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A B S ~ C T  
C '+ 

 h he l i t e r a t u r e  and t h e  a u t h o r ' s  r e w r c h  on s t i n g l e s s  bees ,  t r i b e  

MeliPonini ( ~ k e n o ~ t e r a  : Apidae : ~ e l i ~ o n i n a e )  i s  reviewed. Included 1 
a r e  a s p e c t s  of t h e  bionomics: morphology and taxonomy, n e s t  a r c h i t e c t u r e  

an  i a  l i f e ;  t h e  economic importance: economic b e n e f i t s  and i\ e 
economic damage t o  t r o p i c a l  c rops  inc luding  banana, c i t r u s ,  euca lyptus  t 

and macadamia n u t  t r e e s ;  and p r a c t i c a l  p e s t  c o n t r o l  methods: l o c a t i n g  

n e s t s  and des t roy ing  them, t r e a t i n g  a f f e c t e d  c r o p s  w i th  i n s e c t i c i d e s ;  
t 

a t t r a c t a n t s  and r e p e l l e n t s ,  b i o l o g i c a l  c o n t r o l s  and phys i ca l  con t ro l s .  

A summary i s  presen ted  of a  s u c c e s s f u l  p r o j e c t  t o  c o n t r o l  2 mel iponinid 
I 

s 'pecies,  ~ r i g o m i  (Trigom) comina Cockere l l  and 9. (Trigom) 

siluestriana Vachal damaging Macadamia tree s p e c i e s  i n  C ~ s t a  Rica. 

bees a r e  both important  p o l l i n a t o r s  and p e s t s .  Thus, 

p e s t  cont ro1 ,mus t  be  specTes-specif ic .  Spraying i n s e c t i c i d e s  on 
P 

B 
a f f e c t e d  c rops ,  t h e  commonly used method, i s  n o t  recomnietlded because of 

t h e  l ack  f  s p e c i f i c i t y  and r e s u l t i n g  i n s e c t i c i d e  r e s i d u e  po,llution. 
I 

Two methods: f i n d i n g  and des t roy ing  a l l  o f fending  n e s t s ,  o r  a t t r a c t i n g  ' 

, 
6 

fo rag ing  bees wi th  a  pheromone o r  attractiClre fo rage  m a t e r i a l  and then 
1 ' - -~ 

k i l l i n g  them or  a l lowing  them t o  'po is in  t h e i r  colony wi th  s u b l e t h a l  ' 

doses  of i n s e c t i c i d e  a r e  ~ r q ' f e r r e d .  The au thor  recommends t h a t  be fo re  

t r o p i c a l  jungle  a r e a s  a r e  - c l ea red  f o r  " a g r i c u l t u r e  o r  l a r g e  p e s t  con'trol 
9 

"4 
&, p r o j e c t s  a r e  ~ n d e r t a k e n ~ a g a i n s t  bee p e s t s ,  a  hos t  p l a n t  survey of t h e  , 

bees be made t o  app ra i s e  t h e i r  s i g n i f i c a n c e . a $  p o l l i n a t o r s  o r  p e s t s  t o  . - 

crops  and wild p l a n t s .  ,In addi t ion :  t h e  popula t ion  dynamics of  t h e  . 

bees should be  s tud i ed  t o  determine t h e  probable  e f f e c t  of manipulat ing 
, 

ss 

t h e i r  popular ions .  LJ 
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INTRODUCTION .+ 

/ S t i n g l e s s  bees of t he  t r i b e  Meliponini a r e  a  l i t t l e  s tud ied  group 
j * t  

'of s o c i a l  i n s e c t s .  They e x i s t  only i n  t h e  t r o p i c s ,  e s p e c i a l l y  i n  

South and Cent ra l  America. I n  t he  p a s t ,  some s p e c i e s  of s t i n g l e s s  
-. , 

b&es- have been kept  as domestic honey and wax producers.  This  p r a c t i c e  . 

has geners ' l ly disappeared.  A s  t r o p i c a l  ag r i cu l tu re .  has  been i n t e n s i f i e d  

i n  r ecen t  years ,  t h e s e  bees  have increased  i n  importance a s  p o l l i n a t o r s  
7 t 

-.+ 
and as pes t s .  The bees  damage crops  such a s  banana, c i t r u s ,  6ucalyptus 

. G 

and macadamia, which only wi th in  t h e  l a s t  20 yea r s  have become of t 

i 
D 

economic i n t e r e s t  t o  many t r o p i c a l  coun t r i e s .  

" Throughout most of Cen t r a l  America (excluding Mexico) , a g r i c u l t u r e  

is  t h e  major economic indus t ry  (Lombardo 1969, Ruddle and Odermann 
" .  

' G .  1971) .' Coffee. anb bananas c o n s t i t u t e  66% of t h e  t o t a l  expor t s .  Over 

.;" 
t he  l a s t  20 y e a r s y t  of t h e  c b u n t r i e s  involved h a v e - t r i e d  t o  d i v e r s i f y  

t h e i r  export  crops t o  proviae a  broader economic base.  Some of t h e  . 

c r a p s  introduced have'beeq. c o t t o n ,  c i t r u s ,  'macadamia, and eucalyptus.  
+ .  

ProQuct i v i t y  i s  idc reas ing  yea r ly  ( ~ u d d l e  a n d i ~ e r m a n n  1971). I n  1971, 
/ 

La t in  America produced 24% of t h e  wor ld ' s  oranges and t ange r ines  and 66% 
* 

of t he  bananas. P l an t ing  techniques,  f  e r t i l i z i n i ' o r  l a c k  of s tq rage  

1 . 4  

f a c i l i t i e s  have been c,ommon problems f o r  t hese  crops.  Many of t hese  _ 
introduced crops  have f a i l e d  because of i n s e c t  i n f e s t a t i o n  o r  d i sease , ,  

i n  Guatemala (Lombardo 1969). , A s  c rops  such as banana, 
b 

and eucalyptus become more important t o  t r o p i c a l  

a r e a s  l i k e  Cent ra l  America, s t i n g l e s s  bee p e s t s  w i l l  becom+more of a  

problem, p a r t i c u l a r l y  s i n c e  t h e r e  is l i t t l e  information on t h e i r  c o n t r o l .  



This paper is a review of  publishpd l i t e r a t u r e  on t h e  bionomics, 
F: 

economics, pest: damage and c o n t r o l  of s t i n g l e s s  b e e s ' i n  L a t i n  America. . . 

' Included a r e  my own observa t ions  on t h e  bionomics and econ~mfcs .  A ' . 

summary o; my work t o  develop p r a c t i c a l  methods of con'trol f o r  bees 

damaging macadamia and c i t r u s  t r e e s  i n  Costa Rica is  presented .  A 
3 

g los sa ry  of terms s p e c i f i c  t o  s t i n g l e s s  bees and p e s t  management is 

: given i n  ,AppendixF 1. , -* 



b BIONOMICS OF STINGLESS BEES - -/-' 
Morphology and Taxonomy 

. . 

The Family Apidae i nc ludes  s e v g r a l  sub fami l i e s ,  2 7 0 f  which a r e  t h e  
I 

Meliponinae - including t h e  T r ibe  Meliponini ,  and t h e  Apininae which 

B 
con ta in s  t h e  T r ibe  Apini.  A l l  s p e c i e s  of Apidae a r e  h i g h l y  evolved 'r 

s o c i a l  i n s e c t s ,  which s t o r e  honey, and produce and b u i l d  w i th  wax, 
2 - 

and have a  cbmplex s o k i a l  o r d e r  i nc lud ing  a  reproduct ive  and a  worker 
.. 

c a s t e .  The Meliponini ,  - have many unique morphological a d a p t a t i o n s ,  t h e  

most s t r i k i n g  of which is  t h e i r  v e s t i g i a l  s t i n g .  They are i n  a  

p r a c t i c a l  sense ,  s t i n g l e s s .  

The Meliponini  a r e  e a s i l y  differ 'en-fiated from o t h e r  bees  by t h e  

t r a n s v e r s e  c u b i t a l  v e i n s  of t h e  wings which a r e  v e s t i g i a l .  Schwarz . /- - 
. (1948) and Michener (1944) l i s t  o t h e r  c h a r a c t e r i s t i c s :  j u g a l  l obe  

of the  p o s t e r i o r  wing p r e s e n t ;  marginal  c e l l  open (or  i t s  v e i n  weak) 

d i s t a l l y ,  t ape r ing  from t h e  base;  pterost igma of moderate t o  l a r g e  s i z e ,  

extending we l l  beyond base of r a d i a l  ve in ;  p o s t e r i o r  hind t i b i a e  without  
i 

a p i c a l  spu r ;  t a r s a l  claws of female s imple;  labrum 3 t o  4 t$mes a s  

broad a s  long;  eyes  s p a r s e l y  h a i r y  i n  some queens; s t i n g  reduced. 

Wax i s  sec re t ed  by males a s  w e l l  a s  workers (Moure, Noge i r a -~e to ' and  

Kerr 1958).  

I L 

The two major gener'a of t h e  Meliponini  a r e  Trigona and MeZipona; 

a t h i r d  r e c e n t l y  included ge%s, MeZiponuZa, is  of some importance i n  
\ 

d e t e r m i n i n g ' t h e  evo lu t iona ry  r e l a t i o n s h i p s  between MeZipona and Tr igom 

8 
but i& unimportant economicalla.  Other genera,  such a s  Lestr imezi t tu  

and DactyZurina a r e  occas iona l ly  a l s o  included.  These genera can be 
4 

considered c l o s e l y  r e l a t e d  t o  Trigona (Wille 1963),-and w i l l  n o t  be 

considered i n  d e t a i l  i n  t h i s  p r o j e c t .  
5: 



The morphological,differences between worker Trigona and Melipom 
4 

p" a r e  presented i n  Table 1. For ea se  i n  r ecogn i t i on ,  Trigom a r e  small 
d 

3 

with  wings extend& pas t  the..abdominal apex whereas Mezipom a r e  l a r g e  
.--- 

with  wings no t  extending p a s t  t h e  abdominal apex. MeZiponuZa possess  

c h a r a c t e r i s t i c s  of both Trigonu and Melipona (Wil le  1963). They a r e  A 

c ,  -d 

l a r g e  and robus t ,  w i t h  wings extending p a s t  t he  abdominal apex. I n  

comparison f i t h  th ~ e l i ~ o n i n i ,  Apia melli fera L. ,  is l a r g e ,  ( length :  
1 

12 mm) robus t  w i t h  wings no t  eqtending p a s t  t he  abdominal apex. 

There a r e  approximately 200 spec i e s  o f .Me l ipon in i ,  l l ~ o f  which a r e  

of s i g n i f i c a n t  economic - importance : Trigom (Triganal corvina Cocker e l l ,  
-. 

T .  (Partamom) cupria Smith, T. (7Pigonu) fer~icauda Cockere l l ,  T .  

. (Trigom) fuscipennis Guerin, T .  ( p i g o m )  hyal imta  ( L e p e l e t i e r ) ,  , 
I 

T .  (Trigom) nigerrima Cresson, T .  (Partamona) testucea Cockere l l ,  

T .  (Trigom), m f i c m s  ( ~ a t r e i i l e )  , T.  (Trigom) silvestriuna Vachal, 

T .  ( Trigom) trinidadensis (Provander) , Me Zipom beecheii Bennett  . ' 
Some spec i e s  of t he  subgenus Oxytrigona-may be economically important - 
i n  some cases .  

Nests - .  
4 

The h ives  o r  n e s t s  of many s o c i a l  i n s e c t s  can o f t e n  be used t o  

i d e n t i f y  t he  spec i e s  t h a t  b u i l t  them. Such s t r u c t u r e s  a s  t he  brood 

combs, t h e  en t rance  tube  o r  t h e  food s t o r a g e  a r e a  commonly a r e  unique 

f o r  each spec ies .  Nest s t r u c t u r e  o f t e n  fol lows an  evolu t ionary  t rend .  
r 

Such a t rend  i s  ev ident  'in Meliponini d e s p i t e  enormous v a r i a t i o n  i n  

n e s t  cons t ruc t ion .  



Table 1. Morphological c h a r a c t e r i s t i c s  d i g f e r e n t i a t i n g  t h e  genera 
1 

P i g o m  and MeZipona (from Schwarz 1948, Wille 1963). -<- 

'i 
Character  Trigona Me Zipom 

6 
3 i z e  2 t o  8 nrm i n  l eng th  8 t o  15  mm i n  l e n g t h  

and s l ende r  and robus t  

Pubescence 

Basal a r e a  
of Propodeurn 

Length of Wings 

usua l ly  s h o r t  and upper h a l f  of head. and 
s p a r s e  thorax  dense ly  h a i r y ,  

h a i r s  long 

u s u a l l y  glabrous,  bu t  t e s s e l l a t e  and e n t i r e l y  
sometimes t e s s e l l a t e  pubescent 
and pubesLent 

u s u a l l y  long and r e l a t i v e l y  s h o r t  and 
extending w e l l  beyond n o t  o r  s l i g h t l y  surpass-  
apex of abdomen i n g  t i p  of abdomen 

J 

Submarginal ang le  v a r i a b l e  
of f i r s t  r c e l l  

d i s t i n c t l y  a c u t e  

Hamul i usua l ly  from 5 t o  8 = u s u a l l y  from 9 t o  16 

& 

Shape of l ~ i n d  T i b i a  v a r i a b l e  C, normal without  any type  
of depress ion  

Nervous System 

-'u 
Dorsal C i r cu la to ry  
S Y-s em 

* 

abdominal gangl ion 3 . abdominal gangl ion 3 
loca t ed  i n  meta- l oca t ed  i n  thorax  
t h o r a c i c  segment 

t h o r a c i c  po r t ion  t h o r a c i c  p o r t i o n  making 
s t r a i g h t  an  a r c h  between 

l o n g i t u d i n a l  muscles 
of thorax  L 



Nesting s i tes  

Some meliponinid subter ranean  n e s t s  have t r u l y  p r i m i t i v e  brood 

combsT. However, o t h e r  more advanced spec i e s  have appa ren t ly  readopted 

a  ground n e s t i n g  h a b i t  retaining a mqre sophis ' t icated brood comb 

s t r u c t u r e  (Fig. 1 ) .  None of t b e  so i l -nes t ing  s p e c i e s  a c t u a l l y  excavate  

t h e i r  own n e s t i n g  s i t e s .  Therefore a s soc i a t ion6  a r e  common between 

some meliponinid s p e c i e s , a n d  o t h e r  ground n e s t i n g  i n s e c t s  such a s  a n t s .  

Usually,  t he  a n t s  a r e  l e a f  c u t t e r s  of t he  genus A t t a .  The bees may 

of ten '  occupy dese r t ed  a n t  n e s t s .  However T. (Paratrigom) lineata ?ar; 

nuda (Lepe le t i e r )  has  been found n e s t i n g  i n  coex i s t ence  w i t h - ~ t t a  sexdens 

Buckley (Schwarz 1948). This  r e l a t i o n s h i p  i s  no t  w e l l  undersiood, bu t  

i s  of i n t e r e s t  because l e a f  c u t t e r  a n t s  a r e  u sua l ly  p reda to r s  of s t i n g l e s s  

bees.  

Since none of t h e  ground-nesting s t i n g l e s s  bees a r e  economically 

important ,  no d e t a i l e d  d e s c r i p t i o n  of t h e i r  n e s t s  w i l l  be given. 

Descr ip t ions  can be found i n  ~ch"a rz  $1948), Wi l le  (1966b) and Moure 

e t  a l .  (1958). Much of t h e  gene ra l  d e s c r i p t i o n  on n e s t  a r c h i t e c t u r e  

is  app l i cab le  t o  a l l  spec i e s  of ground nes t ing  meliponinids .  

The v a s t  mAjority of meliponinid spec i e s  n e s t  i n  hollows of t r e e s ,  

l o g s  o r  i n  rock o r  wa l l  c a v i t i e s ,  t hese  n e s t s  a r e  descr ibed  by Schwarz- 
I 

(1948), Moure e t  aZ. (1958), and Wilson (1971) (Fig. 2 ) .  There is  

g r e a t  v a r i a t i o n  between tt iese n e s t s ,  even wi th in  t h e  same spec i e s ,  because 

each c a v i t y  i s  d i f f e r e n t l y  shaped. Unlike t h e  subter ranean  s p e c i e s  

tfiese bees u sua l ly  bu i ld  more soph i s t i ca t ed  n e s t  wa l l s ,  o r  batumens, t o  

p r o t e c t  t h e i r  brood combs. General ly ,  bees nes t ing  i n  t r e e  t runks  a r e  - 

' phys io logica l ly  more capable of r e s i s t i n g  temperature extremes. 

I 



subterranean stingless bee nest (redram from 

Wille 1966b) 

1 





Fig. 2 A stingless bee nest found in a hollow t r e e  (redrawn from 
P 

Wilson 1971). 
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Though t h e r e  are d i f f e r e n c e s  i n  cons t ruc t ion ,  t he  b a s i c  arrangement 

is t h e  same. Batmen wa l l s  s e c t i o n  o f f  t h e  n e s t  from above and below. 

There a r e  brood combs centered  wi th in  t h e  cav i ty .  S torage  con ta ine r s  

o r  po t s  f o r  honey and p o l l e n  normally a r e  placed above t h e  brood combs. 

There is one en t rance ,  u s u a l l y  l oca t ed  midway i n  t he  c a v i t y .  Many 

s p e c i e s  a l s o  b u i l d  a  t h i n  paper w a l l  c a l l e d  an  involucrum around the  

brood combs. The e x t e n t  t o  which t h e  involucrum covers  t h e  brood combs 

i s  o f t e n  used a s  a  taxonomic fea ture . ,  

B 
There i s  no apparent  p re fe rence  f o r  n e s t i n g  s i t e 9  i n d i f f e r e n t  . 

Y * 
t r e e  spec i e s .  However, the  c a v i t y  s i z e  is  of importance, and corresponds 

?- 
t o  the  n e s t  s i z e  c h a r a c t e r i s t i c s  of each spec i e s .  

J The n e s t  of wild A .  mellifera (Wilson 1971) is  normally a l s o  found 

i n  the  c a v i t y  of a  hollow t r e e  and i s  r e l a t i v e l y  simple. The major 

components a r e  v e r t i c a l l y  hanging combs which have c e l l s  on both s i d e s ,  

q u i t e  d i f f e r e n t  from mediponinid n e s t s  i n  which t h e  combs a r e ,  wi th  one - 
except ion,  always h o r i z o n t a l  and have c e l l s  only on the  upper su r f ace .  

L 

Usuglly h o r i z o n t a l  suppor t s  a r e  b u i l t  t o  hang the  combs from. There 

a r e  no s to rage  po t s ,  a l l  hpney and po l l en  i s  s t o r e d  i n  t he  comb. There 

a r e  no batumens, w a l l s  a r e  e r ec t ed  only t o  s e a l  unwanted en t rances  t o  

t h e  nesE, t h e  combs a r e  not covered wi th  an involucrum and t h e r e . i s  only 

one en t rance  hole .  b 

Among t h e  many s p e c i e s  of F e l i p o n i n i  nes t ing  i n  t r e e  t runks ,  only 

M. b e e c h i i  is  economically important.  
f 

The exposed, a e r i a l  n e s t  i s  considered t h e  most h ighly  evolved 

form i n  t h e  Meliponini (Fig. 3 ) .  A l l  Digona spec i e s  of economic 

importance have a e r i a l  n e s t s .  Species  bu i ld ing  such n e s t s  must be 



< .  

F i g .  3 An a e r i a l  s t i n g l e s s  bee n e s t  s i m i l a r  t o  t h a t  of T. corvinu. 
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.capable of  wi ths tanding  temperature  extremes, b u t  b e n e f i t  i n  t h a t  t h e r e  

i s  no l i m i t a t i o n  of n e s t i n g  sites. Any l a r g e  tree can s6ppor t  one o r  

more n e s t s  (Wille 1966a).  These bees  f a c e  g r e a t e r  problems i n  defending 
\ 

- a g a i n s t  p r eda to r s  because of t h e i r  exposed n e s t s .  

There a r e  only 25 known a e r i a l  n e s t i n g  s p e c i e s  i n  C e n t r a l  America 

(Wil le  19662). The most common type of n e s t  i s  a f u l l y  exposed b a l l  

shape which e n c i r c l e s  a branch, as i n  t h e  n e s t  of T. corvina. The 

o t h e r  type ,  represen ted  by .the n e s t  of T. silvestr&zna, is wrapped, a s  

a t h i c k  band, around t h e  t runk  of a l a r g e  t r e e .  Commonly, i t  surrounds 

a ~ r d t c h  o r  a dep re s s ion  i n  t h e  t r e e .  

The a e r i a l  n e s t  con ta in s  a l l  of t h e  s t r u c t u r e s  comon t o  o t h e r  

s t i n g l e s s  bee n e s t s .  The brood combs a r e  found i n  t h e  c e n t e r ,  surrounded 

by an inv,olucrm.  Above o r  below t h e  combs are  s t o r a g e  po ts .  Ba tmen 

f u l l y  surrounds t h e  n e s t ,  u s u a l l y  making a very hard t h i c k  husk. I n  t h e  

r 

case  of t h e  band n e s t  wrapped around a t r e e ,  t h e  b a t m e n  covers  only. 

t h e  exposed s u r f a c e s .  The en t r ance  tube  is  u s u a l l y  near  t h e  bottom and 

ex tends  a s a  tunne l  t o  t h e  brood combs. 

6 

In  t h i s  s e c t i o n  the  gene ra l  n e s t  components and t h e i r  v a r i a t i o n s  

i n  meliponinid n e s t s  a r e  descr ibed  wi th  examples. 

The brood combs of t h e  n e s t  a r e  t h e  most important  and complex 

s t r u c t u r e .  A l l  of t h e  comb i s  used f o r  brood r e a r i n g ;  honey and po l l en  

a r e  s t o r e d  efsewhere.  The brood combs a r e  always i n  t he  c e n t e r  of t h e  

d 
n e s t ,  and a r e  always on a h o r i z o n t a l  plane (Moure e t  aZ. 1958).  There 

a r e  3 bas i c  comb arrangements:  h o r i z o n t a l  d i s c r e t e  l a y e r s ,  a s i n g l e  
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s p i r a l ,  and a  c l u s t e r  arrangement i n  which d i s c r e t e  groups of brood 

c e l l s  a r e  arranged a s  h o r i z o n t a l  d i s c s  placed randomly in .  t h e  brood 
% 

chamber. The brood c e l l s  a r e  only on . the  upper s u r f a c e  of t h e  comb. . 
The mogt common c e l l  shape i s  c y l i n d r i c a l ,  b u t  i t  tends  towards hexagonal 

i n  some of t h e  s p i r a l  combs and towa-rds s p h e r i c a l  i n  t h e  c l u s t e r  combs. 

One except iona l  Afr ican  meliponinid,  DactyZurina stundingeri Smith, 

b u i l d s  c e l l s  and combs l i k e  those  of honeybees which hang v e r t i c a l l y  a s  
" 

d i s c r e t e  l a y e r s  w i th  both  s i d e s  of t h e  combs con ta in ing  hexagonal 

c e l l s .  D. stundingeri i s  considered t o  be c l o s e l y  r e l a t e d  t o  bees i n  , 
I-b 

t h e  genus Trigom (Moure e t  aZ. 1958). 
I ' 

The s i z e  and number of comb l a y e r s  i n  a  n e s t  v a r i e s  h r e a t l y  from 

s p e c i e s  t o  s ~ e c i e s .  T. (Tetragom) buchzJaZdi FriGse, a  ground n e s t i n g  

Costa Rican s p e c i e s  has  a  brood chamber measuring 7 t o  9 cm i n  d i  3 e t e r  
I 

with  about 10 d i s c r e t e  comb l a y e r s  (Wille 1966bj. T. (Tetragonal &@ 

carbonaria Smith, a  hollow t runk  .dweller i n   us t r a l i a ,  has  a brood 

chamber measuring 10 t o  16  cm i n  diameter wi th  a  s p i r a l  brood comb 

forming about 10  l a y e r s  (Michener 1961).  T. cor?)im, a n  a e r i a l  n e s t e r  

of Costa .Rica,  has  a  brood chamber measuring 5 t o  15 cm wi th  between ' 

10 and 30 s p i r a l l i n g  comb l a y e r s  (Table 2 )  (J.F. Henigrnan,unpublished 

d a t a ) .  Measuremehts . . of many Aus t r a l i an  Trigona n e s t s  a r e  given by 

Michener 11961) ,  and Schvarz (1948) has  recorded some n e s t  dimenaion 

s t a t i s t i c s .  There i s  no obvious evolu t ionary  t rend  c o n s i s t e n t  w i th  

these .  measurements. 



& - 
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Table 2. ' Dimendgns of 3 T. ~0PVin.a n d s t s  measured 

a t  Tur r i a lba ,  Costa Rica, i n  1972. 

4 ,  

Measurements N e s t  1 Nest 2 N& 3 

Age of ne h t 

Volume of Comb 

T o t a l  weight of 
Nest 

Comb weight a s  a 
% of t o t a l  weight 

Po l l en  and Honey 
weight 

Number of Bees 

Number of l a r v a l  
C e l l s  

5 years  ' 2 yea r s  2 y e a r s  
i 

b 
*- 

5.5 Kg l i t t l e  l i t t l e  

a 
Colonies were k i l l e d  wi th  a l d r i n  dus t  and then t h e  n e s t  d i s s e c t e d .  

b 
The pol  en t o  honey r a t i o  was est imated to -  Be approximately 9 : l .  k 



a The s u r f a c e  a r e a s  of t h e  comb l a y e r s  a r e - l a r g e s t  i n  t h e  middleso•’ 
I 

t h e  brood chamber and smal le r  above and below because of t h e  s p h e r k a l  

n a t u r e  of t h e  chamber. Many of t h e  comb l a y e r s  a r e  on ly  p a r t i a l l y  

/bu i l t  a t  any one t i m e  and thus  a r e  smal le r  t han  t h e i r  f u l l  diameter:  
* ,  

They a r e  supported and a t t ached  t o  each o the r  by small v e r t i c a l  p i l l a r s ,  

2.5 t o  3 mm long and 0.5 t o  1 . 0  mm i n  diameter  (Michener 1961).  A l l  of 

1 
t h e  comb l a y e r s  con ta in  ho l e s  which se rve  a s  passage ways from one comb 

l a y e r  t o  t h e  next .  
, 

The brood c e l l  s i z e  v a r i e s  wi th  each spec i e s .  Genera l ly  they  a r e  

from 2.5 t o  3.5 mm i n  d iameter  and from 4 t o  7 mm deep (Michener 1946, 

1961).  By comparison t h e  brood c e l l s  of A.  rnezzifera a r e  6 rnm by 7 mm 
L' 8 

(Imms 1964).  A s  i n  A.  melli fera some brood c e l l s  of Trigona s p e c i e s  a r e  

r e l a t i v e l y  l a r g e  and a r e  used f o r  t h e  development of 'queens and males. 
%. 

I n  t h e  genus MeZipona, t h e r e  is no s i z e  d i f f e r e n c e  between c a s t e s ,  and 

a ' l l  brood ce l l s  a r e  of equa l  s i z e  (Schwarz 1948, Wille 1963). The 

number of brood ce l J s  i n  t he  combs v a r i e s  enormously between and wi th in  
. . 

spec i e s .  Normally, however, t h e  number is  extremely l a r g e  r e l a t i v e  t o  

t h e  number of a d u l t s  i n  t h e  n e s t  (Table 2) .  I n  a n e s t  of approximately 

7,000 a d u l t  T. cornrim t h e r e  were 82,000 brood c e l l s  (Michener 1946). . 

The brood combs and p i l l a r s  and s e v e r a l  o t h e r  p a r t s  of t h e  n e s t  

a r e  made of a dark  brown t o  b l ack  wax mixture .  I t  is  a mixture  of 
L- 

approximately 50% beeswax and 50% r o p o l i s ,  a mixture of r e s i n  and & 
p lan t  wax. The exac t  mix ture  v a r i e s  wi th  t he  spec i e s .  I n  c o n t r a s t ,  

t h e  honeybee c o n s t r u c t s  i t s  n e s t  us ing  only pure beeswax. 



Surrounding t h e  brood chamber, i n  most spec i e s  of Meliponini ,  i s  

a n  involucpum made of cerumen. The involucrum probably a c t s  t o  maintain 

a c o n s t a d  temperature w i th in  t h e  brood chamber (Moure et aZ. 1958).  

I n  s p e c i e s  which b u i l d  n e s t s ,  t h e  ihvolucrum normally is  t h i c k ,  b r i t t l e  

and completelx surrounds t h e  brood chamber. In  spec i e s  n e s t i n g  iR w 

p ro t ec t ed  p l aces ,  t h e  involucrum i s  t h i n ,  s o f t  and o f t e n  does not  

completely cover t h e  brood chamber (Moure e t  aZ. 1958).  Spec ies  having 

,clust;r brood combs u s u a l l y  do not  have an  involucrum. The involucrum 

i 

i n  Tr igom spec i e s  a u a l l y  has  10 o r  more concen t r i c  l a y e r s ,  and i n  7 
Melipom spec i e s  has  only 2 o r  3 concen t r i c  l a y e r s  (Schwarz 1948). 

The food s t o r a g e  a r e a  of t h e  n e s t  is  e i t h e r  o u t s i d e  o r  i n s i d e  t h e  involucrum 

depending on t h e  spec i e s .  In  t h i s  a r e a  a r e  up t o  200 s t o r a g e  p o t s  made of s o f t  
\ 

cerum which con ta in  e i t h e r  p o l l e n  o r  honey. They a r e  u,sually sphe r i c  

e l l i p s o i d  with a capac i ty  of between 30 and 40 cc  va ry ing .wi th  t h e  spec ies .  They a r e  

u sua l ly  concentrated above o r  below t h e  brood chamber, and a r e  anchored 

by cerumen p i l l a r s  t o  each o the r  and t o  t h e  ou te r  w a l l s  of t h e  nea t .  

The ou te r  w a l l s  of t he  n e s t  a r e  c a l l e d  batumen. I n  Tr igom,  

batumen i s  made wi th  p ropo l i s  o r  wi th  cerumen conta in ing  only a small  

amount of beeswax, whereas i n  Melipom, i t  i s  made of mud (Wil le  1963). 

The ex ten t  of t h e  batumen surrounding t h e  nes t  v a r i e s  wi th  t h e  nes t ing  

s i t e .  Hollow t r e e  t runk  n e s t s  u sua l ly  have q u i t e  t h i c k  baturnen l a y e r s  

above and below the  n e s t ,  s ec t ion ing  of f  the  cav i ty .  Covering t h e  

c a v i t y  wa l l s  i s  a very  t h i n  l a y e r  of cerumen batumen. Subterranean 

n e s t s  u sua l ly  have 3 t o  5 mm t h i c k  p ropo l i s  batumen completely surrounding 

t h e  n e s t .  Propol i s  batumen i s  normallv b r i t t l e  and water r e s i s t a n t .  

The batumen covering i s  most developeg i n  a e r i a l  n e s t s .  T. comina and 



T. sit vest ria^ do no t  have en t rance  tubes ;  however, f i n e  s t r i n g s  of 
1 

propoJis hangidown around t h e  en t rance  ho le  appear ing  l i k e  a beard. 
2 

The en t r ance  tube  extends i n s i d e  through t h e  batumen l a y e r s  i n t o  t h e  

brood chamber. Normally the 'en t rance-  h o l e  is  j u s t  l a r g e  enough t o  a l low 

t h e  passage of one bee a t  a time. 

Building te,chniques 

Once a n e s t  has  been b u i l t  t h e  only s t r u c t u r e s  which a r e  con t inua l l$  

r e b u i l t  a r e  t h e  brood combs. A l l  o t h e r  p a r t s  a r e  c a r p f u l l y  maintained. 

I n  a l l  t b e  Meliponini ,  once a brood c e l l  has  been used i t  is  

dismantled and t h e  reclaimed cerumen is used t o  form new c e l l s .  There 

a r e  2 d i r e c t i o n s  of growth of t h e  brood combs. A brood comb l a y e r  is  

b u i l t  from t h e  c e n t e r  out  l a t e r a l l y ,  wi th  eggs being d e p o s i t e d , i n  

completed c e l l s  a s  t h e  bu i ld ing  progresses .  A s  a comb l a y e r  i s  completed 

l a t e r a l rY>a  new comb l a y e r  is  s t a r t e d  above ikt .  Once the  uppermost 
5 

l a y e r  is completed, cons t ruc t ion  w i l l  begin aga in  a t  t h e  lowest  l e v e l  

(Michener 1961). . . 

There is no good'docurnentation of t h e  bu i ld ing  techniques  involved 

i n  t h e  cons t ruc t ion  of t h e  b a t m e n ,  s to rage  pots  o r  t h e  en t r ance  tube.  

However, many au tho r s  i n d i c a t e  t h a t  t hese  s t r u c t u r e s ,  i f  damaged, a r e  
... 

very quickly r epa i r ed  ( S a l t  1929, Schwarz 1948, Michener 1961). I n  th.e 

case  of T. corvina, t h e  b a t m e n  l a y e r s  a r e  very ex tens ive  and must - -3 1 

consume much time and energy i n  cons t ruc  t /  ion. Although t h e  bu i ld ing  

sequence i s  unknown, I suggest  t h a t  i t  is  a continuous process .  T. 

comina uses  l e a f  mulch a s  p a r t  of t he  bui ld ing  m a t e r i a l  of t h e  batumen. 

Es tab l i shed  n e s t s  have a very  t h i c k  batumen, bu t  I have observed t h a t  

bees of those n e s t s  were s t i l l  a c t i v e l y  foraging f o r  leaves .  



S o c i a l  L i f e  
* 

I n  t h i s  s e c t i o n  a n  overview of t h e  c o l o n i a l  l i f e  of t h e  Meliponini  

is presented.  The s o c i a l  l i f e  of only a few spec i e s  of t h e  t r i b e  has  

been i n t e n s i v e l y  descr ibed ,  however many genera l  phenomena apparent ly  

4 apply t o  a l l  spec ies .  General ly  s t i n g l e s s  bees have a s o c i a l  

o rgan iza t ion  s i m i l a r  t o  Apk spec i e s .  The important d i f f e r e n c e s  detween 

Apini  and Meliponini  a r e  d e a l t  w i th  in d e t a i l .  Where p o s s i b l e  t h e  s o c i a l  

l i f e  of t h e  more economically important s t i n g l e s s  bee s p e c i e s  i s  

emphasized. 

Division o j  labor 
v 

Worker female meliponinids  c a r r y  out  almost a l l  of t h e  work of t h e  

h i v e . '  A s  i n  t h e  Apini,  t h e  workers '  d u t i e s  change wi th  age (Table 3 ) .  

The d u t i e s  of s t i n g l e s s  bee workers,  as descr ibed  i n  t h e  l i t e r a t u r e ,  
J 

imply t h a t  the  d i v i s i o n  of l a b o r  is h ighly  s t r u c t u r e d  and t h a t  d u t i e s  

change ab rup t ly .  I n  t h e  honeybee; t h e  t r a n s i t i o n  i s  very  gradual  

(Lindauer 1952, ' Ribbands 1.964). * .  

The t r a n s i t i o n  of d u t i e s  i n  t h e  Apidae appears  t o  be a d i r e c t ,  , 

response t o  t h e  development and degenerat ion of va r ious  glands i n  t he  

worker body. For example, t h e  young a d u l t  s t i n g l e s s  bee has  an  

ope ra t ive  pharyngeal gland and can feed l a r v a e  wi th  i ts  secretion;. 

Af t e r  15 days, t h i s  gland degenera tes  and brood tending by t h e  worker 

ceases .  Wax glands become a c t i v e  about t h e  22nd day and degenera te  a t  

about t h e  28th day. During those  few days t h a t  worker produces wax 
\ 

i n t e n s i v e l y  and works wi th  cerumen. The l a , t t e r  p a r t  of a worker 's l i f e  

is  devoted t o  foraging.. This duty s t a r t s  about t he  37th day and 
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con t inues  u n t i l  dea th .  'on about  t h e  43rd day, th^e mandibular gland 

becomes a c t i v e  and f o r  a of about 10 days t h e  s t i n g l e s s  bee 

can mark t r a i l s ' a n d  is  capable  of communicating wi th  o t h e r  bees. 

During t h e  f i n a l  days of t h e  worker 's  l i f e ,  i t  fo rages  b u t  is  incapable  

of i n i t i a t i n g  fo rag ing  i n  o t h e r  workers ( ~ c h w a r z  1948, Cruz-Landim and 

F e r r e i r a  196%. 

Fertile castes 

Males a r e  n o t  always p r e s e n t  i n  s t i n g l e s s  bee  co lon ie s .  The i r  
1 

product ion commonly co inc ides  w i t h  t h e  product ion of v i r g i n  queens, 

though males may remain w i th  t h e  n e s t  f o r  per iods  up t o  8 months. I n  

a n e s t  of T. corvina, a t o t a l  of 5,201 a d u l t s  were counted, 417 were 

males and 2 were v i r g i n  queens (Schwarz 1948). 

A yery  common obse rva t ion ,  is  t h e  occurrence ~ g f s m a l l  c l u s t e r s  

o r  swarms of male bees around n e s t  en t r ances  (Sa l t -1929 ,  Michener 1946, 

I 

Schwarz 1948).  Although t h e  func t ion  of t h i s  swarm has no t  been 

demonstrated, I hypothesize t h a t  t h e s e  males a r e  awa i t i ng  t h e  e x i t  of 

v i r g i n  queens. \ 4 

j" 
Drone honeybees a pa ren t ly  c o n t r i b u t e  nothing to t h e  colony P, 

except  f o r  f e r t i l i z i n g  the  queen. I n  Meliponini  t h e  drones can produce 

wax i n  t h e  same way a s  t h e  workers. The a b i l i t y  of s t i n g l e s s  bee 

drones t o  c a r r y  ou t  worker d u t i e s  i n  t he  n e s t  is d isputed .  According 

t o  Schwarz (1948) some n a t u r a l i s t s  dur ing  t h e  1800's  claimed t o  have 

seen males b u i l d i n g  comb c e l l s .  No l i t e r a f u r e  has  been found t o  

support  t h a t  drones a r e  capable  of such work. Moreover t h e  anatomy of 

t h e  drone i s  no t  compatible wi th  w o r k e ~  func t ions .  The combs and 



sp ines  of t h e  drone t i b i a  a r e  n o t  w e l l  developed, and it i s  u n l i k e l y  

t h a t  i t  coulti remove t h e  sec re t ed  wax p l a t e l e t s  from i ts  abdomen. 

Moreover, t h e  mandibles a r e  not  developed t o  f a c i l i t a t e  working wi th  

wax (Schwarz 1948). 

S t i n g l e s s  bees engage i n  a drone s l augh te r  once a year .  The 

honeybee drone s l a u g h t e r  always occurs  i n  t h e  f a l l  be fo re  t h e  colony 
C 

begins t o  overwinter., appa ren t ly  a s  an adapt ive  mechanism which 

ensures  win ter  food f o r  e s s e n t i a l  colony members. Although s t i n g l e s s  

bee speci;g-do not  experience win ter  i n  t he  t r o p i c s  they  do go through 

. - quiescent  per iods  dur ing  d ry  seasons  o r  between f lowering of fo rage  

p l a n t s .  The drone s l augh te r  i n  t h e  s t i n g l e s s  bees does n o t  occur 

ab rup t ly ,  a s  i n  A .  rneZZifera, but  gradual ly  over weeks o r  months. There 

. does not  appear t o  be  any p a r t i c u l a r  time of year when a l l  s p e c i e s  would 

have such a s l augh te r  (Schwarz 1948),  and i t  is  not  known whether i t  

c o r r e l a t e s  with adverse  per iods  each spec i e s  may endure. 

Meliponinid and ap in id  queens sha re  very  similar r o l e s  i n  t h e  colony. 

The meliponinid queen is  the  egg l a y e r .  Her presence prevents  worker 

females from l ay ing  eggs. There i s  only one gravid q&-en i n  any s t i n g l e s s  

bee n e s t .  However, u n l i k e  A .  rnezzifera co lon ie s ,  a few v i r g i n  queens 

may be present  i n  t he  n e s t  and a r e  t o l e r a t e d  by t h e  gravid  queen. 

Colony swarming i n  s t i n g l e s s  bees occurs  once o r  twice  a year  

(Moure e t  aZ. 1958). The method by which 'swarming occurs  is  very 

d i f f e r e n t  irom t h e  Apini.  I n  t h e  honey6'ees, t h e  mature gravid queen 

leaves  the  n e s t  wi th  a po r t ion  of t h e  colony's  workers and s e t s  up a 

new n e s t .  Theybreak from t h e  old n e s t  i s  abrupt .  Queen l a rvae  a r e  



developed i n  t h e  o ld  nea t .  When a v i r g i n  queen emerges s h e  w i l l  k i l l  

a l l  o t h e r  queen l a r v a e  and then mate. o ld  n e s t  w i l l  have a  s i n g l e  

young queen. 

i 
Shor t ly  be fo re  colony swarming, worker meliponinid bees w i l l  begin 

t r anspor t ing  bu i ld ing  m a t e r i a l  and food t o  a new n e s t i n g  s i t e .  Over 
l. 

.B. 

a period of a {ew days a group of worker bees emigrates  from t h e  o ld  

n e s t  t o  t h e  new n e s t i n g  s i t e .  A v i r g i n  queen from t h e  o ld  n e 4  w i l l  

then  leave ,  and in t h e  company of workers and males, f l y  t o  t h e  new 

n e s t .  F e r t i l i z a t i o n  of t h e  v i r g i n  queen apparent ly  occurs  dur ing  t h i s  

f l i g h t .  The new colony- w i l l  cont inue  t o  be suppl ied  wi th  food and 
- C 

bu i ld ing  m a t e r i a l  from the  old n e s t  u n t i l  i t  is  be l f - su f f i c i en t -  (Moure 

The mature s t i n g l e s s  bee queen i s  incapable of su rv iv ing  a p a r t  from 

t h e  colony. She has  only s h o r t  wings which become frayed soon a f t e r  

ma tu r i t y  and he r  abdomen is  very d is tended .  Her'mandibles a r e  s o  small 

t h a t  she must be fed by workers. 

Fecundity of s t i n g l e s s  bee queens v a r i e s  from 4,500 eggslmonth 

by T. IPZebeiul minima Gribodo t o  1,000 eggs/month by T. lineata 

(Schwarz 1948). The meliponinid queen can l a y  eggs year  round. 

~ o m p a r a t i v d l ~ ,  t h e  honeybee queen can l a y  up t o  1,500-2,000 eggslday 

dur-ing t h e  product ive season, and may produce up t o  16,000 eggslmonth 

ave;aged over a  year (Ribbands 1964). 



Brood incubation and' preadult de~eZopment * 

The development of t h e  p readu l t  s t a g e s  i n  s t i n g l e s s  bees  fol lows-  

a  unique pathway r e l a t i v e  t o  t h a t  of t h e  honeybee (Michener 1964).  The . 

major d i f f e r e n c e  i n  brood incuba t ion  is  t h a t  t h e  eggs a r e  s e a l e d  i n  

t h e i r  c e l l s  w i th  enough food f o r  development t o  pupat ion.  There i s  

no  cont inuous feed ing  of l a r v a e  a s  i n  t h e  honeybee. ~ e f o r e '  an egg i s  

l a i d  i n  a  c e l l ,  workers f i l l  t h e  c e l l  approximately t h r ee -qua r t e r s  ' 

f u l l  w i th  a  mix ture  of honey and po l l en .  The queen d e p o s i t s  an  egg 

and t h e  c e l l  i s  sea l ed  w i th  cerumen. Egg l ay ing  on a  -comb l a y e r  

proceeds from t h e  c e n t e r  ou t  t o  t h e  margins. Development from egg t o  - 

emerged a d u l t  t a k e s  about  32 days,' vary ing  s l i g h t l y  w i t h  each spec i e s .  

The egg, l a r v a l ,  prepupal  and pupal  s t a g e s  last about  5 ,  1 0  and 16 days 

r e s p e c t i v e l y ,  10 days longer  i n  development than  t h a t  of A. rnelzifera 
'P 

(Ribbands 1964). The newly-emerged ca l low a d u l t  i s  whi te .  Over 

about  15  days t h e  p a l e  co lo r  w i l l  t u r n  u sua l ly  t o  b l ack  (Schwarz 1948, 

Michener 1964).  

The egg f l o a t s  on t h e  s emi l iqu id  food i n  t h e  c e l l  (Bassindale  

1954).  The l a r v a  consumes a l l  of t h e  food i n  t h e  c e l l .  Before pupat ion,  

t h e  prepupa c o n s t r u c t s  a  cocoon and d i scha rges  t h e  meconium i n t o  t h e  bottom 

of t h e  cocoon. A s  pupat ion proceeds,  workeis  begin t o  d i smant le  t h e  

", 
cerumen c e l l  and a t  t h e  time of emergence l i t t l e  except  t h e  cocoon surrounds 

t h e  developing bee. This cerumen w i l l  be e i t h e r  s t o r e d ,  o r  immediately i 
h 

used to '  bu i ld  new c e l l s .  

The u t r i t i o n a l  conten t  of t h e  l a r v a l  food is  no t  w e l l  known. R 
It i s  a t s e m i l i q u i d  mixture  compo&d mainly df honey and po l l en .  However, 

I 
4 

s a l i v a r y  s e c r e t i o n s  of workers a l s o  a r e  thought t o  be included.  These 



- 2'6 - 
I '  

s e c r e t i o n s  may be analogous t o  honeybee r o y a l  j e l l y ,  which is a complex 
-, 

mixture of water ,  sugars ,  p r o t e i n s  and f a t t y  a c i d s  such a s  9,keto- 

trans-deeenofc a c i d  and 10 hydroxy-k~ans-2decenaic  a c i d  (Wilson 1971). 
a. 

It i s  i n i t i a l l y  fed  t o  a l l  l a rvae .  Af t e r  about 4 days r o y a l  j e l l y  i s  

withheld from worker l a r v a e  and is  g iven*only  t o  l a r v a e  developing i n t o  
J .  

$ 
queens o r  drones (Wilson 1971). I n  t h e  meliponinid bees,  a l l  r o y a l  

. ,*<' 
s e c r e t i o n s  must be placed i n  t h e  c e l l  be fo re  i t  is capped and l i k e l y  ' 

t h e  predetermined amount would determine the  development of a  queen, 

' drone o r  worker.. The chemical  composition 'of meliponinid " roya l  j e l l$ '  

is unknown. -PI. .s 
The evolu t ionary  s i g n i f i c a n c e  of mass provis ioning  of food and 

s e a l i n g  of brood c e l l s  i n  t h e  Meliponini  is  obscure. The h a b i t  o f  

s e a l i n g  c e l l s  i s  not-  d i r e c t l y  analogous t o  t h e  s p i l a r  h a b i t s  of more 

p r i m i t i v e  non s o c i a l  bees of t he  family B a l i c t i d a e ,  which do no t  have 
. - 

s o c i a l  c a s t e s .  Sea l ing  brood c e l l s  however does appear t o  have some - 
p o s i t i v e  advantages.  The s u r v i v a l  of s t i n g l e s s  bee l a r v a e  is  l e s s  ' 

impaired by s o c i a l  and e x t e r n a l  environmental f a c t o r s .  I n  t h e  honeybee, 

maintaining t h e  c o r r e c t  humidity i n  t h e  n e s t  t o  prevent  d e s i c c a t i o n  . 
of exposed l a r v a e  i s  a  major neces s i ty .  Also, t imes of low 

k 

food r e se rves ,  honeybee workers can cann iba l i ze  50% of t h e  eggs 

previous ly  l a i d  (Michener.1964). 

The Meliponini have evolved unique methods of cormnunication between 

ind iv idua l s  (Lindauer and Kerr 1960).  They have no behavior resembling 

the  waggle dance of t h e  honeybee. However, un l ike  t h e  honeybee, they , 

employ t r a i l  marking pheromones. 



Foraging workers of most s t i n g l e s s  bee speci,es, between t h e  

ages -o f  40 and 55 days,  have t h e  a b i l i t y  t o  leave  scen t  markers. I n  
-, 

T. (Tetragons) subterranea ~ r i e s e ,  t he  t rai l -marking subs tance  has been 

i d e n t i f i e d  a s  c i t r a l  (3,7-Dimethyl-2,6-octadienal, g e r a n i a l ,  n e r a l )  . -- 

It and o the r  a l c o h o l s  and ketones a r e  found i n  the mandibular g l and ,  

(Table 4 )  (Blum 1974, Weaver, Weaver and Clarke 1974). The fo rag ing  

bee ,  once i t  d i scove r s  a  forag ing  s o u r c e , w i l l  c o l l e c t  a load of n e c t a r  -7 ---- 
and r e t a r n  t o  the  n e s t ,  marking a  t r a i l  about every 2 m-with t h e  1 

7 
\\ 

mandibular s e c r e t i o n .  The t f a i l  u sua l ly  is  a zigzag from t h e  fo rage  
I 

source  t o  t he  n e s t ,  i t  can be l a i d  on t h e  s i d e  of a  t r e e  o r  a c l i f f  
@ ' al though ndt  over water .  The t r a i l  w i l l  end approximately 8 m from t h e  

n e s t  e n s u r i n g  t h a t  i t  w i l l  not  be c rossed  by another  t r a i l  c l o s e  t o  t h e  

) 

n e s t .  The scent  pa th  of a ' f o r a g i n g  T. postica descr ibed  by Lindauer 
h 

and Kerr (1960) had markers every 2-5 m over a  d i s t a n c e  of 50 m ,  

mostly placed on b lades  of g ra s s .  Each scen t  mark appears  t o  l a s t  

about 15 minutes and t h e  scent  i s  thought t o  be s p e c i e s  s p e c i f i c  

(Lindauer and Kerr 1960, Cruz-Landim and F e r r e i r a  1968). 

Citral is one of t h e  major components of t h e  Nassanoff gland 
/' 

s e c r e t i o n  of honeybees, and i ts  isomers a r e  produced by many s o c i a l  

Hymenoptera. It i s  a  common alarm pheromone %or  defens ive  allomone, and 

i n  t he  Meliponini ,  i t  a l s o  func t ions  a s  a  t r a i l  marker (Blum e t  aZ. 

On t h e  r e t u r n  of a  foragingc"bee t o  t h e  n e s t ,  i t  engages i n  

r i t u a l  a l e r t i n g  s i g n a l s  (M'oure e t  aZ. 1958). The worker bee, laden 
4 

with  po l l en  or  n e c t a r ,  w i l l  e n t e r  t he  n e s t  running i n  a  z igzag p a t t e r n  

and j o s t l i n g  o the r  workers. Simultaneously, i t  w i l l  emit a h igh  pi tched 



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

gland secretions of three Trigona specie+(From Blum 1974). 

Species 

Compound T. postica T. xanthotriclia T. spinipesa 

2-Heptadecanol 

2-Heptanol 

2-Nonanol . 

2-Pentadecanol 

2-Tr idecanol 

2-Undecanol 

2-Heptadecanone 

2-Heptanone 

2-Nonanone 

2-Pentadecanone 

2-Tridecanone 

2-Undecanone 

Hexadecenyl 
acetate 

Tetradecenyl 
acetate 

Benzaldehyde 

2 

3 

1 

isomers) 3 (1: isomer) 

isomers) 1 (2 isomers) 

a T. (Trigom) spinipes F. 

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

of the chemical in bioassay. 



buzzing sound, t h e  frequency of wlifch may i n d i c a t e  t h e  r i chnes s  of t h e  

fo rage  (Lindauer and Kerr 1960).  P e r i o d i c a l l y ,  i t  w i l l  s t o p  and 6,ffer  
, 

some of t h e  fo rage  f o r  i n spec t ion .  can thus  communicate t h e  

The be\ 
e x i s t e n c e  of t h e  type  and r i c h n e s s  of a forage  source.  I n i t i a l l y  t h e  

t r a i l  marking bee,  a f t e r  a l e r t i n g  t h e  n e s t ,  w i l l  gu ide  f o r a g e r s  over  
I 

t h e  t r a i l  t o  t h e  

$.i 

f i n d  t h e i r  way. 

recognize  i t  and 

and Kerr 1960). 

f o r age  source .  Thus i n i t i a t e d , E ; f o r a g e r s  can e a s i l y  

Once they  a r r i v e  a t  t h e  source  they can  v i s u a l l y  

t hen  f i n d  t h e i r  own s p e c i f i c  fo rag ing  s i t e  (Lindauer 

S t i n g l e s s  bees  a r e  appa ren t ly  n o t  capable  of communicating t h e  ' 

d i s t a n c e  of t h e  fo rage  source.  Poss ib ly  t h i s  &formation may come 

i i r e c t l y  from t h e  frequency of r e t u r n i n g  fo rage r s .  Large numbers of  P4 
f o r a g e r s  r e t u r n i n g  quick ly  would i n d i c a t e  a c l o s e  source .  However, t h e  

e x i s t e n c e  of a marker t r a i l  would a t  l e a s t  p a r t i a l l y  prec lude  t h e  need 

f o r  an  i n d i c a t i o n  of d i s t a n c e  t o  t h e  source.  It would a l s o  provide a- 
a 

means of i n d i c a t i n g  he igh t  and a l lowing  o r i e n t a t i o n  i n  dense jungle  i n  which 

t h e  sky is  not  v i s i b l e ,  a r e q u i s G f o r  t h e  waggle dance of A .  rnetli$era . 

(Lindauer and Kerr 1960, Wilson 1971).  

Mechanisms of  communication w i t h i n  t he  s t i n g l e s s  bee colony which 

r e s u l t  i n  the ordered func t ion ing  of t h e  colony a r e  n o t  w e l l  understood. 

For example, t h e  queen has  an -odor  which prevents  worker females from 

l a y i n g  eggs,  and each colony appa ren t ly  has  a d i s t i n c t  odor.  However, 
d 

o t h e r  than c i t r a l ,  no chemicals  have been i d e n t i f i e d  which r e g u l a t e  

s o c i a l  a c t i v i t y  i n  t h e  ! le l iponini .  In t h e  honeybee, 9,  keto- t rans-  

decenoic a c i d  is  produced by t h e  queen and appa ren t ly  c o n t r o l s  some 

of t h e  worker 's  a c t i v i t i e s  (Wilson 1 9 7 1 ) .  



- 30 - 
Foraging and forage mat-eriazs 

A t  a  forage  s i t e ,  bees quick ly  begin loading and t r a n s p o r t i n g  

fo rage  (Table 5) back t o  

t o  t h a t  of t h e  honeybee, 

S t i n g l e s s  bees load 
Z 

honeybees. The m a t e r i a l  

f o r e  tarsi, is pladed on 

t h e  n e s t .  Thei r  behavior is  very s i m i l a r  

and they a r e  n o t  e a s i l y  d i v e r t e d  from i t .  

and t r a n s p o r t  m a t e r i a l s  i n  t h e  same way a s  

i s  c o l l e c t e d  by the  mandibles and, w i th  t h e  

t h e  t i b i a e  of t h e  mesothoracic l e g s .  It is  

then pasted on t h e  co rb i cu lae  of t h e  hind l egs .  ~ o l i e n ,  n e c t a r ,  mud, 

s o f t  r e s i n  and a l l  o t h e r  s o f t  fo rage  m a t e r i a l s  a r e  loaded i n  t h i s  manner. 

I f  t h e  m a t e r i a l  i s  hard o r  no t  s t i c k y ,  t h e  be% can c a r r y  i t  i n  i t s  

mandibles,  suppor t ing  i t  wi th  t h e 4 o r e  t a r s i .  

D i f f e r e n t  mel iponin ids  have d e f i n i t e  p r e f e r e n c e s ' f o r  food type . 
and cons t ruc t ion  m a t e r i a l s .  Food preferences  change through t h e  year  a s  

va r ious  forage p l a n t s  flower.  A p re fe r r ed  cons t ruc t ion  m a t e r i a l  

w i l l  u sua l ly  be f o r a g e d  year  round i f  a v a h a b l e .  
/ 

Xost of t he  po l l en  and nec t a r  c o l l e c t e d  by meliponinids  comes from 
A 
! wild f lowers .  L i s t s  of p l a n t  s p e c i e s  and t h e i r  r e spec t ive  bee . foragers  . 
J 

a r e  not  a v a i l a b l e .  Many of t h e  p l a n t s  known t o  be v i s i t e d  by s t i n g l e s s  

bees g ~ o w  only spo rad ica l ly  through the  jungle and a r e  of minor importance 

economically. Michener (1946) recorded observa t ions  on 2 s t i n g l e s s  bee 

spec i e s  which tends t o  confirm t h a t  spec i e s  preference  v a r i e s  a s  p a r t i c u l a r  
/- 

p l a n t s  flower.  He found t h a t  M. favosa p h e w  F .  foraged on a small - 

un iden t i f i ed  f lowering bush 60 m from i t s  g e s t .  Three meters  from t h e  

nes t  t h e r e  was a  blooming Soknwn bush and a t  30 m a f lowering t r e e  of 

t he  genus DaZbergia, n e i t h e r  of which was foraged by t h i s  spec i e s .  Another 

spec i e s ,  M. i n t e r m p t u  t r i p la r ide s  L a t r e i l l e ,  foraged on both the  SoZanwn 



 able 5. Types of fo rage  t e r i a l s  c o l l e c t e d  by s t i n g l e s s  bees .  
I 

1 

Forage Forage S i t e s  d Se lec t ed  References L 

Food 

Honeydew 

' Nectar ' 

Po l l en  

Sugar 

. Homo,p t e r a n s  Hood (1952) 

Flowers 

Flowers 

~ i c h e n e r  (1946), Schwarz 
(1948), Wi l le  (1965) 

Michener (1946),  Schwa~z  
( l 948 ) ,  Wi l le  (1965) 

Ro t t i ng  f r u i t ,  Schwarz (1948), Wille 
sugarcane,  honey (1965), F r e i r e  and Gara 

4 -  (1970) 

Cons t ruc t ion  m a t e r i a l  

A n d l  f a t  ' Dead ca rcas se s  ~ c h w a r z  (1948) 

Leaf mulch Wild and crop Michener (1946), Schwarz 
p l a n t s  

C 
P 

(1948),  Wille (1966a) 
Camacho (1966) 

\ 

Manure Pas tu re s  Schwarz (1948) 

Mud Local a r e a  Schwarz (1948) 

Resin Trees  
' - 9  

Myers (1935, 1937, Schwarz 
(1948), Wil le  (1966a), 
F r e i r e  and Gara ( i970)  

Tar and g rease  Offered sou rces  Michener (1946), Schwarz 

R - -  (1948) 

Wax (beeswax and Leaf s u r f a c e s ,  Michener (1946), Schwarz 
p a r a f f i n )  o f f e r e d ' s o u r c e s  (1948), F r e i r e  and Gara 

(1970) 



and t h e  Dalbergia. ' w i t h i n  2 months of t he se  obse rva t ions ,  M. favos- 

p h e m  had changed t o  ano the r  f lower ing  p l a n t ;  t h e  o r i g i n a l  p l a n t  had 

become dormant. 

I n  some cases where s t i n g l e s s  bees  forage  on crop p l a n t s ,  t h e  

/ ,  
r e s u l t .  is  e i t h e r  p o l l i n a t i o n  o r  a  p e s t  p-roblem. The bees  a r e  considered 

a 
primary p o l l i n a t o r s  of t h e  v a n i l l a  p l a n t ,  VaniZZa p l a n t i f o h  Andrews. 

However, bees  fo rag ing  on s p e c i e s  of Citrus, Musa, Macadamia, EucaZyptu8, 

Hibiscus, Cajanus and W s s i a  u s u a l l y  cause  damage t o  t h e  p l a n t s .  

Some meliponinids  have ve ry  unique methods of ob t a in ing  po l l en ,  

n e c t a r  o r  r e s i n s  from p l a n t s .  M. beecheii is capable  of v i b r a t i n g  

narrow th roa t ed  f lowers  such t h a t  t h e  po l l en  i s  e j e c t e d  on to  t h e  

p e t a l s  where t h e  bee t hen  c o l l e i t e  i t  (Wille 1965). T .  s iZvestrkna 

o b t a i n s  t r e e  r e s i n  by c u t t i n g  a  ho l e  through the  ba rk  and c o l l e c t i n g  

t h e  exuding r e s i n .  o l e s  g r e  u s u a l l y  c u t  when t h e  shoot  is young . 

and may be  maintained o  Macadamia, Citrus and EucaZyptus 

t r e e s  a r e  c~mmonly Most s p e c i e s  of t h e  subgenus 
- a  

Trigom, inc lud ing  T .  corvina and T .  silvestriana, o b t a i n  p o l l e n  and 

n e c t a r  from f lowers  by c u t t i n g  a  ho l e  i n  t h e  base of t h e  c o r o l l a .  
b 

This  u s u a l l y  k i l l s  t h e  blossom. Macadamia and Citrus t r e e s  appa ren t ly  

s u f f e r  t h i s  damage. 

S t i n g l e s s  bees  seem t o  be  a t t r a c t e d  t o  any sweet,  fermenting o r  

r e s inous  m a t e r i a l .  Ro t t i ng  f r u i t ,  sugarcane and even honeydew-producing 

homopterans can become forage  si tes (Hood 1952). The honeybee i s  
f 

s i m i l a r l y  a t t r a c t e d  t o  such si tes.  The a t t r ~ c t i o n  appears  t o  be  dependent 

on t h e  resources  needed by a colony. I have observed t h a t  f o r a g e r s  of a  
4 ,+ colony,  i n  need of food (a sugar  source)  o r  cons t ruc t ion  m a t e r i a l  would 



c o l l e c t  honey or  wax o f f e r e d  t o  them. I f ,  however, t h e  subs tance  

o f f e r ed  t o  them w a s  no t  of t h e i r  immediate need, they would pas s  i t  by. 
/ 

Most s p e c i e s  of s t i n g l e s s  bees  t h a t  have been s t u d i e d  forage  f o r  t h e  

complete photophase per iod  of t h e  day. I n  Costa Rica s u n r i s e  i s  about  

0530 h r  and sundown i s  about  1800 h r ,  T. s ihes tr iana,  T. cupira, T.  

testucea and T.  ferricauda a l l  start  fo rag ing  about  0600 h r  and te rmina te  

about  1800 h r .  T. siZvestrk-zu is most a c t i v e  about  0800 h r  and t h e  o the r  

s p e c i e s  have 2 a c t i v i t y  peaks,  one a t  0600 h r  and another  a t  1700 h r  

( F r e i r e  apd Gara 1970).  The amount of m a t e r i a l  foraged per  bee  * 

appears  t o  vary  d i r e c t l y  wi th  s i z e .  The smaller bees  u s u a l l y  make more .. 

fo rage  t r i p s  than  t h e  l a r g e r  bees.  

De f erne 

There a r e  2 b a s i c  types  of defence  mechanisms i n  a l l  c o l o n i a l  

i n s e c t s .  One i n v o l v e s - t h e  bod i ly  weapons of t h e  i n d i v i d u a l  bees  such 

. a s  t h e  s t i n g  o r  t h e  mandibles. The o t h e r  is t h e  a r c h i t e c t u r a l  defence 

o f f e r ed  by t h e  n e s t .  

The key t o  t h e  s u c c e s s f u l  defence of a  colony i s  t h e  alarm s i g n a l  . 

which .appears  t o  be t h e  c i t r a l  pheyoidne which i s  a l s o  used t o  mark 
4L 

t r a i l s  (Blum 1974). When c i t r a l  is used a s  an alarm,  i t  is placed on 

t h e  i n t r u d e r  i n  r e l a t i v e l y  h igh  concent ra t ions .  Other bees  of t h e .  

colony respond t o  t h e  odor agg re s s ive ly  and i n  t h e  process  l eave  more 

c i t r a l  on t h e  i n t r u d e r .  The r e s u l t a n t  e f f e c t  w i l l  be a  l a r g e  number 

of bees  swarming on the  i n t r u d e r  (Blum et  a l .  1970, Blum 1974). 

Normally any i n s e c t  a t tempt ing  t o  e n t e r  t h e  n e s t  o r  any l a r g e  

animal,  inc lud ing  man, which comes w i t h i n  a  few meters  of t h e a e s t  w i l l  



be mass a t tacked .  I have personal ly  noted Lhat  I could s t and  wi th in  
\ 

1 t o  2 m of a  n e s t  of T. corvina f o r  a  few minutes unmolested. Once 
, 

one bee had landed on  m e ,  b i t t e n  me and l e f t  a n  orange s t i c k y  f l u i d ,  

many o the r  bees would be a c t i v e l y  massing on m e  w i t h i n ' l 5  t o  20 seconds. 

C i t r a l ,  i n  extremely h igh  concent ra t ions  appears  t o  d i so rgan ize  

t h e  colony of most mel iponin id  spec i e s .  The robber s t i n g l e s s  bee, 

~es t r imeZ i t&z  l i m o  (~niith) ' ,  makes h e  of t h i s  phenomenon t o  disarm 

v ic t im  co lon ie s  of Trigona and MeZipona. The a t t a c k i n g  L. z h d o  # 

l i t e r a l l y  fumigates  the  n e s t  wi th  c i t r a l  and causes most of t h e  . 
colony t o  evacuate  (Blum e t  aZ. 1970, weave; et aZ. 1974). 

The major phys i ca l  defence method i s  b i t i n g .  The ind iv idua l  b i t e  , . 
+ a  - 

of t h e  spec i e s  of bees I experienced was not  t e r r i b l y  p a i n f u l  but  a  mass 
B \ 

of b i t i d g  bees quick ly  became i n t o l e r a b l e !  Meliponini  have a  v e s t i g a l  
t 

s t i n g  which i s  not  used i n  defence. The l a c k  of a  s t i n g  does not  

appear t o  diminish t h e i r  f e r o c i t y .  The s e v e r i t y  of t h e  a t t a c k  v a r i e s  

with t h e  spec i e s  and wi th  the  s t r e n g t h  of t h e  p a r t i c u l a r  colony. 

Some spec i e s ,  such a s  T. corvina, T. fuscipennis and T .  s i lves tr iuna 

a r e  very  aggres s ive  and w i l l  a t t a c k  from up t o  5 m away. Others  such 

a s  T. (CephZotrigona) capitata Smith w i l l  not a t t a c k  even when i ts  
t 

n e s t  i s 'b roken  open (Michener 1961,. Johnson and Hubbell 1974). Trigona 

spec i e s  of t h e  subgenus Oxytrigonu, i n  a d d i t i o n  t o  b i t i n g ,  l eave  a  very 

c a u s t i c  f l u i d  which can cause severe  burns (Schwarz 1948). The 

C chernicak. cons t i tuency  of t h e  f l u i d  and plethod of depos i t i on  a r e  unknown. 
"a 

I n s e c t s  i n t rud ing  i n t o  t h e  n e s t  a r e  u sua l ly  mass a t t a c k e z ,  most 

commonly by b i t i n g  (Schwarz 1948).  T. (Tetragonu) ja t y  Smith, a  very  

\ small  bee,  normally concent ra tes  i t s  mass b i t i n g  i n  an  e f f o r t  t o  c u t  



of f  i t s  a d v e r s a r i e s '  wings. In  t h i s  way i n t r u s i o n  by wasps o r  honeybees 

can be  turned back. M. fasciata 6cuteZZaris L a t r e i l l e  has  a  unique 
* 

defence involv ing  g lu ing  i n t r u d e r s  t o  death.  The bees fo l low t h e  
4 d 

i n t r u d e r  about p l ac ing  s t i c k y  f l u i d  on i t  bu t  gene ra l ly  do not  f i g h t  

wi th  i t .  Soon t h e  i n t r u d e r  is , rendered immobile by t h e  f l u i d  and i s  
J 

removed (Schwarz 19.48). It  is  not  known what t he  s t i c k y  f l u i d  is  

al though r e s i n  p r o p o l i s  seems l i k e l y  t o  me. 
. % 

The n e s t s  of most s t i n g l e s s  bee spec ies  a f f o r d  a  h igh  degree of 

p r o t e c t i o n  from i n t r u s i o n .  The n e s t s  of ground-nesting spec i e s  a r e  

almost  impenetrable.  Bees of t hese  spec i e s  a r e  u sua l ly  nonaggressive'. 
.i 

A e r i a l  nes t ing  spec i e s  a r e  more vulnerable ,  and more aggress ive .  

The n e s t  en t rance  tube  i s  u s u a l l y ' v e r y  narrow, wide enough f o r  

only one bee t o  pass  a t  a  time. The en t rance  i s  guard&d a t  a l l  t imes, 

4 
and i s  commonly plugged wi th  p ropo l i s  a t  n igh t .  Large wasp i n t r u d e r s  

wduld have d i f f i c q l t y  even e n t e r i n g  t h e  n e s t .  The b a t m e n  of a e r i a l  

n e s t s  i s  normally very t h i c k  and d i f f i c u l t  t o  pene t r a t e .  The outer! 

l a y e r  of b a t m e n  however is usua l ly  very  t h i n  and e a s i l y  broken. I f  

an i n t r u d e r  broke t h i s  ou te r  l a y e r  t h e  colony would become quickly  

alarmed. 
P 

I 
Ants, e s p e c i a l l y  ~ f  t he  genera Atta and SoZenopsis, a r e  major 

p reda to r s  of s t i n g l e s s  bee co lonies .  w thwart  t h e  advance of a  

column of a n t s ,  s t i n g l e s s  bees ,  such a  , 

of s t i c k y  r e s i n  around the  branches holding 

b 

Wilson 1971).  

I n  t h e  case  of T. (Scaptotrigonq) compressa L a t r e i l l e ,  defence 

of the  n e s t  i s  guaranteed by a spec i e s  of a n t ,  Oematogaster stoZZi 



Fore1 (Mercado 1962). The n e s t s  of t h e s e  2 i n s e c t s  a r e  'c losely 

a s soc i a t ed  and 'when e i t h e r  n e s t  is d i s tu rbed ,  t h e  a n t s ,  which a r e  

very aggress ive ,  swarm o u t  i n  a t t a c k .  It i s  unknown i f  t h e  a s s o c i a t i o n  

is  mutuali/stic,  s i n c e  t h e  a n t s  dd r ive  no known b e n e f i t .  ' 

Within t h e  n e s t s  of most spec i e s  of Meliponini  a r e  u sua l ly  found 

many i n s e c t s  and mi t e s  which a r e  seemingly ignored by t h e  bees.  L i s t s  
* 

of t h e s e  p a r a s i t e s  and commensals a r e  found i n  S a l t  (1929) and Myers 

(1935). None.appear t o  harm t h e  bee co lonies  s eve re ly .  The occurrence 

of d i s e a s e  i n  s t i n g l e s s  bees  i s  no t  w e l l  known. Foul brood and t h e  bee 

louse ,  BmuZa coeca Nitzseh,  which c'an be devas t a t ing  t o  t h e  honeybee P 

a r e  not found i n  s t i n g l e s s  bees (Schwarz 1948). 

I n t e r  and i n t r a s p e c i f i c  competi t ion occurs  (Johnson and Hubbell 

1974). In defending a sugar  b a i t  

most agg res s ive  followed i n  o rde r  

mellifera. I observed T.  corvinu 
\ 

from ho le s  c u t  i n  macadamia t r e e s  

forage  source,  T. silvestriana was 

by T .  comina, T .  testacea and A. % 

fo rage r s  a t tempt ing  t o  fo rage  r e s i n  

by T. sil$estriana. T .  siZvestriana 

was e a s i l y  a b l e  t o  defend i ts  ho le s .  Bees of t h e  2 s p e c i e s  would lock  

\ t oge the r  b i t i n g  each o the r  u n t i l  1 of t h e  s p e c i e s  r e t r e a t e d .  In  another  

ca se ,  I o f f e red  r e s i n  t o  forag ing  bees.  Both T. corvina and T .  

si lvestriuna aggres s ive ly  fought over i t .  Within a day, t h e  2 spec iks  

had adopted compatible behavior which r e s u l t e d  i n  no observable  competi- 

t i o n .  T .  siZvestriuna foraged r e s i n  from about 0700- h r  t o  1000 h r  

and T. corvina foraged i t  f o r  t he  r e s t  of t h e  day. I not iced  no 

rs' 

competi t ion between bees of t h e  same s p e c i e s ;  however, i n t r a s p e c i f i c  

competi t ion between co lon ie s  of T. coruina i s  known t o  occur (Johnson 

and Hubbell 1974). 



ECONOMIC IMPORTANCE OF THE STINGLESS BEES ' 

I n  t h i s  s e c t i o n  t h e  f i r s t  a t t empt  t o  assess t h e  economic 

s i g n i f i c a n c e  o f  s t i n g l e s s  bees  t o  t r o p i c a l  a g r i c u l t u r e  is  made. With 

e s s e n t i a l l y  s i m i l a r  l i f e  h i s t o r i e s  a s  t h e  honeybee, s t i n g l e s s  bees  a r e  

a p o b e a t i a l  source  of honey, and serve a s  important  p o l l i n a t o r s  t o  some 

t r o p i c a l  c rops .  Thus they r e p r e s e n t  bo th  a de t r iment  and b e n e f i t  t o  

t r o p i c a l  a g r i c u l t u r e .  

of one c rop  

p o l l i n a t i o n  and damage 
s 

Economic Bene f i t s  

The importance of 

and ornamental f lowers  

" > 

Bees of t h e  same s p e c i e s  may s e r v e  a s  a major 

and y e t  s e v e r e l y  damage another .  Both 

may occur  even w i t h i n  t h e  same cYop. 

mel iponinid bees  a s  p o l l i n a t o r s  of both c rops  , . , 

i s  documented by Schwarz (1948), Wil le  (1965, 

1966a) and F r e i r e  and Gara (1970). No comprehensive l i s t  of c rops  

p o l l i n a t 6 d  by s t i n g l e s s  bees i s  a v a i l a b l e .  However Schwarz (1948) c i t e s  

v a n i l l a ,  V .  plantifoZia; cacao,  Theobroma spp. ;  and banana, Musa spp. 

a s  being p o l l i n a t e d  by meliponinids .  When v a n i l l a  was in t roduced  i n t o  

H a i t i  i n  t h e  19 th  cen tu ry ,  s t i n g l e s s  bees  a l s o  had t o  be introduced t o  

p o l l i n a t e  i t .  However commercially grown v a n i l l a  now i s  normally 

a r t i f i c i a l l y  p o l l i n a t e d .  Both v a n i l l a  and cacao a r e  n a t i v e  t o  t h e  

neo t rop i c s .  Although s t i n g l e s s  Bees f requent  many o t h e r  c rops ,  proof 

** 
t h a t  they a c t  a s  major pollginators is l ack ing .  A c r i t i c a l  survey  of 

s t i n g l e s s  bees a s  p o l l i n a t o r s  might r e v e a l  t h a t  they a r e  a va luab le  

- 
and unrecognized resource .  . 
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The use of s t i n g l e s s  bees  a s  a commercial honey source  a l s o  has  

no t  been w e l l  explored,  a l t hough  t h e  honey has  been used i n  t h e  

p a s t  -and i ts  p o t e n t i a l  f o r  use today is recognized (~chwarz '  1948).  

During t h e  pre-Columbian e r a  and f o r  about 200 yea r s  a f t e r  t he  coming 

of Europeans t o  t h e  new world,  s t i n g l e s s  bees  were t h e  only source  of 

honey. Sugarcane was no t  then c u l t i v a t e d  i n  t h e  Americas. Many 

Indian  c u l t u r e s  were known t o  u t i l i z e  bo th  honey and wax from va r ious  

spec i e s .  The honey was used e x t e n s i v e l y  a s  a sweetener of food and i n  

t h e  p repa ra t i on  of  medicine.  Two s p e c i e s  of bees  seemed t o  have been 

most p r e f e r r ed ,  M, b e e c h e i i  found from southern  Mexico south  t o  Panama 

and M. interrmptQ found i n  Columbia. M. b eeche i i  was kept  by Mayan 

Indians  i n  s p e c i a l l y  b u i l t  h i v e s  f o r  domestic honey and wax product ion.  

The q u a l i t y  of s t i n g l e s s  bee honey v a r i e s  enormously between 

s p e c i e s  (Table 6 ) ,  depending oh spec i e s - spec i f i c  forage  p l a n t s .  Some 

honeys a r e  sweet,  c l e a r ,  and good t a s t i n g ,  whi le  o t h e r s  a r e  watery,  

a c i d  or  even in tox i ca t ing . -  According t o  Schwarz (1948), most s p e c i e s  

of t h e  genus MeZipona produce p a l a t a b l e  honey. Honey y i e l d s  vary 

w i th  s p e c i e s  and colony s i z e ,  and average  y i e l d  of 2 t o  3 Kglyear i s  

normal fo r  most s p e c i e s  (Schwarz 1948). Yields  of up t o  16 Kg from 

T. c a p i t u t a  and 45 Kg from M. beechei i /year  have been recorded under 

domesticated h ive  cond i t i ons .  A domest icated colony of A .  rneZZifera 

can produce between 40 and 90 Kg & 'oneylyear (Ribbands 1964).  

Unlike t h e  pure wax f o u n d ~ i n - A .  rneZZifera n e s t s ,  s t i n g l e s s  bee 

wax i s  mixed wi th  vege t ab l e  waxes, c l a y  or r e s i n s  t o  produce t h e  

cerumen used f o r  c o n s t r u c t i o n  (Michener 1946, Schwarz 1948).  Impur i t i e s  

i n  t h e  wax, ranging from 10 t o  90%, cause i t  t o  appear dark brown o r  

* 



Table 6 .  Summary of t he  p a l a t a b l e  q u a l i t y  of t h e  honey of some s p e c i e s  

of s t i n g l e s s  bees .  

Honey t a s t e  
Spec ies  and r eg ion  and q u a l i t y  References 

C e n t r a l  and South America 

Trigona fuscipennis Very fermented taste S a l t  ( l929) ,  Wil le  
(1966a) 

Myers (1935 Dark, sweet,  ac id  

Good t a s t e ,  s l i g h t l y  
a c i d  

S a l t  (1929), Wille 
(1966a) 

T.  capitata Good taste, s l i g h t l y  
t h i n ,  a c i d  

S a l t  (1929) 

Varying q u a l i t y ,  
o f t e n  a c i d  

Persona l  observa t ion  

Exce l l en t  t a s t e  S a l t  (1929) . 

S a l t  (1929) Good t a s t e ,  t h i n  

M .  beecheii Excel len t  t a s t e ,  
c o n s i s t e n t  q u a l i t y  

Schwarz (1948) 

. 
A u s t r a l i a  and New Guinea 

T .  (Plebeiu) aus t ra l i s  
F r i e s e  

Sweet, v i scous  Michener (1961) 

T .  (Plebeiu) c incta  
Mocsary 

Sweet, v i scous  

T. carbonaria Sour,  l i q u i d  

Sour,  l i q u i d  

Michener (1961) 

Michener (1961) T .  (Tetragona) genalis 
Fr i e s e  

Sour,  l i q u i d  Pfichener (19613 

T .  (Tetragons) i r id ipenn is  Sour,  l i q u i d  Michener (1961) 
smith 

T .  f Tetragom) qbenica  Sour,  l i q u i d  
Cockerel1 

Michener (1961) 



b l a c k ,  and b e  s o f t e r  t h a n  beeswax. Unl ike  t h e  v a l u a b l e  wax of  t h e  

honeybee which i s  used t o  make c a n d l e s ,  h i g h  g r a d e  p o l i s h e s  and some 

t y p e s  o f  water-proof ing p r o d u c t s ,  s t i n g l e s s  b e e  wax is  of l i t t l e  

commercial u s e  because  o f  t h e  l a r g e  amount of i m p u r i t i e s  found i n  i t .  

P u r i f y i n g  t h e  wax y  be p o s s i b l e  through d i s t i l l a t i o n  b u t  would b e  

c o s t l y .  

H i s t o r i c a l l y ,  s t i n g l e s s  b e e  wax h a s  been used where honeybee wax 
i 

was n o t  a v a i l a b l e .  Pre-Columbian I n d i a n s  used s t i n g l e s s  b e e  wax t o  make 

moulds f o r  c a s t i n g  go id ,  t o  wax rope ,  and t o  c a l k  b o a t  h u l l s .  I n d i a n s  
1 

of I n d o n e s i a  a s e d  wax of T. iridipennis i n  t h e  making of b a t i k s .  A f t e r  
-4 

t h e  a r r i v a l  of t h e  Span ia rds  t o  t h e  n e o t r o p i c s ,  s t i n g l e s s  b e e  wax was 

used t o  make c a n d l e s .  Candles  of t h i s  wax a r e  u s u a l l y  s o f t  and burn  

w i t h  much smoke. They have become of r e l i g i o u s  s i g n i f i c a n c e  t o  some 

I n d i a n  t r i b e s  and are h i g h l y  p r i z e d  bv them (Schwarz 1948, Gross  1972) .  

For u s e  i n  a p i c u l t u r e ,  f o r  honey and wax, s t i n g l e s s  b e e s  do n o t  

appear  c o m p e t i t i v e  w i t h  t h e  Apis spp.  which a r e  now found i n  a l l  r e g i o n s  

of t h e  t r o p i c s  w i t h  t h e  p o s s i b l e  e x c e p t i o n  of dense  j u n g l e  r a i n  f o r e s t  

a r e a s  (Smith 1953, Crane 1973) .  A .  mellifera v a r .  rnellifera o r  v a r .  

ligustica a r e  n o t  ind igenous  t o  t h e  t r o p i c s ,  a l t h o u g h  o t h e r  v a r i e t i e s  

and o t h e r  Apis s p e c i e s  a r e .  The v a r i e t i e s  capensis and adansonii a r e  

ind igenous  t o  A f r i c a .  Both a r e  s u c c e s s f u l . i n  f h e  wi ld  s ta te  and 

can  a l s o  be  used i n  a p i c u l t u r e .  A. indica  F . ,  ind igenous  t o  I n d i a  and 

t h e  Far  E a s t ,  i s  commonly k e p t  a s  a  c o m e r c i a 1  honeybee. Thus, i t  

would appear  t h a t  t h e  commercial demands f o r  honey and beeswax i n  t h e  

t r o p i c s  can be met by  members of t h e  genus Apis. 
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Meliponinid  b e e s  have one o t h e r  

a p p a r e n t l y  i m p o s s i b l e  t o  a c c l i m a t i z e  

r e s t r i c t i n g  t h e i r  u s e  a s  p o l l i n a t o r s  

c o m p e t i t i v e  d i s a d v a n t a g e .  It  i s  
C 

them t o  non t r o p i c a l  c l i m a t e s ,  

t o  t h e  t r o p i c s .  Most n e o t r o p i c a l  

s p e c i e s  appear  t o  p r e f e r  a n e s t  t empera tu re  of approx imate ly  30•‹C. A t  

25•‹C t h e y  a r e  v i s i b l y  slowed i n  t h e i r  a c t i v i t i e s ,  a t  15•‹C t h e y  c e a s e  

f l y i n g  and a t  10•‹C t h e y  w i l l  d i e  (Schwarz 1948) .  Unl ike  A. mezlifera, 

s t i n g l e s s  b e e s  do n o t  c l u s t e r  a t  low tempera tu res .  A. meZZifera 

i n i t i a t e s  w i n t e r  c l u s t e r i n g  a t  18•‹C and a t  13OC c l u s t e r s  are w e l l  

formed. The c l u s t e r  can m a l n t a i n  a l i v a b l e  t empera tu re  f o r  t h e  b e e s  a t  

below z e r o  a i r  t e m p e r a t u r e s  (Zibbands 1964) .  A u s t r a l i a n  m e l i p o n i n i d s  

may be  more c o l d  t o l e r a n t .  Michener (1961) r e p o r t s  t h a t  T. carbonaria 

i s  a b l e  t o  s u r v i v e  a w i n t e r  t empera tu re  of O'C. A more complete  s t u d y  

o f  t h e  co ld  t o l e r a n c e  i n  t h i s  and o t h e r  r e l a t e d  s p e c i e s  would be  of 
I 

i n t e r e s t .  

7. 
Economic Damage 

Publ i shed  a c c o u n t s  of s t i n g l e s s  b e e s  as p e s t s  of a g r i c u l t u r a l  

c r o p s  a r e  f a i r l y - n u m e r o u s .  The i n f o r m a t i o n  i s  u s u a l l y  i n  t h e  form of 

s m a l l  a n n o t a t i o n s  i n  taxonomic papers .  Commonly i t  is  mentioned t h a t  
P 

a p a r t i c u l a r  Trigona s p e c i e s  i s  an  impor tan t  p e s t  of pe rhaps  c i t r u s  o r  

banana c rops .  O c c a s i o n a l l y  t h e  type  of damage i s  mentioned b u t  r a r e l y  

i s  i t s  e x t e n t  r e p o r t e d .  To d a t e ,  no pub l i shed  r e p o r t  e x i s t s  a p p r a i s i n g  

t h e  economic damage t o  c r o p s  caused by s t i n g l e s s  bees .  Fol lowing i s  a  
'\ 

summary of t h e  pub l i shed  r e p o r t s ' o f  s t i n g l e s s  b e e s  a s  p e s t s .  I have 

added my own s u b j e c t i v e  d e s c r i p t i o n s  of t h e  damage caused by 2 

a d d i t i o n a l  s p e c i e s .  Only a few s p e c i e s  a r e  p e s t s ,  and a l l  a r e  i n  t h e  

genus T r i g o m  tr able 7 ) .  
C 

. -! 
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Most s t i n g l e s s  bees  damage c rops  as a  r e s u l t  of t h e i r  f o r ag ing  

f o r , c o n s t r u c t i o n  p a t e r i a l .  Some a l s o  damage c rops  a s  a  r e s u l t  of 

t h e i r  fo rag ing  f o r  n e c t a r  and po l l en .  P ieces  of l e aves ,  p l a n t  waxes 

and r e s i n s  a r e  most commonly c o l l e c t e d .  Members of a l l  s p e c i e s  l i s t e d  

i n  Table  7 ,  w i t h  t h e  except ion  of T. f e r r i cauda ,  b u i l d  exposed or  a e r i a l  

n e s t s .  T. f m r i c a u d a  b u i l d s  i t s  n e s t s  i n  hollow t r u n k s . '  S ince  exposed 
R 

n e s t s  re u i r e  r e l a t i v e l y  l a r g e  amounts of b u i l d i n g  material, t h e s e  
P / 

s p e c i e s  may be  expected t o  fo rage  h e a v i l y ' o n  t h e i r  p r e f e r r e d  forage  

p l a n t s .  That t h e s e  bees  p r e f e r  commercial c rop6  d i s t i n g u i s h e s  them a s  

p e s t s .  

There a r e  f i v e  types  of n o t a b l e  damage caused by s t i n g l e s s  bee 

p e s t s .  
0 

/'- 

Cutting holes i n  tree bark 

e e a  s p e c i e s  c u t  ho l e s  1-2 cm i n  diameter  through t h e  bark  of 

forage  t r e e s  i n  o rde r  t o  c o l l e c t  r e s i n .  Usually t h e s e  ho l e s  a r e  

s t a r t e d  on small branches or  i n  branch c ro t ches  where t h e  bark  is  

. r e l a t i v e l y  s o f t ,  and a s  t he  branch grows l a r g e  t h e  wound ho le  i s  maintained 
I 

open. The a f f e c t e d  trees w i l l  become u n t h r i f t y  from a cons t an t  l o s s  of 
+ . 

: sap  and are c o n s t a n t l y  open t o  i n f e c t i o n  by d i s e a s e  organisms. 

Hole-cutting damage occurs  t o  macadamia, c i t r u s  and euca lyptus  

t r e e s .  I n  Costa Rica,  macadamia nu t  t r e e s  a r e  s eve re ly  damaged by 

T. siZveatriam (Wil le  1966a).  Within a  p l a n t a t i o n  of 200 macadamia 

t r e e s ,  I have found some damage on a t  l e a s t  80% of t h e  trees w i t h  

t h e  heav ie s t  damage on t h e  edge trees. Some edge t r e e s  appeared more 

favored than o t h e r s .  On some occasions t he se  t r e e s  seemed t o  be r a i n i n g  

- I 
r e s i n  from the  many ho le s ,  pools  of r e s i n  forming beneath them. 



5 - 

"k 
A t  p r e s e n t  i n  t h e  n e o t r o p i c s ,  macadamia n u t  t r e e s  a r e  b e i n g  "I 

grown o n l y  i n  Costa  Rica  as a n  e x p e r i m e n t a l  c rop .  I n  t h e  n e a r  f u t u r e  

t h e y  w i l l  l i k e l y  b e  p l a n t e d  throughout  t h e  n e o t r o p i c s ,  p o s s i b l y  , 

I 

i n v i t i n g  many o t h e r  s t i n g l e s s  b e e  s p e c i e s  t o  become ho le -cu t  t i n g  p e s t s .  

- -  Hole-cu t t ing  damage t o  c i t r u s  t r e e s  a p p e a r s  v e r y  similar t o  t h a t  

o c c u r r i n g  t o  macadamia. All t y p e s  of c i t r u s  seem a t t r a c t i v e  t o  

s t i n g l e s s  bees .  I n  Cos ta  R i c a  I have s e e n  bee  damage on g r a p e f r u i t ,  

o range ,  t a n g e r i n e  and lemon t r e e s ,  b u t  have no r e c o r d  o f  t h e i r  s p e c i f i c  

name v a r i e t i e s .  There  a r e  a  number o f  pub l i shed  a c c o u n t s  o f  s t i n g l e s s  

b e e s  h o l e - c u t t i n g  on c i t r u s  t r e e s ,  none of which ment ions  t h e  spec, ies  o r  

t h e  v a r i e t i e s  of t h e  c i t r u s .  Within  C e n t r a l  America, T. si~vestr&.zna 

- a p p e a r s  t o  be t h e  o n l y  h o l e  c u t t i n g  s p e c i e s  on c i t r u s .  Both Schwarz 

(1948) and W i l l e  (1966a) c o n s i d e r  t h i s  bee  one of t h e  w o r s t  p e s t s  of 

c i t r u s  i n  t h i s  a r e a .  I n  Costa  R i c a ,  I saw bees  o f  no o t h e r  s p e c i e s  
e 

> 

c u , t t i n g \ h o l e s  i n  c i t r u s  t r e e s .  I n  T r i n i d a d ,  c i t r u s  tree h o l e - c u t t i n g  

i s  a t t r i b u t e d 7 t o  T. trinidadensis. Myers (1935, 1937) c o n s i d e r e d  t h i s  / 

s p e c i e s  t h e  major c i t r u s  p e s t  on t h e  i s l a n d .  ,T. trinidadensis i s  s t i l l  
L 

Y 1 a n  impor tan t  p e s t  of c i t r u s  t h e r e  (F.D. Bepne t t ,  p e r s o n a l  communication) , ., 

b u t  i t s  damage impact remaifis unknown. 

S t i n g l e s s  b e e s  a l s o  c u t  h o l e s  i n  e u c a l y p t u s  t r e e s  i n  C e n t r a l  

America. T. silvestriam, T. ,cupria, T. testacea and T. ferricauda 

c a u s e  damage ( e x t e n t  n o t  r e p o r t e d )  t o  p l a n t a t i o n s  of Eucalyptus citriodora 

Hook ( F r e i r e  and Gara 1970) .  I t  i s  n o t  c l e a r  whether o r  n o t  t h e s e  

s t i n g l e s s  bees  a r e  p e s t s .  ' 

1 \ 
Entomologist- in-Charge,  Commonw&alth I n s t i t u t e  of B i o l o g i c a l  C o n t r o l ,  

\ 

Gordon S ' t r e e t ,  Curepe,  T r i n i d a d ,  West I n d i e s .  
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Wil le  (1966a) s t a t e s  i n  B r a z i l ,  c a u s e s  

s i g n i f i c a n t  damage t o  p i n e  s p p . ,  by g i r d l i n g  t h e  

s tem i n  o r d e r  t o  c o l l e c t  r e s i n .  I observed s t i n g l e s s  b e e s ,  'which I 

t e n t a t i v e l y  i d e n t i f i e d  as T. silvestriana, g i r d l i n g  s e e d l i n g s  of 
- 

Pinus caribea More le t  on t h e  e a 6 o a s t  of fCosta Rica ,  b u t  could  f i n d  

-\ 2 

no a f f e c t &  t r e e s  i n  t h e  i n t e r i o r .  
t 

A t  l e a s t  3 s p e c i e s ,  T. corvina, T. fuscipennis and T .  ruficrus 

d e f o l i a t e  c i t r u s  and macadamia t r e e s  (Schwarz 1948; Michener 1966; 

W i l l e  1965, 1966a; Camacho 1966) .  The b e e s  c u t  t h e  l e a v e s  from t h e  

margins  i n  toward t h e  midr ib .  Each bee  c u t s  o f f  a s m a l l  p i e c e  of 

l e a f ,  m a s t i c a t e s  i t  i n t o  2 b a l l  and p l a c e s  i t  on i t s , h i n d  Legs. The 
% 

l e a f  m a t e r i a l  i s  used t o  b u i  en.  Young t e n d e r  l e a v e s  and s h 

s tems a r e  p r e f e r r e d .  F o r a g i  a l s o  c o l l e c t  wax.and ooze 

from woundea l e a v e s  (Plichene n s i d e r a b l e  da&ge c a n  occur  

b t o  t r e e s  through a c o n s t a n t  def  l i a t i o n  of new l e a v e s  and s tems.  

Older t r e e s ,  under c o n s t a n t  a t t a c k ,  a r e  badly  s t u n t e d  and unproduc t ive .  

S e e d l i n g s  can  be  k i l l e d  by t h e  d e f o l i a t i o n .  

D e f o l i a t i o n  by T. corvina on macadamia i n  Costa  Rica  is  v e r y  

s e v e r e .  A l l  t r e e s ,  l e f t  u n p r o t e c t e d ,  would soon be  d e f o l i a t e d  of young 
-% 

l e a v e s  and s tems.  I n  my o p i n i o n ,  no macadamia t r e e s  cou ld  su&ive  

x, 

n a t u r a l l y  i n  t h e  p resence  of t h i s  bee.  W i l l e  (1966a) and Carnacho (1966) 

g i v e  ~ s i m i l a r  d e s c r i p t i o n s  of s t i n g l e s s  bee  damage on macadamia. 

5 
Camacho concurs  w i t h  me on t h e  s e v e r 4  a f  t h e  problem. 

+ .. 



S t i n g l e s s  bee d e f o l i a t i o n  of c i t r u s  trees occurs  t o  a  l e s s e r  

degree than on macadamia. 

d e f o l i a t e d  c i t r u s  t r e e s  i n  

growth. I n  a d d i t i o n  t o  T. 

Michener (1946) r e p o r 3  t h a t  T. c o ~ i m  

Panama seve re ly  enough t o  i n h i b i t  t h e i r  

coPvim, T .  fuscipennis and T .  r u f i c m s  

- a l s o  de foYia t e  c i t r u s  trees (Schwarz 1948). I n  Costa Rica I observed 

orange t r e e  p l a n t a t i o n s  p a r t i a l l y  d e f o l i a t e d  of young l eaves  by 

T .  cortrina. The o l d e r  l eaves  were no t  badly damaged. Other orange 

t r e e s ,  which were growing ad jacen t  t o  2 n e s t s  of T. comina, were no t  
'4 

d e f o l i a t e d .  Near a  s eve re ly  d e f o l i a t e d  p l a n t a t i o n  of macadamia 
,A. . 

t r e e s  were t ange r ine  and g r a p e f r u i t  t r e e s  untouched by t h e  bees.  My 

impressions a r e  t h a t  some v a r i e t i e s  of c i t r u s  t r e e s  may b e  more 
I 

a t t r a c t i v e  a s  forage  than o t h e r s  t o  the  bees,  and t h a t  macadamia t r e e s  

a r e  much p re fe r r ed  over c i t r u s  t r e e s .  

Cutting flowers 

Some spec i e s  of s t i n g l e s s  bees c u t  i n t o  f lowers  i n  o rde r  t o  f o r a g e .  

po l l en  and nec t a r .  T. silvestriana and T .  fuscipennis forage  on wild 

Cassia biflora L. (Wille 1965). The bees c u t  a  ho le  i n  t h e  flower a t  

the  base of t he  p e t a l s  and remove t h e  nec t a r  and po l l en .  The flower 

d i e s  soon a f t e r  with no seed be ing  prod$ced. 

T .  siZvestriana and T .  fuscipennis,are repor ted  by Wil le  (1966a) 

a s  c u t t i n g  macadamia and c i t r u s  f lowers .  ~ l t h o u ~ h  I was info2rmed by 

Costa Rican owners t h a t  s t i n g l e s s  bees cu t  t hese  f lowers ,  

damage even though both crops flowered dur ing  my 

observa t ion  oreover ,  t h e  f lowers  of both macadamia and c i r r u s  t r e e s  



r e  shaped such 

wi thout  c u t t i n g .  

t h a t  p o l l e n  and n e c t a r  could b e  foraged by t h e  bees 

Therefore,  i t  seems doub t iu l  t h a t  meliponinids  w i l l  

be  s e r i o u s  flower p e s t s  i n  t h e s e  c rops ,  - .  

I n  Guatemala, t h e  f lowers  of t h e  legume, C r o t a k k  a g a t i f l o m  

Schweinfurth,  a r e  s eve re ly  c u t  by T. nigerrima. This  p l a n t  is  used 

a s  a cover  crop f o r  cinchona from which quin ine  is  e x t r a c t e d  (Schwarz k 

Scarring f r u i t  

S a l t  (1929) and Schwarz (1948) s t a t e  t h a t  i n  Columbia, T. fuscipennis 

c u t s  small ho le s  i n  banana f r u i t  and c o l l e c t s  sap from t h e  wounds. Only 
1 

immature f r u i t  a r e  a t t acked .  The seve:ity of t h i s  damage i s  n o t  

repor ted  by e i t h e r  au tho r .  - Scarr ing  f r u i t  may be of importance, 
/ 

however, i n  the  vec to r ing  of d i s e a s e  by s t i n g l e s s  bees t o  c rops .  

Vectoring d i s e a s e  

By causing va r ious  types of wounds i n  p l a n t s ,  s t i n g  e s s  bees a r e  a, 
p o t e n t i a l  v e c t o r s  of d i s e a s e  t o  t he  crops on which they forage.  For - 
example, a  forag ing  bee may c o l l e c t  t h e  sugary j u i c e  of a  r o t t i n g  f r u $ t  

on the  ground"and..soon a f t e r  c o l l e c t  r e s i n  from a  wound on the  t runk  

of a  t r e e .  A s  a  r e s u l t  any p'lant, pathogen may e a s i l y  be t r ansmi t t ed  

. t o  the  t r e e .  

Moko d i sease  of bananas i n  Honduras and c o s t a  Rica is  veckored by 

T. corvina (Buddenhagen and E l sa s se r  1962) .  This d i s e a s e ,  caused by 

the  b a c j P s e u d o r n o m s  s o t a n a c e a h  Smith can k i l l  a l l  types of 

banana p l a n t s .  The Bluggwe cooking banana v a r i e t y  appea r s  t o  be the  
pi"=.. r 

k. I 



most suscept ible*.  The i n i t i a l  s p p t o m s  of t h e  d i s e a s e  a r e  blackening 
L. 

and s h r i v e l l i n g  of t h e  flower bud, p e d i c e l  and f r u i t .  ~ n d e  t h e  
f'- 

b a c t e r i a  have i n f e c t e d  a few p l a n t s  w i t h i n  a  p l a n t a t i o n ,  i t  can spr&d 

r a p i d l y  t o  o the r  p l a n t s  ' sy s t emica l ly  through r o o t  g r a f t s .  The 

d i s e a s e  can a l s o  be s@ead by c u l t i v a t i o n  o r  r a i n .  The b a c t e r i a l  ooze 
+ 

must be  t r ansmi t t ed  t o  an open&ound on a  hka l thy  p l a n t .  

According t o  Buddenhagen and Elsasser (1962) a s m a l l  a r e a  i n  

Honduras of 1-2 Km i n  r a d i u s ,  where t h e  d i s e a s e  was known t o  b e  endemic, 

increased  t o  an a r e a  of 96 Km r a d i u s  w i t h i n  2 years .  T. corvina was 

appa ren t ly  e f f e c t i v e  i n  bypassing most qua ran t ine  blockades s e t  up. 

Af t e r  spreading  through an area t h e  d i s e a s e  becomes endemic i n  t h e  
-4 

gurviving These p l a n t s  can s e r v e  a s  new sou rces  of 
\ 

i n f e c t i o n  v,ia bee vec to r ing .  

The p o s s i b i l i t y  t h a t  s t i n g l e s s  bees  can vec td r  d i s e a s e s  of o t h e r  

c rops  such a s  macadamia o r  c i t r u s  has  not  y e t  been i n v e s t i g a t e d .  



PEST CONTROL M?ZTHODS FOR STINGLESS BEES ' 

There a r e  numerous ways of c o n t r o l l i n g  s t i n g l e s s  bees;  t h e  

methods vary in sophisZica t ion ,  c o s t  and p r a c t i c a l i t y .  Of t h e  c o n t r o l  

- methods a v a i l a b l e ,  some of t h e  s impler  have been at tempted under f i e l d  

cond i t i ons .  Most of t he  s o p h i s t i c a t e d  methods a r e  a s  y e t  experimental .  

I 

Control  has been r e s t r i c t e d  by the c r i t e r i o n  t h a t  t h e  p e s t  spec i e s  

should become the  c o n t r o l  t a r g e t .  To i n t e r f e r e  w i th  non p e s t  s p e c i e s  
d 

, would t h r e a t e n  t h e  balance of t r o p i c a l  ecosystems a s  w e l l  a s  cause t h e  

l o s s  of p o l l i n a t o r s  t o  a g r i c u l t u r a l  crops.  Control  must a l s o  be s e l e c t i v e ,  

s i n c e  a  pes t  of one crop pay be a  p o l l i n a t o r  of ano the r .  
u 

Locating Nests and Destroying Them 

Finding t h e  of fending  n e s t s  and des t roying  them is, by f a r ,  t h e  

s imp les t  method of e l imina t iGg bee damage. Bee f o r a g e r s  seldom f l y  

. more than 700 m t o  t h e i r  forage  p l a n t s  and most s p e c i e s  do no t  f l y  . 
. . 

more than 300 m (Wil le  1966a). The d e s t r u c t i o n  of a l l  n e s t s  by f i r e  o r  P 

with  i n s e c t i c i d e s  (Table 8)  such a s  ca rba ry l  o r  d iaz inon  w i t h i n  a  

r a d i u s  of 300 t o  700 m of t h e  crop w i l l  e l imina te  the  p e s t  problem. 

I n  many cases ,  t h e  p e s t s  can e a s i l y  be loca ted  by fol lowing t h e  f l y i n g  

' 
bees which gene ra l ly  fol low a d i r e c t  pa th  to  and from t h e i r  n e s t .  

The major d i f f i c u l t y  wi th  n e s t  d e s t r u c t i o n  i s  t h a t  o f t e n  the  n e s t  

i s  not  e a s l l y  found o r  a c c e s s i b l e .  It may o f t e n  be 50 m high i n  a l a r g e  

t r e e .  I n  many o the r  ca ses  t h e  bees cannot be followed because of t h e  
4' 

rough t e r r a i n  o r  dense undergrowth. In  one case ,  I was unable t o  

reach a  n e s t  I had loca t ed  i n  a t r e e  because t h e  t r e e  w a s  i n  t h e  middle 

of  a  sugarcane f i e l d .  The sugarcane was 4 .5  m t a l l  and f u l l  of poisonous 

snakes. 



Table 8. Common names and chemical formulae of insecticides used, 

tested or considered for control of stingless bee pests. 

Common name Chemical name 
1 

Aldr in 

Carbaryl 

Carbofuran 

Chlordane 

DDT 

Dieldrin 

Demeton 

Diaz inon 

Dicrotophos 

Fenthion 

Malathion 

~e thoxychlor 

Monocrot ophos 

Tr ichlorf on 

1,2,3,4,10,10-Hexachloro-1,4,4a,5,8,8a- 
hexahydro-end'o-1, 4-exo-5,8-endo- 
dime thanonaphthalene 

1-Naphthyl methyl carbamate 
B 

2,3-~ih~dro-2;2-dimethyl-7-benzofuranyl 
methylcarbamate 1 

1,2,4,5,6,7,8,8-Oc~achloro-2,3,3a,4,7,7a- 
hexahydro-4,7-methanoindene 

2,2-Bis(~-chloropheny1)-l,l,l- 
trichloroethane _ - 

0,O-Diethyl-0,2- (ethylthio)ethyl 
phosphorothioate . 
8,Q-Diethyl-0-(2-isopropyl-4-methyl- 
6-pyrimidinyl) phosphorothioate 

3-(Dimethoxyphosphiny1oxy)-N,N-dimethyl- 
cis-crotonamid 7 .  
0,O-Dimethyl-0-[(4-methy1thio)-m-tolyl] 
phophorothioate 

0,O-Dimethyl S-1, 2-di(ethoxycarbony1) 
ethyl phophorodithioate 

2,2-B~S(P-methoxypheny1)-l,l,l- 
trichloroethane 

ci8-3-(~imethox~~hos~hinox~)-~-meth~l- 
cis-crotonamide 



. Treatment'  of A f f e c t e d  Crops w i t h  I n s e c t i c i d e  e 
Using i n s e c t i c i d e s  (Tab le  8) on c rops  . t o  k i l l  me l ipon in id  f o r a g e r s  

i s  t h e  most common mkthod now used t o  reduce bee  damage (J .F .  Henigman, 

unpubl ished o b s e r v a t i o n ) .  I n  some c a s e s  i n s e c t i c i d e s  may p r o t e c t  c r o p s  

e f f e c t i v e l y .  

Only ~ a m a g h o  

s t i n g l e s s  b e e s  on 

a. 

b. 

C .  

(1966) h a s  recommended i n s e c t i c i d e  s p r a y s  a g a i n s t  
9 

macadamia as fo l lows :  

Methoxychlor,  '1.7 KgIhectAre 

DDT, 11 K g l h e c t a r e  

D i e l d r i n , 0 . 2 8  Kg/hec ta re  

Other  i n s e c t i c i d e s ,  such  as d i a z i n o n  o r  mala th ion ,  have n o t  been t e s t e d .  

I have found s p r a y i n g  i n s e c t i c i d e s  a g a i n s t  s t i n g l e s s  b e e s  f r a u g h t  

w i t h  problems. I n  s p r a y i n g  a  c r o p ,  such a s  macadamia o r  c i t r u s ,  t h e  

edge t r e e s  should be e s p e c i a l l y  w e l l  covered because  t h e  b e e s  t end  t o  

a t t a c k  them most. The i n s e c t i c i d e  must remain e f f e c t i v e  on t h e  c r o p  

y e a r  round. Even w i t h  p e r s i s t e n t  i n s e c t i c i d e s ,  many s p r a y s l y e a r  a r e  

n e c e s s a r y  a t  a  r e l a t i v e l y  h i g h  c o s t  of t i m e  and money. During t h e  

r a i n y  s e a s o n ,  which may l a s t  4 t o  8 months depending on t h e  l o c a t i o n ,  - 
t h e  i n s e c t i c i d e  w i l l  be  q u i c k l y  washed o f f  t h e  l e a v e s  and t r u n k  of t h e  

t r e e s ,  add ing  t o  t h e  number of s p r a y s  needed and t h e  r e s u l t a n t  r e s i d u e s .  

The c r o p  cannot  be  sprayed d u r i n g  f lower ing ,  which i n  t h e  c a s e  of 

c i t r u s  and macadamia, may las t  many months. With h e  amount of 

i n s e c t i c i d e  needed f o r  con t inuous  p r o t e c t i o n ,  b e n e f i c i a l  i n s e c t s ,  such 

a s  p a r a s i t e s  of o t h e r  p e s t s ,  may be s e v e r e l y  harmed. 
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S e e d l i n g s  and small t r e e s  may be  p r o t e c t e d  w i t h  s y s t e m i c  

J e 
i n s e c t i c i d e s  (Ripper 1959, S a i t o  1969);  I n  s m a l l  t r e e s ,  s y s t e m i c s  can 

A 

I 

b e  a d e q u a t e l y  t r a n s l o c a t e d  through t h e  t r u n k  and t o  t h e  l e a v e s .  I n  

v 
l a r g e r  t r e e s ,  t h e  movement of t h e  sys temic  i s  u s u a l l y  n o t  even and 

t h e  l a r g e  dosage r e q u i r e d  may b e  phy to tox ic .  F r u i t  h a r v e s t e d  from 

t r e a t e d  t r e e s  shou ld  b e  checked f o r  i n s e c t i c i d e  r e s i d u e s  ( ~ i p p e r  

One of t h e  major problems w i t h  sys temics  i n  t h e  t r o p i c s  is  t h a t  

t h e  chemical  i n  t h e  s o i l  is  leached  away. Recen t ly  on a n  e x p e r i m e n t a l  

b a s i s ,  s y s t e m i c s  have been r e l e a s e d  i n  t h e  s o i l  from c o n t r o l l e d  
. , 

r e l e a s e  carbon c h i p s .  These c h i p s  a r e  wa te r  r e s i s t a n t  and s lowly  

r e l e a s e  i n s e c t i c i d e  t o  t h e  r o o t s  of t h e  p l a n t ,  - r e s u l t i n g  i n  p r o t e c t i o n  

f o r  up t o  a  y e a r  (Al fan ,  Gara and Wilkins  1970) .  Thus, f r u i t  t r e e s  

cou ld  be  p r o t e c t e d  i n  t h e  f u t u r e  from b e e s  and o t h e r  p e s t s  f o r  

t h e  f i r s t  4 y e a r s  a f t e r  p l a n t i n g .  . A s  t h e  f i r s t  few y e a r s  b f  growth 

i n  f r u i t  t r e e s  a r e  v e r y  impor tan t  t o  t h e  f u t u r e  form and p r o d u c t i v i t y  

of t h e  t r e e ,  t h i s  s o r t  of p r o t e c t i o n  would prove v e r y  b e n e f i c i a l .  

A t t r a c t a n t s  and R e p e l l e n t s  a \  . 
A t t r a c t a n t s  and r e p e l l e n t s  can be used t o  c o n t r o l  b e e s  e i t h e r  by 

themselves  o r  i n  c o n j u n c t i o n  w i t h  i n s e c t i c i d e s  ( F r e i r e  and Gara 1970) .  

These s u b s t a n c e s  may range from c r u d e  e x t r a c t s  t o  syn t%ized  pheromones 
L. 

o r  h o s t  p l a n t  a t t r a c t a n t s  o r  r e p e l l e n t s .  

I have found many n a t u r a l  a t t r a c t a n t s  f o r  s t i n g l e s s  b e e s ,  e . g .  

honey, macadamia o r  c i t r u s  l e a v e s ,  and v a r i o u s  t r e e  r e s i n s .  F r e i r e  

and Gara (1970) a l s o  l i s t  some s u b s t a n c e s , . s u c h  a s  e u c a l y p t u s  l e a f  

e x t r a c t  o r  v e g e t a b l e  o i l  which when placed a d j a c e n t  t o  a  n e s t  o.r 



f o r a g e  p l a n t s ,  u s u a l l y  a t t r a c t  some bees .  The a t t r a c t i v e n e s s  of t h e  

s u b s t a n c e  v a r i e s  a g r e a t  d e a l  depending on what t h e  f o r a g i n g  b e e s  me 

engaged i n  c o l l e c t i n g .  For example, i f  b e e s  a r e  f o r a g i n g  l e a f  m a t e r i a l  

f o r  c o n s t r u c t i o n ,  i t  i s  n o t  p r a c t i c a l  t o  u s e  honey o r  s u g a r  a s  a n  

a t t r a c t i v e  b a i t .  None of t h e  n a t u r a l  a t t r a c t a n t s  w i t h  which I a m  

a c q u a i n t e d  w i l l  o u t  compete t h e  f o r a g e  c r o p .  Simple d i v e r s i o n  o f  t h e  

from t h e  c r o p  w i t h  t h e s e  s u b s t a n c e s  i s  n o t  l i k e l y  t o  work. 

i n g  h i g h l y  a t t r a c t i v e  noneconomic p l a n t s  a s  a  t r a p  c r o p  h a s  

never  been t r i e d ,  and t h e r e  a r e  no recorded  wi ld  p l a n t s  which a r e  more 

q t t r a c t i v e  t h a n  t h e  c r o p  p l a n t s .  However a s e a r c h  f o r  such p l a n t s  may 

b e  worthwhi le .  

ip +"  
Citral and some a l c o h o l s  and k e t o n e s  (Table  4 )  a t  low c o n c e n t r a t i o n s  

can  be  h i g h l y  a t t r a c t i v e  t g  s t i n g l e s s  b e e s  (Blum e t  al. 1971, Blum 1974, . 

Weaver e t  aZ. 1971) .  A s  each s p e c i e s  h a s  i t s  own' s p e c i f i c  pheromone, 

t h e  a t t r a c t i v e  chemical  b a i t  should  match t h e  s p e c i e s  invo lved .  I t  i s  

n o t  c l e a r .  t h a t  a l l  t h e  bees  f o r a g i n g  i n  a  p l a n t a t i o n  cou ld  be  d i v e r t e d  

q u i c k l y  w i t h  a  pheromone-but i t  would appear  t h a t  t h e  chemica l s  a r e  v e r y  

a t t r a c t i v e  under most c o n d i t i o n s .  I n  t h e  s i m p l e s t  c a s e  a  p l a n t a t i o n  

could  be surrounded w i t h  bee  t r a p s  b a i t e d  w i t h  pheromone. The pheromone 

e v a p o r a t e s  q u i c k l y  s o  t h a t  some method of c o n t r o l l e d  r e l e a s e ,  such a s  

f o r m u l a t i o n s  i n  p l a s t i c  ( F i t z g e r a l d  e t  aZ. 1973) may b e  n e c e s s a r y .  

Although h i g h e r  c o n c e n t r a t i o n s  of c i t r a l  cause  a l a r m  and a g g r e s s i v e n e s s ,  

s t i l l  h i g h e r  c o n c e n t r a t i o n s  a r e  a p p a r e n t l y  r e p e l l e n t  (Blum 1974) .  To 

r e p e l  b e e s  from a  p l a n t a t i o n  w i t h  c i t r a l  a p p e a r s  r a t h e r  i m p r a c t i c a l  

and expens ive .  



A t t r a c t a n t s  could be used i n  conjunct ion wi th  i n s e c t i c i d e s  i n  a 
'-Y 

c6 
number of ways. The i n s e c t i c i d e  could be mixed wi th  t h e  a t t r a c t i v e  

b a i t  i n  l e t h a l  o r  s u b l e t h a l  concent ra t ions .  Foragers  would be k i l l e d ,  

o r  could accumulate i n s e c t i c i d e  in t h e i r  n e s t  u n t i l  t h e  whole colony 

i s  poisoned.. The method of a p p l i c a t i o n  could be by us ing  b a i t  s t a t i o n s  

1, I 
o r  by spzaying a  mixture of a t t r a c t a n t  and i n s e c t i c i d e  on a  wild o r  

' c u l t i v a t e d  t r a p  crop. 

The way i n  which a t t r a c t a n t - i n s e c t i c i d e  mixtures  a r e  used 

depends p r imar i ly  on t h e  type  of a t t r a c t a n t .  Many n a t u r a l  forage  

subs tances  can e a s i l y  be mixed wi th  i n s e c t i c i d e  so  t h a t  t h e  mixture 

can be c o l l e c t e d  and t r anspor t ed  by the  bees back t o  t h e  h ive .  Resins 

and waxes a r e  bes t  f o r  t h i s  because i n s e c t i c i d e s  w i l l  d i s s o l v e  i n  them 

and a r e  no t  washed away by r a i n .  Resins a r e  a l s o  not l i k e l y  t o  be 

a t t r a c t i v e  t o  non-target  i n s e c t s .  Since the  b a i t  i s  not  l i k e l y  t o  a t t r a c t  

a l l  of the  bees foraging  i n  a  p l a n t a t i o n ,  t he  p re fe r r ed  s t r a t e g g  is t o  

use  a  s u b l e t h a l  dose of i n s e c t i c i d e  which, a f t e r  a  per iod of t ime,  

would k i l l  the  whole co lon ie s .  Regardless of whether a  b a i t  s t a t i o n  

or  spray a p p l i c a t i o n  i s  used, i t  i s  important t h a t  t h e  bees be  a b l e  t o  

forage  $he mixture i n  l a r g e  amourits so t h a t  t he  i n s e c t i c i d e  i s  quickly 

accumulated i n  the  n e s t .  

I f  pheromones a r e  used a s  t h e  a t t r a c t a n t ,  t h e  opt imal  s t r a t e g y  

would be t o  incorpora te  a l e t h a l  dose of i n s e c t i c i d e .  The pheromone 

should be a b l e  t o  a t t r a c t  enough of t h e  foraging  bees t o  k i l l  them a s  

they a r e  a t t r a c t e d .  An e f f e c t i v e  a p p l i c a t i o n  method might be t o  s e t  up 

pheromone b a i t  s t a t i o n s  around a  p l a n t a t i o n  with i n s e c t i c i d e  placed 



e i t h e r  i n  a b e e  t r a p  o r  on a  l a n d i n g  p la t fo rm.  Care s h o u l d  be t a k e n  

- t h a t  t h e  i n s e c t i c i d e  d o e s  n o t  i n t e r f e r e  w i t h  t h e  pheromonebodor. While 

t h i s  method is  u n l i k e l y  t o  compleqely k i f l  t h e  o f f e n d i n g  c o l o h i e s  o f  

bees ,  i t  w i l l  k i l l  t h o s e  f o r a g e r s  damaging t h e  c r o p .  

The t y p e  of i n s e c t i c i d e  t o  u s e  w i t h  t h e  b a i t  w i l l  v a r y  w i t h  t h e  

a p p l i c a t i o n  method. When t h e  m i x t u r e  is  sprayed on p l a n t s ,  a non 

r e s i d u a l  i n s e c t i c i d e  such as c a r b a r y l  (Table  8 )  shou ld  b e  used.  With 

b a i t  s t a t i o n s ,  more r e s i d u a l  t y p e s  such a s  DDT o r  c h l o r d a n e  (Table  8 )  

would be p r e f e r a b l e .  The i n s e c t i c i d e  used must n o t  t a i n t  t h e  b a i t  such 

t h a t  t h e  bees  a r e  r e p e l l e d  o r  t h e  a t t r a c t i o n  d imin i shed .  Dosage 
- .  

and p a l a t a b i l i t y  o f  i n s e c t i c i d e s  must be a s c e r t a i n e d  th rough  b i o a s s a y s  
h 

b e f o r e  more d e t a i l e d  recommendations can  b e  g i v e n . -  

B i o l o g i c a l  Cont ro l  

C o n t r o l  of s t i n g l e s s  b e e  p e s t s  through p a r a s i t e s ,  p r e d a t o r s  o r  

d i s e a s e s . h a s  never  been i n v e s t i g a t e d .  The b e e s  a r e  n a t i v e  p e s t s  a n d .  

most o f ' t h e  organisms p o t e n t i a l l y  c o n t r o l l i n g  them may a l r e a d y  b e  
e 

p r e s k p t .  S a l t  (1929) and Myers (1935) b o t h  compiled ex tens ive \  l i s t s  
G/' ' of s t i n g l e s ;  bee -assoc ia ted  a r t h r o p o d s  and f  o u n d i d n e  which c a u s e  1' 

g r e a t  damage t o  t h e  bees .  
8 

I t  i s  p o s s i b l e  t h a t  p a r a s i t e s  o r  d i s e a s e s  a t t a c k i n g  s t i n g l e s s  

b e e s  of o t h e r  c o n t i n e n t s  cou ld  be  u t i l i z e d .  However 

f i c i a l  s p e c i e s  a s w e l l  a s  t o  honeybees w i l l  probably  

of pathogens .  

E x p l o i t a t i o n  of c o m p e t i t i o n  between bee s p e c i e s  

t h e - t h r e a t  t o  bene- 

prec-lude i n t r o d u c t i o n  

i s  a p o s s i b l e  methed 

of c o n t r o l .  I f  commercial h i v e s  of honeybees were placed w i t h i n  

p l a n t a t i o n s  t o  be p r o t e c t e d ,  i t  is  p o s s i b l e  t h a t  s t i n g l e s s  b e e s  may be  



d i sp l aced .  Schwarz (1948) s t a t e s  t h a t  i n  some a r e a s  A. rnelZifera 

has  d i sp l aced  s t i n g l e s s  bees  ( spec i e s  no t  i nd i ca t ed )  through 

competi t ion.  However, Johnson and Hubbell (1974) have found t h a t  

t h e  p e s t  s p e c i e s  T. siZves.trkaa, T. corvina and T. testacea can 

out  compete A. mellifera. 

Phys i ca l  Cont ro ls  

-. 
The use of changing l i g h t  regimes, sound f r equenc i e s  o r  s imple  

b a r r i e r s  do not  seem a p p l i c a b l e  a s  c o n t r o l  measures a g a i n s t  s t i n g l e s s  

bee p e s t s .  However, i f  p l a n t s ,  such a s  ornamental f lowers ,  could 

be pu t  i n  enc losures  p r a c t i c a l l y  then t h i s ~ p r o p h y l a c t i c  c o n t r o l  would 

be q u i t e  s a t i s f a c t o r y .  Esch (1967) found t h a t  by p lay ing  t ape  
1 

record ings  of bee buzzing sounds t o  a ' c o l o n y  of M. quudr?fasc-kzta, 
'3 

he could ,  t o  some e x t e n t ,  d i r e c t  t h e  f l i g h t  of f o r a g e r s .  No experiments 

were made t o  a s s e s s  t h e  p o t e n t i a l  of us ing  buzzing sounds t o  manipulate  

bees around forage  p l a n t s .  
f i t  



SUMMARY OF A PROJECT TO CONTROL STINGLESS 

BEE PESTS DAMAGING MACADAMIA NUT TREES 

- For 6 months, dur ing  1972 i n  Costa Rica,  I at tempted t o  c o n t r o l  

2  s p e c i e s  o f*me l ipon in ids  caus ing  damage t o  macadamia n u t  trees i n  t h e  

T u r r i a l b a  VaIley of Costa Rica. S ince  p r a c t i c a l  c o n t r o l  methods were 

found, t h e  p r o j e c t  was s u c c e s s f u l .  

Dur ing - the  p r o j e c t ,  I had only  a  rudimentary understanding of t h e  

bionomics of t h e  bees;  l i t t l e  a c c e s s  t o  r e f e r ence  m a t e r i a l ,  and no 

r e sea rch  f a c i l i t i e s .  These f a c t o r s ,  toge ther  w i th  t i m e  c o n s t r a i n t s ,  

made t h e  c o l l e c t i o n  of q u a n t i t a t i v e  d a t a  d i f f i c u l t .  Therefore ,  t h e  

s c r ibed  h e r e i n  a r e  p r imar i l y  q u a l i t a t i v e .  ak 
Macadamia trees were in t roduced  i n t o  Costa Rica i n  1951 (Anon. 

1972).  However, only r e c e n t l y  h a s  t h e r e  been a  concer ted  e f f o r t  t o  

propagate  t h e  t r e e s  a s  a  c rop ,  i n  a d d i t i o n  t o  t h e  o the r  major c rops ,  

sugarcane,  c o f f e e  and bananas. Macadamia t r e e s  hav'e approximately t h e  

same growth requirements  a s  c o f f e e  p l a n t s  and i t  is  hoped t o  d i v e r s i f y  

t h e  Costa Rican a g r i c u l t u r a l  economy wi th  them. I n  t h e  T u r r i a l b a  Val ley ,  

a  major c o f f e e  growing a r e a  of Costa Rica,  a  p r o j e c t  t o  breed and 

propaga te  macadamia t r e e s  i s  funded by t h e  Food and Agr i cu l tu re  

Organizat ion of t h e  United Nations and i s  under t h e  d i r e c t i o n  of 

2 
D r .  H. Barres  . 

' ~ i r e c i o r ,  D ive r s i f i cac ion  Agr ico la ,  Apartamento 25, T u r r i a l b a ,  

Costa .Rica, C . A .  



A d e t a i l e d  a n a l y s i s  of t h e  h o r t i c u l t u r e  of macadamia trees is 
- 

g i v e n  by Woodroof (1967). The trees b e i n g  bred a r e  c l o n e s  of 

Macadamia integrifoZiu Maiden and Betche g r a f t e d  on M. tetraphy 

2 
L.A.S.  Johnson r o o t  s t o c k  (H. B a r r e s ,  p e r s o n a l  communication) . 

' p l a n t a t i o n s ,  t h e  t r a n s p l a n t e d  trees start  b e a r i n g  f r u i t  a f t e r  t h e  ' 
t 

t h i r d  y e a r ,  y i e l d i n g  i n i t i a l l y  abou t  0.45 K g  o f , n u t s  a n n u a l l y .  Y i e l d s  

i n c r e a s e  t o  54 t o  68 Kg a n n u a l l y  a f t e r  1 3  t o  1 5  y e a r s .  The t r e e  i sB  

e v e r g r e e n  and produces  abou t  3 f l u s h e s  of new l e a v e s / ~ e a r .  A t  m a t u r i t y  

t h e  t r e e  i s  normal ly  9 t o  12 m h i g h  w i t h  a crown of abou t  t h e  same 

d iamete r .  I n  Costa  Rica  t h e r e  a r e  abou t  800 h e c t a r e s  o f  macadamia t r e e s  

a t  p r e s e n t .  ,#40st of t h e s e  trees a r e  under 5 ' y e a r s  o l d .  

Macadamia n u t s  a r e  a l u x u r y  food and as a  c r o p  g i v e  a v e  

c a s h  r e t u r n .  An economic marke t ing  s t u d y  i n  t h e  Uni ted S t a t e s  d i s c l o s e d  

t h a t  t h e  demand f o r  macadamia n u t s  w a s  a t  l e a s t  twice  t h e  world  p roduc t ion .  

The grower cou ld  expec t  a t  least $1.32 U.S./Kg f o r  s h e l l e d  n u t s  ( S c o t t  

Problems invo lved  i n  growing h e a l t h y  macadamia t r e e s  i n c l u d e  t h e  

demand f o r  f e r q i l i z a t i o n ,  and t h e  c o n t r o l  of weeds, f u n g i  and i n s e c t s  

2  (H. Barres  p e r s o n a l  communication) . The most impor tan t  s i n g l e  

b i o l o g i c a l  f a c t o r  l i m i t i n g  an  expansion of t h i s  c r o p  i n  Costa. Rica  h a s  

2  
been s t i n g l e s s  bee  a t t a c k  (Camacho 1966, H. Barres p e r s o n a l  communication) . 

P e s t  S p e c i e s  and T h e i r  Damage 

I found 2  s p e c i e s  of b e e s  c a u s i n g  damage t o  t h e  macadamia t r e e s ,  

3 t h e s e  were i d e n t i f i e d  by D r .  A.. W i l l e  ( p e r s o n a l  communication) as 

, 
3 

P r o f e $ s o r ,  Departamento de  Entomologia,  Univers idad d e  Costa  Rica ,  

San  J o s e ,  Costa R i c a ,  C . A .  

,' 



T .  comina and T .  s i lvestriana. T. corvina c u t  young l e ? v e s  and s tems ,  

and r e p o r t e d l y  f l o w e r s - a s  w e l l .  T. siZvestriana c u t  h o l e s  i n  t h e  t r u n k  

c a u s i n g  b l e e d i n g  of sap .  A l l  of t h e  t r e e s  i n  t h e  T u r r i a l b a  V a l l e y ,  

exc&t ,  2 p l a n t a t i o n s  of trees which were c o n t i n u o u s l y  p r o t e c t e d  w i t h  

i n s e c t i c i d e  s p r a y s ,  were s e v e r e l y  damaged. They were  g e n e r a l l y  

d e f o l i a t e d  of most new f o l i a g e  and had m a n i p e i  wounds on t h e  t r u n k s .  

Older  l e a v e s  had been damaged t o  v a r i o u s  d e g r e e s .  Damaged and undamaged 

l e a v e s  a r e  shown i n  F ig .  4 .  The 2 p l a n t a t i o n s  which were  s p r a y  once p" 
ie trees - 

a  week w i t h  f e n t h i o n  (Table  8) were v i r t u a l l y ' u n d a m a g e d .  
%?$= - 

were used f o r  p romot iona l  purposes .  New growth on b ranches  of t h e s e  
1 i' / 

t r e e s  was approx imate ly  0 .9  m/year and on u n p r o t e c t e d  t r e e s  growth w a s *  

0;'3 m o r  l e s s l y e a r ,  v a r y i n g  w i t h  t h e  s e v e r i t y  of damage. 
r 

t h e  major p l a n t a t i o n s ,  i n  which I d i d  much of my work, I found 

P 
T .  corvina and 2 of T. sirvestriana. None of t h e ' n e s t s  were 

300 m away from t h e  edge of t h e  p l a n t a t i o n  and a l l  of them 

'( 

up i n  t r e e s  and v e r y  d i f f i c u l t  t o  reach .  The b e e s  c o n c e n t r a t e d  

'most of t h e i r  f o r a g i n g  on t h e  2 o u t s i d e  rows o f  . t r e e s  i n  t h e  p l a n t a t i o n .  
L 

T h i s  p l a n t a t i o n ,  c o n t a f n i a g  abou t  100, f o u r  y e a r  o l d  t r e e s ,  had been 

p r o t e c t e d , w i t h  i n s e c t i c i d e  s p r a y s  u n t i l  3 months p r i o r  t o  my a r r i v a l .  

The t r e e s  were i n  good c o n d i t i o n  w i t h  much new growth,  and' t h e  b e e s  a 
\ - 

were j u s t  beg inn ing  t o  damage them. 

Development of P r a c t i c a l  C o n t r o l  Methods 

Most of t h e  work i n  deve lop ing  a p r a c t i c a l  c o n t r o l  method w a s  

d i r e c t e d  a t  f i n d i n g  a  s u i t a b l e  f o r a g e  a t t r a c t a n t  i n t o  which i n s e c t i c i d e  

could  be mixed. I t  w a s  hoped t h a t  t h e  bees  would f o r a g e  on t h e  mix ture  
? 4 d 

and t a k e  back t o  t h e i r  n e s t  enough i n s e c t i c i d e  t o  accumulate  a  l e t h a l  



- Fig. 4 Trac ings  of bee-damaged and undamaged l eaves  of M. i n t e g r i f o h  

from a p l a n t a t i o n  i n  T u r r i a l b a ,  Costa Rica.  A l l  of t h e  l eaves  w 

a r e  approximately t h e  same age. The 3 l e aves  t o  t h e  l e f t  

have been c u t  down t o  t h e  midrib by 9. corvina. 





d o s e  f o r  t h e  whole colony.  Many m a t e r i a l s ,  as l i s t e d  by F r e i r e  and 

Gara (1979),  were t r i e d  as a t t r a c t a n t s  w i t h o u t  much s u c c e s s .  These 

materials included:  s u g a r ,  s t i n g l e s s  bee  honey, an imal  and v e g e t a b l e  

f a t s  and o i l s  and banana.  I n  3 days  o f e o b s e r v a t i o n ,  b e e s  would 

o c c a s i o n a l l y  f o r a g e  on a l l  of t h e  materials b u t  none c o n s i s t e n t l y .  

Domestic b e e  honey was a l s o  s t u d i e d  as a n  a t t r a c t a n t .  I t  proved 

i m p r a c t i c a l  f o r  many r e a s o n s .  Bees i n  t h e  p l a n t a t i o n  would bypass  

t h e  honey f o r  t h e  macadamia l e a v e s .  Honey w a s  e a s i l y  washed away 

by r a i n ,  i n s e c t i c i d e s  would n o t  d i s s o l v e  i n  i t  w e l l ,  and i n  t h e  h o t  

c l i m a t e  i t  would q u i c k l y  ferment .  However, u s i n g  honey as * - a t t r a c t a n t ,  
\ 
L 

I 
;;r \ 

\ 
I w a s  a b l e  t o  s t u d y  t h e  p a l a t a b i l i t y  and t o x i c i t y  of s e v e r a l  i n s e c t i c i d e s  

t o  t h e  bees .  Aldr i t i ,  DDT, Diazinon,- c a r b a r y l  and t r i c h l o r f o n  (Table  8) 

were  p a l a t a b l e  as a 2% m i x t u r e  i n  honey. A l l  i n s e c t i c i d e s  trie;l' i n  

c o n c e n t r a t i o n s  over 2% were n o t  p a l a t a b l e .  C a r b a r y l  caused behav ior  . 

changes  such a s  i n v o l u n t a r y  t w i t c h i n g  5 minutes  a f t e r  exposure  t o  a 2% 
, 

mixture .  Death o c c u r r e d  w i t h i n  30 minu tes .  The o t h e r  i n s e c t i c i d e s  d i d  

n o t  a f f e c t  t h e ' b e e s  a f t e r  4 hours  of o b s e r v a t i o n .  

a A major d i f f i c u l t y  i n  deve lop ing  a  b i o a s s a y  w i t h  t h e  b e e s  i s  t h a t  

if t h e  s u b j e c t  b e e s  a r e  caged,  p r e v e n t i n g  them from c o n t a c t  w i t h  t h e i r  

n e s t ,  t h e y  q u i c k l y  become h y p e r a c t i v e  and d i e  w i t h i n  8 h r s  from a p p a r e n t  

e x h a u s t i o n .  Th is  problem r e s t r i c t e d  i n s e c t i c i d e  t o x i c i t y  s t u d i e s .  

I n  d e s p e t a t i o n ,  I e v e n t u a l l y  asked some of t h e  l o c a l  I n d i a n  peop le  

i f  they knew of o r  cou ld  l o c a t e  any s u b s t a n c e s  which would a t t r a c t  t h e  

bees .  I gave -them each  some %oney and asked them t o  b r i n g  me a n y t h i n g  

t h a t  t h e y  could  buy o r  f i n d  t h a t  t h e y  thought  would work. They 

r e t u r n e d  w i t h  many i t ems  i n c l u d i n g :  i n k ,  a pork chop, wine,  v a r i o u s  



t y p e s  of p a s t r y ,  o ranges ,  , lemons,  sugarcane ,  p u t t y  and goma pez. A l l  

were p laced  on a t a b l e  in t h e  p l a n t a t i o n  open t o  t h e  b e e s .  Those i t ems  

c o n t a i n i n g  sugar  d i d  o c c a s i o n a l l y  a t t r a c t  some bees .  One s u b s t a n c e ,  

goma pez,  a r e s i n  m i x t u r e  e x t r a c t e d  from p i n e s ,  P. caribea o r  P. oocarpa 
\ 

Schieda,  proved v e r y  a t t r a c t i v e . ,  It was i n  t h e  form o f  a s m a l l  b l o c k  

\ 
of wax r e s i n ,  and i s  used by l o c a l  shoemakers t o  wax t h r e a d .  

t Goma pez w a s  a n  e x c e l l e n t  f o r a g e  a t t r a c t a n t  i n  a l l  r e q u i r e d  

r e s p e c t s .  Both s p e c i e s  o f  b e e s  would f o r a g e  it a p p a r e n t l y  as much as 

t h e  tree l e a v e s  o r  r e s i n .  No o t h e r  i n s e c t s ,  p a r t i c u l a r l y  honeybees,  

fo raged  i t  d u r i n g  t h e  2  months of f i e l d  t e s t i n g .  I t  is w a t e r  i n s o l u b l e  " 

and i n s e c t i c i d e s  c a n  be d i s s o l v e d  i n  i t  i n  h i g h  c o n c e n t r a t i o n s .  It has  

a  m e l t i n g  g o i n t  of abou t  5a0C. Go- pez w a s  n o t  e a t e n  by ' the  b e e s ,  b u t  
C 

c a r r i e d  back t o  t h e  n e s t s  i n  e i r  c o r b i c u l a e .  By' c o l o r i n g  t h e  r e s i n  / 
w i t h  wax crayon dye ,  I w a s - a b l e  t o  t r a c e  t h e  r e s i n  t o  t h e  combs of one 

n e s t  which I d i s s e c t e d .  

Small  cups ,  w i t h  a  c a p a c i t y  of 45.5 g ,  were  f i l l e d  w i t h  a m i x t u r e  - 

of goma pez and one of t h e  f o l l o w i n g  i n s e c t i c i d e s :  DDT, c a r b a r y l ,  

a l d r i n  and d i a z i n o n  (Table  8 ) .  I n s e c t i c i d e  c o n c e n t r a t i o n s  of 25 and 50% 

by volume of r e s i n  were i n i t i a l l y  used.  Although t h i s  i s  a  v e r y  h i g h  

c o n c e n t r a t i o n ,  I wanted t o  a l l o w  t h e  b e e s  t o  q u i c k l y  accumulate  a s  h igh  

a  &sage  of i n s e c t i c i d e  a s  p o s s i b l e  i n  t h e i r  n e s t s .  F ive  cups  o f  each 
.---- 

i n s e c t i c i d e  a t  t h e  2 c o n c e n t r a t i o n s  were made. Four r e p l i c a t e s ,  o f  10 

cups  each ,  were randomly hung on t h e  p l a n t a t i o n  f e n c e  a t  3 m i n t e r v a l s  

and were observed f o r  3 days .  Bees fo raged  most from t h e  DDT and 

c a r b a r y l  cups ,  and were k i l l e d  on c o n t a c t  w i t h  t h e  c a r b a r y l .  I reduced 

t h e  dosage of c a r b a r y l  t o  approx imate ly  5% b u t  s t i l l  was n o t  c o n f i d e n t  



t h a t  t h e  f o r a g e r s  w e r e  r e t u r n  t o  t h e i r  n e s t s .  ,For  convenience 

sake,  I picked DDT t o  use.  A t  a concen t r a t i on  of 50% DDT, f o r a g e r s  

were k i l l e d  while  a t  25%, they were a b l e  t o  t r a n s p o r t  t h e  mixture  t o  t h e i r  
P 4 

n e s t s  

Over a  per iod  of 2 months, bees  cont inuously foraged on t h e  goma 

pez o f f e r e d  them i n  t h e  p l a n t a t i o n .  During 38 f l y i n g  and fo rag ing  hours ,  

over a  4 day pe r iod ,  t h e  bees  c o l l e c t e d  an  average of 70 mg goma pez /h r /  

cup from a t o t a l  of 20 cups hung 'on t h e  fence.  These cu  s contained no k 
i n s e c t i c i d e .  The mean load weight p e r . b e e  of 20 bees  weighedawas 3.50 mg 

(range = 1.2 t o  4 .3  mg) of r e s i n .  Thus, approximately 20 bee v i s i t s l h r l  

A 

cup were occur r ing .  

I was no t  a b l e  t o  p r o v e ~ t h a t  bee co lon ie s  were a c t u a l l y  k i l l e d  

from exposure t o  t h e  DDT-goma pez mixture .  However, a f t e r  1 month, 

t h e  fo rag ing  by bees  i n  t h e  p l a n t a t i o n  decreased d rama t i ca l l y ,  and 

t h e r e  was l i t t l e  damage occur r ing  t o  t he  t r e e s .  The bees  have been c 

kept  away from t h e  t r e e s  w i th  t h e  DDT-goma pez cups f o r  a t  l e a s t  a 

year  fol lowing t h e  end of my s tudy  i n  Januaqy of 1973 (H. Barres 

2  
persona l  communication) . A complete k i l l  L t h e  bee c o l o n i e s  appa ren t ly  

d i d  n o t  occur. It has  been necessary  t o  keep t h e  cups around t h e  

p l a n t a t i o n  on a r e l a t i v e l y  cont inuous b a s i s  t o  c o n t r o l  t h e  bees .  To 

prec lude  t h e  development of r e s i s t a n c e  t o  DDT, I sugges t  t h a t  o t h e r  

e f f e c t i v e  i n s e c t i c i d e s  be used i n  t h e  cups on a y e a r l y  r o t a t i o n a l  b a s i s .  
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S y s t  n s e c t i c i d e s  

Four d i f f e r e n t  s y s t e m i c  i n s e c t i c i d e s  were a p p l i e d  t o  t h e  r o o t s  o f  

macadamia s e e d l i n g s .  These were: c a r b o f u r a n ,  demeton, d i c r o t o p h o s  and 

monocrotophos (Table  8 ) .  E i g h t  s e e d l i n g s  were t r e a t e d  w i t h  each 

s y s t e m i c ,  w i t h  a dosage  of 0 . 5  gm of a c t i v e  i n g r e d i e n t  p e r  t r e e .  F o r t y  

- 
s e e d l i n g s  were k e p t  as c o n t r o l s .  The s e e d l i n g s  were  obse rved  d a i l y  f o r  

bee  damage over  a  30 day p e r i o d .  

R e s u l t s  of t h i s  exper iment  were  n o t  c o n c l u s i v e  o r  p a r t i c u l a r l y  

promis ing.  The c o n t r o l  t r e e s  s u s t a i n e d  bee  damaged f o r  1 5  days  and o n l y  

d i c r o t o p h o s  and moncrotophos a p p a r e n t l y  reduced bee  damage, w i t h  8 and 

1 0  days  of bee  damage, r e s p e c t i v e l y .  It was n o t  p o s s i b l e  t o  d e t e r m i n e  

t h e  up take  of t h e  i n s e c t i c i d e s  i n t o  t h e  s e e d l i n g s .  

Sun the t i c  a t tractant  b i ~ a s s a y s  

I r e c e i v e d  14  d i f f e r e n t  c a n d i d a t e  chemica l s  and t r a p s  from D r .  

4  
H . G .  Davis  of t h e  U.S. Department of A g r i c u l t u r e  as p o s s i b l e  s t i n g l e s s  

9 
bee a t t r a c t a n t s .  They were: b u t y l  b e n z o a t e ,  p ropy lene  v a l e r a t e ,  b u t y l  

2 -e thy lhexenoa te ,  h e p t y l  b u t y r a t e ,  o c t y l  b u t y r a t e s ,  h e p t y l  v a l e r a t e ,  2,4- 

h e x a d i e n y l  b u t y r a t e ,  p i v a l i c  a c i d  nony l  e s t e r ,  nony l  i s o b u t y r a t e ,  h e p t y l  

i s o v a l e r a t e ,  o c t y l  3 -ch lo roprop iona te ,  nony l  2-methylbutyra te ,  nonyl  

t i g l a t e  and 2 , 2 , 4 - t r i m e t h y l p e n t y l  v a l e r a t e .  The a t t r a c t a n t s  had o r i g i n -  

a l l y  been developed f o r  ye l low j a c k e t  wasps,  Vespu'Za spp.  None were  

4 
U.S. Department of A g r i c u l t u r e ,  Entomology Research D i v i s i o n ,  

5544 A i r  Terminal  D r . ,  F resno ,  C a l i f o r n i a  93727, U.S.A. 



a t t r a c t i v e  t o  s t i n g l e s s  b e e s .  I was u n a b l e  t o  o b t a i n  any c i t r a l  

pheromones o r  t h e i r  ana logues ,  which p o s s i b l y  nay have proven 

a t t r a c t i v e .  

Qnetic clone preference 

I n  $he p l a n t a t i o n  where most of t h e  work was done,  t h e r e  were 3 

d i f f e r e n t  c l o n e s  of M. i r , t e y r i f i Z i ~  r e p r e s e n t e d  i n  e q u a l  numbers. 

There  was a  g r e a t  d i f f e r e n c e  i n  t h e  number of days  o f  b e e  damage 

s u s t a i n e d  by t h e  t r e e s  of each group. Over a  5 week p e r i o d ,  w i t h  

o b s e r v a t i o n s  made once a week f o r  4 h r s ,  c l o n e  No. 508 s u s t a i n e d  a  

t o t a l  of 5 a t t a c k s ,  c l o n e  No. 333 s u s t a i n e d  14 a t t a c k s  and c l o n e  No. 

246 s u s t a i n e d  44 a t t a c k s .  However, t o o  few o b s e r v a t i o n s  were made t o  

show d e f i n i t e  p r e f e r e n c e s .  Fur thermore,  t h e  t r e e s  o f  t h e  3 c l o n e s  were 

n o t  p l a n t e d  randomly. N e v e r t h e l e s s ,  f u r t h e r  s t u d i e s  t o  s e l e c t  t r e e s  

l e s s  a t t r a c t i v e  t o  t h e  b e e s  may b e  war ran ted .  



CONCLUSIONS 

B 
P e s t  management of s t i n g l e s s  b e e s  p r e s e n t s  some unusua l  

problems. Only a few of t h e  s p e c i e s  a r e  p e s t s  and t h e  rest a r e  

b e n e f i c i a l  i n s e c t s ,  as p o l l i n a t o r s .  The p e s t s  shou ld  b e  

c o n t r o l l e d  b u t  n o t  a t  t h e  expense of b e n e f i c i a l  s p e c i e s ,  i n c l u d i n g '  honey- 

gees .  Most c o n v e n t i o n a l  co ,n t ro l  methods, such a s  i n s e c t i c i d e  sprays., 

w i l l  i n t e r f e r e  w i t h  non pes t '  s p e c i e s .  T h e r e f o r e ,  c o n t r o l s  should  

a t t e m p t  t o  e x p l o i t  t h e  un ique  a d a p t a t i o n s  of t h e  p e s t  s p e c i e s ,  t h e r e b y  t 
I 

a c h i e v i n g  s p e c i e s  s p e c i f i c i t y .  

The bionomics of Mel ipon in i  a r e  n o t  comprehensively  unders tood. ,  

Almost no i n f o r m a t i o n  i s  a v a i l a b l e  concerning t h e  p l a n t s - v i s i t e d  by 

t h e  d i f f e r e n t  b e e s ,  p a r t i c u l a r l y  t h e  economic s p e c i e s .  S i n c e  t h e s e  b e e s  

a r e  imGortant p o l l i n a t o r s  of w i l d  and c r o p  of t h e  t r o p i c s ,  

a  h o s t  p l a n t  su rvey  i s  e s s e n t i a l .  Many q u e s t i o n s  a l s o  a r i s e .  What 

would be t h e  e f f e c t  of a n  e c o l o g i c a l  d i s r u p t i o n  which r e s u l t e d  i n  t h e  

e r r a d i c a t i o n  of s t i n g l e s s  b e e s  from a n  a r e a ?  A s  j u n g l e  areas a r e  

c l e a r e d  f o r  a g r i c u l t u r e ,  what e f f e c t  w i l l  t h i s  have on t h e  b e e s ?  I 

sugges t  t h a t  where j u n g l e  a r e a s  a r e  d i s r u p t e d  w i t h o u t  p r i o r  i n v e s t i g a t i o n  

o r  p r e c a u t i o n s ,  many bee S p e c i e s  w i l l  become v e r y  s i g n i f i c a n t  p e s t s .  

Also,  ' j u n g l e  a d j a c e n t  t o  a g r i c u l t ; r a l  a r e a s  cou ld  d e t e r i o r a t e  f o r  l a c k  

The p o p u l a t i o n  dynamics of s t i n g l e s s  bees  shou ld  be  s t u d i e d  i n  

d e t a i l .  Once an  a r e a  h a s  been c l e a r e d  of bee  p e s t s  i t  is  obv ious ly  

important  t o  be a b l e  t o  e s t i m a t e  t h e i r  p o t e n t i a l  f o r  r e i n v a s i o n .  When 

an a r e a  i s  developed f o r  a g r i c u l t u r e ,  t h e  l o c a l  p a p u l a t i o n s  of b e e s  

w i l l  p robably  change. For b o t h  t h e  p o l l i n a t i n g  and t h e  p e s t  s p e c i e s ,  



i t  is  important  t o  un' i trstand t h e  n a t u r e  and r a t e  of change.  For 

example, i f  new l a n d  is  c l e a r e d  and p l a n t e d  t o  macadamia s e e d l i n g s ,  

a g r i c u l t u r a l  p lann ing  must c o n s i d k r  t h e  p o s s i b i l i t i e s  o f  b e e  

i n f e s t a t i o n s .  

~ u i i d i n g  t e c h n i q u e s  used by t h e  b e e s  may b e  t u r n e d  a g a i n s t  them. 

A l l  of t h e  p e s t  s p e c i e s  b u i l d  l a r g e  aerial  n e s t s  w i t h  t h i c k  husks .  

Bees f o r a g i n g  f o r  l e a f  mulch t o  b u i l d  t h e  n e s t  husk o r  r e s i n  t o  make 

p r o p o l i s  c r e a t e  a  major p e s t  problem. My o b s e r v a t i o n s  i n d i c a t e  t h a t  

t h e  n e s t s  a r e  c o n t i n u o u s l y  expanded as t h e  c o l o n i e s  grow. Thus, even 

9 
e s t a b l i s h e d  c o l o n i e s  should be  s u s c e p t i b l e  t o  p e s t i c i d e s  a p p l i e d  t o  

t h e i r  f o r a g e  p l a n t s .  However I d o  n o t  know i f  f o r a g i n g  f o r  c o n s t r u c t i o n  
I" . 

m a t e r i a l s  d e c l i n e s  as t h e  colony matures .  It i s  p o s s i b l e  t h a t  t h e  

m a j o r i t y  of - t h e  b e e s  f o r a g i n g  on c i t r u s  and macadamia l e a v e s  a r e  members , 

of new c o l o n i e s .  

Biochemical  s t u d i e s  cou ld  a i d  t h e  development of c o n t r o l  methods 

f o r  t h e  bees .  The chemical  composi t ion of mel ipon in id  " r o y a l  j e l l y "  

shou ld  be  d e s c r i g e d .  I t  i s  p o s s i b l e  t h a t  t h e s e  chemica l s  o r  t h e i r  

ana logues  cou ld  be used t o  d i s r u p t  t h e  development of bee  c o l o n i e s .  - 
~ i t r a l ,  t h e  t r a i l - l a y i n g  and a la rm pheromone of s t i n g l e s s  bees ,  h a s  

a l r e a h y  been d e s c r i b e d  s p e c i f i c a l l y  f o r  s e v e r a l  s p e c i e s  (Blum 1974, 

Weaver e t  a l .  1974) .  I f  more f i e l d  s t u d i e s  a r e  made w i t h  c i t r a l  t o  

f i n d  t h e  c o r r e c t  c o n c e n t r a t i o n s  t o  u s e ,  and co  deve lop  r e l i a b l e  

pheromone r e l e a s e  systems, i t  cou ld  be a p p l i e d  e x t e n s i v e l y  as p a r t  of 

a  p e s t  management programme. It could  be used a s  a  b a i t ,  a s  a  t r a i l  

d i s r u p t o r  o r  even a s  a r e p e l l e n t .  Other  pheromones, f o r  example t h o s e  

used t o  keep o r d e r  w i t h i n  t h e  co lony ,  should  a l s o  be  d e s c r i b e d ,  s i n c e  
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many pheromones a r e  s p e c i e s - s p e c i f i c ,  t h e y  may p r o v i d e  c o n t r o l  

methods which w i l l  conserve  b e n e f i c i a l  s p e c i e s .  The p l a n t  chemica l s  

which c a u s e  c r o p s  such  a s  macadamia and c i t r u s  t o  be s o  a t t r a c t i v e  

s h o u l d  a l s o  be  i n v e s t i g a t e d .  I f  t h e s e  s u b s t a n c e s  were known t h e y  

cou ld  be used as d e t e c t i o n ,  su rvey  o r  c o n t r o l  t o o l s .  It  might a l s o  
3"' 

b e  p o s s i b l e  t o  s e l e c t i v e l y  b reed  u n a t t r a c t i v e  p l a n t s .  The c o s t  of 

producing and r e g i s t e r i n g  pheromones and h o s t  compounds may p r e s e n t  

many problems and impede t h e i r  a d o p t i o n  as p e s t  management t o o l s  . ( D j e r a s s i ,  

Shih-Coleman and Diekman 1974) .  

Vec tor ing  of d i s e a s e  by t h e  b e e s  t o  t h e i r  f o r a g e  c r o p s  i s  n o t  
, 

s e v e r e  a t  p r e s e n t  compared.with d e f o l i a t i o n .  Moko d i s e a s e  i s  t h e  on ly  

mel ipon in id -vec to red  d i s e a s e  known (Buddenhagen and E l s a s s e r  1962) .  

1 ~ o w e 3 r ,  o t h e r  d i s e a s e s  may a l s o  b e  t r a c e d  t o  bee  v e c t o r s .  u Spraying i n s e c t i c i d e s  on c r o p s  a f f e c t e d  by b e e s  i s  t h e  most common 

method employed -now ( J . F .  Henigman,unpublished o b s e r v a t i o n ) .  Th i s  u \ 

method g e n e r a l l y  i s  expens ive  and i m p r a c t i c a l .  Because of t h e  year-round 

growing season  and p e r i o d s  of heavy r a i n ,  an  

a r e  necessa ry .  Contamination of t h e  h a r v e s t  

a s  w e l l  a s  r e s i s t a n c e  t o  t h e  i n s e c t i c i d e  can 

method . 

e x c e s s i v e  number of s p r a y s  

and s u r r o u n d i n g  environment 

be expec ted  w i t h  t h i s  

A t  p r e s e n t ,  t h e  2 b e s t  methods a v a i l a b l e  t o  c o n t r o l ' s t i n g l e s s  

b e e s  a r e  t o  f i n d  and d e s t r o y  a l l  n e s t s  i n  t h e  a r e a  of t h e  c r o p ,  o r  to. 

a t t r a c t  bee  f o r a g e r s  t o  a  b a i t  c o n t a i n i n g  i n s e c t i c i d e .  For t h e  s m a l l  
' _  , 

fa rmer ,  f i n d i n g  and d e s t r o y i n g  n e s t s  can be  a a  e x c e l l e n t  inex'pensive 

method. I t  i n v o l v e s  on ly  t ime and I n  rough t e r r a i n  o r  f o r  

l a r g e  a c r e a g e  p l a n t a t i o n s ,  t h i s  no t  a s  p r a c t i c a l  a s  k i l l i n g  



bees  a f t e r  a t t r a c t i n g  them t o  a  b a i t  o r  k i l l i n g  t h e  colony though 

s u b l e t h a l  doses  of i n s e c t i c i d e  i n  a  b a i t .  The a t t r a c t a n t  cou ld  be  

e i t h e r  a  pheromone o r  a more common f o r a g e  m a t e r i a l  such  as goma pez. 

The t y p e  of i n s e c t i c i d e  and c o n c e n t r a t i o n  t o  be  used must b e  s t u d i e d  

f u r t h e r .  I recommend a n  i n s e c t i c i d e  w i t h  r e s i d u a l  q u a l i t i e s  of a t  

l e a s t  2 months under f i e l d  c o n d i t i o n s .  Carbary l  i n  low c o n c e n t r a t i o n s  

may be  a c c e p t a b l e .  DDT.could b e  used i f  n e c e s s a r y  because  l i t t l e  

environmental  con tamina t ion  would occur  w i t h  t h i s  method (Tab le  8 ) .  

The p e s t  c o n t r o l  method which I developed i n  Costa  Rica  u s i n g  a  

p i n e r e s i n  (goma pez)  and i n s e c t i c i d e  mix ture  has  k e p t  b e e  damage t o  a 

minimum i n  macadamia p l a n t a t i o n s  f o r  over  a , y e a r .  The method is 

i n e x p e n s i v e  and e a s i l y  a p p l i e d .  However; more work i s  n e c e s s a r y  t o  

p e r f e c t  t h i s  method. While bee f o r a g e r s  i n  t h e  p l a n t a t i o n s  have been 

reduced t o  t h e  e x t e n t  t h a t  economic damage no l o n g e r  o c c u r s ,  t h e  c o l o n i e s  

have n o t  been k i l l e d .  I h y p o t h e s i z e  t h a t  e i t h e r  t h e  i n s e c t i c i d e  is 

k i l l i n g  The f o r a g e r s  b e f o r e  they can t r a n s p o r t  s u f f i c i e n t  i n s e c t i c i d e  

back t o  t h e  n e s t ,  o r  i t  i s  be ing  t rapped  I n  t h e  r e s i n  and is  una-ya i l ab le  

t o  k i l l  t h e  b e e s  f a s t  enough. T h i s  problem should  be  e a s i l y  overcome 

though i t  i s  n o t  a c t u a l l y  c r u c i a l  t o  t h e  s h o r t  term economic c p n t r o l  of 

bee  damage. However, i f  a  co lony  is  n o t  k i l l e d  r a p i d l y ,  t h e  development 

of r e s i s t a n c e  should be expec ted .  T h e r e f o r e ,  a d d i t i o n a l  r e s e a r c h  must 

be done t o  develop a n  a r s e n a l  of p e s t i c i d e s  which may b e  s u b s t i t u t e d  on 

r 
a r o t a t i o n a l  b a s i s  b e f o r e  r e s i s t a n c e  can develop.  
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APPENDIX 1 

Glossa ry  of Terms 

Allomone: A chemical  s u b s t a n o e  produced o r  a c q u i r e d  by a n  organism,  

which, when i t  c o n t a c t s  an  i n d i v i d u a l  of a n o t h e r  s p e c i e s  i n  t h e  

n a t u r a l  c o n t e x t ,  evokes i n  t h e  r e c e i v e r  a  b e h a v i o r a l  o r . p h y s i o l o g i c a 1  

r e a c t i o n  a d a p t i v e l y  f a v o r a b l e  t o  t h e  e m i t t e r .  

Baturnen: A p r o t e c t i v e  l a y e r  of p r o p o l i s  o r  hard  cerumen t h a t  e n c l o s e s  

t h e  n e s t  c a v i t y  of a colony of s t i n g l e s s  beets. 

Cerumen: A mixture  o f  wax and p r o p o l i s  used f o r  n e s t  c o n s t r u c t i o n  by 

s o c i a l  i n s e c t s .  

C o r b i c u l a e  : smooth a r e a  on t h e  hind t i b i a ,  bordered  on each s i d e  
1 

w i t h  a  f r i n g e  o f  l o n g  curved h a i r s  which a c t  as p o l l e n  b a s k e t s .  

Glabrous:  Smooth, w i t h o u t  h a i r s .  
h. 

Hamuli: Minute hooks,  a  s e r i e s  of minute hooks on t h e  a n t e r i o r  margin 

of t h e  h ind  wing, w i t h  which t h e  f r o n t  and hind wings a r e  a t t a c h e d  . 
togezher  i n  Hymenoptera. 

Involucrum: A s h e a t h  of s o f t  cerumen < s r rounding  t h e  brood chamber i n  

a  n e s t  of s t i n g l e s s  bees .  
.\ 
d 

Pieconium: Drops o f  l i q u i d  d i s c h a r g e d  from t h e  anus ,  r e p r e s e n t i n g  t h e  

waste  p roduc t s  of pupa l  metabolism. 

P e d i c e l :  S t a l k  o f  a n  individual .Qower  6 i  a n  i n f l o r e s c e n c e .  

Pheromone: Any s u b s t a n c e  produced by an  organism t h a t  s e r v e s ,  upon 

c o n t a c t i n g  a n o t h e r  member of t h e  same s p e c i e s  t o  induce b e h a v i o r a l  

o r  developmental  r e s p o n s e s  a d a p t i v e  f o r  t h a t  s p e c i e s .  

Propodeum: I n  h i g h e r  Hymenoptera, t h e  f i r s t  abdominal segment when i t  

i s  fused  wi th  t h e  mesosoma of t h e  t h o r a x .  



Propol i s :  A c o l l e c t i v e  term f o r  t h e  r e s i n s  and waxes c o l l e c t e d  by 

bees.and brought t o ,  t h e i r  n e s t s  f o r  use i n  c o n s t r u c t i o n  and i n  , 

s e a l i n g  f i s s u r e s  i n  t h e  n e s t  wa l l .  

Pterost igma:  A thickened opaque s p o t  a l o n ~  t h e  c o s t a l  margin of the  

wing, near t he  wing t i p .  r 

Storage  po t s :  Containers  made of s o f t  cerumen f o r  the  s t o r a g e  of 

food in t h e  n e s t s  of s o c i a l  bees.  Some pots  con ta in  only  p o l l e n  

and o t h e r s  only honey. 

T e s s e l l a t e :  Chequered. 
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