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S UMMAR Y 

The n a t u r a l  h o n e y  bee nes t  was  s tudied  in detai l  to be t t e r  u n d e r s t a n d  the  honey  
bee's  n a t u r a l  l iv ing condi t ions .  To descr ibe  the nes t  site we made  ex t e r na l  o b s e r v a t i o n s  
on 39 nes t s  in h o l l o w  trees .  We collected and  dissected 21 of these  t rce  nes t s  to 
describe the  nes t  a rch i tec ture .  No one tree genus  s t rong ly  p r e d o m i n a t e s  a m o n g  bee 
trees.  Nest  cavi t ies  are ver t ica l ly  e longa te  and  a p p r o x i m a t e l y  cyl indr ica l .  Most are 
30 to 60 l i t e rs  in v o l u m e  and  at  the  base  of trees.  Nest  cn t r ances  t end  to be small ,  
10 to 40 cm 2, and  at  the  nes t  bo t tom.  R o u g h  b a r k  outs ide  the en t rance  is o f t en  smoo the d  
by  the bees. Ins ide  the  nest ,  a t h i n  l aye r  of ha rdened  p l a n t  r c s ins  (propol i s )  coats 
the  cavi ty  wal ls .  Combs are fas tened  to the  wa l l s  a long t he i r  tops  a n d  sides,  b u t  bees 
leave smal l  p a s s a g e w a y s  a long the  comb edges. The basic  ncs t  o r g a n i z a t i o n  is honey  
s torage  above,  b rood  nes t  below,  and  pol len  s torage in be tween .  Assoc ia tcd  w i t h  th i s  
a r r a n g e m e n t  are differences in comb s t ruc tu rc .  Compared  to combs  used  fo r  honey  
storage,  combs  of the  b rood  nes t  arc genera l ly  da rker  and  m o r e  u n i f o r m  in  w i d t h  and  in 
cell fo rm.  Drone  comb is located on the  b rood  nes t ' s  pe r iphe ry .  C o m p a r i s o n s  a m o n g  
Apis nes t s  indicate  the  advanced cha rac te r s  in Apis mellifera nes t s  a rose  in r e sponse  to 
Apis mellifera's adop t ion  of trec cavit ies  fo r  nes t  sites. 

RESUME 

Le nid de I'Abeille domestique (Apis mellifera L.). 

Nous  avons  6tudi6 en d6tail le nid na tu r e l  de l 'Abeille p o u r  m i e u x  comprendre  
l '6eologie de cette esp~ee. Afin de d6crire le site du nid, n o u s  avons  fa i t  l ' i nspee t ion  
ext6r ieure  de 39 n ids  dans  les a rb r e s  creux.  P o u r  en 6tudier  la s t ruc tu re ,  n o u s  avons  
r6eolt6 et diss6qu6 21 d ' en t re  eux. Les a rb r e s  oh sont  t rouv6s  les n ids  a p p a r t i e n n e n t  
h des genres  divers .  Les eavit6s qui  ab r i t en t  les n ids  sont  h peu pr6s c y l i n d r i q u e s ;  elles 
son t  ~troi tes  et a l long6es selon la vert icale.  La p l u p a r t  des eavit6s on t  u n  v o l u m e  de 
30 h 60 l i t res  et se loca l i sent  au  pied des a rbres .  Situ6e h la  base  du  nid,  l ' ent r6e  est  
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de 10 h 40 em 2. A l 'extdrieur  de l 'entrde, l '6coree auparavant  rugueuse est souvcnt aplanie 
par  les Abeilles. A l ' int~rieur du nid, une eouehe mince de r~sine vdg6tale dureie 
(propolis) recouvre les parois  de la eavit6. Les rayons  sont rattaeh6s aux pa to is  par  le 
hau t  et les e6t~s, mais  les Abeilles la i ssent  de pet i ts  passages le long des rayons.  
L 'organisat ion fondamenta le  du nid eomporte  le stoekage du miel darts les alv6oles 
sup6rieurs, l'61evage du couvain dans les alv6oles inf6rieurs et le stockage du pollen 
darts les alv~oles intermddiaires.  A cette r fpa r t i t i on  sont assoeidcs des diffdrences de 
s t ructure  dans les alv6oles. Par  rappor t  h eeux qui eont iennent  du miel, ]es alv6oles h 
eouvain sont g~ndralement de eouleur plus fonede et sont plus uni formes  dans leur  
profondeur  et leur  forme. Les alv~oles de rubles sont loealis6s h la p~riph6rie du nid h 
eouvain. La eomparaison entre nids du genre Apis indique que certains caraet~res 
avane6s du Hid d'Apis mellifera ont 5volu6 en r~ponse h l 'adoption par eette esp~ce de 
eavit~s d 'arbres eomme sites de nidification. 

I N T R O D U C T I O N  

T h e  h o n e y  bee ' s  (Apis  me l l i f e ra )  n a t u r a l  n e s t  has  r e m a i n e d  a l m o s t  w h o l l y  

u n e x p l o r e d  to t he  p r e s e n t  t ime.  P r e v i o u s l y  o n l y  s u p e r f i c i a l  o b s e r v a t i o n s  on  n e s t s  

in  t r e e s  (GossE,  1844; SCItMIDT, 1897; PHILLIPS, 1917; WADEY, 1948; HOYT, 1965), 

d e t a i l e d  d e s c r i p t i o n s  of  t h e  a t y p i c a l  o p e n  a i r  nes t  (BouvrEn,  1904, 1905, 1906) a n d  

an e x p e r i m e n t a l  a n a l y s i s  of tl ie nes t  s i t e  (LINDAUER, 1955) w e r e  ava i l ab l e  in  t h e  

l i t e r a tu r e .  T h e  a t t r a c t i o n  fo r  s t u d y i n g  t h e  n a t u r a l  n e s t  is h e i g h t e n e d  by  t h e  n e e d  

to k n o w  the  h o n e y  b e e ' s  n a t u r a l  l i v ing  c o n d i t i o n s  to ful ly u n d e r s t a n d  t h e  f u n c -  

t i o n s  of  t h i s  i n s e c t ' s  soc ia l  b e h a v i o r .  In  th is  p a p e r  w e  d e s c r i b e  t l ie n e s t s  of 

h o n e y  bee  c o l o n i e s  i n h a b i t i n g  h o l l o w  t rees  and  so d e s c r i b e  p a r t  of t he  h o n e y  b e e ' s  

n a t u r a l  eco logy .  

METHODS AND M A T E R I A L S  

Stady area. We collected nests  in the vicinity of Ithaca, N. Y. Numerous feral  
honey bee colonies inhabi t  the unmanaged,  lnature forests of this  agricultural  region. 
Ithaca has a humid,  continental  type cl imate wi th  warm summers  and long, cold winters  
(DETHma and PACK, 1963). 

Honey bee races. The honey bees whose nests we studied were a hybrid of the m a n y  
races imported for American apieulture. These include pr imar i ly  Apis melli[era ligustica 
Spinola, A. m. caacasica Gorbatschew, A. m. carnica Polhnann  and A. m. melli[era L. 
Each year  many honey bee queens are introduced from the southern U.S. and California 
into the Ithaca area by the approximate ly  100 hobby aml 3 commercial  beekeepers of 
this  region. Therefore, the bees whose nests we examined were prol)ably a cross 
section of North American honey bees. 

Type of nests. We studied in detail  only nests  in hollow trees. Figure 1 shows one 
such nest exposed. Because we considered nests  in man-made  structures as unna tura l  
and open air nests as atypical, we did not exalnine these nests in detail (1). 

(1) We encountered nests in many man-made  and two other  natural  nest  sites 
besides tree cavities. Man-made sites included walls of buildings, chimneys,  birdhouses,  
a barrel,  an ironstove, an overturned armchair ,  and wooden boxes. The two other  
na tura l  sites were a cave and open tree branches.  Measurements of these nests are not 
included in this paper. 
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Fro. 1. - -  E x p o s e d  h o n e y  bee  
n e s t  in  t r ee  c a v i t y  s h o w i n g  

seve ra l  n e s t  c h a r a c t e r i s t i c s :  
v e r t i e a l l y  e l o n g a t e  s h a p e ;  
s m a l l  e n t r a n c e  ( k n o t h o l e  
t h r o u g h  l e f t  wa l l ,  i n d i c a t e d  by  
a r r o w ) ;  n e s t  o r g a n i z a t i o n  of  
h o n e y  above ,  b r o o d  b e l o w ;  
a n d  d r o n e  c o m b  a t  edge  o f  
b rood  nes t .  T w o  o u t e r  e o m b s  
were  r e m o v e d  to expose  t h e  
b rood  nes t .  E n t i r e  n e s t  is  
150 cm ta l l .  

FIG. 1. - -  Aspec t  d ' u n  n i d  n a t u -  
rel  d'Apis mellifera d a n s  la  
eavi t6  d ' u n  a rb re .  Le n i d  s ' a l -  
longe  se lon  la  v e r t i c a l e ;  F e n -  
t r6e  es t  i nd i qu~e  p a r  la  f l6che;  
le m i e l  es t  s tock6 darts  les  
a lv6o les  s u p ~ r i e u r s ,  le  c o u v a i n  
oeeupe  les  a lv~oles  i n f 6 r i e n r s ;  
les  a lv~oles  de m a l e s  se t r o u -  
ven t  en  b o r d u r e  du  n i d  ~ eou-  
va in .  Les  d e u x  r a y o n s  les  p l u s  
e x t e r n e s  o n t  6t6 en l ev6s  p o u r  
m o n t r e r  le n i d  /~ c o u v a l n .  Le 
h id  s ' 6 t end  s u r  1,50 m en 
h a u t e u r .  

Finding nests. W e  f o u n d  39 n e s t s  by  r a n d o m  sea r ch ing ,  l i n ing  bees  (EDGELL, 1949), 
a d v e r t i s i n g  in  n e w s p a p e r s  a n d  a s k i n g  r e s i d e n t  beekeepers .  

Determining nesl age. T he  o w n e r  of  each  bee  t ree  f r e q u e n t l y  h.'ld o b s e r v e d  t h e  bees  
in h i s  bee t ree  for  one  o r  m o r e  yea r s .  T h i s  gave  u s  m i n i m u m  ages  fo r  t h e s e  ne s t s .  
We  r ecogn i zed  nes.ts  l ess  t h a n  one y e a r  old  b y  t h e i r  s m a l l  c o m b  a r ea  a n d  t h e i r  w h i t e  
to v e r y  l i gh t  y e l l o w  c o m b s .  

Nest collection. W e  col lected 21 n e s t s  f o r  d i s sec t ion .  Before  co l l ec t ing  a nes t ,  
d e t a i l s  of  t he  n e s t  s i te  were  recorded  w i t h  d e s c r i p t i o n s  and  p h o t o g r a p h s .  W e  m e a s u r e d  
t he  e x p o s u r e  of  n e s t  s i t e s  to w i n d ,  s u n  a n d  r a i n  by  r a t i n g  t h e  t ree  s e c t i o n  e n c l o s i n g  
t he  n e s t  on  a t h r e e - p o i n t  e x p o s u r e  scale  : 1 ( low),  2 ( m e d i u m ) ,  3 (h igh) .  Co l lec t ing  a 
n e s t  i n v o l v e d  s a w i n g  d o w n  a t ree  a n d  c u t t i n g  f ree  the  t ree  p o r t i o n  e n c l o s i n g  t h e  nes t .  
Two m e a s u r e s  were  t a k e n  to e n s u r e  t he  col lec t ion  of c o m p l e t e  n e s t s .  F i r s t ,  t h e  n i g h t  
be fo re  co l lec t ing  a n e s t  we k i l l ed  t he  co lony  a n d  sea led  the  e n t r a n c e .  Second,  w h e n e v e r  
poss ib le ,  we d id  no t  Ol,~n n e s t s  be fo re  d i s s e c t i n g  t h e m  in t he  l a b o r a t o r y .  
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N e s t  d i s s e c t i o n .  Each nest  was opened by spli t t ing off one side of the log enclosing 
the nest.  Dissection data were recorded in descriptions,  sketches and photographs .  
We measured comb areas wi th  a grid of 2.5 cm sided squares and measured  the  honey 
in nests  by weighing combs containing honey. To count colony populat ions,  we picked 
the dead bees f rom the nest, directly counted the eonspieuously larger drones  and 
est imated the worker  popula t ion by weighing the mass  of dead workers  and a sub- 
sample of 2,000 workers.  Cavity d iameter  was recorded as the average of d iameter  
measurements  made at 20 cm intervals  along the nest  cavity. We de te rmined  the 
volume of nest  cavities by volumetr ical ly filling the tree hollow with  sand af ter  removing 
the eombs. 

R E S U L T S  A N D  D I S C U S S I O N  

1. Nest  site. 

T r e e  t y p e .  T a b l e  I is t h e  d i s t r i b u t i o n  of  t r ee  t y p e s  fo r  30 b e e  t r ee s .  W e  

o b s e r v e d  12 t r ee  g e n e r a  a n d  the  m o s t  c o m m o n  genus ,  Q u e r c u s ,  p r e d o m i n a t e d  o n l y  

s l igh t ly .  A n g i o s p e r m s  s t r o n g l y  o u t n u m b e r e d  g y m n o s p e r m s .  T h e  d i s t r i b u t i o n  

p r o b a b l y  re f l ec t s  t h e  a b u n d a n c e  a n d  s u s c e p t i b i l i t y  to d e c a y  of  t he  12 t r e e  g e n e r a .  

H o w e v e r ,  h o n e y  bees  m a y  p r e f e r  c e r t a i n  t r e e  t y p e s  fo r  nes t  s i tes .  I f  so,  o u r  

da t a  i n d i c a t e  t h a t  e i t h e r  t h e i r  p r e f e r e n c e  is w e a k  or  it  is s e v e r e l y  c o n s t r a i n e d  

by  t h e  ava i l ab i l i t y  of  h o l l o w s  in  t rees .  

T r e e  c o n d i t i o n .  Only  75 % (N = 30) of  t he  bee  t r ee s  w e r e  al ive.  H o w e v e r ,  

all w e r e  v e r y  so l id  a n d  p r o v i d e d  s t u r d y  nes t  wa l l s .  T h u s  bees  i n h a b i t  t r e e s  

w h i c h  are  h o l l o w  a n d  s t u r d y  b u t  no t  n e c e s s a r i l y  al ive.  

E x p o s u r e .  W e  o b t a i n e d  the  f o l l o w i n g  m e a n  e x p o s u r e  va lues  f r o m  m e a s u r e -  

m e n t s  on  36 n e s t s  : w i n d ,  x = 2.02 (SD = 0.77); sun,  x : 1.82 (SD = 0.80); 

r a i n  x = 1.84 (SD ---- 0.82). Values  of  1 a n d  3 d e n o t e  l o w  a n d  h i g h  e x p o s u r e s ,  

TABLE I. - -  Frequency d is t r ibut ion  of tree genera for 30 bee 
trees. 

TABLEAU I. - -  Distr ibut ion des fr6quences du genre des arbres 
abr i tan t  30 ruehes sauvages. 

Tree Percentage of bee trees 

Oak ( Q u e r c u s )  . . . . . . . . . . . . . . . . . . . . . . . . .  20.0 
Walnut  ( J u g l a n s )  . . . . . . . . . . . . . . . . . . . . .  13.4 
Elm ( U l m u s )  . . . . . . . . . . . . . . . . . . . . . . . . . .  10.0 
Pine  ( P i n u s )  . . . . . . . . . . . . . . . . . . . . . . . . . .  10.0 
Hickory ( C a r y a )  . . . . . . . . . . . . . . . . . . . . . . .  10.0 
Ash ( F r a x i n u s )  . . . . . . . . . . . . . . . . . . . . . . . .  10.0 
Maple ( A c e r )  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.7 
Basswood ( T i l i u )  . . . . . . . . . . . . . . . . . . . . . .  6.7 
Beech ( F u g u s )  . . . . . . . . . . . . . . . . . . . . . . . . .  3.3 
Apple ( P y r u s )  . . . . . . . . . . . . . . . . . . . . . . . . .  3.3 
Hemlock ( T s u g a )  . . . . . . . . . . . . . . . . . . . . . .  3.3 
Cedar ( J u n i p e r u s )  . . . . . . . . . . . . . . . . . . . . .  3.3 
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respectively. The typical  nest  site is therefore moderately  exposed to wind ,  
part ial ly shaded and moderately wet ted by ra in .  Both heavi ly  .exposed trees in  
clearings and trees thickly sheltered by b rush  represent  u n c o m m o n  nest sites. 
However, our exposure data may have been biased by a systematic sampl ing  error.  
Because nests had to be first not iced by someone to be inc luded  in  this s tudy,  we 
may have examined nests which  were more exposed than  average. 

Shape and size. All nest cavities were vert ical ly  elongate and  approxi-  
mately cyl indr ical .  Measurements of 17 nests provided the fol lowing data. Maxi- 
mum and m i n i m u m  cavity diameters were  42.7 cm and 15.2 cm. Maximum and 
m i n i m u m  cavity heights were 351 cm and  49 cm. The mean  cavi ty  diameter,  
height and (height /diameter)  rat io were 22.7 cm (SD 6.6 era), 156 cm (SD 83 era) 
and 7.2 (SD 3.8), respectively, Except  for new nests and  one nest in  a 448 l i ter 
tree hollow, all nests filled their  nest cavities. Typical ly  then, a nest  cavity and 
the nest inside the cavi ty  possess the same shape and size. 

volumes for 21 nests. 
n- 

Fro. 2. - -  Distrlbution des ~ 
volumes oeeup~s par 21 
nids. ~ 

20 40 60 80 100 120 140 400 420 440 460 

NEST VOLUME (LITERS) 

Figure 2 shows the d is t r ibut ion  of nest volumes. The d is t r ibut ion  approxi-  
mates a normal  d is t r ibut ion about the med ian  volume of 45 liters. P r io r  obser- 
vations suppor t  this dis t r ibut ion.  SCHMIDT (1897) observed an approximate ly  
34 1 nest cavity. WADEY (1948), after examin ing  over 50 feral colonies, suggested 
a 44 to 57 1 hive design. One of LtNDAUER'S (1955) normal  sized swarms chose a 
30 1 unde rg round  cavity for a home. And MAnCHAND (1967) successfully t rapped  
swarms in 17 to 42 1 nest boxes. PV.RClVAL'S (1954) approximate ly  630 1 nest 
hold ing  200 kg of honey was probably  except ional ly  large. 

The d is t r ibut ion  of nest volumes may reflect the d is t r ibut ion  of available 
cavity sizes, a preference in nest volume by bees, or an in te rac t ion  of the two. 
LINDAUER (1955) found that honey  bees note cavity size when  evaluat ing potent ia l  
home sites. 

2. Nest  architecture.  

Construct ion materials. We observed only beeswax and propol is  as bu i ld ing  

materials  in  nests. Honey bee sal ivary secretions,  kneaded into the wax dur ing  
comb construct ion,  are a th i rd  but invis ib le  bu i ld ing  material .  Bees sometimes 
substi tute wet  pa in t  and petroleum products  for propolis  (RIBBANDS, 1953), but  we 
did not observe these substances in nests. 
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Fit;. 3. - -  Diagram of honey bee nest. 

Fro. 3. - -  Diagramme d'nn nid. 

Nest  organization. Figure  3 repre-  
sents a longi tudina l  cross sect ion th rough  
a generalized honey bee nest. The major  
nest s t ructures  are labelled. The  nest  
occupies an elongate tree cavity accessed 
through a small en t rance  hole. Honey 
and  pol len are stored above and alongside 
the brood nest. Drone comb is on the 
edge of the brood nest. Propol is  coats 
the cavity walls. The tree bark  is smooth- 
ed a round  the nest entrance.  

Entrance.  We inspected 49 en t rances  
i n  33 nests. Knotholes (56 %), tree cracks 
(32 %) and holes among roots (12 %) 
formed entrances.  Most nests (79 %) had 
one entrance.  The others (21%)  had  up 
to 5 ent rance  holes. The mean dis tance 
between an ent rance ' s  outer open ing  and 
the nest cavity was 15.3 cm (SD 
7.5 cm, N = 18); the ma x i mum dis tance  

was 74 cm. 
Gosse (1844) not iced that bees had  

Smoothed the bark  about the en t rance  

of a honey bee nest. We confirmed his report  in observing areas of smoothed 
bark extending up to 30 cm from en t rance  holes. Figure  4 shows an example  
of this en t rance  smoothing.  The en t rance  areas of older nests were  general ly  

more polished than  those of younger  nests. (~ Washboard  >> behavior ,  in  w h i c h  
young bees thrust  their  bodies back and forth while  sc rap ing  a surface w i th  
their  m~ndibles  and foreleg tarsi  (GArrY, 1975), is probably  par t  of tile en t rance  
smoothing operat ion.  Apparen t ly  rough bark  is scraped down and the r e ma i n i ng  

cracks are filled wi th  propolis  to create the smoothed area. The area is not  
sticky. We can only speculate upon the funct ions  of this en t rance  smoothing.  
Perhaps  it improves  survei l lance  for nest defense and facilitates traffic flow at 
the nest entrance.  

Figure  5 shows the d i s t r ibu t ion  of en t rance  s i zes  for 33 nests. En t r ances  

were small relat ive to the nest cavity. Most nests (70 %) had ent rances  smal ler  
than 40 cm 2. The modal  en t rance  area was 10 to 20 cm 2. We did not observe 
any entrances reduced  in area wi th  propolis ,  as characterizes Apis  mel l i fera  
cattcasica nests (RuTTNm~, 1968 b). En t r ance  size is probably  an impor t an t  detail  
in nest design. The en t rance  is the interface between nest and env i ronment .  
Through it nmst  pass all the bees; air, food and const ruct ion  mater ia ls  of the 
colony. If bees exert a preference  in en t rance  size dur ing  home site selection, 
it probably involves a compromise.  A large entrance,  good for summer  ven t i -  
lat ion and labor flow, is poor in  the w in t e r  and at times of nest defense. 
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Fro. 4 .  - -  Smoothing around nest entrance (indicated by arrow). Bees have gnawed the 
rough bark and filled cracks with propolis. 

FIG. 4. - -  Exemple d'aplanissement de l'6corce autour de l'entr6e du nid (fl~che blanche). 
Les Abeilles ont r mfich6 ~> l'6corce rugueuse et rempli les fentes de l'6corce avec de 
la propolis. 

F igure  6 shows that most ent rances  were  at or near  g round  level.  This  

d is t r ibut ion also represents  the dis t r ibut ion of nest heights s ince  nest  cavit ies  

were  general ly  immedia te ly  adjacent  to nest entrances.  The  p r e d o m i n a n c e  
of ground level nests probably  reflects a p redominance  of tree "cavities at the 

bases of trees. Al ternat ively,  bees may select ground level cavi t ies  for  the i r  

presulned greater  shel ter  and s turdiness  re la t ive  to cavit ies  h igher  in trees. 

The space in front  of the nest en t rance  general ly was clear  and p rov ided  an 

open flight path. To an eye pos i t ioned 2 m straight out f rom an ent rance ,  93 % 

of the ent rances  were  p la in ly  vis ible  but 7 cA were  not visible (41 ent rances  from 

31 nests). In te rven ing  grass, brush or b ranches  obscured ent rances  in this  la t ter  

group. 
Nest ent rances  t ended  to be near  the nest bottom. By class i fying nest en- 

t rances  as opening into the bottom, middle  or top th i rd  of the nest  cavity,  we  

obtained the fo l lowing d i s t r i b u t i o n :  bottom, 58 cA; middle ,  18 %;  top, 24 % 

(29 entrances  f rom 20 nests). This  p r edominance  of bottom en t rances  is h igh ly  

improbable  (P <0.002) assunfing ent rance  posi t ion re la t ive  to the cavi ty  is 
random. This  non random dis t r ibut ion  can be explained in two ways.  E i the r  
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honey bees select cavit ies  wi th  bottom entrances ,  or fungal decay, w h i c h  pro- 

bably p roduces  most t ree cavities, tends to expand upward  f rom its en t ry  point  

into a tree. A bottom ent rance  is p robab ly  advantageous.  Convect ional  heat  loss 

is smal ler  for nests wi th  the ent rance  at the bot tom than at the top (BiJDP.L, 1960). 

The  d is t r ibut ion  of entrance d i rec t ions  re la t ive  to the earth was r andom 
(ent rance  d i rec t ion-nmnber  of entrances)  : N -  2, N E -  4, E -  4, S E -  4, S -  6, S W -  8, 

W -  7, NW - 6 (41 ent rances  from 31 nests). 
Walls. The  wai ls  of nest cavit ies w e r e  a lways  solid (see 1. Nest "Site, Tree 

condition) and coated wi th  propol is  on the i r  inner  surfaces. F igure  7 shows 

a small  area of this propol is  coating. In f inished nests the propol is  layer  was 

th ick  and comple te ly  covered a nest cav i ty ' s  floor, walls and cei l ing to form the 
propol i s  envelope d rawn in figure 3. The th ickness  of this layer  va r ied  be tween 

0.1 and 2.3 ram, but was general ly in the 0.3 to 0.5 mm range. 

We dissected several  unfinished nests and thus observed the in te rmedia te  

stages in the p repara t ion  of nest cavi ty  wails. When combs only par t ia l ly  filled 

a cavity,  the nest cavi ty ' s  inner  surface was solid and smooth wi th  propol i s  only 

a round the combs. Lower  in the cavity,  be low the level of the combs, a layer  
of soft, rot ten wood coated the cavi ty walls.  This  punkwood  l in ing was  up to 

20 mm thick. Apparent ly ,  before bees build combs they scrape  the loose, rot ten 
wood  off the walls,  thereby  exposing firm wood  wh ich  they then coat wi th  

propolis .  
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FI6. 7. - -  Propolis coating of 
nest wall (region A). Propo- 
lis was chipped off in the 
upper right (region B). The 
wall area showrt is 8 cm by 
12 cm. 

Fro. 7. - -  Rev6tement de propo- 
lis sur les parois ext~rieures 
du nid (r6gion A). La propolis 
a 6t~ ~caill6e dans la r~gion B. 
La surface repr6sent~e a des 
dimensions dc 12 cm X 8 cm. 

This p repara t ion  of cavity wails probably  serves many  funct ions.  First ,  
clean and solid walls  are essential for tight comb at tachment.  Also, nest defense 
and homeostasis  of the nest  a tmosphere are cer ta in ly  simplified by the propol is  
envelope wh ich  plugs small  openings.  Nest sani ta t ion is p robab ly  improved  since 
propolis  is bacter iocidal  (LAvm, 1968). And since propol is  repels  water,  the 
propolis  envelope may waterproof  the nest from tree sap and  other  external  
moisture.  Fur thermore ,  because polypore fungi p robably  p roduce  the nest cavi- 
ties (GRAY, 1959), honey bees may face the problem of con t inued  fungal  decay of 
their  nest cavity wails. The two actions of scraping decaying wood off the 
cavity walls, wh ich  removes fungal mycelia, plus coating the cavity walls  wi th  
propolis,  w h i c h  is waterproof  and fungicidal  (LAvI~, 1968), may inh ib i t  the wood 
rot t ing fungi.  Final ly ,  WALR~CHT (1962) ascribes a conmmnica t ion  funct ion  to 
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the propolis  l a y e r :  propol ized  
walls signal comple t ion  of that  
por t ion of the nest. 

Combs. Von FRISCH (1974) 
a n d  WERN~.R-M~-vER (1960) des- 
cribe in  detail  the s t ruc ture  of 
honey bee combs. HUBER (1814), 
DAR~VIN (1859), WERNER-MEYEn 
(1960), MARTIN and LINDAUEn 
(1966), and DAnCHEN (1968) 
d e s c r i b e comb cons t ruc t ion .  
THOMPSON (1942) r e v i e w s  the 
niathematical  s tudy of the form 
of honey bee ceils. We now des- 
cribe the or ienta t ion,  suspen- 
sion, ut i l izat ion pat tern  and dif- 
ferent forms of couibs in na tura l  
boney bee nests. 

Nests conta ined  up to eight 
conlbs, Combs were general ly  
p lanar  and in parallel  al ign- 
ment,  but deviat ions from pla- 
nar i ty  were observed. In  ca- 

Fit;. 8. ---Three peripheral galleries. 

Fro. 8. - -  Trois passages amSnag6s 
par les Abeilles en bordure d'un 
rayon. 

vities 20 cnl or less in dianleter,  combs spanned  tlle cavities in neat planes. But in 

cavities wi th  larger diameters,  combs were sotnetinles curved. Small combs filled 

the spaces between curved combs. We noted in  15 nests the d i rec t ion  of the 

main  plane in which  combs were aligned. The direct ions  of these planes  were  

r andomly  dis t r ibuted wi th  respect to both the nest en t rance  and the earth. 
ULRICH (quoted by WERNER-MEYER, 1960) had previously demonstra ted r a n d o m  

comb or ienta t ion  wi th  respect to the entrance.  
Each comb was attached to the cavity walls along its top and sides, but 

hung  free along its bottom edge. Between cavity floor and comb bottom there  
remained  several centinleters  of open space. The at tachntent  along the top 
and sides was in termit tent .  As shown in figures 3 and 8, bees bui ld  small 

passageways along the comb edge. Wi thout  these holes, the combs would  span 
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the nest cav i ty  like solid cur ta ins  and preven t  free c i rcula t ion  of bees about the 
nest. We t e rmed  these passageways <( pe r iphera l  galleries 7>. 

The general  organizat ion of the nest seemed to reflect the pa t te rn  of comb 

at tachment  to the cavi ty walls. In these approx imate ly  cy l indr ica l  nests, honey  

was s tored in the upper  and pe r iphe ra l  nest regions.  The brood nest  was  below 

the honey and toward  the center  of the nest. Pol len was be tween  b rood  and 

honey (fig. 3). This  a r rangement ,  w h i c h  places  the heavier  honey  near  points  

of comb a t tachment  and the l ighter  pollen and brood away f rom a t tachment  

points,  may serve to min imize  in terna l  stress w i th in  the wax  combs.  The open 

space beneath  combs permits  elongate queen cells to pro jec t  d o w n w a r d  off the 
bottoms of combs. 

Several  differences in comb s t ruc ture  were  often associated w i t h  the func-  
t ional  separat ion of nests into honey  bear ing  regions and brood and pollen bear- 

ing regions.  Table  II p rovides  a systemat ic  compar i son  of these differences.  

F igure  9 shows the differences in un i fo rmi ty  of comb width ,  cell  wal l  curvature ,  

cell size var ia t ion  and color be tween  combs of the honey storage and brood  nest 

regions. Comparison of upper  and lower  comb areas in the figure 1 nest reveals  
the dif ference between the two nest regions in regular i ty  of cell pa t tern .  

TABLE I[. - -  Comparison of brood comb t,,~ and honey comb tbj 

T A B L E A I I  I I .  - -  Cnmparaison entre les rayons du nid h couvain et les rayons "h miel. 

B r o o d  co lnb  Hol ley  con lb  

Comb width is uniform : worker comb ~), 
21-24 mm wide, drone comb ("J, 25- 
29 mm wide. 

Cell walls are straight. 

Cell size is uniform : cells are either wor- 
ker cells or drone cells. 

Cell cross section : regularly hexagonal. 

Cell pattern is regular :  cells arranged 
in straight, horizontal rows. 

Color is dark brown or black. 

Comb width is variable. 

Cell walls are often curved. 

Cell size is variable : cells are of various 
diameters and depths. 

Cell cross section : often irregularly hexa- 
gonal. 

Cell pattern is often irregular : cells often 
arranged in curved series. 

Color is often light yellow to light brown. 

~"~ Comb bearing brood and pollen, in the lower and central regions of the nest. 
~J Comb bearing boney, in the upper and peripheral regions of the nest. 
~; Comb composed of worker ceils. 
"; Comb composed of drone cells. 

Since newly  built  combs have regular  cell shapes and pat terns,  we  in te rpre t  

the s t ructura l  i r regular i t ies  in the honey storage combs (except  for  the  comb 

wid th  var ia t ion)  as dis tor t ions induced  after comb cons t ruc t ion  by the heavy 

honey  they hold. Such dis tor t ion is fami l ia r  to beekeepers  w h e n  they do not 
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Fro. 9. - -  Comparison of brood nest comb (right) and honey storage comb (left). 

Fro. 9. - -  Comparaison entre les alv6oles du nid h couvain h droite et les atvdoles -h 
miel h gauche. 

re inforce  their  honey combs wi th  wires  embedded in each comb's midr ib .  Combs 
of the brood nest, bear ing  the l ighter  load of brood and pollen, could m a i n t a i n  
their  regular  cell shapes and pat tern.  I r regular  cells are satisfactory honey  
containers ,  but  un i fo rmi ty  in size and shape may be essential for cells used in  

brood rearing.  
We found drone  comb on the edges of brood nests, sometimes as a per iphera l  

band  on an i n n e r  comb (fig. 3), other t imes as an entire outer comb. Other 
investigators (FnEE, 1967; TABEa and OWENS, 1970; OWENS and TABEn, 1973) 
report  the same location of drone  comb. The grouping of drone cells into drone  
comb probably  simplifies the honey  bee's sex de terminat ion  system. This a r range-  
ment  frees queens from constant ly  swi tch ing  between laying fertilized and  
unfer t i l ized eggs. 

Table III  shows the amount  of drone comb in eight nests. We counted as 
drone cells only the brood nest cells wi th  drone  cell dimensions.  Thus  we 
excluded from our count  the large cells resembl ing drone cells in the upper ,  
honey storage region of the nest. This  table shows relative un i formi ty  in  the 
propor t ion  of drone  comb among eight nests. Whereas the absolute amoun t  
of d rone  comb var ied wide ly  (SD 1,240 cm 2) about the mean area of 3,880 cm~, 
the percentage of the total comb area devoted to drone comb varied relat ively 



THE N E S T  OF THE  H O N E Y  BEE ( A P I S  M E L L I F E R A  L.) 507  

TABLE I I I .  - - A m o u n t  of  d r o n e - c o n l b  in e ight  nes t s  ~"~. Each nes t ' s  cav i ty  w a s  filled 
w i t h  combs.  

T A B L E A U  I I I .  - -  N o m b r e  de eellules de m~les  dans  hu i t  nids.  Chaque eavitd d ' a r b r e  dtait  
en t iSrement  r empl i e  de r a y o n s .  

Minimum nest age Total comb area 
(years) tb~ (cm ~) 

Drone comb 

Percentage 
Area (cm 2) of total comb area 

1 22,600 2,300 10.0 
2 13,000 2,130 16.4 
4 25,800 3,280 12.7 
1 26,500 5,350 20.2 
1 29,900 5,100 17.6 
1 - 15,600 3,770 24.2 
3 20,200 3,740 18.6 
2 33,600 5,330 15.9 

Mean 23,400 3,880 17.0 
-+ SD --+6,800 --1,240 +3.0 

,o We counted  only  b rood  nes t  combs  composed  of drone  cells as  d rone  comb.  
~bJ We aged nes t s  t h r o u g h  the  ohsc rva t i ons  of each bee t ree 's  owner .  Th i s  gave us  

m i n i m u m  nest  ages. 

TABLE I V .  - -  P a t t e r n s  of  comb  use  in e ight  nests .  Perccntages  cxprcss  t he  f r a c t i o n  of  a 
nes t ' s  to ta l  comb  a rea  devoted to a cell type-cell  func t ion  c o m b i n a t i o n .  Colonies  
were  t h r iv ing  w h e n  collected. Each  nes t ' s  cavi ty was  filled w i th  combs .  

TAI)LEAU IV. - -  Modali tds d ' u t i l i s a t i o n  des r a y o n s  dans  hu i t  nids.  Les p o u r c e n t a g e s  
ind iquen t  les f r a c t i o n s  de sur face  dc r a y o n  ut i l isdes dans  les d iverses  c o m b i n a i s o n s  
de type et de fonc t ion  des alvdoles.  Les colonies dtaient  prosp~res  l o r s q u ' e l l e s  ont  dt5 
rdeoltdes. Chaque  cavitd d ' a rh r e  dtait  en t iSrement  rempl ie  de r a y o n s .  

Collection date 
Total 

comb area 
(cm~) 

Worker cells t.) Drone ceils 

% % % % % % 
Brood Food Empty Brood Food Empty 

2 8 / J u l y / 7 5  . . . . . . . .  22,600 22 57 11 4 1 5 
29 / Ju ly /75  . . . . . . . .  13,000 24 53 7 0 16 0 
3 0 / J u l y / 7 5  . . . . . . . .  25,800 35 25 27 5 0 8 
31 / Ju ly /75  . . . . . . . .  26,500 19 54 7 10 10 0 
20/Aug/75  . . . . . . . . .  29,900 17 49 16 1 11 6 
26/Aug/75  . . . . . . . . .  15,600 13 40 23 8 11 5 
28/Aug/75  . . . . . . . . .  20,200 13 47 21 5 9 5 
29/Aug/75 . . . . . . . . .  33,600 22 49 13 2 7 7 

Mean . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.6 46.7 15.6 4.4 8.2 4.5 
---- SD . . . . . . . . . . . . . . . . . . . . . . . . . . .  -----7.4 ~9.8 __-7.7 _3.2 -----4.9 --+_1.9 

" We considered  all cells no t  d rone  cells as w o r k e r  cells. We coun tcd  only  cells 
in the brood nes t  w i th  d rone  cell d i m e n s i o n s  as drone cells. 
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little (SD 3 %) about the mean of 17 %. Const ruct ion of drone comb is inverse ly  
related to the amount  already constructed (FREE, 1967; FriES and WILLIAMS, 1975). 
Our data indica te  this negative feedback regulates the percent  drone comb in  a 
nest  ra ther  than the absolute amount .  

Table IV shows the pat terns  of comb use in eight nests. Here again we 
counted only cells of the brood nest wi th  drone  cell d imens ions  as drone  cells. 
For  brevity,  all other cells are called worker  cells in table IV. Although the 
pa t te rn  of comb use var ied among nests, a general  t rend in comb area al locat ion 
emerged : 55 % food, 25 % brood and 20 % empty.  This p r edominan t  devotion 
of comb to food storage underscores  the honey  bee's need to store large quant i t ies  
of honey to survive temperate zone winters .  

3. A d d i t i o n a l  i n f o r m a t i o n .  

Colony population. Table V lists t h e  worker  and drone popula t ions  for six 
colonies. Previous  invest igators measured the max imuln  popula t ions  of hived 
colonies and found the following averages : 32,000 (NOLAN, 1925; date in te rpre-  
ted by SIMPSON, 1969), 42,000 (FARRAR, 1937), 45,000 (~I()ELLER, 1961) and 27,000 

TABLE V. - -  Worker and drone populations of six colonies. 

TAaLEAU V. - -  Les populations d'ouvri6res et de mSles darts six colonies. 

Col lec t ion  da te  Co lony  c o n d i t i o n  
l )o l )u la t ion  

W o r k e r s  Drones  

Pe r cen t  drolleS 

28/July/75 . . . . . . . . . . . . . . . . . . .  
31/July/75 . . . . . . . . . . . . . . . . . . .  
26/Aug/75 . . . . . . . . . . . . . . . . . . . .  
28/Aug/75 . . . . . . . . . . . . . . . . . . . .  
31/Aug/75 . . . . . . . . . . . . . . . . . . . .  
31/Aug/75. . . . . . . . . . . . . . . . . . . .  

Thriving 23,000 543 2.3 
Thriving 23,000 1,154 4.8 
Thriving 20,000 1,899 8.6 

Dying 1,000 21 2.1 
Thriving 14,000 975 6.5 
Thriving 9,000 453 4.8 

Mean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15,000 841 4.8 
• SD . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  -+8,600 --+602 --+2.4 

( S I M P S O N ,  1969). The average popula t ion  for the six colonies in table V is 

approximate ly  16,000. However,  direct  compar ison  between the average colony 
popula t ion  derived from our data and the p reced ing  figures is inval id.  Our data 
do not record maximums in colony populat ions.  Still, the large differences be- 
tween the results of tile present  and previous studies suggest the feral colonies 
we observed had smaller popula t ions  than the hived colonies studied by the 
earl ier  investigators.  

Honey storage. Table VI shows the amount  of honey found in n ine  colonies. 
Tile mean, 13.4 kg, is close to EDGELL'S (1949) est imated average of 8.5 kg based 
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on his  col lec t ion  of  56 bee t ree  colonies.  However ,  feral  honey  bee colonies  

may occas ional ly  store far  greater  quanti t ies of honey.  EDGELL'S r e c o r d  was  
44 kg f rom a single nest. PEnClVAL (1954) reports  ha rves t ing  over  200 kg from 
one feral colony.  

TABLE VI. - -  Honey stores of nine colonies. 

TABLEAU VI. - -  Les ddp6ts de miel dans neuf colonies. 

Date nest collected Colony condition Honey (kg) 

28/July/75 . . . . . . . . . . . . . . . .  
29/July/75 . . . . . . . . . . . . . . . .  
30/July/75 . . . . . . . . . . . . . . . .  
20/Aug/75 . . . . . . . . . . . . . . . .  
26/Aug/75 . . . . . . . . . . . . . . . .  
28/Aug/75 . . . . . . . . . . . . . . . .  
29/Aug/75 . . . . . . . . . . . . . . . .  
31/Aug/75 . . . . . . . . . . . . . . . .  
31/Aug/75 . . . . . . . . . . . . . . . .  

Thriving 21 
Thriving 16 
Thriving 16 
Thriving 26 
Thriving 10 

Dying 0 
Thriving 21 
Thriving 0 
Thriving 11 

Mean • SI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13.4 - 8.6 

4. N e s t  e v o l u t i o n .  

MICtlENER (1964) has a l ready descr ibed nest evolut ion among  bees in 

general.  We examine  here  the evolut ion of tile Apis mellifera nest  on a finer 

scale, w i th in  tile context  of the genus Apts. Differences in c o m m u n i c a t i v e  dances 
(I.INDAVEn, 1956), gravi ty  or ienta t ion  (JANDER and JAm)En, 1970) and ch romosome  
number  (THAKA~ and 1)EOr)IKaa, 1966) indicate  that A. florea and A. dorsata are 

,uore ancest ra l  than A. mellifera. Therefore  compar ison  of the A. mellifera nest 

to file nests of A. florea and A. dorsala should reveal  the advances  in nest bio- 
logy achieved  by A. melIi[era. A. cerana was not inc luded  in the compar i son  

for lack of data. 
The sal ient  charac ter i s t ics  of A. florea, A. dorsata and A. meIli[era nests are 

listed in table VII. This  table is based on the studies of BENTON (1896), RAtIMAN 
and SINGH (1946), L INDAUEI'r (1956), RUTTNER (1968 a) and SAKA6A~aI and YOSnI- 

~AWA (1973) for A. florea: those of BENTON (1896), GaASS~ (1942), RAHr~AN and 
S[NGrI (1946), KALLAPUR (1950), LINDAUER (1956), SINGII (1962), RUTTNER (1968 a) 

and MOaSE and LAmO (1969) for A. dorsata; and the present  study for A. mellifera. 
Difference in nest site is the pivotal  difference be tween the nest of A. melli- 

[era and the nest of A. florea or A. dorsata. Apis melli[era nests, ins ide  t ree  

cavities,  enjoy better  the rmal  insulat ion and simplif ied defense re la t ive  to the 
open air  nests of A. florea or A. dorsata. But wi th  these advantages came greater  

complex i ty  in nest construct ion.  Nest site p repara t ion  was added  to the nest 
building sequen,ce. Propol i s  became a m;i]or bui lding material .  Ti le  mult iple  
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TABLE VII.  - -  C o m p a r i s o n s  o f  Apis h o n e y  bee ne s t s .  

TABLEAU VII.  ~ C o m p a r a i s 0 n s  e n t r e  n i d s  d ' abe i l l e s  du  genre  Apis. 

Nest character Apis florea Apis dorsata Apis mellifera 

1. Loca t i on  T wi g  o f  s h r u b  U p p e r  l i m b s  Tree  h o l l o w s ,  
o r  s m a l l  t ree  of  t r e e s  c aves  

E x p o s e d  to  sun ,  E x p o s e d  to sun ,  L i t t l e  e x p o s e d  
2. E x p o s u r e  w i n d  a n d  r a i n  w i n d  a n d  r a i n  to  s u n ,  

w i n d  a n d  r a i n  

3. De fense  S t icky  a n t  h a r r i e r s  S o m e t i m e s  S m a l l  e n t r a n c e  
f e a t u r e s  on  s u h s t r a t e  b r a n c h  a g g r e g a t e d  n e s t s  

4. Nes t  s i te  None  None  R o t t e n  w o o d  s c r aped  
p r e p a r a t i o n  off c a v i t y  w a l l s  

5. C o n s t r u c t i o n  W a x ,  p ropo l i s ,  W a x ,  p ropo l i s ,  W a x ,  p ropo l i s ,  
m a t e r i a l s  s a l i v a r y  s e c r e t i o n  s a l i v a r y  s ec re t i on  s a l i v a r y  s e c r e t i o n  

An t  b a r r i e r s  Coa t i ng  fo r e ign  P r o p o l i s  enve lope ,  
6. P r o p o l i s  u s e  on s u b s t r a t e  b r a n c h  o b j e c t s  r e i n f o r c i n g  c o m b s ,  

e n t r a n c e  s m o o t h i n g  

7. N u m b e r  One  One Severa l  
o f  c o m b s  

8. Nes t  shape  Oval a n d  p l a n a r ,  S e m i c i r c u l a r  C y l i n d r i c a l ,  
e n l a r g e d  top  r e g i o n  a n d  p l a n a r  e l o n g a t e  

9. C o m b  C o m b  top s u r r o u n d s  ~ C o n t i n u o u s  a l o n g  I n t e r m i t t e n t  a l o n g  
a t t a c h m e n t  s u h s t r a t e  h r a n c h  top  of  c o m b  c o m b  top  a n d  s ides  

H o n e y  above  
H o n e y  above ,  a n d  p e r i p h e r a l ,  

H o n e y  above ,  h r o o d  c e n t r a l i z e d  
10. Nes t  b rood  be low,  hroo~l be low,  a n d  be low,  

po l l en  h e t w e e n ;  
o r g a n i z a t i o n  d rone  c o m b  po l l en  b e t w e e n  ; po l l en  b e t w e e n ;  

a t  b o t t o m  no  d r o n e  c o m b  d r o n e  c o m b  
p e r i p h e r a l  to b r o o d  

n e s t  

11. T o t a l  c o m b  
a r e a  (cm'-') : 

Max . . . . . . . . . . . .  1 ,200+ 17 ,000+  40 ,000+  
Mean . . . . . . . . . . .  800 9,000 20,000 

12. To ta l  cell 
n u m b e r  : 

Max  . . . . . . . . . . . .  11 ,000+ 60 ,000+  100,000+ 
Mean  . . . . . . . . . . .  8,000 32,000 50,000 

13. Ave rage  
cell dia .  

(wa l l -wa l l )  
X d e p t h  

( m m  • m m )  : 
w o r k e r  cell . . . . . .  
d r o n e  cell . . . . . . .  

2 87 X 7.53 5.42 • 16.87 5.2 X 11.0 
4.45 X 10.5l l a cks  d r o n e  cells  6.2 • 12.5 

14. H o n e y  s t o r e s  
(kg) : 

Max  . . . . . . . . . . . .  
Mean  . . . . . . . . . . .  

2 +  2 5 +  1 0 0 +  
0.25 4 13 
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c o m b  n e s t  e v o l v e d  to  fit n e e d e d  c o m b  a r e a  i n t o  a l i m i t e d  s ize  cav i ty .  A n d  a n e w  

n e s t  s t r u c t u r e ,  t h e  p e r i p h e r a l  ga l le ry ,  w a s  d e v e l o p e d  to a id  c i r c u l a t i o n  of  bees  

abou t  t h e s e  nes t s  w i t h  wa l l - t o -wa l l  combs .  

T h e  o t h e r  d i f f e r e n c e s  a m o n g  Apis n e s t s  a p p e a r  to  be  less  d i r e c t l y  r o o t e d  in  

t he  c h a n g e  in  nes t  si te.  T h e  i n c r e a s e d  h o n e y  s t o r e s  of  an A. melU[era n e s t  a re  an 

a d a p t a t i o n  to cold ,  f l o w e r l e s s  w i n t e r s  in  t e m p e r a t e  r e g i o n s .  A n d  t h e  d i f f e r e n c e s  

in  cel l  s ize  a n d  n u m b e r  r e f l ec t  t h e  s t i l l  p o o r l y  u n d e r s t o o d  d i v e r g e n c e s  i n  t h e  

p o p u l a t i o n  eco log ie s  of t he  Apis spec i e s .  
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