their extreme interest, then it follows that this group must have been the
subject of a huge body of scientific research. Unfortunately, this is not the case.
Although the stingless bees contain 50 times as many species as the honey bees, the
latter have been the subject of perhaps 50 times as much research effort, as esti-
mated by published papers. We have squandered this precious natural heritage by
our lack of attention, and in our failure we have limited our use of this resource. But
this book starts to address that failure.

The chapters of this book summarize much of the current knowledge of stingless
bees and also provide new findings. The diversity of species, behaviors, and the
wide geographic range is explored in the Part I. The close relationships between
humans and stingless bees through history is the topic of the chapters of Part II. The
importance of stingless bees in agricultural and natural ecosystems derives from
their flower visitation behavior and resulting pollination; this is the focus of the third
part. The final two parts provide reviews and original research on the use and prop-
erties of the products of the hives of stingless bees, in particular the honey.

Stingless bees are an ancient source of sweetness and medicine for many indig-
enous people in the tropics, from the nomadic hunters and gatherers of northern
Australia to the mighty Mayan empire of Central America. But modern commercial
exploitation of this product has been hampered partially by a lack of information on
its properties and composition. A strength of this book is the focus on “pot-honey,”
honey derived from the pots of stingless bees, as opposed to the comb of honey
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viii Foreword

bees. Perhaps now stingless bee honey will move from locally available and start to
be seen in the global marketplace. Indigenous peoples may not have knowingly
used stingless bees as pollinators of their crops, but certainly these industrious
insects would have played an important role. Stingless bees also have an important
role to play in education. These harmless and fascinating animals can be used in
schools and universities, public gardens, and zoos, as case studies in ecological
interactions. These bees may even have economical value as pets. Housing a colony
of these bees in a city apartment provides an opportunity for urban dwellers to have
some contact with nature.

This book is one of the few specifically devoted to stingless bees. Let us hope
that it stimulates a generation of further research so that the enormous potential of
this group can be realized.

Brisbane, Australia Tim A. Heard



Foreword

Yes, we can

We live in a time when bees seem to become scarce in relation to their former num-
bers engaged in pollination and honey production. Our time is also one of competi-
tion and upset between different kinds of bees. First, in the nineteenth century, Apis
mellifera invaded the Americas and Australia. That was large-scale invasion. And in
the twentieth century and afterwards, we saw the invasion, in a larger scale, of the
African A. mellifera scutellata in the tropical and subtropical Americas, and there
was also a strong decline in the numbers of the meliponine bees.

We, the friendly breeders of stingless bees, must in some way make them recover
at least some parts of the areas already nearly lost. For doing so, we must improve
and increase our breeding of stingless bees such as Scaptotrigona and Melipona,
good for pollination. In other words we must as soon as possible improve
MELIPONICULTURE and also increase the number of colonies engaged in differ-
ent projects. We are not against any bee properly bred and cared for. However, we
must also protect meliponiculture.

For doing so, we must improve our breeding experience in MELIPONICULTURE.
This is quite possible, since in Nature, in Africa, in some places A. mellifera and the
native meliponines are present after millions of years of coexistence. However, now
in parts of tropical America, A. mellifera scutellata seems to be still gaining ground,
becoming generally the dominant bees. In such a situation it is important to publish
papers about the best ways of helping the Meliponini to survive and also to let
people know more about their life history and their potential in pollination and in
other fields.

I am glad to send my congratulations to the authors of the articles here published
and for those who organized this initiative.

Some efforts like this one are needed from time to time, for promoting the
survival of stingless bees. I would say: yes, we can save them. We really can.

Séao Paulo, Brazil Paulo Nogueira-Neto
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Introduction

Just as variety is the spice of life, it is also the source of honey. It doesn’t matter
which kind of honey. There is surely variety, and that explains many of honey’s
attributes. An average honey taken from a bee colony living within tropical forest
contains 50 plant products. Most are nectar or pollen, and some are from the stor-
age containers or food pots, from which this volume takes its name. A few com-
pounds, such as hydrogen peroxide, honey’s valuable antibiotic, form within the
honey itself, while others derive from plants or the bees themselves. Now, what is
there to explain about pot-honey?

Here is a scholarly and lively collection of facts and important insights from
people across the world to answer that question. It is explained, as it should be, by
ajourney across cultures, continents, scientific exploration, and time—a represen-
tative sample of knowledge, studies, and applications, some ancient and others
nascent. For instance, as we develop analytical techniques both for sequencing
honey-making bee genes and reliably defining and characterizing honey, we are
exploring ways to market honey and protect the environment it comes from. This
is only the beginning. Our human repertoire of honey uses and cultivation tech-
niques can be matched with cultures from Australia to Argentina, from Mexico to
Ivory Coast, and from India and Indonesia. This enterprise proffers revelations
that few other culinary/linguistic/tribal/cultural/scientific studies can offer.

To begin with, honey from insects is a novel feat. As humans, we have a fondness
for this food (and drink—as explained herein) that is deep. At the peak of social
evolution in insects there is honey. It seems curious that certain bees, wasps, and
ants, truly social with long-lived colonies of a queen and workers, are the sole man-
ufacturers of honey on the planet. Yet we take them for granted. There is not long to
study some of these unique and natural honeys, before their makers waver on the
edge of extinction, and then are no more. Why? Because they are denizens of the
tropics and the world’s remaining wildlands.

Most honey comes from bees, but not the bumble bees or the honey bees. The
tropical and stingless honey-making bees, the Meliponini, are the original and still the
predominant makers of honey. Those stingless bees are not a close relative of Apis,
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Xii Introduction

the stinging honey-bee of wide renown. Biology of the two kinds of honey-making
bees diverged some 100 million years ago, now revealed in biogeographic and molec-
ular information that provides conclusive evidence.

The stingless bees invented honey. Not so many years ago, books on bee
keeping would lay down the theme that there are only four honey bees on earth,
then describe methods for bee keeping, and mead making, candlemaking and
honey extraction, mostly in the temperate zone and since the Middle Ages. That
pattern of presentation is now obsolete. We now contemplate there being a
dozen living honey bee species. With the stingless bees, formerly “known” to
contain about 200 species, we are surpassing 500 well-codified individual ways
of being stingless bees—some actually larger than any honey bee—and many
having powerful defense methods. With more exploration of tropical forests and
other remote areas, such as the vast Australian “Outback,” the number will soon
eclipse that figure.

Stingless bee honey is unique not only for its origin in the rich vegetation of
native environments but also for its unusual degree of sweetness, sourness, acidity,
and a host of other qualities that we have studied. One of them is “medicinal value.”
Another feature is the resin or “propolis” that is a part of the entire nesting home
of a stingless bee colony. It is definitely an important ingredient in biology and
food. Some stingless bees protect and, in turn, are fed and nurtured by bugs. The
bugs feed on plant phloem and provide sugars and sustenance to a few species of
meliponine bees. Another factor is the microbes. The rainy tropical forests in which
stingless bees thrive, as well as some of the dry and hostile regions they can exist
in, challenge the procurement and storage of concentrated sugar in a nest. If the
predators do not locate this rich resource, the microbes and micro-predators most
certainly will. Yet stingless bees survive. We find they are protected in multiple
ways, by behavior and nesting habits, and their health in the environment has a
long history of compatibility, if not co-option, with other organisms and many
plant materials.

How many kinds of honey exist in the world? Take the number of stingless bee
species, multiply this by the number of seasons in the tropical or subtropical year
(wet and dry, for the most basic), and then multiply this by a number including
combinations of 20-50 pollen types. Of course, in an environment that has fewer
flowering plant species, or where invasive honey bees are taking many of the flowers
that the two bee groups compete for, that number is reduced. Indeed, a traditional
scientific application of pollen study to the honey of bees has been in the identification
of a single, predominant resource in a honey sample. Such “unifloral” honey is an
economic standard, verified clearly by pollen identified in the honey, which permits
commercialization and unquestionable legitimacy. Other kinds of honey are difficult
to categorize in such a straightforward way. They are the flavor of the tropics. They
come in too many varieties for superficial scrutiny, other than to state that they are
diverse. A connoisseur would notice the difference. “Native honeys,” as we find
them, are a remarkable kaleidoscope of bouquet, aroma, flavors, aftertaste, and even
texture. Such sensorial adventure begins with both botanical and entomological
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origin, often with an added benefit from their matrix of human cultural experience,
in which they are embedded.

From a human point of view, stingless bees in Asia (Indonesia and Malaysia)
are “the bees that remove sticky substances form their legs,” the “galo galo”, or
the “flute bees” with the long, tubular nest entrance, or the “beer bees,” whose
fermenting honey encourages the production of alcohol, in a container of bee
nests and water. Much the same is true for Africa, and the Australian stingless
bees have a multitude of uses and metaphors attached to them. In the American
tropics, they are frequently the garden bees—those kept close at hand for a case
of sore throat, or a home remedy conferring stamina or at very least, well-being.
A remarkable dose of needed sweetness, with which to surrender all pessimism
and doubt.

On the other hand, an astringent tang in the back of the throat and a near convul-
sion of shock with sweetness combined with something nearly its opposite is famil-
iar to those of us who have consumed buckwheat honey. It is a monofloral honey
that honey bees produce in Asia, where Apis cerana and Fagopyrum (Polygonaceae)
are native. It is heavily laced with phenolic compounds. This general quality is per-
haps the rule, rather than the exception, among the stingless bee honeys in our
increasingly homogenized and monofloral world. However, the herbicide-treated
and cleared plantations and orchards have given stingless bees, and other bees, a
pasture that is more or less uniform, and it has flowers for only a part of the year. Its
honey may be harvested, and appreciated, as something fairly novel. But it is far
from natural.

Still basically unknown, despite multicultural and multigeographic recognition,
are the honey and other so-called “hive products” of most stingless bees. Like the
perfumed essences emitted by orchids and many flowers, they may soon vanish
forever. They are, first and foremost, the most biodiverse products that nature has to
offer. What are they worth, both scientifically and culturally? Further, how much
have we, and the myriad other species that interact with them lost, if they are
neglected, abused, and consigned to extinction? These are essential and pressing
questions that we hope the reader will pursue with us.

Honey is a rare element of science and nature. What components or synergisms
explain each mechanism of action? Is the greater water content of stingless bee
honey a defect in quality, as would be recognized in A. mellifera honey, or an
important medicinal factor? Sugar and water hold the invisible (and visible, with
pollen grains) structure of honey—to arrange metals, secondary metabolites,
microbes, chemical residues and final products, after processing by the bees in
their nests. Genuine and false honey are simple comparisons, seen immediately
by what is present and what is lacking. Honey is used as food, and as our cosmet-
ics and medicines. The little bubbles in pot-honey suggest that ethanol is in the
stingless bee storage pots, but in very low concentration. Modern technology has
a wide range of applications to discern whether chemical compounds such as
unique flavonoids, organic acids, or oxidative reactions in honey influence the
immune system or interfere with cancer onset and progress. The Meliponini
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introduce the reader to a fascinating world of the woodland bees and their ceru-
men pots, in which honey and pollen are kept. Our well-known 94-year-old men-
tor—admiring the first stingless bee he saw alive Trigona (Tetragonisca) angustula
Latreille—said that this bee was special “because it is small, gentle, pretty, in
Panama often nests in cavities in buildings in towns, makes excellent honey and
does not visit filth.” Dr. Michener was correct. Biodiversity and similar admira-
tion for the local species of meliponines are found in the following chapters
describing stingless bees from Australia, Venezuela, French Guiana, Guatemala,
Costa Rica, Argentina, and Mexico. Two chapters examine the possible roles of
microorganisms living with stingless bees, and consider whether fermentation is
a mutualistic interaction between yeasts and bees. Strategies in communication by
stingless bees to locate, collect and process food in competitive niches are devel-
oped in two chapters. Historical views communicate the high valuation of sting-
less bees and their pot-honey, medicinal uses by Mayans, entomological
descriptions in the oldest Brazilian report, and melittology and Melipona bee
scientific heritage, which has a legacy of at least 4000 years. Afrotropical sting-
less bees are treated from a taxonomic perspective used by traditional healers,
naturalists and systematists. Conservation of stingless bees is presented as a chal-
lenge in Africa and Mexico, where human disturbance and habitat fragmentation
propel Meliponini and many organisms toward depletion or extinction. Pollen
spectra and plant use by stingless bees for food and nesting are surveyed, with
new details and analytical techniques. The sensory descriptions of pot-honey are
accompanied with chapters on physicochemical analysis of pot-honey from bees
in Australia, Bolivia, Brazil, Colombia, Guatemala, Mexico, and Venezuela—
including microbial, nutritional, and metal composition—an electronic nose, non-
aromatic organic acid profiles, and Nuclear Magnetic Resonance. The flavonoid
studies show that meliponine pot-honey from Venezuela, Australia, Brazil, and
Bolivia is richer in flavonoid glycosides than A. mellifera honey. Bioactivity of
pot-honey considers antioxidant value, cancer prevention and therapy, and anti-
bacterial properties of Latin American and Thai pot-honey, and a review on immu-
nological properties of bee products. Propolis collected by stingless bees from
Bolivia, Philippines, Thailand, and Venezuela also is characterized. A closing
chapter on major initiatives of production, and marketing in some parts of Brazil,
moves our attention toward sustainable economics and principles that would
benefit with increased commercial availability and consumption of pot-honey.

Human emotion and reaction to pot-honey indicate the evolution of natural con-
tact between bees and our species. Sensory attributes of color, taste, texture, odor,
and aroma are explored in detail. Pot-honey, as a healthy product, may someday
follow millennia-old Traditional Chinese Medicine in the patterns of human
response, ecology and cultural use.

The inimitable Professor Camargo left a generous contribution placed here as a
seminal chapter of this book. His authentic respect for the local names and cultural
uses of the bees were instrumental in producing that which authors heard as a call
to offer their insights and research findings.
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Future generations may have more ideas than time to further develop the science
of pot-honey and decipher the messages carried, in monastic silence, by the bee
chefs within their cerumen alchemist cauldrons.

Meérida, Venezuela; Sydney, Australia Patricia Vit
Ribeirao Preto, Brazil Silvia R.M. Pedro
Balboa, Panama David W. Roubik
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Part I
Origin, Biodiversity and Behavior
of the Stingless Bees (Meliponini)



Chapter 1
The Meliponini

Charles D. Michener

1.1 Introduction

The stingless bees are a primarily tropical group of over 500 species (and possibly
100 more as yet undescribed). The pot-honey that they produce is the main subject
of this book. Given that bees are so well known for their stings, stinglessness among
bees seems rather sensational. The term “stingless bee” requires some examination,
however. First, all male bees are completely stingless; the sting is a modified ovi-
positor, a structure found only in females. Second, the parts of the sting of stingless
bees are actually present, much reduced and modified and not functional for sting-
ing. Third, there are various other groups of bees whose females have reduced and
nonfunctional stings. For example, females of the common bee genus Andrena have
stings that are too small to be used as stings, and the very different bee genus Dioxys
and its relatives have the most reduced stings of all bees, smaller than those of the
“stingless bees.” Nonetheless, the term stingless bees is well established for the tribe
Meliponini and we will use it for this group of primarily tropical bees.

The stingless bees, like the well-known honey bees (tribe Apini, genus Apis) and
unlike the thousands of species of other bees, live in more or less permanent colo-
nies made up of workers (modified females) and usually only one female reproduc-
tive, the queen, for each colony. Thus females appear in two castes, workers and
queens. Of the many kinds of bees, the stingless bees are the only ones that have
long-term (sometimes called permanent) colonies, morphologically different worker
and queen castes, and also reduced stings (so cannot sting).

To clarify the position of bees within the order Hymenoptera: there is a large
group within that order in which the ovipositor no longer functions to place eggs,
and is typically modified into a sting. Members of this group are called the aculeate
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Hymenoptera or the Aculeata, which includes the bees, ants, and wasps. One major
group of Aculeata consists of those with the pronotum short, not reaching the tegu-
lae but forming a rounded lobe below each tegula. These were long called the
superfamily Sphecoidea, the sphecoid wasps and the bees. More recently and cor-
rectly they are called the Apoidea, the apoid wasps and the bees. The bees, techni-
cally the Apiformes or Anthophila, are an apparently monophyletic group of the
Apoidea. They differ from the apoid wasps in that they no longer sting prey to feed
their larvae but depend instead on other foods, nearly always pollen, as their major
protein source, and they have at least some branched or plumose hairs and com-
monly other structures that may facilitate pollen collecting as well as nectar gathering
(Michener 2007; Engel 2011).

The bees are divided into several families (seven according to Michener 2007),
one of which is the Apidae, which includes the large subfamily Apinae, within which
is the tribe Meliponini. Recognition of the Meliponini is usually easy, although a few
other groups of bees resemble that tribe superficially. A bee collector in tropical
America, who may be taking the common stingless bees from the collecting net with
fingers, will occasionally be surprised by a sting from a similar looking bee of the
tribe Tapinotaspidini, usually of the genus Paratetrapedia. The Meliponini belongs
to a monophyletic group of four tribes (Apini, Meliponini, Bombini, and Euglossini)
known as the corbiculate bees because their females have a corbicula (Fig. 1.1) on
each hind tibia (except that queens of the first two tribes listed lack corbiculae, as do
workers of a few species that live by taking carrion or by robbing nests of other sting-
less bees). The corbicula is a large smooth area, often concave, margined by fringes
of long hairs. It is used to carry pollen or sometimes other substances into the nest.
The Meliponini can be differentiated from all other bees by the lack or weakness
(relative to other veins) of the submarginal crossveins and the second recurrent vein
in the forewing (Fig. 1.2). As in the Apini, the hind tibial spurs are absent (Fig. 1.1).

The beginner, seeking to recognize stingless bees, should know that while some
Meliponini of the genus Melipona are as large as or even larger than the common
honey bee (Apis mellifera Linnaeus), the great majority are much smaller. Perhaps
the smallest is a Madagascar species of Liotrigona whose workers are as small as
1.8 mm in length. Many particulars about Meliponini can be learned from Nogueira-
Neto (1953, 1970, 1997), Roubik (1989, 2006), and Wille (1983).

1.2 Classification

Some earlier authors (e.g., Lepeletier de Saint-Fargeau 1836; Dalla Torre 1896) placed
all Meliponini in a single genus, Melipona. Others (e.g., Smith 1854; Michener 1944;
Schwarz 1948) recognized two major genera, Melipona for the species now placed in
that genus and Trigona for all the rest of the Meliponini except a few robber species
commonly placed in a separate genus. Trigona in this broad sense is very diverse, not
monophyletic, containing species with different relationships to Melipona, and it
becomes evident that it should be broken up into smaller and more homogeneous units.
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Fig. 1.1 Outer side of hind
tibia and basitarsus of worker
of Trigona (Trigona)
amalthea (Olivier) showing
the corbicula and the lack of
tibial spurs, as well as the
lack of the auricle (and pollen
press) found in Apis
(prepared by Sara Taliaferro,
based on Michener 2007)

corbicula

Y

Several groups were named as subgenera of Trigona but in 1946 and thereafter Moure
elevated subgeneric groups to the status of genera and described various new genera.
The genus-group names, i.e., generic and subgeneric names, are listed below.

The status of many names is unsettled; Moure’s followers consider nearly all the
named supraspecific taxaas genera while others (Michener 1990,2007; Sakagami 1975)
place many, rather subjectively, as subgenera of a moderate number of genera. The
authors of different chapters of this book show different opinions on some such mat-
ters. For example, Austroplebeia australis is the same species that in another chapter
is called Trigona australis.

While the Meliponini are found in all parts of the tropical zone except many Pacific
islands, no genus occurs throughout that zone. For our purposes, there are three tropical
regions in the world: the American tropics (= Neotropics), sub-Saharan African
(= Afrotropical region), and the Indoaustralian (= Austroasian) region. For convenience
the meliponine taxa are listed below, for each of these three regions. The number of
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Fig. 1.2 Wings of Melipona fasciata Latreille (above) and Euglossa cordata (Linnaeus) (below).
The latter shows the wing venation of most bees, with arrows marking the vein segments that are
weak or absent in the Meliponini (prepared by Sara Taliaferro, based on Michener 2007)

species shown in parentheses after each taxon must be viewed with some caution
because distinct new species must exist, and especially because in the Meliponini there
appear to be numerous cryptic species not yet recognized. The number of species listed
is derived, with some adjustments, from Camargo and Pedro (2007) for the Americas,
from Eardley (2004) for Africa plus Pauly et al. (2001) for Madagascar, and from
Rasmussen (2008) for the Indoaustralian region. Synonymous names shown in the lists
below after equal (=) symbols are of two types. Some are absolute synonyms. Others
are synonymized by judgment. An example of the latter is Celetrigona which can be
used for a distinct group which is here included in Trigonisca.

Regardless of possible deficiencies in the lists, they clearly show the great diver-
sity of stingless bees in the American tropics (over 400 species) where, in many
localities, they are the most abundant bees, hence presumably the most important
pollinators. They also show the much smaller and less diverse meliponine fauna in
Africa, with that of the Indoaustralian region intermediate.
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Neotropical Meliponini are found northward to Cuba and the states of Tamaulipas
and Sonora in Mexico, and southward to Buenos Aires Province, Argentina. The
species are listed by Camargo and Pedro (2007) and identification of species is
facilitated by keys and descriptions in numerous revisional papers such as Schwarz
(1948) and many excellent revisions by Camargo and his associates, such as Camargo
and Pedro (2009), as well as by regional studies such as Schwarz (1938) for Guyana
and Ayala (1999) for Mexico. The genus-group taxa are listed below; subgenera are
indented, and as indicated above the number of species is shown in parentheses.

Cephalotrigona Schwarz 1940 (5)
Lestrimelitta Friese 1903 (20)
Melipona Illiger 1806 (= Micheneria Kerr, Pisiani and Aily 1967, Michmelia Moure 1975,
Melikerria Moure 1992, and Eomelipona Moure 1992) (72)
Meliwillea Roubik, Lobo and Camargo 1997 (1)
Nannotrigona Cockerell 1922 (10)
Nogueirapis Moure 1953 (3)
Oxytrigona Cockerell 1917 (11)
Paratrigona Schwarz 1938 (= Aparatrigona Moure 1951) (34)
Paratrigonoides Camargo and Roubik 2005 (1)
Partamona Schwarz 1939
Parapartamona Schwarz 1948 (7)
Partamona Schwarz 1939 s.str. (= Patera Schwarz 1938) (32)
Plebeia Schwarz 1938
Plebeia Schwarz 1938 s.str. (= Mourella Schwarz 1946 and Friesella Moure 1946) (42)
Scaura Schwarz 1938 (= Schwarzula Moure 1946) (7)
Schwarziana Moure 1943 (2)
Scaptotrigona Moure 1942 (= Sakagamilla Moure 1989) (22)
Trichotrigona Camargo and Moure 1983 (= ?Frieseomelitta) (1)
Trigona Jurine 1807
Duckeola Moure 1944 (2)
Frieseomelitta Thering 1912 (16)
Geotrigona Moure 1943 (21)
Tetragona Lepeletier and Serville 1828 (= Ptilotrigona Moure 1951 and Camargoia Moure
1989) (19)
Tetragonisca Moure 1946 (4)
Trigona Jurine 1807 s.str. (= Amalthea Rafinesque 1815, Aphaneura Gray 1832, and
Alphaneura Gray 1832) (32)
Trigonisca Moure 1950 (= Celetrigona Moure 1950, Dolichotrigona Moure 1950, and
Leurotrigona Moure 1950) (43)

Frieseomelitta, Duckeola, and Tetragonisca, along with the genus Trichotrigona,
may constitute a genus Frieseomelitta, separate from Trigona; their separation from
Trigona is indicated by the phylogenetic study of Rasmussen and Cameron (2010).
The same study shows Lestrimelitta among the species of Plebeia, making the latter
paraphyletic. These matters should be investigated further.

Sub-Saharan or Afrotropical Meliponini are found from Senegal, Niger, and
Eritrea on the north to KwaZulu-Natal Province, South Africa, and the whole of
Madagascar on the south. The species are listed and revised by Eardley (2004). The
genus-group taxa are listed below; subgenera are indented.
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Cleptotrigona Moure 1961 (1)

Dactylurina Cockerell 1934 (2)

Hypotrigona Cockerell 1934 (4)

Liotrigona Moure 1961 (9)

Meliponula Cockerell 1934
Axestotrigona Moure 1961 (2)
Meliplebeia Moure 1961 (= Pebeiella Moure 1961 and Apotrigona Moure 1961) (7)
Meliponula Cockerell 1934 s.str. (1)

Plebeina Moure 1961 (1)

Indoaustralian or Australasian Meliponini are found from India to Taiwan and
the Caroline Islands (perhaps introduced) and from southeastern China to New
South Wales, Australia. The species are listed by Rasmussen (2008). Identification
to the genus and subgenus levels should be facilitated by the keys of Moure (1961)
and Michener (2000, 2007). Identification to the species level is made possible by
revisional works such as, for the Asian region, Schwarz (1937, 1939) and Sakagami
(1975, 1978), and for Australia, Dollin et al. (1997). The genus-group taxa are listed
below (with some advice from the late S.F. Sakagami).

Austroplebeia Moure 1961 (9)
Heterotrigona Schwarz 1939
Geniotrigona Moure 1961 (3)
Heterotrigona Schwarz 1939 s.str. (3)
Sundatrigona Inoue and Sakagami 1995 (= Trigonella Sakagami and Moure 1975) (2)
Homotrigona Moure 1961 (4)
Lepidotrigona Schwarz 1939 (12)
Lisotrigona Moure 1961 (4)
Lophotrigona Moure 1961 (1)
Odontotrigona Moure 1961
Odontotrigona Moure 1961 s.str.(1)
Tetrigona Moure 1961 (5)
Papuatrigona Michener and Sakagami 1990 (1)
Pariotrigona Moure 1961 (1)
Platytrigona Moure 1961 (6)
Tetragonula Moure 1961
Tetragonilla Moure 1961 (4)
Tetragonula Moure 1961 s.str.(32)

1.3 Biology

All stingless bees live in colonies, as already indicated, consisting of dozens to tens or
hundreds of thousands of workers, and usually only one queen. At any one time a few to
many males may or may not be present in such a colony. Contrary to honey bees (Apis),
males are usually similar to workers in size and appearance and queens, quite different.
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Major works exist on the biology of stingless bees, including such matters as nest
construction and resultant structures, defense, foraging, reproduction, caste, and sex
determination, as well as culture (meliponiculture) by humans, uses of their honey
and cerumen (a combination of plant resin with bee wax) importance as pollinators,
etc. Schwarz (1948) undertook the great task of presenting and summarizing every-
thing then known about meliponine biology. Other good book-length accounts of
meliponine biology and importance to humans are by Nogueira-Neto (1953, 1970,
1997); the last in particular contains a very extensive list of publications on the biol-
ogy of stingless bees. A review article covering the same fields is by Wille (1983).

1.3.1 Reproduction

There is no solitary phase in meliponine life history; colony life is continuous. When
a colony is dividing, workers from the parent colony fly to a new site and prepare it
as a nest, carrying construction materials and food there in repeated trips. A nest
entrance of the form characteristic of the species is often or always constructed first.
Eventually a new, often unmated, young queen flies to the new nest from the parent
colony. The queen soon mates, sometimes within the new nest. For some time
(weeks or even months) workers continue to fly back and forth carrying materials
from the parent nest to the new one, until eventually such contact ceases and the new
colony becomes independent. Wille and Orozco (1975) described the events in the
founding of a new colony of Partamona orizabaensis (Strand) (originally identified
as Trigona cupira Smith) in which interchange continued for 6 months. During this
process as well as at other times many males, often from other colonies, assemble
nearby or hover near the nest entrances, presumably attracted by pheromones pro-
duced by young queens.

1.3.2 Foraging

At a nest entrance workers can constantly be seen carrying pollen, nectar, or con-
struction materials into the nest. The foods go into pots, usually made of rather soft
cerumen. Pollen and honey (made from the nectar) are placed in separate pots, not
mixed. Of course it is this honey, in pots, that is the main subject of this book.
Communication for the collection of food by various species is summarized by
Aguilar-Monge (2004) and in this book, in Chap. 12.

The above is written as though all stingless bees, like most other bees, collect
their foods (nectar and pollen) from flowers and carry the foods to the nest where
the larvae are fed. A few stingless bees deviate from this pattern. Some are known
to visit scale insects (Coccidae) and collect their wax and honeydew. Nests of
Plebeia (Scaura) timida Silvestri are in cavities of living plants and contain scale
insects that provide a domestic source of honeydew (Camargo and Pedro 2002;
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Camargo 2008); this bee collects only pollen, not nectar, from flowers. Species of
Plebeia subgenus Scaura have enlarged hind basitarsi with which they collect pol-
len from leaves or other flat surfaces onto which they have drifted from flowers
above (Camargo and Pedro 2002). Some and perhaps most meliponines will occa-
sionally rob from damaged nests of the same or other species, carrying away honey,
pollen, provisions from brood cells, and construction materials. Species of the gen-
era Lestrimelitta in the Neotropics and Cleptotrigona in Africa carry such behavior
to the extreme; they do not visit flowers but live by mass robbing of nests of other
species of stingless bees, from which they carry food and nest-making materials to
their own nests (Sakagami et al. 1993; Portugal-Aradjo 1958). Trichotrigona, known
from only one locality, may also live by robbing, apparently by individuals solitarily
entering host nests (Camargo 2008). Trichotrigona nests contain no food storage
pots, the host apparently providing for that need.

Carrion is sometimes visited by stingless bees for the liquid or bits of solid mate-
rial. Three species, however, the group of Trigona (Trigona) hypogea Silvestri, do
not collect from flowers, have reduced corbiculae, and their protein source is carrion
rather than pollen (Roubik 1982). Of course “honey” from such bees (or from those
that use feces for construction materials) is not appropriate for human
consumption.

Many stingless bees, especially small species, are attracted to perspiration of
humans and other animals. People in most tropical areas are well aware of these
pestiferous insects. More should be learned about the very minute bees (1.8-3.3 mm
in length), particularly of the genera Trigonisca, Hypotrigona, Liotrigona,
Lisotrigona, and Pariotrigona. Some of these bees can be frequent pests on perspir-
ing humans but, although they carry pollen, they are not very commonly seen on
flowers. In Southeast Asia bees of the last two genera listed above are not com-
monly attracted to perspiration but are attracted to eyes and collect tears of mam-
mals (including humans), birds, and reptiles (Bénziger et al. 2009). Tears are high
in protein and appear to be a significant source of food for these bees. Behavior of
the minute bees of other continents should be investigated further.

1.3.3 Nests

Data on the nest structure of many species is provided by Wille and Michener (1973).
An account of nest structures, their evolution and variability, as well as their func-
tions in defense, temperature control, and the like is given by Roubik (2006). For nest
construction, stingless bees secrete wax from the dorsal surface of the abdomen, and
collect gum and resin or propolis from vegetation. Rich sources include secretions
around cut or broken branches and gum secreted as a result of biting off bark and
young shoots by the bees themselves. Such damage to citrus trees by Trigona
(Trigona) is well known. Mixtures of these materials for nest construction are
called cerumen. Certain species, and for certain parts of the nest, such cerumen is
supplemented with mud, feces of vertebrates, probably bits of carrion, etc.
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Various combinations of these materials appear to be used to produce the hard and
tough, hard and brittle, to soft and pliable cerumens used in construction of the vari-
ous sheets, pillars, pots, cells, etc. of the nest.

Nest sites vary widely. Many species use hollows, usually in tree trunks or large
branches. Such hollows, usually caused by rot, are favored if they have small
entrances that can be narrowed and if any extra openings can be closed by the bees’
construction activities. Some species appear to prefer cavities of other kinds, for
example in limestone cliffs or in constructs by humans (Bénziger et al. 2009, 2011).
Thus some species, especially small forms, are common in villages or towns where
their nests are frequent in cavities between walls of buildings or in other sorts of
man-made cavities. Examples are Trigona (Tetragonisca) angustula (Latreille) and
Tetragonula fuscobalteata (Cameron). Such species may not have a preference for
the types of cavities found in buildings; they may merely tolerate a wider variety of
locations and cavity sizes and shapes than do most species. For the Meliponini as a
whole, the cavities used vary from huge in the trunk of a forest tree for a large spe-
cies with large colonies to the abandoned burrow of a cerambycid beetle for a small
colony of a minute species of Trigonisca.

Other species nest in the ground, perhaps in cavities resulting from rotting of
large roots or from activities of rodents, ants, or other animals. Probably the bees
enlarge and modify such cavities, but there is no evidence that the bees ever start at
the surface and dig a nest cavity in the ground.

Some species, however, do make their own nest cavities within exposed nests of
ants or termites. Workers from a parent bee colony construct a typical nest entrance
projecting from a termite or ant nest, and then dig to construct a cavity and nest,
keeping it constantly lined to exclude the hosts from the growing bee nest inside the
host’s nest. Such behavior seems to have originated independently in diverse groups
of Meliponini. Arboreal termites (Nasutitermes) are the hosts for Plebeia (Scaura)
latitarsis (Friese) in the Neotropical region (Wille and Michener 1973); arboreal
leaf nests of ants (Camponotus) are hosts for Paratrigona peltata (Spinola) in Costa
Rica while ants (Crematogaster) are the hosts for Heterotrigona (Sundatrigona)
moorei (Schwarz) in Thailand and Sumatra (Sakagami et al. 1989).

Some Meliponini do not nest in preformed cavities or in nests of other social
insects, but they make their own “cavities” by constructing exposed walls surround-
ing a space in which they live. For example, some species of Partamona make nests
against walls, cliffs, or tree trunks. Such a nest looks as though someone had thrown
a large glob of mud against a vertical surface, but of course the bees constructed the
nest by carrying mud, wax, cerumen, etc. Other species construct nests, sometimes
very large, by building on or around small tree branches so that the nest is exposed
on all sides. An excellent example is Trigona (Trigona) corvina Cockerell, whose
thick, hard nest walls consist largely of bees’ feces full of pollen exines (Roubik and
Moreno Patifio 2009).

While the nests of stingless bees are rather diverse in structure, they all follow a
basic pattern shown in Fig. 1.3. They are the most complex of bee nests. The heart
of the nest, usually more or less in the center of the nesting cavity, is the brood
chamber, containing the brood cells in each of which one bee is reared from egg to
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Fig. 1.3 Diagram of a stingless bee nest in a hollow tree trunk with parts labeled (modified from
Nogueira-Neto 1970). The elongate food storage pots shown are unusual; they are more often
irregularly spherical (prepared by Sara Taliaferro, based on Michener 2007)

emergent adult. Thereafter the cell is destroyed. The cells, which open upward
(or laterally in Dactylurina) are provisioned, an egg is laid in each (normally by the
queen), after which the cell is closed; there is no progressive feeding of the larva.
The cells are commonly arranged to form a stack of horizontal combs, sometimes
joined to form a broad spiral. In Dactylurina, however, cells are in vertical combs
arranged much as in Apis. And in scattered taxa among the Meliponini the comb
arrangement is to varying degrees lost so that cells are in clusters. It is the species
with cells in clusters that utilize small and irregular cavities, sometimes with the
brood cells dispersed in different subcavities.

Workers and males are reared in similar cells in the same cluster or comb; queens
come from a few larger irregular brood cells, except in the genus Melipona in which
queens are produced in ordinary brood cells among the cells producing other castes.
In that genus the queens are unusually small; there is no evidence that they receive
any special treatment during development and they are produced (and destroyed) in
considerable numbers. This leads to the conclusion that the female castes are deter-
mined genetically in Melipona whereas in other Meliponini the larger amounts of
food provided in their large cells appear to produce queens.
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Surrounding the brood chamber is the involucrum. It is frequently laminate, that is,
made up of several layers with or without spaces between them in which bees can
move about. The involucrum is absent in some species that have brood cells in clusters
rather than combs. Outside the involucrum, in one or more clusters or even in a partial
layer, are the food pots where honey and pollen are stored. Of course the honey pots
and their contents are the main topic of this book. The pots vary among species in size
and shape (unusually elongate in Fig. 1.3) but are always much larger than brood
cells. Surrounding the whole nest, that is outside the storage pots, is a layer of batu-
men, which is hard gray, brown, or black material, often with a thin, brittle outermost
layer that breaks if disturbed, allowing rapid exit of many bees for defense. In a cavity
batumen may include a single lining layer often less than a millimeter thick that
smooths irregularities in the wood or soil walls. To close off excess space the batumen
may form a thick layer. For example in a long hollow in a tree trunk, strong batumen
plates above and below the nest may close off the nest area from other parts of the
hollow (Fig. 1.3). The strong and usually laminate outside walls of exposed nests are
batumen; in part of the nest laminate batumen may grade into the laminate involu-
crum. An entrance tube, usually opening in the nest outside the involucrum, extends
to the outside world by an entrance that varies widely among species and, except for
exposed nests, is usually the only outside indication of the presence of a nest.

It may be that scarcity of suitable nesting cavities has been a limiting factor for
Meliponini. Since small and irregular cavities are more frequent than larger cavities
that can be appropriately closed off, it is not surprising that minute size appears to
have arisen repeatedly among stingless bees. Or perhaps small size characterized
some ancestral Meliponini. Often small size is accompanied by brood cells in clus-
ters, not surrounded by an involucrum. However, brood cells of A. australis (Friese)
are in large clusters, with an involucrum, in rather large cavities (Michener 1961).

1.3.4 Defense

Defense is a significant function of stings in many aculeate Hymenoptera, but of
course not for stingless bees. Strong nest structure, difficult to penetrate, must be
important. Attacks on intruders by worker stingless bees, however, cannot be ignored.
Especially in species that construct exposed nests, workers can swarm out of the nest
in large numbers. They get into the hair, eyes, ears, and sometimes under clothing.
They crawl about, bite, are sticky, and some say they have offensive odors. Particularly
objectionable are species of Oxytrigona (they do not have exposed nests). From
enlarged mandibular glands they bite a liquid containing formic acid into the skin.
The result is severe pain (hence the name fire bees) and long-lasting lesions.

Defense against parasitic and predaceous arthropods must also be important for
stingless bees. That the nests are completely sealed except for small and easily
guarded entrances suggests that natural enemies have played a role in the evolution
of meliponine nesting behavior. Of course foraging workers are subject to the usual
predators of flying insects and floral visitors.
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1.4 History and Phylogeny

The fossil record for bees is very incomplete. Nonetheless a few fossil Meliponini
have been found. The oldest, and it may also be the oldest fossil bee, is the Late
Cretaceous (about 70 million years ago, Mya) Cretotrigona prisca (Michener and
Grimaldi) from New Jersey amber. This species is surprisingly similar to Trigona
(Trigona) of the American tropics (Michener and Grimaldi 1988; Engel 2000).

Two genera of stingless bees are known from the Eocene (44 Mya) Baltic amber.
The species are Kelneriapis eocenica (Kelner-Pillault) and Liotrigonopsis rozeni
Engel. Both species are minute (body length little over 3 mm) and have greatly
reduced wing venation like the recent minute Meliponini. Engel (2001a, b) provided
a detailed account of these species.

More recent fossil Meliponini include the several species of the extinct genus
Proplebeia Michener from Miocene (15-20 Mya) amber in the Dominican Republic
and southern Mexico (Camargo et al. 2000). Except for Melipona which is perhaps
introduced, Meliponini no longer exist in the Greater Antilles; perhaps they disap-
peared during a dry epoch or during subduction of portions of the various islands.

It is noteworthy that Meliponini (Crefotrigona) are found at least as early as any
fossil bees, yet they have striking derived features that unite the Meliponini and
distinguish them from other bees. These characters such as reduced wing venation,
reduced sting, etc. must have originated substantially after the bees originated from
related wasps. For other synapomorphies of the Meliponini see Michener (2007).
Engel (2004) suggests that bees differentiated from the related wasps in the later
part of the Early Cretaceous, when flowering plants were becoming dominant, and
that by Late Cretaceous the major lineages of bees, of which the Meliponini is one,
had been established. Although bees in general probably arose in, and much of their
early evolution probably occurred in, xeric areas, the stingless bees, to judge by
their present distribution, probably evolved in forested zones.

The fossils of stingless bees from New Jersey and the Baltic region indicate that
in the Late Cretaceous and the Eocene Meliponini occurred well outside the modern
tropical zone to which they are now almost completely restricted. The fact that the
present meliponine faunas of South America and Africa have no genera in common
indicates that these genera arose and differentiated after the origin of the South
Atlantic Ocean in the Late Cretaceous. Rasmussen and Cameron (2010) estimated
dates for various events in meliponine evolution.

Earlier studies of phylogenetic relationships within the Meliponini were sum-
marized by Michener (2007). Several of these studies, based primarily on morpho-
logical characters, suffered from utilizing too few characters; different studies gave
quite different results. For example the genus Melipona is sometimes sister to all the
other genera. Other studies place Melipona among the other genera. A study by
Wille (1979) thoughtfully presented many characters but the basis for his phyloge-
netic tree is not very clear. Certain authors believed that the Meliponini originated
in South America because of the great diversity of the group there now. Wille, how-
ever, believed that the tribe probably originated in Africa because of ancestral
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(plesiomorphic) characters such as a less reduced sting in all the African genera
except Hypotrigona. Recent molecular work using sequences within gene fragments
(Rasmussen and Cameron 2007, 2010) provides more satisfying results in that
major clades make good sense geographically. The major division is between, I, the
neotropical clade and the Old World clade, which is itself divisible into, II, the
African clade and, III, the Indoaustralian clade. The two exceptions are the genera
Austroplebeia and Lisotrigona which fall in clade II although geographically they
belong with clade III.
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Historical Biogeography of the Meliponini
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The Meliponini have a pantropical distribution (Indo-Australia, the Neotropics and
Africa-Madagascar) which includes continental disjunctions unique among the
Apidae, revealing a complex history of vicariance events of great antiquity. The trait
of disjunction by vicariance permits the inference that Meliponini possibly had their
origin on the ancient Gondwanan continent and possess a minimum age near 100
million years (Camargo and Pedro 1992). The oldest known fossil of Meliponini is
Cretotrigona prisca, from upper Cretaceous New Jersey—USA, c.a. 65-96 Ma
(Michener and Grimaldi 1988a, b; Engel 2000).

From a few species (possibly only one that left descendants) which remained
isolated in South America, after fragmentation of Gondwana, and final separation of
that continent from Africa, came all existing diversity of the Neotropical region,
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Table 2.1 Genera and number of Meliponini species from the Neotropical
region (in alphabetical order)

Genus Number of species
Aparatrigona Moure, 1951 2
Camargoia Moure, 1989 3
Celetrigona Moure, 1950 1
Cephalotrigona Schwarz, 1940 5
Dolichotrigona Moure, 1950 10
Duckeola Moure, 1944 2
Friesella Moure, 1946 1
Frieseomelitta Thering, 1912 16
Geotrigona Moure, 1943 20
Lestrimelitta Friese, 1903 19
Leurotrigona Moure, 1950 2
Melipona Illiger, 1806 69(+10 ssp.)
Meliwillea Roubik, Lobo and Camargo, 1997 1
Mourella Schwarz, 1946 1
Nannotrigona Cockerell, 1922 10
Nogueirapis Moure, 1953 3
Oxytrigona Cockerell, 1917 8
Parapartamona Schwarz, 1948 7
Paratrigona Schwarz, 1938 29
Paratrigonoides Camargo and Roubik, 2005 1
Partamona Schwarz, 1939 32
Plebeia Schwarz, 1938 38
Proplebeia Michener, 19821 4
Ptilotrigona Moure, 1951 3
Scaptotrigona Moure, 1942 21
Scaura Schwarz, 1938 5
Schwarziana Moure, 1943 2
Schwarzula Moure, 1946 2
Tetragona Lepeletier and Serville, 1828 13
Tetragonisca Moure, 1946 4
Trichotrigona Camargo and Moure, 1983 1
Trigona Jurine, 1807 32
Trigonisca Moure, 1950 25

Textinct genus

which comprises 33 genera, including one that is extinct, Proplebeia (Table 2.1),
and 391 nominate taxa at the species-group level, following the recent catalog by
Camargo and Pedro (2007b).!

Evolution of Neotropical Meliponini, in isolation since the upper Cretaceous,
resulted not only in the abovementioned large taxonomic diversity, but also in a great
variety in life histories, for example: species with obligate necrophagic habits, species

!'The online version http://moure.cria.org.br/catalogue?id=27560, updated on 07 February 2012 by
SRM Pedro, includes now 412 species (SRMP, personal note)
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Fig. 2.1 Trigona hypogea, collecting meat at a dead lizard. Photo: provided by D. Wittmann

that cultivate yeast associated with pollen, species having mutualistic relationships with
scale insects, etc., in addition to a wide variety of methods used in nest construction.

The obligate necrophagy habit (Fig. 2.1) is known in three species—7Trigona
necrophaga, T. hypogea, and T. crassipes (Roubik 1982; Camargo and Roubik 1991),
the only bees which do not collect pollen (the corbicula is rudimentary in all of them)
nor floral nectar; flesh of dead animals is their only protein source (and supply of
lipids, carbohydrates and salts); sugars are obtained from ripe or rotting fruit on the
ground, extrafloral nectaries, fallen flowers on the ground, etc. (and, possibly, the
glycogen obtained from carcasses serves as a glucose source). Collected carrion is
transported in the stomach, and regurgitated in storage pots, in the form of a yellow-
ish or greenish jelly which is broken down (probably under the action of digestive
enzymes) and mixed with “honey.”

In the storage pots (Fig. 2.2), the proteinaceous paste mixed with honey under-
goes the action of the bacteria. In the larval food of 7. necrophaga, Gilliam et al. (1985)
found five species of Bacillus with reducing enzymatic activity related to protein and
lipid metabolism and hydrolysis of carbohydrates, likely involved in digestion of the
animal remains, in addition to production of amino acids and antibiotics. In 7. hypo-
gea, the pots, after being filled with a proteinaceous substance, mixed with “honey,”
are sealed and chemical reactions proceed inside them for 12—16 days (Noll et al.
1996). At the end of this maturation period, “honey” is obtained, free of reduced
sugars, almost transparent, good tasting, and rich in free amino acids.

The storage of pollen associated with yeast—Candida sp.—is only known in spe-
cies of the genus Ptilotrigona, as reviewed by Camargo et al. (1982, sic =1992)* and
Camargo and Pedro (2004). Three species comprise the genus: Ptilotrigona lurida,

2SRMP note.
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Fig. 2.2 Necrophagous bee nest, Trigona hypogea (Itaituba, PA, Brazil); left, the storage pots with
products derived from meat mixed with “honey”. Photo: J.M.F. Camargo

of wide range in Amazonia, P. pereneae, endemic to western Amazonia, and P. occi-
dentalis, which occurs from northwestern Ecuador to Darién and an isolated popula-
tion in the area of the Osa Peninsula in Costa Rica (Camargo and Pedro 2004). The
studies were made with P lurida, for which dozens of nests were observed
(Fig. 2.3).

Pots containing “honey” or sweet liquids are rare or even absent in the nests,
while pollen pots, associated with yeast (Fig. 2.4) are found in great number (in one
of the three nests studied there was about 3.0 kg of pollen). The activity of yeast
promotes the desiccation and stored life of the pollen; it makes pollen dry enough
that it can produce a wrinkling and deformation of the pots.

Another interesting aspect, still lacking complementary studies, is that utilization
of resins (principally floral resins of the genus Clusia), collected by these bees and
added to cerumen used for construction of storage pots and brood cells, is that it has
bactericidal activity, but no fungicidal effect. The action of such resins can promote
the growth of yeast free of bacteria (Lokvam and Braddock 1999; Camargo and
Pedro 2004). It is only suggested but not proven, even now, that a part of the sugars,
used by bees, may be derived from the metabolic activity of the yeast.

Associations between certain species of Meliponini and free-living phytophagic
hemipterans, which make sugar secretions (honeydew), are well known, but their
mutualistic associations with sedentary hemipterans, coccids, are known only
among species of the genus Schwarzula (Camargo and Pedro 2002). Silvestri (1902)

3sic, = Schwarzula timida. Scaura timida was entered by error in the original text (Pedro SRM,
personal communication).
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Fig. 2.3 Nest of Ptilotrigona lurida (Camanaus, AM, Brazil); in the lower portion a large mass of
pots can be seen, where the pollen associated with yeast is stored. Photo: J.M.F. Camargo

was the first to suspect mutualism between Scaura timida® and scale insects, but
detailed observations only were made by Camargo and Pedro (2002), who observed
dozens of nests of Schwarzula coccidophila, residing in galleries excavated by the
larva of the moth Cossula sp. (Cossidae) in the branches of Campsiandra angusti-
folia (Caesalpiniaceae), on the banks of the Rio Negro, Amazonas state, Brazil. The
scale insects (Cryptostigma sp.) are found attached to the gallery walls, in the nest
interior, where they receive protection and care from the bees (Fig. 2.5), and, in
exchange, offer sweet secretions and additional wax the bees use in nest construc-
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Fig. 2.5 Schwarzula coccidophila, closeup of the scale insects—Cryptostigma sp.—in the nest
interior, being attended by a bee (Tapurucuara-Mirim, AM, Brazil). Photo: J.M.F. Camargo

tion. The secretions are a subproduct of sap from the plant, on which the scale
insects feed. When stimulated by attending bees, the scale insects liberate, through
the anus, a small droplet of the sugary liquid, which is ingested by the attendant.
These bees are the only known species which have, within their own nest, a perma-
nent source of carbohydrates, in addition to additional wax for building. Only pollen
is collected at flowers (Camargo and Pedro 2002).

Another extraordinary behavior is found in Trichotrigona extranea (Fig. 2.6),
a monotypic genus and until now only known from a single locality, in the middle
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Fig. 2.6 Nest of Trichotrigona extranea, a bee that does not build storage pots and does not store
any kind of food; closeup of brood cells (Samaima, AM, Brazil). Photo: J.M.F. Camargo

Rio Negro region of Amazonas, Brazil. The colonies are very small, with less than
200 adults, located in small cavities in dead branches (of Buchenavia suaveolens);
they construct no storage pots and do not store food of any kind. It is likely these
bees are cleptobiotic, but not in the manner of Lestrimelitta, which robs, during
mass raids, the food stores of a host and transfers them to the storage pots of its own
nest. Supposedly, the workers (and also possibly the males) of T extranea, individu-
ally use and have free access to the food stores of the host species (perhaps of
Frieseomelitta, very common in the region and sharing nest habits similar to those
of Trichotrigona; Camargo and Pedro 2007a).

There exists, also, a great diversity in nest architecture, ranging from subterra-
nean, with complex structures for the control of humidity and air circulation, to
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Fig. 2.7 Nest aggregation of Partamona batesi, in active termite nest (Nasutitermes acangussu);
endemic in the Tefé region, central Amazonia, Brazil. Photo: J.M.F. Camargo

nests in tree cavities, within the nests of other social insects, such as termites and
ants, to exposed arboreal nests. Among these, species of the genus Partamona are
noteworthy, which are among the most formidable nest builders known, primarily
considering the nest entrance structures (Figs. 2.7 and 2.8), conspicuous and richly
ornamented, which “facilitate” recognition of the nest and function as true flight
targets (several of these species—Ilike P. batesi, Figs. 2.7 and 2.8a—construct nests
in large aggregations, with the nest entrances very close to each other).

The nest of P. vicina, of Amazonas state, is one of the most sophisticated known
(Fig. 2.9); the nest entrance structure (Fig. 2.9a) opens upon a wide chamber or
vestibule, filled with a structure similar to intertwined roots, constructed with earth
and resin (Fig. 2.9b), forming a large labyrinth, where workers stay and constitute
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Fig. 2.8 Nest entrances of Partamona; (a) P. batesi (endemic in the Tefé region); (b) P. gregaria
(endemic in the region of lower Tapajos); (¢) P. pearsoni (endemic to north of the Amazon/Negro
rivers); (d) P. chapadicola (endemic to Maranhdo—eastern Pard); (e) P. vicina (of wide Amazonian
distribution). Photo: J.M.F. Camargo

the first force of nest defense; the vestibule is connected, through a small tunnel, to
a second cavity or atrium (Fig. 2.9¢), filled with waxy lamellae, cells and small pots,
generally containing an acidic liquid, constituting a typical “false nest.” From this
“false nest,” there is a small tunnel leading to the true nest, where the brood and
food are located (Fig. 2.9d), and their various satellite chambers—containing honey
pots. The entire assemblage of structures and chambers is important in nest defense,
against invasions of other insects, primarily cleptobiotic social insects, such as
Lestrimelitta spp., for example (cf. Camargo and Pedro 2003).

There exists, also, a great diversity in form and size, from the robust Melipona
fuliginosa, ca. 11.0-13.0 mm in length, to the minuscule Leurotrigona pusilla, ca.
2.0 mm in length (Fig. 2.10).

Some species of Meliponini are exploited, economically, since pre-Colombian
times. Some native peoples of South America, such as the Kayapés, from southern
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Fig. 2.9 Nest of Partamona vicina, in active termite nest (Amitermes excellens); (a) entrance;
(b) vestibule/labyrinth, where the defense force is located; (c) atrium/false nest; (d) true nest, with
brood cells, food storage pots, etc. (Mugum, Tapajos, PA, Brazil). Photo: J.M.F. Camargo

Pard, Brazil (Fig. 2.11), make varied use of the products from these bees, in food,
medicine, ritual, tool making, etc., and also as a model for social organization for
their own communities (cf. Posey and Camargo 1985; Camargo and Posey 1990).

The causes of this diversification, especially taxonomic, in the Neotropical region,
have been the subject of many speculations. Through the decades of 1960-1970 the
postulate of ecological “refuges” emerged. This postulate attempted to associate the
known pattern of endemism and speciation in Amazonia with climatic cycles (glacial
and interglacial) in the recent quaternary. Although this attempt, a priori, can explain
some of the current distribution patterns, it barely touches the problem of the history
of the taxa; it only deals with regional fragments of recent history.
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Fig. 2.10 Nest of Leurotrigona pusilla (Curicuriari, AM, Brazil), in a gallery made by a beetle.
This is the smallest known meliponine (body length ca. 2.0 mm). The nest is of ca. 4 cm in length.
Photo: J.M.F. Camargo

Fig. 2.11 Kayap6 Indians (Gorotire, PA, Brazil), on a trip to collect meliponine nests. These
Indians are bee experts. Photo: J.M.F. Camargo

Only recently, some work based on the methods conceived in phylogenetic sys-
tematics and vicariance biogeography, involving monophyletic taxa, with large ranges
in the Neotropical region, permit access to some periods of evolutionary history/
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Fig. 2.12 Area and biological cladograms for the subgroups of Geotrigona (this is the first area
cladogram proposed for Neotropical Meliponini), from Camargo and Moure (1996)

biogeography with great significance in the Neotropical area, permitting, for the first
time, integration of space, time and form. The first works on evolutionary biogeogra-
phy of Meliponini through the viewpoint and protocol of vicariance biogeography
were of Camargo and Moure (1996), Camargo (1996) and Camargo and Pedro (2003).
The first biological and area cladograms were for the species of the genera Paratrigona
and Geotrigona (Fig. 2.12), and more recently Partamona (Fig. 2.13). The results
reveal that the species subgroups within each of these genera are notably congruent
in terms of biogeographic compartmentalization, that is, when the taxa are placed on
the biological cladograms by their respective areas of endemism, the results obtained
for the subgroups of the first two genera are the same (particularly in relation to the
species of Partamona), indicating the same relationships between areas or biogeo-
graphic compartments. These results, obviously, suggest a general pattern of biogeo-
graphic coevolution in the Neotropical region.

The sequence of events in vicariance/cladogenesis provides, therefore, a
definition of a hierarchy in the formation of biogeographic boundaries or geological
compartmentalization and barriers, as in Figs. 2.14 and 2.15.

The first great barrier is formed along the alignment of the Madeira/Amazonas
Rivers (possibly epicontinental seas related to the Tapajonic transgressions, in the
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Fig. 2.13 Areas of endemism and biogeographical components, inferred from the species of
Partamona; Choc6-CA (from northwestern Peru to Mexico); SWAm (a component delimited, on
the north, by the alignment of the Uaupés/Negro rivers, on the south, by the Madeira/Mamor€ riv-
ers, and on the west, by the Andean mountain range); NAm (north of the Negro/Amazonas rivers);

SEAm (area to the south of the Madeira/Amazonas rivers to northwestern Argentina); Atl (Atlantic
area, from Bahia to Parand). See Fig. 1.15a (taken from Camargo and Pedro 2003)

lower Miocene), dividing the Neotropical region into two large compartments:
NW-SE (Fig. 2.14a). In the NW compartment a further break occurred (approximately
along the line of the Caqueta/Japura rivers, possibly related to the transgression of
the Maracaibo seas in the mid Miocene; Fig. 2.14b), separating North Amazonia
(NAm) from all of southwestern Amazonia (SWAm) and the north Andean, Central
American—Mexico block (Choco-AC). And, finally, a break separating SWAm
from the Choco-AC component (Fig. 2.14c¢), related, possibly, with orogeny of the
equatorial Andes, which attained heights greater than 3,000-4,000 m in the Plio-
Pleistocene. In the SE component, there is a separation between the southeastern
Atlantic region (Atl) and southeast Amazonia (SEAm). The breaks, giving rise to
the crown (present) species, may be related to the climatic events of the Pleistocene,
as postulated by the proponents of ecological “refuges.”

The first image that arises from this biogeographic and geological compartmen-
talization of the Neotropical region is that Amazonia (Fig. 2.16) is not a single his-
torical unit, and rather, it is composed of three great biogeographic compartments
with distinct temporal and phylogenetic relationships (Fig. 2.14, area cladogram).
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Fig. 2.16 The magnificent Amazonian forest (upper Rio Negro region), produced by millions of
years of evolution, habitat of many Meliponini and a megadiverse biota, today at the mercy of an
irresponsible and uncontrolled devastation. Photo: J.M.F. Camargo
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Chapter 3
Australian Stingless Bees

Megan Halcroft, Robert Spooner-Hart, and Lig Anne Dollin

3.1 Introduction

Stingless bees have been an important part of indigenous Australian culture for
centuries; however, modern meliponiculture in Australia is still very much in its infancy
(Heard and Dollin 2000). A recent survey showed that interest in stingless bees is
growing and Australians are becoming increasingly aware of and concerned about
conservation of these species. More community members are keeping hives with this
interest in mind (Halcroft, unpublished data). Beekeepers in the northern regions are
able to produce honey in small quantities and some multiply hives for profit.

Of the two stingless bee genera in Australia, Trigona (s.l.) is the most studied.
The domestication of Trigona (Heterotrigona) carbonaria colonies began in the
1980s and Dr. Tim Heard conducted ground-breaking work in 7. (Heterotrigona)
carbonaria husbandry (Heard 1988a,b). As a result, most scientific research has
been conducted on this species. Few studies have been conducted on Trigona
(s.l.) pollination efficacy and have mainly used 7. (Heterotrigona) carbonaria or
T. (Heterotrigona) hockingsi in macadamia nut (Macadamia integrifolia) crops.
Pollination studies on other horticultural crops are minimal and, as such, anec-
dotal reports pertaining to crop pollination are cited here.

Austroplebeia have only recently become of interest to beekeepers and
hobbyists. A small number of studies have been conducted on aspects of biology
of A. australis and A. symei, as their brood structure and queen/worker interaction
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is more easily observed than that of Trigona (s.l.), due to reduced nest structures.
Recent doctoral research has been conducted (M. Halcroft) to better understand
the development of the Australian stingless bee industry, phylogeny of
Austroplebeia, the biology and behavior of A. australis, and to assess the ability
of A. australis to pollinate crops in greenhouse and field settings. This research
is incomplete and ongoing, and therefore, is cited here as unpublished data.

Although Australian stingless bees are not as diverse in size or morphology as
Neotropical or Paleotropical species, our bees are proving to be diverse and resilient
in their behavior. Their native range is mostly limited to the northern half of the
continent; however, T. (Heterotrigona) carbonaria has a distribution that reaches
the southernmost range of any stingless bee species (Dollin etal. 1997). Austroplebeia
occur in some of the most arid areas of Australia, where the climate extremes are
harsh and the food resources are often scarce. Australian stingless bees have evolved
diverse behaviors to survive under such conditions.

While few scientific studies have been conducted on the behavior of Australian
stingless bees, amateur beekeepers often have a wealth of knowledge and their
experience is extremely valuable. Communication with experienced beekeepers is
of utmost importance when initiating research, and anecdotal accounts are appropri-
ately cited here. While there is great potential for further research on stingless bees
in Australia, this chapter aims to provide an overview of current knowledge and
suggest areas for further study.

3.2 Indigenous Australians and Their Relationship
with Stingless Bees

Indigenous Australians have been collecting the strong, tangy honey from stingless
bee nests lsugarbag for centuries. Hockings (1883) first reports the Australian
Trigona (s.l.) and Austroplebeia from his visit to northern regions of Queensland,
where local Aboriginal people call these bees “karbi” and “kootchar,” respectively.
It is unclear which tribal language Hockings refers to in his paper.

There are many different Australian Aboriginal tribes. The Aurukun on Cape
York, in far north Queensland, is the homeland for the Wik Mungkan people. In
2003, an industry based on stingless bees and traditional culture was the inspiration
for a group of 50 Wik school children, aged between 12 and 16 years. Using the
natural resources of their homeland, the sugarbag “may man-pathan” provided the
prospect of making real money and building a culturally based business. The chil-
dren within this indigenous community developed a business plan and become more
motivated and engaged in learning (Yunkaporta 2009). Anecdotal accounts of indig-
enous bee hunting methods are described in bush tales, and these include: placing a
fine hair or grass into the terminal abdominal segment of a forager, which is used as
a flag to follow it back to the nest; sprinkling foragers with flour to make them easier
to see and follow; and bee hunters relying on the loud humming sound of a predatory
wasp (Bembix) which hovers outside the nest entrance, waiting for foragers to leave
(A. Beil, personal communication).
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Fig. 3.1 Indigenous Australian axes. Photo: G. Walsh—http://www.hogartharts.com.au

Traditionally, honey “may at” or “may kuyan” is used for medicinal and culinary
purposes, while the cerumen “wom” is used as a waterproofing agent for baskets, as
a wood preservative, as glue to secure axe heads “thayan” (Fig. 3.1), and for per-
sonal and artifact decoration (Rayment 1935; Yunkaporta 2009; Welch 2010).
Cerumen has also been found in protective covers, fashioned around ancient rock
paintings, to protect them from rain and erosion (Rayment 1935). Pellets of ceru-
men are used in some rock art, notably in the Kimberley Ranges in Western Australia,
to create shapes of humans, dingoes, turtles, and spirit figures on the rock surface
(Welch 1995). This collage technique (Brandl 1968) permitted incorporation of
organic materials in a normally inert, inorganic rock face. Cerumen and plant resins
are extremely amenable to carbon dating because storage of fresh products within
hives, and consequent use by indigenous craftsmen, enables accurate estimates of
when the collages were created, thus dating the artwork (Bednarik 2002). Interest in
indigenous culture and art has increased over the past 20 years and is at a peak in
popularity (Artlandish 2010). Cerumen is still used by Australian Aboriginal artists
and craftsmen to manufacture hunting tools such as spears “kek” and woomeras
“thul,” as well as firesticks “thum pup” and mouth pieces for didgeridoos, a tradi-
tional musical instrument (Yunkaporta 2009).

Sugarbag honey can fetch very high prices in comparison to honey bee honey.
In 2005, Russell and Janine Zabel commenced a training program in sugarbag har-
vest and colony transfer within the Aurukun, with the aim to develop a sustainable
industry based on sale of sugarbag honey and cerumen (Zabel 2008). An Australian
government grant was received to assist development of this new enterprise, which
had potential to boost local employment and would be consistent with the rapidly
developing ecotourism industry.

In 2010, an industry based on sugarbag is seen as an option for inclusion in a
preliminary proposal for the Department of Aboriginal Business Development, in
Grafton, in northern New South Wales. This proposal is investigating indigenous
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land development in the Northern Rivers region using traditional cultures and
sustainable practices (Lain 2010). Another initiative is the Thamarrurr Development
Corporation proposal to develop a wildlife industry in Wadeye, Northern Territory,
including health products containing sugarbag honey (Adlam 2010). Potentially,
stingless bees could provide sustainable income for both Australian indigenous and
non-indigenous communities through production of honey, cerumen, bee colonies,
and pollination service.

3.3 Australian Stingless Bees

There is much needed change regarding classification of the genus/subgenus group
name of Trigona (Heterotrigona), which includes a portion of the native Australian
Meliponini. At present, according to Michener (1990), species of Trigona (s.l.)
that occur in the Indoaustralian regions are of the subgenus Heterotrigona. Recent
molecular studies, and also morphology, suggest this taxonomic classification is
incorrect and that Australian species previously named Trigona (subgenus
Heterotrigona) should be changed to the genus Tetragonula Moure, 1961
(Rasmussen and Cameron 2007, 2010). There are many species and subgenera to
consider in Asia and Australia, with 15 species in Australian comprising two gen-
era. We have chosen to preserve the group name Trigona (Heterotrigona) in this
chapter, until further taxonomic and systematic research is decisive. The bees in
Australia are small (<4.5 mm) and black. However, Austroplebeia can be distin-
guished from 7Trigona (s.l.) by colored body markings, thoracic shape, and nest
architecture.

The highest rainfall areas within Australia occur in the northern, eastern, and far
south eastern coasts (BOM 2010a) (Fig. 3.2), resulting in tropical, subtropical, and
temperate forest and woodland vegetation. The natural range for Australian sting-
less bees is in the tropical and subtropical regions of northern Australia, with the
exception of T. (Heterotrigona) carbonaria, which has, by far, the southernmost
distribution. The temperature threshold for flight activity in 7. (Heterotrigona)
carbonaria (Heard and Hendrikz 1993) is >18°C, and for A. australis >20°C
(Halcroft, unpublished data), which means foraging periods are substantially
reduced for colonies in the most southerly range of their distribution.

3.3.1 Castes and Genders of the Australian Stingless Bees

As with all stingless bees species there are two castes—queen and worker. All
Australian species are thought to be monogynous. However, the incidence of virgin
queen imprisonment in queenright colonies of A. australis has been observed (MH,
personal observation) (Fig. 3.3). Queens can be identified by their long, pale abdomen
and short wings (Fig. 3.4). They are usually found on the brood, although extensive nest
patrolling is not uncommon in A. australis (MH, personal observations).
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Fig. 3.2 Average annual rainfall charted for Australia, including the reported distribution
of Australian stingless bees (Dollin et al. 1997; BOM, 2010a; Dollin, 2010, unpublished data)

Fig. 3.3 Imprisoned A. australis virgin queen. Photo: M. Halcroft



40 M. Halcroft et al.

Fig. 3.4 A. australis queen with workers. Photo: M. Halcroft

Fig. 3.5 A. australis drone showing cream markings on legs and thorax. Photo: M. Halcroft

Trigona (s.1.) drones are difficult to identify within the hive, without the aid of
a magnifying glass, as they have no defining markings (Dollin 2010a). Their bod-
ies are slightly more slender and the antennae are longer, having one additional
segment, compared to females or workers. They frequently form drone swarms
outside nests and sometimes aggregate on foliage at night. These aggregations and
swarms can be seen for a number of days when conditions are favorable (Klumpp
2007). Austroplebeia drones are easier to identify within the nest because the
cream-colored markings on their thorax are more pronounced, and they also have
markings on the abdomen and legs (Dollin 2010a) (Fig. 3.5). Their apparently
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slimmer bodies and constant movement of the antennae, as they move, also distin-
guish them (MH, personal observation). A. australis drones also form mating
swarms and aggregations, although these are not as large as those of Trigona (s.l.)
(MH, personal observation). A. australis Au. australis colonies appear to produce
drones in “batches” or “male-producing periods” (MPP) (Velthuis et al. 2005),
with drones being present only periodically in a single colony. It is not clear
whether drone production is curtailed during periods of resource scarcity.

3.3.2 Brood Production

In the Meliponini, brood production is an elaborate procedure and involves a
sequence of interactions between the queen and a group of workers (Sakagami
et al. 1973; Sakagami 1982). This temporal sequence is termed the “provisioning
and ovipositing process” or “POP” (Sakagami and Zucchi 1963; Michener 1974;
Wittmann et al. 1991). Cells are mass-provisioned with a mixture of honey, pollen,
and protein-rich secretions from the hypopharyngeal glands (Michener 1974; Silva
de Moraes et al. 1996). Some species provision cells successively while others pro-
vision synchronously (Sommeijer and Bruijn 1984). Once a cell is provisioned, the
queen oviposits and workers seal the cell (operculation) (Drumond et al. 1999).
Trigona carbonaria constructs and provisions brood cells synchronously, and the
queen oviposits in batches (Yamane et al. 1995). Austroplebeia australis and
A. symei construct and provision brood cells in a successive pattern, while the queen
does not oviposit in batches (Drumond et al. 1999).

Meliponine queens normally mate only once (Kerr et al. 1962; Michener 1974),
returning to the nest with the male genitalia still caught in the vagina (Michener 1974).
The incidence of low frequency polyandry has been reported in Melipona beecheii and
Scaptotrigona postica, (Paxton et al. 1999); however, it is thought that most stingless
bees are monandrous, including the Australian species (Drumond et al. 2000;
Green and Oldroyd 2002). Sperm is stored in her spermatheca. A diploid female is
produced when a sperm cell is released to fertilize the egg as it passes through the
oviduct. If sperm is not released, the egg is not fertilized and a haploid male is pro-
duced (Michener 2000). While drones are normally produced by the queen, laying
workers have been reported in some Brazilian species of Melipona (Koedam et al.
2005, 2007). Although this is rare in Australian stingless bees (Michener 1974;
Drumond et al. 1999; Téth et al. 2004), A. australis and A. symei workers have been
observed laying small numbers of trophic eggs in queenright colonies. On all recorded
occasions the queen consumed those eggs (Drumond et al. 1999). Microsatellite anal-
ysis determined that workers were not responsible for drone production in queenright
colonies of A. australis, A. symei, or T. (Heterotrigona) carbonaria (Drumond
et al. 2000; Gloag et al. 2007). Drone production has been observed in some queenless
colonies (Klumpp 2007; MH, personal observation); however, this has not been
studied in sufficient detail.
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3.4 Characteristics of Australian Stingless Bees

3.4.1 Austroplebeia

Nine species of Austroplebeia are listed in the Zoological Catalogue of Australia
(Cardale 1993), and the most commonly domesticated and studied species are
A. australis and A. symei. Species descriptions for this genus are inadequate for
effective identification and no working key exists at present. Ongoing research in
the areas of molecular, morphological, and morphometric analysis suggests that
there are only 3-6 species of Austroplebeia in Australia (Halcroft and Dollin,
unpublished data). Only one of these, A. cincta, occurs outside Australia, in Papua
New Guinea (PNG) (Moure 1961; Rasmussen 2008).

Current classification is based mainly on variations in body markings. Mature
adult bees are black, with varying levels of cream/yellow markings on the scutellum
of their thorax and on their face (Michener 2000). Bees measure between 3.5 and
4.5 mm, and species characteristics are presented in Table 3.1 (Michener 1961;
Dollin 2010a).

3.4.1.1 Natural Distribution

Dollin (2010b) found that Austroplebeia occurs throughout northern Australia
(Fig. 3.2). A. australis and A. symei have the widest distribution. Specimens cur-
rently considered to be A. symei have been collected along the east coast from Cape
York (11°04'S) to Kilcoy in Queensland (26°57'S) as well as the northern areas of
the Northern Territory. Austroplebeia australis is found coastally, as far south as
Kempsey, New South Wales (31.08°S, 152.82°E, elevation 10 m) and inland near
Inverell, New South Wales (29.46°S, 151.06°E, elevation 584 m) and also occurs in
arid regions of inland Queensland. The remaining species are found mainly in
northern Queensland, Northern Territory, and Western Australia, with A. percincta
originally described from an arid region of central Australia (Cockerell 1929).
While Trigona (s.l.) is commonly found in areas of high rainfall, many
Austroplebeia thrive in areas that experience low annual rainfall (300-600 mm) and
extreme temperature ranges (3—40.5°C) (A. Dollin, 2009, personal communication;
BOM 2009). Until recently, it was thought that Austroplebeia were more sensitive
to low temperatures, resulting in their northerly restricted distribution. Current
research has revealed that colonies of A. australis are able to survive subzero tem-
peratures, without actively thermoregulating the nest. These colonies were shown to
contain developing brood throughout the year (Halcroft, unpublished data).

3.4.1.2 Nest Architecture, Colony Population, and Brood Structure

Similar to Trigona (s.l.), Austroplebeia chooses tree hollows, but cavity diameter is
usually smaller. A. australis is found in cavities 50-110 mm in diameter (Halcroft,
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Table 3.1 Explanation of color markings used to classify species in the genus Austroplebeia
(Cardale 1993; Dollin 2010a,b,c)

Species name Native range  Description Markings
Austroplebeia Qldand NT 4.5 mm, darkest
symei with little or no 7
(Rayment markings on the £/
1932) face and thorax
A. australis Qld and NSW 4 mm, four distinct
(Friese 1898) cream markings /7
A. cassiae on the /4
(Cockerell scutellum. ¢
1910) Minimal facial
markings
A. cockerelli NT 3.5-4 mm. Facial ? £
(Rayment markings more N\ A
1930) oxtensiebut A\ f ) WR/ AR
A. essingtoni NT vary in degree. .o
(Cockerell Broad cream Q e \9
1905) markings on C f"f“‘j‘ )
A. ornata Cape York, thorax, ')
(Rayment Qud mesothora?( 9 T
1932) narrow stripes {1 ¥
A. percincta Central NT each side '
(Cockerell
1929)
A. websteri WA
(Rayment
1932) _
A. cincta PNG and 3.5 mm. Distinct = \}’
(Mocsary, in possibly facial and p ‘ﬁﬁ {\r-\ -
Friese 1898) Qld thoracic S\, ) C rﬁ

markings \ ‘t" y. /

Dark markings represent cream/yellow markings on black bees

unpublished data). A smaller species found near Normanton, Queensland, may
occupy cavities in coolabah (Eucalyptus coolabah, Myrtaceae) trees with a diame-
ter of only 35 mm (A. Beil, 2009, personal communication). Some colonies of
A. australis have been found in narrow tree limb hollows up to 6 m in length
(R. Zabel, 2008, personal communication). A recent nest survey conducted in south-
east Queensland showed that dead trees comprised over 87% of nest cavities chosen
by Austroplebeia in that area (M. Halcroft, unpublished data).

Estimates of colony populations in Austroplebeia have not been studied in
detail; however, recent studies have shown that, within natural nests, brood
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Fig. 3.6 Australian stingless bee brood structures. (a) Austroplebeia australis (b) Trigona car-
bonaria, (¢) Trigona hockingsi, (d) Trigona clypearis. Photos: (a—b) M. Halcroft, (c—d) R. Brito

populations can range from 2,000 to 13,000, averaging of 5,000 (M. Halcroft,
unpublished data). All Austroplebeia construct spherical brood cells and, with
the exception of A. cincta (see Table 3.1), make simple cell clusters (Michener
1961; Dollin 2010a) (Fig. 3.6a). Open cells face outwards from the leading edge
of the cluster, in irregular directions. Clustered brood cells can be constructed
to fit into the narrow, irregular cavities of the smaller trees or large limbs favored
by Austroplebeia.

The New Guinea species, A. cincta, is the only Austroplebeia found outside
Australia (Moure 1961). Recently, however, some colonies resembling A. cincta
have been found in Queensland (Dollin 2010a). Nests of these newly discovered
colonies have not been examined, and studies are in progress. Unfortunately, no
photographs of A. cincta nests or brood structures are currently available.

3.4.2 Trigona (s.l.)

Identification of Australian Trigona (s.l.) is very difficult in the field. Some species,
especially T. carbonaria, can vary considerably in size according to geographic
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location (Dollin et al. 1997). The largest bee is 7. hockingsi, measuring approx.
4.5 mm in length, while the smallest is 7. clypearis, 3.5 mm in length (Klumpp
2007). Species within the carbonaria species group are difficult to separate on their
body size or morphology. Thus, nest architecture is an invaluable tool in the accu-
rate identification of species (see “Nest and brood architecture”).

The currently described Australian Trigona (s.1.) are classified into three species
groups (Dollin et al. 1997; J. Klumpp, 2010, personal communication; A. Dollin,
2010, personal communication), namely:

* Iridipennis group Sakagami 1978

— T. (Heterotrigona) clypearis Friese 1908
* Laeviceps group Sakagami 1978

— T. (Heterotrigona) sapiens Cockerell 1911
» Carbonaria group Dollin et al. 1997

— T. (Heterotrigona) carbonaria Smith 1854
— T. (Heterotrigona) hockingsi Cockerell 1929
— T. (Heterotrigona) mellipes Friese 1898

— T. (Heterotrigona) davenporti Franck 2004

3.4.2.1 Natural Distribution of Trigona (s.l.) in Australia

Dollin et al. (1997) report that T. clypearis and T. sapiens are restricted to the
Cape York Peninsula in northern Queensland (18°0' S—10°56’S) compared to the
carbonaria species group, distributed throughout northern and eastern Australia.
The most recently described Trigona (s.l.), T. davenporti, was discovered by
Peter Davenport, a local beekeeper who helped to pioneer stingless beekeeping
in Australia (Klumpp 2007; Dollin 2010c). So far, this species has only been
reported within a restricted area around the Gold Coast in south eastern
Queensland (A. Dollin, 2008, personal communication). 7. carbonaria is the
most widely distributed species, occurring along much of the east coast of
Australia. It is found as far north as the Atherton Tablelands in Queensland
(17°15'S) and as far south as Bega, in New South Wales (36°40'S) (Fig. 3.2).
Trigona carbonaria chooses large tree cavities that may provide superior insula-
tion against the weather extremes experienced in its most southerly locale. Tse
(unpublished data) found that both 7. (Heterotrigona) carbonaria and T.
(Heterotrigona) hockingsi maintain the brood chamber at significantly higher
temperatures than the nest cavity or ambient temperature. These studies were
not, however, conducted during periods of temperature extremes and further
studies would be beneficial to better understand temperature regulation, espe-
cially by T. (Heterotrigona) carbonaria.
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3.4.2.2 Nest Architecture, Colony Population, and Brood Structure

Tree cavities are the most commonly chosen nest substrate for Trigona (s.l.) in
Australia. They can also be found inside water meter boxes, stone walls, beneath
concrete foot paths, and within door and wall cavities. Nest entrance modifications
vary, depending on species; however, environmental factors such as weather and
predators can also influence those structures (Dollin et al. 1997). Trigona
(Heterotrigona) carbonaria often daub the area around the entrance with significant
amounts of resin, whereas T. (Heterotrigona) hockingsi and T. (Heterotrigona) daven-
portigenerally leave theirentrances unadorned (Dollin2010a). Trigona (Heterotrigona)
mellipes, T. (Heterotrigona) sapiens, and T. (Heterotrigona) clypearis build entrance
tubes of varying sizes (Table 3.2), although they do not always do so.

It has been estimated that a strong colony of T. (Heterotrigona) carbonaria has
a population of approximately 11,000 workers (Hoffmann, unpublished data).
Brood volume can vary 940-3,535 ml in 7. (Heterotrigona) carbonaria and
1,100-2,550 ml in T. hockingsi (Dollin et al. 1997); however, T. (Heterotrigona)
hockingsi is able to build much larger nests if provided with the appropriate nest
cavity (A. Dollin, 2010, personal communication). Both 7. (Heterotrigona) daven-
porti and T. (Heterotrigona) hockingsi build brood areas with similar structure;
however, T. davenporti has a smaller adult population. 7. (Heterotrigona) mel-
lipes, T. (Heterotrigona) sapiens, and T. (Heterotrigona) clypearis have much
smaller nests and average brood volumes measure 595, 224, and 464 ml, respec-
tively (Dollin et al. 1997).

All Australian Trigona (s.l.) build elongated, vertically oriented brood cells in
regular, or nearly regular, structures (Dollin et al. 1997). There are, however, distin-
guishing features within these structures that can aid in species identification.
Trigona (Heterotrigona) carbonaria (Fig. 3.6b) builds single layers of comb,
arranged in a horizontal spiral. Brood cells are constructed on the outer rim of up to
three circular spirals, at a time. The spiral formation can be clockwise or counter-
clockwise. Brood construction can become erratic if the nest is disturbed, e.g., if the
tree is felled (A. Dollin, 2010, personal communication). Trigona (Heterotrigona)
hockingsi (Fig. 3.6¢) builds a regular, horizontal brood structure with hexagonal
comb, which is best described as terraced or stepped; it is not in a single layer. Both
T. (Heterotrigona) davenporti and T. (Heterotrigona) mellipes build brood comb
similar to that of 7. (Heterotrigona) hockingsi; however, the brood comb area of T.
(Heterotrigona) mellipes is considerably smaller (J. Klumpp, personal communica-
tion). Neither T. (Heterotrigona) sapiens nor T. (Heterotrigona) clypearis (Fig. 3.6d)
have a hexagonal comb structure because individual cells are arranged irregularly,
in horizontal or diagonal layers.
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3.5 Behavior of Australian Stingless Bees

3.5.1 Guard and Forager Behavior

Australian Trigona (s.l.) colonies usually employ at least 4-5 guards at the entrance
(Yamane et al. 1995; MH, personal observation), with higher numbers occurring around
the front of the nest on warm days (Klumpp 2007). Guards are not normally aggressive
towards human onlookers; however, if the nest is opened workers can become moder-
ately to strongly aggressive (Michener 1961). Austroplebeia guards occur in small
numbers within the entrance of the nest but they withdraw into the entrance tube if
observed too closely. When colonies are opened, workers are not aggressive
(Michener 1961), they buzz around the heads of human “predators” and daub their hair
with globules of resin until the nest is sealed (MH, personal observation).

Australian Trigona (s.l.) have evolved mostly in high rainfall areas (Fig. 3.2),
which provide consistent, reliable floral resources. Austroplebeia, on the other hand,
have evolved mainly in arid regions, with evidently unreliable resources (Fig. 3.2).
Based on detailed observations, 7. (Heterotrigona) carbonaria and T. (Heterotrigona)
hockingsi workers appear to be “curious and flighty,” whereas A. australis and
A. symei are “shy and cryptic.” In 2009 (M. Halcroft, unpublished data) a parallel
study was conducted to compare foraging behavior and energy efficiency of three
Australian stingless bees: T. (Heterotrigona) carbonaria, A. australis, and A. symei.
The following information is based on this study. When provided with the same
floral resources, T. (Heterotrigona) carbonaria sent out nine times as many foragers
as A. australis and four times as many as A. symei. Even when the floral resources
were completely depleted, 7. (Heterotrigona) carbonaria continued to send forag-
ers from the nest, while Austroplebeia colonies ceased to do so. This study also
showed that T (Heterotrigona) carbonaria foragers spend over 30% of their forag-
ing time hovering in close proximity to flowers, before finally alighting to collect
pollen or nectar (Fig. 3.7). Conversely, A. australis and A. symei spend over 90% of
their foraging time exploring flowers and collecting pollen and nectar, while only
10% of their time is spent in flight between flowers.

3.5.2 Austroplebeia: Adapted to the Harsh Australian Outback

Floral resources in the Australian outback are often unreliable. Regions may experi-
ence periods of drought that can last 1-4 years (BOM 2010b) (Fig. 3.8). Alternatively,
they can also experience occasional extensive flooding. Colonies of Austroplebeia
have presumably evolved and adapted in order to survive such conditions. These
behavioral adaptations ensure surviving nestmates exist within the colony after the
drought has broken and a long-awaited floral bloom arrives.

Austroplebeia australis is an extremely long-lived worker bee, with a mean max-
imum worker longevity of 161.4+6.1 days and a maximum longevity of 240 days
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Fig. 3.7 T. carbonaria forager hovering near a citrus flower. Photo: M. Halcroft

Fig. 3.8 Arid native range of A. australis, Tara Queensland. Photo: M. Halcroft

(M. Halcroft, unpublished data). The colonies forgo a “high rate of living” when
floral resources are unavailable. Only small numbers of foragers (4 returning/2 min)
are recruited during times of limited floral resources, whereas recruitment greatly
increases (250 returning/2 min) during floral abundance (A. Beil, personal commu-
nication; M. Halcroft, unpublished data). Colonies have also been observed closing
their nest entrance with a resin curtain during periods of dearth (MH, personal
observation; A. Beil, personal communication), presumably reducing the need to
guard the nest entrance.

Many nest sites chosen by Austroplebeia are within dead trees (see “Nest and
brood architecture”), which provide no canopy protection against frosts in winter or
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Fig. 3.9 Typical dead tree
chosen by A. australis
colonies. Colonies in Tara,
Qld, being sampled for
further studies. Photo:

S. Ruttley

searing heat in summer (Fig. 3.9). While the insulation of natural logs is superior to
that of most artificial hives, exposed trunks and limbs still allow temperature
extremes to penetrate (R. Luttrell, unpublished data). Under such circumstances, it
might be expected that Austroplebeia has developed thermoregulatory mechanisms.
This, however, is, not the case and studies have shown that A. australis brood tem-
peratures parallel those of the empty nest cavity and the ambient conditions (M.
Halcroft, unpublished data). Prior to the onset of the cold season, colonies begin
constructing a layer of involucrum over the brood, on top of which honey pots are
built and filled. Those structures provide some level of protection, as the brood
beneath remains undamaged. Colonies that have not been prepared for cold expo-
sure suffer chill damage and brood death (MH, personal observation). Brood can
survive at temperatures as low as —1°C (although larval development is probably
delayed) and as high as 38°C, indicating the possible development of physiological
resistance to temperature extremes (Halcroft, unpublished data). Austroplebeia aus-
tralis colonies do not become broodless during the cold winter months, although
they build a smaller number of brood cells during this time. The bees may be stimulated
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to build brood during the winter months when the colony is artificially warmed and
provided with supplemental food (Halcroft 2007).

Austroplebeia australis, and possibly other Austroplebeia species, have evolved
in the unforgiving environmental conditions of arid inland Australia. Their ability to
conserve energy through improved foraging efficiency and thermoconformity, and
by reducing workers’ exposure to high-risk activities and high rates of living, has
resulted in a well-adapted and resilient bee species. It is not only capable of surviv-
ing conditions most other species could not; it thrives in them.

3.6 The Australian Stingless Bee Industry

The Australian stingless beekeeping industry is still very much in its infancy, espe-
cially when compared to many South American countries. However, comparative
surveys conducted in 1998 (Heard and Dollin 2000) and 2010 (Halcroft, unpub-
lished data) show the industry is expanding and developing. Information provided
below is based upon data compiled in 1998 and 2010.

In recent years there has been growing interest in Australian native bees,
especially stingless bees. The honey and other hive products support an industry
that has grown from 257 beekeepers in 1998 to 637 in 2010. Half of them owned
just one hive and, in 2010, a quarter had less than 3 years of experience. The number
of hives owned by the 637 beekeepers totally almost 5,000. Over two-thirds of the
beekeepers maintain their hives on suburban blocks, although many of them also
live near some form of remnant natural vegetation or ‘“bushland.” The most com-
monly kept bees are T. (Heterotrigona) carbonaria, T. (Heterotrigona) hockingsi,
A. australis, and A. symei. In 2010, all but three survey respondents resided in New
South Wales and Queensland.

Enjoyment and conservation were, by far, the most popular reasons for keeping
stingless bees. The pollination of nearby vegetable and flower gardens, as well as
bushland, was reported to be of considerable benefit. Only eight respondents
provided pollination services on a professional basis (see “Pollination”).

3.6.1 Colony Production

Australian stingless bee-keepers use a variety of hive designs ranging from a simple,
wooden box to a complex, insulated (or even heated), PVC-constructed, cylindrical
hive. The most commonly used hive is based on the original Australian Trigona (s.1.)
hive (OATH) design (Dollin 2002; Klumpp 2007) and has a capacity of 6-7 L. Most
hives are constructed so that they can be divided into two equal sections. Colony
propagation techniques and hive design are discussed briefly here, because these
topics are detailed elsewhere (Klumpp 2007; Dollin and Heard 2010; Heard 2010).

Colony propagation of Austroplebeia is easier than for Trigona (s.l.). Small sec-
tions of brood containing a queen cell can be removed from an Austroplebeia colony
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Fig. 3.10 Splitting OATH
box with T. carbonaria
colony. Photo: T.A. Heard

and placed in a small hive, together with food stores and workers (A. Beil, personal
communication; MH, personal observation). Queenright colonies with as few as
200 workers can survive and build strong colonies, if provided with the right condi-
tions, which may include supplemental warmth and feeding (MH, personal observa-
tion). Austroplebeia colonies can also be strengthened during winter if maintained
in artificially warmed rooms and provided with supplemental food (Halcroft 2007).
Trigona (s.1.) species, on the other hand, are more particular. Colonies need to be
very strong before they are divided for propagation.

Propagation involves dividing the brood mass or inducing colony “budding.” The
quickest and, therefore, the most popular technique is “splitting,” and the success of a
division is dependent upon the strength of the mother colony. Colonies (not including
the hive or box) should weigh at least 2 kg or 3 kg for those kept in the cooler southern
regions (Klumpp 2007). The hive, containing the brood and nest structures, is split
horizontally into two sections, and the occupied sections are united with new, empty
half-boxes (Heard 1988a) (Fig. 3.10). This results in two half-filled hives, one with a
queen (mother colony) and one with several developing queen cells. Colony survival
is dependent on adequate worker number for nest repair, foraging, and defense, and
the ability of the daughter colony to successfully “re-queen” (Klumpp 2007).

Colony budding is a noninvasive form of hive propagation. An empty hive is
attached to the nest entrance of an existing colony via a black polyethylene pipe.
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This technique is often used when the nest is located in an inaccessible structure,
such as a wall or living tree (Klumpp 2007). An observation lid on top of the hive
box is required to monitor progress of the “budded” colony. The colony provisions
the attached hive, and after several weeks or, more likely several months, a virgin
queen leaves the colony and mates. If successful, she returns to the “front hive” and
begins laying eggs within several days. At the same time, the beekeeper intervenes
by creating an opening in the connecting tube to allow foragers from the mother
colony direct access to the nest. Eventually, the tube is disconnected or the bees
close the connection themselves (Klumpp 2007). This technique is ideal for those
beekeepers who wish to increase their colony number but are not confident with the
splitting technique. It does, however, require considerable patience.

The number of beekeepers involved in hive propagation has doubled. Those
practicing hive division have increased colony number eightfold since 1998. More
than 8,000 colonies have been produced. The number of beekeepers who sell colo-
nies has doubled, while the number of colonies sold each year has more than qua-
drupled. Although this development sounds impressive, the overall annual increase
in colony number since 1998 is only 9% (Halcroft, unpublished data). The retail
value of a strong stingless bee colony in Australia has increased from $AU200 to
between $AU350 and $AU450 per hive. Demand is high and many producers report
that they are unable to keep up with demand.

3.6.2 Australian Stingless Bee Honey and Other Hive Products

Honey harvesting techniques vary. Often pots are removed from the hive and honey
is squeezed through a cloth or sieve. Beekeepers in Queensland and northern New
South Wales, where bees can forage all year round, are able to harvest approxi-
mately 1 kg/year per hive. Beekeepers who reside in the cooler, southern regions are
only able to harvest every 2-3 years, and almost not at all if they are in the Sydney
basin or farther south (A. Ashhurst, 2010, personal communication). It is recom-
mended that honey not be harvested if hive propagation is being practiced, because
colonies require good stores to rebuild their strength (Dollin 2002; Heard 2010).
Beekeepers who produce honey on a large scale utilize a honey super on top of
hives. The OATH has a honey super with a capacity of 1.5 L, and the following
technique is used by Tim Heard and many other beekeepers.

The honey hive is fitted with a “floorless” super that sits on top of a thin hive
ceiling, which separates the main nest from stored honey (Fig. 3.11). The separator
provides access for the bees to all nest structures but still allows honey to be stored
away from the brood. For easy, non-destructive honey harvest, the super is removed
from the hive, exposing the intact pots (Fig. 3.12). Excess pollen stored in the super
is cut out before harvest, to reduce contamination and the possibility of fermenta-
tion. The super is inverted and pots are pierced with a hand-tool similar to a small
bed-of-nails. The super is placed over a plastic tray, into which fresh honey drains.
After the honey is completely drained, the super is replaced and the bees can clean



54 M. Halcroft et al.

Fig. 3.12 Honey super filled with honey, ready for harvest. Photo: M. Halcroft
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and rebuild the pots (Dollin 2002; Heard 2010). The only processing that occurs
with sugarbag honey is straining out debris such as cerumen or bees.

Honey harvesting is carried out by a small number of Australian beekeepers and
production is low. Although the number of beekeepers has more than doubled over
the last decade, overall production of Australian sugarbag honey is <300 kg/year. Of
the 63 beekeepers who stated they harvest honey, only five reported selling their
product, and they accounted for approximately half of overall production (Halcroft,
unpublished data).

Sugarbag honey caters to a “niche market” in Australia and its price is indicative
of its rarity. The wholesale price has increased from $AU40/kg in 1999 to $AU70/
kg in 2010; however, the retail price remains the same, approximately $AU160/kg
(Heard 2010). In comparison, honey bee—Apis mellifera—honey sells for only
$AU6.50/kg (Shaw 2010). Sugarbag honey is sold in local markets, restaurants, and
via Internet, and two producers export to Japan (Halcroft, unpublished data).

Limited research has been conducted on Australian stingless bee honey, but
T. carbonaria has similar specifications to those of other Meliponine (Persano Oddo
et al. 2008). Preliminary studies on antioxidant and antimicrobial activities have
shown some promise for nutritional and pharmaceutical uses (Irish et al. 2008;
Persano Oddo et al. 2008; Boorn et al. 2010). Trigona carbonaria honey has a
moisture content of around 26% (Persano Oddo et al. 2008) and should be stored in
the refrigerator to avoid fermentation (Heard 2010).

The production of cerumen and resin supplies an extremely small market in
Australia. Some beekeepers are able to sustainably harvest around 200 g of cerumen
per hive each year. It is sold to “didgeridoo” manufacturers (see “Introduction”),
artists, and hobbyists, for $AU5/25 g, which is sufficient to make up to four didgeri-
doo mouth pieces (Heard 2010).

3.6.3 Pollination

Pollination of commercial crops by stingless bees is rare in Australia and growers of
over 35 commercial crops rely heavily on managed honey bee colonies (RIRDC
2007). Free pollination services are also provided by colonies of feral honey bees in
Australia, with 40-150 colonies/km? present in some surveyed areas (Oldroyd et al.
1997). The Australian honey bee pollination industry is currently strong and reliable
(RIRDC 2007); therefore, little funded research has been undertaken on native bees
as alternative pollinators. However, the reliability of the honey bee industry is now in
question because managed and feral bee populations are declining due to pests and
disease, as well as possible pesticide problems. For example, between 2002 and 2006
more than 4,500 colonies died out due to African small hive beetle Aethina tumida
Murray (Nitidulidae) infestation (Rhodes and McCorkell 2007). Australia is the only
major country without varroa mite Varroa destructor, but the likelihood of an incur-
sion has raised major concerns about the future reliability of the honey bee pollination
industry in this country (RIRDC 2007).
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A rapidly expanding almond Prunus dulcis (Rosaceae) industry in Australia has
resulted in industrial migration of thousands of managed honey bee colonies, trans-
ported in from the northern regions for their pollination service. It is estimated that the
almond industry requires one-half of all managed honey bees in the eastern states of
Australia (RIRDC 2010). This continued development, together with the predicted
overall reduction in colony number, is likely to stimulate increasing interest in alterna-
tive pollinators in the warmer regions of northern New South Wales and Queensland,
from which many honey bee colonies will be taken. There is already a small group of
stingless bee-keepers that provide pollination services in these regions.

The Australian stingless bee pollination industry had its beginnings in the late
1980s when it was found that yields of macadamia nut Macadamia integrifolia
(Proteaceae) grown near remnant native vegetation were noticeably higher than for
crops situated in cleared land (Heard 1988a; Heard and Exley 1994). The main pol-
linators of macadamia are honey bees and stingless bees (Vithanage and Ironside
1986), and presence of these insects is extremely important for maximum seed set
(Wallace et al. 1996). Although the temperature threshold for Trigona (s.l.) flight
activity is 18°C (Heard and Hendrikz 1993), resulting in shorter foraging days com-
pared to honey bees (7 vs. 10 h/day, Heard and Exley 1994), Trigona (s.1.) are supe-
rior pollinators of macadamia flowers. Their small bodies are able to make more
intimate contact with stigmata while collecting pollen (Heard 1994), thus aiding
pollen transfer.

Trigona carbonaria are opportunistic foragers that use group strategies to inde-
pendently search for resources and rapidly recruit nest mates once rewards are
located. Foragers demonstrate floral constancy (White et al. 2001) and resources are
harvested, often by groups of bees, until they are depleted (Bartareau 1996). Few
studies have been carried out on Australian stingless bee communication. Bartareau
(1996) reports that 7. (Heterotrigona) carbonaria foragers leave a marker of glandu-
lar secretions near the food resource, but do not leave scent trails from the resource
to the nest (Nieh et al. 2000). Heard (1987) also demonstrated that Trigona (s.l.)
foragers returned to hives with 100% macadamia pollen, compared to honey bees,
carrying only 24%. Interestingly, Trigona (s.l.) prefer warm flowers (Norgate et al.
2010) and this is demonstrated by their attraction to flowers on outer, sun drenched
racemes (Heard and Exley 1994). Macadamia also benefit from varietal interplanting
for cross-pollination (Rhodes 1986) as their flowers are mostly self-incompatible and
protandrous (providing pollen before stigmata are receptive) (Sedgley et al. 1985).

Heard (1988b) developed a technique whereby colonies could be transferred into
artificial hives for use in managed crop pollination. The use of stingless bees for
pollination of macadamia has grown since then, and several macadamia farmers
have purchased their own hives to improve crop yield. Some growers were origi-
nally honey bee keepers, but found it easier to move small Trigona (s.l.) hives to
their macadamia crops, which are often grown on steep slopes. Those farmers have
since become reputable stingless bee-keepers in their own right (F. Adcock, per-
sonal communication). The demand for stingless bee pollination service by the
macadamia nut industry, as well as other crops, is growing. At present, there are not
enough hives available to meet this demand (M. Grosskopf, 2010, personal commu-
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nication). Further effort is required to improve colony propagation. This would
ensure that enough colonies are available in the future for suitable stocking rates
and satisfactory pollination service (T. Carter, personal communication).

It is estimated that Australian stingless bees have an average flight range of only
500 m (Heard and Dollin 1998). This is advantageous for crop pollination, because
bees are more likely to forage within the crop area than to venture farther afield in
search of other floral resources, as is often the case with honey bees (Graham 1992).
Hive placement is important, and the 15-20 hives per hectare (compared to seven
honey bee hives per hectare) should be interspersed throughout the crop if possible,
especially if cross-pollination is required (Heard and Dollin; F. Adcock, personal
communication; T. Carter, personal communication).

Crops other than macadamia can also benefit from stingless bee pollination.
Anderson et al. (1982) showed stingless bees to be effective pollinators of mango
(Mangifera indica; Anacardiaceae) and anecdotal accounts of increased crop qual-
ity and yield have been reported for other crops such as lychee Litchi chinensis
(Sapindaceae), avocado Persea americana (Lauraceae), and watermelon Citrullus
lanatus (Cucurbitaceae) (T. Carter, personal communication). Although no scientific
studies have been conducted on the effectiveness of stingless bees as pollinators in
Australian crops other than macadamia and mango, estimates of improved crop
yield have been assessed by one beekeeper. Stingless bees have also been intro-
duced into blueberry (Vaccinium corymbosum; Ericaceae) and bees are able to col-
lect pollen and nectar more efficiently than honey bees (F. Adcock, S. Maginnity,
M. Grosskopf, personal communication). Blueberry flowers are small, with a deep
corolla and narrow terminal orifice (Rhodes 2006). Unfortunately, there is no exper-
imental design or statistical analysis associated with these trials. Although the role
of stingless bees in pollination of native flora is well documented, their efficacy in
horticultural and agricultural crops of Australia needs further study (Heard 1987,
Heard 1999; Slaa et al. 2006).

Of the eight beekeepers who reported that they provided pollination services on
a professional basis during 2010, only four charged a service fee. One beekeeper
charged only $AU10 per hive, while the other three charged $AU35-40 per hive
(Halcroft, unpublished data).

3.7 Management Issues

3.7.1 Pests of Australian Stingless Bees

Australian stingless bees seem to be relatively disease-free and no reports of brood
disease have been seen. They do, however, suffer from predation, parasitism, and
colony infestation. There are many general predators such as flies, ants, spiders,
mites, wasps, birds, lizards, toads, and, of course, humans, which are common pests
of social bees worldwide. Australia has its own unique species of stingless bee para-
sites and predators; however, little is known about most species. Usually, strong hives
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Fig. 3.13 Syrphid fly adult.
Photo: J. Klumpp

are at minimal risk of hive invasion but weakened or newly propagated colonies are
vulnerable to attack from pests. It is of critical importance, when managing colonies,
that all means of access to the nest cavity are well sealed and that colonies are divided
or transferred as quickly and efficiently as possible, to minimize pest infestation.

One of the most serious pests of stingless bee colonies in Australia is the syrphid
fly Ceriana ornata australis Macquar. Ceriana ornata is 12 mm long, with bright
orange-yellow and black markings (Fig. 3.13) and is frequently observed hovering
near nests during summer (MH, personal observation). This fly has been observed
in all regions where stingless bee colonies are present and is seldom observed in
areas where stingless bees do not occur (Klumpp 2007). Ceriana ornata is most
destructive when colonies are divided or damaged. The female lays eggs directly on
nest structures if the hive is left open and unattended, or eggs are laid in unsealed
joints or cracks in the hive surface. The eggs hatch and the larvae (Fig. 3.14) make
their way into the nest cavity and food stores. If fly larval numbers are high the
colony will die as stores and immatures are consumed.

The phorid fly Dohrniphora trigonae Disney can also cause problems in
Australian stingless bees, especially Trigona (s.l.) species (Disney and Bartareau
1995), similar to phorid fly pests overseas (genus Pseudohypocera).

D. trigonae lays its eggs within the colony stores and are most problematic
following colony division (Klumpp 2007; Dollin and Heard 2010). These tiny flies
(2.5 mm) (Fig. 3.15) enter nests more easily than the larger syrphid fly and can do
so in high numbers (Klumpp 2007). Once inside, flies run along the surface of the
structures, laying eggs in honey and pollen pots. This pest is less of a problem in
Australia than overseas.

Stingless bee predators that are unique to Australia include Bembix flavipes
Smith and Bembix musca Handlirsch (Crabronidae) (Fig. 3.16). These Bembix hunt
singly and hover outside the entrance, waiting for bees to exit. Once a bee leaves the
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Fig. 3.15 Trigona worker (left) beside a phorid fly (right). Photo: J. Klumpp

Fig. 3.16 Bembix wasp. Photo: J. Klumpp
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Fig. 3.17 (a) Braconid wasp (right) lying in wait near Trigona foragers. (b) Braconid wasp (left)
preparing to oviposit into Trigona forager. Photos: J. Klumpp

nest the wasp swoops from behind the unsuspecting worker and drags it to its own
nest (A. Beil, 2009, personal communication). Evans et al. (1982) observed mass
provisioning of B. flavipes nests with over 25 freshly collected Austroplebeia, and
B. musca provision nests with T. (Heterotrigona) carbonaria. Drones are the main
prey during the stingless bee mating season (Evans and O’Neill 2007).

The only known parasitoid of Australian stingless bees is the braconid wasp
(Syntretus trigonaphagus) (Gloag et al. 2009). Syntretus trigonaphagus has only
been reported in the Brisbane area. The distribution of its host, T. carbonaria, sug-
gests that it may be found more widely along the east coast of Australia. Wasps wait
near the hive entrance or on flowers where bees are foraging (Fig. 3.17). When close
enough to the posterior of an individual bee the wasp projects her abdomen under
and in front of hers and oviposits onto the abdomen of the bee. The hatching larva
grows inside the abdomen of the living bee, for an unknown period of time.
Parasitized bees are easily identified because the abdomen is 2-2.5 times larger than
that of normal bees. The fully developed larva emerges from the bee, which then
usually flies away, presumably to die. Gloag et al. (2009) were unable to success-
fully rear pupae from emerged larvae and it is thought that pupation may take place
in the soil (Klumpp 2007).

Australian native beetles in the genus Brachypeplus (Coleoptera: Nitidulidae)
have been observed in stingless bee hives (MH, personal observation) although it is
thought they are not a major problem for strong colonies (A. Dollin, 2010, personal
communication). Adult beetles are commonly observed on the outer surfaces of
hives. These beetles are smaller and more slender than the worker bees (Fig. 3.18)
and are, therefore, able to gain access through unsealed cracks and joints in hives.
They lay eggs in inaccessible cracks and crevices within the hive. Beetle larvae have
not been observed in high numbers within hives and the main signs of their presence
are the accumulation of dry debris in the bottom of the hive and a reduction in
worker bee number (MH, personal observation). Little is known about these native
beetles and it is unclear what the larvae consume within the stingless bee nests.
Pupating beetle larvae have been observed under the transparent lid of A. australis
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Fig. 3.18 Adults and larva of Brachypeplus sp. beside an A. australis worker. Photo: M. Halcroft

Fig. 3.19 Adult small hive beetles beside an A. australis worker. Photo: M. Halcroft

hives, indicating that these beetles can complete their life cycle within the nest
(MH, personal observation).

The African small hive beetle (Aethina tumida Murray; Nitidulidae) is a newly
introduced honey bee pest in Australia (Fig. 3.19) and can devastate newly
divided, or damaged, stingless bee colonies. Adult beetles are frequently found
near hives (MH, personal observation) and enter nest openings whenever possi-
ble. If left unchallenged, the beetle lays eggs in food stores and brood. The larvae
hatch and begin feeding, defecating throughout the nest, and cause hive contents
to ferment. Eventually the entire colony collapses into a slimy mass. As with syr-
phid fly invasion, strong colonies are usually able to remove larvae from an
infested nest, but prevention is always better than cure. A strong, undamaged
colony can defend against small hive beetle invasion, and studies have shown that
T. (Heterotrigona) carbonaria can incapacitate invading adult beetles within
10 min of being introduced to the nest entrance (Greco et al. 2010). Halcroft et al.
(2011) showed that A. australis was effective in removing or destroying all life
stages (eggs, larvae and adults) from hives and that efficiency in entrance defense
and invader removal increased with frequency of exposure to beetle invasion.
Both T. (Heterotrigona) carbonaria and A. australis utilize resin to entomb adult
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Fig. 3.20 Adult small hive
beetle entombed alive in
cerumen while an A. australis
worker guards the interloper.
Photo: M. Halcroft

beetles within the nest (Fig. 3.20). Austroplebeia australis later dismembers the
remains and removes them from the nest.

Another exotic predator of Australian stingless bees is the cane toad (Rhinella
marina—formerly known as Bufo marinus Linneaus; Bufonidae). Introduced into
Australia in 1935 as a biological control agent for the pest cane beetle this highly
toxic pest has spread from coastal northern Queensland to the central coast of New
South Wales and across northern Australia to Kakadu National Park in Northern
Territory (Australian Museum 2010). Cane toads are quite ingenious and may stand
on each other’s backs in order to reach bee hive entrances. The toad will stay at the
hive entrance and consume incoming and outgoing workers until forager numbers
dwindle, to the point that the colony may be in danger of perishing (R. Zabel, per-
sonal communication) (Fig. 3.21).

3.7.2 Seed Dispersal by Stingless Bees

Corymbia torelliana F. Mueller (Myrtaceae), or cadaghi tree, as it is commonly
known, is native to the rainforest margins of the Atherton Tablelands in northern
Queensland. This species of Australian gum tree has spread extensively outside its
native range as it has been used for plantation timber. Its abundant blooms (Fig. 3.22)
and showy gum nuts (Fig. 3.23) have also resulted in it being used in street plantings
and parks, especially in the Brisbane area (AWC 2010). Although it is a source of
abundant pollen and nectar in spring, it has become a major management problem
for some stingless bee-keepers.

Corymbia torelliana seeds are mainly dispersed by gravity; 88% of seeds
drop to the ground soon after the fruit opens. However, one or two seeds remain
within the gum nut and all are dispersed by Trigona (s.l.) (Wallace et al. 2008).
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Fig. 3.22 C. torelliana flowers are an abundant pollen and nectar source. Photo: J. Klumpp

Resin is produced in the gum nut, behind the valve (Fig. 3.24). When the bee
enters the nut to collect resin, the seeds attach to the sticky corbicular load
(Fig. 3.25). Seeds are dispersed by bee vectors, or “mellitochory,” and may be
spread during the flight back to the nest or transported to the nest itself. This may
be up to 1 km away from the tree (Klumpp 2007; Wallace et al. 2008; A. Beil,
R. Luttrell, J. Klumpp, personal communication). Trigona (s.l.) are strongly
attracted to the resin from C. forelliana and the colonies stop normal foraging
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Fig. 3.23 The attractive gum
nuts of C. forelliana make it
an ideal amenities tree.
Photo: J. Klumpp

Fig. 3.24 Cross section of
C. torelliana fruit, showing
seeds and resin in close
proximity. Photo: R. Luttrell

activity to collect as much of this resource as possible (Klumpp 2007). Trigona
(s.l.) are known to collect and store large amounts of resin, with up to 10% of
foragers returning with resin loads (Wallace and Lee 2010). Analysis of the
chemical profiles of body surfaces of five Trigona (s.l.) species showed that 51%
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Fig. 3.25 Trigona forager
on a C. torelliana fruit,
with a seed adhered to

her corbicular load.

Photo: R. Luttrell

of these compounds were derived from plant resins. Conversely, Austroplebeia,
which collect only small amounts of plant resin, had little or no resinous com-
pounds on their bodies (Leonhardt et al. 2010).

As foragers return to the nest some attempt to dislodge seeds on the nest exterior,
while others transport seeds directly into the nest cavity. The colony removes some,
but not all, of the introduced seeds and these are either disposed of, up to 10 m out-
side the nest (Wallace and Trueman 1995), or adhere to the sticky surface of the nest
entrance (Wallace et al. 2008) (Fig. 3.26). Seeds collect around the entrance (Wallace
and Trueman 1995), reducing airflow within the nest. Resin from C. torelliana may
have a lower melting point than many other plant resins. Collection of the resin and
its seed occurs during the hottest months of the year in Australia—December to
February (Wallace and Lee 2010); and as temperatures rise, the resin begins to
soften. Reports of structural collapse due to seed weight and resin softening are not
uncommon, particularly if ambient temperatures exceed 39°C (J. Klumpp, M.
Duncan, 2006, personal communication). As a result, some beekeepers remove their
hives from C. torelliana areas during resin flow to prevent colonies from collecting
the resin and seed mixture (Klumpp 2007; T. Carter, 2010, personal communication).
While many Australian beekeepers consider C. forelliana to be a major manage-
ment problem, others consider it to be a useful source of pollen, nectar, and resin
(Klumpp 2007).

3.7.3 Fighting Swarms

Nest defense is widely reported in stingless bees around the world. Incapacitation of
intruders is achieved by biting, resin daubing, chemical repellents, and locking onto
the wing or body with their mandibles, thus grounding invaders and rendering them
harmless (Roubik et al. 1987; Wittman et al. 1990; Lehmberg et al. 2008; Halcroft
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Fig. 3.26 C. torelliana
seed collection around the
entrance of a Trigona nest
entrance. Photo: R. Luttrell

et al. 2011). Nest defense against conspecifics is, however, more specialized and
involves recognition of nestmates from non-nestmates, using recognition cue com-
pounds (Buchwald and Breed 2005). Trigona carbonaria demonstrate a collective
defense behavior known as a “fighting swarm,” during which time hundreds to
thousands of workers, usually from two colonies, become entwined in an aerial
battle, to the death. The fight takes place outside the defending nest and may result
in the usurpation of the defending colony. In flight, two workers lock together by
biting each other and immediately drop to the ground. Sometimes the opponents
mistakenly attack their own nestmate and, once they recognize this, the pair will
usually unlock mandibles and take to the air again, rejoining the fight. Typically, the
combatants remain locked together until death, after which they are dragged away
by opportunistic scavengers, such as ants. The battle, which may begin each morn-
ing and can last for days, results in a carpet of thousands of dead bees locked together
by the mandibles (Fig. 3.27) (Wagner and Dollin 1982; Heard 1996; Klumpp 2007,
Dollin 2008; Gloag et al. 2008).

Gloag et al. (2008) found that most “fighting swarms” involved only two col-
onies. However, there were instances where up to seven colonies were identified
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Fig. 3.27 T. carbonaria hive entrance showing just a proportion of the coupled bees that will die
in battle. Photo: R. Gloag

in a single battle. Alarm pheromones are probably responsible for attracting
neighboring colonies into the “fighting swarm.” This may potentially increase
overall losses within a meliponary or orchard. Trigona (Heterotrigona) car-
bonaria is the most popular species kept by Australian stingless bee-keepers
(Halcroft, unpublished data), and “fighting swarms” are a major management
problem. While there are reports of other stingless bee species forming defensive
groups, “fighting swarms” are regularly reported in 7. (Heterotrigona) car-
bonaria (ANBees 2010). Colony strength is greatly reduced after a fight and
colonies may not be divisible for another season. Gloag et al. (2008) also find
that approximately one in five of the paired combatants were nestmates, contrib-
uting further to the cost of battle.

Gloag et al. (2008) tested the theory that returning workers may become disori-
entated, especially when moved into a crop area for pollination. Workers were
forced to enter a foreign nest, which quickly provoked a “fighting swarm.” In the
field, disoriented workers mistakenly entered another nest, thus prompting a
“fighting swarm.” Management practices that are used to reduce the incidence of
“fighting swarm” due to disorientation include: separation of hives by 5 m, position-
ing hives at different heights and directions, and identification of hives with differ-
ent colors or symbols (Gloag et al. 2008). Fortunately, colonies involved in “fighting
swarms” usually recover (Heard 1996) and in the case of usurpation, the weaker
colony may even increase in vigor (Dollin 2008).

More information on fighting swarms can be found at http://www.aussiebee.
com.au/video-fighting-swarms- 1.html.
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Chapter 4
Stingless Bees from Venezuela

Silvia R.M. Pedro and Joao Maria Franco de Camargo*

4.1 Introduction

The stingless bees of Venezuela, or “abejas criollas” as known by locals, have
aroused the interest of native and foreign people since long ago. According to Rivero
Oramas (1972) the first records about the biology of these bees dated 1578 when the
Governor Juan Pimentel wrote about the province of Caracas mentioning the use of
tree trunk hollows of the “jobo” (Spondias mombin L.—Anacardiaceae) as a place
for nesting by bees (probably stingless bees). He also commented about the com-
merce of honey and cerumen, which is always black in that region. In the years
1612-1613 Father Pedro Simén gave more detailed accounts of the bees in the
region of Los Llanos. He made observations about the honey stored in pots arranged
in clusters, not in combs, the quality of honey and cerumen and their use by native
people, and the docile behavior of the bees. Reports about traditional meliponicul-
ture (beekeeping with stingless bees) are even older. Venezuelan Indians kept sting-
less bees in large calabashes in their houses according to reports of Rodrigo de
Bastidas dated from the 1540s (Oviedo 1550 apud Crane 1999), who also men-
tioned the presence of many bees without stinging organs in the wild woods. It is
interesting to note that the European bee Apis mellifera Linnaeus, 1758 was not
present in Venezuela at least until 1866, according to oral information by Prof.
Karsten (Gerstaker 1866 apud Nogueira-Neto 1962).

Nowadays despite the great diversity of stingless bee species in Venezuela and
the traditional meliponiculture widespread in that country, there are few studies
dealing with the taxonomic diversity of the Venezuelan native stingless bees.
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The species more intensively reared are known only by their common names, most
of them from indigenous origin, and sometimes the same name is applied for differ-
ent species, or one species can receive different names depending on the region
(Rivero Oramas 1972).

On the other hand, there is a field of scientific research that has meaningfully con-
tributed to the improvement of knowledge of the taxonomic biodiversity of the sting-
less bee fauna from Venezuela: honey and propolis analyses. For the last 25 years, Dr.
Patricia Vit and collaborators have been sending Venezuelan specimens of stingless
bees, associated with honey and propolis samples, for identification and deposit in the
Camargo Collection—RPSP (see Vit 2008). They have been working to create the
quality standards of stingless bee honey through determination of their botanical and
geographical origins, melissopalynology, biochemical composition, and physico-
chemical, sensory, and bioactive properties—antibacterial activity, antioxidant capac-
ity, acidity, electrical conductivity, diastase and invertase activities, and levels of ash,
nitrogen, flavonoids, hydroxymethylfurfural, reducing sugars, sucrose, and water
(e.g., Vit Olivier 1992; Vit and Ricciardelli d’ Albore 1994a, b; Vit et al. 1994, 1997,
1998a, b, 2011; Bogdanov et al. 1996; Vit and Pulcini 1996; Vit and Tomads-
Barberdn 1998; Rodriguez-Malaver et al. 2009; Vit 2005, 2009). Propolis collected
from nests of Venezuelan stingless bees has been also analyzed concerning phenolic
compounds (e.g., Tomds-Barberan et al. 1993; Vit et al. 1993). The identification was
provided mainly by one of the present authors, the late Prof. Joao MF Camargo, spe-
cialist in taxonomy, biology, and biogeography of Meliponini. The bees sampled by
Prof. P. Vit have provided valuable information about the meliponine fauna from
Venezuela, such as new records of species and geographical records, as well as taxo-
nomic information for future revisions.

The present chapter introduces a preliminary checklist of stingless bees from
Venezuela, including common names, geographic records, and studies concerning
honey. This is only a preliminary treatment and certainly there are many more spe-
cies in Venezuela than the ones listed here, considering that we have not studied
material deposited in other collections. Other constraints involve the lack of inten-
sive and periodic surveys comprising the large diversity of habitats distributed
throughout the Venezuelan territory as well as taxonomic limitations. Nonetheless,
this can be useful in future faunistic surveys as well as in taxonomic revisions of
Venezuelan Meliponini bees.

4.2 Data Sources

The data were obtained from material studied by the authors, mostly collected by
Prof. P Vit (Universidad de Los Andes, Mérida, Venezuela), during the last 25 years,
and sent to RPSP (Camargo Collection, housed in the Department of Biology,
FFCLRP-USP, in Ribeirdo Preto, Sao Paulo) for identification. Other studied speci-
mens in RPSP from Venezuela were collected by JMF Camargo—who traveled
across the states of Merida, Barinas, and Zulia studying nests of Meliponini through
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March 2008, accompanied by P Vit. Material has also been collected by RW Brooks
and collaborators, D Wittmann, and others. Popular names listed here were obtained
from traditional stingless bee-keepers and locals by P Vit when collecting the bees.
Some popular names mentioned by Rivero Oramas (1972), such as “bayures” (prob-
ably the same as “guayures”), “araguatas,” and “mabas,” could not be associated
with the scientific names of the species. Additional information was obtained from
literature, mainly from Schwarz (1932, 1948) and Camargo and Pedro (2007,
2008).

4.3 Diversity and Distribution of Stingless Bees in Venezuela

Species recorded in Venezuela are listed in Table 4.1. Geographical records are
listed by states following two-letter abbreviations (AM Amazonas, AP Apure, ME
Meérida, etc.). From the 83 species of stingless bees that occur in Venezuela, here
listed, 18% have their honeys already analyzed (references in Table 4.1).

Nests of some species are represented in the Fig. 4.1a—f.

The total of 83 species included in 19 genera is certainly an underestimate, mainly
considering that material deposited in collections, other than RPSP, was not exam-
ined. Also, some genera are currently under revision or need to be revised, and the
identity of some species could not be determined for this work. These are mainly
Frieseomelitta, Nannotrigona, Scaptotrigona, Tetragona, Tetragonisca (Fig. 4.1d—f),
Plebeia, and Scaura. Despite the exhaustive revisions by Schwarz (1932, 1948), the
taxonomy of Melipona and Trigona deserves a reevaluation as well. Melipona
Illiger, 1806 is the most diversified Neotropical stingless bee genus, divided in four
subgenera, all represented in Venezuela, and with about 70 known species (Camargo
and Pedro 2007, 2008), some of them extensively reared by beekeepers. Trigona is
also widely diversified with about 32 valid species, besides at least other 10-20 new
to science and in some cases there are complexes of different species now fre-
quently identified under the same epithet (e.g., Trigona fulviventris, T. guianae, T.
fuscipennis, T. hypogea, T. pallens).

Some species were only recorded in Venezuela in the literature and we could not
confirm the identity of this material. Some of them are certainly misidentifications or
junior synonyms of other species [e.g., Scaptotrigona polysticta Moure, 1950, Trigona
hyalinata (Lepeletier, 1836) (probably T. branneri), Trigona spinipes (Fabricius,
1793) (probably T. amazonensis), Trigona alfkeni Friese, 1900, Trigona silvestriana
(Vachal, 1908), Trigona trinidadensis (Provancher, 1888) (junior synonym of
T. amalthea); see Camargo and Pedro (2007, 2008)] and were not included in the
Table 4.1. Other names were listed in Table 4.1 with some uncertainty such as
Geotrigona subnigra, Lestrimelitta glaberrima, Nannotrigona perilampoides, and
Plebeia fraterna, recorded in Gudrico by Rodriguez-Parilli et al. (2010). These authors
also mentioned one unnamed Friesella, recorded in Portuguesa, but the material was
probably misidentified. Friesella schrottkyi (Friese, 1900), the only species of the
genus, is restricted to the southern part of Brazil (Camargo and Pedro 2007, 2008).
There is no other record of Friesella between southern Brazil and Venezuela.
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Fig. 4.1 Nests of stingless bees from Venezuela. (a, b) Paratrigona anduzei (Schwarz, 1943)
among roots of epiphyte, Garden of Medicinal Plants, Universidad de Los Andes, Mérida,
Venezuela. (¢) Nest entrances of Frieseomelitta paupera (Provancher, 1888) in wall of cement
bricks, Trail Pefia de La Yuca, Barinas, Venezuela. (d) Nest entrance of Tetragonisca sp., in the
base of a trunk of mango tree, Garden of Medicinal Plants, Universidad de Los Andes, Mérida,
Venezuela. (e, f) Tetragonisca sp., nest in artificial cavity of funnel, Food Science Department,
Universidad de Los Andes, Mérida, Venezuela; the arrow indicates the nest entrance built with
cerumen in the open funnel it is possible to see the layers of involucrum protecting the nest.
Photos: J.M.F. Camargo
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Among the genera with species represented in Venezuela and recently
revised, including not only taxonomy but also information about biology, are
Paratrigona and Aparatrigona (Camargo and Moure, 1994), Geotrigona
(Camargo and Moure, 1996), Partamona (Camargo and Pedro, 2003, Pedro and
Camargo, 2003), and Ptilotrigona (Camargo and Pedro, 2004). Lestrimelitta
and Oxytrigona were partially revised by Marchi and Melo (2006) and Gonzalez
and Roubik (2008).

Several species were described from Venezuela and some of them remain known
only from the type locality. Melipona concinnula Cockerell, 1919 is known only
from a single specimen (the holotype) from Rio Mato, Caura District, Bolivar,
Venezuela. However, it is possible that M. ogilviei is a junior synonym of this spe-
cies [see comments in Schwarz (1932) and Camargo and Pedro (2007, 2008)].
Melipona apiformis (Buysson, in Buysson & Marshall, 1892) was originally
described in the genus Trigona and later included in Melipona based on its descrip-
tion (Camargo and Pedro 2007, 2008) and it was recorded only in the type locality
(Colonia Tovar, AM, Venezuela). Its true identity, however, remains unknown
because the whereabouts of type material is unknown. Plebeia fraterna was
described by Laroca and Rodriguez-Parilli (2009) from San Juan de Los Morros,
Guadrico, Venezuela, and is known only from there now.

Other species described from Venezuela are Melipona indecisa Cockerell,
1919 from Lagunita de Aroa, Yaracuy (Camargo and Pedro 2007, 2008);
Paratrigona permixta Camargo & Moure, 1994 from San Rafael, Cumanacoa,
Sucre; Nannotrigona tristella Cockerell, 1922 and Trigona venezuelana
Schwarz, 1948 both from Lagunita de Aroa, Yaracuy; Plebeia goeldiana
(Friese, 1900) from Mérida; Scaptotrigona ochrotricha (Buysson, in Du
Buysson & Marshall, 1892); and Melipona apiformis, described from Colonia
Tovar, Aragua. Melipona fasciata cramptoni duidae (Schwarz, 1932), junior
synonym of Melipona cramptoni Cockerell, 1920, was described from the
Mt. Duida region, between La Esmeralda and Cerro Duida, Amazonas, near the
Orinoco River. According to Camargo and Pedro (2007, 2008), it is possible that
M. cramptoni is only a dark form of M. fulva. Geographic records of these spe-
cies in Venezuela are listed in Table 4.1.

Although Friese (1900) has included specimens of Melipona fasciata Latreille,
1811 from Venezuela in the type series of M. fuscipes Friese, 1900 (junior synonym
of M. fasciata) this species is not present in the Venezuelan stingless bee fauna.
Indeed, the type series of M. fuscipes was composed of different species and its
identity was interpreted by Moure (1971) on the basis of specimens from central
Mexico (Morelos). Melipona fasciata was also described based on specimens from
Mexico (Veracruz) (see notes in Camargo and Pedro 2007, 2008).

Some species are widely distributed in Venezuela, such as Frieseomelitta pau-
pera (Fig. 4.1c), Melipona favosa, Partamona peckolti, Trigona amalthea, and
T. guianae. Most of the species recorded in Venezuela (Table 4.1), however, seem to
have a more restricted distribution.
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4.4 Biogeographic Patterns of Venezuelan Meliponini

Despite the taxonomic problems and restriction of studied material allied to the
lack of consistent surveys in Venezuela, we can make a first attempt to relate the
known geographical records of Venezuelan Meliponini with biogeographic patterns
already recognized, including other stingless bees (Camargo and Pedro 2003;
Camargo 2008; Camargo Chap. 2, this book).

The Venezuelan fauna of stingless bees is quite diversified in terms of biogeo-
graphic origins, including predominantly elements from NAm (Amazon region, on
north of the Negro and Amazonas rivers) and SWAm (a component delimited, on
the north, by the alignment of the Uaupés/Negro rivers; on the south, by the Madeira/
Mamoré rivers; and on the west, by the Andean mountain range) components.

Species from Central America (Choco-CA component) that reach Venezuela
are Tetragona ziegleri, Trigona fulviventris, Trigona fuscipennis, Partamona
peckolti, and Frieseomelitta paupera (Fig. 4.1c). However, the taxonomic status of
some of these must be reviewed. Oxytrigona mellicolor is also from Choc6-CA
component [as interpreted by Schwarz (1948), followed by Camargo and Pedro
(2007, 2008)], although the holotype is from somewhere between Quito and the
Napo River (Schwarz 1948), on the eastern side of the Andes; it can be found from
Honduras to Esmeraldas, Ecuador, and in Venezuela, in Lagunita de Aroa, Aragua,
and other states listed in Table 4.1 (Schwarz 1948; Camargo and Pedro 2007, 2008;
Gonzalez and Roubik 2008). Nannotrigona perilampoides was only recorded in
Venezuela in Gudrico by Rodriguez-Parilli et al. (2010), but it was possibly
misidentified considering this species is only known from Mexico to Panama
(Camargo and Pedro 2007, 2008).

The other two components, Atl (Atlantic area, from Bahia to Parand, Brazil) and
SEAm (area to the south of the Madeira/Amazonas rivers to northwestern Argentina),
are apparently not represented in Venezuela except, perhaps, by Cephalotrigona
capitata, from the SEAm, implying that Amazon River represents an important
faunal divisor (geographic barrier) for stingless bees.

Species with more restricted distribution patterns are apparently associated with
areas of endemism related with Venezuelan terranes (Venezuela—Trinidad, Imeri,
and others not named yet) included in the NAm biogeographic component. They are
Trigona venzuelana, Partamona vitae, Paratrigona anduzei (Fig. 4.la, b),
Paratrigona pemixta, Plebeia fraterna, P. goeldiana, Scaptotrigona ochrotricha,
Melipona concinnula, M. apiformis, M. indecisa (probably junior synonym of M.
apiformis), M. ogilviei, M. trinitatis, and Nannotrigona tristella.

Other species from the NAm component, but more widely distributed neverthe-
less, are Duckeola pavani, Partamona nigrior, Geotrigona subnigra, Lestrimelitta
glaberrima, Melipona compressipes, M. interrupta, M. cramptoni, M. fulva,
M. lateralis, M. paraensis, Paratrigona pannosa, Partamona auripennis,
P. ferreirai, P, nigrior, and P. pearsoni. Melipona favosa is also widespread throughout
Venezuela, Guianas, Trinidad, and Tobago, reaching Colombia (Magdalena), but its
wider distribution can be a result of extensive beekeeping and transportation of hives.
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Some examples of species from the SWAm component that are represented in
Venezuela are Lestrimelitta maracaia, Melipona crinita, M. illustris, Nannotrigona
melanocera, N. schultzei, and Partamona epiphytophila.

Many species present in Venezuela have wider distribution in South America
occupying two or three of the large components and it is difficult to determine their
biogeographic origins. Some examples are:

NAm+SWAm: Aparatrigona impunctata, Ptilotrigona lurida, Trigona amalthea,
T. amazonensis, T. branneri, T. cilipes [the material listed from Costa Rica and
Panamd by Schwarz (1948):346 is probably another species], 7. dallatorreana,
T. guianae, T. pallens, and T. venezuelana.

NAm+SWAm+SEAm: Partamon ailyae, Partamona vicina, Scaura latitarsis
(different species included), Tetragona clavipes (different species included), Trigona
hypogea (different species included), and T. truculenta.

In summary, information on distribution patterns must be improved with the
increase of surveys in the country and adequate taxonomic treatment of the material
sampled, which will allow more precise interpretation of biogeographic patterns.
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Chapter 5
Stingless Bees (Hymenoptera: Apoidea:
Meliponini) of French Guiana

Alain Pauly, Silvia R.M. Pedro, Claus Rasmussen, and David W. Roubik

5.1 Introduction

Stingless bees (Hymenoptera: Apoidea; Meliponini) are found worldwide in tropical
and subtropical regions (Michener 2007), but are most diverse and numerous in
tropical South and Central America, where they often are the most commonly
encountered bees. The stingless bees have long played an important role for inhabitants
of these areas as the suppliers of excellent honey (Schwarz 1948; Nogueira-Neto
1997; Stearman et al. 2008; Guerrini et al. 2009; Rodriguez-Malaver et al. 2009)
and crop pollinators (Heard 1999; Slaa et al. 2006). They are also the focus for
scientific research on sociality and colony evolution (e.g., Nieh 2004; Rasmussen
and Camargo 2008; Lichtenberg et al. 2010). Further comparative studies are
encouraged by a robust phylogeny of the entire group (Rasmussen and Cameron
2007, 2010; Ramirez et al. 2010). The stingless bees have also been of concern for
conservation biologists, because most nest in living trees and therefore they may be
more susceptible to habitat disturbance than other bees and insects (Brown and
Albrecht 2001; Kerr et al. 2001; Samejima et al. 2004; Roubik 2006).
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The lowland forest of French Guiana contains extensive and undisturbed habitats,
and the smallest human population density on earth. The land area is little more than
80,000 km?. No high mountains occur, and the rainfall varies between 4,000 mm
annually in the Cayenne and Kaw mountain area, gradually diminishing to half this
amount to the south and west. The forests are of white sand soils or of laterites, as
well as the extensive mangrove of the coastal and estuarine areas.

In order to conduct research in a given area, it is often essential to have some
background on the species encountered in that area. An introduction to the local
species is often provided in the form of checklists for families or orders of insects or
for smaller units (e.g., genera) in taxonomic revisions or species descriptions.
However, no complete ecological perspective is given in such lists, because relative
abundances or phenologies of the different species are unknown. In the case of sting-
less bees, the bees are ecologically active every day and the colonies are perennial
(Roubik 1989). For basic information, stingless bee researchers have access to three
checklists. Camargo and Pedro (2007, 2008a) and Rasmussen (2008) in their cata-
logues of stingless bees listed all species from the Neotropical and Indo-Malayan/
Australasian region, respectively, including bibliographic references, synonymies,
and distribution records based on their literature surveys. Eardley (2004) in a taxo-
nomic revision of the Afrotropical stingless bees provided keys, synonymies, and
distribution records for all stingless bees of that region, excluding Madagascar.
Much of the information was also included in the later catalogue to the Afrotropical
bees, including Madagascar (Eardley and Urban 2010). Distribution records in all three
catalogues (Camargo and Pedro 2007, 2008a; Rasmussen 2008; Eardley and Urban
2010) were largely based on the literature, and given the sporadic collection effort of
these regions, it is not surprising that several countries are poorly sampled, incom-
pletely known, or that even well-known regions can provide new records of species.

We surveyed the literature and a comprehensive collection of stingless bees from
French Guiana to compile a list of all known taxa from that country. Whereas the
stingless bee fauna of French Guiana was first studied extensively by Roubik (1979,
1980), century old scattered records (Dominique 1898; Rasmussen et al. 2007) were
the first to document the fauna from the country, some even dating to the time of
Linnaeus and his students, namely, JC Fabricius who named seven new stingless
bee taxa likely collected in French Guiana (primarily Cayenne) and Suriname
(Moure 1960; Papavero 1971).

5.1.1 Data Compiled from Preserved Material
Jrom Four Collections

Data were compiled from the following sources (collecting sites on Fig. 5.1):

1. Material preserved at the Royal Belgian Institute of Natural Sciences (RBINS),
collected by Société Entomologique Antilles Guyane (SEAG) (Brulé et al. 2011),
and identified by Silvia RM Pedro: Saut Pararé (4°02 N 52°41' W) a Nouragues,
Montagne des Chevaux (4°43'N 52°26'W) a Roura (RN2 PK22), Iracoubo
(5°29'N 53°13'W).
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Fig. 5.1 Map of collecting sites in French Guiana (extracted from www.atlashymenoptera.net).
(1) Saint Laurent du Maroni, (2) Yalimapo, (3) Iracoubo, (4) Sinnamary, (5) Soumourou, (6)
Kourou, (7) Degrad Saramaca, (8) Cayenne, (9) Roura Montagne des Chevaux, (10) Relais Patawa,
(11) Kaw, (12) Regina, (13) Saut Pararé, (14) Petit Saut, (15) Mt Galbao, (16) Saul, (17) Saint
Georges de 1’Oyapock

2.

Material preserved at the Royal Belgian Institute of Natural Sciences [RBINS]
and identified by Claus Rasmussen: Kaw, Relais Patawa (4°32'N 52°09 W) leg.
Y Braet, leg. J Cerda; Kourou (5°09'N 52°39'W) leg. Y Braet; Maroni (5°30'N
54°02" W) (=Saint Laurent du Maroni) leg. Y Braet; Saiil (3°37'N 53°12' W) leg.
Y Braet; Piste Soumourou (5°09'N 52°44’ W) leg. D Faure; Sinnamary, Pointe
Combi (5°19'N 52°57"W) leg. P Cerdan; Sinnamary, barrage de Petit Saut
(4°04'N 53°03'W) leg. P Cerdan; Yalimapo, Les Hattes (5°44'N 53°57'W),
Ecloserie du WWEF, leg. R Babin.

. Material preserved at the [DWR] Collection, Smithsonian Tropical Research

Institute, Panama4, collected and identified by David W. Roubik, JMF Camargo,
and JS Moure: Kourou-Sinnamary area, in addition to Cayenne, St. Laurent and St.
George areas (1976-2009).

. Material preserved at Division of Entomology, University of Kansas Natural

History Museum, Lawrence, Kansas, USA (SEMK). Various localities collected
by RW Brooks and identified by JMF Camargo.
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5. Material preserved at Faculdade de Filosofia, Ciéncias e Letras de Ribeirdo
Preto, Universidade de Sao Paulo, Sdo Paulo, Brazil (RPSP), identified by JMF
Camargo and SRM Pedro. Duplicates of collections a, ¢, and d are preserved in
this institution.

In addition we included literature records (Camargo and Pedro 2005, 2008b, 2009;
Moure 1989; Moure and Camargo 1982; Moure et al. 1988; Oliveira and Marchi
2005; Roubik 1980, 1990; Smith Pardo and Engel 2001) and a record of Celetrigona
manauara collected by R. Snyder and preserved in American Museum of Natural
History (AMNH).

5.1.2 A List of Stingless Bee Species Found in French Guiana

Aparatrigona impunctata (Ducke 1916) [DWR, RBINS, RPSP, SEMK]

Camargoia camargoi Moure 1989 [DWR, RBINS, RPSP, SEMK]

Celetrigona manauara Camargo and Pedro 2009) [AMNH]

Cephalotrigona capitata (Smith 1854) [DWR, RBINS, RPSP, SEMK]

Dolichotrigona longitarsis (Ducke 1916) [SEMK]

Duckeola ghilianii (Spinola 1853) [DWR, RPSP]

Duckeola pavani (Moure 1963) [DWR, RPSP]

Frieseomelitta flavicornis (Fabricius 1798) [DWR, RBINS, RPSP, SEMK]
(=Tetragona savannensis (Roubik 1980))

Frieseomelitta portoi (Friese 1900) [DWR, RBINS, RPSP]

Frieseomelitta sp. A aff. varia (Lepeletier 1836) [RBINS]

Frieseomelitta sp. B [RBINS]

Frieseomelitta sp. C [RBINS]

Lestrimelitta glaberrima Oliveira and Marchi 2005 [DWR, RBINS, RPSP]

Lestrimelitta guyanensis Roubik 1980 [DWR, RBINS, RPSP]

Lestrimelitta monodonta Camargo and Moure 1989 [RBINS]

Leurotrigona pusilla Moure and Camargo 1988 in Moure et al. 1988 [DWR, RPSP]

Melipona (Eomelipona) bradleyi Schwarz 1932 [RBINS]

Melipona (Eomelipona) ogilviei Schwarz 1932 [DWR, RBINS, RPSP]

Melipona (Eomelipona) puncticollis Friese 1902 [DWR, RPSP]

Melipona (Melikerria) compressipes Fabricius 1804 [DWR]

Melipona (Melikerria) interrupta Latreille 1811 [DWR, RBINS, RPSP]

Melipona (Melipona) favosa Fabricius 1798 [DWR, RBINS, RPSP]

Melipona (Michmelia) captiosa Moure 1962 [DWR, RBINS]

Melipona (Michmelia) fuliginosa Lepeletier 1836 [DWR]

Melipona (Michmelia) fulva Lepeletier 1836 [DWR, RBINS, RPSP]

Melipona (Michmelia) lateralis Erichson 1848 [DWR, RBINS, RPSP, SEMK]

Melipona (Michmelia) melanoventer Schwarz 1932 [DWR]

Melipona (Michmelia) paraensis Ducke 1916 [DWR, RBINS]

Melipona (Michmelia) sp. [RBINS]

Nannotrigona punctata (Smith 1854) [DWR, RBINS, RPSP, SEMK]

Nannotrigona schultzei (Friese 1901) [DWR, RPSP, SEMK]
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Nogueirapis minor (Moure and Camargo 1982) [DWR, RBINS, RPSP, SEMK]

Oxytrigona obscura Friese 1900 [DWR, RBINS, RPSP, SEMK]

Paratrigona femoralis Camargo and Moure 1994 [DWR, RBINS, RPSP, SEMK]

Paratrigona pannosa Moure 1989 [DWR, RBINS, RPSP, SEMK]

Partamona auripennis Pedro and Camargo 2003 [DWR, RBINS, SEMK]

Partamona ferreirai Pedro and Camargo 2003 [DWR, RBINS]

Partamona mourei Camargo 1980 [DWR, RBINS]

Partamona pearsoni Schwarz 1938 [DWR, RBINS, RPSP]

Partamona testacea (Klug 1807) [DWR, RBINS, RPSP, SEMK]

Partamona vicina Camargo 1980 [DWR, RBINS, RPSP, SEMK]

Plebeia minima (Gribodo 1893) [DWR, RBINS]

Plebeia mosquito (Smith 1863) [RBINS]

Plebeia sp. 1 [DWR, RBINS]

Plebeia sp. 2 [DWR, RBINS]

Plebeia sp. 3 [DWR, RBINS]

Plebeia sp. 4 [DWR, RBINS]

Plebeia sp. 5 [DWR, RBINS]

Ptilotrigona lurida (Smith 1854) (Fig. 5.2d) [DWR, RBINS, RPSP, SEMK]

Scaptotrigona cf. depilis (Moure 1942) [RBINS]

Scaptotrigona fulvicutis (Moure 1964) [DWR, RBINS, RPSP]

Scaptotrigona sp. 1 (gr. tubiba Smith 1863) [RBINS]

Scaptotrigona sp. 2 (gr. tubiba) [RBINS]

Scaura latitarsis (Friese 1900) [DWR, RBINS, SEMK]

Scaura longula (Lepeletier 1836) [DWR, RPSP]

Scaura tenuis (Ducke 1916) [DWR, RBINS, RPSP]

Tetragona beebei (Schwarz 1938) [DWR, RBINS, RPSP]

Tetragona clavipes (Fabricius 1804) [DWR, RBINS, RPSP, SEMK]

Tetragona dorsalis (Smith 1854) [DWR, RPSP, SEMK]

Tetragona handlirschii (Friese 1900) [DWR, RBINS, RPSP, SEMK]

Tetragona kaieteurensis (Schwarz 1938) [RBINS, SEMK]

Tetragona sp. [RBINS]

Tetragonisca angustula (Latreille 1811) [DWR, RPSP, SEMK]

Trigona branneri Cockerell 1912 [DWR, RBINS, RPSP, SEMK]

Trigona cilipes (Fabricius 1804) (Fig. 5.2c) [DWR, RBINS, RPSP, SEMK]
[=T. mazucatoi Almeida 1992]

Trigona crassipes (Fabricius 1793) [DWR, RBINS, RPSP, SEMK]

Trigona sp. 1 (gr. crassipes (Fabricius 1793)) [DWR, RPSP]

Trigona sp. 2 (gr. crassipes (Fabricius 1793)) [RPSP, SEMK]

Trigona sp. 3 (gr. crassipes (Fabricius 1793)) [RBINS]

Trigona sp. 1 (gr. fuscipennis Friese 1900) [DWR, RBINS]

Trigona sp. 2 (gr. fuscipennis Friese 1900) [DWR, RBINS]

Trigona sp. 3 (gr. fuscipennis Friese 1900) [RBINS]

Trigona guianae Cockerell 1910 [DWR, RBINS, RPSP, SEMK]

Trigona pallens (Fabricius 1798) (Fig. 5.2a, b) [DWR, RBINS, RPSP, SEMK]

Trigona permodica Almeida 1995 [DWR, RBINS, SEMK]
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Trigona sp. (gr. recursa Smith 1863) [RPSP, SEMK]
Trigona sesquipedalis Almeida 1984 [DWR, RPSP]

Trigona williana Friese 1900 [DWR, RBINS, RPSP, SEMK]
Trigonisca dobzhanskyi (Moure 1950) [DWR, RPSP]
Trigonisca sp. [DWR, RBINS]

Some common species of stingless bees from French Guiana are illustrated in Fig. 5.2.

Fig. 5.2 Some Meliponini of French Guiana. (a) Ptilotrigona lurida, (b) Trigona cilipes,
(¢) Trigona pallens (at nest entrance), (d) Trigona pallens. Photos: Stéphane Brulé

Table 5.1 presents a list of Neotropical genera of stingless bees, including total
number of described species and distribution.

Table 5.1 A list of Neotropical genera of stingless bees

Number French

Genus of species Guiana Notes on distribution

Aparatrigona Moure 1951 2 1 NW Brazil to Panama

Camargoia Moure 1989 3 1 E and Central Brazil to French Guiana
Celetrigona Moure 1950 4 1 Bolivia, Peru, Brazil to Guianas
Cephalotrigona Schwarz 1940 5 1 Argentina and S Brazil to Trinidad
Dolichotrigona Moure 1950 10 1 Peru to Mexico and W and N Brazil
Duckeola Moure 1944 2 2 Bolivia and Peru to Guianas

Friesella Moure 1946 1 0 Only found in SE Brazil
Frieseomelitta Thering 1912 16 5 SE Brazil to Mexico

Geotrigona Moure 1943 21 0 A widespread genus, from Argentina to

Mexico, but so far not reported from
French Guiana

(continued)



5 Stingless Bees (Hymenoptera: Apoidea: Meliponini) of French Guiana 93

Table 5.1 (continued)

Number French

Genus of species Guiana Notes on distribution

Lestrimelitta Friese 1903 21 3 S Brazil to Mexico

Leurotrigona Moure 1950 4 1 S Brazil to Guianas

Melipona lliger 1806 71* 13 Widely distributed, from S Brazil and
Including subgenera Argentina to Mexico

Eomelipona Moure 1992,
Melikerria Moure 1992,
Melipona, and Michmelia

Moure 1975
Meliwillea Roubik et al. 1997 1 0 Only found in the higher parts of Costa
Rica and Panama
Mourella Schwarz 1946 1 0 Only found in S Brazil and south to
Argentina, Paraguay, and Uruguay
Nannotrigona Cockerell 1922 10 2 S Brazil and Argentina to Mexico
Nogueirapis Moure 1953 3 1 Amazon region and W Andes from
Ecuador to Costa Rica
Oxytrigona Cockerell 1917 11 1 S Brazil (SC) and Paraguay to Mexico
Parapartamona Schwarz 1948 7 0 Endemic to the Andean region (Peru to
Colombia) at altitudes between app.
1,400 and 3,400 m
Paratrigona Schwarz 1938 30 2 Widely distributed, Argentina to Mexico
Paratrigonoides Camargo and 1 0 Narrow endemic from Colombia
Roubik 2005 (Antioquia, Bolivar)
Partamona Schwarz 1939 32 6 Widely distributed, S Brazil (SC)
to Mexico
Plebeia Schwarz 1938 40 7 Widely distributed, Uruguay and
Argentina to Mexico
Ptilotrigona Moure 1951 3 1 Amazon region and W Andes from
Ecuador to Costa Rica
Scaptotrigona Moure 1942 22 4 Widely distributed, S Brazil and
Argentina to Mexico
Scaura Schwarz 1938 5 3 SE Brazil to Mexico
Schwarziana Moure 1943 2 0 Restricted to SE and S Brazil, Paraguai,
and Argentina
Schwarzula Moure 1946 2 0 SE Brazil to Amazon region (Bolivia,
Peru Ecuador, and Brazil)
Tetragona Lepeletier and 13 6 Widely distributed, Uruguay to Mexico
Serville 1828
Tetragonisca Moure 1946 4 1 Widely distributed, Argentina, Paraguai,
S Brazil to Mexico
Trichotrigona Camargo and 1 0 Narrow endemic from Brazil
Moure 1983 (Amazonas)
Trigona Jurine 1807 32 14 Widely distributed, Argentina, Paraguai,
S Brazil to Mexico
Trigonisca Moure 1950 25 2 Widely distributed, S Brazil to Mexico

Including total number of described species, presence (number of described/number of unde-
scribed species in French Guiana), and notes on the distribution of the genera (based on Camargo
and Pedro 2007; 2008a, b)

*Or 77, if subspecies are involved
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5.1.3 A Unique and Intact Stingless Bee Fauna

We report from our survey all of the genera of stingless bees otherwise expected to
be found in French Guiana (Table 5.1), with the exception of Geotrigona, a wide-
spread genus of exclusively ground nesting bees. Geotrigona can be difficult to
locate as they have a shy nest entrance defense, but Geotrigona subnigra (Schwarz
1940) was described from Guyana and this and other species of Geotrigona could
be found with additional collecting in the country. At least two elements are out-
standing in this small tropical country—the large number of Frieseomelitta and
Duckeola in the white sand forests and the large number of Melipona species, espe-
cially in the interior of the country. We surmise that Trichotrigona inhabits the
southern portion of French Guiana, due to the high number of potential host
Frieseomelitta—which is the host to parasitic Trichotrigona extranea (Camargo
and Moure 1983) as neighboring inquilines and thief—apparently never foraging
outside its nest (Camargo and Pedro 2007). Trigona amalthea (Olivier 1789) was
described from Cayenne (Olivier 1789); however, it is not included in the present
list because this species has not been collected anywhere near Cayenne or in other
parts of French Guiana, despite the intensive surveys in the region during 30 years
(DWR). The only record of this species is the lectotype in Kiel collection, presently
in the Zoological Museum, University of Copenhagen, Copenhagen Denmark
(Camargo and Pedro 2007, 2008a) collected before 1789. It is possible that the type
locality is an error; local extinction is another possibility.

The total number of species recorded here from French Guiana is 80 and is the
highest number for any of the countries in the Guiana Shield probably in part due
to incomplete sampling of the region, and certainly a much lower number than the
fauna from better known areas, such as Brazil (178 spp., excluding those unde-
scribed) and Peru (175 spp. including those undescribed, C. Rasmussen,
unpublished).

There were still no European bees (Apis mellifera (Linnaeus 1758)) in French
Guiana and probably not in other South American countries (Bolivia, Ecuador,
Venezuela, Guyana, Peru, and Suriname) until the late 1800s (Crane 1999). Fougeres
Marquis de (1902) reported that in French Guiana most honey was harvested either
from natural nests or from hives of stingless bees, but there were apiaries of modern
hives, and in Cayenne Mme Cablat’s 40 hives gave a colony average of about 40 kg
of honey a year. We have no knowledge of stingless bee keeping for honey produc-
tion. One of us (D.W. Roubik) observed that a beekeeper in Sinnamary, the largest
in French Guiana (40 hives), occasionally harvests honey from Melipona favosa
and Frieseomelitta flavicornis—two common savanna-forest edge bees—which he
has in small hives at his home. The Africanized honey bee arrived in French Guiana
during 1975, and this was the earliest date at which there were honey bees living in
the wild (D.W. Roubik, personal observation). The great number of meliponine spe-
cies recorded from a relatively small area like French Guiana gives an idea of the
many sources of honey that must be available there, even though almost no use of
them is recorded.



5 Stingless Bees (Hymenoptera: Apoidea: Meliponini) of French Guiana 95

Acknowledgments A. Pauly thanks Stéphane Brulé, Pierre-Henri Dalens, Eddy Poirier, Serge
Fernandez, and Marc Tussac (all SEAG), Yves Braet, Jean-Aimé Cerda, and Philippe Cerdan for
providing material of bees collected in French Guiana and preserved in RBINS. We thank also
Yvan Barbier (University of Mons, Belgium) for the distribution map of collecting sites in French
Guiana and Patricia Vit (Universidad de Los Andes, Venezuela) for constructive comments on the
manuscript.

References

Brown JC, Albrecht C. 2001. The effect of tropical deforestation on stingless bees of the genus
Melipona (Insecta: Hymenoptera: Apidae: Meliponini) in central Rondonia, Brazil. Journal of
Biogeography 28:623-634.

Brulé S, Touroult J, Dalens PH, eds. 2011. Résultats de I’inventaire entomologique du site de Saut
Pararé, réserve des Nouragues (Guyane), 2009-2010. Rapport de la Société entomologique
Antilles-Guyane, SEAG, ONF. [Cayenne, French Guiana]. 120 pp. + annexes.

Camargo JMF, Pedro SRM. 2005. Meliponini Neotropicais: o género Dolichotrigona Moure
(Hymenoptera, Apidae, Apinae). Revista Brasileira de Entomologia 49:69-92.

Camargo JMF, Pedro SRM. 2007. Meliponini Lepeletier 1836. pp. 272-578. In Moure JS, Urban
D, Melo GAR, eds. Catalogue of bees (Hymenoptera, Apoidea) in the Neotropical region.
Sociedade Brasileira de Entomologia; Curitiba, Brazil. 1958 pp.

Camargo JMF, Pedro SRM. 2008a. Meliponini Lepeletier, 1836. In Moure JS, Urban D, Melo,
GAR, eds. Catalogue of Bees (Hymenoptera, Apoidea) in the Neotropical Region - online ver-
sion. Available at: http://www.moure.cria.org.br/catalogue.

Camargo JMF, Pedro SRM. 2008b. Revisdao das espécies de Melipona do grupo fuliginosa
(Hymenoptera, Apoidea, Apidae, Meliponini). Revista Brasileira de Entomologia 52:411-427.

Camargo JMF, Pedro SRM. 2009. Neotropical Meliponini: the genus Celetrigona Moure
(Hymenoptera: Apidae, Apinae). Zootaxa 2155:37-54.

Crane E. 1999. The world history of beekeeping and honey h unting. Duckworth; London, UK.
682 pp.

Dominique J. 1898. Coup d’oeil sur les melliféres sud-américains du muséum de Nantes. Bulletin
de la Société des Sciences Naturelles de I’Ouest de la France [Nantes] 8:57-65.

Eardley CD. 2004. Taxonomic revision of the African stingless bees (Apoidea: Apidae: Apinae:
Meliponini). African Plant Protection 10:63-96.

Eardley CD, Urban RP. 2010. Catalogue of Afrotropical bees (Hymenoptera: Apoidea: Apiformes).
Zootaxa 2455:1-548.

Fougeres Marquis de 1902. Rapport sur 1’apiculture coloniale. Third Congrés International
d’ Apiculture 53-58.

Guerrini A, Bruni R, Maietti S, Poli F, Rossi D, Paganetto G, Muzzoli M, Scalvenzi L, Sacchetti
G. 2009. Ecuadorian stingless bee (Meliponinae) honey: A chemical and functional profile of
an ancient health product. Food Chemistry 114:1413-1420.

Heard TA. 1999. The role of stingless bees in crop pollination. Annual Review of Entomology
44:183-206.

Kerr WE, Carvalho GA, Silva AC, Assis MGP. 2001. Aspectos pouco mencionados da biodiver-
sidade amazonica. Biodiversidade, pesquisa e desenvolvimento na Amazonia 12 (setembro):
20-41.

Lichtenberg EM, Imperatriz-Fonseca VL, Nieh JC. 2010. Behavioral suites mediate group-level
foraging dynamics in communities of tropical stingless bees. Insectes Sociaux 57:105-113.
Michener CD. 2007. The bees of the world, second edition. Johns Hopkins University Press;

Baltimore, USA. xvi+953 pp

Moure JS. 1960. Notes on the types of the neotropical bees described by Fabricius (Hymenoptera:

Apoidea). Studia Entomologica 3:97-160.


http://www.moure.cria.org.br/catalogue

96 A. Pauly et al.

Moure JS. 1989. Camargoia, un novo género neotropical de Meliponinae (Hymenoptera Apoidea).
Boletim do Museu Paraense Emilio Goeldi, Serie. Zoologia 5:71-78.

Moure JS, Camargo JMF. 1982. Partamona (Nogueirapis) minor, nova species de Meliponinae
(Hymenoptera: Apidae) do Amazonas e notas sobre Plebeia variicolor (Ducke). Boletim do
Museu Paraense Emilio Goeldi, Nova Serie. Zoologia, Belem 120:1-10.

Moure JS, Camargo JMF, Garcia MVB. 1988. A new species of Leurotrigona (Hymenoptera,
Apidae, Meliponinae). Boletim do Museu Paraense Emilio Goeldi, Nova Serie. Zoologia,
Belem 4:145-155

Nieh JC. 2004. Recruitment communication in stingless bees (Hymenoptera, Apidae, Meliponini).
Apidologie 35:159-182.

Nogueira-Neto P. 1997. Vida e criacdo de abelhas indigenas sem ferrdo. Edicdo Nogueirapis, Sdo
Paulo. 446 pp.

Oliveira FF, Marchi P. 2005. Trés espécies novas de Lestrimelitta Friese (Hymenoptera Apidae) de
Costa Rica, Pannama e Guiana Francesa. Revista Brasileira de Entomologia 49:1-6.

Olivier AG. 1789. Abeille. pp. 46—84. In Diderot MM, D’ Alembert, eds. Encyclopédie Métodique.
Histoire Naturelle. Insectes, Vol. 4. Pankouke; Paris, France. 331 pp.

Papavero N. 1971. Essays on the history of neotropical dipterology, with special reference to the
collectors (1750-1905). Vol. 1. Museo de Zoologia; Sao Paulo, Brazil. 216 pp.

Ramirez S, Nieh JC, Quental TB, Roubik DW, Imperatriz-Fonseca VL, Pierce NE. 2010. A molec-
ular phylogeny of the stingless bee genus Melipona (Hymenoptera: Apidae). Molecular
Phylogenetics and Evolution 56:519-525.

Rasmussen C. 2008. Catalog of the Indo-Malayan/Australasian stingless bees (Hymenoptera:
Apidae: Meliponini). Zootaxa 1935:1-80.

Rasmussen C, Camargo JMF. 2008. A molecular phylogeny and the evolution of nest architecture
and behavior in Trigona s.s. (Hymenoptera: Apidae: Meliponini). Apidologie 39:102—-118.
Rasmussen C, Cameron SA. 2007. A molecular phylogeny of the Old World stingless bees
(Hymenoptera: Apidae: Meliponini) and the non-monophyly of the large genus Trigona.

Systematic Entomology 32:26-39.

Rasmussen C, Cameron SA. 2010. Global stingless bee phylogeny supports ancient divergence,
vicariance, and long distance dispersal. Biological Journal of the Linnean Society 99:206-232.

Rasmussen C, Mahé G, Hinojosa-Diaz IA. 2007. Taxonomic status of the bees from French Guiana
described by Jules Dominique (Hymenoptera: Apidae, Megachilidae, Halictidae). Zootaxa
1423:59-62.

Rodriguez-Malaver AJ, Rasmussen C, Gutiérrez MG, Gil F, Nieves B, Vit P. 2009. Properties of honey
from ten species of peruvian stingless bees. Natural Product Communications 4:1221-1226.

Roubik DW. 1979. Nest and colony characteristics of stingless bees from French Guiana
(Hymenoptera: Apidae). Journal of the Kansas entomological Society 52:443-470.

Roubik DW. 1980. New species of Trigona and cleptobiotic Lestrimelitta from French Guyana
(Hymenoptera: Apidae). Revista de Biologia Tropical 28:263-269.

Roubik DW. 1989. Ecology and natural history of tropical bees. Cambridge University Press, New
York, USA. 514 pp.

Roubik DW. 1990. Niche Preemption in Tropical Bee Communities: A Comparison of Neotropical
and Malesian Faunas. pp. 245-258. In Sakagami SF, Ohgushi R, Roubik DW, eds. Natural
History of Social Wasps and Bees in Equatorial Sumatra: Hokkaido University Press, Sapporo,
Japan. 274 pp.

Roubik DW. 2006. Stingless bee nesting biology. Apidologie 37:124-143

Samejima H, Marzuki M, Nagamitsu T, Nakasizuka T. 2004. The effects of human disturbance on
a stingless bee community in a tropical rainforest. Biological Conservation 120:577-587.

Schwarz HF. 1948. Stingless bees (Meliponidae) of the western hemisphere. Lestrimelitta and the
following subgenera of Trigona: Trigona, Paratrigona, Schwarziana, Parapartamona,
Cephalotrigona, Oxytrigona, Scaura, and Mourella. Bulletin of the American Museum of
Natural History 90:1-546.



5 Stingless Bees (Hymenoptera: Apoidea: Meliponini) of French Guiana 97

Slaa EJ, Chaves LAS, Malagodi-Braga KS, Hofstede FE. 2006. Stingless bees in applied pollina-
tion: practice and perspectives. Apidologie 37:293-315.

Smith Pardo AH, Engel MS. 2001. Distribution records for Trigona subgenus Duckeola outside of
Brazil. Journal of the Kansas Entomological Society 74:115-117.

Stearman AM, Stierlin E, Sigman ME, Roubik DW, Dorrien D. 2008. Stradivarius in the jungle:
traditional knowledge and the use of “black beeswax’” among the Yuqui of the Bolivian Amazon.
Human Ecology 36:149-159.



Chapter 6
Stingless Bees of Guatemala

Carmen Lucia Yurrita Obiols and Mabel Vasquez

6.1 Introduction

In many areas of their tropical distribution, the meliponines are the most common
bees and hence are considered to play an important role as pollinators of native and
crop vegetation (Slaa et al. 2006). This fact has been taken advantage of by local
human populations, who have learned to harvest the honey (Villanueva et al. 2005;
Posey 1982).

In Guatemala, as in other Central American countries, the inhabitants of some
regions keep a few of the stingless bee species in a traditional way and use the
honey and the pollen as a medicine and food source. However, despite their impor-
tance these and other bees are at risk due to a combination of factors, including
deforestation and presumably competition with nonnative species (Villanueva et al.
2005). In the case of the stingless bees destruction of colonies to extract honey and
pollen represents an additional threat.

In this chapter we present an overview of the stingless bee species native to
Guatemala, the species richness of the group, their distribution in the country, floral
resources visited, stingless bee beekeeping activity, and uses of stingless bee-derived
products, particularly honey.
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6.2 Taxonomy and Distribution of Stingless Bees
in Guatemala

The bee family Apidae includes the only two groups of highly eusocial corbiculate
bees: the tribes Apini and Meliponini. These two tribes are characterized by the
presence of a pollen carrying structure on the hind legs called “corbicula.” This
feature is shared with other corbiculate bees of the same family: the primitively
eusocial bumble bees (Bombini) and the mostly solitary orchid bees (Euglossini).
From a behavioral point of view Meliponini, like Apini, differ from other eusocial
bees in that they form permanent colonies in which queens and workers are mor-
phologically very different, the queen never forages, and neither the queen nor the
workers can establish colonies by themselves (Michener 2007).

The Meliponini exhibit a worldwide tropical and subtropical distribution and are
the most diverse group of the corbiculate bees, with several hundred species
(Rasmussen and Cameron 2010). Different classifications of the group have been
proposed. In one classification system, a few genera and many subgenera are recog-
nized, in order to emphasize the relationships between the groups (Michener 2007).
In the other classification system many subgenera are elevated to the generic level
to stress the full taxonomic diversity of the tribe (Moure 1961; Rasmussen and
Cameron 2007, 2010; Camargo and Pedro 2008). Here, we use the classification
system proposed by Moure (1961) and Camargo and Pedro (2008). In this system
the entire tribe consists of at least 59 genera (Moure 1961; Camargo and Pedro
2008; Rasmussen and Cameron 2007). The greatest diversity of stingless bees is
found in the Tropical America where 33 genera have been recognized that include
approximately 400 species (Camargo and Pedro 2008).

Here we present an updated list of the stingless bees of Guatemala that has been
prepared using the identification key for the Meliponini of Mexico (Ayala 1999) and
the specimens included in the entomological Guatemalan Native Bee Collection
“Coleccion de Abejas Nativas de Guatemala” (CANG), of the Biodiversity Research
Unit at the Conservation Studies Center (CECON) of the University of San Carlos
of Guatemala. In Guatemala the diversity of Apoidea is estimated as at least 500
species (Enriquez et al. 2012), belonging to the families Andrenidae, Apidae,
Colletidae, Halictidae, and Megachilidae. Of these the family Apidae has the high-
est diversity with 227 reported species (Enriquez et al. 2012). Currently, 33 sting-
less bee species are included in the collection (Table 6.1). Even though this number
may increase with additional taxonomic and collecting work, it is not expected
to exceed either the Costa Rican richness (50 species, Ortiz 1998) nor the
Mexican one (46 species, Ayala 1999). Indeed a bibliographic survey produced a
list of approximately 40 species of meliponines already reported for the country
(Enriquez et al. 2012), which covers records from the literature (Camargo and
Pedro 2008) like Paratrigona opaca (Cockerell, 1917), Geotrigona lutzi Camargo
& Moure, 1996, Geotrigona terricola Camargo & Moure, 1996 and Scaptotrigona
wheeleri (Cockerell, 1913), as well as material from other collections that was not
included here.
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The species included in the CANG belong to 17 different genera of those recog-
nized by Camargo and Pedro (2008) for the neotropical region. Plebeia and Trigona
are the most diverse genera with eight and five species, respectively. Melipona
include three species and Partamona, Scaptotrigona, and Trigonisca two. The
remaining 11 genera are represented by a single species each (Table 6.1). The spe-
cies Tetragona dorsalis (Smith, 1854) and Scaura latitarsis (Friese, 1900) included
in Ayala (1999) now correspond to Tetragona mayarum (or ziegleri) and Scaura
argyrea, respectively (Camargo and Pedro 2008). The species cited here as Trigona
silvestriana has also been interpreted as 7. amalthea (Olivier, 1789) (Roubik and
Moreno 2009; DW Roubik, personal communication). Of the species listed,
Lestrimelitta niitkib is the only cleptobiotic one.

Most of the species reported are mainly Mesoamerican, with distributions span-
ning from Mexico to Colombia (Camargo and Pedro 2008). The exceptions are
Trigona nigerrima, Trigona silvestriana, and Tetragonisca angustula which are
found farther south than Colombia. The presence of Trigonisca maya in Guatemala
represents a new distributional record, since it was previously reported only in
Mexico (Ayala 1999; Camargo and Pedro 2008).

The distributional analysis presented in this work is based on a geopolitical divi-
sion of the territory. However, in order to provide a more realistic geographic
approach we made reference to the altitudinal range and the type of forest where
species were collected. Unfortunately, the available information does not represent
the actual distribution of species, given that the collecting effort has not been sys-
tematic across the country. Indeed, most of the collecting sites correspond to places
where the research group has carried out other studies. Nevertheless, the available
data show that Meliponini have a wide distribution in Guatemala, since the species
have been collected in all but one of the 22 Departments (administrative division
equivalent to Province) of the country. The distributional data correspond to 323
unique localities in which at least one of the 33 species recorded has been collected
(Fig. 6.1 and Table 6.1).

Some species can be considered more common since they have been collected in
more sites (Table 6.1). For instance, Partamona bilineata and Trigona fulviventris
have been collected in 15 Departments at 31 and 35 localities within them, respec-
tively, while Trigonisca maya, Plebeia fulvopilosa, P. llorentei, and Frieseomelitta
nigra have been collected in one Department and one or two localities. The depart-
ments of Alta Verapaz (North Central region), Santa Rosa (Central South), and
Chiquimula (East) show the highest diversity, with more species recorded (22, 14,
12, respectively) (Table 6.1). Nonetheless, this result might be biased by the fact
that they correspond to areas where a larger collecting effort has been made.
Additionally, the collecting sites within them are very localized (Fig. 6.1).

The stingless bee species in Guatemala are found in a wide variety of forests
(pine-oak, dry, thornscrub, montane, and moist) at elevations that range from near
sea level to as high as 2,353 m in the mountainous areas. The majority of species do
not show a very clear distribution in relation to a certain forest type. Indeed, even
species for which we have only a few records can be found in very different areas.
For instance, Plebeia pulchra and Paratrigona guatemalensis have been collected
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Fig. 6.1 Occurrence localities of the stingless bees in Guatemala. (s) Collecting sites; altitudinal
ranges (masl): [_10-500, [1501-1,000, E201,001-1,500, E1,501-2,000, Il2,001-2,500,
2,501-4,000

in six and four different sites, respectively, located in moist (department of Alta
Verapaz) and montane (Santa Rosa) forests. However, a few species like Trigona
silvestriana that appear in ten different localities exhibit a distribution restricted to
very moist forests (Alta Verapaz and Izabal).

Most species (31) occur between sea level and 1,500 m. Four of these (Trigonisca
pipioli, Oxytrigona mediorufa, Geotrigona acapulconis, and Melipona yucatanica)
have not been collected at the lowest elevation range (0—500 m), while Frieseomelitta
nigra, Trigonisca maya, and Plebeia llorentei were captured exclusively in this alti-
tudinal range. However, according to Ayala (1999) F. nigra can be found in altitudes
over 1,500 m. Fourteen of these species were also collected up to 2,000 m elevation,
and in different kinds of forests. Plebeia fulvopilosa and P. melanica were restricted
to elevations of 1,500-2,000 m, as Ayala (1999) reports. Only four species appeared
in the highest altitudinal range, and all of them (Partamona bilineata, P. orizabaen-
sis, Trigona nigerrima, and Trigonisca pipioli) exhibit a very wide altitudinal range
of distribution and habitat preference, occurring from the lowest to the highest ele-
vations and distributed in different habitat types.

Figure 6.1 indicates that collection is few in the southern coast and in northern
part of the country, as well as in the central east and central west regions. Nonetheless,
given the wide altitudinal and habitat tolerance of some species we expect that most
will appear in these areas in future studies.
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6.3 Floral Resources of Stingless Bees

Animal-mediated pollination is an important ecosystem service for sexually repro-
ducing plants. Bees are considered the most important pollinators for major agricul-
tural crops (Klein et al. 2007) and wild plants (Cane et al. 2006). In the tropics, the
stingless bees constitute an important portion of the flower-visiting fauna (Lorenzon
et al. 2003; Wilms et al. 1996), having been reported as the major pollinators of 18
crops (Slaa et al. 2006; Heard 1999) and contributing to different degrees to the pol-
lination of many others (Heard 1999).

The stingless bee species stored at CANG were collected on flowers from at least
117 different species (data not shown) that belong to 47 plant families, having infor-
mation about the resource they provide to the bees (polen and/or nectar) only for a
small portion (Table 6.2). Most of the visited families (70%) can be considered

Table 6.2 Plant families visited by the stingless bee species in Guatemala. Number of bee species
visiting and the number of plant species visited per family (from CANG database)

No. of visiting ~ No. of plant Pollen (P)/nectar

Plant families visited bee species species visited  (N) source
Asteraceae 21 30 PN
Zingiberaceae 16 1 P
Fabaceae (Papilionoideae, 13 11 PN

Mimosoideae, Caesalpinioideae)
Bixaceae 11 1 P
Malpighiaceae 11 1 P
Lamiaceae 10 4 PN
Onagraceae 10 1 PN
Cucurbitaceae 9 1 P
Poaceae 9 1
Malvaceae 8 5 PN
Melastomataceae 6 3 PN
Rubiaceae 6 4
Violaceae 6 1
Solanaceae 5 5 P
Convolvulaceae 4 3 PN
Commelinaceae 4 2
Cyperaceae, Piperaceae 4 1 PN
Cactaceae, Euphorbiaceae 3 3 P
Bignoniaceae, Passifloraceae 3 2 PN
Bromeliaceae, Salicaceae, Vitaceae, 3 1

Zygophyllaceae

Apocynaceae, Arecaceae, Boraginaceae, 2 2
Costaceae, Lythraceae,

Acanthaceae, Fagaceae, Musaceae, 2 1 PN
Nyctaginaceae, Orchidaceae

Asparagaceae 1

Anacardiaceae, Apiaceae, Brassicaceae, 1 1 PN

Caryophyllaceae, Myrtaceae,
Phytolaccaceae, Ranunculaceae,
Rosaceae, Sapindaceae, Verbenaceae
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occasional floral resources, since only a few species (<5) forage on their flowers. In
addition, for each of these families, only a few species were visited (<5 species per
family) (Table 6.2). On the other hand, Asteraceae and Fabaceae can be suggested
to be an important food source for the stingless bees as the diversity of the visited
species within these families was higher (30 and 11 visited species, respectively).
Moreover, approximately 60% (21) and 40% (13) of the identified bee species,
respectively, have been collected while foraging on their flowers (Table 6.2). Other
studies have already reported that the family Asteraceae is one of the main food
resources for the stingless bees (Wilms et al. 1996). Other plant families visited by
more than five bee species show that seven of them are represented by a single spe-
cies (Table 6.2). This is the case of “achiote” Bixa orellana (Bixaceae), “nance”
Byrsonima crassifolia (Malpighiaceae), “cardamomo” Elettaria cardamomum
(Zingiberaceae), and watermelon Citrullus lanatus (Cucurbitaceae). These species,
all important economic and/or food resources for human populations in Guatemala,
were part of a more detailed survey. A palynological analysis was carried out to
assess the potential of the stingless bees foraging on their flowers as pollen vectors.
For Elettaria cardamomum eight of the 16 visiting species are suggested as poten-
tial pollinators. In the case of Bixa orellana six out of 11 can be considered possible
pollinators, and for Citrullus lanatus and Byrsonima crassifolia six and one sting-
less bee species, respectively, were detected as potential pollinators (Enriquez
2007). Previous studies had already registered these plants as effectively or occa-
sionally being pollinated by stingless bees in other regions (Slaa et al. 2006; Heard
1999). The flowers of maize Zea mays (Poaceae), the only recorded species from
the Poaceae family, were visited by nine stingless bee species, but there is no evi-
dence proving that these visiting species are acting as potential pollinators.

Eleven meliponines were collected on less than five plant species, and five were
not collected on any flower (Table 6.3). Among the latter Lestrimelitta niitkib is not
expected to collect pollen (or visit flowers) since it has a cleptobiotic behavior. In
Guatemala, this bee has been seen attacking colonies of at least two stingless bee
species, Melipona beecheii and Tetragonisca angustula (CL Yurrita 2011, personal
observation). Trigona fulviventris is the species that visited the widest array of
plants (45) (Table 6.3); nonetheless, it has been documented that sometimes it may
not act as a pollinator but rather as a nectar or pollen robber (Barrows 1976; CL Yurrita
2010, personal observation). Melipona spp. are capable of buzz pollination (Heard
1999), a feature that makes them potential pollinators of many plants. Finally there
is a record of Partamona orizabaensis captured on feces.

6.4 Stingless Beekeeping in Guatemala

There is a long tradition of stingless beekeeping, or meliponiculture, in the
Mesoamerican region (Kent 1984; Crane 1992; Cortopassi-Laurino et al. 2006) and
in the Amazon (Posey 1982; Posey and Camargo 1985), in comparison with other
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Table 6.3 Number of plant species visited by the stingless bees (from CANG database)

Stingless bee species Plant species visited
Plebeia parkeri 5
Scaptotrigona mexicana 5
Scaptotrigona pectoralis 5
Trigonisca maya 5
Trigonisca pipioli 5
Trigona silvestriana 7
Melipona solani 8
Scaura argyrea 8
Tetragona mayarum 8
Partamona orizabaensis 8
Melipona beecheii 13
Trigona nigerrima 14
Cephalotrigona zexmeniae 15
Nannotrigona perilampoides 16
Plebeia jatiformis 17
Trigona fuscipennis 17
Tetragonisca angustula 29
Trigona corvina 29
Partamona bilineata 33
Trigona fulviventris 45

Dolichotrigona schultessi, Frieseomelitta nigra, Melipona aff. yucatanica, <5
Paratrigona guatemalensis, Plebeia frontalis, P. fulvopilosa, P.
melanica, P. moureana, P. pulchra

The following species were not collected on flowers and were not included in the table: Geotrigona
acapulconis, Lestrimelitta niitkib, Oxytrigona mediorufa, Plebeia llorentei

regions of the world (Cortopassi-Laurino et al. 2006). This is probably due to the
great diversity of meliponines found in Tropical America. In Mesoamerica, sting-
less bee beekeeping has been culturally important since the precolonial era. Indeed,
the Maya codices and some colonial writings record the importance of the stingless
bees in the Mayan culture. This importance is revealed by the existence of bee gods
(Maya codices) and the rituals of beekeeping and use of hive products documented
in the writings of the Bishop Diego de Landa (apud Kent 1984). The Mayan region
including the Yucatin Peninsula and northern Guatemala and Belize were suggested
as a place of intense stingless bee rearing activity in pre-Columbian days, particu-
larly Melipona beecheii. Furthermore, this region has been considered the possible
place of origin of the practice (Kent 1984; Crane 1992). Thus, both the beekeeping
technique and the hive design most commonly employed in the Yucatdn Peninsula
are considered the original ones (Crane 1992). Nowadays the traditional practice of
meliponiculture in the Yucatdn Peninsula and in other regions of México (Gonzélez-
Acereto and De Araujo-Freitas 2005), as well as in areas throughout Mesoamerica
(Enriquez et al. 2005; Kent 1984), has not changed much over time.

In Guatemala, stingless bee beekeeping is practiced by different ethnic groups
across the country. Kent (1984) has documented that the activity takes place in the
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Table 6.4 Common names of stingless bees used in Guatemala [modified from Enriquez et al.

(2005)]

No. Scientific name Folk name

1 Cephalotrigona zexmeniae “congo”

2 Lestrimelitta niitkib “limoncillo”
3

Melipona beecheii

2 < 2 <

“colmena grande,” “criolla,” “abeja maya,”
“xuna’n cab,” “bichi”

4 Melipona solani “chac chow”

5 Melipona yucatanica “tinzuca”

6 Nannotrigona perilampoides “serenita”

7 Oxytrigona mediorufa “tamagds,” “pringador”

8 Partamona sp. “sacar,” “cushpun”

9 Plebeia sp. “chelerita,” “serenita,” “boca de sapo,” “sarquita”
10 Scaptotrigona mexicana “magua negro,” “congo,” “congo negro”

11 Scaptotrigona pectoralis “magua canche,” “alazan,” “congo canche,” “shuruya”
12 Tetragonisca angustula “chumelo,” “doncellita”

13 Trigona fulviventris “mandinga,” “culo de chucho”

14 Trigona nigerrima “cushusho,” “homo,” “joloncan”

15 Trigona silvestriana “homo”

16 Geotrigona acapulconis “talnete”

Q’eqchi (Alta Verapaz), Maya-chorti (Jocotan, Chiquimula), and Jacaltec
(Jacaltenango, Huehuetenango) areas. Our research group has worked with
beekeepers in different regions of the country. The most important group dedicated
to rearing the stingless bees are the Ladinos or Mestizos even though the practice is
also carried out by Q’eqchi, Chorti, Mam, and Ixil-Quiché populations. For most of
these people keeping the stingless bees remains a family tradition inherited for
generations, although for others it is a recent activity, initiated as a result of their
attendance at workshops carried out by different organizations, including our
research group.

People identify at least 16 stingless bee species, some of which have different
regional names (Table 6.4). Given the great variety of local names that meliponines
receive, we can deduce that they constitute a well-known part of the insect fauna in
Guatemala, even if the number of species used in meliponiculture is limited.

Meliponiculture is still practiced in a traditional way in Guatemala. The bee-
keepers for whom the activity is an inherited family tradition still employ the origi-
nal techniques (Crane 1992) which involve the use of hollow logs closed at both
ends with discs made of wood. Usually the hives are hanging from the roof of
houses and less frequently people construct shelters to keep them.

The most important species reared with a honey-harvesting purpose are Melipona
beecheii and Tetragonisca angustula. Another important bee species from which the
honey is used is Geotrigona acapulconis. However, its nesting behavior (nest con-
structed deep underground) makes it difficult for people to keep them in hives, and
the only way to extract the honey is by destroying the nest. A larger number of bee
species are reared with ornamental purposes (because “they are nice”), but eventu-
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ally their honey can be extracted. Occasionally, people harvest honey from nests
kept in their original location without destroying them. This is the case for Trigona
nigerrima which constructs its nest on tree branches and not in hollows, making it
easier to harvest the honey in place. Scaptotrigona mexicana and S. pectoralis are
two species with a special potential in meliponiculture due to the low management
requirements and high yields they provide. Finally, the honey of some other species,
like that of Trigona fulviventris, is avoided due to their anti-hygienic behavior (they
collect feces) (M Vésquez 2010, personal observation).

The main product harvested from the stingless bees in Guatemala is the honey,
but the pollen and the cerumen are also used. The honey is used mainly for medici-
nal practices or as an energy supplement, but it is not an important food item, prob-
ably due to the small yield. The medicinal properties attributed to the stingless bee
honey are very diverse and depend on the species producing it, even though some
uses are common to all of them. The honey of Melipona beecheii is the most appre-
ciated, probably due to the fact that this species produces larger amounts of honey
in comparison with Tetragonisca angustula (Vit et al. 2004). Usually the honey is
not for sale; if someone in the community needs some, a beekeeper will provide it
without any cost. In Guatemala, our research group has undertaken studies aiming
to investigate the pollen species content, the antibacterial activity, the physicochem-
ical properties, and the sensory attributes of the honey of nine of the 32 stingless bee
species used for honey production (almost 30% of the honey diversity) (Dardén and
Enriquez 2008, and Dardén et al., Chap. 28 in this book).

6.5 Final Comments

Given the diversity of stingless bees in Guatemala and the wide distributional range
of the majority of the species, promoting the use of the honey as an alternative ener-
getic or medicinal supplement or perhaps as a food complement could be a great
opportunity.

Nonetheless, as it has been suggested for other regions (Villanueva et al. 2005),
bees like Melipona and other species that nest in tree hollows may be at risk in
Guatemala. One important reason causing this situation is the loss of nesting sites
as a consequence of the high deforestation rate, which reaches 1.53% each year in
Guatemala (Tuy et al. 2009). Also, as was pointed out for Yucatdn (Villanueva et al.
2005), the stingless bee beekeeping practice itself may be in decline in Guatemala.

Therefore, the potential loss of the stingless bee diversity as well as that of the
meliponiculture hampers the use of the great diversity of honeys for medical or food
complement purposes. Moreover, the lack of quality standards for the honey pre-
vents the marketing of the product.

It is therefore necessary to promote programs aiming to preserve the species
habitats as well as programs to enhance the practice of meliponiculture to trans-
form it in a certifiably hygienic and productive activity. That initiative has to be
complemented by continuing studies on honey composition, as well as by educating
people on improving meliponiculture techniques.
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Chapter 7
Stingless Bees of Costa Rica

Ingrid Aguilar, Eduardo Herrera, and Gabriel Zamora

7.1 Introduction

The keeping of stingless bees (Apidae, Meliponini), or meliponiculture, is carried
out in a rustic and traditional way in tropical America by a variety of ethnic groups
and rural populations. This practice has been maintained over time in regions of
Mexico, Central America, and South America in countries such as Brazil, Venezuela,
Colombia, Ecuador, Bolivia, Peru, and Argentina (Mahecha and Nates-Parra 2002;
Elizalde et al. 2007; Flores and Sdnchez 2010; Jiménez 2011). This is due in part to
the cultural value, which this practice holds, but also reflects the interest that has
been aroused in consumers of stingless bee honey as a medicinal alternative.

The product of these bees that is mostly used is the honey (De Jong 1999; Aguilar
2010; Herrera and Aguilar 2011) and this has generated much interest in the
scientific community due to the results achieved by microbiological tests, which
have shown that stingless bee honey has antimicrobial properties (Gongalves
et al. 2005; Aguilera et al. 2009; Vit et al. 2009). Paradoxically, in Costa Rica the
growing demand for these products coincides with a decrease in the populations of
some species of this group, e.g., Melipona beecheii (Villanueva-Gutiérrez et al. 2005;
Genaro 2006). This reduction is due to the environmental damage caused by the
process of urbanization, the direct consequences of such include loss of forest areas,
among other effects. We are thus making scientific progress in recognizing the
usefulness of stingless bees in terms of their products and uses in natural folk medi-
cine, as well as pollination services, but at the same time we are losing the natural
resource that provides these products and services. This becomes a problem for
fulfilling the demands of the market (environmental services of pollination, acquisi-
tion of colonies and products such as honey or propolis). Consequently, we must act
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to strengthen the conservation and sustainable use of these bees. This chapter refers
to the stingless bees of Costa Rica, with attention to stingless beekeeping, and it has
two goals: first, we document the information that exists about the past and current
state of meliponiculture in our country, and second we record the bee species as
well as the tree species that bees use for establishing nests.

7.1.1 Stingless Beekeeping in Costa Rica

Stingless beekeeping has its origins in the culture of the Maya of the Yucatan
Peninsula and this practice spread to other groups in Mesoamerica, extending to the
northern part of Costa Rica (southern tip of Mesoamerica, Nicoya, Guanacaste
Province) under the influence of the indigenous Nahuatl and Mestizos (Kent 1984).
Another study of the pre-Hispanic cultures (Tous 2002) based on ethnographic
descriptions of the region known as “La Gran Nicoya” — 16th-17th centuries—
that among the products obtained from the harvest were honey and cerumen. Honey
was used for human consumption; the cerumen was very abundant and used for
lighting and silver work , the “lost wax” technique. Tous (2002) also mentions that
the practice of trade and exchange with local products, such as honey and cerumen,
were of vital importance in the Nicoya Peninsula to resolve situations of scarcity; at
the same time these products were used for exchange with other indigenous groups
since its redistribution ensured a more diversified access. Kent (1984) mentions that
in the Nicoya of the 1500s the indigenous people delivered 55 L of honey every
6 months as a tribute to the priests. The Boruca of the Central Valley (Province of
San José€) and the Térraba (native of the Atlantic coast, Limén Province) used
cerumen on their spears and arrows (Stone and Gabb cited by Kent 1984).

Despite the data mentioned above, there are very few records concerning the use
of this natural resource by the indigenous people of Costa Rica. We believe this is
because the ethnic groups in Costa Rica suffered from eighteenth century slavery
and resettlement to areas far from their original territory (Montoya et al. 2008).

Possibly, as in other Mesoamerican areas, stingless bee keeping in Costa Rica
did not play an important role in the religion of indigenous cultures. Yet, an image
of a bee found in Costa Rica (De Jong 1999) and other reports cited by Kent (1984)
that allude to the use of words such as honeycomb, wax, and honey in the language
of the Bribri and Cabécar suggest that the bees had a meaning for them.

It was reported that an abundance of honey and cerumen was produced around
the beginning of the twentieth century (Kent 1984; De Jong 1999). Kent (1984), at
the beginning of the 1980s in the area of the Central Valley, described the existence
of a more advanced meliponiculture. The author mentioned the use of Tetragonisca
angustula and at least three species of Melipona. The greatest numbers recorded of
colonies were in the Provinces of Guanacaste and San José with 7. angustula and
Melipona beecheii. There are no reports indicating the use of these bees by local
indigenous groups during this period.

According to our records, the beginning of the twenty-first century is marked by
a widespread use of T. angustula (Aguilar 2009; Herrera and Aguilar 2011).
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Fig. 7.1 Map of Costa Rica with the location of stingless bee keepers (red dots), showing the
boundaries of the provinces

A large number of stingless bee keepers are situated in the rural areas of San José,
mostly on the Pacific coast rather than the Atlantic region (see Fig. 7.1). Currently in
San José Province, in the canton of San José (the capital of Costa Rica), it is very rare to
find rational boxes with nests of stingless bees. We have occasionally found boxes with
T. angustula and Nannotrigona in the cantons of Santa Ana, Montes de Oca, Moravia,
and Escazud, more frequently in the cantons of Puriscal, Tarrazd, Aserri, Acosta and
Perez Zeledon. In the canton of San José the genus Melipona has not been reported in
the last three decades, which is linked with the urban development of this area. In addi-
tion, we have observed in the remnants of riparian forests, coffee plantations, play-
grounds of the urban areas of this and other provinces a variable but important number
of nests of T angustula, T. corvina, and Nannotrigona spp. Other areas belonging to
Guanacaste and Puntarenas provinces, for example Santa Cruz, Hojancha, Philadelphia,
and Miramar, are known for traditional meliponiculture (De Jong 1999). We have also
observed a few stingless bee keepers in Heredia, Cartago, and Limén provinces (see
Fig. 7.1). Some of them have received motivation during recent workshops.

7.1.2 Management of Native Stingless Bee Species

A total of 20 different hived or semi-domesticated species have been reported
(see Table 7.1) in the provinces of Guanacaste, Puntarenas, San José, Cartago and
Heredia (Arce et al. 1994; Ramirez and Ortiz 1995; De Jong 1999; Herrera and
Aguilar 2011). It is mainly 7. angustula that is being kept, followed by M.
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beecheii. The breeding of Frieseomelitta sp., T. fulviventris, Lestrimelitta sp., and
Plebeia tica is less common. Lestrimellita sp., a robber bee that does not visit
flowers, is not suitable for stingless bee keeping. In addition, Nannotrigona peri-
lampoides and T. angustula can be considered as alternatives to honey bees for
commercial crop pollination in Costa Rica (Slaa et al. 2000).

According to van Veen et al. (1990) meliponiculture in Costa Rica is basically
practiced in two ways: (1) maintaining the nests in tree trunks, from which the
honey by a lateral opening is extracted, this is typically used for M. beecheii; and (2)
keeping the colonies in small boxes, pieces of bamboo or hollow logs, common
practice with 7. angustula. As stated by Arce et al. (1994), stingless bee keeping in
Costa Rica has been practiced at a low technical level, almost without equipment,
and the type of hive mainly used has been the hollow log. They observed that sting-
less bee keepers kept their colonies in log hives, generally hanging under the roof of
their houses.

On the other hand, from 99 interviews carried out during the period 2006-2011,
we recorded a total of 720 colonies. Stingless bee keepers with some sort of technical
or higher education degree represented the main social group involved (29%, N=25),
followed by peasants and beekeepers (28%, N=24; 27%, N=23 respectively). The
most commonly kept species was T. angustula (N=523 colonies). Most beekeepers
maintained meliponaries and bees for a long time, an average of 14 years, but rang-
ing from 1 to 81 years. The average number of hives per bee keeper was 3.8
(SD=5.08), with a maximum of 35 colonies.

In regard to the design and dimensions of the hive boxes, van Veen et al. (1993)
recommended for M. beecheii a hive with a volume of 10 L, with internal dimen-
sions of 15 cm height, 15 cm width and 45 cm length. For T. angustula the recom-
mended box dimensions were 15 cm x 15 cm x 20 cm long, which provided a volume
of 4.5 L. In practice we have observed that the stingless beekeepers modify these
dimensions according to the species and the size of the colony.

The interest in stingless bees and their honey has increased over the past few
years. Today, commerce of this honey in Costa Rica commands high prices; 1 L sells
for US$ 20-50 and small containers of 10 ml cost US$ 2-4 due to an increasing
interest mostly in its medicinal properties as treatment for cataracts (Aguilar 2007).
Finally, the average production was 836 ml of honey/hive/year (SD=839, N=37).

7.1.3 Costa Rican Stingless Bees

According to Roubik (1992) and Griswold et al. (1995) there are 12 stingless bee
genera in Costa Rica, with a total of 40-60 described species. However, the latest
classification by Camargo and Pedro (2007, 2008) and the revision by Ayala (personal
communication) of the entomological collections of University of Costa Rica (UCR),
Instituto Nacional de Biodiversidad (INBIO), and the Tropical Beekeeping Research
Center (CINAT) of National University (UNA) show that there are 20 stingless bee
genera and 58 species present in the country (see Table 7.1, nomenclature as given by
(Camargo and Pedro 2007, 2008). If we consider these data and the recent classification
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of Camargo and Pedro (2007, 2008), Costa Rica possesses approximately 60% of the
33 Neotropical genera of Meliponini. The number of stingless bee species recorded in
Table 7.1 is nearly 8% of the known bee fauna of Costa Rica (Griswold et al. 1995).
There are about 5000 Neotropical species, and about 800 from Costa Rica. With about
60 species of meliponines, the proportion of total bee species in Costa Rica that are
Meliponini is about 8% (see Roubik 2000).

In the tropical wet forests of Costa Rica, higher bee diversity is found at eleva-
tions below 500 m (Lobo 1996). Most species occur in the lowland rain forests of
the Caribbean and the Osa Peninsula (Hanson 2000). In the Golfo Dulce region,
southwestern (Pacific coast) Costa Rica 26 species were identified (Jarau and Barth
2008), which is nearly 54% of the stingless bee species reported for the country. In
contrast, stingless bee species richness on the slopes of the Cordillera of Tilardn
(Guanacaste province) declines dramatically above 1,000 m, and at altitudes of
700-1,000 m they are rare (Ortiz-Mora and van Veen 1995). The only known sting-
less bee genus endemic to Central America, Meliwillea bivea, is found in the Costa
Rican highlands above 1,500 m of elevation (Roubik et al. 1997).

7.1.4 Tree Species Used for Nesting by Stingless Bees

The architecture of stingless bees nests of Costa Rica has been well studied by Wille
and Michener (1973), in their work at least nine categories of nesting cavities are
described. They find that the cavities in trees can be very variable, but stingless bees
nonetheless use them. Owing to the importance for the establishment of nests, it is
necessary to identify the species of trees used for nesting. In addition, severe defor-
estation affects the density of nests and could lead to significant changes in the
composition of species; some species may disappeatr, €.g., Scaptotrigona pectoralis,
while others could become abundant, e.g., T. angustula (Slaa 2003). On this regard,
the work carried out in Costa Rica (Berrocal 1998; Arce et al. 2001; Slaa 2003)
shows that a total of 36 identified botanical species correspond to timber species of
high commercial value, which in turn are sources of nectar and pollen for these bees
(see Table 7.2, modified from Aguilar 2001). Furthermore, most of them have mul-
tiple uses in our society (forage, wood, shade, crops, pollination, medicinal, etc.)
and nowadays are at risk of disappearing. On the other hand, they are suitable for
being embedded in tropical agroforestry systems (Aguilar 2001). The latter is a
valuable recommendation. If implemented, it would allow the preservation of bee
communities (Gordon et al. 2004) and adequate resources for food, protection, and
new niches, enabling stingless bees to increase their populations.

7.1.5 Future Trends of the Stingless Bee Keeping in Costa Rica

Stingless bee keeping in Costa Rica is an activity that is present in several regions
of the country, especially among the inhabitants of rural areas. The honey produced
is used mainly as a medicine and ongoing investigations confirm the indigenous
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Table 7.2 Species of trees used by the Costa Rican stingless bees (Apidae, Meliponini) as a sub-
strate to establish nests and importance for the bees

Species tree/substrate Common name Bee species Importance
Acrocomia vinifera® ND Ts ND
Anacardium excelsum® ¢ “espavel, rabito” Sp, Ts, Tan, Mb, Tc N, 1,3
Andira inermis® “almendro de montafia” Mb, Tan N, 1,2,3
Astronium graveolens® ND Te ND
Citrus sp.° “citricos” Np ND
Bombacopsis quinata® “pochote” Tan, Tc, Tf N,P 1,2,3
Bravaisia integerrima® “mangle blanco” Sp, Tan, Np N, P2
Brosimum alicastrum® “ojoche” Tan, Sp, Tz, Cz, P1,2,3
Om, Pf, Tfs, Tf
Bursera simaruba® “jiflocuabe” Mb, Tz, Sp, Tan, Np P1,2,3
Cedrela odorata® “cedro amargo” Tz P1,2,3
Clarisia biflora** ND Sp, Om, Tan, Pf ND
Coccoloba caracasana® “papaturro blanco” Tz N,P1,2,3
Combretum fruticosum® ND Tfs ND
Copaifera aromatica® ND Mb, Fn ND
Cordia alliodora** “laurel” Tz, Tan, Np P,N,1,2,3
Diphysa americana** “guachipelin” Tan, Tz, Sp P,N,1,2,3
Enterolobium cyclocarpum® “guanacaste” Tz, Tan P1,2,3
Ficus sp.*¢ “higuerén” Sp, Mb, Tan 1,3
Ficus goldmanii ND Tan, Tz ND
Ficus trachelosyce* “higuerdn” Tan 1
Gliricidia sepium®* “madero negro” Tan, Tz, Cz, Om, Pf N, 1,2,3
Inga sapindoides® “guaba” Om ND
Lonchocarpus costaricensis® “siete cueros” Np ND
Luehea seemannii ND Tan, Cz ND
Minquartia guianensis® “many” Tz 1,3
Myrospermum frutescens*® ND Cz, Om, Tan, Fn N, 1,3
Ocotea veraguensis® “aguacatillo” Tz P1,2,3
Pentaclethra macroloba’ “gavilan” Tan 1,3
Persea americana® “aguacate” Tc ND
Pseudosamanea guachapele®  ND Tan, Tc, Sp, Cz ND
Psidium guajava® “guayaba, guayabo” Te.sp, Mb, Sp, Tc, N,P, 1,3
Tan
Rehdera trinervis® ND Tan, Np, Pf ND
Spondias mombin® “jobo” Tc N,P1,2,3
Tabebuia ochracea™® “corteza amarilla” Cz, Mb, Tan N,P1,2,3
Tabebuia rosea* “roble de sabana” Tan, Tc N,P1,2,3
Terminalia oblonga® ND Tan, Sp, Om ND

Modified from Aguilar (2001)

Sources: “Berrocal (1998) (for dry tropical forest), "Aguilar personal observation, “Arce et al.
(2001), ‘Rincén (1997) (for premontane humid tropical and humid forest), °Slaa (2003) (for tropi-

cal dry forest)

N: nectar; P: pollen; ND: no data; 1: used by stingless bees; 2: used by Apis mellifera; 3: timber
and other uses (according to Arce et al. 2001)
Species code: Sp, Scaptotrigona pectoralis; Ts, Trigona silvestriana (amalthea); Tan, Tetragonisca
angustula; Mb, Melipona beecheii; Tc, Trigona corvina; Np, Nannotrigona perilampoides; Tz,
Tetragona ziegleri; Om, Oxytrigona mellicolor; P, Plebeia frontalis; Cz, Cephalotrigona zexmeniae;
Fn, Frieseomelitta nigra; Tfs, Trigona fuscipennis; Tf, Trigona fulviventris; Te.sp., Tetragona sp.
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view that honeys from the stingless bees have medicinal potential. According to our
most recent data, the number of stingless bee keepers has progressively increased.
However, compared to previous studies, the number of colonies per person has
declined. This partially is due to the practice, in many cases, of keeping bees as a
hobby more than as a source of improvement in family income.

In Costa Rica, nearly 26% of the territory is preserved as national parks and
reserves, but these areas are scattered and increasingly becoming isolated. We must
continue efforts to preserve stingless bees, learn more about their ecology and popu-
lations, which are threatened by the loss of forest areas (Kevan 1999).

Among other weaknesses confronting the successful development of Costa
Rican meliponiculture are included: the lack of appropriate collections covering
great part of the country, the absence of a good inventory of the existing stingless
bee keepers and the fear that many keepers have of dividing nests. When carried out
in a careless way, nest division results in parasite attack by phorid flies and eventu-
ally in the loss of the colony.

There is an important lack in up-to-date information concerning the use of sting-
less bees by the natives of Costa Rica, which is noticed due to the few studies per-
formed on meliponiculture after the nineteenth century. Therefore, further research
is required in this field and more action should be taken to continue the work initi-
ated by Wille (1961) on the biology, biodiversity conservation and management of
stingless bees in Costa Rica.
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Chapter 8
Stingless Bees in Argentina

Arturo Roig-Alsina, Favio Gerardo Vossler, and Gerardo Pablo Gennari

8.1 Introduction

Stingless bees in Argentina are found throughout the northern portions of the
territory, with the highest diversity in the humid forests of the northeast. Although
the knowledge of these bees is deeply rooted in the cultural practices and the use
that aboriginal peoples made of them, formal studies of stingless bees in Argentina
are scattered over time and rather fragmentary.

The first described species was Plebeia molesta (Puls, in Strobel 1868). Later,
Holmberg (1887) recorded the habits and characteristics of several species in his
article “Viaje a Misiones,” but referred to most of them by their vernacular names.
The single most extensive account has been that of Silvestri (1902), who also
traveled the province of Misiones. He surveyed the fauna recording and character-
izing nine species, registered common names, and studied the nesting habits. His
material, housed at the University of Portici, Naples, Italy, has been critically examined
by Camargo and Moure (1988). Since that date there has been no other comprehen-
sive treatment of Meliponini in Argentina. Other early work, but narrower in
scope, consisted in the description of a few new species (Holmberg 1903; Vachal
1904; Schrottky 1911). By the time Schrottky (1913) published his “Distribucién
de los himenépteros argentinos” 17 species were known to occur. Schwarz, in his
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Table 8.1 Distribution of stingless bees in Argentina. Nomenclature follows Camargo and Pedro

(2007)

Species

Genus Northeast Chaco Northwest

Cephalotrigona  capitata (Smith)'*!?

Frieseomelitta varia (Lepeletier)'

Geotrigona argentina Camargo & Moure*!>  argentina

Lestrimelitta sulina Marchi & Melo', rufipes ~ chacoana Roig rufipes'
(Friese)'* Alsina®?

Leurotrigona muelleri (Friese)'

Melipona® bicolor schencki Gribodo®!?, orbignyi baeri Vachal''?,
obscurior Moure*'?, (Guérin)*? Sfuliginosa
quadrifasciata Lepeletier>'?, Lepeletier!!
quinquefasciata Lepeletier*!?

Mourella caerulea (Friese)'*'?

Nannotrigona testaceicornis (Lepeletier)”'*

Oxytrigona tataira (Smith)'

Paratrigona glabella Camargo  glabella®'?

& Moure

Partamona helleri (Friese)'

Plebeia droryana (Friese)*"2, nigriceps catamarcensis catamarcensis>'?,
(Friese)*!? (Holmberg), wittmanni Moure

molesta (Puls)>"? & Camargo'?

Scaptotrigona depilis (Moure)*"2, aff. postica Jujuyensis Jujuyensis®!3
(Latreille)'* (Schrottky)

Schwarziana quadripunctata (Lepeletier)®!2

Tetragona clavipes (Fabricius)®!'

Tetragonisca fiebrigi (Schwarz)*? fiebrigi aff. angustula

(Latreille)'*

Trigona spinipes (Fabricius)*!? spinipes

Trigonisca sp.14

Superscript numbers refer to first citation of species for Argentina and nomenclatural updates
"Burmeister (1861); 2Puls, in Strobel (1868); *Holmberg (1887); *Silvestri (1902) *Holmberg
(1903) “Friese (1908); "Bertoni (1911); *Schrottky (1911); °Schrottky (1913); '°Schwarz (1948);
""Moure (1992); "*Camargo and Pedro (2007); '*Roig Alsina (2010); '*Museum specimens
*Melipona titania, described by Gribodo from La Rioja in 1893, is most probably an erroneous
record, since the xeric conditions of La Rioja are extremely different from the tropical conditions
of the areas where the species actually occurs (see Camargo and Pedro 2008)

revisionary works on Neotropical meliponines, added further records to the
Argentinean fauna, mainly for the province of Misiones; he recorded this province
as the southern limit of distribution of several of the species he studied (Schwarz
1932, 1948).

More recently, Almeida and Laroca (1988) studied the single species of Trigona
present in Argentina, and Camargo and Moure (1994, 1996) described two new
species in the genera Paratrigona and Geotrigona. Camargo and Pedro (2007), in
their comprehensive catalog of the Neotropical Meliponini, listed all the known
records for every species, updating their systematics, and mentioning for Argentina
22 species in 12 genera. Later additions (Roig Alsina 2010), and a scrutiny of
museum specimens, indicate the presence of 33 species in 18 genera (Table 8.1).
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When these figures are compared to those of the Neotropical region as a whole
(391 species in 32 genera, Camargo and Pedro 2007), the low species richness
(8.4%) is evident, but it is striking that over half of the genera (56.2%) are present
in the Argentinean fauna. Thirteen of these genera are represented by a single spe-
cies. This is in agreement with the observation made in Brazil by Biesmeijer and
Slaa (2006) that local meliponine assemblages tend to consist of one or a few spe-
cies of many different genera. In this chapter we compile current information on
the systematics, distribution, traditional knowledge, use as a resource, and recent
studies on the biology and ecology of meliponines in Argentina.

8.2 Distribution of Stingless Bees in Argentina

Argentina represents in South America a marginal area for the rich tropical fauna of
meliponines. This is particularly the case of the northeast, where the Paranaense
forest enters the province of Misiones and the northern part of the province of
Corrientes (Cabrera and Willink 1973). This area has the highest record of species
(Table 8.1), all of which also occur in Brazil and most of them also in eastern
Paraguay. A second tropical forest, the Yungas, occurs in the northwestern
mountain region of Argentina. The Yungas extends southward, penetrating as a
slender wedge in the provinces of Jujuy, Salta, and Tucumdn and reaching northern
Catamarca (Cabrera and Willink 1973). The fauna of this region is the least
surveyed, and the one that may provide new additions to the number of species
present in the country.

Between these two regions is the Chaco, a biogeographic unit with xeromorphic
forests and savannas (Cabrera and Willink 1973; Prado 1993). Here the precipita-
tions diminish to the west, so the central and western areas have a long, unfavorable,
dry season. This region harbors the most distinctive fauna of meliponines in Argentina,
although the poorest in number of species (Table 8.1). The Chaco not only occupies
north-central Argentina but also western Paraguay, southeastern Bolivia, and the
extreme western edge of the state of Mato Grosso do Sul in Brazil (Prado 1993). The
distinctiveness of its fauna has been noted by Camargo and Moure (1994, 1996).

The boundaries of the three regions just mentioned are not absolutely distinct
when the meliponine fauna is considered, and some species range into neighboring
areas. This is the case of Tetragonisca fiebrigi, which occurs both in the Chaco and
in the Paranaense forest. Scaptotrigona jujuyensis, a species characteristic of the
Chaco, cohabits in Tucumdn with Trigona spinipes, a species that does not occur in
the xeromorphic central region.

The southernmost records of meliponines in the western hemisphere are repre-
sented by four species of Plebeia that manage to survive in temperate climates. Two
of them are elements of the Chacoan fauna. Plebeia molesta was described from San
Luis (Strobel 1868), but without indication of whether the province or the city of
San Luis was meant. Specimens with sound data come from the northern part of the
province of San Luis at 32°30’ S latitude. The second species, Plebeia catamarcensis,
has been recorded as far south as 31°20'S latitude in the province of Santa Fe
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(Dalmazzo 2010). The two other species are elements of the Paranaense fauna,
which extends its range southwards through the gallery forests growing along the
Parand and Uruguay Rivers, reaching the western margin of the Rio de La Plata in
the province of Buenos Aires. The two species, the identity of which is currently
under study, are found as far south as 34°37'S latitude.

8.3 Traditional Knowledge on Stingless Bee Biodiversity

Stingless bees were exploited and well known by different cultures in northern
Argentina before the arrival of Europeans. This knowledge is reflected in the many
and accurate names by which different species were known by local people.
Holmberg (1887), Silvestri (1902), and Bertoni (1911) recorded Guarani vernacular
names for the bees that they surveyed in Misiones, and Bertoni also in Paraguay.
The alimentary customs of the Guarani people in Misiones have been documented
by Martinez Crovetto (1968).

In the early eighteenth century Jesuit missionaries described the abundance of
bees and honey in the Chaco region, and the importance of these insects for the
Guaycuru people, as well as the uses that they made of the honey and other products
of stingless bees (Medrano and Rosso 2010a, b).

Arenas (2003), in a comprehensive ethnographic study of the Wichi and Toba
peoples of central Chaco, describes the prominent role that stingless bees have played,
and still play presently, in their culture. Nearly all of the species present in the Chaco
are individually recognized and have their own names in both ethnic groups. Honey
has been important in the production of alcoholic beverages, particularly for festivities,
besides being used as a nourishment and as a sweetener for other foods and diluted with
water for children. There is an oral tradition regarding which honeys have curative
effects for various ailments. Pollen masses and larvae were also consumed, and ceru-
men was used to mend water containers, as well as in the making of various utensils.

The Quechuan lexicon compiled by Bravo (1975) in the province of Santiago del
Estero includes the names of several species of meliponines, although some such
names refer to the hives rather than to the bees themselves. Names such as “yana”
(Scaptotrigona jujuyensis), “ashpamishki” (Geotrigona argentina), “tiu simi”
(Melipona spp.), and “ckella” and “pusquellu” (Plebeia spp.) are broadly used now-
adays in northern Argentina.

The creole population has also developed their own vernacular names in Spanish,

99

such as “negrito,” “peluquerito,” and “rubita.” Some of them are indicated in Table 8.2.

8.4 Meliponini as a Natural Resource

We present here preliminary results of a survey aimed at knowing which of the
many species of stingless bees are exploited or reared nowadays by the local
population in northern Argentina. The survey is being carried out in the provinces
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of Misiones, Chaco, Formosa, Salta, Jujuy, and Tucumédn, under a project leaded by
INTA (Gennari 2009).

The nests of several species are known to be harvested in the field when they are
spotted. This practice includes both species with subterraneous and arboreal habits
(Table 8.2). The data in the table reflect the present survey, but other species are
known to be collec