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‘projects are undertaken.against bee pests, a host_ﬁlant survey of the

ABSTRACT " )

TThe literature and the author's resgarch on stingless bees, tribe

Meliponini (H&menoptera: Apidae: Méliponinae) is reviewed. Included

are aspeéts of the bionomics: morphology and taxonomy, nest architecture

and ciai\life; the econqgic importance: economic benefits and

economic dagage to tropical crops including banana, citrus, éucalyptus

and macadamia nut trees; and practical pest control methods: locating

nests and destroying them, treating affected crops with insecticides,

attractants and repellents, biological controls and physical controls.

»

A summary is presented of a successful pfojectqto control 2 meliponinid
species, Trigona (Trigona) corvina.Cockergll and 7. (Trigona)
silvestriana Vachal damaging Machamia tree species in Costa Rica.
Sting{sss bees are both important pollinators and pests., Thus,
pest control must be species;specific. Spraying %gsecticides on
affected crops, the commonly used method, is not fecommended because of

the lac%/ﬁf specificity and resulting insecticide residue pollutien.

Two methods: finding and destroying all offending nests, or attrgcting

LH '

foraging bees with a pheromone or attractive forage material and then

killing them or allowing them to‘poisdh their colony with sublethal

doses of insecticide gre preferred. The author recommends that before

tropical jungle areas are -cleared for ‘agriculture or large pest control

§

2

bees be made to appraiséitheir significance~aé:pollinators or pesls to
crops and wild plants. ‘In addition, the population dynamics of the

bees should be studied to determine thé probable effect of manipulating

-
+
=

their populations. 4.
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INTRODUCTION ' ; ¢
/ Stingless bees of the tribe Meliponini are a little studied éfdup ,
g . : - ' ‘ o b
of social insects. They exist only in the tropics, especially in N

South and Central America. In the past;'some'specieé of stingless

3

bées- have been kept as domestic honey and wax producers. This practice
has generally disappeared. As tropical agriculture has been intensified

in recent years, these bees have increased in importance as pollinators
R . “ f [
and as pests., The bees damage crops such as banana, citrus, gucalyptus

»
.

and macadamia, which only within the last 20 yéars have become of

Y b - A3
economic interest to many tropical countries.
™ Throughout most of Central America (excluding Mexico), agriqulture

is the major economic industry (Lombardo 1969, Ruddle and Odermann

1971).b Coffee‘ané bananas constitute 66% of the total exports. " Over

e

- the last 20 yearsgpbét of the ﬁbuntties involved have. tried to diversify.

thelr export crops to provide a broader economic base. Some of the

~

crops introduced have’been.cotton,'qitrus, macadamia, and eucalyptus.

Pfo%pctivity is iﬁcteasing,yearly (Ruddle aﬁdbodermann 1971). In’}9?i,
Latin America produced ZAZ‘éf the worla;s oranges and tangerines and 66%
of the bananas. Planting techniques, fertilizihgﬁor lack;of sfqrage
faéilities have been common pfoblems fofvthese crops. Many of these;

-

introduced crops havé,failed'because'of insect infestation or diéease,r'

A]

e.g. pogi:n in Guatemala (Lombardo 1969).  As crops such és banana,
citrus, cadamia and eucalyptus become more important to tropical

areas like Central America, stingless bee pests will becomg more of a

problem, pafticularly since there is little information on their control.



.

‘9 -

This paper is a review of published literature on_the bionomics,

@

economics, pest damage and control of stingless bees in Latin Ameri@a.

Included are my own observations on the bionomics and economics. A

2

summary of my work to develop practical methods ofAconffol for bees
démaging macadamia and citrus trees in Costa Rica is presented. A
. A ’

glossary of terms specific to stingless bees and pest managemént is

given in Appendix 1.

4
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BIONOMICS OF STINGLESS’BEES

-~
e

Morphology and Taxonomy

The Family Apidae includes sevéfalvsubfamilies, 2 of which are the
Meliponinae including the Tribe Melipsnini, and the‘Apininae/which
contains the Tribe Apini. AHl species of Apidae are highly evolved .
social insects, which store honey, and produce and bﬁild with wax, o

AR .
and have a complex social order ihcldding é reproductive and a worker
caste. TLe Meliponini, have many unique morpholégiéal adaptations, the
most strikiné of which‘is theilr vestigial sting. ‘They are in a . -
practical sense, stingless. »

The Meliponini are easily differéntiated from other bees by the
transverse cubital veins of the wings which are veétiéial. Schwarz . e
(1948) and Michener (1944) list other characteristics: jugal lobe
of the posterior wing present; marginal celi open (or its vein weak)
distally, tapering from the base; pterostigma of moderate to'lgrge size, {J
extending well beyond base of radial vein; posterior hind tibiae without
apical spur; tarsal claws of female simple; labrum 3 tb 4 times as
broad as long; eyes sparsely hairy in some queens; sting reducéd.‘

Wax is secreted by maleg as weil as workers (Moure, Nogeira-Neto and
Kerr 1958).

| The two major genera of the Meliponihi are Trigona and M;Zipona;
a third recently included genus, Méliponula; is of some importance in
‘determining the evolutionary relationships between Melipona and Trigona
but f&-ﬁnimportant economicallé; Otherzgenera, such as Lestrimelitta

and Dactylurina are occasionally also included. These genera can be

considered closely related to Trigona (Wille 1963),.and will not be

Vi

considered in detail in this project.
&
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The morphological differences between worker Trigona and Melipona
° ’ -“* .

aTe presented in Table 1. For ease in recognition, Jrigona are small
® ‘ o !
with wings extendfng past the.abdominal apex whereas Melipona are large

with wings not extending past the abdominal apex. Mblipohula poésess E
characteristics of both Trigona and Melipona (Wille 1963). They are
large and robus;,.with wings e#tending pa;t the abdominal apex. In
comparison yith the Meiiponini, Apis mellifera L., is large, (length:

12 mm)4 and robust ;ith wings not extending past the abdominal apex.

| There are approximately 200 séecies of:Meliponini, ll*ofbwhicﬁ are

of significant economic-importance: Trigona (Trigon;) corvin; Cockerell,
;T. (Partamona) cupria Smith, T. (Trigona) ferricauda Cockerell, T.
. (Trigona) fuscipennis Guerin, T. (Trigona) hyalinata (Lepgletier),

T. (Trigona) nigerrima Cresson, T.(Partamona) testacea Cockerell,

i (Trigona} rufierus (Latreille), T. (Trigona) silvesgtriana Vacbal,
T. (Trigona) trinidadensis (Provander), Melipona beecheii Benmnett.'
Some species of the subgenus Oxytrigona'hay be’ecpnomically imporﬁant

| e DR
in some cases.

Nests
3
The hives or nests of many social insects can often be used to
identify the spe¢ies that built them. Such structures as the brood
combs,~the entrance tube or the food storage area commonly are unique
for each species. Nest structure often follows an evolutionary trend.
N

Such a trend is evident in Meliponini despite enormous variation in

nest construction,



Table 1.

i -5~

Morphological characteristics differentiating the genera

Trigona and Melipona (from Schwarz 1948, Wille 1963). .-

-
Character g’ Trigona Melipona
Size 2 to 8 mm in length 8 to 15 mm in length
and slender ‘and robust
Pubescence usually short and upper half of head and

Basal area
of Propodeum

Length of Wings

Submarginal angle
of first r cell

Hamuli

Shape of 'Hind Tibia

Nervous System

— \\/
Dorsal Circulatory
System )

sparse

“usually glabrous, but
sometimes tessellate

and pubescent

usually long and
extending well beyond
apex of abdomen

variablq

usually from 5 to 8

variables

" abdominal ganglion 3 .

located in meta-

- thoracic segment

thoracic portion
straight-

thorax densely hairy,

.hairs long

tessellate and entirely
pubescent

relatively short and
not or slightly surpass-
ing tip of abdomen

distinctly acute

usually from 9 to 16

normal without any type
of depression

abdominal ganglion 3
located in thorax

*

thoracic portion making

an arch between
longitudinal muscles
of thorax ) L

b

N



| Nesting sites
Some meliponinid subterrénean nests pave truly pri&ifive brood
combs. However, other more advanced species have apparently readopted

a ground nesting habit retaining a more sophisticated brood comb
structure (Fig. 1). None of the soil-nesting épecies actually excavate
their own nestiné sites. Therefore associationg are common between
some meliponinid species, and other ground nesting insects.such as ants.
Usually,'the ants are leaf cutters of the genus Atta. The bees may
often occupy deserted ant nests. However T. (Paratrigona) lineata var:;
nuda (Lepeletier) has been found nesting in coexistence.with‘Atta gexdens
Buckley (Schwarz 1948).‘ This relationship is not well undersiood, but
is o£ interest because leaf cutter antsuare'usuélly predators of stingless
bees.

Since none of the ground-nesting stingless bégs are economically
important, no defailed description of their nests wili be given.
Descriptions can be found in Schwarz €1948), Wille (1966H) andeouré
et al. (1958). Much of thergeneral description on nest architecture
is applicable to all species of ground nesting meliponinids.

The vast majority of meliponinid species nest in hollows pf trees,

Pl

logs or in rock or wall cavities, these nests are described by Schwarz’
(1948), Moure et aZ.I(195§), and Wilson (1971) (Fig. 2). There is

great variation be;ween these nests, even within the same species, bedause
eachvcavity is differently shaped. Unlike the subterranean species

these bees usually buiid more sophisticated nest walls,’or batumens, to
protect their brood combs. Generally, bees nesting in tree trunks are

‘physiologically more capable of resisting temperature extremes.

-

» -



Fig. 1

o~

‘A subterranean stingless bee nest (redrawn from

Wille 1966b) \ ' |

N
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Fig., 2 A stingless bee nest fouPd in a hollow tree (redrawn from

Wilson 1971).
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ENTRANCE INVOLUCRUM

BROOD COMBS -

BATUMEN




- 11 - \

~

Though there are differences in cqnstruction, the basic arrangement
is the same. Batumen walls section ogf the nest from above and below.
There are brood combs centered within the caQity. Stérége containers
or pots for honey and pollen ndrmaily are placed above the brood combs.
There 1s one entrance, usually located midway in the cavity. 'Many‘
.speéies also build a thin paper wall ;alled an involucrum around the
brood combs. The extent to which the involucrum covers the brood combs
is often used as a taxonomic feature.,

There is no apparent preference for nesting sitegﬁinldifferent
tree spe;ies. However, the cavity size i; of importance, and cogfesponds
to the nest size characteristics of each species, |

The ﬁestvof wild A. mellifera (Wilso; 1971) is normally also found
in the cavity of a hollow trée and is relétively simple. The major
components are vertically hanging combs which have cells on both sidés,l
quite difféfeht from mediponinid nests in which the combs are, with one
exception, always horizontal and haQe cells only on the upper surface.
Usually horizontal supports are built to hang the comb; ffom. There
are no storage pots, all honey and pollen is stored in the comb. There
are no batumens, walls are erected only to seal unwanted entrances to
the nest, the qombs are not covered with an involucrum and there-is only
one entrance hole. ' ; |

Among the many species of Meliponini nesting in tree truﬁks, only
M. beecheii is economically important.

Tﬂe exposed, aerial nest is consider;d the most highly'evolved

form in the Meliponini (Fig. 3). All Trigona species of economic

importance have aerial nests. Species building such nests must be



Fig.
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An aerial stingless bee nest similar to that of T. corvina.

Y
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.capable of withstanding temperature extremes, but benefit in that there
is no limitation of nesting sites. Any large tree can sUpport one or
more nests (Wille 196§a). These beés face gfeater\problems in defending
-against predators because of their exposed nests.

. There are only 25 known aerial nesting species in Central America
(Wille 1966a). The most common type of nest is a fuliy exposed ball
shape which encircles a branch, as in the nest of T. corvina. The
other type, represented by the nest of T. silvestriana, is wrapped, as
a thick band; around the trunk of a large tfee. Commonly, it surrounds
a crdtch or a depression in the tree.

The aerial nest contains all of the struétures common to other
stingless bee nests. The brood combs are found in the cénter, ;ﬁrrounded
by an involucrum. Above or below the combs are sgorage pots. Batumen
fully surrounds the nest, usually making a very hard thick husk. In ghe
case of the band nest wrapped around a tree, the batumen covers only.
‘the exposed surfaces._ The entrance tube is usually near the bottom and

extends as a tunnel to the brood combs.

Arec hit@%ure \3

In this section the general nest components and ::::; §ariations
in meliponinid nests are described with examples. |

The brood combs of the nest are the most important and complex
structure, Ail of the comb is used for brood rearing; honey and pollen
are stored eféewhere; The brood combs are always in the center of the
nest, and are always on a horizontal plane (Mou;e et al. 1958). There f

are 3 basic comb arrangements: horizontal discrete layers, a single
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spiral, and a cluster arrangément in whic; discrete groups of brood ',
cells are aréanged as horizontal discs placed randomly in the prood
chamber. The brood cells are oniy on the upper surface of the cqmb; :
The mo;t coﬁmon cell.shape is cylindrical, but it tends towards hexagonal
in some of the spiral combs and towards spherical in the c}uster combs.

One exceptional African meliponinid, Dactylurina standingeri Smith,
builds cells and combs like fhose of honéybees which hang vertically as
discrete layers with both sides of the combs céntaining hexagonal
cells. D. standingeri is considered to be closely related to bees in

r
the genus Trigona (Moure et al. 1958).

The size and number of comb layers in a nest varies greatly from
species to species. T. (Tetragona) buchwaldi Friese, a ground nesting

-

Costa Rican specles has a brood chamber measuring 7 to 9 cm in diameter
: F 4
with about 10 discrete comb layers‘(Wille 1966b). T. (Tetragona)
carbonaria.Smith, a hollow truﬁk‘dweller in Australié, has a brood
chamber measuring 10 to 16 cm in diametgr with a spiral brood comb
forming about 10 layers (Michener 1961). 7. corvina, an aerial nester
of Costa Rica, has a brood chamber méasuring 5 to 15 cm with between
10 and 30 spiralling comb layers (Table 2) (J.F. Henigman, unpublished
data). Measurements of many Australian Trigona nests are given by“
Michener i}?Bl), and Schwarz (1948) has recorded some nest dimensgion

statistics. There is no obwious evolutionary trend consistent with

these. measurements.
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Table 2, Dimensions of 3 T. corvina nésts® measured

at Turrialba, Costa Rica, in 1972.

]

£

\

Measurements Nest 1 ‘ Nest 2 Negt 3
Z
Age of negt 5 years 2 years 2 years
Volume \ 55,000 cc 24,000 cc 187500 cc
Volume of Comb 28,800 cc 7,300 cc Z*iSBVCC
Total weight of 20.6 Kg 0.35 Kg 0.57 Kg
Nest
Comb weight as a 10% 6% .~ 13%
7% of total weight
b

Pollen and Honey 5.5 Kg little little
weight
Number of Bees 5,400 2,000 2,000
Number of larval 33,000 2,300 1,273
Cells

a
Colonies were killed with aldrin dust and then the nest dissected.

b ' o ' :
The poléen to honey ratio was estimated to ¥e approximately 9:1..

>

-
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The surface areas of the comb layers are.largest in the middle ,of
thebgrdod chamber and smaller above and below because of the spherical
nature of the chamber, Many 6f the comb‘layers are énly partially

Zbuilt at an? one time and thus are smaller than their full diameter.
They are supported and attached to each other by small vertical pillars,
2.5 to 3 mm long and 0.5 to 1.0 mm in diameter (Michener 1961); All of
the comb layers contain holés which serve ;s passage &ays from one comb
layer to the next.

The brood‘celi size varies with each Species. Generally they are

from 2.5 to 3.5 mm iﬁ diameter and from 4 to 7 mm deep (Michener 1946,
1961). By Compafisogj the brood cells of 4. mellifera are 6 mm by 7 mm
(Imms 1964). As in A. mellifera some brood cells o% Trigona species are

'relatively large and are used for the development of\queens and males.
In the genus Melipona, there is no size differgnce between castes, and
all brood cells are of equal size (Schwarz 1948, Wille 1963). The

number of brood cells in the combs{varies ehormously between and within
species. No?mally, however, the number is extremely large relativé to
the number of adults in the nest (Table 2). In a nest of approximately

7,000 adult T. coruina there were 82,000 brood cells (Michener 1946).

The brqod combs and pillars and several other parts of thg nest
are made df a‘dark brown to black wax mixture. It is a mixture of
approximatéiy 50% beeswax and 50%g§ropolis, a mixture of resin and

plant wax. The exact mixture varies with the species. In contrast,

the honeybee constructs its nest using only pure beeswax.
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Surrounding the brood chamber, in most species of Meliponini, is
an involucyum made of cerumen. The involucrum probably acts to maintain
a coﬁstaafjtemperature within the brood chamber (Moure et al. 1958).

In species which build nests, the involucfum normally is thick, brittle

' and(completelx surrounds the brood chamber. In species nesting im we}4
protected piaces, the involuc;um is thin, soft and often does not
’coﬁpletely cover the brood chamber (Moure et al. 1958). Species having
(clustérﬂbrood combs usually do not have an involucrum. The involucrum
in Trigona species jyually has 10 or more concentric layers, and in -
Melipona species has only é or 3 concentric layérs (Schwarz 1948).

The food storage area of the nest is either outside or inside the involucrum
depending on the species. In this area are up to 200 storage pots made of soft
cerum which contain either ;bllen or honey; They are usually spheric7ﬁ/;;\\‘\~\w//
ellipsoid with a capacity of between 30 and AOHCC varying with thé species. They are
usually concentrated above or below the brood chamber, and are anchored
by cerumen pillars to éach bther and to the outer walls of tﬁe nest.

The outer walls of the nest are called batumen. In Trigona,
batumen is made with/propolis or with cerumen containing only a small
amount of beeswax, wheréas in Melipona, it is made of mud (Wille 1963).

The extent of the batumenisurrounding the nest varies with the nesting
site. Hollow tree trunk nests usually have quite thick batumen layers
above and below the nest, sectioning off the cavity. Covering the

. cavity walls is a very thinilayef of cerumen batumen. Subterranean

nests usually have 3 to 5 mm thick propolis batumen completely surroupding

the nest. Propolis batumen is normally brittle and water resistant. .

The batumen covering is most developey in aerial nests. T. corvina and

e
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T.’éilvestria%a do not have entrance tubes; however, fine strings of
propolis hang&ﬂown around the entrance hole appeériqg like a beard.
The entrance ;ube extends inside through thg batumen.layers into the

brood chamber. Normally the entrance® hole is just large enough to allow

the péSsage of one bee at a time.

Building techniques
Once a nest has been built the only structures ﬁhich are coétinua11§
rebuilt are the bgod& combs. All other parts are carefully maintained.
In all the Meliponini, once a brood ceil has'been used it is
dismantled and the reclaimed cerumen is used to form new éells; There

are 2 directions of growth of the brood combs. A brood comb layer)is

.built from the center out laterally, with eggs being deposited in

completed cells as the building progresses. As a comb layer is completed
lateralf;?’a new comb layer is started above‘it. Once the uppermost;
layer is completed, constructi;n will begin again at the lowest level
(Michener 1961).

There is no good~documentatioy of the building techniques involved
in the éonstruction of the batumen, storage pots or the éntrance tube.
However, many authors indicate that these structures, if damaged,:are
very quickly repaired (Salt 1929, Schwarz 1948, Michener 1961). uIn the
case of 7. corvina, the batumen la;ers are very extengive and must

- '\ . " ;
consume much time and energy in construct{;n. Although the building

sequence is unknown, I suggest that it is a continuous process. T.

corvina uses leaf mulch as part of the building material of the batumen.
Established nests have a very thick batumen, but I have observed that

bees of those nests were still actively foraging for leaves.



Social Life

.

In this séction an overview of the coloniaf.life of the Meliponini
is presénted. The social life of only a few specie; of the tfibe has
been iptensi&el& described, however many general phenomena Qpparently
apply to all speciles. Generally stingless beeslhave‘q social
organization similar to Apis species. The important differences ﬁgtween
Apini and Meliponini are dealt with in detail. Where possible the social

life of the more economically important stingless bee speciles is

emphasized. P

Diviéion of labor )

Worker female meliponinids carry out almost all of tﬁe york~of the
hive. As in the‘Apini, the workers' duties change with age (Table 3).
The duties of stingless bee wo;kers, as described in thé ligifaéure,
imply that Fhe division of labor is highly structured and thatudufies
change abruptly. In the honeybee; thé transitibn is very gradual
(Lindauer 1952, Ribbands 1964). |

The transition of duties in the Apidae appears to be a direct,
response to the development and degeneration of various glands in the
worker body. For example, the young adult stingless bee has an
operative pharyngeal gland and can éeed larvae with its secretions.
After 15 days, this gland degenerates and brood‘tending by the worker
ceases. Wax glands become active about the 22nd day and degéneraté at
about the 28th day. During those few days that worker produces wax

intensively and works with cerumen. The latter part of a worker's life

is devoted to foraging.” This duty starts about the 37th day and
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continues until death. bOn about the 43rd day, £h£ mandibular gland
becomes active and for a¥Pé%Qod of about 10 days the stingiess bee
can mgrk trails* and is capable of communicating with other bees.
During the final dayé of ;he worker's 1ife, it forages but is incapable
of initiating foraging in other workers (Schwarz 1948, Cruz-Landim and

»

Ferreira 1968).
Fértile castes

Males are not always pregent in stingless bee colonies. Their
production commonly coinéidesiwith the production of virgin queens,
though males may remain with the nest for periods up to 8 months. In
a nest of T. corvinq,'a totai of 5,201 adults were counted, 417 were
males and 2 were virgin queens (Schwarz 1948).

A yery common observation, is the occurrénce pf small clusters
OT swarms of male beeé around nest en;rances (Salt’ 1929, Michener 1946,
Schwaré 1948). Although the function of this swarm has not been ’
demonstrated, I hypothesize that these males are awaiting the exit oﬁ
virgiﬁ queens. \§

Droné(honeybees agparently contribute nothing to the colony
except for fertilizing the queen. 1In Meliponini the drones can produce
wax in the game way as the workers. The ability of stingless bee
drones to carry out worker duties in the nest is diséuted. According
to Schwarz (1948) some naturalists during the 1800'syclaimed to have
seen males building comb cells. No literature has been found to

support that drones are capable of such work. Moreover the anatomy of

the drone is not compatible with workex functions. The combs and



- 23 -

spines of the drone tibia are no; wellrdéveloped, and it is unlikely
that it could remove the secreted wax platelets from its abdomen.
Moreover, the mandibles are not developed to facilitate working with
wax (Schwarz 1948).‘ ' .

Stingless bees engage'in a drone slaughtgr once a year. The
ho;eybee drone slaughter always occurs in the fall before the colony _
begins to overwinter3 appafently a; an adaptive mechanism which
ensures winter f;;d for essential colony members. Although stingless
bee spécié§'do not experience wiﬁter in the tropics they do go through
quiescent periods during dry seasons or between flowering of forage
plants. The drone siaughter in the stingless bees does not occur
abruptly,uas in 4. mellifera, but gradually over wééks or mgnthé. There
does not appear to be any particular timé of year when all specieslwould
have such a sléughter (Schwarz 1948), and it is not known whether it
correlates with adverse periods each species may endure.

Meliponinid and apinid queens share very simi%gr‘rolesAih the colony.
The meliponinid queen is the egg 1ayer; Her presen;e:prevents worker
females from laying_eggs. There is only one gravid q&éen in any stingless
bee nest. However, unlike 4. mellifera colonies, a few virgin queens
may be present in the nest and are tolerated by the gravid queen.

Colony swarming in stingless bees occurs once or twice a year
(Moure et al. 1958). The method by which Bwarmiﬁg occurs is very
different from the Apini. 1In the honeybees, the ﬁature gravid queen
leaves the nest with a portion of the colony's workers and sets up a

new nest. The: break from the old nest is abrupt. Queen larvae are



- é4 -
devgloped in the old nest. When a virgin queen emerges she will kill
allvother queen larvae and then mate. The old nest»wiil have a single
youqé queen. '

Shortly before.cdlony swarming, worker meliponinid bees‘will begin
transporting building.mqyerial an& food to a new nesting site. Over
a period of avgeﬁ days a group of worker beés emigrates from the old
nest to the new nesting site. A virgin queen from.the old nes - will
then leave, and in the company of workers and méles, fly to the ﬁew
nest. Fertilization of the virgin queen apparently occurs during this
flight, The new colony will continue to be supplied with food and
building material from the olﬁ hesé until it is Self-sufficient.(M0ure
et al. 1958).

The m;ture stingless bee queen is‘incapable_of surviving apart froﬁ
the colony. She has only short wings which become frayed soon after
maturity and her abdomen is very disténded. Her' mandibles are so small
that she muét be fed by workers,

Fecundity of stingless bee queens varies from 4,500 eggs/month
by T. (Plebeiq) minima Gribodo to 1,000 eggs/month by T. lineata
(Schwaﬁz 1948). The meligpninid queen can lay eggs year round.
Comparatively, the honeybee queen can lay up to 1,500-2,000 eggs/day

during the productive season; and may produce up to 16,000 eggs/ﬁonth

avefﬁged over a year (Ribbands 1964).

N,
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Brood incubation and preadult developmenti -

The development of the preadult stages in stingless bees follows
a unique pathway relative to that of the honeybee (Michener 1964). The
major difference in brood incubation is that the eggs are sealed in
their cellé with enough food for development to pppation. There is
no continuous feeding of larvae as in the honeybee. Before an egg is
laid in a cell, workers fill the cell approximately three-quarters
full with a mixture of honey and‘pollen;' The quéen deposits an egg
and the cell is sealed with cerumen. Egg laying on a .comb layer
proceeds from the center out to the margins. Development from egg to
emerged adult takes about 32 days; varying slightly witﬁ each species.
The egg, larval, prepupal and pupal stages last about 5, 10 and 16 days
respectively; 10 days longer in development than that of A. mellifera
(Ribbands 1964). The newly-emerged callow‘adilt is white. Over
about 15 days the pale color will turn usually to black (Schwarz 1948,
Michener 1964).

The egg floats on the semiliquid food in the cell (Bassfndale
1954). The larva consumes allhof the food in the cell. Before pupatiog;
the prepupa constructs a cocoon and discharges the meconium into the bottom
of the cocoon. As pubation proceeds, workers begin to dismantle the\\\
ceruﬁen cell and at the time of emergence little except the cocoon surrounds
the developing bee. VThis cerumen will be either sgored, or immédiately
used to' build new cells.
Th%/éutritional content of the larval food is not well known.

£
i . . .
It is a sgmiliquid mixture composed mainly of honey and pollen. However,

‘

salivary secretions of workers also are thought to be included. These
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secretions may be analogous to honeybee royal jeily, which is a complex
mixture of water, sugars, proteins and fatty acids s&ch as 9,keto- |
trans-deéenogc acid and 10 hydroxy-trans-2-decencic acid (Wilson 1971).

It is initially fed to all larvae. After about 4 days royal jelly'is

withheld from worker larvae and is given only to larvae developing into

b

queens or drones kWilson 1971)., 1In the meliponinid bees, all royal
secretions must be placed iﬁ the cell before it is -capped and likely
'the predetermined‘amount would determine the development of a queen,
drone or worker,,-The_chemical composition of meliponinid "royal jelly"
is unknown. f : ) T

The’evo;utionary significance of mass proviéioning of food and
Sealing of brood cel;srin the Meliponini is obscure. The habit of
sealing cells is not directly analoéous to the s;milar ﬁabits of more
primitive non sécial bees of the family Halictidag,.which do not have
social castes. Sealing brood cells however does-éppear to have some
positive advantages. The éa}vival of stingless bee larvae is less
impaired by social and external eﬁ?iroﬁhental factors.‘ In the honeybee,
maintaining the correct humidity in the nest to prevent desiccation
of exposed larvae is a major necessity. Also, - uriﬁg times of low
food reserves, honeybee workers can cannibalizeQ;;\bo 50% of the eggs

previously laid (Michener, 1964).

Communication

The Meliponini have evolved umique methods of cbmmunication between\

individuals (Lindauer and Kerr 1960). They have no behavior resembling
the waggle dance of the honeybee. However, unlike the honeybee, they

employ trail marking pheromones.

)
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Foraging workers of most stingless bee species, between the
ages.of 40 and 55 days, have the ability to leave scent markers. In

——~ -

T. (Tetragona) subterr&nea Frieéé; the trail-markihg substance has been
identified as citral (3,7—bimethyl—2;6—6ctadienal, geranial, neral).

It and other -alcohols and ketones are found in the.mandibular gland.
(Table 4) (ﬁlum 1974, Weaver, Weaver and Clarke 1974), The foraging
bee, once it discovers a foraging source,,will collect a ioad of nectar
and retfirn to the nest, marking a trail about every 2 m with the
mandibular secretion. The trail usually is a zigzag from the forage
source to the nest, it can be laid o; the side of a tree or a cliff -
although n&t over water. The trail will end approximately 8 m from the
néét‘énéuring that it will not be crossed by another trail close to the
nest. The scent path of a' foraging 7. postica described by Lindauer’
and Kerr (1960) had markers every 2-5 m over a distance of 50 m,

mostly placed on blades of grass. Each scent mark appears to last

about 15 minutes and the scent is thought to be species specific

(Lindauer‘and Kerr 1960, Cruz-Landim and Ferreira 1968). -

. Citral is one of the major components of the Nassanoff gland
' e
secretion of honeybees, and its isomers are produced by many social
Hymenoptera. It is a common alarm pheromone or defensive allomone, and
in the Meliponini, it also functions as a trail marker (Blum et al.
1970). N
On Fhe return of a foraging bee to thevnest, it engages in

ritual alerting signais (Moure et al. 1958). The worker bee, laden
ri

with pollen or nectar, will enter the nest running in a zigzag pattern

and jostling other workers. Simultaneously, it will emit a high pitched
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\

7

Table 4, Chemical compositions, in addition to citral, of the mandibular

gland secretions of three Trigona species- (From Blum 1974),

Species

Compound T. postica T. xanthotricka T. spinipes®

2-Heptadecanol 1 - ‘ -
2-Heptanol . 3 2 ' o

= N

2-Nonanol - .- 1
2-Pentadecanol
2-Tridecanol
2—Undécanol
2-Heptadecanone

2-Heptanone 2 ’ -

-

‘2—Pentadecanone
2-Tridecanone

1
1
1
1
2

2-Nonanone 1 R - -
v 2
3
2-Undecanone 1
3

2
3 .

l -
3

Hexadecenyl (2 isomers) (1, isomer) -

acetate

Tetradecenyl ‘ 3 (2 isomers) 1 (2 isomers) -
acetate .

Benzaldehyde 2 2 -

% 1. (Prigona) spinipes F.

Numbers from 1 to 3 indicate in ascending order the relative activity

of the chemical in bioassay.
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buzzing sound, the frequency of which may indicate the riéhness of the
forage (ﬁindauef and Kerr 1960). Periodically, it will stoprand %ffer
some of the foraée for inspection. The beeg can thus communicate the
existence of‘the type and richness of a forage source. Initially the
trail marking bee, after alertiﬁg the neét, will guide foragers ovef
tLe trail to the forage source. Thus initiated, ‘foragers can easily
find their wé;% .Once they arrive at the'source‘they can visually
recognize it an& then find their own specific foraging site (Lindauer
and Kerr 1960). ‘

Stingless bees are apparently not capable of communicéting the >
distance of the forage source. Possibly this ihformation may come
indirectly from the frequency of returning foragers. Large numbers of
foragers returning quickly would indicate a close source. However, the
existence of a marker trail would at least partially preclude the need
for an indication of distance to the source. It would also pfovi@e a—

v w
means of indicating height and allowing orientation in dense jungle in which

‘the sky is not visible, a requishgg-;or the waggle dance of A. mellifera

(Lindauver and Kerr_1960, Wilson 1971).

Mechanisms of communication within the stingless bee colony which

"result in the ordered functioning of the colony are not well understood.

For example, the queen has an .odor which prevents worker females from -

laying eggs, and each colony apparently has a distinct odor. However,
s .

other than citral, no chemicals have been identified which regulate

social activity in’the Meliponini. 1In the honeybee, 9, keto—trdns-

decenoic acid is produced by the queen and apparently controls some

of the worker's activities (Wilson 1971).
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Foraging and forage materials ' !

At a forage site, bees quickly bégin loading and transporting
fofége (Table 5) back fé the nest. Their behavior is‘very simila?
to that of the honeybee, and tﬁey are not easily divertea from it.

Stingless bees laad and transport materials in the same way as

* .

honeybees. The material is collected by the mandibles and, with the

. fore tarsi, is placded on the tibiae of the mesothoracic legs. It is

then pasted oﬁ the corbiculae of the hind legs. folien, nectar, mud,
soft resin and all other soft forage materials are loaded in this manner.
If the material isﬁhard or not sticky, the beq can carry it in its
mandibles, supporting it with the-fore tarsi.

Different meliponin%ds have definite preferences for food type

and construction materials. Food preferences change through the year as

various forage plants flower. A preferred construction material

5

will usually be‘foraged year round if available.

Ve
Most of the pollen and nectar collected by meliponinids comes from

wild fflowers. Lists of plant species and their respective bee foragers
e

. are not available. Many of the plants known to be visited by stingless

- bees grow only sporadically through the jungle and are of minor importance

economically. Michener (l946)_recorded observations on 2 stingless bee
species which tends to confirm that‘species preference varieg as particular
plants flower. He found that M. favosa phenaé/;. foraged on a small
unidentified flowering bush 60 m from its nest. Three meters from the

nest there was a blooming Solanwm bush ana at 30 m a flowering tree of

the genus Dalbergia, neither of which was foraged by this species. Another

species, M. interrupta triplarides Latreille, foraged on both the Solanum
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terials collected by stingless bees.

Forage Sites

Forage gd!Selected References
Food c

Honeydew Homopterans Hood (1952) E.

Nectar Flowers Michener (1946), Schwarz
(1948), Wille (1965)

Pollen Flowers Michener (1946), Schwarz
(1948), Wille (1965)

Sugar Rotting fruit, Schwarz (1948), Wille

R Td

Construction material

Animal fat
Leaf mulch

L4

Manure
{Mud

Resin
Tar and grease

paraffin)

Wax (beeswax and

sugarcane, honey

Dead carcasses

Wild and crop
plants

Pastures
Local area

Trees .

Offered sources

Leaf surfaces,
offered sources

(1965), Freire and Gara
(1970) )

Schwarz (1948)

Michener (1946), Schwarz
(1948), Wille (1966a)
Camacho (1966)

Schwarz (1948)
Schwarz (1948)

» - v
Myers (1935, 1937, Schwarz
(1948), Wille (1966a),
Freire and Gara (3970) .

Michener (1946), échwarz
(1948)

MiChene}r(1946), Schwarz
(1948), Freire and Gara
(1970)

R YV
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and the Dalbergia. Within 2 months of these observationms, M. favosae—
phenax had changed to another flowering flant; the original plant had ,
become dormant. |

In some cases Where §ting1ess bees forage‘on crop plants, the
resul;‘is either pollination or a pest problem. Th; bees are considered
primary psalinators of the vanilla plant, Vanilla pZantibea Andrews.
However, bees foraging on species of Citrus, Musa, Macadamia, Eucalyptus,
Hibiscus, Cajanus and Quassia usually cause damage to the plants;

Some meliponinids have very unique methods of obtaining pollen,
nectar or resins from plants. M. beecheii is capable of vibrating
narrow throated flowers such that the pollen is ejected ohto the
petals where the bee then éolleéts it (Wille 1965). 7. silvestriana

obtains tree resin by cutting a hole through the bark and collecting

the exuding resin. TheJlioles are usually cut when the shoot is young

and may be maintained open for years. Macadamia, Citrus and Eucalyptus

trees are commonly damaged in Ehis‘Way. Most species of the subgenus

Trigona, including T. corvina and T. silvestriana, obtain poilen and

nectar from flowers by cutting a hole in the base of the corolla.

d

This usually kills the blossom. Macadaﬁia and Citrus trees apparently
suffer this damage. .

Stingless bees seem to be attracted to any sweet, fermenting or
resinous material. Rotting fruit, sugarcane andreven honeydeﬁ—proaucing
ﬂom?pterans can become forage sites (Hood 1952). The honeybee is
similarly attracted to such sites. The attragtion appears to be dependent

on the resources needed by a colony. I have observed that foragers of a

colony, in need of food (a sugar source) or construction material would

B
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collect honey or wax offered to them. If, however, the substance
offered to them was not of their immediate néed, they would pass it by.

Most species of stingless bees that have been studied forage for the
complete photophase period of the day. In Costa Rica sunrise is about
0530 hr and sundown is about 1800 hr. T. silvestriana, T. cupira, T.
testacea and T. ferricauda all start foraging about 0600 hr and terminate
about 1800 hr. T. silvestriana is most.active about 0800 hr and the otﬁer
‘species have 2 activity peaks, one at 0600 hr and another at 1700 hr
(Freire agd Gara 1970). ’The amount of material foragea per bee

appears to vary directly with size. The smaller bees usually make more .

forage trips than the larger bees.

Defence

s

There are 2 basic types of defence mechanisms in all colonial
insects. One involv;étthe_bddily weapons of the individual bees such
.as the sting-or tﬁe mandibles. The ofher is the architecturalldefence
offered by the nest, |

Tﬁe.key to the successful defence of a colony is the alarm signal

which appears to be the citral pheroﬁdne which is also used tOJPark

trails (Blum 1974). When citral is used as an alarm, it is plaéed on
the intruder in relatively high coﬁcentrations. Other bees of the .
colony respond to the odor aggressively and in the process leave more
citral on the intruder. The resultant effect will be a lafge number
of bees swafming on the intruder (Blum et al. 1970, Blum 1974).
Normally any insect attempting to enter the nest or ényllarge

animal,:including man, whiéh comes within a few meters of thegBest will
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be mass attacked. I have personally noted fhat I could stand within

. ~
1 to 2 m of a nest of T. corvina for a few minutes unmolested. Once

one bee had landed on me, bitten me and left an orange sticky fluid,
many other bees Qould be’actively massing on me within 15 to 20 seconds.
Citral, in extremely higﬁ concentrations appear; to disergandize
the colony of most meliponinid species. The rpbber stingless bee,
Lestrimelitfallimao (Smith), makes use of this phenomenon to disarm
victim colonies of Trigona and Melipona. The attacking L.‘Zimao »
literally fumig{tes the nest with citral and causes most of the
colony to evacuate (Blum eflai. 1970, Weaver et ai. 1974).
The major physiéal defenéé me thod is biting. The individual bite

4

of the species of bees I expégaencéd was not terribly painful but a mass
of blfiﬁg Bees quicki& became intolerable! Meliponini have a vestiga}
:vsting.which is not used in defence. The lack of a sting‘does not
. appear to diminish their ferocity. The severity of the attack varies
with the species and with the strength of the particular colony. (
Some species, such as 7. corvina, T. fuscipenntis and T. silvestriana
'~ are very aggressive.and will attack from up to 5 m away. Others such
as T. (Cephalotrigona) capitata Smith wiil not attack e?en when its
nest is’ broken open (Michener 1961, Johnson and Hubbell 1974). Tr%gona
species of the subgenus Oxytrigona, in addition to biting, leave a very
caustic fluid wh}ch can cause gevere burns {(Schwarz 1948). The
chegicé}‘constituency of the fluid and method of deposition are unknown.
\Insects intruding into the nest are usually mass attacked, most
commonly by bitiné (Schwarz 1948), T. (Tetragbna) Jaty Smith, a very

small bee, normally concentrates its mass biting in aé effort to cut

A\
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off its adversaries' wings. In this way intrusion by wasps or honeybees
can be turned back. M. fasciata scutellaris Latreille has a unique

o
defence involving gluing intruders to death. The bees follow the

v
intruder about placing sticky fluid on it but generally do not fight
with it. Soon the intruder %ﬁ,rendered immobile by the fluid and is
removed (Schwarz 1948). It is not known what the sticky fluid is
although résin propolis seems likely to me. 'j
The ﬁests of most stingless bee species afford a high degree of
protection from intrusion. The nests of ground-nesting species are
almoét impenetrable. Bees of these species are usually nonaggressive.
Aerial nesting species are more vulneréble, and more aggressive. )
The nest entrance tube is usually very narrow, wide énough for
’only one bee to pass at a timg. The entrance is guard;d at all times,
and is commonly plugged with p:Bpolis at night. Large wasp intrudérs
would have difficultyveven entering the nest. The batumen of aerial
nesﬁs is normally vefy thick ;nd difficult to penetrate. The outer
layer of batumen however is usuélly very thin and easily broken. If
an intruder broke this outer layer the colony would become quickly
alarmed. »
, ' Ants, especiaily of the genera Atta and Solenopsig, are major
\\b——pf/ayfi;edatoré of stingless bee colonies. T¢ thwart the advance of a
column of ants, stingless bees, such a ' . corvina, deposit a band
of sticky resin aroundethe branches holdiﬂg the nest (Sbhwarz 1948,
Wilson 1971).

In the case of T. (Seaptotrigona) compressa Layreille, defence

of the nest is guaranteed by a species of ant, (rematogaster stolli
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Forel (Mercado 1962). The nests of thése 2 insects are bloéely
associated and when either nest is disturbed, the ants, which are
very aggressive, swarm out in attack. It is unkno;ﬁ if the association
is mutualfgtic,since the ants‘de%ive no kaown benefit.’

Within the nests of most species of Meliponini are usually found
many insects and mites which are seemingly ignored‘by the bees. Lists
of these parasites and commensals are found in Salt (1929) and Myers
(1935). None -appear to harm the bee colonies severely. The occurrence
of disease in stingless bees is not well knon. Foul brood and the bee
louse, Braula coeca Nitzseh, which can be devastéting to the honeybee
are not found in stingless bees (Schwar; 19485. )

Inter and 1ntraspecific competition occurs (Johnson and Hubbell
1974). 1In defending a sugar-bait forage source, T. stlvestriana was
most aggressive followed in order by 7. corvina, T. testacea and 4.
mellifera. 1 observed T. corvina forégers attempting to forage resin
from holes cut in macadamia trees by T. silﬁestriana. 7. silvestriana
was easily able to defend its holes. Bees of the 2 species would lock
together biting eacﬁ\other-until 1 of the species retreated. In another
case, I offered resin to foraging bees. Both 7. corvina and 7.
silvestriana aggressively fought over it. Within é‘day, the’2 species
.had adopted compatible behavior which resulted in no observable‘competi—
tion. 7. silvestriana forééédlresin from about 0700- hr to 1000 hr
and 7. corvina foraged it for the rest of the day. I noticed no
competition between bees of the same Specizg; however, intraspecific
competition between colonies of 7. corvina is knbwn to occur (Johnson

and Hubbell 1974).
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| ECONOMIC IMPORTANCE OF THE STINGLESS BEES -

In this section the first attempt to assess the economic
significénce of stingless4bees to tropical agriculture is made. With
essentially similar life histofies'aé the honeybee, stingless bees are
a poﬁen#ial source of honey, and serve as important pollinators to some
tropical crops. Thus they represent both a detriment and benefit to
tropical agriculture. Bees ofnéhe same species may serve as a major

polliﬁator of one crop and yet severely damage another. Both

pollihatidn and damage may occur even within the same cYtop.
. 5 :

Economic Benefits

The importance of meliponinid beés as pollinators of both c€ops .
and ornamental flowers is documented by Schwarz (1948), Wille (1965,
1966a) and Freire and Gara (1970). No comprehensive list of crops
pollinaqéd by stingless beesiis availaﬁle. However Schwarz (1948) cites
vanilla, V. planfifblia; cacao, Theobroma spp.; and banana, Musa Spp-
as being pollinated by meliponinids. When vanilla was introduced into
Haiti in the 19th century, stingless bees also had to be introduced to
pollinate it.‘ However commercially grown vanilla now is normally
artificially ﬁollinated. Both vanilla and cacao are native to the
neotropics. Althoﬁgh stingless Bees frequent many other crops, proof
that they act as major polldnafofs is ;acggng. A critical survey of
stingless bees gsypollinators might reveal that they are a valuable

>

and unrecognized resource,

¢
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The use of stingless bees as a commercial honey source also has
not been well explored, although ££e honey has been used in the
past-and its potential for ﬁse today is recognized (Schwari 1948);
During the pre-Columbian era and for about 200 years after the coming
of Europeans to the new world, stingless bees were the only source of
honey, Sugarcane was not then culti&ated in the Ameripas. Many
Indian culture; were known to utilize both honey and wax from various
species. The hoﬁey was used extensively as a sweetener of food and in
the preparation of medicine. Two species of bees seemed to have been
most preferred, M. beecheii found from southern Mexico south to Panama
and M. interrupta found in Columbia. M. beecheii was kept gy Mayan
Indians in speéially built hives for domestié honey and wax production.
The quality of stingless bee honey v;ries enormously between
species (Table 6), depending oﬁ specles-specific forage plénts. Some
honeys are sweet, clear, and good tasting, while others are watery,
acid or even intoxicating.- According to Schwarz (1948), most species
of the genus Melipond broduce palat;ble honey. Honey yields vary
‘with species and colony size, and average yield of 2 to 3 Kg/year is
normal for most species (Schwarz 1948). Yields of up to 16 Kg from
T. capitata and 45 Kg from M. beecheii/year have been recorded under
domesticated hive conditions. A domesticated colony of 4. mellifera
can produce between 40 and 90 Kg Qﬁiﬁdney/year (Ribbands 1964).
Unlike the pure wax found: in 4. mellifera nests, stingless bee
- wax 1s mixed with vegetablé waxes, clay or resins to produce the

cerumen used for construction (Michener 1946, Schwarz 1948). TImpurities

in the wax, ranging from 10 to 90%, cause it to appear dark brown or
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of'stingless bees.
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Summary of the palatable quality of the honey of some species

Species and region

Honey taste
and quality

References

Central and South America

Trigona fuscipennis

T. silvestriana

T. fulviventris
T. eapitata
T. corvina.

Meltipona interrupta
M. favosa
M. beecheil
Australia and New Guinea

T. (Plebeia) australis
Friese

T. (Plebeia) cincta
" Mocsary ‘

T. carbonaria

T. (Tetragona) genalis
Friese

T. (Tetragona) hockingsi
Cockerell

T. (Tetragona) iridipennis
Smith '

T. (Tetragona) wybenica
Cockerell

Very fermented taste

Dark, sweet, acid

Good taste, slightly
acid

Good taste, slightly
thin, acid.

Varying quality,
often acid

Excellent taste
Good taste, thin

Excellent taste,
consistent quality

Sweet, viscous
Sweet, viscous

Sour, liquid
Sour, liquid

Sour, liquid

Sour, liquid

Sour, liquid

Salt (1929), Wille
(1966a) ‘

Myers (1935

Salt (1929), Wille
(1966a)

" Salt (1929)

Personal observation

Salt (1929)
Salt (1929)
Schwarz (1948)

@

Michener (1961)
Michener (1961)

(1961)
(1961)

Michener

Michener

Michener (1961).

Michener (1961)

Michener (1961)
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black, and be softer than béeswax. Unlike the valuable wax of the
honeybee which is used to make candles, high grade polishes and sbme
types of water-proofing products, stingless bee wax ié of little
commercial use becaus; of the large émount of impurities found in it.
Purifying the wax &;y be possible through distillation but would be
costly. |
"Historically, stingless bee wax has been used where honeybee wax
was not available. Pre;Columbian Indians used stingless bee wax to make
moulds for casting gold, to wax rope, and to calk boat hulls. Indians
of Indonesia used wax of T. iridipennis.in the makin% of batiks., After
the arrival of the Spaniards to the neotropics, stingless bée wax was
used to make candles. Candles of this wax are usually soft aﬁd burh
with much smoke. They have become of religious significance to some
Indian tribes and are highly prized bv them (Schwarz 1948, Gross 1972).
For use in apiculture, for honey and wax, stingless bees do not
appear competitive with the Apis spp. which are now found in all regions
of the tropics with the possible exception of dense jungle rain forest
areas (Smith 1953, Crane 1973). A. mellifera var. mellifera or var.
Zigusﬁica are not indigenous to the tropics, although other varieties
~and other Apis species are. The varieties capensis and adansonii are
indigenous to Africa. Both are successful.in the wild state and
can also be used in apiculture. A. indica F.; indigenous to India and
the Far East, is commonly kept as a commércial honeybee. Thus, it
would appear that the commercial demands for honey and beeswax in the

tropics can be met by members of the genus 4Apis.

N
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Meliponinid bees have one other comﬁetitive disadvantage. IE is
apparently impossible to acclimatize them to non tropical climateé;
re;;ricting their use as pollinators to the tropics. Most néotropical
species appear to prefer a nest temperature qf approximately 30°C. At
25°C they are visibly slowed in their activifies, at 15°C they cease
f{}ing and at iO°C they will die (Schwarz 1948). Unlike A. mellifera,
stingiess bees do not cluster at low temperatures. A. mellifera
initiates winter clustering at 18°C and at 13°C clusters are well
formed: The cluster can maintain a livable ﬁemperature for the bees at
below zero air temperatures (Ribbands 1964). Australian meliponinids
may be more cold tolerant. Michener (1961) reports that 7. carbonaria
is able to survive a wigter temperature of 0°C. A more complete study
of the cold tolerance in this and other related species would be of

[

interest.

al

Economic Damage

Published accounts of stingless bees as pests of agricultural
crops are fairly-numerous. The information is usually in the form of
small annotftions in taxonomic papérs. Commonly it is mgntioned that
a particular Trigona species is an important pest of perhaps citrus or
banana crops. - Occasionally the type of damage is mentioned but rarely

is its extent reported. To date, no published report exists appraising

the economic damage to crops caused by stingless bees. Following is a
N

N
summary of the published reports of stingless bees as pests. I have

added my own subjective descriptions of the damage caused by 2
additional species. Only a few species are pests, and all are in the

genus Trigona (Table 7).
o3
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Most stingless bees damage crops as a resulf\bf their foraging
for construction material. Soﬁe alsoAdamage crops as é result of
their foraging for nectar and inlen. Pieces of leaves, plant waxes
and resins are most commonly collected. Members of all species listed
in Table 7, with the exception of T. ferricauda, build exposed or aerial
nests. T. ferricauda builds its nests in hollow trunks. Since exposed
h%fEE,EESUire relatively large amounts of building material,lthese
species may be expected to forage'heavily‘on their p;eferred forage
plants. That these beés prefer commercial crops distinguisﬁeé them as
pests. '

There are five types of notable damage caused by stingless bee
pests.‘

e

Cutting holes 1in tree bark
?f?e species cut holes 1-2 cm in diameter ghrough the bark of
forage t?ées in order to collect resin. Usually these holes are
started pn small brancheg or in branch crotches where the bark is
relatively soft, and as the branch grows large the wound hole is maintained
open. The affected trees will becoge.unthrifty from a constént loss of
sap\and.are constantly open to infection by disease organisms.
Hole-cutting damage occurs to macadamia, citrus and eucalyptus
trees. In Costa Rica, macadamia nut trees are severely damaged by
7. silvestriana (Wille 1966a). Within a plantation of 200 macadamia
trees, I have found some damage on at least 80% of the trees with
the heaviest damage on the edge trees. Some edge trees appeared more

favored than others. On some occasions these trees seemed to be raining

. Tt .
resin from the many holes, pools of resin forming beneath them.
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At present In the neotropics, macadamia nut trees are being \X
grown only in Costa Rica as an experimental crop. IA the near future
| they will likély be élanted throughout the neotropics, possibly -
inviting many other stingless bee species to become hole—cuttiﬁg pests.

Hdle—cdtting damage to citrus trees appears very similar to that
occurring to macadamia. Ail types of citrus seem attractive to
stingless bees. In Costa Rica I have seen bee damage on grapefruit,
orange, tangerine aﬁd lemon trees, but have no record of their Specific
name varieties. There are a number of published accounﬁs of stingless
bees hole—gutting on citrus trees, none of which mentions the species or
the varieties of the citrus. Within Central America, T. eilvestriana
appears to be the only hole cutting species on citrus. Both Séhwarz
(1948) and Wille (1966a) consider this bee on; of the worst pests of
cigrus in fhis area. In Costa Rica, I saw bees of no other specges

~ . @ -
cutting-holes in citrus trees. In Trinidad, citrus tree hole-cutting

is attributethq—T. trinidadensis. Myers {1935, 1937) considered this
species the major ciérus pest on the island. T. trinidadensis 1is still
an important pest of éitfus there (F.D. Bennett, personal comﬁZnication)l; .
but its damage impact remaims unknown.

Stingless bees also cut holes in eucalyptus trees in Central ' ,
America. T. stlvestriana, T. cupria, T. testacea and‘T. ferricauda
cause damage (extent not reported) to plantations of Eucalyptus citriodora

Hook (Freire and Gara 1970). It is not clear whethetr or not these

stingless bees are pests. '

1 . . >
Entomologist-in-Charge, Commonwealth Institute of Biological Control,

Gordon Street, Curepe, Tfinidad, West Indies.
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Wille (19665) states that 7. hyalinata, in Brazil,’causes
significént damage to pine seedlings, Pinus spp., by girdling the
stem in order to collect resin. I obserQed stingless bees, 'which I
tentati&ely identified as 7. silvestriana, girdling seedlings of

Pinus caribea Morelet on the eaSF coast of Costa Rica, but could find

no affectdd trees in the interior.

'

Def%lidtion j

At least 3 species, 7. corvina, T. fuscipennig and 7. ruficrus
defoliaﬁe citrus and macadamia ttees (Schwari 1948; Michener 1966; |
Wille 1965, 1966a; Camacho 1966). The bees cut the leaves from the

margins in toward the midrib. Each bee cuts off a small piece of

leaf, masticates it into & ball and places it on its.hind legs. The
[ . ' .

leaf material is used to bui tumen. Young tender leaves and

stems are preferred. Foraging bees may also collect wax :and ooze
from wounded leaves (Michener 1946). Considerable damdge can occur
to trees through a constant defpliation of new leaves and stems.

Older trees, under constant attack, are bédly-stunted énd unproductive.
Seedlings can be killed by the defoliation.

Defoliation by 7. corvina on macadamia in Cbsta Rica is very
severe. All trees, left unprotected, would soon be defoliated of young.
leaves and stems. _In my opinion, no macadamia trees could su;Vive
naturally in the preseﬁce 8} thi§ bee. .Wille (1966a) and Camacho (1966)

give similar descriptions of stingless bee damage on macadamia.

{ ;
Camacho concurs with me on the sevefffg of the problem.

e

SR

v
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. Stingless bee defoliation of citrus trees occurs éo a lesser
degree than on macadamia. Michener (1946) repoigﬁ that T. corvina
defoliated citrus trees in Panama severely enough to inhibit their
growth. In addition to T. corvina; T. fuscipennis and T. ruficrus

- also defofiate citrus trees (Schwarz 1948). in Costa Rica I observed’
orange tree plantations partially defoliated of young~1eaves by
T.‘corvina. The older leaves were not badly damaged. Other orange °
trees, which were growing adjacent to 2 nests of T. corvina, were Aot
defoliated. Near a severély defoliated plantation of macadamia

trees weré tangerine and grapefruit trees untouched by the bees? (My
impressions are that some varietiés of citrus trees may be more

attractive as forage than others to the bees, and that macadamia trees

are much preferred over citrus trees.

Cutting flowers

Some species of stingless bees cut into flowers in order to forage.
pollen and nectar. 7. silvestriana and T. fuscipennis forage on wild
Cassia biflora L. (Wille 1965). The bees cut a hole in the flower at
the base of the petals and remove the nect;r and pollen. The flower
~dies soon after with no seed being prod&Eea.

T. silvestriana and T. fuscipennis.are reported by Wille (1966a)
as cutting macadamia and citrus flowers. Although I waé informed By
Costa Rican plantagion owners that stingless bees cut these flowers,

I did not obserye such damage even though both crops flowered during my

observationss oreover, the flowers of both macadamia and citrus trees
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are shaped such that pollen and mectar could be foraged by the bees
without cutting. The?efore, it seems doubtful that meliponinids Qill
be serious flower pests in these crops. r .
In Guatemala, the flowers of the legume, Crotalaria agatiflora
Schweinfurth, are severely cut by T. nigerrima. This plant is used
‘as a cover crop for cinchona from whic@ quinine is extracted (Schwarz ¥

1948).

Scarr{hg fruit

Salt (1929) and Schwarz (1948) state that in Columbia, 7. fuscipennis
cuts small holes in banana fruit and collects sap from the wounds. Only
immature fruit are agpackéd. The sevefity of this damage is not ‘
reported by eifher author. - Scarring fruit may be of importance,

. Vs . . »
however, in the vectoring of disease by stingless bees to crops.

Vectoring disease

By causing various types of wounds in plants, stingless bées are
potential vectors of disease to the crops on which tﬁey forage. For
example, a foraging bee may collect the sugary juice ofha rotting fruit
on the ground and soon after collect reéin from a wound on the trunk
"of a tree. As a'result;any plant pathogen may easily be transmitted
to the tree. |

Moko disease of bananas in Honduraé and Costa Rica is vectored By
T. eorvina (Buddenhagen and Flsasser 1962). This disease, caused by
the ba%ze(EET/Pseudomonas soZanaceafum Smith éan kill all types of

banana plants. The Bluggoe cooking banana variety appears to be the

A~

Ly

3 ,
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most susceptible. The initial symptoms of the disease are blackening
.‘\‘ ) . > i . 3 .
and shrivelling of the flower bud, pedicel and fruit. Once the f/// 4
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bacteria have infected a few plants within a plantation, it can spré&d
rapidly torothef planfs ‘'systemically through root grafts. The
disease can also be séﬁéad by cultivation or rain. The bacterifl ooze
must be transmigtéd to an Qpeqj%0undvon a healthy plant.

According to Buddenhagen and\Elsasger (1962) a small area in
Honduras of 1-2 Km in fadius, where the disease was known to be endemic,
increased to an area of 96 Km radius within 2 years. T, corvi;a was
apparently effective in bypassing most quarantine blockades set up.
After spreading through an area the disease becomes endemic in the
;urviving banigg,pignts; These plants can serve as new sources of
;nfection via bee veqtori&g.

The possibility that stingless bees can vector diseases of other

crops such as macadamia or citrus has not yet been investigated.
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PEST CONTROL METHODS FOR STINGLESS BEES
There are numerous ways of contrdlling stingless bees; the

methods vary in sophis&ication, cost and practicality. Of the control
methods available, some of the simpler have been attempted under field
conditions. Most of the sophisticated methods are as yet experimental.

| Control has been restricted by thé criterion that the pest species
should become the control target. To inteffere with non pest species
would threaten the balance of tropical‘ecosystem; as well as cause the

loss of pollinators to agricultural crops. Control must also be selective,

since a pest of one crop may be a pollinator of another.

Locating Nests and Destroying Them .

Finding the offending nests and destroying them ig,;by far, the
simplest method of eliminatiﬁg bee damage. ‘Bee foragers seldom fly
more than 700 m to their forage plants and most species do not fly
more than 300 m (Wiile 1966a). The destruction qf ali nests by fire or
with insecticides (Table 8) such as carbaryl or diazinon within a
radius of 300 to 700 m of the crop will eliminate the pest problem.

In many cases, the pests can easily be located by following the flyiﬁg
bees which generall§ follow a direct path to and from their nest.

The major difficulty with nést destruction is that often the nest
is not easily found or accessible. It may often be 50 m high in a large
tree. .In many other cases £he bees cannoEﬂPe followed because of the
rough terrain or dense undergrowth. In one case, I was unable to
reach a nest I had located in a tree because the tree was in the middle

of a sugarcane field. The sugarcane was 4.5 m tall and full of poisonous

snakes.
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‘Table 8. Common names and chemical formulae of insecticides uséd,

tested or considered for control of stingless bee pests.

.

Common name

- Chemical name

Aldrin

Carbaryl

Carbofuran
Chlordane

DDT

Dieldrin

Demeton

Diazinon

Dicrotophos

Fenthion
Malathion
Methoxychlor
Monocrotophos

Trichlorfon

1,2,3,4,10,10-Hexachloro-1,4,4a,5,8,8a-
hexahydro-endo-1, 4-exo-5,8-endo-
dimethanonaphthalene

—Naphthyi methyl carbamate

2 3—Dihydro-2 ‘2-dimethyl-7- benzofuranyl

methylcarbamate N

1,2,4,5,6,7,8,8-Octachloro-2,3,3a,4,7,7a-
hexahydro-4,7-methanoindene

2,2-Bis(p-chlorophenyl)-1,1,1~
trichloroethane .

1,2,3,4,10,10—Hexach10ro—6,7;epoxy—
1,4,4a,5,6,7,8,8a~octahydro-1,4-endo-
5,8-exo-dimethanonaphthalene
0,0-Diethyl-0,2-(ethylthio)ethyl
phosphorothioate -
8,0-Diethyl-0-(2-isopropyl-4-methyl-
6-pyrimidinyl) phosphorothioate
3—(Dimethoxyphosphinyloxy)—N N~dimethyl-
ci8-crotonamid

0,0-Dimethyl-0-[ (4-methylthio)-m—-tolyl]
phophorothioate

0,0-Dimethyl S-1, 2~ di(ethoxycarbonyl)
ethyl phophorodithioate

2,2—Bis(p—methoxyphenyl)—l,1,1—
trichloroethane

ci8=-3-(Dimethoxyphosphinoxy)-N-methyl-
ctg-crotonamide

'0,0aDimethyl(1—hydroxy—2,2,2?

trichloroethyl)phosphonate
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.Treatment‘qf AffectédlCrops with Insecticide i .
Using insecticides (Table 8) on crops ‘to kill meliponinid foragers
is the most common method now used to reduce bee damage (J.F. Heﬁigmah,
unpublished oyservation).‘ In soﬁe cases insecticides may protect crops
>effectively.
Only Camacho (1966) has recommeﬁded insecticide sﬁrays againét
— .
stingless bees on macadamia as follows:
a. Methoxychlor, ,1.7 Kg/hectare
b. DDT, 11 Kg/hectare
c. Dieldrin, 0.28 Kg/hectare
Other insecticides, such as diazinoﬁ or malathion, have not been tested,
I have found spraying insecticides against stingless bees fraught
with problems. In spraying a crop, such as macadamia or citrus, the
edge trees should be especially well covered because.the bees tend to
attack them most. The insecticide must remain effective on the crop
year round. Even with persistent insecticides, m;ny éprays/year are
neceésafy at a relatively.high cost of time and money. During the
rainy season, which may last 4 to 8 months depending on the location,
the insecticide will be quickly washed off the leaves and trunk of the
trees, adding to the number of sprays needed and the résultaht residues.
Thé crop canﬁot be sprayediduring flowering, which in the case of
citrus and macadamia, may last many months. With the amount of
insecticide needed for continuous progection, beneficial insects, such

as parasites of other pests, may be severely harmed.

g,
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Seedlings and small trees may be protected with systemic
insegiicides (Ripper 1959, Séito‘1969)i In small trees, systemics can
be adequately translocated through the trunk and t; the leaves. In
larger trees,rthe movement of the systemic is usually not even and
the large dpsage required may be phytotoxic. Fruit harv;sted from

treated trees should be checked for insecticide residues (Ripper

1959). » .

One of the major probleﬁs with systemics in the tropics 1is that

the chemical in the soil is leached away. Recently on an experimental

) basis, systemics have been released in the soil from controlled

release cafbon chips. These cﬁips are water resistant and slowly
release insecticide to the roots of the plant, resulting in protection
for up to a year (Allan, Gara and Wilkins 1970). ‘Thus, fruit trees
could be protected in the future from bees and other pests for

the first 4 years after planting. .As the first few years of growth

in fruit trees are very important to the future_forﬁ'and productivity
of the tree, this sort of protection would prove very beneficial.

Attractants and Repellents . ey

—

Attractants and repellents can be used to control bees either by
themselves or in conjunction with insecticides (Freire and Gara 1970).
These substances may range from crude extracts to synthéiized pheromones

~
or host plant attractants or repellents.

I have found many natural attractants for stingless bees, e.g.
honey, macadamia or citrus leaves, and various tree resins. Freire

and Gara (1970) also list some substances,. such as eucalyptus leaf

extract or vegetable o0il which when placed adjacent to a nest or
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forage plants, usually attract some bees. The attractiveness of the

“substance varies a great deal depending on what the foraging bees are

engaged in collecting. ‘For example, if Bees are foraging leaf material
for constructio;, it is not practical to use honey or sugar as an
attractive bait. Noﬁe of the natural attractants with which I am
acquainted-will out compete the forage crop. Simple diversion of the
bees\ away from the crop with these substances is not likely to work.
Growing highly attractive noneconomic plants as a trap crop has

never been tried, and there are no recorded wild plants which are more

attractive than the crop plants. However a search for such plants may

be worthwhile.

Citral and some. alcohols and ketones (Table 4) at low concentrations
can be highly attractive to stingless bees (Blum et al. 1971, Blum 1974,
Weayer et aZ; 1971). As each species has its own' specific pheromone,
the attractive chemical bgit should match the speéies involved. It is
not clear.that all the bees foraging in a plantation could be diverted

quickly with é'pheromonejbut it would appear that the chemicals are very

attractive under most conditions. 1In the simplest case a'plantation
could be surrounded with bee traps baited with pheromone. The pheromone
evaporates quickly so that some method of controlled release, such as
formulations in plastic (Fitzgerald et al. 1973) may be necessary.
Although higher concentrations of citral cause alarm and aggreséiveness,
still higher concentrations are apparently repellent {Blum 1974). To
repel bees from a plantation with citral appears rather impractical

and expensive.

s
L
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Attractants could be used in conjunctioh wiFh iqigsggcidés ié a
number of ways. The insecticide could békmixed with the éttractive
bait in lethal or sublethal concentrations. Foragers wéuld be killed,
or could accumulate insecticide in their nest until the whole colony
is poisoned.‘ The method of application could be by using bait stations
or by sp£§§ingaé mixture of agiractant and insect;cidé on a wild or
" cultivated trap crop.

The way in which attractant-insecticide mixtures are used
depends primarily on the type of attractant. Many natural forage
substances can easily be mixed with insecticide so that the mixture
can be collécted and transported by ;he bees back to the hive. Resins
and waxes are best for this because insecticides will dissolve in them
and are not washed away by ;aiﬁ. Rgsins are also not likely to be
attractive to non-target insects. Since the bait is not likely to attract
all of the bees foraging in a plantation, Fhe preferred strategy is to
use a subletPal dose of insecticide which, after a period of time,
would kill the whole colonies. Regardless of whether a bait station
or sprayiapplication is used, it is dimportant that the bees be able to
fo%age x£he mixture in large amounts so’that the insecticide is quickly
accumulated in the nest.

If pheromones aretused as the attractant, the optimai strategy
would be to incorporate a lethal dose of insecticide. The pheromone
should be able to attract enough of the foraéing bees to kill them as
they are attracted. An effective application method might be to set up

pheromone bait stations around a plantation with insecticide placed
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either in a bee trap or on a landing p;atform. CaréAshouid be taken
-that the insecti;ide does not interfere Qith the pheromone*odor. While
this method is unlikely to comple;gly kiIl the of fending coloﬁies of
bees, it will kill those foragers damaging the crop; |

The type of insecticide to use with the bait will vary with the
application method. When the mixture isksprayed on planté, a non
residual insecticide sﬁch.as carbaryl (Table 8) should be used. With
bait stations, more residual types such as DDT or chlordane (Table 8)
would be preferablg. The insecﬁicide used must not taint the bait such
that the bees are repelled o?lthe attraction diminished. Dosage
and palatability of i;;ec;icides must be ascertained through bioassays
before more detailed recommendations can be given. - ~

pt

Biological Control

Control of stingless bee pests through parasites, predators or
diseases has never been investigated. The bees are native pests and

most of the organisms potentially controlling them may already be
.

preé&pt. Salt (1929) and Myers (1935) both compiled extensiv% lists
. ’ (;/
of stingless bee-associated arthropods and found.néne which cause

great damage to the bees..

It is possible that parasites or diseases attacking stingless
bees of other continents could be uti;ized. However thegthreatﬁto bene-
ficial species as.-well as to honeybees will probably preclude iﬁtroduction
of pathogens.

Exploitation of competition between bee species is a possible methad

of control. If commercial hives of honeybees were placed within
2 .
2

plantations to be protected, it is possible that stingless bees may be
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displaced. Schwarz (1948) states that in some ereas A. mellifera
has displaced stingless bees (species not indicated) through
' eompetition. However, Johnson and Hubbell (1974) have found that
the pest speeies T. sine&triand, T. corvina and T. testacea can

out compete 4. mellifera.

Physical Controls . :

The use of changing light regimes, sound frequencies or simple(-
barriers do not seem applicable as control measures against stiﬁgless
bee pests. However, if plants, such as ornamental flowers, coﬁld
be put in enelosures practically then this\prophylactie control would
be quite satisfaetory. Esch (1967) found that by playipg tape
recordings of 5ee buzzing sounds to a colony of M. quadrifhsciata,

2

he could, to some extent, direct the flight of foragers. No experiments

weré made to assess the potential of using buzzing sounds to manipulate

bees around forage plants., .
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SUMMARY OF A PROJECT TO CONTROL STINGLESS

BEE PESTS DAMAGING MACADAMIA NUT TREES

For 6 months, during 1972 in‘Costa Rica, I attempted to cénﬁrol
2 species of\méliponinids c&using damage to macadamia nut trees in'tﬂe
Turrialba Valley of Costa Rica. Since praétical éontrol methods were
found, the project was successful, |

During ‘the project, I had only a rudimentary understanding of the

bionomics of the bees, little access to reference material, and no

research facilities. These factors, together with time constraints,

made the collection of quantitative data difficult. Therefore, the
results/gkscribed herein are primarily qualitative.

Macadamia trees were introduced into Costa Rica in i951 (Anon,
1972). However, only recently has there been a concerted effort to
propagate the érees as a crop, in addition to the other major crops,
sugarcane, coffee and bananas. Macadamia trees have approximately the
same growth requireﬁénts as coffee plants and it is hoped to diversi}y
the Costa Rican agricultural economy with them. In th; Turrialba Valley,
a major coffee growing area of Costa Rica, a project to breed and
propagate macadamia trees is funded by the’Food and Agriculture
Organization of the United Nations and is under the directi;n of

Dr. H. Barres

2 ’
Director, Diversificacion Agricola, Apartamento 25, Turrialba,

Costa Rica, C.A.
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Avdetgiled analysis of the horticulture of macadamia trees is
given by Wooéroqf (1967). The trees being bred are clones of
Mucadaﬁia integrifolia Maiden and Betche gr;ftéd on M. tetraphyila
L.A.S. Johnson root stock (4. Barres; personal communication)zJ In -
Plantations, the transplqnted trees start bearing fruit after the
?hird year, yilelding initially about 0.45 Kg of .nuts annually. Yields
increase to 54 to 68 kg annually after 13 ‘to 15 years. The-tree is "
evergreen and produces about 3 flushes of new leaves/year. At maturity
the tree is normally 9 to 12 m high with a crown of abodut the same
diameter. In Costa Rica there are about 800 hectares of macadamia trees
at present. AMost of these trees;are under 5 years old.

Macadamia nuts are a luxury food and as a crop give a very“igh
cash return. An economic marketing study in the United States disclosed
that the demand for macadamia nuts was at least twice the world pr?duction.
The grower could expect at least $1.32 U.S./Kg for shelled nuts (Scott
1969). | ‘

Problems involved in gfowing healthy macadamia trees include the
demand for fertilization, and the control of weegs, fungi and insects
(H. Barres pérsonal communication)z. The most imporﬁant single

biological factor limiting an expansion of this crop in Costa Rica has

been stingless bee attack (Camacho 1966, H. Barres personal communication)2

Pest Species and Their Damage

I found 2 species of bees causing damage to the macadamia trees,

these were identifiea By Dr. A. Wille (personal communication)3 as

3 ‘ :
Profegsor, Departamento de Entomologia, Universidad de Costa Rica,

San Jose, Costa Rica, C.A.

£
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T. corvina and T. siluastridna. T. corvina cut young leaves and stems,
aﬁd reportedly flowers-as well. T. silvestriana cut'holes’in the trunk
causing bleeding of saﬁ. All of the trees in the Turrialba Valley,
except, 2 plantations of trees which were coﬁ;inuOusly protected witﬁ
insecficide sprays, we;e severely damaged. They were generally
defoliated of most new foliage and had mary ®pen wounds on the trunks.
Older leaves had been damaged to various degrees. Damaged and undamag;j§
leaves are shown in Fig. 4. T£e‘2 plantations whichvwgre spray once -
a week with fenthion (Table 8) were v':lrtually’undam.agpu"l.5 y, e trees
were uséd for promotiénal p;rpqses. New growﬁh on bfancgis—;f these
trees wa; approximately 0.9 m/year‘and on unprotected trees growth was -’
0:3 m or less/year, varying with the severiﬁy of damagé;

Around the major plantations, iﬁ whichVI did much of ﬁy work, I found

3 nests\of T. corving and 2 of T. sifvestriana. None of the nests were

an 300 m away from the edge of the plantation and all of them
' e

. {
wére high up in trees and very difficult to reach. The bees concentrated

‘most of their foraging on the 2 outside rows of trees in the plantation.
This plantation, containing about 100, four year old trees, had been
protected with insecticide sprays until 3 months pri&r to my arFival.
The trees were in good condition with muﬁh new grbwth, and the bees

were just beginning to damage them.

>

Development of Practical Control Methods

Most of the work in developing a practical control method was
‘directed at finding a suitable forage attractant into which insecticide

could be mixed. It was hoped that the bees would forage on tt;;mixture

3,

and take back to their nest enough insecticide to accumulate a lethal

Y



Fig. 4

- 60 -

Tracings of bee-damaged and undamaged leaves of M. integrifola
from a plantation in Turrialba, Costa Rica. All of the leaves
are approximately the same age. The 3 leaves to. the left

have been cut down to the midrib by 7. corvina.
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dose for the whole colony. Many materials, as listed by Freire and
Gara (1970), were tried as attractants without much success. These
materials included: sugar, stingless bee honey, aniﬁal and vegetable
fats and oils and banana. In 3 days offobservation,vbees would
- occasionally forage on all of the matérials but none consistentiy.

Domestic bee honey was also studied as an attractant. It proved
impractiéal for many reasons. Bees in the plantation would bypass
the honey for the macadamia leaves. Honey was easily washed away
by rain, insecticides would not dissolve in it well, and in the hot
climate it would quickly ferment. However, using honey asranLettractant,
I was able to study the palatabiiity and toxicity ;f several iﬁ;ZEEicides
to the bees. Aldrin, DDT, Diaziﬁon}-carbéryl and trichlorfon (Table 8)
were palatable as a 2% mixture in honey. All insecticides tried in
concentrations over Zerere got palatable. Carbaryl caused behavior
changes such as involpntafy twitching 5 minutes after exposure to a 2%
migkure. Death occurred within 30 minutes. The other insecticides did
not affect the'bees after 4 hours of observation.

A major difficulty in developing a biloassay with the bees is that
if tﬁé subject bees are caged, preventing them from contact with their
'nest, they quickly become hyperactive and die within 8 hrs from apparent

exhaustion. This problem restricted insecticide toxicity studies.

In despetation, I eventually asked some of the local Indian people
if they kpew of or could locate any substances yhich would attract the
bees. 1 gave ‘them each some‘ﬁoney and asked them to bring me anything

that they could buy or find that they thought would work. They

returned with many items including: ink, a pork chop, wine, various
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types of pastry, oranges,llemons? sugafcane, putty and goma pez. All
were placed on a table in the plantation open to the bees. Those ipems
containing sugar did occasionallybattract some bees. Onevsubstance,
goma pez, a resin mixture extracted from pi?es, P. earibea or P. oocarpa
Schieda, proved very attractive. It was in the form of a small block
of wax resin, and is used by local shoemakers to wax thread.

Goma pez was an excellent fofage attractant in all required
respects. Both species of bees would forage it apbarently as much as
the tree leaves or resin. No other insects, particularly honeybees,

-foraged it during the 2 months of field'testing. It is water insoluble
and insec&icides can be dissolved in it iﬁ high concentrations. It has
a melting poinp ofepbout 58°C. .Goma ﬁez was got eaten by the bees, but
carried back to the nestséi2/2€éir corbiculae. By coloring the resin
with wax crayon dye, I was'able to trace the resin to the combs of one
nest which T dissected.

Small cups, with a capacity Qf"45.5 g, were filled with a mixture
of goma pez and one of the following insecticides: DDT, carbaryi,
aldrin and diazinon (Table 8). Insecticide concentrations of 25 and 50%
by volume of fesin were initially used. Although this is a very high |
concentration, I wanted to allow the bees‘to qﬁickly accumulate as high
a ddsage of insecticide as possible in their nests. Five cups of each
insecticide at the 2 concentrations were made. Four replicates, of 10
cups each, were randomly hung on the plantation fence at 3 m intervals
and were observed for 3 days. Bees foraged most from the DDT and

carbaryl cups, and were killed on contact with the carbaryl. I reduced

the dosage of carbaryl to approximately 5% but still was not confident
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that the foragers were able To return to their nests. For coﬁvenience
sake, I picked DDT to use. At a concentration of 50% DDT, foragers
were killed while at 25%, they were able to transport the mixture to their
‘ - ‘.
nests.
Over a period of 2 months, bees continuously foraged on the goma
pez offered them in the plantation. During 38 flying and foraging hours,

over a 4 day period, the bees collected an average of 70 mg goma pez/hr/

cup from a total of 20 cups hung'on the fence. These cups contained no

insecticide. The mean load weight per bee of 20 bees weighed*was 3.50 mg

(range = 1.2 to 4.3 mg) of resin. Thus, approximately 26 bee visits/hr/
cup were occurring. -

I was not able to prove that bee colonies were actually killed
from exposure to the DDT;goma pez mixture. However, after 1 month,
the foraging by bees in the plantétion decreased dramaticaily, and
there was little damage occurring to the trees. The bees have been
kept away from the trees with the DDT-goma pez cups for at least a
year following the end of my study in January of 1973 (H. Barres
personal communication)z. A complete kill igwthe bee colonies apparently
did not occur. If has been necessary to keep the cups around the
plantation on a relatively continuous basis to control the bees. To
preclude the development of resistance to DDT, I suggest that.other

effective insecticides be used in the cups on a yearly rotational basis.
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‘Additional Pest Control Methods

; : )

Sl %

SysteM%g,inéecticides

Four different systemic insecticides were applied to the roots of
macadamia seedlings. These were: carbofuran, demeton, dicrotophos and

monocrotophos (Table 8). Eight seedlings were treated with each

.systemic, with a dosage of 0.5 gm of active ingredient per tree. Forty

seedlings were kept as controls. The seedlings were observed daily for
bee damaée over a 30 day period.

Results of this experiment were not conclusive or partiéularly
promising. The control trees sustained bee damaged for,lSIdays and only
dicrotophos and moncroEOphos apparently reduéed bee damage, with 8 and
10 days of bee damage, respectively. It was not possible to determine

the uptake of the insecticides into the seedlings.

Synthetic attractant bioassays

I received 14 different candidate c¢hemicals and traps from Dr.

4 ' ,
H.G. Davis of the U.S. Department of Agriculture as possible stingless

v

bee attractants. They were: butyl benzoate, propylene valerate, butyl
2-ethylhexenoate, heptyl butyrate, octyl butyrates, heptyl valerate, 2,4~

hexadienyl butyrate, pivalic acid nonyl ester, nonyl isobutyrate, heptyl

isovalerate, octyl 3~chloropropionate, nonyl 2-methylbutyrate, nonyl

‘

tiglate and 2,2,4-trimethylpentyl valerate. The attractants had origin-

ally been developed for yellow jacket wasps, Vespula spp. None were

U.S. Department of Agriculture, Entomology Research Division,

5544 Air Terminal Dr., Fresno, California 93727, U.S.A.

.
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attractive to stingless bees. 1 was unable to obtain any citral
pheromones or their analogues, which possibly may have proven

attractive,.

Zenetic clone preference

In the plantation where most of the work was done, there were 3
different cloﬁes of M. integrifolia répresented in equal numbers.
There was a great difference in the number of days of bee damage
sustained by the trees of each group. Over a 5 week period, witﬁ
observations made once a week for 4 hrs, clone No. 508 sustained a
total of 5 attacks, clone No. 333 sustained 14 attacks and clone No.
246 sustained 44 attacks. However, too few observations were made to
show definite preferences. Furtherﬁore, the treeé of the 3 cloﬁes were
not planted randomly. Nevertheless, further studies to select trees

less attractive to the bees may be warranted.
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CONCLUSIONS
& v

Pest management of st?ngless bees presents some unusual
problems. Only a few of the species are pests and the rest are
beneficial insects, primarily as pollihators. The pests should be
controlled but not at the expense of beneficial species, including'honey-
Beés. Most conventional control mgthods, sucﬁ as insecticide sprays,
will interfere with non pest species. Therefore, controls should
attempt to exploit the unique adaptations of the pest species, thereby
achieving species specificity. ‘

The bionomics of Meliponini are not comﬁrehensively understood..
Almost no Information is available concérning the plants -wvisited by
the different bees, particularly the economic species. Since these bees
are important pollinatérs of wild and crop planté of the tropics,
a host plant survey is essential. Many questions also arise. What
would Se the effect of an egological disruption which resulted in the
erradication of stingless bees from an area? As jungle areas are
cleared for agricuyture, what effect will this have on the bees? 1
suggest that where jungle areas are disrupted without prior investigation
or precautions, many bee Species will become very significant pests.
Also, jungle adjacent to agricultdral areas could deteriorate for lack
of pollinators.*

- . ~
The population dynamics of stingless bees should be studied in

detail. Once an area has been cleared of bee pests it is obviously

important to be able to estimate their potential for reinvasion. When

an area is developed for agriculture, the local pepulations of bees

will probably change. For both the pollinating and the pest species,

1
{
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it is important to uﬁ&ersfand the nature and rate of change. For
example, if new‘land is cleared and plaﬁted to macadamia seedlings,
agricultural planning must considér fhe possibilities of bee
infestationst

Building techniques used by the beés may be turned against them,
All of the pest species build large aerial nests with thick husks.
Bees foraging for leaf mulch to build the nest husk or resin to make
propolis create a major pest problem. My'observationé indicate thét
the nests are coﬁtinuously expanded as the colonies grow. Thus, even
eétablishe% éolonies should be susceptible to pesticidgs applied to

their forage plants. However I do not know if foraging for construction °

£

materials declines as the colony matures. It is possible that the
majority of ‘the bees foraging on citrus and macadamia leaves are members

of new colonies.

Biochemical studies coulé aid the development of control methods
for the bees. The chemical composition of meliponinid "royal jeily”
should be described. It is possible that these chemicals or their
analogues could be used to diérupt the deveiopéepp of bee. colonies.

o e,
C;tral,‘the trail-laying and alarm pheromohe of stingless bees, has
alreaay been described specifically for éeveral species (Blum 1974,
Weaver et al. 1974). If more field studiesvare made with citral to
find the correct concentrations to use, and to develép reliable
pheromone release systéﬁs, it could be applied extensively as part of
a pest management programme. It could be used as avbait, as a trail

disruptor or even as a repellent. Other pheromones, for example those

used to keep order within the colony, should also be described, since

a2
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many pheromones are species-specific, they may provide control
methods which will conserve beneficial species. = The plant chemicals
which cause crops such as macadamia and cftrus‘to be so attractive
should also be investigated. If these substances were known they
could be used és detection, survey or control tools. It might also
bé possible to selectively breed unattr;ctive plants. The cost of
producing and fegistering pheromones’and host compounds may present
-many problems and impede their adoption as pest management tools (Djerassi,
Shih~Coleman and Diekman 1974l.

Vectoring of disease by the bees to their forage crops'is not
severe at present compared .with def;liation. Moko disease is the only
meliponinid-vectored disease known (Buddenhagen and Elsaséer 1962).
Howeyér, other diseases may also be traced to bee vectors.

Spraying insecticides on crops affected by bees is the most common
method employed now (J.F. Henigman;unpublished observation). This
method generally is expensive‘and impractical." Because of the year-round
growing season and periods of heavy rain, an excessive number of sprays
are necessary. Contamination of the harvest and surrounding environment
as well as resistance to the insecticide can be expected with this
method.

At present, the 2 best methods available to control stingless

bees are to find and destroy all nests in the area of the crop, or to

attract bee foragers to a bait containing insecticide. For the small

N

farmer, finding and destroying nests can be ap excellent inexpensive
- &«

method. It involves only time and work./ In rough terrain or for

large acreage plantations, this metg,d is not as practical as killing

// .
J N
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bees after attracting them to a bait or killing the colony though
sublethal doses of insecticide in a bait. 4The attractant éould be
either a pheromone or a more common foraée material such as goma pez.,
The type of insecticide and concentraéion to be uéed must be studied
further., I recommend an insecticide with residual qualit#gs of aﬁ
leaét 2 months under field conditions. Carbaryl in low concentrations
may be acceptable. DDTAcould be used if necessary because little
environmental contamination would occur with this method (Table 8).

The pest control method which I developed in Costa Rica using a
pineresin (goma pez) and insecticide mixture has kept bee damage to a
minimum in macadamia plantations for over a.year. The method %s
inexpensive and easily applied. However, m@re work is necessary to
perfect this method. bhile Bee foragers in the plantations have been
reduced to the extent that economic damage no longer occurs, the colonies
have not been killed. I hypothesize that either the insecticide is
killing ﬁhe foragers before they can transport sufficient insecticide
back to the nest, or it is being trapped in the resin and is unavailable
to kill the bees fast enough. fhis problem should be easily ovércomé
though it is not actually crucial to the short term economic control of
bee‘damage. However, if a colony is not killed rapidly, the development
of resistance should be expected. Therefore, additional research must
be done to develop an arsenal of pesticides which may be substituted on

, . {
a rotational basis before resistance can develop.
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APPENDIX 1

Glossary of Terms

Allomone: A chémical substance produced or acquired by an organism,
which, whén it contacts an individual of another species in the
Vnatural context, evokes in the receiver a behavioral or physiological
reaction adaptively favoréble to the emitter.

Batumen: A protective layer of propolislor hard cerumen that encloses
the ne;t cavity of a colony of étingless bees.

Cerumen: A ﬁiituré of wax and propolis used for nest construction by
social insects. |

Corbiculae: %vsmooth aréa on the hind tibia, bordered onm each side
with a fringe o% long curved hairs which act as pollen baskets.

Glabrous: Smoo%&, yithout hairs.

Hamuli: Minute hooks, a series of minute hooks on the anterior mérgin
of the hind wing, with which the front and hind wings‘are_attached
together in Hymenoptera. |

Involucrum: A sheath of soft cerumen surrounding the brood chamber in

a nest of stingless bees.

._\' 2
Meconium: Drops of liquid discharged from the anus, representing the

waste products of pupal metabolism,

Pedicel; Stalk of an individual-flower of an inflorescénce.

Pheromone: Any substance produqed by an organism that serves, upon
contacting another member of the same species to induce behavioral
or developmental responses adaptive for that speciesl

Propodeum: In higher Hymenoptera, the first abdominal segment when it

is fused with the mesosoma of the thorax.



7

Propolis: A collective term for the resins and waxes collected by
bees and brought to their nests for use in construction and in

sealing fissures in the nest wall.

Pterostigma: A thickened opaque spot along the costal margin of the

s

wing, near the wing tip.

Storage pots: Contalners made of soft cerumen for the storage of
food in the nests of social bees, Some pots contain only pollen
and others only honey.

Tessellate: Chequered. K

=3
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