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Recently the biology of bumblebees has been greatly clarified by the 
successive appearance of many excellent contributions. But our know- 
ledge on this interesting group depends nearly entirely on the obser- 
vations made in temperate species. Information upon the species 
inhabiting other climates, especially those in the tropics is still very 
scanty.: In the revision of the Brazilian bumblebees, one of us (S.F.S.) 
summarized and reviewed biological accounts so far obtained in South 
American lowlands (MOUnE and SAKAGAMI, 1962. In this work the 
observations made by M~YERS (1935), on B. transversalis (Olivier), cited 
as B. incarum, is omitted from citation). But until the appearance of 
two papers by DIAS (1958, 1960) only fragmentary and careless obser- 
vations have been carried out, and among them only the old paper by 
v. IHERING (1903) has been repeatedly cited by Northern Hemisphere 
specialists, as suggesting probable difference of life cycle and social 
organization from the well known haplometrotic and annual colony 
life in temper:ate areas. 

In 1963-1965 we succeeded in rearing one colony of B. (Fervido- 
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bombus) atratus Frankl in  in an observation hive and obtained some 
interesting results concerning behaviour and social organization. 
Observations on the behaviour during winter season was publ ished 
elsewhere (SAKAGAMI and Zuccm,  1965). As a second report,  the 
present paper  deals with observations upon the nest archi tecture and 
brood development made during winter season. The results are 
themselves a byproduct  of continuous observations on the behaviour 
within the nest by S.F.S. and R.Z. For  his histological work, one of 
us (Y. A.) needed  to have continuous series of immature  stages of 
known ages. For  this purpose, newly constructed egg cells were 
marked daily and their subsequent development was mapped daily, 
until the necessary number  of cells of known ages were produced. 
Through this procedure,  we also obtained some information about the 
duration, and body weight in each stage. Fur ther ,  by the daily 
mapping some detailed accounts on the development of each brood 
batch and related nest elements were also observed. 

I .  - -  M A T E R I A L  A N D  M E T H O D S  

On June 4, !963, one medium-sized colony of B. atratus, containing 
64 workers ,  ranging from completely black ,to distinctly yellow banded 
(cf. MOURE and SAKAGA~I, 1962), one queen alive and one queen that 
had recently died, was taken at the margin of H6rto Floresta,  the 
reserve forest  of Rio Claro, State of Silo Paulo. The bees were, as is the 
rule for this species, so aggressive that  t ransfer  of the colony to the 
laboratory was possible only by anes thet iz ing them with carbon 
dioxyde. The colony was tentatively put  in a flat, double walled 
wooden observation hive with glass lid and electric heater,  deviced 
for stingless bees (cf. SAKAGA~I, 1966), again after  anesthetization. 
The dimension of the inner case was kept at 30 X 20 X 4 cm. during 
winter (later enlarged). The comb groups of about 7 X 8 sq. cm. 
were put  at one half  of the case and a piece of fully deposited honeybee 
comb was given at the opposite corner. 

Only about 30 workers  remained alive on June 6, probably as a result  
of repeated anesthetization. But these surviving bees adapted ama- 
zingly well to the new domicile. The queen started to lay on the same 
day, and the colony expanded steadily. Every day the position and 
growth of each brood batch was mapped precisely. During and also 
after this daily mapping the temperature  within the inner case was 
kept about 27-29 ~ C. On July  11, one day after the first emergence of 
adults f rom batches of known eggs, all batches were removed and the 
contents (all workers) were counted, weighed and fixed. The observa- 
tions on the nest architecture were made before as well as after  the 
extraction of material.  The results given below deal only with those 
obtained up to July  23, the date of the departure of S.F.S. f rom Brazil, 
that is, during the winter season under  local climate. 
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II. - -  NEST ARCHITECTURE 

B. atratus  is a typical  pocket  mak ing  species, as a l ready  men t ioned  
by v. IHERING (1903) (1). After  the ha tch ing  out  of larvae,  the waxen  
pocket  is cons t ruc ted  at one side of the cell, t h ro u g h  which  the pollen is 
progress ively  suppl ied to the larvae.  The  subsequent  deve lopment  of 
each ba tch  does not  differ essential ly f r o m  tha t  observed in Nor the rn  
Hemisphere  species. 

1 ~ Nest ing  site. - -  The  observed nest  was found  on the ground,  
l ined a n d  covered  wi th  vegetable mat te r .  No precise observat ion  was 
made  upon  this  outer  cover, due to the terr ible  aggressiveness of the 
bees even when  t rea ted  wi th  carbon dyoxide,  which  is ve ry  cont ras t ing  
to the mi ld  t e m p e r a m e n t  of mos t  Nor the rn  species. Up to the present ,  
all bumblebees  nests found  in South  Amer ican  lowlands are epigaeie, 
wi th  the single except ion of a semi - sub te r ranean  nest  of B. (Ferv ido-  
bombus )  brasil iensis Lepelet ier  (c f .  MOURE and SAKAGAm). But  it i s  
still premature :  to give auy  definite conclusion.  DIAs (1960) found  an 
aerial  nest  of B. atratus  ( recorded as B. med ins )  f r o m  the  State of 
S~o Paulo,  wh ich  suggests its plast ic i ty  in nes t ing site preference .  
Also MICHENER and  La  BERGE (1954) found  a large sub t e r r anean  nest  
of B. (F. )  m e d i u s  Cresson, a species close to B. atratus,  f r o m  Mexico. 

2 ~ Loca t ion  of brood cells. - -  As in t empera t e  species, the egg cells 
are cons t ruc ted  solely by  the  queen,  except  for  those made  by  laying 
workers .  The  behav iour  in cell bui lding and  egg laying was deseribed 
elsewhere (SAKaGam and Z u c c m ,  19'65). In our  colony, t h e  egg cells 
were, u n d e r  no rma l  condit ions,  in most  eases made  on older b rood  cells, 
the ages and  stages of which  are p resen ted  in Table  I. 

F r o m  a glance at the table, it is obvious tha t  the queen has  a definite 
p re fe rence  f o r  the cells conta in ing  post- feeding larvae to m ak e  egg cells 
upon. W h e n  the cells conta in ing  young  pupae  were  chosen,  the waxen  
cover of such cells was usual ly  still not  comple te ly  removed.  The  
resul t  agrees wi th  that  by  BRIAN (1951) in B. ( A g r o b o m b u s )  agrorum 
Fabrie ius .  WF.YRAUCH (1934) also wri tes  tha t  egg cells a r e  a lways 
cons t ruc ted  on pupae  or cocoon spinning larvae,  never  on growing 
larvae.  Br ian  f u r t h e r  not iced tha t  the n u m b e r  of eggs laid in each 
ba tch  was p ropor t iona l  to the n u m b e r  of pupae  presen t  in the cell on 
which  each egg cell was const ructed .  This  re la t ion  was not  detected 
in our  colony because  t h e . n u m b e r  of eggs in each ba tch  did not  va ry  
m u c h  dur ing  win te r  as r e fe r red  to later.  

(1) He cited B. cayennensis and  B, carbonarius, The fo rmer  is appa ren t ly  the 
yellow handed  f o r m  of B. atratus (not B. transversalis of Amazonie  Basins)  and  
the  la t te r  cor responds  to ei ther  B. (F.) morio (Swedrius) or the  me lan ic  fo rm 
of B. atratus. 
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TABLE I .  - -  LOCATION OF EGG CELLS 

AGE SINCE 
STAGE O V IPO SIT IO N  

( ~  ~ A Y s )  

S t i l l  w i t h  p o c k e t  . . . .  

S t i l l  w i t h  p o c k e t  b u t  
t h e  l a t t e r  p r o b a b l y  
a l r e a d y  w i t h o u t  
f u n c t i o n  

P o c k e t  d i s a p p e a r e d :  
O u t e r  w a x e n  c o v e r  
s t i l l  n e a r l y  i n t a c t . .  

O u t e r  w a x e n  c o v e r  
m o r e  o r  l e s s  r e m o v -  
e d  

O u t e r  w a x e n  c o v e r  
n e a r l y  c o m p l e t e l y  
r e m o v e d  

T O T A L  . . . . . . . .  

N U M B E R  OF EGG CELLS CONSTRUCT~D ON BROOD CELLS 
OF VARIOUS AGES AND STAGES 

9 - 11 - 12 13 14 15 16 17 18 19 - 21 99 ~ 30 u n k n o w n  

1 1 

1 

4 6 2  1 1 

2 2 3  1 1 1 1  5 

2 2 1 2 1  1 10 

1 1 2  1 3 

1 2 7 8 7 2 2 2 3  1 3 3  1 19 

TOTAL 

16 

17 

19 

8 

61 

After the removal of all brood cells on July 11, egg product ion was 
not disturbed, but the queen lost the favorable substTatum. Under 
these conditions, all egg cells were constructed at the side of empty 
pollen pots, and the latter were t ransformed to the feeding pockets 
when ,the larvae hatched out. About two weeks after, the preference 
for older brood as laying substra tum recovered, corresponding with the 
appearance of adequate larval cells. As an abnormal instance, the 
construction of one egg cell upon another was once observed as cited 
also by WEVRAUCH. Fur ther ,  one small egg cell, probably of laying 
worker  origin, was once found isolated on the hive floor, about 6 cm. 
apart  f rom the bulk of combs, in spite of the presence of adequate old 
larvae. It is plausible that the laying worker  prefered such a place 
after interference by the queen. 

3 ~ A r r a n g e m e n t  of combs. ~ The development of combs is largely 
determined by the location of egg cells. In subsequent development, 
WAGNER (1907) distinguished several different types in some European 
species. This distinction was later developed by WiSYRAUCH, comple- 
mented by his own observations, as follows : 1 ~ Planloses Durchein- 
ander der Einzelteile : B. ( B o m b u s )  terrestris (Linn6) and B. (B.)  
lucorum (Linnd), 2 ~ SchichtenfSrmiges Nebeneinander deT Wabenre-  
gionen gleicher Entwicklungss tufe  ohne bestimmten Bauplan : B. (La-  
p idar iobombus)  lapidarius (Linn~), 3 ~ Gekreuzten 1/inglichen Waben- 
platten : B. (Agrobombus )  ruderarius (Mfiller) (cited B. derhamel lus) ,  
B. (A . )  humi l i s  Illiger (cited B. variabilis), 4 ~ Vogelnestartige Rosette : 
B. (A . )  s y l varum (Linn6), B. (A . )  equestris Fabricius, 5 ~ KranzfSrmige 
um das Nestzentrum angeordneter  Einzelrosetten : B. agrorum.  
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Probably these patterns are not so tixed among species as such dis- 
tinction o,f pocket-makers versus pollen-storers (SLADF.N, 1912). Yet it 
is plausible that  different bumblebee species exhibit different tenden- 
cies in comb arrangement and types other than those designated by 
WEYRAUCH might be discovered. In our colony, the upward develop- 
ment of combs was limited by the height of the observation hive, so that 
the resulting arrangement cannot be said to represent the pattern natu- 
ral to this species. But the arrangement was not entirely irregular. 

Fro. 1. 

Comb ar rangement  on June 25, 1963. 
Numerals  indicate days af ter  oviposi- 
tion. (21+ means  more than 21 days). 
Cells of 1-7 days old still wi thout  
pocket, of 8-12 days old wi th  pocket, 
of 12-17 days old already wi thout  pocket 
but  waxen wall  still  not completely 
removed, of 17-21+ days old wi th  
cocoons exposed by removal  of waxen 
cover. C : Old cocoon.s; P : Honeypots 
made f rom wax;  P" : Honeypot modified 
f rom empty cocoons; P p  : Pollen pot 
later  changed to feeding pocket. 

Figure 1 shows the arrangement on June 25, 1963, in which brood cells 
of diverse stages are shown by the numerals indicating age since cons- 
truction. The formation of new cells are seen everywhere, but a closer 
inspection shows that comb development is more active at the periphery 
than the centre of the nest. Later this tendency becomes clearer. 
Figure 2 presents schematically the development of combs until July  11. 
The numerals give the order of construction. Although the cells are 
constructed everywhere, the peripheral areas are characterized by the 

~ ~  /'"-~'":~ F1a. 2. 

Schematic presentat ion of comb ar-  
rangment  on July 11. N u m e r a l s  
indicate order of oviposit ion in 
days (two yougest  batches, mar-  
ked 36, were lald on July  10, night).  
Old batches (1-10) are shown wi th  
dots, in termedia te  batches already 
wi thout  pocket wi th  th in  solid 
lines, while  young ones wi th  pocket 
or stH'l wi thou t  pocket w i th  heavy 
s o l i d  l i n e s .  I n  old and in terme-  
diate ones, t h e  posi t ion of the 
pockets and if it  occurred, the i r  
gradual change is given wi th  th in  
lines. 

INSECTES SOCIAUX, TOME XIV,  N ~ 4, 1967.  27 
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occurrence of many  stories up to 4 as seen on the r ighthand (1, 9, 
24, 36). On the other hand, the central area is relatively free from 
cells, result ing in an irregular ring arrangement.  This pat tern  is clo- 
sest to type 4, Vogelnestartige Roset te  by ~VEYRAtrCH. It is also plau- 
sible that the nest could develop to type 5 of WEYRAUCH, or, both these 
types could be linked by the intermediate ones. 

It must  be mentioned, however, that such comb arrangement,  even 
if classified in several types, could be traced definitely only in relati- 
vely young nests. In older nests, increased inhabitants and decreased 
available space obscures the pat tern if it occurs. This must  be kept  in 
mind when the nests of Neotropieal lowland species are examined, 
because they can develop enormous nests (DIAs, 1958). 

~o Deve lopmen t  o f  brood cells. ~ All observers agree on the fact 
that construction of :cell and oviposition are performed solely by the 
queen. The queens of all bumblebee species so far observed seem to 
(~ lay their first batch of eggs on top of a bed of pollen. Of some species 
those egg cells  which are built subsequently are also pr imed with pol- 
len >> (FRE~. and BUTLER). SLADEN (1912) ca]Is these species pollen- 
primers,  all of them are, according to him, underground poeket makers. 
There are known at least two other non-pocket making species with 
the samej habit  : B. (Pyrob o m b u s )  impat iens  Cresson and B. (P. )  pra- 
torum (Linn~). In our colony, all examined egg cells did not contain 
pollen and in all cells, where laying was directly observed, no deposition 
of pollen in any ways was seen either before or after laying. 

The eggs are laid horizontally piled up one another  (fig. 4, 3 b). This 
orientation seems to be prevalent in bumblebees. WAGNER recorded 
this as a rule except for B. terrestris, the orientation of eggs in this 
species is, according to him, quite irregular. WEYRAUCH presented a 
figure i l lustrating a cell with vertically deposited eggs (his Abb. 4), but 
the famous il lustration by SLAD~N (his fig. 10) shows the horizontal 
orientation. Cells are about 5-7 mm in d i ame te r  and 4-6 m m  in 
height. \u distinguished two types of egg ceils, one is flat and 
constructed on the niche between older broods, the other is flat-cylin- 
drical and made on the flat surface. According to this distinction, all 
egg cells of B. atratus clearly belong to the second type (figs. 1, 4-3 b). 
Usually within one day or a little more after hatching out of larvae, 
one or two, rarely three feeding pockets are made at the sides of the 
cell, and pollen food is supplied through these pockets, though direct 
feeding by perforat ing the cell wall was also observed. Subsequent 
development of batches does not essentially differ f rom that recorded in 
temperate species, which will best be explained by part icular  examples. 

Two egg eells, A and B, were successively constructed on June 8 and 9 
on an old cell containing spinning larvae (X), the waxen cover of which 
was still not completely removed. Figure 3 presents the daily change 
of these two ceils (initial size and position given in dots). The nume- 
rals in the figure correspond to dates (1 ~ June 8). On June 8, there 
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was already another egg cell on X (cf. 1), the development of which 
was omitted from the illustration for simplicity. Before hatching out, 
all but one egg of cell A were extracted and devoured by workers, so 
that the cell diminuished in size (cf. 1-10). This was one of the 
oophag:r cases being relatively rare in our colony compared to the 
results of BRIAN (1951). Simultaneously, during 3.-7. day, two cells 
were externally connected by a waxen bridge as seen in the figure. 
9 days after oviposition, one pocket appeared in cell B, the younger one 
(cf. 9). One the next day, cell A also received one pocket, while cell B 

FIG. 3. 

Growth of particular ba~chcs. 
Growth of batches A and 
B is fully given, while of 
15 B and 20 B only partly. 
Numerals  mean the days 
since oviposi t ion of Latch 
A (June 8 : 1 ) .  Dotted 
areas indicate ini t ia l  size 
and posi t ion o f  batches A 
and B (during 9-19 days) 
and 0f 15 B and 20 B 
(during 23-35 days).  

~" *J * '  '~ 3 - 7 

another one (10). Thereafter, the feeding took place to day 14 and the 
cells enlarged rapidly (compare with the initial size and position given 
in dots). Correspondingly to the growth of larvae, the waxen cell wall 
became thinner  and individual positions of larvae became easily reco- 
gnizable as bulges in wall. On" day 15, the pockets still remained but 
without function. Another new cell was constructed on cell B (20 B 
in 15, cf. also table IV). The pockets completely disappeared on day 16 
and individual positions of larvae were demarcated by cocoon spinning 
activity. On day 20, cell B received another egg cell (15 B in 20 and 
table IV). Thereafter cell B became gradually invisible covered by 
the growth of cells 20 B and 15 B (day 22-30, again c6mpare with the 
initial size and extent given in dots). On day 30, cell 15 B received 
two egg cells (7 A and 7 B in 30 and table IV). On day 31 cell A received 
one egg cell (5 A in 31 and table IV). On 32 day the first adult wor- 
ker emerged from cell B. Or~ day 34 cell 20 B received one further 
egg cell (2 in 34 and table IV). 35 days after the construction of cell A, 
all adults from cell B and the unique adult from cell A emerged. 
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Figure  4 i l lustrates  cross-sections of cells of representa t ive  stages, 
all examined  on Ju ly  11. F r o m  the figure, it is seen tha t  the waxen 
wall is the thickest  at  the egg stage, g radua l ly  becoming  th inner .  
W,hen the  larvae begin to spin cocoons, the waxen  wall  is r emoved  so 
that  each cocoon is c lear ly recognized (15 c). In this stage, however  
the cocoons are still homogenous ly  pale brown.  The remova l  of 
wax  proceeds  fu r the r  w h e n  the lalwae take up on erect posi t ion in the  
cocoons, wh ich  become yel lowish (19 a) and finally the waxen  cover is 
near ly  comple te ly  removed  except for bases (27). 

3b 7 b  

~ r  15c 

8 c ;,;- 

lOa 

19 o 

2 7  " "~ '~"  - ' -  ~ 

FIG. 4. 
Structure or" cells in representative 

stages. Numerals show the age 
since oviposition and correspond [o 
that given in Table IV. 

3b : Egg cell; 7b : Larvae still 
without pocket; 8 c : Larvae with 
pocket; l O a  : Ditto, but with older 
larvae. Diagonal hatching shows 
the pollen deposition; 13 b : Pocket 
still present, larvae making parti- 
tions; 1 5 c :  Separation completed, 
but larvae still in horizontal, coiled 
position ; 19 a : Erect po,st-defecation 
larvae; 27 : Pupae (shown as white 
pupae, but truly already black. C[. 
Table IV). In l O a  and 15 c, both 
dorsal and lateral views are given. 

In 10 a, one larva is shown,  which  is r e m a r k a b l y  smaller  than  her  
sisters. Such  individuals  were noticed in m a n y  older batches.  W h e n  
the larvae f inished the spinning of cocoons, such  dwar f  individuals  
were a lways  found  at the base of cocoon cluster,  or ient ing hor izonta l ly  
in cont ras t  to others  wh ich  lie vert ically (fig. 4, 19 a and 27). CuMBEa 
(1949) also not iced i n  B .  a g r o r u m  tha t  << the small  cocoons of a single 
group are invar iab ly  per ipheral  >). He suggested probable  compet i t ion 
among  larvae of the same batch  a round  the diet supplied t h r o u g h  the 
pocket.  He considered that,  after  larvae fo rmed  par t i t ions  and sepa- 
ra t ing  themselves  one another  by spinning par t i t ions  and thus  fixing 
their  posi t ions wi th in  the cell, per iphera l  larvae would  be tess advan-  
tageous than  the central  ones, and that  this would  resul t  in the marked  
difference in body  size. But the size difference a l ready appears  before 
such  separa t ion  and  local fixation (compare  10 a and  13 b in fig. 4), so 
tha t  it m a y  depend,  as he c o m m e n t e d  by himself ,  << r a the r  in a combi- 
nat ion of fac tors  than  in a single fac tor  7>. 
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5 ~ T r a n s l o c a t i o n  o f  c e l l s .  - -  Although the social organization of 
bumblebees seldom reaches the level attained by other advanced groups 
such as honeybees, ants and termites, they have certainly developed 
some interesting features f rom the standpoint of social evolution. 
The rearing of several larvae within a common cell may be regarded 
as such, being a trait  relatively rare among insects, and they are 
unique in the invention of flexible cells capable of expanding in dimen- 
sion according to the growth of larvae. 

In addition to such flexibility, we confirmed that  brood cells could 
change their ' location even if gradually. Such translocation is achieved 
in most eases indirectly by the displacement of the older brood cells 
used as substrata, but occasionally directly by the gradual elaboration 
of a cell wall. 

The indirect translocation was frequently observed. After pupation 
and removal of the waxen wall, the batch losses its firm at tachment  to 
the ne ighbour ing  nest elements. It was often observed that so far 
erected pupal batches were nearly "rectangularly inclined, invariably 
toward the per iphery of the nest. When one or more younger  cells 
were found on such older cells, they change their positions passively 
together with the substrata. During the feeding period, the cell 
expands rapidly. As this expansion mostly directed to the nest 
pe r iphery ,  the Centre of each cell gradually translocates. Rarely a 
complete transloeation is resulted i n .  Because of these two causes, 
direct and indirect translocations, the exact cha,nge of location is often 
difficult to trace, unless setting some reference points. 

Figure 5 A shows some examples of such gradual translocation. 
It corresponds to a part  of the left section in figure 1, the nest centre 
lies to the righthand. The initial size and position of seven cells are 
shown with thick outlined circles, subsequent expansion by thin con- 
tours (pockets with thick lines) and directions with arrows. In cell A, 
B, and G, gradual and centrifugal expansion is obvious but transloca- 
tion is practically absent, the initial position being always within the 
later contour of the cell. On the other hand, the other four cells 
encircled by A, B, and G made conspicuous translocation. Cell D did 
not move directly but it was turned rectangularly two days after the 
disappearance of the pocket. Three other cells (C, E, F,), all laid on D 
moved from the initial position before the turning of cell D, the sub- 
stratum. As seen in the figure, the translocation shows the topogra- 
phical aeeomodation of initially closely located cells, through which 
collision among them is avoided. This would be the reason why cell E 
made the ra ther  rare centripedal expansion. 

A more conspicuous instance is given in figure 5, B, which shows 
the daily positions of cell 28 a (cf. table IV) by double projections (The 
positions on the preceding days with dotted lines). In this ease both 
direct and indirect causes affected the cell in combination. On day 8 
the cell in the figure appears to have contact with the substratum cell, 
but this is caused by the vertical projection. Actually the two cells 
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I " 2 3 -  5 6 - 7  8 

E 9 ~ IO ~ il 12 

D 

13 ! I" 13 B 

Fro. 5. - -  A. Expansion and t ranslocat ion of seven per iphera l  cells. B. Translo-  
cation of one cell (28 a in Table IV, laid on June 14). Numerals  show days since 
oviposition. In B, the cell posit ion on each day (solid line) is given together  wi th  
tha t  on the preceding day (dotted line). The last  figure, 1-13, shows the total 
extent  of t ranslocat ion.  

were on that day separated by a narrow interspace, though they after 
again had contact due to a further  expansion. T h a t  Iast figure, 1-I3, 
shows the translocation between the first and last days. 

6 o O b s e r v a t i o n s  o n  p o c k e t s .  - -  The pockets are probably constructed 
in most cases one day after the hatching out of larvae. At first they 
appear as two waxen streaks issuing in parallel from the cell side 
(fig. 6, A), which rapidly fuse together, forming a ring and increasing 
in height. The margin of the pocket is, as noted by ~VVEYRAUCH, 
always distinctly thickened. On the other hand, the bottom often 

FIG. 6. 

Format ion  of pocket. A. Beginning of pocket 
construction,  seen laterally.  B. Ditto. Three 
pockets at  the same time. 1-16. Transfor-  
mat ion of pollen pot  to pocket. Numerals  
correspond to the day since construct ion of 
pot (1 -=June  23). (Some lateral  views are 
also given wi th  alphabetical  suffices. Dotted 
lines in dorsal views show the contour  in pre- 
ceding days). 

seems to be not specially elaborated, in a few cases, in which egg 
cells were made on relatively older cells, the waxen cover of which 
was quite removed, the yellow cocoon was often visible at the bottom 
of pockets. WAGNER records that  the orifice of pockets is sometimes 
directed laterally. This was not confirmed in our colony, in which the 
orifice was always directed upward. Another, more important  dis- 
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crepancy occurs between WEYRAUCH and other students. He wrote 
that pockets Persisted only one day or two, then were incorporated in 
the cell and again newly formed. This has so far never been recorded 
by other writers. In our colony, too, the pocket persisted during the 
feeding period, except sometimes when there was more than one 
pocket. It is not plausible that  a keen  observer such as WEYnAVCH 
made erroneous records, especially when he himself asserted the dis- 
erepaney between his own observations and those of Sladen. 
WEYnaucn observed B. agrorum and B. rnderarins (~- derhamelltts in 
his paper),  but  both species are also observed by SLADEN and by other 
writers, too. It is open to fur ther  work to determine whether  or not 
such differences appear within the same species. After the pockets 
have finished their  function, they still persist one or two days. There- 
after they are simply destroyed or t ransformed to other nest elements, 
mostly to storage pots in our colony. 

It is reported that only rarely are two pockets formed in one and 
the same cell. In our colony, the formation of two pockets was not 
rare, it occurred in 12 out of 57 accurately observed cells. Even three 
pockets were sometimes constructed (3/57). These cases are divided 
in  several types with respect to the appearance and disappearance of 
each pocket : two throughout  the feeding period (3 cases); first one, 
thert two (5); first two, then one ( 3 ) a n d  fur ther  the following cases : 
3-->2-->1-, 1-42-~4, 1-->3--)2, 1-->2-->1->2. Figure 2, 3 and 5 show some ins- 
tances of such sequence. 

The opposite case, a pocket common to two cells is seen in figure 3. 
In this case, cell B had three pockets (fig. 3, 10). One of them was 
later Used for cell A, too. On two days, the pocket was common to 
both cells (fig. 3, 10-11), then used exclusively for cell A. 

Corresponding to the expansion of the larval cell, the pocket is also 
continuously elaborated and increased, in some degree, its size. 
Table II shows the gradual increase of both cell and pocket measured  
by the maximum transverse widths (When more than one pocket 
occurred in the same cell, each was regarded independently).  A s  
seen in the table, both pocket and cell expand  gradually. But the 
expansion of pockets ceases on about to third day after construction, 
whereas the cells ,develop greatly on day 2-4 and the expansion con- 
tinues more or less to day 8, resulting in a clear difference between 
them (cf. also fig. 1-5). Naturally a considerable variability exists in 
the development of pockets, viz,, in dates of appearance and disappear- 
ance, in durat ion of persistence and relative and absolute sizes of cell 
and pockets. When two or more pockets occur, there is no decrease 
in size of either, as is readily understood from the manner  of cons- 
truction and utilization. Table III presents  Several individual records 
of representative cases. 

WEYnAUCH points out that  .pockets are always constructed at the 
peripheral side of the cell in re la t ion  to the whole nest arrangement .  
As already mentioned, he observed the incorporation of pockets into 
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TABLE II .  - -  GRADUAL 1NCREASE OF CELL AND POCKET SIZES GIVEN 
BY THEIR MAXIMUM TRANSVERSE WIDTHS ( in  r a m )  

DAYS SINCE APPEARANCE OF POCKET 1 

w _ _  _ _ _  

7 14 l 
7 1/~ ? 
6 2 ~. 
4 5 3 1 l 
1 2 9 (; 

2 1  
4 i ! 

2 I 

i 
i 

- - i  . . . . . .  I 
5.9.] 5.7 8.8 6.9 

i 

2 

i 

4 5 6 7 8 

NU~naER OF CASES 

I 

i 
11 l 
20 1~ 

1 

I 

" I '22411 

I 1 

1 I1 I 

/ 

8.3 ~. 8./~ 114.5 

I 

: 1 5 

1 

2 

1 
1 

1 
1 

8.3 117., 8.0 ). 

the cells one or two days after appearance. In this way, according to 
him, the pocket induces the outward expansion of cells, consequently, 
to accomodate the nest arrangement,  inhibiting collisions between 
expanding cells. 

Although the pockets in our colony persisted throughout  the feeding 
period, the construction of pockets on the peripheral  side of cells in 
relation to the whole nest ar rangement  was confirmed in most  cases. 
Based upon figure 2, in which the position of pocket is given in each 
cell, the cells were arbi trar i ly divided into peripheral and central ones. 
And the position of pockets in each cell was divided into three groups : 
peripheral (P), intermediate (I) and central (C). The f requency dis- 
tribution of these groups in all cells examined was as follows : 

TYPE oF POCKET P I C 

Peripheral cells . . . . . . . . . . . . . .  24 3 1 
Central cells . . . . . . . . . . . . . . . . . .  7 2 3 

The preference for peripheral  position is apparent ly  predominant  
both in peripheral  and central cells, though the .distinction of position 
is a little a rb i t rary  in the latter case. Fur ther  it is seen from figure 5, 
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that  cells expand in the direction of pockets. The daily change of the 
position of pockets is given in figure 2. In most cases the change was 
rather gradual, but more conspicuous in some cases (these cases a r e  
excluded from the above mentioned distribution) : In two peripheral 
cells, pockets changed C-+P and P-->C respectively and in two central 
cells, C->I and P-->C ->I respectively. 

When more than one pocket is constructed, the relationship becomes 
complicated as follows (all represented by a single case, unless paren- 
thetically mentioned) : 

Central cells : 2 (P, C) -+ 1 (P , - - )  (--~ at first two pockets, one peri- 
pheral and the other central. Later the latter disappeared), 2 (I, C) -+ 
1 (--, C), 3 (P, P, I) -* 2 (P, P , - - )  -~ 1 (P, w ,  __). 

Peripheral  cells : 2 (P, P) ( ~  throughout the feeding period, two 
cases), 1 (P, - - )+2 (P ,  P ) , 2 ( P , I ) §  2(P, C)-> 1 (P,--),  2(P, P)-~ 2(P,I ,  § 
(P, C), 1 (I, . ) ->2  (I, P) (two cases), 1 (P, - - , - )  -> 2 (P, I, - ) +  3 (P, I, P), 1 
( - - , P . - ) + 2  (--, P, P)-> 1 (--, P, - - ) + 2  (C, P, - ) .  

Besides the construction of pockets in the ordinary way, two abnor- 
mal eases were observed : 

On the first one or two days after the introduction of the colony to 
the observation hive, several larvae succumbed and were taken away 
from the cell. The resulting orifices were usually closed immediately. 
But in one instance, such an orifice was modified to a pocket and used 
throughout the feeding period, although the cell already had its proper 
pocket. 

The other instance is more noteworthy. It was previously men- 
tioned that  for about two weeks after all brood cells were taken on 
July 11, the egg cells were constructed at the sides of empty pollen 
pots ( =  true pots, not those secondarily modified from empty cocoons) 
and the pots were later transformed into pockets. This is obviously 
an outcome of the lack of appropriate substrata (post-feeding larvae 
and young pupae). But such secondary transformation of pots was 
once observed under normal situation, in spite of the occurrence of 
adequate old broods. The observations are presented in figure 6, 1-16. 

On July 23, one pot was constructed on an old brood cell by workers. 
(This is already rather an unusual  event) (fig. 6, 1 and 1A). On the 
next day, one egg cell was constructed by the queen at one side of the 
pot, without contact to the substratum cell (fig. 6, 2, 2A, and 2B, 
cf. also fig. 1, Pp). The cell and pot remained with no change until 
July 1, on that  day the pot was modified to a pocket (fig. 6, 9 and 9A) 
and on the next day another pocket was made at the opposite side of 
the cell (fig. 6, 10). Both were used on subsec~uent days until July 6 
(fig. 6, 14). In some European bumblebees HAAs (1962) mentioned 
the behavioural changes elicited by the small changes in nest structure 
and suggested their phylogenetic significance in nest building beha- 
viour. It is possible that  the secondary transformation of a pot to a 
pocket relates to such phenomenon. But we are still not in the posi- 
tion to give any definite conclusions from limited data cited above. 
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I t  has  been  said tha t  in p o c k e t - m a k i n g  species bo th  ma le s  and  
queens  were  p rov i s ioned  direct ly,  not  t h r o u g h  pocke t s  (FREE and  
BUTLER, 1959 (1), MICrIENER and  MICHENER, 1951). One of us  (R. Z.) 
observed  l a te r  the  p rov i s ion ing  to queens  and  ma les  in the  same  colony. 
This  will  be descr ibed  elsewhere,  so t h a t  here  it is on ly  m e n t i o n e d  
tha t  : 1 ~ All th ree  castes  a re  fed t h r o u g h  pockets ,  2 ~ In  queens ,  the 
feeding con t inues  d u r i n g  3-5 days  a f t e r  the d i s a p p e a r a n c e  of pocke t s  
by  m e a n s  of a p e r m a n e n t  orifice t h r o u g h  which  a b u n d a n t  food is fre-  
quen t ly  given by  regurg i ta t ion .  

7 ~ M i s c e l l a n e o u s  n o t e s  on o the r  n e s t  e l e m e n t s .  - -  Storage  pots  
were  e i the r  cons t ruc t ed  en t i re ly  f r o m  w a x  or m a d e  b y  us ing  e m p t y  
cocoons (P and  P '  in fig. 1). In  the  l a t t e r  case, a th ick  w a x e n  m a r g i n  
was  added  r ingwise  to the orifice as is well  k n o w n  in t e m p e r a t e  species. 
Th is  app l i ca t ion  of a w a x e n  m a r g i n  was  of ten qui te  rapid .  F o r  ins-  
tance,  one cocoon h a d  a th ick  w a x e n  m a r g i n  and  abou t  1/3 of  nec ta r  
deposi t ion 6 h and  5 min.  a f t e r  the emergence  of an  adu l t  f r o m  it. 
No depos i t ion  of pol len to such  cocoon-der ived pots  was  seen. The  
w a x e n  pots  were  of  var iab le  size as seen in f igure 1, r ang ing  f r o m  1.3 
to 0.5 m m  in d iamete r ,  and  mos t l y  s i tua ted  at  the  nes t  pe r iphe ry ,  
t hough  s o m e t i m e s  at the  centre.  Most of these  pots  were  used  for  
nec ta r  deposi t ion,  whi le  only  a few were  for  pollen,  wh ich  w a s  m a i n l y  
deposi ted  d i rec t ly  into the  pockets .  PLATH (1934) cited different  opi- 
n ions  upon  the seal ing of pot  filled w i th  honey  : HOFFER denied this  
whi le  SLADEN and  PLATH observed  such  sealing. In  our  colony,  too, 
some fu l ly  depos i ted  pots  were  sealed wi th  wax.  

W h e n  the  co lony  was  t aken  f r o m  the or iginal  nes t ing  site, no w a x e n  
envelope was  found  as is r ecorded  in m a n y  t e m p e r a t e  species,  espe- 
cial ly in s u b t e r r a n e a n  nests  (WAGNER, SLADEN, WEYRAUCH, FREE and  
BUTLER). In  th is  case, too, we canno t  conclude tha t  B.  a t r a t u s  does  
not  m a k e  such  envelope,  for  WEYRAUCH showed c i r cums t anc i a l l y  tha t  
some species,  w h i c h  were  usua l ly  devoid of such  an envelope in the i r  
nests,  s o m e t i m e s  cons t ruc ted  one. But  it is p robab le  t h a t  B.  a t r a t u s  

m a k e s  such  an  envelope r a r e ly  if at  all, because  such  a n  envelope has  
so fa r  not  been  recorded  in South  Amer i can  species.  F u r t h e r ,  some 
epigaeic species,  so-cal led ca rder  bees (SLADEN, 1912), are k n o w n  to be 
d is inc l ined to m a k e  such a cover. Af te r  be ing in t roduced  into the 
obse rva t ion  hive,  our  colony m a d e  some f r a g m e n t a r y  pieces of waxen  
lamel lae  (c f .  fig. 1, above r igh thand) ,  bu t  never  an  ent i re  cover.  Two  
days  a f t e r  the  in t roduc t ion  into the  hive, the glass lid of the hive was  
con t inuous ly  exposed  to indoor  dayl ight .  U n d e r  these  condi t ions  some 

(1) FREE and BUTLER write ~ Plath (1934) noted that in the American pocket 
making species, B. impatiens, those larval groups whose members all become queens 
are fed solely by food regurgitated by the workers tending them, and no pollen 
pockets are formed. >> We failed to discover this comment in PLXTm At any rate, 
B. impatiens is a non-pocket making species as PLATn himself classified it in his 
Amarsipopea (= non-pocket makers). 
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involucrum-making stingless bees kept in the same room immediately 
began to make a waxen cover. Probably B. a t ra t u s  is a species that 
find it .difficult to make a waxen cover. Such specific difference is, 
even if not rigidly fixed, known among European species. For  ins- 
tance many  European  observers record that B. lap idar ius  as a species 
which makes a waxen cover immediatley and intensively (WAGNER, 
SLADEN, WEYRAUCH). 

Besides f ragmentary  waxen lamellae, they made a few pillars con- 
necting the tops of some brood cells to the glass lid. F u r t h e r  some 
part icular  individuals smeared brownish wax upon the surface of the 
honeybee comb placed in another corner of the hive, approximately 
10 cm away f rom the nest mass, being comparable to the sealing of 
their own honeypots.  On the other hand, some other workers  conti- 
nuously t ransported the honey from the comb to their  own honey pots. 
This indicates different evaluations of the honeybee comb among nest 
members. Some regarded it as being a part  of the nest area, while 
others did not : the topographical evaluation of the nest area (HAAs, 
1962) seems to be different among individuals, though obviously within 
a ,definite limit. 

IH. - -  BROOD DEVELOPMENT 

As already mentioned, all immature  stages of exactly known age 
were removed on July  11 from the colony and weighed. This removal 
was pr imari ly  made in order to obtain the material  for histological 
work by one of us (Y. A.), but some comments about the brood deve- 
lopment are given here, because, except for the work by BRIAN (1951) 
on B. a g r o r u m ,  we have still no precise knowledge on the post-embry- 
onic development of bumblebees. 

Table IV presents the results of our observations and measurements.  
Each batch is arranged in the descending order of day-age. As the 
queen ma, de 1-3, usually 2 egg cells and laid in them on each day, the 
corresponding number  of the same-aged batches were obtained, They 
are distinguished by using alphabetical suffices (The younger  batch, 
i. d., that  containing younger stages precedes). The castes of eggs and 
larvae in batches 1 a-18 b are unknown but all are indubitably workers.  
During the winter  season, the colony produced no reproductive castes. 

The table shows the fairly constant number  of individuals per batch. 
In Nos. 5 b and 14 b, the queen's oviposition was artificially disturbed 
(SAKA6AMI and ZOCCHI, 1965). Excluding these, the individual number  
per cell varied as follows': 6 (2 cases), 7 (11), 8 (20), 9 (17), 10 (2), with 
the mean 8. 11. BRIAN (1951) r ecorded  quite high mortal i ty  during 
immature  stages in two colonies, 64 and 69 % respectively. Obviously 
such high mortal i ty  was not seen in our colony. The individual num- 
ber per batch does not decrease in the course of development. A dozen 
times the queen's oviposition was directly observed, the number  of 
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T A B L E  I V .  - -  I N D I V I D U A L  N U M B E R  AND BODY W E I G H T  (in rag) 
OF B R O O D  IN EACH BATCH ( m e a s u r e d  on J u l y  11, 1963).  

AGE 
I*~ DAYS (1) 

i t /  
l b  
2 a  
2 b  
3 a  
3 b  
3 c  
4 a  
4 b  
5 a  
5b  

6 a  
fib 
7 a 

7 b  

8 et 
8 b  
8 c  
9 u  
9 b  

10 a (2) 
10 b 
11 a 
l l b  
12 el 
12b 
13 a 

13 b 

14 a 

14b 

1,5 a (2) 

1 5 b  

15 c 

16 

17 

18a  

No. 
I N D I -  

VIDUALS 

8 
9 
8 
9 

10 
7 
8 
7 
8 
8 
4 

10 
8 
8 

7 

9 
8 
8 
9 
9 
8 
9 
8 
9 
7 
7 
8 

BODY WEIGHT 

MErliN S D  

2.07 
2.10 
2.16 
2.22 
2.21 
1.34 
1.90 
1.84 
2 07 
2.06 
2.10 

1.75 
1.94 
1.70 

1.46 0.10 

3.80 0.39 
7.67 1.10 
8.08 0.82 
8.41 0.72 

20 5O 2.14 
25.64 9.60 
30.67 7.71 
54.69 16.70 
48.67 9.71 
84.36 12.11 

152.50 47.72 
102.19 15.15 

157.21 31.86 

167. O5 44.58 

157.00 15.13 

248.25 66.12 

238.21 84.19 

299.75 71.33 

297.56 33.73 

279.25 38.25 

260.44 60.83 

~E~IARKS 

All eggs.  
All eggs.  
All eggs.  
All  eggs.  
All eggs.  
All eggs.  
All eggs.  
All eggs.  
All  eggs.  
All eggs.  
All  eggs.  Ov ipos i t i on  a r t i f i c i a l ly  

i n t e r r u p t e d .  
All eggs.  
All  eggs.  
All l a rvae ,  immed ia t . e l y  a f t e r  h a t -  

ch ing  out .  
All  l a rvae ,  i m m e d i a t e l y  a f t e r  h a t -  

ch ing  out .  
F e e d i n g  l a rvae ,  eel1 w i t h  pocket .  
F e e d i n g  la rvae ,  cell w i t h  pocket .  
F e e d i n g  l a rvae ,  cell w i t h  pocket .  
F e e d i n g  l a rvae ,  cell  w i t h  pocket .  
F e e d i n g  l a rvae ,  cell w i t h  pocket .  
F e e d i n g  l a rvae ,  cell w i t h  pocke t .  
F e e d i n g  l a rvae ,  cell w i t h  pocket .  
F e e d i n g  l a rvae ,  cell  w i t h  pocket .  
F e e d i n g  l a rvae ,  eelI w i t h  pocke t .  
F e e d i n g  l a rvae ,  cell w i t h  pocket .  
F e e d i n g  la rvae ,  cell w i t h  pocket .  
A p p e a r a n c e  of  s i l ken  p a r t i t i o n s  

b e t w e e n  l a rvae .  
A p p e a r a n c e  of  s i lken  p a r t i t i o n s  

b e t w e e n  l a rvae .  
A p p e a r a n c e  of  cocoons  o u t w a r d l y ,  

pocke t  s t i l l  p r e s e n t  b u t  n e a r l y  
w i t h o u t  f u n c t i o n .  

Dit to.  Ov ipos i t i on  a r t i f i c i a l ly  in -  
t e r r u p t e d .  

W a x e n  w a l l  g r a d u a l l y  r e m o v e d .  
Pocke t  d i s a p p e a r e d .  

W a x e n  w a l l  g r a d u a l l y  r e m o v e d .  
Pocke t  d i s a p p e a r e d .  

W a x e n  w a l l  g r a d u a l l y  r e m o v e d .  
Pocke t  d i s a p p e a r e d .  

R e m o v a l  o f  w a x  a d v a n c e d ,  b u t  
cocoons  s t i l l  b rowni . sh .  

R e m o v a l  of  w a x  a d v a n c e d ,  b u t  
cocoons  s t i l l  b r o w n i s h .  

R e m o v a l  o f  w a x  a d v a n c e d ,  b u t  
cocoons  s t i l l  b r o w n i s h .  

(1) A l p h a b e t i c a l  suf f ices  in  s a m e - a g e d  b a t c h e s  a re  g iven  a p p r o x i m a t e l y  in  
t h e  a s c e n d i n g  o r d e r  of  m e a n  b o d y  w e i g h t ,  s e r v i n g  a l so  a s  i n d i v i d u a l  b a t c h  
m a r k s .  

(2) B o d y  w e i g h t  of  e ach  i n d i v i d u a l  in  two  b a t c h e s ,  w h i c h  s h o w e d  a m a r k e d  
v a r i a t i o n ,  i s  g i ven  as  fo l lows  : 

B a t ch  10 a : 7.5, 16, 25.5, 27.5, 28, 29.6, 34, 37. 
B a t c h  15 a : 141.5, 160, 225, 225, 248, 268, 400. 
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TABLE IV (suite). 

A G E  
t~ DXYS (1) 

No. 
I N D I -  

V ID U A L S 

8 

BO DY WEIGHT 

18b 

19 tt 
19b 

20 tt 

20 b 

2 1 .  

21 b 

22 (t 

22 b 
23 

24 a 
24 b 

25 
26 a 

26 b 

27 

28 a 

28 b 

29 

31 

32 

33 

9 

9 

7 
8 

6 
9 

9 
6 

8 

8 

7 

9 

5 

3 

4 

5 

MF.AN SD 

202.44 83.05 

197.71 52,67 
253.00 40.23 

200.11 51.12 

232.33 57.77 

209.12 51.32 

227.33 45.69 

252.00 45.08 

184.36 45.85 
310.75 72.10 

282.75 85.08 
281.11 60 96 

267.22 56.46 
312.17 36.49 

190.50 51.34 

226.31 70.27 

157.86 42.77 

307.33 94.32 

334.00 50.30 

403.33 63.51 

228.25 75.39 

297.60 52.I0 

I~EM.~RK S 

Cocoons b e c o m i n g  y e l l o w i s h .  
3 p r e d e f e c a t i o u  larvae  and 
5 pos tdefecat ion  larvae,  

All pos tdefecat ion  larvae.  
One prepupa ,  o thers  po:stdefeca- 

t ion larvae.  
Two prepupae ,  o thers  postdefeca-  

t ion larvae.  
Four  p repupae  and  5 whi te  eyed 

pupae.  
One p ink  eyed pupa ,  o thers  whi te  

eyed pupae.  
One whi te  eyed pupa,  o thers  p ink  

eyed pupae.  
One violet  eyed, 2 p ink  eyed, 

o thers  whi te  eyed. 
Two p ink  eyed, o thers  violet  eyed. 
One black eyed, 2 p ink  eyed, o thers  

violet eyed. 
One p ink  eyed, o thers  violet  eyed. 
One body p igmented ,  2 violet  eyed, 

others  black eyed. 
Five body p igmented ,  4 black eyed. 
One body p igmented ,  o thers  black 

eyed. 
Two adul t s ,  2 black eyed, o thers  

pre imagines .  
Three body p igmented ,  o thers  

black pupae.  
One black eyed, 2 body p igmen t -  

ed, o thers  black pupae.  
Five body p igmented ,  4 hlaek 

pupae.  
One body  p igmented ,  o thers  black 

pupae,  someones  a l ready  emerg-  
ed. 

One body p igmented ,  2 black pu-  
pae, someones  a l ready  emerg-  
ed, 

Two adul t s ,  2 p re imagines ,  some 
ones a l ready  emerged.  

Two adul t s ,  3 p re imagines ,  some-  
ones a l ready  emerged.  

(1) Alphabet ica l  su f f i ce s  in same-aged  ba tches  are given a pp rox ima te ly  in 
the  ascending  order of m e a n  body weight,  serving also as ind iv idua l  ba tch  
marks .  

eggs per cell was always 7-9, and the removal of immature  stages from 
the cells by adults bees was observed only exceptionally. 

The table shows also a great variability in individual size within the 
same batch. The individual weights in each batch were converted to 
the percentage deviations from the mean bach weight and their  fluc- 
tuation was shown in figure 7. Most individuals fall within •  % of 
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Fro. 7. - -  F l u c t u a t i o n  of re la t ive  body size w i t h i n  each batch.  The ba tches  con- 
t a in ing  l e ss  t h a n  7 ind iv idua l s  were  e x c l u d e d .  Abscissa  shows  % devia t ion  of 
the  we igh t  of  each ind iv idua l  to the  m e a n  ba tch  weight .  Occurrence of  m o r e  t h a n  
one ind iv idua l  of  the  same we igh t  is  given by  th ick  ver t ical  l ines.  F r e q u e n c y  
d i s t r i b u t i o n  of  to ta l  ind iv idua l s  is given at  bo t tom,  in w h i c h  young  l a rvae ,  old 
la rvae  and  pos t - f eed ing  stage are s h o w n  sepa ra t e ly  by  black,  wh i t e  and  s t r ia ted  
areas .  

tqae mean weight, but there are many  exceptions, reaching +67.7 % 
and - -70  % at the ex t r emes .  It is interesting that the variation is not 
so great in younger larvae (Nos. 8 a-9 b), while already conspicuous in 
older larvae (Nos. 10 a-15 b). This indicates, that, at least in our 
colony, the difference in body size has begun by the middle of the feed- 
ing stage and thereafter  the varia, tion not much increased. Also it 
suggests that  the size differences were not  accelerated by the position 
of larvae after  their  spinning of cocoons as assumed by CUMBER (1948). 
The ins tar  of each larva could not be determined, but until  the defeca- 
tion, no marked difference was observed in developmental stages within 
each batch. Thereafter ,  the difference becomes apparent, especially in 
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late pupal stages. In some batches (Nos. 26 b, 24 a, etc.), the advanced 
stages were seei1 in smaller individuals, but the tendency was not cons- 
tant  among other batches. 

In our colony, the day to day inspection by opening brood cells was 
not undertaken, so that  the exact ,duration of each stage was unknown. 
But the approximate estimation is given, together with previous infor- 
mation, as follows (in days) : 

B.  a t r a t u s  . . . . . . . . . . . . . .  

B .  l a p i d a r i z z s  
(SLAI)EN, 1912) . . . . .  : . .  

B.  a g r o r u m  (BnIAN, 1951) 
1947 . . . . . . . . . . . . . . .  
1948 . . . . . . . . . . . . . . .  

EG~ 

4 

4-6 (5,i) 
4-7 (5.3) 

LARVA 

12-13 
feeding 7, 

pos t - feed ing  5-6). 

10-19 (14.4) 
7-15 (14.0) 

PUPA 

8-12 

11 

10-18 (12.5) 
10-20 (14.8) 

TOTAL 

ca. 28 

22-23 

32.0 
34.1 

Comparing the data, the length of the egg stage is in B. atratus dis- 
tinctly longer t h a n  in the others (PLATH, 1934, also gives 3-4 days 
without giving reference to the species observed). Otherwise our data 
are approximately intermediate between those by SLADEN and BalAN. 

It is concluded, that the immature stages of the bumblebee are longer 
than those of the honeybee, Apis mellifera Linnd under any, not too 
extreme, circumstances. 

The growth rate is given in figure 8 in comparison to that  of the 
honeybee. The abscissa shows the relative age (28 days ~ 100 %) and 
the ordinate the logarithm of the ratio of mean percentage weight in 
each day-age to the mean weight at the end of the larval stage (16. days). 
Similarly, the growth rate in the honeybee was shown by using data by 
MELAMPY and WILLIS (1939) and, as to the change in the egg stage, 
those by v. RHEIN (1933) (21 days = 100 %). The relative weight was 
given as the ratio to the weight at the end of larval stage, 5.-6. days. 
Further,  the relative lengths of successive immature stages were com- 
pared between B. atratus and A. mellifera (after WEDEMORE, 1932, in 
figure 8, above, and HASSANEIN and BANBY, 1956, in figure 8 below, both 
taken from JAY, 1963). 

The figure indicates that : 1 ~ The increase in weight during the egg 
stage is observed in the honeybee but not in B. atratus... In our data, 
weights ~f eggs in No. 3 b are remarkably small (cf. table IV), but other- 
wise there is no sign of gradual increase. The cause of this difference 
is unknown. 2* The egg stage is relatively longer in B. atratus, but 
there is no marked difference in the relative length of other stages. 
The difference in the egg stage could no be regarded as a general 
rule, because the length is shorter in other data (cf. above). 3 ~ The 
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Fro. 8. - -  C o m p a r i s o n  of  g r o w t h  ra te  and  l engh t s  of each i m m a t u r e  s tage 
be tween  Bombus atratus and  Apis mellifera. E x p l a n a t i o n s  in text .  

growth rate du r ing  larval s~tage is more or less similar between both 
species, though slightly slower in B. a t ra tus .  4 ~ Both species show 
the decrease of the body weight after attaining the maximum at the end 
of the larval stage. The marked irregularity in B. a t ra tu s  is caused by 
the greater individual difference already mentioned. I n  general, there 
is no marked difference in the growth pattern between two species. 

IV. - -  CONCLUDING R E M A R K S  

The results given in the present work show the similarity rather 
than the difference of B. a t ra tu s  to t he  temperate bumblebee species, 
as far as nest architecture and brood development are concerned. It 
was proven on these aspects, and in general traits of behaviour 
(SAKAGAMI and Zuccm, 1965), the bumblebees behaved at about 125 km 
north of the Tropic of Capricorn like their Northern Hemisphere con- 
geners. But it must  be mentioned that  this simiIarity was obtained in 
winter under the coldest season in local  climate. Both cell building 

INSECTES SOCIAUX, TOME XIV, N ~ 4, 1967. 28 
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activity and brood development continued with little sign of disintegra- 
tion during the season, though under artificial heating. This is not  
expected in the temperate species and suggests the different life cycle 
in South America as described elsewhere. 

However, despite the general similarity of habits with the temperate 
species, closer observation shows some aspects so far relatively igno- 
red. As to the absence of outer nest envelope, development and dis- 
placement of feeding pockets, translocation of cells, lengths of imma- 
ture stages, especially of egg stage, and size differences in larval stage, 
we need further  comparative information. Because the mode of life is 
more or less similar among different bumblebee species, the previous 
descriptions have often been given without citing the species name in 
each item of observations, especially when several species were used 
together in the same study. To avoid the discrepancy of results due 
to the specific difference, however it would be small, we think it is 
necessary to cite the species name accurately in each item of obser- 
vation. 

Finally, one point, though ah'eady well known, is stressed as a parti- 
cular habit :aquired by the bumblebees in the course of their social 
evolution: The rearing of several larvae together within the same 
cell, which is capable of expanding and even transloeating according 
to the development of larvae. On this point, the bumblebees took a 
unique way in bee evolution, an interesting departure from the widely 
adopted unit-cell system, even if the way chosen was less efficient than 
the highest development in tile latter, shown in the comb system of 
honeybees and stingless bees. 

S UMMAR Y 

1. Nest architecture and brood development of a Neotropical bum- 
blebee, B o m b u s  ( F e r v i d o b o m b u s ) a t r a t u s  Franklin, were observed 
during the winter season, in Rio Claro, State of S5o Paulo, Brazil. 

2. The egg cells are mostly constructed on the older brood ceils, the 
larvae of which had already finished the feeding and began the cocoon 
spinning. 

3. The development of comb was, though under spatial limitation, 
active at the periphery, resulting in the type similar to <~ Vogehaestart- 
ige Rosette >> by WEYRAUCH. 

4. The daily change of individuhl cells was precisely traced in some 
representative cases. The cells often change their original position, 
indirectly by the displacement of substrate cells. This change is often 
adjustive in the sense that it avoids the collision between neighbouring 
cells. 

5. The feeding pockets are made soon after the hatching of the larvae 
in the cell, usually at the sides of the cells in the direction of the peri- 
phery of the whole nest mass, and persist during the feeding period as 
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reported by the other authors except W~YRAUCrL The size of the 
pocket increases slightly in the earlier half of the feeding period. One 
cell can have two or rarely three pockets, while two cells occasionally 
share the common pocket. In one instance, the egg cell was made at 
side wall of a pollen pot, and the latter was later modified to the pocket. 

6. Besides cells and pots, some waxen pillars and lamellae were made 
but no envelope was constructed, nevertheless the colony was daily 
exposed to the indoor light. 

7. The contents of accurately age-known cells were counted and wei- 
ghed. The egg stage lasted 6 days, the larval and pupal stages each 
12-13 and 8-12 days, and the total lenght of immature stage about 
28 days. 

8. The individuals in the same cell show g-real variation as to body  
weight and, in later stages, as to the development. The size difference 
begins a,h'eady by the middle of the feeding stage. 

9. The general growth curve is approximately similar to that  in the 
honeybee, except, for the absence of the increase of weight in egg stage. 

ZUSAMMENFASSUNG 

1. Nestarchitektur und Brutentwicklung einer neotropischen Hum- 
reel, Bombus (Fervidobombus) atratus Franklin,  wurden w~hrend 
Wintermonate in Rio Claro, Staat von S~o Paulo, Brasilien, beobachtet. 

2. Die Eierzellen sind meistenfalls auf der ~ilteren Brutzellen gebildet, 
"deren Larven schon die Futtereinnahme beendet und das Kokonspinnen 
begonnen hubert. 

3. Die Wabenentwieklung war, trotz der r~umliehen Besehr~inknng, 
aktiver an der  Peripherie als dem Nestzentrum, somit eine dem yon 
~VFYRAUCH <4 Vogel.nestartige Rosett, e 7> genannten Typ ~ihnliche Ein- 
ordnung zeigend. 

4. Die t~igliehe Ver~inderung einzelner Zellen wurde in einigen repr~i- 
sentativen F~illen genau verfolgt. Die Zelle ~indert h~iufig ihre Origi,nal- 
position durch die Verschiebung der Substratzelle. Solehe Transposition 
ist oft anpassungsm~issig, well der Zusammenstoss zwisehen benaeh- 
barten, sieh ausbreitenden Zellen dadureh vermeidet wird. Aueh.wurde 
die direkte Transposition der Zelle selten beobachtet. 

5. Die Futtertasche wird sofort nach Ausbriiten der Larven, meis- 
tenfalls an der in bezug auf die Nestmasse peripherischen Seite der 
Zellwand gebildet, und bleibt w~ihrend der Ffitterungsperiode st~indig, 
wie, ausgenommen y o n  WEYRAUCH, von ,der anderen Autoren beriehtet 
ist. Die Futtertasche n immt  ihre Gr6sse w~ihrend der ersten HRlfte der 
Ftitterungsperiode ein wenig. Eine Zelle kann zwei, selten sogar drei 
Taschen haben. Andererseits besitzen zwei Zellen gelegentlich eine 
Tasche gemeinsam. In einem Fall wurde die Eierzelle an der Seiten- 
wand eines Pollentopfes gebaut und der letztere wurde spoiler in die 
Tasehe umgeformt. 
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6. A u s s e r  d e r  B r u t z e l l e n  u n d  V o r r a t s t S p f e n  w u r d e n  e in ige  W a c h s -  

p f e i l e n  u n d - l a m e l l e n ,  a b e r  k e i n e  A u s s e n h i i l l e  geb i lde t ,  o b w o h l  d ie  Ko lo -  

n i e  t~iglich d e m  Z i m m e r l i c h t  a u s g e s e t z t  w a r .  

7. Die  I n h a l t e  e i n e r  Z e l l e n s e r i e  s o f o r t  n a c h  E i a b l a g e  bis  zu  A u s -  

s ch l f i p f en ,  d e r e n  T a g e s a l t e r  g e n a u  p r o t o k o l l i e r t  w u r d e ,  g e r e c h n e t  u n d  

g e w o g e n .  D a s  E i s t a d i u m  d a u e r t e  6 Tage ,  d a s  L a r v e n -  u n d  P u p p e n s t a -  

d i e n  j e  12-13 u n d  8-12 T a g e  u n d  d ie  G e s a m t e n t w i c k l u n g s s t a d i e n  z i r k a  

28 Tage .  
8. Die  I n d i v i d u e n  in  e in  u n d  d e r s e l b e n  Ze l le  z e i g e n  e ine  e r h e b l i c h e  

V a r i a t i o n  h i n s i c h t l i c h  des  K 6 r p e r g e w i c h t e s  a n  s p ~ t e r e n  S t a d i e n  d e r  

E n t w i c k l u n g s p h a s e n .  Die  D i f f e r e n z  d e r  K S r p e r g r S s s e  b e g i n n  s c h o n  in  

de r  Mi t re  d e r  F i i t t e r u n g s p e r i o d e .  

9 .  Die  E n t w i c k l u n g s k u r v e  y o n  B. a i ra tus  verl~iuft  i m  a l l g e m e i n e n  

d e r j e n i g e n  bei  t i e r  H o n i g b i e n e  ~ihnlich, a u s g e n o m m e n  v o n  de r  

A b w e s e n h e i t  de r  G e w i c h t s z u n a h m e  w~ihrend  E i s t a d i u m s .  
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