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SUMMARY 

1. Honey bees exhibit  preferences in several nest site properties. The following 
preferences were identified ((< > >) means  << preferred to >>) : nest  height,  5 > 1 m;  
entrance area, 12.5 > 75 era:; entrance position, bot tom > top of nest cavity, entrance 
direction, southward > nor thward ;  nest  cavity volume, 10 < 40 > 100 l i ters.  

2. The data also suggest preferences exist for previonsly inhahi ted nest cavities 
and for nest  sites beyond 300 m from the parent  colony. 

3. Nest sites with high exposure and visibili ty were occupied more rapidly  than  
sites wi th  low exposure and visibili ty.  However, this  difference probably  reflects 
differential  ease of nest  site discovery ra ther  than a preference for exposed nest  
sites. 

4. No preferences were found in the following variables : entrance shape (slit 
vs. circle), nest cavity shape (cube vs. tall parallelepiped),  cavity draf t iness  (sound 
vs. draf ty) ,  and cavity dryness (wet vs. dry). Cavity draf t iness  and dryness  are pro-  
bably impor tant  to bees, but  because bees can seal and waterproof  the i r  nests, they 
may be less demanding ahout these two nest site variables than  about  those they 
cannot modify.  

5. The complex process of nest site selection apparent ly  benefits a honey bee 
colony in several ways, including faci l i tat ion of colony defense and hygiene,  s impli-  
fication of nest construction and microcl imate control, and reduct ion of foraging 
competi t ion wi th  the parent  colony. 

Z USAMMENFASS UNG 

Kriterien fiir die Nestwahl bei der Honigblene, Apis mellifera. 

1. Honigbienen bevorzugen bes t immte  Nistplatzeigcnschaften.  Die folgenden 
Bevorzugungen wurden herausgefundcu (~> > << hedeutct  >> bevorzugt gegeuiiber <<) : 
HShe des Nestes, 5 > 1 m;  Fliiche des Eingangs, 12,5 > 75 era-"; Lage des Eingangs, 

1NS~C'rES SOCIAUX, 1978, V. 25, N ~ 4. 22 



324  T H O M A S  D. S E E L E Y  A N D  R O G E R  A. M O R S E  

Boden > Spitze;  Rieh tung  des Eingangs,  naeh  Sfiden > naeh  Norden ;  R a u m  der 
Nesth6hle,  10 < 40 ) 100 Liter.  

2. Die Daten deuten  darf iber  h i n a u s  an, dass Honigbienen Nes th6h len  bevorzugen,  
die vorher  b e w o h n t  waren,  oder die wel ter  als 300 m vom Mut ters toek  e n t f e r n t  sind.  

3. Exponier te  und  gut  s iehtbare  Nistpltitze werden sehnel ler  bezogen als weniger  
exponier te  und  weniger  gut  s iehtbare  Pliitze. Wahrsche in l i eh  ha t  dies aber  se inen  Grund  
dar in ,  dass diese Pl~itze le iehter  entdeekt  werden,  n ieht  weil  sic eeht  bevorzug t  
werden.  

4. Keine Bevorzugung wurde  ffir die folgenden Var iab len  gefunden : F o r m  des 
Eingangs (Schlitz vs. Kreis),  Form der Nes• (Quader vs. hohe Rechtecksfiule),  
Zugigkei t  der  H6hle (zugfrei vs. zugig) und Troekenhei t  (feueht vs. t roeken) .  W a h r -  
seheinl ieh sind Zugigkeit  und  Troekenhei t  der H6hle ffir die Biene wiehtig.  Da die 
Bienen jedoeh i h r  Nest abdieh ten  und  wasserd ieht  machen k6nnen ,  s ind sic - -  was 
diese Nis tp la tz -Var iab len  angeht  - -  n ieh t  so wiihleriseh als gegenfiber jenen ,  die sic 
n ieh t  i indern kSnnen.  

5. Dieser komplexe  Prozess der  Nis tp la tzwahl  k o m m t  der Honigbiene offensieht l ieh  
in versehiedener  Weise zugute, z. B. zur  Er le ich terung der Ver te id igung und  Hygiene 
des Stoekes, der  Vere in faehung  be im Nestbau und  bei der  Kontrol le  des Mikrokl imas ,  
sowie zur  Minderung der  F u t t e r k o n k u r r e n z  mi t  dem Muttervolk.  

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

H o n e y  bee  a r c h i t e c t u r e  h a s  a l o n g  h i s t o r y  of s t u d y ,  f r o n l  a n a l y s e s  b y  

e i g h t e e n t h  c e n t u r y  g e o m e t e r s  of t h e  e f f i c i ency  of h o n e y  c o m b  f o r m  ( r e v i e w e d  

b y  THOMPSON, 1942),  t h r o u g h  I)ARWIN'S (1859) s t u d i e s  of  c o m b  c o n s t r u c t i o n  

a n d  t he  e v o l u t i o n  of a n i m a l  i n s t i n c t ,  to m o r e  r e c e n t  s t u d i e s  on  t h e  s e n s o r y  

p h y s i o l o g y  a n d  b e h a v i o r  i n v o l v e d  in  nes t  c o n s t r u c t i o n  ( r e v i e w e d  by  DAnCHEN, 

1968 a n d  y o n  Fn l sc~L  1974).  H o w e v e r ,  o n e  a s p e c t  of h o n e y  b e e  n e s t  b u i l d i n g  

- -  s e l e c t i o n  of t h e  ne s t  s i t e  - -  h a s  a l w a y s  r e c e i v e d  l i t t l e  a t t e n t i o n .  LINDAUER'S 

(1955) s e m i n a l  s t u d y  of h o m e  s i t e  s e l e c t i o n ,  SE~-LEY'S (1977) a n a l y s i s  of  t he  

p r e f e r r e d  ne s t  c a v i t y  v o l u m e ,  a n d  s c a t t e r e d  o b s e r v a t i o n s  in  t h e  b e e k e e p i n g  

l i t e r a t u r e  o n  t r a p p i n g  w i l d  s w a r m s ,  c o m p r i s e  o u r  k n o w l e d g e  of n e s t  s i t e  

s e l e c t i o n  b y  h o n e y  bees .  In  t h i s  p a p e r  w e  r e v i e w  the  p r e v i o u s  f ind , ings  a n d  

r e p o r t  f u r t h e r  s t u d i e s  on  t h e  h o n e y  b e e ' s  p r e f e r e n c e s  in  n e s t  s i t e  v a r i a b l e s .  

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

S t u d y  area and  bee races. - -  T h e  s t u d y  w a s  c o n d u c t e d  d u r i n g  t h e  s u m m e r s  

of  1975, 1976 a n d  1977 i n  t h e  r e g i o n  of  I t h a c a ,  N e w  York .  W e  u s e d  w i l d  s w a r m s  

of  h o n e y  b e e s  in  all  t h e  e x p e r i m e n t s ,  e x c e p t  for  t h e  s t u d y  of  t h e  d i s t a n c e  

b e t w e e n  o ld  a n d  n e w  nes ts .  Most  of t h e  w i l d  s w a r m s  c a m e  f r o m  f e r a l  c o l o n i e s  

w h i c h  f l o u r i s h  i n  t h e  I t h a c a  a rea ,  a n d  t h e  r e m a i n d e r  c a m e  f r o m  u n i d e n t i f i e d  

b e e k e e p e r s '  c o l o n i e s .  In  t h e  s t u d y  of  s w a r m  d i s p e r s a l  d i s t a n c e  w e  u s e d  a r t i -  

f ic ia l  s w a r m s  (MORSE, 1963;  SEELEY, 1977) p r e p a r e d  f r o m  c o l o n i e s  of D y c e  

L a b o r a t o r y ,  C o r n e l l  U n i v e r s i t y .  T h e  h o n e y  bees  in  t he  I t h a c a  a r e a  a r e  h y b r i d s  
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of several  bee races : Apis  me l l i f e ra  l igust ica Spinola,  .4. m.  caucas ica  

Gorbatschew, A. m.  carn ica  Pol lman and A. m.  me l l i f e ra  L. (RUTTNER, 1975), 

Voucher  spec imens  f rom 18 Of the 52 wi ld  swarms inhab i t ing  the  expe r imen ta l  

nestboxes in 1977 were  deposi ted in the Cornell  Univers i ty  en tomology  col- 

lect ions (Cornell  Univ.  Lot n ~ 1067). 

General  e x p e r i m e n t a l  p rocedure .  - -  All nest site p roper t i e s ,  except  for 

(1) dis tance be tween  old and new nests and (2) nest site exposure ,  whose  study 

techniques  are descr ibed separate ly  below, were  s tudied us ing one basic 

system of mater ia ls  and methods.  This  consisted of sett ing out nestboxes in 

pairs,  cal led r nestbox stations >), wi th  the two nestboxes of a nes tbox station 

differing in one variable.  Wild  swarms would  d iscover  the nes tbox  stations 

and inhabi t  one of the two nestboxes in a station. F ina l ly  the  pa t te rns  of 

nestbox occupat ions  were  stat is t ical ly analyzed by cons ide r ing  the swarms '  

select ions b e t w e e n  pa i red  nestboxes as b inomia l  processes.  Some details of 

nestbox design and p lacement  differed between exper iments ,  and these wi l l  

be noted wi th  the descr ip t ions  of the ind iv idua l  exper iments .  However ,  many 

features of nestbox design and nestbox stations were  the same for most or 

all exper iments ,  and wi l l  now be described.  

N e s t b o x  des ign.  - -  Nestboxes were  const ructed of 1.5 cnl t h i ck  p lywood  

and pain ted  d a r k  green on the outside. W i t h . a  few except ions  noted below, 

the nestboxes were  cube-shapcd and had a 3 cm diameter  en t r ance  hole posi- 

t ioned m i d w a y  across the front,  8 cm up from the nestbox floor. A nai l  dr iven 
hor izonta l ly  across the ent rance  p reven ted  occupat ion  by birds.  All nestboxes 

were  40 l i ters in volume. Nestbox floors were  removable  to p e r m i t  in te r ior  

inspect ions.  A 4 • 4 cm piece of old bee comb was p laced  ins ide  each nestbox 

and the seam between the removable  floor and the rest of the nestbox was 

sealed wi th  opaque pho tograph ic  tape. 

N e s t b o x  s tat ions .  - -  Nestboxes were  set out in pairs ,  he rea f t e r  re fe r red  

to as r nestbox stations >>, by nai l ing two nestboxes to trees along a hedgerow 
or to adjacent  p o w e r  line poles. To establish a nestbox stat ion we  first chose 

two sites w b i c h  we judged were  approximate ly  equivalent  in vis  exposure  

and height,  and w h i c h  were  10 to 25 m apart. In all nestbox s tat ions the nest 

sites were  highly visible and were  at least 3 m off the ground.  The two 

nestboxes compr i s ing  a station were  randomly  assigned to the two  nest sites 

in a stat ion by f l ipping a coin. Both nestboxes in each stat ion w e r e  pos i t ioned 

at the same height  and wi th  the i r  entrances facing the same d i rec t ion .  
We inspected  the nestbox stations approximate ly  every 10 days throughout  

the two annual  swarming  per iods  for the I thaca  area, May 15 to Ju ly  15, and 

August 15 to September  15 (FELL et al., 1977). Wheneve r  a nestbox was occupied,  

we  checked the ins ide  of the other  nestbox in the same stat ion for  ants, wasps  

and other  sources of in terference.  
A control  exper iment  descr ibed previous ly  (SEELEY, 1977) showed  that  two 

nestboxes in a nestbox station w h i c h  are at the same height  and have the 
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same vis ibi l i ty  wil l  both be found by bees before they choose be tween  them. 
Thus, except in the test of nest site exposure which  used nestboxes set out 
s ingly ins tead of in  pairs,  and in the test of nest height which  used nestboxes 
at different heights,  the different occupat ion rates between nes tboxes  in  a 
given exper iment  could not reflect differences in  the ease of nestbox discovery.  

D i s t a n c e  [ r o m  p a r e n t  nes t .  - -  To measure the distances wh ich  swarms  t ravel  
between pa ren t  nests  and new nest sites, w e  t ranspor ted  artificial  swarms  to 
Mount Pleasant,  a large, heavi ly  forested area near  Ithaca, New York. Each  swarm 
was placed on a wooden  cross in  a c lear ing su r rounded  by forest for at least 
1 km and general ly  2 or more kin. Thus  the swarms were su r rounded  for  large 
distances by a p resumab ly  r andom dis t r ibut ion  of na tura l  nest  sites. We fol- 
lowed each swarm's  selection of a nest  site by reading  the scouts '  dances  to 
determine the dis tances and direct ions  of the home sites they had discovered.  
The ca l ibra t ion  curves  of LmDAUER (1961) and yon FnIscrI  (1967) for A p i s  

m e l l i [ e r a  t i g u s t i c a  were  used to t ransla te  dance tempos into dis tances to the 
advert ised nest sites. By watch ing  the scouts '  dances throughout  a swarm ' s  
selection of a home site, we could determine the approximate  dis tance to the 

nest site finally selected by each swarm. 

N e s t  s i t e  expos t t re -v i s ib i l i t , q .  - -  To test the impor tance  of this var iable ,  
we set out twenty  nestboxes of the design descr ibed "above singly in a r a n d o m  
pat te rn  about the Ellis Hollow valley near  Ithaca, New York. All nestboxes 
were 4 m off-ground. Ten nestboxes were located in sites wi th  high exposure  
and visibi l i ty ,  such as on a telephone pole or on the side of a large tree in a 
hedgerow. The other ten nestboxes were posi t ioned in sites wi th  low exposure  
and vis ibi l i ty  by na i l ing  them to trees thickly su r rounded  by other trees. The 
two nestbox groups had the same dis t r ibut ion of nestbox en t rance  direct ions .  
We moni to red  these ind iv idua l  nestboxes just  like the nestbox stations.  

S t a t i s t i c a l  tests .  ~ For  most experi lnents  the statistical test invo lved  cal- 
cula t ing the b inomia l  probabi l i ty  of obta in ing  the observed pa t te rn  of occupa-  
t ion for the two nestbox types, or one even more skewed, assuming that  both 
nestboxes in a station had equal probabi l i t ies  of being inhab i t ed  by a swarm.  
For  some of the exper iments  involving pa i red  nestboxes, an a p r i o r i  hypothes is  
a b o u t  the d i rec t ion of preference between nestboxes was formed based on 
observat ions of na tura l  nests (S~ELEY and Mo~sE, 1976). For  these exper iments  
onesided nul l  hypotheses and significance tests were used. In all the other 
exper iments  us ing  pa i red  nestboxes, two-sided hypotheses and s ignif icance tests 
were employed. In  the exper iment  on nest site exposure-visibi l i ty,  we  used 
the z~-test, uncor rec ted  and with Yates correct ion.  Differences in the proba-  
bi l i ty  of nestbox occupat ion for nestboxes with different en t rance  d i rec t ions  
were tested for s ignif icance using the MOSTELLOI:L, ROURKE and  THOMAS (1973, 
p. 444) test for small  samples. Differences in nestbox occupat ion  probabi l i t i e s  
between i nd iv idua l  d i rect ional  groups (compass octants) and the ent i re  sample  
of d i rec t ional  groups were tested for significance using Student 's  t-test. 
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Curve fitting in  fig. 1 and 2 was accomplished by locally fit t ing least- 
squares polynomials ,  up to quartics,  to sets of three, five or seven equally 
spaced data poin ts  and then using the value of the fitted po lynomia l  as the 
value of the p robabi l i ty  densi ty func t ion  at the middle  po in t  (HAMMING, 1973). 
End  values of the funct ions  for swarm flight distance were fitted b y  eye. 

RESULTS 

1 .  - -  N e s t  l o c a t i o n .  

a) Height. 

Tile s ignif icance of nest  height was tested by establ ishing nes tbox stations 
with one nestbox 1 m, the other 5 m off-ground. E i g h t  s tat ions were  esta- 
bl ished and 6 swarms inhab i t ed  high (5 m) nestboxes. One low (1 m) nestbox 
was also inhabi ted ,  but this followed a swarm's  occupat ion  of the h igh  nestbox 
in the same station. Thus the high nest sites were more rap id ly  occupied  than 
low sites (p < 0.04, two-tailed probabi l i ty) .  Ei ther  bees prefer  high nest sites 
or they have difficulty in f inding low nest sites. The lat ter  poss ib i l i ty  seems 
improbable  s i n c e  whenever  we observed scou t s . in spec t ing  a high nestbox, we 
also saw scouts examin ing  the low nestbox in the same station (n -~ 5 stations). 

The apparen t  preference for high nest sites is consis tent  wi th  the recom- 
mendat ion  of beekeepers that bai t  hives (hives for t r app ing  wi ld  swarms of 
honey bees) are best located high off the ground (CAILLAS, 1946; MARTY, 1949; 
MARCnAND, 1967; GUY, 1971). Also, in  medieval  Europe (GALTON, 1971) and 
still cu r ren t ly  in Africa (SMITH, 1960; TOWNSEND, 1970; ROBEnTS, 1971; 
BROKENSHA et al., 1972; REA, 1974), p r imi t ive  beekeeping has rel ied upon  
placing un inhab i t ed  hives high i n  trees to catch swarms. P resumab ly  improved 
defense makes high nest sites more attractive to bees than  low ones. 

b) Exposure-visibility. 

Nest sites which  are highly exposed to wind,  sun and r a i n -  such as 
hollow trees in clearings or along the edge of a forest - -  also tend to be quite 
visible. Inversely,  a low exposure nest site - - a  hol low tree su r rounded  by 
f o r e s t -  is general ly a low vis ibi l i ty  site. Thus the variables  of nest  site 
exposure and visibi l i ty are usual ly coupled in  nature,  and  were  l ikewise 

coupled in  our  exper iment .  
During one summer,  8 of the 10 high exposure-visibi l i ty  nestboxes and 2 

of the 10 low exposure-vis ibi l i ty  nestboxes were inhab i ted  by swarms.  This 
demonstrates  a s ignif icant ly higher  probabi l i ty  of swarm occupat ion  for nest- 
boxes wi th  high ra ther  than low exposure-visibi l i ty (p < 0.01, z 2 = 7.2 uncor-  
rected;  p < 0.025, z 2 = 5, Yates correction).  However,  this difference may not 
reflect a nest site preference,  but merely a difference in  ease of discovery 
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b e t w e e n  l o w  a n d  h i g h  e x p o s u r e - v i s i b i l i t y  n e s t b o x e s .  LINDAUER (1955)  f o u n d  

t h a t  r e d u c i n g  t h e  e x p o s u r e  of a n  u n o c c u p i e d  h i v e  b y  p i l i n g  b r u s h  o v e r  i t  

e n h a n c e d  i ts  a t t r a c t i v e n e s s  as a n e s t  s i te .  MAnTY (1949),  BECKER (1967)  a n d  

MAREHAND (1967) r e c o m m e n d  w h e n  s e t t i n g  ou t  b a i t  h i v e s  to  a v o i d  b o t h  l oca -  

t i o n s  i n  fu l l  s u n  a n d  p l a c e s  w h i c h  a r e  d a r k  a n d  o b s c u r e .  

c) Distance [rom parent nest. 

M e a s u r e m e n t s  of t h e  d i s t a n c e s  to n e w  nes t  s i t e s  s e l e c t e d  b y  s w a r m s  w h i c h  

w e r e  g i v e n  fu l l  f r e e d o m  in  c h o o s i n g  a n e s t  s i t e  a r e  p l o t t e d  i n  fig. 1. T h i s  
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FIG. l .  - -  D i s t r ibu t ions  of dis tances to new nes t  sites, as calculated f rom the  dances 
of scout bees. The curves are l eas t - squares  f i ts  to poin ts  centered in the  top of 
the  h i s tog ram bars .  Upper figure is or ig ina l  da t a ;  lower  figure is a f te r  Table  I 
in  LINDAUEa (1955). 

ABI3. 1. - -  Ver te i lung der  En t f e rnungen  zu den neuen  Nis tpla tzen,  au fg rund  der 
Auswer tung  der  Tfnze  der Spurbienen.  Die Kurven sind nach dem Pr inz ip  der 
k le ins ten  Quadra te  durch  Abgleichung der  Punk te  an  der  Spitze der 
His togrammsi iu leu  erstell t .  Die obere Abbi ldung  zeigt die neuen Daten, die untere  
Abbi ldung is t  nach Tabelle [ (LI,~DauEn, 1955) erstel l t .  

f igu re  a lso  i n c l u d e s  d a t a  g a t h e r e d  in  s i m i l a r  f a s h i o n  b y  LINDAUER (1955) w h o  

o b s e r v e d  s w a r m s  i n s i d e  M u n i c h  a n d  i n  v a r i o u s  r u r a l  l o c a t i o n s  in  W e s t  G e r m a n y .  

T h e  s t r i k i n g  f e a t u r e s  of  t he  t w o  d i s t r i b u t i o n s  a re  (1) t h e i r  s i m i l a r i t y  d e s p i t e  

t h e  w i d e l y  s e p a r a t e d  s t u d y  a reas ,  a n d  (2) t h e  l o w  f r e q u e n c y  of  s w a r m s  t r a -  

v e l l i n g  less  t h a n  300 m to a n e w  h o m e  si te .  T h e  l a t t e r  f e a t u r e  m a y  s i m p l y  

r e f l e c t  t h e  s m a l l e r  n u m b e r  of n e s t  s i t e s  w i t h i n  a s m a l l  r e l a t i v e  to  a l a r g e  r a d i u s  

a r ea .  Or  i t  c o u l d  r e f l ec t  t h e  a v o i d a n c e  b y  s w a r m s  of  n e s t  s i t e s  w i t h i n  300 

m e t e r s  of t h e  p a r e n t  nes t .  LINOaUEa (1955) o b s e r v e d  o n e  s w a r m  c h o o s e  b e t w e e n  
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two ident ica l  hives,  one 30 m and the other  250 m away, and select  the distant 

hive. Beekeepers  (MARTY, 1949; MAnCIJAND, 1967) repor t  that  p l ac ing  bai t  hives  

500 to 1,000 meters  f rom an apiary is best, and that  bait  h ives  w i th in  100 

meters  of apiar ies  are not l ikely to rece ive  swarms.  

Reduc t ion  of foraging compet i t ion  wi th  the paren t  colony probably  favors 

w ide  swarm dispersal,  whereas  diff icult ies in long dis tance s w a r m  flights 

would  favor  short  movements .  The  curves  in figure 1 may  reflect  the opt imal  

compromise  for honey bees of these opposing forces. 

2 .  ~ N e s t  s t r u c t u r e .  

a) Entrance area. 

The en t rance  areas of natural  nests rare ly  exceed 60 cm2 and are t y p i c a l l y  

10 to 20 cm2 (SEELEV and MORSE, 1976). To test w h e t h e r  this pa t te rn  reflects 

the bee's  p re fe rence  in entrance size, we establ ished 14 n estbox stat ions using 

nestboxes wi th  two sizes of entrances.  In each stat ion one nestbox had  a 4 cm 

diameter  en t rance  hole whi le  the other 's  ent rance  was 9.7 cm diameter ,  thus 

giving en t rance  areas of 12.5 cm -~ and 75 cm 2, respect ively .  The  ent rances  were  

covered  wi th  2.5 cm mesh << chicken w i r e  >> screening  to discourage birds 

f rom inhabi t ing  the nestboxes. 

Six swarms occupied  the small en t rance  ~estboxes whi le  none inhabi ted  

those wi th  large entrances.  This indica tes  a p re fe rence  for the small  ent rance  

nestboxes (p ~ 0.02, one-tailed probabi l i ty) .  A seventh small en t rance  nestbox 

was also occupied  by a swarm, but because a small  b i rd  had buil t  a nest in 

the large ent rance  nestbox at that  station, this observat ion  could not be 

counted.  Statements  in the beekeeping l i tera ture  on the ideal  en t rance  size for 

bait  h ives  are conflicting. AvRRY (1935) advocates a very  small,  about 4 cm 2 

ent rance  hole, whi le  MARTY (1949), CAILLAS (1946), BECKEn (1967) and MARCHAND 

(1967) r e c o m m e n d  << large >> or << Wide open >> entrances.  The  lat ter  authors 

used commerc ia l  beehives for w h i c h  the m ax im um  en t rance  area wou ld  rare ly  
exceed 75 cm 2. Thus although large and not ideal, the ent rances  to the i r  bait  

hives  were  apparent ly  not so large that  the hives  were  ful ly '  unsui table  nest 

sites. 
En t r ance  size is probably  a very  impor tan t  nest site p roper ty .  The  ent rance  

is the focus of contact  between the colony and the outside env i ronment .  This  

opening must be large enough for easy passage of foraging bees and air  currents  

for nest vent i la t ion,  but cannot be so large that it wou ld  h a m p e r  colony 

defense or h inde r  control  of the nest microc l imate .  

b) Entrance shape. 

The signif icance of ent rance  shape was tested by p r o v i d i n g  a choice  

be tween  nestboxes wi th  c i rcu la r  or sl i t-shaped ent rances  of equal  areas. These 
are the two typ ica l  ent rance  shapes in natural  honey  bee nests (S~ELEY and 
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MORSE, 1976). The c i rcular  en t rance  was 3 cm in diameter ;  the slit en t r ance  
was 1 X 7 cm, wi th  the large axis or iented vert ically.  Both types of en t r ance  
were posi t ioned midway  across the nestbox front,  wi th  the centers of the en- 

t rances  8 cm up from the floor of each nestbox. 
Ten nestbox stat ions were established and 4 swarms occupied Slit en t r ance  

nestboxes whi le  2 inhab i t ed  c i rcular  en t rance  nestboxes. A th i rd  sw a r m also 
occupied a c i rcular  en t rance  nestbox but  in te r ference  by a colony of yellow- 
jacket wasps (VespuIa vidua) in the slit ent rance  nestbox of the s ta t ion made 
this observat ion meaningless  for the test. This  pa t te rn  of occupat ions  ind ica tes  
that there was no preference  between ent rance  shapes unde r  the cond i t ions  of 

the test (p < 0.68, two-tai led probabi l i ty) .  

c) Entrance position. 

Ent rances  i n  na tura l  honey bee nests are d ispropor t ionate ly  located in 
the bottom th i rd  of nest  cavities (SEELEY and MORSE, 1976). To  de te rmine  
whether  this pa t te rn  represents  selection for bottom ent rance  nest cavities,  we 
performed the fol lowing test. Twenty- four  nestboxes wi th  in te rna l  d imens ions  
20 cm wide • 20 cm deep • 100 cm tall were built.  Twelve had the i r  en t rance  
(1.5 cm tall X 6 em wide)  midway  across the front side and at the very  bot tom 
of the nest cavity, flush wi th  the nestbox floor. The other 12 nestboxes had  
their  ent rance  at the very top of the nest cavity, flus5 wi th  the nes tbox roof. 
By using elongate nestboxes instead of cubes, we emphasized the difference 

between top and bot tom entrances.  
Twelve nestbox stat ions were established and 8 swarms inhab i t ed  the 

bottom entrance  nestboxes and 2 occupied top ent rance  nestboxes. In  addi t ion ,  
at one station both nestboxes were occupied wi th in  one inspec t ion  per iod  and  
so yielded meaningless  data. And at two stat ions in which  the bot tom en t rance  
nestboxes were first occupied,  the top en t rance  nestboxes were later  also inha-  
bited. These results show that bees preferent ia l ly  occupied the bottom en t r ance  
nestboxes (p < 0.06, one-tailed probabi l i ty)  and that top ent rance  nestboxes,  
while  less desirable,  are never the less  acceptable nest sites. 

The advantages of a bottom en t rance  over a top ent rance  cou ld '  i nc lude  
snmller convect ional  heat loss (Bi)D~L, 1960), simplified nest hygiene  by facil i-  
t a t i n g  removal  of debris  dropping to the nest bottom, or some other reason 
which  might  be related to the nest 's  organizat ion of brood below and food above 
(SEELEY and MonsE, 1976). 

d) Entrance direction. 

The impor tance  of en t rance  d i rec t ion was analyzed using data generated 
dur ing  the tests of other nest site propert ies .  Firs t  we noted the d i rec t ion  of 
the ent rances  in each nestbox stat ion used in 1976 and 1977. Then  each stat ion 
was assigned to the di rect ional  group whose compass di rect ion (N, NE, E, SE, 
S, SW, W, N~V) was closest to the d i rec t ion of the stat ion's  nestbox entrances .  
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F i n a l l y  t h e  8 d i r e c t i o n a l  g r o u p s  w e r e  c o m p a r e d  w i t h  r e s p e c t  to  t h e i r  p r o b a -  

b i l i t i e s  of h a v i n g  at l eas t  one  n e s t b o x  o c c u p a t i o n  p e r  s t a t i o n  p e r  y e a r .  W e  

c o l l e c t e d  124 n e s t b o x  s t a t i o n - y e a r s  of  da ta .  B e c a u s e  t h i s  d a t a  w a s  a b y - p r o d u c t  

of o t h e r  tes ts ,  t h e  n e s t b o x  s t a t i o n s  i n v o l v e d  w e r e  c o m p o s e d  of m a n y  d i f f e r e n t  

k i n d s  of n e s t b o x e s .  H o w e v e r ,  as is s h o w n  in  t a b l e  I, n o  one  t y p e  of n e s t b o x  

s t a t i o n  r e c e i v e d  s w a r m s  w i t h  a p r o b a b i l i t y  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  

o the r s .  T h u s  t h e r e  w a s  n o  p o s s i b i l i t y  t h a t  a p a r t i c u l a r l y  h i g h  o r  l o w  a t t r a c -  

t i v e n e s s  to  one  o r  t w o  n e s t b o x  t y p e s  c o u l d  h a v e  b e e n  c o u p l e d  w i t h  a n o n -  

u n i f o r m  d i s t r i b u t i o n  in  t h e  e n t r a n c e  d i r e c t i o n s  of t h e s e  n e s t b o x e s  to  b i a s  t h e  

d i r e c t i o n a l  p r o b a b i l i t i e s  of n e s t b o x  o c c u p a t i o n .  

TABLE I. - -  Occupation p robab i l i t i e s  for  different  types of nes tbox stat ions.  

TABELLE I. - -  Wahrsche in l i chke i t en  f i i r  das Beziehen versehiedener  Ar ten  k i ins t l icher  
Nistpliitze. 

P r o b a b i l i t y  P r o b a b i l i t y  
Numl3e r  o f  a t  l ea s t  o f  n o  

S t a t i on  t ype  o f  s t a t i o n s  one  o c c u p a t i o n  s i g n i f i c a n t  
s t a t i o n / y e a r  differenc.._e 

f r o m  p 

Nest he ight  . . . . . . . . . . . . . .  8 
Entrance area . . . . . . . . . . .  14 
Entrance shape . . . . . . . . . .  10 
Entrance posi t ion . . . . . . . . .  12 
Volume preference (a) . . . .  14 
Volume resolu t ion  (a) . . . .  20 
Cavity shape . . . . . . . . . . . .  12 
Cavity dryness  . . . . . . . . . .  10 
Cavity d ra f t iness  . . . . . . . .  12 
Comb in cavity . . . . . . . . . . .  12 

124 

0.75 > 0.51 
0.50 > 0.54 
0770 > 0.68 
0.92 > 0.16 
0.78 > 0.43 
0.35 > 0.19 
0.75 > 0.51 
0.50 > 0.54 
0.58 > 0.84 
0.33 > 0.17 

p -=  0.62 

(a) The exper iments  involving th i s  type of ncs tbox s ta t ion  were described in 
SEELEY (1977). 

F i g u r e  2 c o m p a r e s  t h e  p r o b a b i l i t i e s  of at  l eas t  one  o c c u p a t i o n / s t a t i o n / y e a r  

fo r  t h e  e i g h t  c o m p a s s  d i r e c t i o n s .  N e s t b o x  s t a t i o n s  w h o s e  e n t r a n c e s  f a c e d  SE, 

S a n d  SW s h o w e d  a s i g n i f i c a n t l y  h i g h e r  a v e r a g e  a n n u a l  p r o b a b i l i t y  of at  l e a s t  

o n e  o c c u p a t i o n  (p = 0.84) r e l a t i v e  to s t a t i o n s  w i t h  e n t r a n c e s  f a c i n g  W,  NW,  

N, NE a n d  E ( p - =  0.51), (p < 0.05, t w o - t a i l e d  p r o b a b i l i t y ) .  

T h i s  p r e f e r e n c e  of s o u t h w a r d  o v e r  n o r t h w a r d  e n t r a n c e s  m a y  re f l ec t  a 

d i f f e r e n c e  in  e n t r a n c e  i n s o l a t i o n .  B e e k e e p e r s  in  tlie n o r t h e r n  h e m i s p h e r e  regu= 

l a r l y  f ace  t h e i r  c o l o n i e s  to  t h e  s o u t h  b e c a u s e  t h e y  b e l i e v e  b e e s  f o r a g e  m o r e  

a c t i v e l y  a n d  o v e r w i n t e r  b e t t e r  i n  h i v e s  w i t h  s u n l i t  r a t h e r  t h a n  s h a d e d  
e n t r a n c e s .  

e) Cavity volame. 

S t u d i e s  of t he  h o n e y  bee ' s  p r e f e r e n c e  in  ne s t  c a v i t y  v o l u m e  a re  r e p o r t e d  

e l s e w h e r e  (S~BL~.Y, 1977). Ti le  p r e s e n t  t r e a t m e n t  of t h i s  t o p i c  is a b r i e f  r e v i e w  
of p r e v i o u s  f i nd ings .  
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FIG. 2. - -  P robab i l i t y  of nes tbox occupat ion as :l funct ion  of en t rance  direct ion,  
Vertical  bars  denote plus or minus  one s tandard  error.  The curve is a least-  
squares  fit t h r ough  points  centered in the  top of each h i s togram bar .  Number s  
a long the abscissa denotc  the n u m b e r  of nes tbox s ta t ion-years  for  each of the 
eight  d i rec t ions ;  to ta l  : 124 s ta t ion-years .  

ABm 2. - -  Wahl  eines Nistplatzes  als F u n k t i o n  der  Richtung des Eingangs.  Die ve r t ika len  
Linien  an der  Spitze der  His togrammsl iu len  bezeiehnen die S tandardfeh le r .  Die 
Kurve ist  nach dem Pr inzip  der  k le ins ten  Quadrate  durch Abgleichung der  P u n k t e  
an  der  Spitze der  Histogramms~iulen erstell t .  Die Zah len  auf  der  Abszisse 
bezeichnen die Anzahl  der  Nis tp la tz - Jahre  fiir jede der acht  R i e h t u n g e n ;  
Gesamtzahl  : 124 Nis tp la tz -Jahre .  

LINDAUER (1955) p r o d u c e d  t h e  f i r s t  e v i d e n c e  for  v o l u m e  se lec t ic ;n  d u r i n g  

n e s t  s i t e  s e l e c t i o n  in  o b s e r v i n g  t h a t  a v e r y  s m a l l  s w a r m  r e j e c t e d  h i s  n e s t b o x e s  

u n t i l  h e  h a l v e d  t h e  v o l u m e  of one ,  w h e r e u p o n  t h e  s w a r m  p r o m p t l y  i n h a b i t e d  

t h e  r e d u c e d  v o l u m e  n e s t b o x .  SEELEY a n d  MORSE (1976) f o u n d  t h a t  t h e  v o l u m e  

d i s t r i b u t i o n  of n a t u r a l  n e s t s  h a s  a w i d e  r a n g e  (12 to 443 l i t e r s  o b s e r v e d ) ,  

b u t  t h a t  m o s t  n e s t  v o l u m e s  a re  c l u s t e r e d  i n  t h e  20 to 100 l i t e r  s u b r a n g e .  SEELEY 

(1977) d e m o n s t r a t e d  t h a t  t h i s  d i s t r i b u t i o n  re f l ec t s  v o l u m e  s e l e c t i o n  a m o n g  po-  

t e n t i a l  n e s t  c av i t i e s .  S w a r m s  p r e f e r  40 l i t e r  o v e r  10 a n d  100 l i t e r  n e s t  c a v i t i e s .  

T h e  f u n c t i o n  of  t h i s  v o l u m e  s e l e c t i o n  m a y  be  t w o f o l d  : 1) a v o i d a n c e  of c a v i t i e s  

too  s m a l l  to  e n c l o s e  an  e n t i r e  c o l o n y ,  a n d  2) c o n t r o l  of m a t u r e  c o l o n y  s ize  b y  

l i m i t i n g  t h e  s p a c e  a v a i l a b l e  f o r  c o l o n y  g r o w t h .  

G i v e n  t h e  e x i s t e n c e  of v o l u m e  s e l e c t i o n  in  n e s t  c av i t i e s ,  t h e r e  a p p e a r s  to  

be  c o n s i d e r a b l e  g e o g r a p h i c a l  v a r i a t i o n  in  t h e  p r e f e r r e d  c a v i t y  s ize.  F r o m  
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descr ipt ions  of the sizes of na tura l  nests (ScHbIIDT, 1897; WADEY, 1948; LINDAUER, 
1955; SEELEY and MORSE, 1976 ) and direct  experiments  (SEELEY, 1977) one can 
conclude European  honey bees prefer  nest cavities in  the range  of 20 to 
80 liters. However,  in  the Bashkir  region of the Soviet Union,  honey  bees 
rarely occupy tree cavities smaller  than 40 liters, suggesting that  the lower 
l imit  of acceptable cavity size is about 40 liters for these bees (PETROV, 1970). 
At the other extreme, the or iginal ly  Afr ican honey bees now in  South America  
read i ly  occupy I0 l i ter or even smaller  nestboxes (O. R. TAYLOR, persona l  com- 
municat ion) .  In  Africa a wide  range of effective bait  hive sizes has been re- 
ported. The upper  l imit is about 300 li ters while the typical  hive size is about 
100 li ters (SMITH, 1960; BROKENSHA et El., 1972; REA, 1974). 

f) Cavity shape. 

Most na tura l  nests have approximate ly  the form of a n  elongate, upr ight  
cy l inder  (S~.~.LEY and Moose., 1976). Although this general izat ion p robab ly  
reflects the pa t te rn  of wood decay in  s tanding trees, we tested whe ther  bees 
prefer  tall, elongate cavities over cube-shaped cavities. Twelve nestbox stat ions 
were established, each con ta in ing  one tall nestbox (20 X 20 • 100 cm) and one 
cubical  nestbox (34.2 • 34.2 • 34.2 cm). For  both nestbox types the en t rance  
consisted of an opening 1.5 cm tall • 6 cm ,,vide located at the base of the 
nestbox, midway  across the front side. 

At 6 stat ions the cube nestbox was occupied and at 3 s tat ions the tall 
nestbox was inhabi ted,  thereby demonst ra t ing  no significant shape preference  
unde r  the test condi t ions  (p < 0.91, one-tailed probabil i ty) .  At one station in 
which  the tall nestbox was first inhabi ted ,  the cube nestbox was later  also 
inhabi ted.  

g) -Cavity dryness. 

Honey bee colonies can keep their  nests dry by selecting dry nest cavities 
or by waterproof ing  wet ones. The propol is  coating of the c a v i t y  walls in  
natura l  nests (SEELEY and MORSE, 1976) suggests that bees can waterproof  the i r  
nests. To determine whether  bees select dry nest sites, we per formed the 
following test. Fi rs t  we added 2 liters of a mixture  of dried sawdust  and dried 
punkwood  to every nestbox used in  this test. To ensure un i fo rm mater ia l  for 
the two nestboxes in each station, we prepared  4 l i ter hatches of the sawdust-  
punkwood  mixture  wi th  thorough mix ing  and then divided each one between 
the two nestboxes of each nestbox station. For one nestbox in each stat ion,  the 
<~ wet nestbox >>, the sawdus t -punkwood mixture  was heavi ly  wet ted by mix ing  
it with 1 l i ter  of water  before p lac ing  it inside the nestbox. The r dry n estbox >> 
was prepared by leaving the sawdus t -punkwood mixture  dry  when  p lac ing  it 
inside its nestbox. Ten nestbox stat ions were established. Wheneve r  these 
stations were inspected,  the sawdust -punkwood layer  of each wet nestbox was 
again wetted wi th  a l i ter of water.  In ter ior  inspect ions  of these nestboxes 
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showed that wet nestboxes were cont inuous ly  wet ins ide  whi le  the dry  nestboxes  
stayed dry. 

At 2 stat ions tile dry nestbox w a s  inhab i t ed  while  at 3 s tat ions the  wet  
nestbox was occupied,  thus ind ica t ing  no preference  of the dry over the  wet 
nestboxes (p < 0.81, one-tailed probabi l i ty) .  In  nature ,  m a n y  nest cavi t ies  are 
l ined wi th  wet, decaying wood when bees first i nhab i t  them (S~EL~Y and  Mo~sE, 
1976). Bees quickly scrape clean the i n n e r  surfaces of such cavities a nd  coat 
them wi th  water-proofing propolis.  Perhaps  because cavity wetness is a nest  
site p roper ty  wh ich  bees can remedy, bees do not  weight  this factor  i leavi ly 
when  evaluat ing potent ia l  nest sites. 

h) Cavit9 draft iness.  

To test the imPor tance  of nest cavity draftiness,  we established 12 nes tbox 
stations in wh ich  one nestbox had its f ront  and sides each p e r f o r a t e d  by 
25 holes (6.35 nun  diameter)  spaced 6 cm apart  in a grid pa t te rn  (drafty 
nestbox) and the other nestbox was ident ica l  but  lacked such holes (sound 

nestbox). 
At 3 stations the sound nestbox was occupied and at 4 stat ions the drafty 

nestbox was inhabi ted .  These results indica te  no preference of sound  over 
drafty nestboxes (p < 0.77, one-tailed probabi l i ty) .  The reason for this coun te r  
in tu i t ive  outcome may resemble that for the bee's equal acceptance of wet  and 
dry nestboxes. Like cavity wetness, cavity draft iness is a nest site var iab le  
which  bees can mo(lify by filling in cracks and holes wi th  propolis.  Therefore  
they are not forced to deal with a cavity 's  draf t iness  just at the t ime of choos ing  
their  nest  site. For  example, the swarms which  occupied drafty nestboxes quickly  
plugged with propolis  the nmuerous  holes in their  nest cavit ies '  walls.  

i) Comb Insid'e the  Cavity.  

The first year  is the most hazardous year  in the life of a h o n e y  bee 
colony. Only about one quar ter  of all feral colonies in the I thaca area surv ive  
the foun'ding year  (S~ELF.Y, 1978). The reason for this high mor ta l i ty  is tha t  in  
the first year  a new colony must accomplish the mult iple  tasks of f ind ing  and 
occupying  a nest site, bui ld ing  a nest, rear ing  brood and s tockpi l ing  w i n t e r  
food, all in the r enmin ing  summer season. It therefore seems highly profi table 
to e l iminate  one of the many  hurdles  involved in  colony founding  by inha-  
bi t ing a pre-exis t ing nest. Wild honey bee swarms have been recorded  inha-  
bi t ing al ready const ructed nests which  were  vacated by the deaths of their  

colonies (SEELEY, 1978). 
Our test of the effect of comb ins ide  a nest  cavity involved 12 nes tbox 

stations in wh ich  one nestbox conta ined an approximate ly  15 • 20 cm por t i on  
of dark, old comb and the other nestbox conta ined  no comb. Only 4 nes tbox 
stat ions received swarms.  In 3 stations the comb-conta in ing  nestbox was  oc- 
cupied. In the fourth station the combless nextbox received the swarm.  
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However ,  i n spec t ion  of the nes tbox conta in ing  comb in this  fou r th  s ta t ion 
revea led  a co lony  of ye l lowjacke t  wasps  (Vespula arenaria) and  a p p r o x i m a t e I y  
20 earwigs  (Dermaptera ) .  Wi th  only 3 clear  select ions of the  comb-con ta in ing  
over the combless  nestbox,  the  bee 's  p re fe rence  for cav i t ies  w i t h  comb is 
ne i ther  d i sp roven  nor  s igni f icant ly  (p ~ 0.13, one- ta i led  p r o b a b i l i t y )  substan-  
t ia ted.  

The un ive rsa l  r e c o m m e n d a t i o n  by beekeepers  to inc lude  old combs ins ide  
bai t  hives  (CAIT.LAS, 1946; MARTY, 1949; BECKEIL 1967; MAnCHAND, 1967; GUY, 1971) 
and the s t a n d a r d  p r a c t i c e  in Afr ica  of smear ing  bai t  hive i n t e r io r s  w i t h  beeswax 
(SMITH, 1960; ROBERTS, 1971; BROKENSHA et al., 1972) both suggest  tha t  combs 
of a p rev ious  co lony  enhance  a nest  s i te 's  a t t rac t iveness .  And in the  bee forests  
of medieva l  Russia ,  t ree  cavi t ies  once occupied  by bees were  va lued  more  
h ighly  than cavi t ies  w h i c h  had  not been occupied  (GALTON, 1971). This  value 
di f ference p r o b a b l y  ref lected a d i f ference  in a t t rac t iveness  to s w a r m s  be tween 
p rev ious ly  and never  i nhab i t ed  sites. 

D I S C U S S I O N  

Tim p r i n c i p a l  s igni f icance  of the presen t  s tudy is its de ta i l ed  conf i rmat ion  
of LINOAUEn's (1955) f inding that  for the honey  bee, nest s i te  se lec t ion  is a 
complex  process  in w h i c h  many  p rope r t i e s  of a po ten t ia l  nest  s i te 's  loca t ion  
and s t ruc ture  are  evaluated.  Moreover,  the preferences  in nest  s i te  va r iab les  
appea r  a p p r o p r i a t e  for the boney  bee 's  behav ior  and ecology.  The  p re f e r ence  
for an elevated,  p rev ious ly  occupied  nest site w h i c h  is b e y o n d  300 m from 
the pa ren t  nest  and  w h i c h  has a small ,  sou thward  fac ing e n t r a n c e  near  tile 
nest bottom, can be r easonab ly  in t e rp re t ed  in terms of adap ta t ions  for  i m p r o v e d  
colony defense and foraging,  s impl i f ied  cont ro l  of the nest  m ic roc l ima te ,  and 
economy in nest  cons t ruc t ion .  Also, the var iables  of cav i ty  d ryness  and draf-  
t iness,  a l though i m p o r t a n t  to f inished nests, are not we igh t ed  .heavi ly dur ing  
nest site select ion,  appa ren t l y  in ref lect ion of the bee 's  ab i l i ty  to m o d i f y  these 
p rope r t i e s  of a nest  site. The re la t ionsh ips  between the honey  bee 's  ecology 
and its p re fe rences  in nest site p roper t i e s  are summar ized  in table  II. 

F u r t h e r  s tudies  of nest si te select ion by honey  bees could  fo l low severa l  
avenues of inves t iga t ion .  Using fac to r ia l  design exper iments ,  one could  analyze  
how bees weight  the different  nest  site var iables  in comput ing  the overal l  
qual i ty  of a nest  site. Also, it wou ld  be in teres t ing  to learn more  about  the 
sensory  mechan i sms  unde r ly ing  a scout  bee 's  pe rcep t ions  of the  impor t an t  
nest site p r o p e r t i e s  (see, for exmnple,  SEELRY, 1977). However ,  the most  impor -  
tant  next s tep in s tudy ing  nest  si te select ion is to test  the adap t ive  s igni f icance  
of the observed  nest  site p re fe rences  by  compar ing  the fitnesses of colonies  in 
hives whose  designs  and l oca t i ons  reflect  or con t r ad ic t  the  bees p re fe rences  
in nest site p roper t i e s .  
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TABLE II.  - -  R e l a t i o n s h i p s  b e t w e e n  p r e f e r e n c e s  in  n e s t  s i t e  p r o p e r t i e s  a n d  h o n e y  bee 
ecology.  

TAB~LL~- II.  - -  B e z i e h u n g  z w i s c h e n  B e v o r z u g e n  v o n  N i s t p l a t z e i g e n s c h a f t e n  u n d  d e r  0 k o -  
logic  de r  H o n i g b i e n e .  

Probable under ly ing  Nest site Preference (a) 
property  ecological factor(s) 

1. Nes t  h e i g h t .  
2. Nes t  ex .posu re -v i s ib i -  

l i ty .  
3. D i s t a n c e  f r o m  p a r e n t  

nes t .  
4. E n t r a n c e  a r ea .  

5. E n t r a n c e  p o s i t i o n .  

6. E n t r a n c e  d i r ec t ion .  

7. C a v i t y  v o l u m e .  
8. C a v i t y  d r y n e s s .  
9. C a v i t y  d r a f t i n e s s .  

10. C o m b  in cav i t y .  

5 > l m  
High ~ low (b) 

Beyond  300 m 

12.5 ~ 75 cm -~ 

B o t t om ~ top  

S o u t h w a r d  
n o r t h w a r d  

10 , (  40 ~ 100 l i t e r s  
None (c) 
None (c) 
W i t h  ~ w~ t hou t  (d) 

Colony  de fense .  
Ease  of  ne s t  s i te  d i s cove ry .  

F o r a g i n g  c o m p e t i t i o n  w i t h  p a r e n t  nes t .  

Co lony  de fense ,  n e s t  m i c r o c l i m a t e  con-  
t ro l .  

Nes t  h y g i e n e  a n d  m i c r o c l i m a t e  con t ro l .  

I n s o l a t i o n  fo r  f o r a g i n g  a n d  n e s t  m i c r o -  
c l i m a t e  con t ro l .  

M i n i m u m  a n d  m a x i m u m  c o l o n y  size.  
Bees  w a t e r p r o o f  ne s t s .  
Bees sea l  nes t s .  
E c o n o m y  in n e s t  c o n s t r u c t i o n .  

(a) << A :> B >> m e a n s  r A p r e f e r r e d  over  B >>. 
(b) She l t e r ed ,  low v i s i b i l i t y  s i t e s  m a y  be p r e f e r r e d  once" t h e y  a re  f o u n d .  
(c) No p r e f e r e n c e  u n d e r  the  particular conditions of  o u r  e x p e r i m e n t .  
(d) S t a t i s t i c a l  s igni f icance ,  p <: 0.13. 

A C K N O ~ , V L E D G M E N T S .  - -  ~Ve t h a n k  R i c h a r d  HASKINS fo r  c o n s t r u c t i n g  m a n y  of  t he  
h u n d r e d s  o f  n c s t b o x e s  u sed  in t h e s e  e x p e r i m e n t s ,  R o s s  SINr~ fo r  m a i n t a i n i n g  t h e  
e s s e n t i a l  p i c k u p  t r u c k s  and  jccp  in top r u n n i n g  cond i t i on ,  a n d  D a v i d  CnlsOL,~t f o r  
p e r f o r m i n g  t he  l i o n ' s  s h a r e  of  t he  n e s t b o x  i n s p e c t i o n s .  F r a n z  J o s e f  BOGDANY p r o v i d e d  
t h e  G e r m a n  t r a n s l a t i o n s .  And  Ber t  HSLLnOBLEn a n d  a n  a n o n y m o u s  r e v i e w e r  c o n t r i b u t e d  
c o n s t r u c t i v e  c r i t i c i s m s  a b o u t  t he  p r e p a r a t f o n  o f  t he  paper .  S u p p o r t e d  b y  NSF g r a n t s  
GB-33692, BMS76-15008, a n  NSF G r a d u a t e  F e l l o w s h i p  for  t hc  s e n i o r  a u t h o r  a n d  t h e  
R i c h m o n d  F u n d  a n d  P a r k e r  F e l l o w s h i p ,  b o t h  o f  H a r v a r d  U n i v e r s i t y .  
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