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S U M M A R Y  

Nest architecture of Halictus ligatus was studied at Victoria, southern  Onta r io ;  
over 130 nests  were  excavated in 1984. The most  impor tan t  findings are as follows. Nest  
failure ~was lower in vegetated areas than in bare ground. Nests ~vith entrances  hidden 
under  leaves may suffer less mortal i ty  f rom parasi tes  than those out in the open. Loops 
around cells are dug in response to moist  soil condit ions and appear  to be an inter- 
mediate  step towards  cavity formation.  Brood mortal i ty  due to mould seemed to result  
f rom cell ~vaterlogging ,which the excavation of loops may help to prevent.  Cells near  
the surface may suffer  from waterlogging after  heavy rains. Nests s i tuated in denser  
vegetation suffered less mortal i ty f rom mould. Gyne-producing cells are larger than  male 
or  ,worker-producing ones. Mandibular  ~vear is an accurate measure of the amount  of 
excavation performed by an individual female. 

R E S U M E  

Analyse de la variation de I'architecture du nid 
chez H,al,i,ctus I'igatus dans I'Ontario 

On 6tudie, dans le sud de l 'Ontario, l 'archi tecture des nids de Halictus ligatus; 
on d6terre pour cela, en 1984, plus de 130 nids. Les principales d6couvertes sont  les 
suivantes. La survie des nids est plus grande sur  des surfaces recouvertes de v6g6tation 
que sur des sols ddnud6s. Les nids dont  les entr~es sont dissimuMes sous des feuilles 
souffrent  moins de mortalit6 par  pr6dateurs  et parasi tes  que ceux dont  les entr6es 
sont  apparentes.  Des boucles en tourant  les cellules sont  construi tes  pour  pr6venir une 
t rop grande humiditd du sol et semblent  const i tuer  une 6tape interm6diaire vers la 
format ion d'une cavitY. La mortali t6 du couvain due ~ l 'humidit6 semble r6sulter d 'un 
exc6s d'eau que l 'excavation de boucles pourra i t  contr ibuer  ~t prdvenir. Les cellules 
situ6es pros de la surface peuvent souffr i r  d 'un exc~s d 'humidit6 apr6s de for tes  pluies. 
Les nids situ6s sous une v6g6tation plus dense souffrent  moins de mortali t6 par  moisis- 
sure. Les cellules produisant  des reines sont  plus grandes que celles qui donnent  des 
mMes et des ouvri~res. L'usure mandibulaire  est une mesure pr6cise du creusement  
accompli par  un individu femelle. 
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I N T R O D U C T I O N  

The nest  a rchi tec ture  of sweat  bees has  been  the subjec t  of m a n y  studies, 
f r o m  the large compi la t ion  by  SAKAGAMI and MICHENER (1962) ~ h i c h  surveyed 
all of the in format ion  available at  tha t  t ime, to numerous  br ief  accounts  of 
individual  nests.  Although of in teres t  in themselves ,  nest  a rch i tec tura l  studies 
have been  used to suppor t  bo th  taxonomic  and  social evolut ion a rguments .  
However ,  despite the excavat ion of m a n y  thousands  of nests  of a wide range 
of species,  there  has been very little analysis  of the fac tors  tha t  affect  intra- 
specif ic var ia t ion  in nest  s t ructure .  The s tudy descr ibed here  is an a t t emp t  
to shaw,  in detail, haw aspects  of  Halictus ligatus nest  a rch i t ec tu re  vary 
be tween  individuals and through the var ious stages of colony deve lopment  
in a no r th  t empera t e  climate.  

METHODS 

A large aggregation of H. ligatus 'was discovered by the  side of Highway 10, j u s t  
n o r th  of Victoria, Ontario, 43.50 ~ N, 80.00 ~ W, in 1979 by the jun io r  au thor .  The social 
o rgan isa t ion  of this species at this locality was  invest igated in some detail  in 1983 and 
1984 and  some  200 nes ts  were excavated the  major i ty  (130) in 1984, therefore  all analyses 
will use  da ta  f rom this year only un less  o therwise  s ta ted.  

The nes t  aggregation ,was at the top of a ba nk  cut  into a gently undu la t i ng  hillside 
to m a k e  way  for the highway. The slope faces sou th  wes t ,  is at  an  angle of  40 ~ f rom 
the horizontal  and  is some I5 metres  in height.  The soil is of  clay wi th  sand  admix tu re  
in some  places. The aggregation ,was denses t  at  or  near  the top of the slope at  the no r th  
end, bu t  nes ts  ,were found all along the length of the ba nk  and  as close as 3 met res  
f r o m  the level ha rd  shoulder  of the road.  

Detailed field observat ions  'were made  in t,wo areas.  Area A was  nea r  the north- 
.west ex t reme of the bank  and  cons is ted  of a slope, well covered wi th  vegetation,  
composed  largely of various grasses.  Nests  in this  a rea  'were shaded  by t rees  unt i l  
be tween 9 and 10.30 am. Area C 'was on flat  g round  at  the  top of the  bamk, the  vege- 
ta t ion cover 'was sparser ,  consis t ing main ly  of ,weeds and  w a s  not  shaded.  Less detailed 
observa t ions  ,were made  in area B which  rwas in te rmedia te  in slope, g round  cover and  
degree of shad ing  between the other  two areas.  

Several  o ther  halict ine species nes ted  at  this  locality, Augochlorella striata, Lasio- 
glossum (Lasioglossum) leucozonium and L. (Dialictus) heterognathum were quite 
c o m m o n ;  L. (D.) zephyrum and Halictus (Seladonia) con#lsus being p re sen t  in smal ler  
n u m b e r s .  Nests  of the fo rmer  three species in pa r t i cu la r  were  of ten  in termingled  ~r 
those  of H. ligatus. The preda tory  sphecid Philanthus gibbosus ,was common ,  par t icular ly 
in 1984, and  preyed upon  all of the a fo remen t ioned  halict ines.  

Nes ts  ,were located by observing bees en te r ing  or leaving the bu r rows  dur ing  bo th  
spr ing  and  s u m m e r  provisioning phases .  The pos i t ions  of all nes t s  in areas  A and C 
were  m a p p e d  to the neares t  cm us ing  a grid quadra t  (fig. 1). Vegetat ion densi ty  ~ a s  
e s t ima ted  by count ing  the n u m b e r  of q u a d r a t  poin ts  t ha t  touched vegeta t ion wi th  a 
point  densi ty  of 400 per square  metre .  This  facil i tated the  analysis  of nes t  c lumping  
and  d is t r ibut ion  in relation to ground  cover. Many nes t  en t r ances  were s i tua ted  directly 
u n d e r n e a t h  a leaf of a basal  roset te  of Daucus, Taraxacum or Hieracium, the  presence 
or absence  of this  condit ion was noted.  Most  of the  p l an t s  at  site C were species that  
have  a basal  roset te  of leaves and  later  develop a cent ra l  f lowering spike. Thus ,  
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vegetation cover at ground level did not  alter drastically as the season progressed.  
Site A had a lot of grass in addit ion to some of the above plants, the vegetat ion cover 
here also did not  change greatly during the season. 

Nest excavation techniques ,were as described in PACKER and KNERER (1986) except 
that  Johnsons baby powder,  and not  paprika,  'was blown down the nest  en t rances  to 
facilitate successful excavation. Nest  ent rance  and bur row diameters  ,were measured  
using an eye-piece micrometer ,  accurate to .1 mm. The depth of various features  of 
the nest, such as the first  and last active cells, placement  of branch bur rows ,  and 
greatest  depth of the nest  e tc . .were  measured  using a ruler and total burro~r lengths 
were  est imated f rom the dra'wings and measurements .  Cell lengths and depths  ~vere 
measured,  to the nearest  0.5 mm,  using a ruler and cell volume ,was es t imated f rom 
the formula for the volume of a cylinder 

V = ~LR2 
where L and R are the greatest  length and half of the depth of the cell respectively. 

Pollen ball size 'was measured both  by volume and weight. Length, b read th  and 
height ,were measured to the nearest  .5 m m  and volume est imated by multiplying the 
three measurements  together.  The pollen balls 'were ,weighed on an electric balance in 
the laboratory after  having been t ranspor ted  in glass tubes kept in a cooler at around 
freezing to reduce "weighing error  due to evaporation. Pollen balls ~vere placed into 
sex and caste categories as follows. Gyne-producing pollen balls ,were easily dis t inguished 
f rom male-producing ones by their shape. They 'were elongate "with the ventral  surface 
curved such that  only the two ends of the mass ,were in contact  .with the f loor of the 
cell, the dorsal surface contained a central,  shallow depression twhich received the egg. 
Male-producing polIen balls 'were slightly f lat tened spheres  ,with only the cent re  of  the 
ventral  surface touching the cell floor. Worker-producing pollen masses ~vere similar 
in size and shape to male-producing ones but  separat ion of the two ,was easily done by 
virtue of the different  time of year that  they are produced. Almost all pollen balls 
were assigned to sex and caste in this manner .  Only 7 out of 169 could not  be classified 
on the basis of shape alone. It is possible that  some errors  ,were made in this categori- 
sation : first  ("worker) brood male-producing pollen balls could not be dis t inguished f rom 
worker-producing ones and some small reproduct ive generation females "were probably 
produced from fertilised eggs laid upon male-sized pollen balls (unusually small,  over- 
wintered females do occur at lew frequencies in this population).  However, males made 
up only 15 % of the first  brood (based upon pupal counts). Pollen balls assigned to 
male and gyne-producing categories did not  overlap in ,weight, but the largest male- 
producing masses 'were almost as large as the smallest gyne ones. 

Bees loosen soil .with their  mandibles  during excavation and the degree of mandi- 
bular  ,wear should indicate the amount  of digging performed.  The mandibula r  ~wear 
of each nest bee 'was est imated on a scale f rom one to five (in a manner  similar  to 
that  of O~DWAY (1966)). The size of cells and the diameters  of the bur rows  and nest 
entrances should be influenced by the size of the bees that  constructed them. Thus 
the head widths of all active female bees in the nests  were  measured.  

Rarely .was it possible to measure all of the aforement ioned variables in any one 
nest  ; for this reason the sample sizes vary greatly between different analyses. 

RESULTS AND DISCUSSION 

N e s t  in i t i a t ion  

H. ligatus n e s t s  a t  V i c t o r i a ,  O n t a r i o ,  w e r e  i n i t i a t e d  in  t h r e e  w a y s .  F i r s t l y ,  

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

a f t e r  o v e r w i n t e r i n g  t h e r e i n ;  m o s t  n e s t s  a t  t h i s  s i t e  ' w e r e  i n i t i a t e d  i n  t h i s  
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Fig. 1 . -  Maps showing distribution of nests at study sites A and C. 
distribution of the different vegetation densities are approximate. 
scales are different for the t'wo areas. 

Limits to the 
Note that the 

Fig. 1. - -  Carte de distribution des nids dans les sites A et C. Les limites de distr ibution 
des diverses densitds de vdg6tation sont approximatives. Noter que les 6chelles 
sont diff6rentes dans les deux sites. 

m a n n e r .  S e c o n d l y ,  f e m a l e s  c o u l d  b u r r o w  u p w a r d s  f r o m  t h e i r  h i b e r n a c u l a ,  

o r  n e a r b y  n a t a l  b u r r o ' w ,  in  e a r l y  s p r i n g  a n d  u s e  t h e  e m e r g e n c e  t u n n e l  so  

d u g  as  a b a s i s  f o r  t h e i r  n e s t .  At  l e a s t  o n e  c l e a r  i n s t a n c e  o f  t h i s  xvas 

e s t a b l i s h e d  in  1983:  t w o  a d j a c e n t  n e s t s  w e r e  f o u n d  t o  c o n n e c t  a t  a m u c h  
g r e a t e r  d e p t h  t h a n  t h a t  r e a c h e d  b y  a n y  o t h e r  n e s t s  e x c a v a t e d  a t  t h e  s a m e  

t i m e  o f  yea r .  P a r t i a l  r e m a i n s  o f  t h e  p r e v i o u s  y e a r ' s  n e s t  w e r e  f o u n d  b e t ~ v e e n  

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

s h o r t  d i s t a n c e s  as  s h o w n  in  figure 1 is  p r o b a b l y  a r e s u l t  o f  n e s t  i n i t i a t i o n  
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in this manner .  This means of nest initiation has been repor ted  before  ordy 
in Lasioglossum (Evylaeus) duplex by SAKAGAMI and FUKUDA (1972). Thirdly, 
one or more  gynes may reuse their natal nest  or a par t  of it. I t  is likely 
that  many of the polygynous associations arise when two or  more  gynes have 
overwintered in the same nest  and remain together  as a unit  in spring 
(KNERER, 1980). 

L. leucozonium generally star ted nesting later in the season than H. ligatus 
and began pollen foraging at least one week later. Females of this soli tary 
species were observed on several occasions a t tempting to usurp  nests of 
H. ligatus. At least one a t tempt  was partially successful, in that  the L. leu- 
cozonium female temporar i ly  occupied a H. ligatus nest which  rever ted  to 
its original owner  af ter  a few days. L. leucozonium females nested in areas 
of bare soil and  thus only H. ligatus foundresses that  had  initiated nests 
away from vegetation cover were subject  to usurpat ion at tempts .  

Nest emplacement 

Eighty-one nests of H. ligatus were mapped  in area A and 92 in area  C, 
at a time 'when worke r  activity was at its peak. Figure 1 shows the dis t r ibut ion 
of n e s t s  in relation to the degree of ground cover and also shows whe the r  
the nest entrances were hidden by vegetation. In  area A, 52 out  of  81 nest  
entrances 'were hidden by vegetation. 1074 quadra t  points  fell on vegetated 
ground out of a total of 1872 samples. ~ Thus, nest  entrances were  not  s i tuated 

.under leaves more  often than could be expected by chance (X ~ = 1.53, 
p ~ 0.05). However,  area C was  more  sparsely vegetated with only 752 out  
of 2772 quadra t  points falling on covered ground. 60 out  of 97 nest entrances 
were si tuated under  vegetation cover. This indicates that  more  nest entrances  
occurred under  vegetation cover than are expected by chance (• = 25.2, 
p < 0.0001). The difference in choice of nest site in the two areas could 
result f rom the different types of vegetation encountered : area A being most ly  
grass covered whereas  'weeds formed the vegetation in area C. I t  is likely 
that nest initiation under  a basal rosette of a composi te  or  umbel l i fer  is 
easier to achieve when the surrounding grass cover is sparse. Nest  site choice 
may be made after  careful searching by the foundress  but,  presumably ,  it is 
possible for bees digging their way up f rom belo'w to locate the posit ion 
of suitable cover by following the paths of plant  roots. 

Area B 'was censused at the peak of foundress  provisioning in June. This 
area was broken  into four  portions,  two had earth placed upon  them late in 
the summer  of 1983, the remainder  were unaltered. Bees could initiale nests 
in bare soil or  in ground that  had a good gro~vth of grass and vegetat ion as 
in area A. The census 'was repeated three weeks later so that  the p ropor t ion  
of surviving nests in areas with different cover could be calculated. Defunct  
nests 'were easily identified because the entrances had been widened into 
large holes by rain; entrances of active nests were well mainta ined  and  na r row 
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or  had small plugs of excavated soil in them. Out of 17 nests init iated in bare 
soil, only 3 had survived whereas  for  nests with hidden entrances  14 out  
of 24 ,were still active. This difference is highly significant (X 2 = 17.0, 
p ( 0 . 0 0 1 )  indicating the advantage to be gained in nesting in a substrate  
with at least some vegetation cover. I t  is not  known whether  gyne mortal i ty  
or nest  abandonment  caused this result. However, the initial census took 
place after most  females had been provisioning for some time, thus some 
investment in addition to mere nest excavation had been made before  the gyne 
died or abandoned the nest. 

Nests in area A 'were mapped in late July, 'when workers  were  active. 
This area had been observed in detail during the spring provisioning phase 
and 81 nests had been marked.  Of these, 52 had entrances hidden by 
vegetation. 47 (90 %) of these nests were still active in late July whereas 
of the 29 nests with unhidden entrances only 19 (65 %) had survived. This 
difference is significant (Fisher's exact test, p ( 0 . 0 1 ) .  

Bombyliids, rhipiphorids and mil togrammine parasites were found in 
some excavated nests in area C and their presence or absence was tested 
against the emplacement  of the nest entrance. Sample sizes for  the effect 
of mil togrammines and rhipiphorids were very small but  only 'when their 
effect was added to that  of the bombyli ids was any significant association 
between the presence of parasi t ism and the location of the nest  entrance 
statistically significant. Each of the nine nests without vegetat ion over the 
entrance contained one or more parasit ised cells, whereas 12 of the 20 with 
a hidden entrance had suffered some mortal i ty  (Fisher's exact test, p ---- 0.029). 
However, when the frequency of parasit ised cells, instead of parasi t ised nests, 
was analysed, even this difference disappeared. Twenty-one of 113 cells 
(18.6 %) in nests without  hidden entrances were parasitised, whereas  the 
figures for nests with hidden entrances show that  47 of 177 cells (26.5 %) 
were parasitised (X 2 --- 2.43, p ~ 0.05). Larger sample sizes 'would probably 
have shown a significant association between parasi t ism by bombyli ids  and 
the nature of the nest entrance. These flies use visual cues to locate host 
nests as was shown by their interest  in holes poked in the soil with a pencil. 
They oviposit whilst hovering over the nest entrance and flick their eggs 
down the burrows.  This must  be more  difficult when the nest  entrances are 
hidden. However, returning pollen laden foragers often take longer to locate 
their own nest entrance and this gives mil togrammine flies in par t icular  help 
in finding a host nest. Ants and conopids may also strike at this time. 

A major  mortal i ty  factor  in bee nests often results f rom the activities 
of other, cleptoparasitic, bee species. Sphecodes dichrous has been suggested 
as being a cleptoparasite of H. ligatus (KNERER, 1980), and this halictine bee 
was observed not uncommonly  a round  the nest site. H~wever, not  one of 
the hundreds  of nests that  were excavated during the course of this study 
contained a pupa or adult  of this species. I t  therefore seems probable  that 
some other  host is utilised by this b rood  parasite. 
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In  area A there was a nest  survival rate of 77 % (41 of 52) f r o m  the 
spring activity phase until  the emergence of workers  in summer.  Litte found 
a similarly high survivorship (75 %) in nests at this phase of colony deve- 
lopment  in New York. The reason for the mortal i ty  or abandonmen t  of the 
defunct  nests is n o t  known. The causes of nest  failure even in area C, which  
was observed intensively throughout  the flight season, were rarely known.  
I t  is likely that  ant  predat ion played a role and ear thworms  des t royed several 
bur rows  in each year. Foundress  mortal i ty  during provisioning is also 
probable but  this 'would not explain the differences in survivorship between 
nests in bare g round  and those near vegetation and between nests wi th  hidden 
and obvious entrances.  Nest abandonment  may have caused this result.  

Nearest  ne ighbour  analyses on nest dispersion in areas A and C indicated 
that  there was no significant difference f rom the null hypothesis  of r a n d o m  
emplacement ,  when  the areas as a whole ,were considered or  when  only 
patches of similar vegetation density 'were included. For  area C, the expected 
mean inter-nest distance was 11.9 cm, for area A this figure was 14.3 cm 
whereas the observed distances were 13.6 and 15.7 cm respectively. However,  
there were more  nests in the more highly vegetated port ions of bo th  areas 
A and C. When the degree of vegetation cover was divided into three groups 
(0-9, 10-19, and 20 or  more  quadra t  points in touch with the vegetation) 
there were significantly more  nests than expected amongst  the densest  
vegetation in area C (X ~ = 14.6, p ~ 0.0001). In  area A the difference borde red  
on significance (X ~ = 3.77, p ~ 0.05). This could result  f rom foundress  nest  
site choice. Additionally, the improved survival of nests in vegetated areas 
in the previous year  could have had an effect through those foundresses  that  
reused their natal  nest  in spring or  initiated nests in close proximity  to their  
natal burrow.  

The presence of dense vegetation cover may alter the edaphic condit ions 
of the soil underneath .  I t  is interesting to note that  significantly more  nests 

' that  were si tuated in sparsely vegetated ground (less than 10 out  of 36 quadra t  
points  falling on vegetation) contained one or  more  mouldy cell(s) (X 2 = 4.01, 
p < 0.05). This may be due to the protect ion f rom waterlogging given to 
the nests si tuated under  vegetation or f rom the drying effect of wa te r  uptake  
by the root  system. 

N e s t  s t ruc ture  

The nest archi tecture  of H. ligatus has been  described by m a n y  authors  
(CHANDLER, 1955; SAKAGAMI and MICHENER, 1962; KIRKTON, 1968; ROBERTS, 
1972; MICHENER and BENNETT, 1977; KNERER, 1980; and EICKWORT, 1985). 
In  only two respects did the nest  archi tecture of H. ligatus at Victoria  differ 
f rom that  described for  other  nor th  temperate  populat ions of this species 
by Michener and Bennett .  

Firstly, there was  a high f requency of horizontal  or  near  hor izontal  por- 
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t i o n s  t o  t h e  b r a n c h e s  f r o m  t h e  m a i n  b u r r o w .  T h e s e  s h a l l o w l y  a n g l e d  p o r t i o n s  

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

r t  

Fig. 2. - -  Diagram of a nes t  of Halictus 
ligatus excavated in late August 1984 
illustrating the unusual  loops in the 
bur rows of some nests  in this popu- 
lation. The symbols inside the cells 
are as follows : B = Bombyliid 
larva, F = female pupa  of H. liga- 
tus, M = male pupa of the same, 
E = empty and P = pollen ball. 

Fig. 2. - -  Diagramme d 'un nid de Halictus 
ligatus d6terrd ~t la fin d 'ao~t 1984 illus- 
t rant  les curieuses boucles presentes 
dans les conduits de quelques nids de 
cette population�9 Symboles inscrits 
dans les cellules:  B = larve de Bom- 
byliide, F = nymphe femelle de H. 
ligatus, M = nymphe male de H. liga- 
tus, E = vide, P = pain  d'abeiUe. 
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The main  difference be tween  these nests  and those previously  descr ibed  
was the presence  of looped branches .  Towards  the end of the spr ing  provi-  
sioning phase,  several  nests  xvere found  to contain shor t  b ranches  tha t  bo re  
no cells. Some of these curved  b a c k  to re join  the b u r r o w  fu r t he r  up, thus  
making  a loop "whereas in o thers  the reconnec t ion  was  not  made.  In  m o s t  
cases these loops and " incomple te  l oops"  su r rounded  one or  m o r e  act ive 
b rood  cells. More loops and incomple te  loops were  found in m a n y  s u m m e r  
nests,  par t icular ly  at  the end of the s u m m e r  provis ioning phase  (fig. 2). As in 
the spr ing phase,  these a lmos t  a lways su r rounded  active cells wi th  brood.  
Two hypotheses  were  put  f o rwa rd  to explain the presence  of these s t ruc tures .  

1) They were  excavated in response  to the presence  of bombyl i id  la rvae  tha t  
p reyed  upon  the brood.  I t  s eemed  tha t  bombyl i id  larvae of ten requ i re  two 
p r epupae  or  young pupae  to comple te  thei r  development .  Evidence fo r  this 
is as follows. Fully grown bombyl i id  larvae are larger  than male  H. ligatus 
pupae  or p repupae ,  large paras i te  larvae were  of ten found on a hos t  tha t  xvas 
compara t ive ly  heal thy  and had  not  been  largely consumed  and a pa ras i t e  
was of ten found in a cell 'which was  ad jacen t  to an e m p t y  cell 'with a n a r r o w  
b u r r o w  joining the two cells. Thus,  these d ipterous  larvae p robab ly  b u r r o w  
through  the soil in o rder  to get f r o m  one cell to another .  I f  cells in pa ras i t i sed  
nests  had  a par t ia l  cavity a round  t h e m  then  it is possible  tha t  the adul t  bees  
could in tercept  and pe rhaps  kill these larvae.  

There  was  a significant associa t ion be tween  the presence  of pa ras i t e s  and  
loops in the nests.  However ,  bo th  bombyl i id  larvae and the extra  excavat ions  
appea r  more  towards  the end of the spr ing and  s u m m e r  provis ioning phases  
and bo th  could be due to other ,  t ime  re la ted  factors.  For  this reason,  the 
da ta  for  excavat ions be tween  July 23rd and  August 1st and August  2nd and  
August 12th 'were analysed separa te ly  to control  for  the confounding  fac to r  
of nest  age. No significant associa t ion be tween  extra  excavat ions and  the 
presence  of. bombyl i id  larvae ~was found.  

2) The presence  of comple te  and  par t ia l  loops could be a response  to over ly  
d a m p  soil, increasing the ra te  a t  which the ea r th  a round  the cells would  
dry out. 

Dead, mouldy  cell contents  appea re d  to occur  more  f requent ly  in nests  
excavated soon a f te r  a heavy r a i n s t o r m  ; as no ted  by CHANDLER (1955), mou ldy  
cell contents  were  of ten pushed  to the back  of the cell by  the addi t ion of soil. 
Thus,  the extra  excavations m a y  i m prove  b rood  survivorship  by  increas ing 
soil dra inage a round  the cells. 

One hundred  and  sixty six cells were  p resen t  in nests  tha t  con ta ined  one 
or more  loops. Thir ty  nine of these cells ~vere actual ly  su r rounded  by  loops. 
T'wo of these 39 cells (5.2 %) had  m ou ldy  or  diseased contents  xvhereas 20 
of the remaining  127 cells (15.7 %) had  died of these causes. The d i f ference  
in f requency of deceased cell contents  be tween  " l o o p e d "  and normal  cells is 
a lmos t  significant (Fisher 's  exact  test,  p = 0.067). 
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Eighty-four  percent  of these loops su r rounded  one or  m o r e  b r o o d  cells. 
In cases where  ceils 'were not  found,  it is possible  tha t  ear th  filled old cells 
were not  not iced during excavation.  Cells 'which 'were su r rounded  by  a loop 
conta ined  b rood  of a wide var ie ty  of ages. I t  seems p robab le  tha t  the loops 
were  cons t ruc ted  af ter  the cell(s) had  been provis ioned in o rde r  to p reven t  
cell contents  f rom becoming  mouldy  a f t e r  rain. 

The p les iomorphic  s ta te  for  halict id nest  a rch i tec ture  is a single b u r r o w  
with the cells at  the end of shor t  b r a n c h  bur rows .  This condi t ion is found  
in m a n y  of the Halictini, bu t  not  in the Augochlorini  (EICKWORT and SAKAGAMI, 
1979). Derived states include I) the reduct ion  of the cell bear ing  b r a n c h  until  
t~e cells arise more  or less direct ly f r o m  the bur row,  I I )  the c luster ing together  
of  cells, I I I )  excavation of a cavity a round  the cell c lus ter  or  IV) the 
excavat ion of a cavity and the cons t ruc t ion  of a cell c luster  wi th in  the cavity. 
All bees of the genus Hatictus share  a c o m m o n  nest  a rch i tec ture  wi th  sessile 
cells ar is ing f r o m  the b u r r o w  'without any  cavity fo rma t ion  wi th  the sole 
exception of H. quadricinctus, a cavity bui lder  (KNERER, 1980). The presence  
of loops and  incomplete  loops a round  b rood  cells in the nests  of H. ligatus 
descr ibed above may  represen t  an in te rmedia te  stage towards  cavity 
const ruct ion.  Clearly, however ,  the excavat ion of loops a round  groups  of one 
or  more  cells is inefficient in compar i son  to the neat  cavities a round  the cell 
c lusters  of  all t rue  cavity excavating halictines.  

I t  has been  argued that  the presence  of a cavity is an adap ta t ion  to nest ing 
in soils of high humidi ty  by increasing the ra te  of soil mois tu re  evapora t ion  
immedia te ly  a round  the b rood  cells (PACKER and KNERER, 1985). The obser-  
vat ion tha t  the extra  excavations car r ied  out  by H. ligatus females  at Victoria  
seemed re la ted  to per iods of recent  heavy rainfal l  suppor t s  the idea tha t  they 
are a s tep towards  cavity cons t ruc t ion  and  tha t  cavities may  prevent  mor ta l i ty  
due to soil waterlogging.  

Of the o ther  halictine species d iscovered nesting at this site, only Augoch- 
loreUa striata const ruc ts  a c lus ter  of b r o o d  cells su r rounded  by  a cavity. 
The nests,  and therefore  the b rood  ceils, of  this species occur red  at  shal low 
depths  in compar i son  to those of the o the r  halictines.  I t  is p robab le  tha t  
water logging of b rood  cells a f te r  a heavy  ra in  is m o r e  likely in shal low nests  
thus necess i ta t ing cavity construct ion.  However ,  it is difficult  to dist inguish 
be tween  phylogenetic-historical  and adap ta t ion i s t  explanat ions  in this instance.  

CHANDLER (1955) is the only au tho r  to have descr ibed shallow, hor izontal  
la teral  b ranches  ending in an expanded  cavity in H. ligatus nests.  This 
fea ture  was  not found in any of the nests  at  Victoria.  

Nest  d imens ions  

Nest  ent rances  were  c i rcular  wi th  a mean  d iamete r  of 3.32 m m  
(S.D. -- 0.63, N -- 37). The mean  b u r r o w  d iame te r  xvas 5.66 m m  (S.D. --- 0.44, 
N ---- 49), a lmos t  twice the size of the ent rance .  En t rance  d iamete rs  showed 
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no  r e l a t i o n  to  q u e e n  h e a d  w i d t h  even  d u r i n g  the  p r o v i s i o n i n g  p h a s e  in  m o n o -  
g y n o u s  n e s t s  w h e n  t h e  q u e e n  w a s  t h e  on ly  bee  p r e s e n t  (b = - -  0.013, p > 0.05, 
N = 11). H o w e v e r ,  t he  b u r r o w  d i a m e t e r s  c o r r e l a t e d  wel l  w i t h  t h e  q u e e n  

h e a d  w i d t h  b o t h  b e f o r e  a n d  a f t e r  t h e  e m e r g e n c e  of  t he  w o r k e r  b r o o d  w i t h  
q u e e n  h e a d  w i d t h  e x p l a i n i n g  63.4 a n d  39.6 % of  the  v a r i a t i o n  in  b u r r o w  dia-  
m e t e r  in  n e s t s  b e f o r e  a n d  a f t e r  t h e  e m e r g e n c e  of  w o r k e r s  r e s p e c t i v e l y  ( the  
r e g r e s s i o n  e q u a t i o n s  b e i n g  y = 0.99 x + 2.99 a n d  y = 0.82 x + 1.69). 

T h e r e  w a s  no  s i g n i f i c a n t  d i f f e r e n c e  in b u r r o w  d i a m e t e r  b e f o r e  
a n d  a f t e r  ~vorker  e m e r g e n c e  ( m e a n  d i a m e t e r  b e f o r e  w o r k e r  e m e r g e n c e  
= 5.75 m m ,  S.D. = 0.43, N = 13;  a f t e r  'w o rke r  e m e r g e n c e  = 5.66, 
S.D. = 0.43, N = 33, t = 0.61, p > 0.5). B u t  n e s t  e n t r a n c e  d i a m e t e r s  ~r 
s i g n i f i c a n t l y  s m a l l e r  a f t e r  t he  e m e r g e n c e  of  the  w o r k e r  b r o o d  ( b e f o r e  dia-  
m e t e r  = 3.65, S.D. = 0.89, N ---- 11, a f t e r  = 3.17, S.D. ---- 0.43, N = 26, 
t = 2.22, p < 0.05). This  i n d i c a t e s  t h a t  ' w o r k e r s  n a r r o w  the  n e s t  e n t r a n c e ,  
p r e s u m a b l y  to  m a k e  n e s t  g u a r d i n g  m o r e  e f fec t ive ,  b u t  do  n o t  a l t e r  t he  
d i a m e t e r  of  t he  n e s t  b u r r o w s .  I t  is  w o r t h  n o t i n g  t h a t  n o n e  o f  t h e  n e s t  
e n t r a n c e s  w e r e  n a r r o w e r  t h a n  t h e  h e a d  w i d t h  of  t he  q u e e n s  w i t h i n  t h e m  ; 
a s i t u a t i o n  w h i c h  has  b e e n  r e p o r t e d  fo r  Lasioglossum (Evylaeus) malachurum 
(KNERER, 1973) a n d  Halictus (Seladonia) hesperus (PACKER, 1985) - -  s p e c i e s  
w i t h  a m u c h  l a r g e r  m o r p h o l o g i c a l  c a s t e  d i f f e rence .  

Figure 3 s h o w s  the  c h a n g e  in g r e a t e s t  n e s t  d e p t h  t h r o u g h o u t  t h e  c o l o n y  
cycle .  T h e r e  is a g e n e r a l  i n c r e a s e  i n  d e p t h  as  t he  s ea son  p r o g r e s s e s ,  t he  
s i gn i f i c ance  of  th is  p a t t e r n  b e i n g  d e m o n s t r a t e d  w i t h  S p e a r m a n s  r a n k  
c o r r e l a t i o n  (r  = 0.62, p < 0.0001, N = 64). 

The  m e a n  g r e a t e s t  ne s t  d e p t h  b e f o r e  'w o rke r  e m e r g e n c e  w a s  11.3 c m  
(S.D. = 1,9, min .  = 8, m a x  = 15, N = 24). A f t e r  ' w o r k e r  e m e r g e n c e ,  t he  
n e s t s  a v e r a g e d  16.3 c m  in d e p t h  (S.D. = 3.0, min .  = 11 m a x  = 23, N = 35). 
The  d i f f e r e n c e  in d e p t h  is s i g n i f i c a n t  (t = 7.3, p < 0.0001). N e s t s  a t  V i c t o r i a  
a re ,  t he r e fo r e ,  a l i t t l e  s h a l l o w e r  t h a n  t h o s e  in  N e w  Y o r k  w h i c h  a v e r a g e d  15 c m  
d e e p  d u r i n g  the  s p r i n g  p h a s e  a n d  18 c m  in s u m m e r  (LITTE, 1977). 

B r o o d  cel ls  r a n g e d  f r o m  5 t o  13 c m  in d e p t h  in s p r i n g  (only  e x t r e m e  d e p t h s  
w e r e  r e c o r d e d  so m e a n s  c a n n o t  b e  c a l c u l a t e d )  a n d  f r o m  6 to  20 c m  in s u m m e r .  
These  f igu res  b e i n g  s o m e w h a t  s h a l l o w e r  t h a n  t h o s e  r e c o r d e d  b y  KIRKTON 
in I n d i a n a  (7.5 to 12.5 c m  in s p r i n g  a n d  15 to  30 c m  in s u m m e r ) .  Ac t ive  
w o r k e r  b r o o d  cel ls  'were  c o n t e m p o r a r y  'with the  f i r s t  r e p r o d u c t i v e  b r o o d  
ce l l s  in 25 nes t s .  B r o o d  of  the  t w o  g e n e r a t i o n s  ~vere m i x e d  a l o n g  the  l e n g t h  
of  one  o r  m o r e  n e s t  b r a n c h e s  in  13 o f  t h e s e  nes t s .  D e sp i t e  th i s  h igh  i n c i d e n c e  
of  i n t e r m i n g l i n g  of  ce l l s  f r o m  the  t w o  b r o o d s ,  the  d e p t h  of  the  m o s t  r e c e n t l y  
e x c a v a t e d  cel l  'was s i g n i f i c a n t l y  g r e a t e r  in  n e s t s  in t he  s u m m e r  p r o v i s i o n i n g  
p h a s e  t han  in t h e  s p r i n g  p h a s e  ( s p r i n g  r e c e n t  cel l  m e a n  d e p t h  = 8.5 cm,  
S.D. = 1.5, N = 11 ; s u m m e r  m e a n  d e p t h  = 12.2, S.D. = 3.1, N = 30 ; t = 5.1, 
p < 0.0001). S i m i l a r l y ,  t he  r a n k  c o r r e l a t i o n  of  m o s t  r e c e n t l y  e x c a v a t e d  cel i  
d e p t h  w i t h  age of  t h e  n e s t  is  a l so  h i g h l y  s i g n i f i c a n t  ( S p e a r m a n s  r a n k  
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Fig. 3. - -  Variation in greatest depth of the burrow for H. ligatus nests in area C in 1984. 
Each dot represents one nest depth and each square represents the mean, plus 
standard deviation, of depths for the nests excavated ,within a t0 day period. The 
small triangles along the horizontal axis indicate the 15th of each month. 

Fig. 3. - -  Variation de profondeur du conduit dans les nids de H. ligatus du site C en 
1984. Chaque point repr6sente la profondeur d'un n i d e t  chaque carr6 la moyenne, 
plus la d6viation standard, des profondeurs des nids d~terr6s pendant une p6riode 
de 10 jours. Les petits triangles le long de l'axe horizontal indiquent le 15 de 
chaque mois. 

co r r e l a t i on  coeff ic ient  = 0.54, p < 0.0001, N = 18). Thus  the  m o s t  
r ecen t ly  excavated  cells occu r  a t  deepe r  levels as the season  p rog res se s  
(Jig. 4). This  is a genera l  p h e n o m e n o n  in  ha l i c t i ne  ne s t i ng  b io logy  (SAKAGAMI 
a n d  MICHENER, 1962) and  two r e a s o n s  have  b e e n  sugges ted  for  it. F i rs t ly ,  
the  d ry  soil n e a r e r  the su r face  m a y  be  too d i f f icu l t  for  the  bees  to w o r k  
with.  Secondly ,  there  m a y  be a l ower  l imi t  to the  m o i s t u r e  c o n t e n t  of the 
soil t ha t  a deve loping  l a rva  can  to lera te .  MAY (1970, 1972) has  s h o w n  tha t  
the la rvae  of Augochlora pura a b s o r b  a la rge  a m o u n t  of w a t e r  d u r i n g  the i r  
d e v e l o p m e n t ,  a m o u n t i n g  to 62 % of t he i r  f ina l  b o d y  weight .  Clear ly  this  
wou ld  n o t  be  poss ib le  i f  the  soil  we re  too dry.  

Sixty cells excavated  in  1984 h a d  m o u l d y  c on t e n t s ,  i n  all  cases the  po l l en  
bai ls  o r  la rvae  were  c o m p a r a t i v e l y  wet .  I n  r e l a t i o n  to the  r e m a i n i n g ,  hea l thy ,  
ac t ive  cells i n  the  same  nes t s  27 of the  m o u l d y  cells w e r e  at  a deepe r  level 
t h a n  the m e d i a n  cell dep th  a n d  27 w e r e  sha l lower .  Mou ldy  cells s e e m e d  



202 

DEPTH 
mm 

i0 �9 1 
e 2  
0 3  

L. P A C K E R  and G. K N E R E R  

�9 �9 Q �9 

J U LY AUGUST 

Fig. 4. - -  Variation in depth of the most recently excavated cell for H. ligatus nests in 
area C, 1984. Each dot represents one to three cell depths. Rest of legend as 
in lig. 3. 

Fig. 4. - -  Variation de profondeur de la cellule la plus r6cemment creus6e dans les nids 
de H. ligatus du site C, en 1984. Chaque point repr6sente les profondeurs de 1 
3 ceUules. Reste de la 16gende: voir [ig. 3. 

to  o c c u r  m o r e  f r e q u e n t l y  a f t e r  a r a i n y  spe l l .  Th is  p o s s i b i l i t y  w a s  t e s t e d  as  
fo l lows .  The  p r o p o r t i o n  o f  ce l l s  t h a t  h a d  m o u l d y  c o n t e n t s  w a s  c a l c u l a t e d  
fo r  e a c h  d a y  t h a t  e x c a v a t i o n s  w e r e  m a d e .  A 2 • 2 c o n t i n g e n c y  t a b l e  w a s  
d r a w n  u p  c o m p a r i n g  the  f r e q u e n c y  of  i n c r e a s e s  a n d  d e c r e a s e s  in  t he  p ro -  
p o r t i o n  of  m o u l d y  ce l l s  s ince  t he  p r e v i o u s  e x c a v a t i o n s  a n d  w h e t h e r  o r  n o t  
t h e r e  h a d  b e e n  p r e c i p i t a t i o n  in  the  i n t e r v e n i n g  p e r i o d .  A F i s h e r ' s  e x a c t  
t e s t  r e v e a l e d  a s i g n i f i c a n t  a s s o c i a t i o n  b e t w e e n  r e c e n t  r a i n f a l l  a n d  a n  i n c r e a s e d  
f r e q u e n c y  of  m o u l d y  ce l l  c o n t e n t s  (p = 0.0059). Thus ,  m o r t a l i t y  d u e  to 
m o u l d  m a y  r e s u l t  f r o m  so i l  w a t e r l o g g i n g .  This  m a y  p l a c e  a p r e m i u m  o n  
c o n s t r u c t i n g  ce l l s  a t  a d e p t h  a b o v e  the  d a m p e s t  l a y e r s  of  t he  so i l  b u t  b e n e a t h  
t he  d e p t h  to  w h i c h  the  e a r t h  b e c o m e s  ' w a t e r l o g g e d  a f t e r  a h e a v y  r a i n f a l l .  

The  n u m b e r  of  b r a n c h e s ,  t he  t o t a l  d e p t h  a n d  l e n g t h  o f  t h e  b u r r o w  
a n d  the  n u m b e r  of  ac t ive  ce l l s  c o r r e l a t e  s i g n i f i c a n t l y  w i t h  t he  n u m b e r  of  
w o r k e r s  in  s u m m e r  n e s t s  ( S p e a r m a n s  r a n k  c o r r e l a t i o n  c o e f f i c i e n t  = 0.33, 
p = 0.01, N = 59 f o r  n u m b e r  of  b r a n c h e s  ; r = 0.47, p ( 0.005, N = 40 fo r  
g r e a t e s t  d e p t h  ; r = 0.54, p ( 0.0005, N --- 39 fo r  t o t a l  l e n g t h  of  t h e  b u r r o w s  
a n d  r = .43, p = 0.0005, N = 63 f o r  t he  n u m b e r  of  cel ls) .  B e c a u s e  t h e  n u m b e r  
of  b r a n c h  b u r r o w s  v a r i e s  w i t h  t he  n u m b e r  of  a c t i ve  f e m a l e s  in  t h e  nes t ,  t he  
cel ls  b e i n g  p r o v i s i o n e d  m a y  b e  c o m p a r a t i v e l y  w i d e l y  s p a c e d  a t  a n y  one  t ime .  
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I t  is possible that this is a result of interindividuai competi t ion for  oviposit ion 
sites within the nest. Queens of H. ligatus have relatively poor  po~vers of 
ovarian inhibition over their workers  (PACKER, in prep.). I t  could be 
difficult for  a queen to oviposit and ensure the continued survival (prevent 
oophagy) of her eggs in several 'widely spaced cells at the same time. 

Cell size 

Mean cell volumes for worker ,  male and gyne-producing pollen balls 
were respectively 1.16 cm 3 (S.D. -- .08, N = 5) ; 1.04 cm 3 (S.D. -- .21, N ~ 13) 
and 1.45 cm 3 (S.D. ---- .21, N ---- 23). Analysis of variance with Scheffe 's  a 
posteriori test of significance revealed that  gyne-producing cells were  signifi- 
cantly larger than male-producing cells at the .01 level and larger than the 
worker  producing cells at the .05 level of significance. 

There are significant relationships between cell volume and bo th  pollen 
ball volume and pollen ball weight  (b --- 0.46, p ( 0.005 and b -~ 0.47, 
p ( 0.01 respectively). However,  there were no significant correlat ions 
between cell volume and queen head width for cells containing 'worker, male 
or  gyne-producing pollen balls. Nei ther  'was there any significant relationship 
between the mean size of workers  and the volume of male or gyne-producing 
cells. However, there was a significant positive correlat ion between the 
number  of x~orkers and the volume of male-producing cells (r ---- 0.77, 
p ( 0.005, N = 13). 

The finding that gyne-producing cells are significantly larger than both 
worker  and male-producing ones is of some interest because it indicates that 
the decision to produce a male or  female reproduct ive may, in part ,  precede 
the provisioning of a cell - -  occurr ing at the time of cell excavation. The 
significant relationship between cell volume and pollen ball volume and 
weight indicates that cells may receive different amounts  of pollen according 
to their size. This means that events occurr ing perhaps as much  as several 
days prior to oviposition may play a role in the determinat ion of the sex 
of the egg laid. I t  is interesting to note that artificial addit ion of pollen 
to the provision masses in cells of Lasioglossum (Evylaeus) calceatum results 
in an augmented propor t ion of females in the first b rood of this very primi- 
tively social species (PLATEAUX-QUI~NU, 1983). Worker  and reproduct ive  brood 
cell sizes differ in this species, but  it is not  known whether  male and female- 
producing cells differ in dimensions (PLATEAUX-QUI~NU, 1973). 

KAMM (1974) and KUMAR (1975) have investigated the factors  that  affect 
cell size in Lasioglossum (Dialictus) zephyrum under  control led labora tory  
conditions. They f o u n d  that  cell size ancL the size of the bee that  emerged 
from it were positively correlated.  Cell size increased with decreasing day 
length and temperature  and wi th  an increase in the number  of adult  bees 
in the nest at the time the cell 'was built  and provisioned. Cell size also 
correlated positively with the size of the individual that  cons t ruc ted  it and 
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wi th  the m e a n  size of the bees  in  the  nes t .  I n  c on t r a s t ,  we d id  n o t  f i n d  a 
s i gn i f i can t  pos i t ive  r e l a t i onsh ip  b e t w e e n  q u e e n  head  w i d t h  a n d  the  size of 

the cells t h a t  she cons t ruc t ed .  

M a n d i b u l a r  w e a r  

Because  n e s t  excava t ion  takes  p lace  via  the  ac t ion  of the  m a n d i b l e s ,  a 
c o r r e l a t i o n  b e t w e e n  m a n d i b u l a r  w e a r  a n d  n e s t  size is to be  expected .  I n  nes t s  
p r i o r  to the  e m e r g e n c e  of the f i r s t  w o r k e r s ,  q u e e n  m a n d i b u l a r  w e a r  c o r r e l a t e d  
well  'with the  to ta l  b u r r o w  l eng th  b u t  no t  'with the  n u m b e r  of cells ( S p e a r m a n s  
r a n k  c o r r e l a t i o n  coeff ic ients  are  0.58, p < 0.05, N = 16 a n d  - -  0.15, p = 0.5, 
N = 22 respec t ive ly) .  After  'worker  emergence ,  the  m a n d i b u l a r  w e a r  of all  
of the  adu l t  f emales  in  the nes t  co r re l a t e s  we l l  ,with b o t h  the n u m b e r  of act ive  
cells a n d  to ta l  b u r r o w  l eng th  ( S p e a r m a n s  r a n k  c o r r e l a t i o n  coef f ic ien t  = 0.39, 
p < 0.005, N = 61 a n d  0.51, p ~ 0,005, N = 37 respect ively) .  This  r e l a t i o n s h i p  
is due  to excava t ion  p e r f o r m e d  by  w o r k e r s  as is s h o w n  by  c o m p a r i n g  the  
r e su l t s  o b t a i n e d  separa te ly  f r o m  c o r r e l a t i o n s  of q u e e n  a n d  w o r k e r  
m a n d i b u l a r  w e a r  w i t h  b u r r o w  l eng th  a n d  n u m b e r  of cells.  Thus ,  for  
q u e e n  m a n d i b u l a r  wea r  the  r e l a t i o n s h i p s  a r e :  S p e a r m a n s  r a n k  c o r r e l a t i o n  
coef f i c ien t  = 0.13, p > 0,5, N = 43 a n d  0.11, P > 0.5, N = 29 for  
b u r r o w  l e n g t h  a n d  n u m b e r  of cells respec t ive ly ,  whe reas  for  w o r k e r  m a n d i -  
b u l a r  w e a r  the  r e su l t s  are r = 0.38, p < 0.05, N =- 41 a n d  r = 0.73, p < 0.0001, 
N = 37. Queens  in  s u m m e r  nes t s  wi th  w o r k e r s  do no t  have  s ign i f i can t ly  
m o r e  m a n d i b u l a r  'wear t h a n  those  in  s p r i n g  nes t s  'with a ful l  c o m p l e m e n t  of 
w o r k e r  b r o o d  cells (Mann-Whi tney  U test ,  U.~ = 442, ts = 1.8, p > 0.05). 
The  q u e e n  does p e r f o r m  some  excava t ion  a f t e r  the  e m e r g e n c e  of the  w o r k e r s  
b u t  p r e s u m a b l y  on ly  a smal l  p r o p o r t i o n  of the  total .  

M a n d i b u l a r  wear ,  in  a s soc ia t ion  w i t h  the  degree  of 'wing 'wear,  is o f t en  
u sed  as an  i n d i c a t o r  of re la t ive  age in  s tud ie s  of ha l i c t ine  bees .  However ,  
v a r i a t i o n  in  these  cha rac te r i s t i c s  rea l ly  r e p r e s e n t s  the  a m o u n t  of excava t ion  
w o r k  a n d  the  a m o u n t  of forag ing  p e r f o r m e d  respec t ive ly  a n d  thus ,  " lazy " 
bees  m a y  a p p e a r  to be  y o u n g e r  t h a n  they  rea l ly  are.  This  s t u d y  e s t ab l i shes  
a c lear  r e l a t i o n s h i p  b e t w e e n  m a n d i b u l a r  w e a r  a n d  the  a m o u n t  of nes t  
excava t ion .  
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