
Insectes Sociaux, Paris. 

1975. T o m e  22, n ~ 3, pp .  307-332. 

IIL 

MATING BEHAVIOR IN HALICTINE BEES 

(HYMENOPTERA : HALICTIDAE) : 

COPULATORY BEHAVIOR A N D  OLFACTORY 

COMMUNICATION (*) 

By EDWARD M. BARROWS (*a) 

Deparlment of Entomology, University of Kansas, 
Lawrence, Kansas, 66055, U.S.A. 

Requ le 10 mai 1975. Accept6 le 6 ju in  1975. 

SUMMARY 

Of the eight species of halictine bees whose mating behavior was studied, Augochlora 
pura (Augochlorini) and Lasioglossum zephyrum (Halictini) were invest igated in the 
greatest detail. Halictine bees have a short,  simple courtship.  Copulation occurs in the 
male-above posi t ion and its duration,  4 to about 340 seconds, varies significantly among 
species. Females resisted most  mat ing a t tempts  of males and ustlally mated only 
once. Males inseminated more than  one female. 

Males discr iminated between conspecific females and those of other  species; they 
did not make significantly more contacts wi th  living, mobile females than  wi th  immobile  
ones killed by freezing. Female odors of L. zephyrum and A. pura include aphrodis iacs ;  
at least the former  has a sex a t t rac tant  which may be the same compound as the aphro-  
disiac. Virgin females of L. zephyrum 2 to 8 days old produce aphrodis iac ;  it  may be 
present  throughout  life. Some hal iet ine females were highly at tract ive to males for  
up to 15 days, even after  the females had mated. Aphrodisiac caused males  of L. zephy- 
rum and A. pura to pounce upon 3 mm black India ink dots, which they probably  mistook 
for females. Heads, mesosomas,  and metasomas of females of L. zephyrum all bore 
aphrodisiac.  

(*) Contr ibution number  1554 f rom the Depar tment  of Entomology, Universi ty of 
Kansas, Lawrence, Kansas, 66045, U.S.A. 

(**) Present address : Department  of Biology, Georgetown Universi ty,  37th and 
0 Streets, N.W., Washington,  D.C. 20057, U.S.A. 
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Z USAMMENFASS UNG 

Paarungsbetragen in Halictusbien III. 
Begatungsverhalten und Geruchsmitteiling 

Von den acht  Hal ic tusar ten ,  deren Paa rungsve rha l t en  s tudier t  wurde,  s ind Augo- 
chlora purr (Auglochlorini)  und  Lasioglossum zephyrum (Halictini)  am genaues ten  u n t e r -  
sucht worden. Ha l ic tusb ienen  haben  eine einfache,  kurze Balz. Bei der  Kopula t ion  re i ten  
die M~innchen auf, und  die Kopula t ionsdauer  (4 bis  ungefi ihr  340 sec) i s t  s ignif ikant  
un te rsch ied l ich  bel  den e inzelnen Arten. Die Weibchen  widerse tzen sich den me i s t en  
Paa rungsver suchen  der  M~innchen und  kopul ieren  gewShnlich nu r  e inmal .  Die M~innchcn 
begat ten  mehr  als ein Weibchen.  

Die Miinnchen un te r sch ieden  ar te igene Weibchen  yon solchen andere r  Arten.  Sie 
n a h m e n  nicht  s ignif ikant  m e h r  Kontak t  au f  m i t  lebenden Weibchen als m i t  unbeweg-  
l ichen, die durch  E in f r i e ren  getStet waren.  Duftstoff  der  Weibchen  yon L. zephyrum 
and  A. purr enth~ilt A ph r od i s i akum ;  zumindes t  L. zephyrum ha t  einen Sexuallockstoff,  
der wahrsche in l i ch  m i t  dem Aphrod i s i akum ident isch  ist. Zwei bis  drei Tage alte, 
unbegat te te  Weibchen  dieser  Art  p roduzieren  ein Aphrodis iakum,  welches ve rmut l i ch  
w~ihrend der  gesamten  Lebensspanne  vo rhanden  ist. Einige weibl iche Hal ic t inae  warcn  
his zu 15 Tagen hoch  a t t r ak t i v  ffir die M~innchen, sogar nachdcm die Weibchen  schon 
kopul ier t  ha t t en .  Das Aphrod i s i akum veranlass te  M~innchen von L. zephyrum und  A. pura 
auf  3 m m  grosse, schwarze Tuschepunkte  zu springcn,  die sie wohl fi ir  Weibchen  hie l ten .  
Die Duftstoffe aus  den K6pfen, Meso- um d  Metasomas von weibl ichen L. zephyrunt 
en th ie l t en  alle das Aphrod is iakum.  

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

T h i s  p a p e r  c o n c e r n s  t h e  c o u r t s h i p ,  c o p u l a t o r y ,  a n d  p o s t c o p u l a t o r y  b e h a v i o r  

of h a l i c t i n e  bees .  I n t e r a c t i o n s  b e t w e e n  s e x e s  a re  a s p e c t s  of  s o c i a l  b e h a v i o r  t h a t  

h a v e  p r e v i o u s l y  b e e n  n e g l e c t e d  i n  s t u d i e s  of t h e s e  bees .  I n  1972, SAKAGAMI a n d  

FUKUDA s u m m a r i z e d  t h e  s c a n t y  l i t e r a t u r e  c o n c e r n i n g  m a t i n g  b e h a v i o r  i n  t h e  

H a l i c t i n a e .  C o u r t s h i p  is d e f i n e d  h e r e  as  b e h a v i o r  of  t i le  m a l e  a n d  f e m a l e ,  s u b -  

s e q u e n t  to  t h e  m a l e ' s  d i s c o v e r y  of  t h e  f e m a l e  a n d  p r i o r  to  i n s e m i n a t i o n ,  w h i c h  

l e a d s  to  c o p u l a t i o n .  

T h e  f o l l o w i n g  is  a l i s t  of t h e  h a l i c t i n e  b e e s  s t u d i e d  w i t h  r e f e r e n c e s  to  p r i n -  

c i p a l  b e h a v i o r a l  p a p e r s  o n  t h e m  w h e n  s u c h  p a p e r s  e x i s t :  T r i b e  H a l i c t i n i :  

Agapostemon splendens (ROBERTS, 1969),  Lasioglossum (Dialictus) coeruleum* 
(SToCKHAMMER, 1967),  L. (D.) imitafum ~ (MICHENER a n d  WILLE, 1961),  L. (D.) 
laevissimum (1), L. (D.) rohweri  ~ (BREED, 1975),  L. (Evylaeus)  truncatum and L. 
(D.) zephryum* (BATRA, 1966;  MtCHENER et al., 1971 a, 1971 b; MICHENER a n d  

(1) Identif ied as nea r  Lasioglossum laevissimum by G. C. EICK~,VORT. V o u c h e r  speci- 
mens have  been deposi ted in the Snow Entomological  Museum, Univers i ty  of Kansas,  
Lawrence, Kansas.  
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BROTHERS, 1974; BROTHERS and  MICHENER, 1974; KAMM, 1974; BELL and  HAWKINS, 
1974; BELL et at., 1974; BELL , 1974). Tr ibe  Augoch lo r in i :  Augochlora pura 
(STOCKHAMMER, 1966), and Augochlorella striata "~ and A. persimilis ~ (ORDwAY, 
1966). Augochlora purr and L. zephyrum were investigated more than  other spe- 
cies because they are representa t ives  of different tribes, the i r  na tu ra l  his tories  are 
already wel l -known,  and they are readi ly  obtainable near  Lawrence ,  Kansas. 
An asterisk indicates  a species known  to be social. 

MATERIALS AND METHODS 

Bees were observed in  the field (Douglas and Jefferson Counties, Kansas),  in 
the bee room described by STOCKHAMMER (1966) and BATRA (1966), and  in three 
similar  smaller rooms. In  the field I observed bees both at nes t ing  sites and 
around flowers. 

The laboratory bee rooms had long day photoperiods (15 hours  light) and 
temperatures  from 23 to 37 ~ Flowers,  mostly wildflowers,  p rov ided  nectar  

and pollen for bees. Flowers used were  those preferred by the bees and  avai- 
lable in numbers  near  Lawrence,  Kansas. Apis honey (diluted wi th  50 percent  
water) and cat tail  (Typha) pollen (kept frozen unt i l  used) alone or mixed  about 
half and half  wi th  pollen substi tute (soy flour), supplemented the food from fresh 
flowers. Males in cages were fed honey-water  each n m r n i n g ;  exper iments  were  
made with them in afternoons.  

Virgin bees of known  ages were reared from pupae taken in  the field or 
from bee room nests. The recent ly  emerged bees were harvested from groups of 

pupae every 24 hours.  Since adults emerge at all t imes of day, a group of r 1-day- 
old ~ bees was composed of bees 0 to almost 24 hours old; (~ 2-day-old >> bees, 24 to 
ahnost 48 hours  old; etc. For  ind iv idua l  recognit ion,  2-day-old bees were  markcd 
on their  scuta wi th  fast-drying enamel paints.  Such bees and others were free 
in rooms or in cages in the rooms. 

Many mat ing exper iments  were nmde wi th  groups of 10 to 30 conspecific 
males that flew in cages or in  the bee rooms. It was imprac t ica l  to know the 
ages of all such bees. To assure repeatabi l i ty ,  a diverse age s t ruc ture  was main-  
tained by per iodical ly  adding both 2-day-oid males reared from pupae  and wi ld  
males to the group of males. Wild  ones placed in cages were al lowed to accli- 

mate to laboratory condi t ions  for several days before they were  used in  expe- 
r iments.  It was sometimes necessary to make several pilot tests wi th  caged males 
before making exper iments  s ince the males seemed to learn to find females or 
odoriferous papers in cer ta in  places in the cage before they became sufficiently 
responsive for exper imenta t ion .  This  suggests that l ea rn ing  of the physica l  and 
olfactory features, or p robab ly  both, of rendez-vous places (see BARROWS, 1975 a, 
1975 d) is a l ikely pre lude to mat ing attempts at those places. 

Three types of cages were used in the bee rooms. The small  cages were  
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cyl indr ica l ,  23 cm in d iameter  • 38 cm high,  and made of a wooden  frame,  

netting, and clear plastic.  The medium-s ized  cages, about 0.3 X 1.0 • 1.3 m, had  

a top and front  of clear  plastic,  sides and back  of netting, and bottom of canvas.  

A z ipper  down one side permi t ted  access. The  back was fastened to a wal l  of 

the bee room and the f ront  was suppor ted  by str ings at tached to the ceil ing.  

The large cages were  s imilar  to the medium-s ized  ones, but larger,  1.3 • 1.7 • 

1.0 m, only the top was plastic,  and they w e r e  suppor ted  on a luminum frames.  

Bee nests were  main ta ined  in the l abora to ry  to supply immature  bees and so 

that  possible or ienta t ion of males a round  nests could be observed.  The  wood-  

FIG. 1. - -  Plastic container in which 
a tethered female bee was impri- 
sioned hetween test periods. See 
Materials and Methods. 

ABB. 1 . -  Plastikbehfilter zum Auf- 
bewahren der flxicrten wcihliehen 
Biene auBerhalb der Testperioden. 

inhabi t ing  bees, L. coeruleum and A. pura, nested in rot t ing logs and branches  

of Ulmus, in observat ion nests conta in ing  celhdose (descr ibed by MAY and STOCK- 

HAMMEn, 1968), or  somet imes in soil (BARROWS, 1973). The other  bees, w h i c h  

were  soil- inhabit ing,  nested in a wooden  box or in plast ic  buckets of soil. Seve- 
ral large lumps of soil conta in ing nests of L. imilatum, L. zephgrum, L. rohweri, 
and Augochlorella striata were  excava ted  f rom field sites and brought  in buckets  

into bee rooms. Nesting substrates w e r e  mois tened  as needed.  

Some of the females used in exper iments  involv ing  mat ing were  te thered  
wi th  human  ha i r  t ied around the i r  r wais ts  >>, s ince un te thered  females w e r e  

often difficult to observe or handle.  Tethers ,  0.5 to 1.5 cm long, did not  p reven t  

bees from walk ing  or flying. When she was  not being used in an exper iment ,  

each te thered  female was  isolated in a small  cy l indr ica l ,  clear  plast ic  con ta iner  
wi th  honey-wate r  and pol len (fig. 1). A black plas t ic  tube, 4 mm in ins ide  diame- 

ter  and about 5 cm long, stuck out of the con ta iner  and was closed at its distal 
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end wi th  a p iece  of pipe cleaner.  The impr i s ioned  bee often res ted  in this tube. 

In some exper iments  a te thered  female was presented  to males on a wh i t e  v iny l  

plate, 5 • 12 cm, to w h i c h  her  te ther  was fastened wi th  ce l lophane  tape.  The  

plate was  a t tached by a thumbtack  to vegetation,  a card wi th  dots (see below),  

or a wall .  In exper iments  invo lv ing  medium-sized cages of males,  the plate was 

placed in s ide  on the back of the cages about 15 cm below the top. 

At the onset of and dur ing cer ta in  parts of this study, observa t ions  of pre-  

sumed mat ing of females were  verif ied by dissecting them. After  mat ing such 
bees were  p laced  along wi th  moist  paper  in closed jars or in small  cages. About 

24 hours  later  (to allow passage of spermatozoa into the spermathecae)  they were  

fixed in Die t r ich ' s  (Kahle's) solution for subsequent  dissect ion and examina t ion  

of the spermatheca .  

To invest igate  male response  toward  odors of females, p ieces  of filter paper  

(15 cm") w e r e  mois tened slightly wi th  tap water  before being impregna ted  wi th  

the odor. Twelve  to 16 pieces of paper  and female bees (mated and virgin,  of 
various ages) were  p laced  in 237 ml jars closed wi th  corks. T w o  females of 
L. zephyrum or one female of A. pura were  included per p iece  of paper .  Control  

papers  were  p repa red  by placing them in s imilar  jars con ta in ing  no bees. 

Paper  r emained  in these jars in the dark at 23 to 37 ~ for 15 to 24 hours  dur ing 

which  t ime bees were  not fed. Except  as o therwise  noted, all impregna ted  papers  

used in a given test were  f rom the saule jar  and therefore  wou ld  be expected  to 
have odors  of the same group of females. The ternl << test pape r  >> refers  to a 

filter paper  impregna ted  wi th  female bee odor. 

Each  test or exper iment  was composed of tr ials w h i c h  w e r e  repet i t ions  of 
a par t icu lar  exper imenta l  p rocedure .  

Whi te  cards  (21 X 28 cm) wi th  eight dots of black India  ink 3 mm in diame- 
ter were  used in cer ta in  exper iments  (fig. 2). An exper iment  was  made  compa-  

r ing such dots wi th  12 mm ones but no difference in response of male bees to 

the two sizes could be discerned.  An impregnated  paper,  control  paper ,  t e thered  

bee, or alone (control) te ther  was aftixed among the (tots wi th  ce l lophane  tape 
(fig. 3). The  same dot card and piece  of tape were  used for all t r ia ls  of a given 

test. The  rate of male pounc ing  upon ink dots was recorded:  When  a male 
struck a dot, a pounce  was r eco rded  unless another  male rested or wa lked  wi th in  

3 cm of this  dot; under  these c i rcumstances  the pounce was ignored  because of 

the possibi l i ty that  it was d i rec ted  toward  the other  male. 

Some te rminology  used in r ecord ing  the behavior  of ha l ic t ine  males is as 
follows. An ~< approach  >> of a male toward  a female was r eco rded  if he flew or 

c rawled  wi th in  5 cm of her. A r pounce >> was tal leyed if he quickly  walked 
or flew toward  her,  a t tempted to hold l~er, or held her  for less than  1 second, 

and then moved  away. A << grasp >> was r ecorded  if a male he ld  a female for 
over 1 second. A r mount  >> is a type of g rasp - - the  male-above mat ing  posi t ion 

typical  of Hymenoptera .  A << mat ing at tempt >> was noted if a male  grasped a 

female and displayed one or more of the fol lowing behaviora l  pat terns  : t apping  
his metasoma against hers  (up to 10 t imes in L. zephgrum), twis t ing  the t ip  of his  

metasoma to the tip of hers,  and extending and w i t h d r a w i n g  his genitalia.  
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C o p u l a t i o n  ( d e s c r i b e d  in  m o r e  d e t a i l  b e l o w  u n d e r  C o p u l a t o r y  B e h a v i o r )  w a s  

r e c o g n i z e d  w h e n  a m a l e  m o u n t e d  a f em a le ,  h e l d  t h e  t i p  of  t h i s  m e t a s o m a  to  t h e  

t i p  of  h e r s ,  a n d  c o n t r a c t e d  h i s  m e t a s o m a  ( a n d  s o m e t i m e s  s i m u l t a n e o u s l y  f l i c k e d  

h i s  w i n g s ,  a n t e n n a e ,  o r  b o t h  f r o m  1 to  3 t i m e s  p e r  s e c o n d .  D i s s e c t i o n s  s h o w e d  

t h a t  i n s e m i n a t i o n  o c c u r r e d  in  m o s t  s u c h  cases .  

1 cm 

Fro. 2. - -  Whi te  card w i th  black Ind ia  ink dots. Cellophane tape (t) held impregna ted  
or control  filter paper  (p) to whi te  v inyl  (o) affixed to the  card. 

ABB. 2 . -  WeifSer Kar ton mi t  sehwarzen Tuschepnnkten .  Beduftetes-  oder Kont ro l l -  
f i l terpapier  (p) i st mi t  Zel lophanf i lm (t) an weifSer Kunststoffolie (v) befest igt ,  die 
an  den Kar ton  geheftet  ist. 

l c m  

"""-... t 

V 

FIG. 3. - -  Female of Lasioglossum zeph!Irum wi th  her  t e the r  fas tened wi th  ce l lophane 
tape to a dot  card. Abbrev ia t ions  are those used in figure 2. 

ABB. 3 . -  Lasioglossum zephyrum Weibchen  mi t  ih re r  Hal teschl inge an  e iner  punk-  
t i e r ten  Karte  befestigt .  Abki i rznngen s ind die gleichen wie in Abb. 2. 

T h e  a b b r e v i a t i o n  W T  is  u s e d  fo r  W i l c o x o n ' s  s i g n e d  r a n k  t e s t ;  FT ,  F i s h e r ' s  

e x a c t  p r o b a b i l i t y  t e s t ;  MWT,  M a n n - W h i t n e y  U - t e s t ;  a n d  M, fo r  t h e  m e d i a n  of  a 

s a m p l e .  I n  s o m e  e x p e r i m e n t s  p r o b a b i l i t i e s  f r o m  i n d e p e n d e n t  s t a t i s t i c a l  t e s t s  

w e r e  c o m b i n e d  u s i n g  t h e  m e t h o d  of SOKAL a n d  ROHLF (1969, p.  623). 
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PRECOPULATORY BEHAVIOR 

Except  for terr i tor ia l  males of Lasioglossum rohweri  (BARROWS, 1975 a, 
1975 b) the males studied ord inar i ly  are pat rol l ing ( terminology of BARROWS, 
1974 C, 1975 a) when  they find mates. After males discover conspecifie females, 
they move towards them, hover over them, pounce  upon them, grasp them, attempt 
to insemina te  them, actually inseminate  them, separate, and fly away. The 
sequence of these events often differs from one encounter  of a male wi th  a 
female to the next  (fig. 4); relative frequencies  of different sequences have not yet 
been studied. 

Fro. 4. - -  Diagram illustrating 
the diverse sequences of 
responses of a male halie- 
tine bee toward a female 
after discovery of her. The 
arrows indicate possible se- 
quences of responses. 

ABB. 4. - -  Pfeildiagramm zur 
Veranschaulichung der m6- 
gliehen Reaktionsfolgen einer 
m~innliehen Halictus-Biene 
gegenfiber einem Weibchen, 
nach dessen Entdeekung. 

male 
discovers 

male walks �9 
or flies _ �9 male walks 

male'wa or flies 
] , \  ~ , Iks past female 
/ i \\ ~.or flies i 

I I \ \ awa 7 from [ 

/omale hovers~/~ [ \~ ~ ~ 
k ove female, \ ~ [ \ \ male does 

if he is ._ \ ~ I \ \ not 
~flying .. ~ - "% male \ \ return 

if flying, ~ \ / \ 
male lands." \ \ / male 
walks.to \ \ / copulates 

male grasps/ 
female, / 

attempts 
copulation 

Airbone males respond toward females in various ways. They often 
quickly fly f rom side to side over them or hover  over them (fig. 5). Sometimes 
males of L. rohwer i  and A. pura repeatedly fly towards  females, hover  close to 
them, fly 2 to 3 cm from them, and fly toward  them again (fig. 6). Males of 
L. zephyr,un often pounce  upon or grasp females wi thout  first hover ing  near  
them. In  contrast  males of A. pura almost always hover near  females before 
pounc ing  upon  or grasping them. As males fly near  females they often touch 
them with  the t ips of their  antennae.  Besides conspecific females, males are 
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at tracted to objects inc lud ing  holes  and black spots wh ich  are s imi lar  in size to 
females (BABROWS, 1975 a, 1975 d). 

Based on observat ions  w i t h  t e the red  females, durat ions of grasping of females  
(exeluding copulat ion)  by males of L. zephyrum vary f rom 1 to 110 seconds  

(median = 2 seconds,  n = 482 observat ions) ;  those of A. pura, f rom 1 to 97 se- 

conds (2, 526); and those of L. rohweri, f rom 1 to 172 seconds (8, 197). Median 

durat ion of grasping females by males va r ied  significantly among species  (~2 = 

55.197,df = 2, p <.O01, n = 1001, median  test). 

,.."..."-.."'."-.. ! i -" :" ... 
"q..".. . - !  . .... . - "  

Fro. 5. - -  Side to side flight of a male halietinc bee over a female on a flower. 

Ann. 5 . -  Ziek-Zaek-Flug eines Halietus Miinnehens i.iber einem Weibchen auf einer 
Blume. 

In hal ic t ine  bees the male p r e p a r i n g  to copulate  takes a hor izonta l  pos i t ion 

over  the female on the female 's  dorsum, the t ip of his metasoma cur led over  that  

of the female. If te thered  females  are suspended  so that  the i r  dorsums are 

against  substrates, the males o rd ina r i l y  land on females '  exposed surfaces and 
quickly  c rawl  be tween  them and the substrate to attain the usual mat ing posi-  

tion. Not in f requen t ly  up to four  males of Augochlora pura, Augochlorella striata, 
or L. zephyrum stack themselves  atop a male  on a te thered conspecif ic  female.  
In this s i tuation males at tempts mat ing  wi th  one another  and those close to the 

female all t ry  to copulate wi th  her.  Sometimes up to six other  males c rawl  over  

mat ing pairs. S imi lar  behav ior  occurs  in the field when  males of L. rohweri 
cluster  around the same female (BA~nows, 1975 a, 1975 b). The or iginal  male  of 
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the pair  either flies away or seems to ignore the intruders .  Once males of A. pura 

grasp females, they are u n w a r y  and have to be pulled off to prevent  insemina t ion .  
Occasionally males, possibly inexper ienced  ones, do not immedia te ly  attain 

the usual mat ing posit ion after contact ing females but  t ry to copulate wi th  females'  
heads or walk over females in a frenzy. Usually such males eventual ly  assume 
the typical  male-above pos i t ion .  

Courtship behavior  in ha l ic t ine  bees is simple and brief. Males were  obser- 
ved to mount  females for up to 5 seconds before in i t ia t ion  of copulat ion and 

FIG. 6. - -  The flight of a male halietine bee around a eonspeeifie female on a flower. 
See text for details. 

ABB. 6 . -  Flug einer mhnnliehen Halictus-Biene um ein auf eineP Blume sitzendes 
arteigenes Weibehen. Einzelheiten im Text. 

there was no obvious courtship behavior  pr ior  to mounting.  Various st imuli  
(i.e., v ibra t ion of substrates on which  females rest caused by beat ing wings,  
alighting movements,  and other movements  of males;  and tactile s t imuli  caused 
by males grasping females, cur l ing  t ips of metasomas to those of females, t apping  
lnetasomas against those of females, and as seen only in A. pura, repeatedly 
stroking heads of grasped females wi th  antennae)  may prepare  females for 
copulation.  It is possible that visual  s t imuli  produced by females wh ich  go to 
rendez-vous places (BARROWS, 1975 a, 1975 b) and, as described below for L. 
zephyrum,  bear ing  sex at t ractant  and aphrodis iac  by such females, are all impor-  
tant  in causing males to copulate. 
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COPULATORY BEHAVIOR 

A mount ing  male  usually cl ings to the female 's  metasoma wi th  his  legs 

(fig. 7, A-C); less commonly  the forelegs cling to the mesosoma or the male  touches  

the substrate w i th  1 to 4 legs wh i l e  holding the female wi th  the r ema in ing  legs. 

Males of A. pura  somet imes release the i r  grasps of females after copula t ion  

begins and remain  jo ined  to them only by genitalia.  Males of L. z e p h y r u m  hold 

their  antennae together  over  the i r  dorsums or d i rec ted  forward ,  not t ouch ing  

females wi th  them dur ing coi t ion (fig. 7, A and C). In contrast ,  males of A. pura 
sometimes repea ted ly  touch  heads of females (up to 8 t imes) w i th  the i r  an tennae  

whi le  in copulo. 

Table 1 shows data conce rn ing  the durat ion of copulat ion in ha l i c t ine  bees. 
In the laboratory,  i t  va r ied  s ignif icant ly among all species s tudied (z -~ = 35, df = 3, 
p <.001, n ---- 44, median  test) ;  moreover ,  in L. z e p h y r u m  durat ion of copula t ion  

of te thered females in the labora tory  was significantly longer  than in the  field 

(p <.001, MWT), pe rhaps  because of t empera tu re  differences and d is turbances  by 

breezes, o ther  males, etc. 

T A B L E  I .  - -  Duration of copulation. Data are based on matings of tethered females and 
free-flying males except for Lasioglossum laevissimum in which the bees were free 
and the time of beginning of mating was not observed. 

T A B E L L E  I .  - -  Kopulationsdauer. Die Daten beziehen sieh auf Paarungen yon fixicrten 
Weibchen und frei fliegenden M:,innehen. Nur bei Lasioglossum laevissimum waren 
die Bienen frei und der Zeitpunkt des Paarungsbeginns wurde nieht beobachtet. 

Species  

D u r a t i o n  (seconds)  

R a n g e  Median  n 

Lasioglossum zephltrttm (fiehl) . . . . . . . . . . . . . . . .  10-42 14 12 
L. zephyrum (laboratory) . . . . . . . . . . . . . . . . . . . . .  31-70 48 12 
L. laevissimum (laboratory) . . . . . . . . . . . . . . . . . .  96(+)-340(+) 202.5(3-) 6 
L. rohweri (laboratory) . . . . . . . . . . . . . . . . . . . . . .  4-10 8 16 
Augochlora pura (field) . . . . . . . . . . . . . . . . . . . . . . .  23-34 28.5 2 
A. pura (laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . .  17-56 28 10 

During copula t ion  males of A. pura and of L. z e p h y r u m  contract  t he i r  meta-  

sonms about once per  second;  those of L. rohweri ,  1 to 3 t imes per  second.  

Sometimes males twi t ch  wings,  antennae,  or both s imultaneously w h e n  cont rac-  

ting metasomas. 

Tethered  females of L. coeruleum,  laeviss imum, rohweri ,  t runcatum,  and 

z e p h y r u m  are often motionless  dur ing  copulat ion or they s lowly move  the i r  

heads, antennae,  or  legs, but do not crawl.  Te thered  females of A. pura  often 

c rawl  slowly on vegetat ion and occas ional ly  bite males '  metasomas whi l e  in 
copulo. 
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Fro. 7. - -Las iog lossum zephyrum in copulo. The male has a light-colored face and 
longer antennae than the female which is tethered. 

ABB. 7. - -  Lasioglossnm zephyrum bei der Kopulation. Das Mfinnchen hat ein helleres 
Gesieht und 1,:ingere Antennen als das Weibehen, das festgebunden ist. 

Near the end of copulat ion females occasional ly  buzz wi th  the i r  wings  folded 

over  their  backs; males t e rmina te  copulat ion by w i t h d r a w i n g  geni ta l ia  before 

or when they start  flying. In one instance,  at the end of mat ing  a male of 
L. rohweri  groomed his hindlegs  before  flying. Sometimes males stop near  the 

copulat ing site and groom for about 1 minute  before flying, hnmed ia t e ly  after 
copulation,  however ,  most males resume patroll ing.  
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MATING FREQUENCY 

T e t h e r e d  f e m a l e s .  

In  attempts to investigate mat ing  f requency as well  as possible changes in  
attractiveness wi th  age (described below unde r  Varying Attract iveness of Fe- 
males), I presented tethered females to flight groups of conspecific males. The 
females were presented  for 3 to 10 minutes ,  first when  they were  2-day-old 
adults, and subsequent ly  on alternate days unt i l  they were 18 days old or un t i l  
they died. Of a total of 56 matings observed in  A. pnra, L. rohwer i ,  and  L. zephy -  
rum, 96.5 percent  occurred dur ing  the first 2 minutes  of a presenta t ion.  Six of 
seven females of L. z e p h y r u m  that mated dur ing  10 minute  presenta t ions  started 
mat ing dur ing  the first minute  and did not mate again in the 10-minute periods.  
Many presentat ions,  therefore, were  made for only 3 minutes .  

If they mated at all, te thered hal ic t ine  females usual ly mated only  once 
dur ing  a series of presentat ions.  Ten such females of A. pura (surviving from 
6 to 18 days, M = 14) each mated once (at 2 to 6 days old, M = 2). Twen ty  others 
(surviving from 8 to 18 days, M = 18) did not mate. Fif teen females of L. zephy-  
rum (surviving from 4 to 29 days, M =14)  each mated once (at 2 to 14 days, 
M = 3). Eighteen other tethered females (surviving from 4 to 27 days, bl = 12) 
did not mate. Eleven females of L. rohwer i  (surviving from 2 to 18 days, M = 10) 
mated;  eight of them, only once at the age of 2 days, three of them 2 or 3 t imes 
at 2 days of age and later at 4 to 18 days. Twenty-one  other females that survived 
4 to 18 days (M = 12) did not mate. In  other exper iments  mul t ip le  mat ings of 
A. pura and L. z e p h y r u m  were noted rarely hut  such behavior  is possibly more 
common in L. rohwer i .  

All females of these three species used in  the exper iments  on mat ing  fre- 
quency were virgins,  probably  potent ia l ly  reproduct ive ;  therefore, it is unclear  
why  so many  refused to mate. In  L. z e p h y r u m  caste de te rmina t ion  occurs in  
the adult  stage (BROTHERS and MICHENER, 1974); thus any female can potent ia l ly  
become a queen and in  the laboratory near ly  all queens are insemina ted  (MIcnE- 
N~.n et al., 1971 a). It seems, therefore, that most if not all tethered, v i rgin  
females of this species should have mated. L. rohwer i ,  like L. z ephyrum,  is a 
pr imi t ive ly  eusocial bee so all of its females might  be expected to be potent ial  
queens which  become inseminated.  Moreover, s ince A. pura is a soli tary bee, 
most if not all of its females would  be expected to mate. Possible reasons for 
the ha l ic t ine  females not mat ing inc lude  in te rna l  paras i t izat ion (for which  
dissections of popula t ion  samples provide  no evidence) and artificiali ty of 
exper imenta l  condi t ions.  The higher  percentages of mat ing of old, free females 
in cages (see next  section) appear  to show that  the tethers or other labora tory  
condi t ions  have an inh ib i t ing  effect on mating.  F ie ld  observat ions too indicate  
a high f requency of refusal to mate by females, but  in  such cases one cannot  be 
cer ta in  that the females are virgin.  
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Males. 

In  an exper iment  that shows that males can inseminate  more than  one female, 
2 or sometimes 3 free-flying, virgin females of A. pura or L. zephgrum, 2 to 20 days 
old, were placed in a medium-sized cage wi th  one conspecific male for 72 hours. 
One active male, wh ich  may or may not have been virgin,  from a bee room 
flight group was used in each of n ine  repet i t ions  of this experiment .  All females 
were later dissected to determine how many  had mated. The males insemina ted  
both females in 2 of 7 repet i t ions using A. pura and in  the 2 repet i t ions  using 
L. zephyrum. 

Ages at mating. 

Exper iments  wi th  free, marked, v i rgin  females were made to fur ther  examine 
conclusions  d rawn from tests using tethered females as descr ibed above. 
Tethered females usual ly mated, if at all, when  2 to 4 days old. 

Old vi rgin  females of L. rohwerl  seem to mate as readi ly  as young virgin 
females. Thi r ty- four  females and an equal number  of males were  placed in a 
large cage for 24 hours. Seventeen of the females (group 1) were from 2 to 
6 days old (M ---- 4) and 17 females (group 2) were from 7 to 14 days old (M = 8). 
Subsequent  dissections showed that 77 percent  of the females had eaten pollen 
while in  a medium-sized re ta in ing  cage and all had s lender  ovaries. Sixty-five 
percent  of the group-1 females and 59 percent  of the group-2 females mated, 
showing no significant  difference between groups (p ---- .259, FT). 

Likewise for L. zephyrum, old, v i rgin  females seem to mate at least as readi ly 
as young ones. Eighty-eight females (marked for ind iv idua l  recogni t ion)  and an 
equal n u m b e r  of males were placed in a medium-sized cage. Mating was infre- 
quent  after the first 40 minutes  and after 80 minutes,  I d i scont inued  observation. 
Of the 37 females observed to mate, none mated more than once. There  were 
33 females (group 1) from 3 to 15 days old (M -~ 8 days) and 55 females (group "2) 
from 16 to 29 days old (M----26). Th i r ty -n ine  percent  of the group-1 females 
mated;  44 percent  of the group-2 females mated, showing no significant difference 
between groups (z 2 ---- .152, df ---- 1, p > 0.05, test for inequal i ty  of two percentages,  

SOKAL and ROHLF, 1969). 
Also in A. pura young and old virgin females did not mate at s ignificantly 

different frequencies.  Eighty females but only 42 males were released in a 
medium-sized cage and observed for 60 minutes.  All mat ing occurred dur ing  the 
first 20 minutes  of observation, suggesting that sexually active bees soon find 
mates unde r  these experimental  condit ions.  There were 35 females (group 1) 
from 2 to 16 days old (M = 13) and 45 females (group 2) from 17 to 32 days old 
(M = 28). Nine percent  of the group-1 females and 11 percent  of the group-2 
females mated, showing no significant difference between age groups (z z = 2.822, 
df---- 1, p >0.1).  Of the eight females observed to mate, .one mated more than 

once (see Mating Frequency) .  
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Unlike  the females,  young  males  a re  pe rha ps  more  l ike ly  to mate  than  old 
ones. Twen ty  of the  males  of A. pura used in the above expe r imen t  (group 1) 
were  2 to 14 days  old  (M ~ 9) a n d  22 males  (group 2) were  16 to 30 days  o ld  
(M = 28). Twenty-f ive  pe rcen t  of the  group-1 males  and 5 pe rcen t  of the  group-2 
males mated,  a p p r o a c h i n g  a s ignif icant  d i f ference be tween  groups  (p = .065, FT) .  

Female  resistance to mating.  

In na ture  males  of L. rohweri and L. zephyrum commonly  a t tempt  copu la t ion  
wi th  guards  that  close nest  en t rances  w i th  the i r  metasomas.  They  fol low females  
wa lk ing  to the i r  nests  and  f requen t ly  a t tack  females,  i nc lud ing  those  heav i ly  
laden  wi th  pollen,  that  hes i ta te  before  en te r ing  nests. Males were  not  observed  
pursu ing  females in flight. 

In  the  l a b o r a t o r y  both mated  and vi rgin ,  t e the red  females often res i s ted  
mat ing  a t tempts  by  males.  Such females s t r ike  males  w i th  manclibles o r  legs, 
buzz the i r  wings,  and appa ren t l y  wi l l  not  open the i r  geni ta l  chambers .  Unte-  
t he red  females tha t  res is t  ma t ing  eventua l ly  escape by sc rambl ing  into b u r r o w s  or  
flying. They  often bi te  the  metasomas  of males  w h i c h  mount  them. In the  field 
females of L. zephyrum often ro l l  down  the nest ing banks,  t he reby  usua l ly  dis-  
lodging males  and  in the  l abo ra to ry  females  fall f rom wal ls  w i th  the  same 
result .  Males of L. zephyrum and L. rohweri somet imes ho ld  females for  over  
3 minutes  whi le  t r y i n g  to copula te  w i th  them. These  observa t ions  suggest  that  
the  female can p reven t  mat ing  at wi l l  and  she might  p l ay  a major  role  in se lec t ing  

her  mate.  

SEX ATTRACTION AND COPULATORY STIMULATION 

Male response  toward heterospecif ic  females .  

In na ture  male  ha l i c t ine  bees frequ'ently a p p r o a c h  and occas iona l ly  pounce  
upon females of o ther  species ;  this  behav io r  was  inves t iga ted  in more  de ta i l  in 
the l abora to ry .  Tests  of 7 to 10 t r ia l s  were  made ;  in each t r i a l  a t e the red  
female of one spec ies  was  p re sen ted  upon  a v iny l  p la te  to a flight g roup  of 
20 males  of ano ther  spec ies  for  1 minu te  and then  r ep l aced  by  a conspeci f ic  
female,  also p resen ted  for  1 minute .  Different  females were  used in each  t r i a l ;  
pounces ,  grasps,  a t t empted  copula t ions ,  and copula t ions  were  noted,  and  for  
s ta t i s t ica l  purposes  are combined  as contac t s  of males wi th  females.  Since  males  
d id  not  a p p r o a c h  a given female wi th  equal  f requency,  it  was necessa ry  to stan- 
da rd ize  contact  ra te  of males  wi th  females by  measur ing  male response  as contac ts  
pe r  approach .  

No he te rospec i f ic  mat ings  were  observed.  Males of L. zephyrzzm did  not  
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approach conspecific females significantly more than heterospeeific ones except 
in the experinaent with Augochloropsis (fig. 8, D). They occasionally pounced 
upon females of other species, but infrequently grasped them. Male contaet rate 
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Fro, 8. - -  R e s p o n s e s  of  m a l e s  o f  Lasioglossum zephyrum t o w a r d  f e m a l e s  of  o t h e r  spec ies  
(sol id ba r s )  a n d  t o w a r d  conspeei f ie  f e m a l e s  (open ba r s ) .  N u m b e r  of  m a l e  a p p r o a c h e s  
t o w a r d  a p a r t i c u l a r  f e m a l e  d u r i n g  a 1 m i n u t e  p r e s e n t a t i o n  is  i n d i c a t e d  above  each  
bar .  Sueeess ive  t r i a l s  a re  i n d i c a t e d  on  t h e  absc i s s a .  A, m a l e  r e s p o n s e  t o w a r d s  
f e m a l e s  of  Augoehtorella striata ( f e m a l e s  were  n o t  g rasped)  a n d  L. zephyrum 
( f e m a l e s  were  g r a sped  0-2 t i m e s ,  M----1);  B, Agapostemon splendens (0,0) a n d  
L. zephyrum (0-2, 0);  C, Augochlora pura (0, 0) a n d  L. zephyrum (2-7, 4) ;  D, Augo- 
ehloropsis metallica (0-1, 0) a n d  L. zeph!lrnm (0-5, 2);  E, L. rohweri (0-1, 0) a n d  
L. zephyrum (2-13, 3) ; a n d  F, L. imitatum (0-5, 0) and  L. zephyrum (1-8, 4). W i l e o x o n ' s  
s i gned  r a n k  t e s t  w a s  u s e d  to a n a l y z e  d i f f e rences  in m a l e  r e s p o n s e  t o w a r d  h e t e r o s p e -  
t i t le a n d  conspecif ie  f ema!e s ,  

ABB, 8. - -  R e a k t i o n e n  yon  Lttsioglossttm zephyrura M S n n c h e n  gegen i ibe r  W e i b c h e n  
a n d e r e r  Ar t en  ( s ehwarze  Shn len )  n n d  gegen i ibe r  a r t e i g e n e n  W e i b c h e n  (offene SSulen) .  
Ueber  j e d e r  Siiule i s t  d ie  A n z a h l  d e r  m~ inn l i ehen  A n n S h e r u n g e n  an  e in  h e s t i m m t e s  
W e i b c h e n  wi ih rend  e i ne r  M i n u t e  a n g e g e b e n .  A u f e i n a n d e r  fo lgende  A n n i i h e r u n g s v e r -  
s u c h e  s i nd  a u f  der  Absz i s s e  a n g e g e b e n .  A, MSnn l i ehe  R e a k t i o n  gegen i ibe r  W e i b e h e n  
yon  Augochlorella striata (die W e i b c h e n  w u r d e n  n i e h t  u m f a B t )  u n d  L. zephyrzzm 
(die W e i b c h e n  w u r d e n  0-2 m a l  u mfaB t ,  M----1);  B, Agapostemon sl)lendens (0, O) 
u n d  L. zephyrum (0-2, 0);  C, Augochlora pura (0, 0) u n d  L. zephyrlzm (2-7, 4) ;  
D, Augochloropsis metallica (0-1, 0) u n d  L. zephyrum (0-5, 2);  E, L. rohweri (0-1, 0) 
u n d  L. zephyrum (2-13, 3) ;  u n d  F, L. imitatum (0-5, 0) u n d  L. zephyrum (1-8, 4). 
>> W i l e o x o n ' s  s igned  r a n k  t e s t  << w u r d e  v e r w e n d e t ,  u m  die  U n t e r s c h i e d e  z w i s c h e n  
a r t f r e m d e n  u n d  a r t e i g e n e n  W e i b c h e n  zu  a n a l y s i e r e n ,  

]NSECTES SOClAUX, 1975, T. 9-2, r~ ~ 3. 21 
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w i t h  conspec i f i c  f ema le s  was  s i g n i f c a n t l y  h i g h e r  t h a n  tha t  w i t h  h e t e r o s p e c i f i c  

females  (fig, 8). 

T h e  m a l e s  of  A. pura  a p p r o a c h e d  conspec i f i c  females  s ign i f i can t ly  m o r e  t h a n  

h e t e r o s p e c i f i c  ones  in  t he  tes ts  m a d e  w i t h  Agapostemon and  Augochlorel la  (p = 

.005, .01 > p > .005, r e s p e c t i v e l y ,  ~VT), bu t  t h e y  a p p r o a c h e d  c o n s p e c i f i c  f e m a l e s  

s ign i f i can t ly  less t h a n  t hose  of  Lasioglossum (.025 > p > .01). Males  of  A. pura,  
m o r e o v e r ,  c o n t a c t e d  c o n s p e c i f i c  f ema le s  s ign i f i can t ly  m o r e  t h a n  f ema le s  of  o t h e r  

spec i e s  e x c e p t  in  t h e  t es t  w i t h  AugochIoropsis  (fig. 9). H o w e v e r ,  the  m a l e s  gras-  

p e d  on ly  c o n s p e c i f i c  f ema le s  and  f a i l ed  even  to con tac t  females ,  of  Augochlorel la.  
Augochlora pura, Agapostemon splendens,  AugochIorella striata, and  Augochlo-  

ropsis metall ica a re  b r igh t ,  m e t a l l i c  g r een  and  the  LasiogIossum spec i e s  a r e  dul l  

me ta l l i c  g r e e n i s h - b r o w n ;  the  spec i e s  also v a r y  m a r k e d l y  in  size.  T h e  r e su l t s  of  

these  e x p e r i m e n t s  sugges t  tha t  i n v e s t i g a t i o n  shou ld  be m a d e  on the  p o s s i b l e  ro l e s  

of s ize a n d  co lo r  of  f e m a l e s  in d i s c r i m i n a t i o n  by  males .  

Ac t i v i t i e s  of  ma le s  in  t he  f ie ld  suggest  tha t  v i sua l  cues  m a y  n o t  be  as 
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Fro. 9. - -  Response of males of Augochlora 
pzzra toward females of other species (solid 
bars) and. toward eonspecifie females (open 
bars). Numbers of male approaches toward 
females during 1 minute presentat ions 
are given above bars. A, male response 
towards females of Agapostemon splen- 
dens (females not grasped) and A. pura 
(females were grasped 0 to 6 t imes each, 
51 = 2 grasps) ; B, Azzgochloropsis metaffica 
(0, O) and A. pzzra (0-4, 1) ; C, Angochlorella 
striata (0, O) and A. pzzra (0-5, 2); and D, 
Lasioglossum zephyrtzm (0, O) and A. pura 
(0-12, 3). Wilcoxon's signed rank test was 
used to analyze difference in male ' response 
toward heterospceific and conspecific 
females. 

Aam 9. - -  Reaktion von Azzffochlora pura 
M:,innchen gegenfiber ar t f remden-  und ar- 
teigenen Weibchen. Ueber den S~iulen ist 
die Anzahl der AnnSherung der Mfnnehen 
zu den SVeibchen wiihrend einer Minute 
angegeben. A, Reaktion der MSnnchen 
gegeniiber Agaspostemon splendens Weib-  
chen (wurden nicht umfaf~t) und A. pura 
(Weibchen wurden je 0-6 mal umfaBt, 
M = 2; B, Augochloropsis metallica (0, 0) 

und A. pzzra (0-4, 1); C, Augoehlorella striata (0, O) und A. pzzra (0-5, 2); und D, 
Lasioglossum zephyrum (0, 0) und A. pura (0-12, 3). >> Wilcoxon's signed rank test <~ 
wurde verwendet, um die Untersehiede zwisehen arteigenen und ar t f remden Weibchen 
zu analysieren. 
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i m p o r t a n t  as o l f a c t o r y  ones  in d i s t i n g u i s h i n g  h e t e r o s p e c i f i c  f r o m  c o n s p e c i f i c  

females  a n d  o t h e r  f ema le - s i zed  objects .  Af te r  males  a p p r o a c h ,  t h e y  p r o b a b l y  
r e c o g n i z e  conspec i f i e  f ema le s  by  spec i e s  speci f ic  p h e r o m o n e s  as do Bombus  
males  (Apidae)  (FnE~, 1971). 

E f f e c t  o f  females  on male  dot pounc ing  b e h a v i o r .  

S ince  ma le s  s e e m e d  m o r e  i n c l i n e d  to p o u n c e  u p o n  spots  a n d  s h a d o w s  on 

vege t a t i on  and  u p o n  b l a c k  i n k  spots  (about  the  sizes of c o n s p e c i f i c  f emales )  

w h e n  conspec i f i c  f emales  w e r e  n e a r b y  than  w h e n  t h e y  w e r e  absent ,  I t r i e d  to 

a sce r t a in  if ,  in fact ,  t h e  p r e s e n c e  of  f emales  causes  ma les  to p o u n c e  u p o n  b l ack  
dots. T e t h e r e d  females  f r o m  the  f ie ld  and  u n u s e d  t e the r s  a lone  w e r e  p r e s e n t e d  

on dot  c a r d s  ( d e s c r i b e d  in Mate r i a l s  and Methods)  to f l ight  g r o u p s  of  about  

Fla. 10. - -  Male pouncing on black 
dots in the presence (open bars) t- 
and in the absence of eonspecifie ._ 
females (solid bars). A, and B, ~ E 
Augochlora pura; C, Lasioglos- o~ 
sum zephyrum. Wilcoxon's signed ~. 

t ~  
rank test was used to analyze 
differences in male response in ~ 
the presence and absence of u 

e -  
females. r 

Am~. 10. - -  Sfiulen veransehaulichen -~ ,0  
die Anzahl der Zust6fle der M~inn- 5; 
ehen auf  sehwarze Punkte in Ge- 
genwart yon arteigenen %Veib- 
chen (offene S~iulen) und in Abwe- 
senheit yon arteigenen Weibeheu 
(sehwarze Stiulen). 
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20 males  in m e d i u m - s i z e d  cages.  In  e a c h  t r ia l  a t e t h e r  w a s  p r e s e n t e d  fo r  2 nfi- 

nutes  on a dot  c a r d  and  t h e n  was  r e p l a c e d  30 to 60 s econds  l a te r  w i t h  a t e t h e r e d  

female ,  also p r e s e n t e d  fo r  2 minu te s .  Di f fe ren t  t e the r s  and  d i f f e r e n t  t e t h e r e d  

bees  w e r e  used  in  each  t r ia l .  
In  A. pura, males  p o u n c e d  u p o n  dots  in the  p r e s e n c e  of f ema le s  s ign i f i can t ly  

less t h a n  in t he  absence  of  f emales  (fig. 10 A and B, .005 > p > .001, 2 W T  com-  
b ined) .  In  con t ras t ,  ma les  of L. zephyrum p o u n c e d  u p o n  dots  s i g n i f i c a n t l y  m o r e  
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w h e n  f e m a l e s  w e r e  p r e s e n t e d  a m o n g  d o t s  t h a n  w h e n  f e m a l e s  w e r e  a b s e n t  

(fig. 10 C). Males  of  A. ptzra, u n l i k e  t h o s e  of  L. zephgrttm, d i r e c t e d  t h e i r  a t t e n t i o n  

t o w a r d  t e t h e r e d  f e m a l e s  r a t h e r  t h a n  t o w a r d  dots .  P e r h a p s  m a l e s  of A. pura f i n d  

f ema le s  v i s u a l l y  a m o n g  do t s  m o r e  r e a d i l y  t h a n  do  m a l e s  of  L. zephyrtzm. 
I t  s e e m e d  t h a t  a f e m a l e  of  A. pnra a m o n g  do t s  c a u s e d  m a l e s  to  p o u n c e  u p o n  

dots  a f t e r  h e r  r e m o v a l .  To  t e s t  t h i s  h y p o t h e s i s  a do t  c a r d  w a s  p l a c e d  i n  a 

m e d i u m - s i z e d  cage  w i t h  20 m a l e s  f o r  30 to  60 m i n u t e s .  T h e n  a t e t h e r  a l o n e  ( f i r s t  

p r e s e n t a t i o n )  w a s  p r e s e n t e d  o n  t h e  c a r d  to  m a l e s ,  t h e n  a t e t h e r e d  f e m a l e ,  a n d  

f ina l ly  t h e  u n u s e d  t e t h e r  ( s e c o n d  p r e s e n t a t i o n )  w a s  p r e s e n t e d  aga in .  All  p r e s e n -  

t a t i o n s  w e r e  f o r  2 m i n u t e s .  On a g i v e n  d a y  o n l y  o n e  t r i a l  w a s  m a d e  w i t h  a p a r -  

t i c u l a r  g r o u p  o f  m a l e s .  Males  p o u n c e d  u p o n  do t s  s i g n i f i c a n t l y  m o r e  d u r i n g  

s e c o n d  p r e s e n t a t i o n s  of t e t h e r  t h a n  d u r i n g  f i r s t  o n e s  (fig. 11), t h u s  s u p p o r t i n g  t h e  

h y p o t h e s i s  a n d  t h e  i d e a  t h a t  a p h e r o m o n e  le f t  a f t e r  r e m o v a l  of  t h e  f e m a l e  p r o -  

m o t e s  do t  p o u n c i n g .  
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FIG. 11. - -  Dot poune:ng of males  of Alzgochlora plzra dur ing  first p resen ta t ions  of t e the r s  
(solid bars) ,  dur ing  p resen ta t ions  of females  (stippcd bars) ,  and  dur ing  second 
presen ta t ions  of te thers  (open bars) .  Dot pounces per  minu te  were calculated f rom 
2-minute  observat ions .  Wilcoxon 's  signed r a n k  tes t  was used to evaluate  differences 
in male  response toward  first and  second presen ta t ions  of te thers .  

Auu. 1 1 . -  Zust6Be von m f n n l i c h c n  Attgochlora pzzra auf  schwarze P u n k t e , w ~ h r e n d  
e iner  Minute (nach 2 Minuten  Beobachtung  gemit tel t ) .  Schwarze S/iulen = crs tmal igc  
Darbie tung von f ixierten Weibchen,  punk t i e r t e  SSulen ---= Darbie tung f re ie r  Weibchen,  
offcne SSulen = zweite Darb ie tung  f ixier ter  SVeibchen. >>Wilcoxon's signed r ank  
tes t  << wurde verwendet ,  u m  die Untersehied in der  Reakt ion der  M~innchen w~ihrend 
dcr  ers ten und  zwcitcn Darb ic tund  dcr  f ixierten Weibchen zu bewerten.  

Varying attractiveness o f  f e m a l e s .  

F e m a l e s  o f t e n  v a r y  i n  t h e i r  a t t r a c t i v i t y  to  ma le s ,  to  j u d g e  b y  e x p e r i m e n t s  

on  M a t i n g  F r e q u e n c y  ( d e s c r i b e d  a b o v e )  in  w h i c h  t e t h e r e d  f e m a l e s  w e r e  p r e s e n t e d  

on  a l t e r n a t e  d a y s  to m a l e s .  T h e  t e r m i n o l o g y  u s e d  in  t h i s  s e c t i o n  is as f o l l o w s  : 

a t t r a c t i v e  f emale ,  o n e  w h i c h  m a l e s  g r a s p  fo r  u p  to 3 s e c o n d s  in  a n y  of  1 o r  m o r e  

p r e s e n t a t i o n s ;  h i g h l y  a t t r a c t i v e  f ema le ,  o n e  w h i c h  m a l e s  g r a s p  o v e r  3 s e c o n d s  
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while  a t tempt ing mating, inseminat ion ,  or both in any presenta t ion;  in te rmi t t en t ly  
highly at tract ive female, one which  males find highly attractive in  2 to 4 pre- 
sentat ions each of which  is between presenta t ions  when  she was not  highly 
at tractive;  and consistently highly  attractive female, one which  is h ighly  attrac- 
tive dur ing  all presenta t ions  to males. 

F rom table II it can be seen that different females which  mated  and which  
did not mate were attractive, inermi t ten t ly  highly attractive, and  consis tent ly 
highly attractive. 0 n l y  cer ta in  females which  did not mate were  never  highly 
attractive. Possible reasons for va ry ing  attractiveness of females inc lude  : some 
females have sex at tractants and  some do not;  a given female w h i c h  emits such 
an at t ractant  may produce differing amounts  dur ing  her l ifetime; and levels of 
male response are different. 

OLFACTORY CUES 

Sex  attractants.  In  an attempt to investigate the possible existence of sex 
attractants,  it was found that moist  filter paper  could be impregnated  wi th  odor 
of females if they were confined wi th  the paper  (see Materials and Methods). 
Nine flight groups of I0 to 20 males of L. z e p h y r m n  were  each presented wi th  a 
control  paper  and a test paper  (one impregnated  wi th  the odor of conspecific fe- 
males) presented sequentially,  each for 3 minutes.  The papers were  p inned  near  
the ceil ings of laboratory rooms where  males were patroll ing.  

Males of L. z e p h y r u m  responded toward impregnated  paper  in that  they flew 
toward it, hovered over it, or walked upon and an tenna ted  it. The paper  was 
scored as at tractive t.o males if one or more males walked upon and antennated  
it. Test papers  were significantly more attractive than controls (p = .00003, n = 
9, FT), ind ica t ing  that females of L. z e p h y r u m  have a sex at tractant .  

Regarding A. pura, a total of 50 presentat ions  of pairs  of papers (one test, one 
control) were made to males in laboratory exper iments  and in  field exper iments  
described by BARROWS (1974 a). Males usually were not at tracted toward  either 
test or control  papers possibly because they are more readi ly  attracted to a 
combina t ion  of appropria te  olfactory and visual  cues than to" olfactory 9nes 
alone. However,  upon six occasions, they walked upon and an tenna ted  test 
papers but not controls, suggesting a sex at t ractant  in this species also. Artificial 
and na tura l  sex at tractants are already known  in other species of bees (KULLEN- 

BERG, 1956, 1963; BUTLER, 1964; FriEr., 1971). 

Pheromone  wh ich  effects male dot pouncing  behavior. Exper iments  were 
made wi th  A. pura and L. z e p h g r u m  to determine whether  female odor alone is 
sufficient to elicit male dot pounc ing  behavior.  In  each trial  of a test, a control  
paper  was presented on a dot card for 2 minutes  and then it was  replaced by a 
test paper  impregnated  wi th  odor of conspecific females (see Materials and 
Methods), also presented for 2 minutes .  Presenta t ions  were made to flight groups 
of 20 males in  medium-sized cages. In A. pura presence of female odor (test 
paper) near  dots significantly increased male dot pounc ing  (fig. 12, p <.001, 2 WT 
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TABLE It .  - -  Male response toward  te thered  conspecific females  first presented as 2-day-old 
virgins  and  the rea f t e r  on a l t e rna te  days un t i l  they  died or  were 18 days old. Ranges  
and  medians  of ages of females  at  t he i r  l as t  p resen ta t ions  to males  are indica ted  in 
parentheses .  For  definit ions of a t t rac t ive ,  h ighly  a t t ract ive ,  cons is tent ly  h igh ly  
at t ract ive,  and  i n t e rmi t t en t l y  h igh ly  a t t rac t ive ,  see text.  

T A B E L L E  I I .  - -  Reakt ion  yon Miinnehen gegeniiber a r tg le ichen  Weibchen ;  zuers t  zwei 
Tage a l t  unbega t t e t  angeboten,  und  danach  an  jedem zweiten Tag, his  sic s t a rben  
oder  18 Tage a l t  waren.  Das Alter  der  Weibehen  bei ih rem le tz ten Kontakt  m i t  den 
Mhnnehen ist  in  K lammern  angegeben. Die Definit ion ffir )) a t t rac t ive ,  h igh ly  a t t rac -  
tive, cons is tent ly  h ighly  a t t ract ive ,  and  i n t e r m i t t e n t l y  h ighly  a t t rac t ive  (( i s t  im Text  
ersichtl ieh.  

Lasioglossum Lasioglossum Au,qochlora 
zephyrum rohweri pura 

~ which mated : 
i n t e rmi t t en t l y  h ighly  a t t rac t ive  . . . . . . . . . .  11 5 6 

(12-18,14) (8-16,I2) (I4-18,16) 
a t t rac t ive  . . . . . .  " . . . . . . . . . . . . . . . . . . . . . . . .  3 4 0 

(4-6,5) (2-14,5) 
cons is tent ly  h ighly  a t t rac t ive  . . . . . . . . . . . .  3 5 2 

(6-18,16) (8-18,8) (6,6) 

~.~ which did not mate : 
i n t e rmi t t en t l y  h ighly  a t t rac t ive  . . . . . . . . . .  4 10 12 

(10-18,14) (8-18,13) (12-18,18) 
a t t rac t ive  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 6 6 

(6-18,12) (6-14,8) (4-14,9) 
cons is tent ly  h ighly  a t t rac t ive  . . . . . . . . . . . .  0 3 O 

(4-18,14) 
never  h ighly  a t t rac t ive  . . . . . . . . . . . . . . . . . . .  ' 9 2 3 

(4-14,10) (10-14,12) (8-12,10) 

Total ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 35 29 

c o m b i n e d )  b u t  in  L. zephyrum t h i s  o c c u r r e d  in  o n l y  one  of  f o u r  t es t s  in  w h i c h  

o d o r  p r e s e n t a t i o n s  w e r e  m a d e  f o r  2 m i n n t e s  (p = .05, n = 6, W T ) .  

T h e  sex  a t t r a c t a n t  s t u d y  s u g g e s t e d  t h a t  m a t e s  of  L. zephyrum <( h a b i t u a t e  )> 

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

t h i s  odo r .  T h e r e f o r e  t he  a b o v e  do t  p o u n c i n g  e x p e r i m e n t  w a s  r e p e a t e d  -;vith t h i s  

s p e c i e s ;  b u t  to  c o m p e n s a t e  fo r  p r e s u m e d  h a b i t u a t i o n ,  p r e s e n t a t i o n s  of l e s t  a n d  

c o n t r o l  p a p e r s  w e r e  m a d e  fo r  o n l y  1 m i n u t e  each .  P r e s e n c e  of f e m a l e  o d o r  s i g n i -  

f i c a n t l y  i n c r e a s e d  m a l e  do t  p o u n c i n g  i n  t h e s e  t e s t s  (.005 > p > .001, n = 20, 

2 W T  c o m b i n e d ) .  

T h e s e  t e s t s  s u g g e s t e d  t lmt  m a l e s  of A. para a n d  L. z ephyrum h a b i t u a t e d  to 

p h e r o m o n e  of  c o n s p e c i f i c  f emales ,  t h e y  f a t i g u e d  d u r i n g  tes ts ,  or  bo th .  Mate  

r e s p o n s e  ( in  t h e  p r e s e n c e  of tes t  p a p e r s )  i n  f i r s t  h a l v e s  of  t e s t s  w a s  g r e a t e r  t h a n  

t h a t  d u r i n g  s e c o n d  h a l v e s  (A. pura, p = .05, n = 8, W T ;  L. zephyrum,  p < . 0 0 5 ,  

n : 20, W T ) .  S i n c e  m a l e s  d i d  no t  a p p e a r  to  d e c r e a s e / l y i n g  o r  h o v e r i n g  o v e r  do t s  

d u r i n g  tes t  p e r i o d s ,  o d o r  h a b i t u a t i o n  s e e m s  l ike ly .  

Aphrodisiac.  I n  Augochlora pura a n d  Lasioglossum zephyrum f e m a l e  o d o r  is 

a p h r o d i s i a c a l ,  i.e., i t  i n d u c e s  c o p u l a t o r y  b e h a v i o r .  I t  c a u s e d  m a l e s  of  A. pura 
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FIG. 12. - -  Augochlora pura. Male dot 
pouncing in the presence (open bars) 
and absence (solid bars) of odors 
on paper from conspeeifie females. 
Wileoxon's signed rank test was 
used to analyze the differences in 
male response. 

ABB. 12. - -  Augochlora pura ZustSfSe 
yon Mtinnchen auf schwarze Punkte 
in Anwesenheit (offene Siiulen) und 
Abwesenheit (schwarze Sfiulen) von 
arteigenen Weibchenduft auf Filter- 
papier. >> Wilcoxon's signed rank 
test r wurde verwendet um die Un- 
terschiede in der Reaktion der Miinn- 
chen zu bestimmen. 
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to contact  dead conspeci /]c  fenmles and to make long contacts (grasps and at temp- 
ted matings) wi th  them. As ment ioned above, in L. zephyrum, female odor  cau- 

sed nmles to pounce  upon black ink dots. Since male  pounc ing  upon these dots 

(and upon o ther  objects about the size of females) appears  to be misd i rec ted  

copula tory  behavior ,  female odor wh ich  releases male dot pounc ing  behavior  is 
cons idered aphrodis iaea l  in this study. 

The aphrodis iaca l  odor is probably  p roduced  by adult bees al though the 

possibi l i ty  exists that  they somehow acquire  it f rom thei r  habitats.  As descr ibed 

below, bees rea red  in the labora tory  (in petr i  dishes, f rom field col lected pupae) 
car r ied  aphrodis iaca l  odor. Pupae from wh ich  they emerged shed cuticles upon 
becoming  adults;  the lat ter  never  contacted nests or  usual foods as they  would  in 

nature. These aphrodis iaca l  odors are therefore  re fe r red  to as aphrodis iacs ,  i.e., 
pheromones  w h i c h  induce  copulatory behavior .  

Female  corpses of A. pura were  presented to males in the presence  of ei ther  

test or control  papers.  In the first exper iment  a dead, unext rac ted  female was 
fastened by he r  legs, head upward ,  wi th  cel lophane tape to a plate  and left 

24 hours  in a group of 20 males flying in a medium-sized cage. The  males paid 

little at tention to her.  In each of eight sequential  t r ia ls  of this test, a piece of 
control  paper  was  taped above the dead female for 1 minute  and then replaced  

for 1 minute  wi th  a test paper,  Males did not approach  the corpse  significantly 
more  or less (WT) in the presence  of test paper  than in the p resence  of control  

paper.  However ,  they contacted the corpse s ignif icantly more  in t h e  presence  

of test paper  (p = .027, n = 8, WT). 
In the second exper iment  different,  dead r deodor ized >> females were  each 
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presented for 1 minu te  wi th  a control  paper  and then for 1 minute  wi th  a test 
paper  to investigate the possibi l i ty  that test paper  would make these females more  
attractive to males. The females were  collected from the field, killed by freezing, 
placed in  an open dish for 3 days, washed  wi th  70 percent  ethanol, acetone, a n d  
disti l led water,  and finally dried for 24 hours  at room temperature.  Again males 
did not approach corpses presented wi th  paper  significantly more or less than  
corpses presented wi th  control paper  (YET). On the other hand,  they contac ted  
the female corpses significantly more in  the presence  of test papers than  in  the 
presence of controls (p = .004, n -- 9, ~VT). 

In  both experiments,  males of A. pura made significantly more long contacts 
(grasps and at tempted matings) wi th  corpses in the presence of odors of conspe- 
cific females than  in  the absence of such odors (first experiment,  p = .020, 
n = 8, WT; second experiment ,  p--= .004, n---= 9, WT). 

Exper iments  of this k ind  were not  made wi th  L. zephyrum because the level 
of male response t o w a r d  dead, extracted females in the presence of odor of 
conspecific females fell to zero after only 3 to 4 presentat ions,  suggesting odor 

habi tua t ion  of males. 
Aphrodisiacs  and artificial aphrodis iacal  odors have been previously repor ted  

for other bees (KULLENI~ER~, 1956, 1973; BUTLER, 1967, 1971). Moreover, pseudo- 
copulation of bees and other hymenopterans which is induced by form and aphro- 
disiacal odor of orchid flowers is well-documented (KuLLENBEnO, 1956, 1973; 
PRIESNER, 1973; KERn et al., 1962). 

Males of L. zephyrum perceive ind iv idua l  odor differences of females; these 
o d o r s a r e  aphrodisiacs  and perhaps  other  female odors (BAaaOWS, 1975 c; BAa- 
ROWS, BELL and MICHENER, 1975). 

Aphrodisiac Production vs. Age. Similar  exper iments  wi th  impregnated  
papers and dot pounc ing  showed that females secrete the aphrodis iac  at least 
from day 1 to day 8; no older bees were  tested. 

Source o[ Aphrodisiac. Exper iments  were mode to ascertain which  of the 
three body sections (head, mesosoma, metasoma) of females of L. zephgrum car ry  
aphrodisiac.  Females,  killed by freezing, were  d ismembered  into the three  sec- 
t ions;  appendages remained  on respect ive sections. Each section was placed for 
20 to 24 hours on a piece of moist  filter paper  (5 cm 2) in a closed 22 ml vial at 
room temperatures.  Control papers  were  p repared  by mois tening and p lac ing  
them in  vials wi thout  bee parts  for the same t ime period at the same temperatures .  
Papers  in  sets of four (one impregnated  wi th  odor  from each of the sections, one 
control)  were presented,  each for 1 minute ,  in  r andom order  on dot cards to 
flight groups of 30 males in medium-sized cages. 

All three body por t ions  bore aphrodis iac  s ince male response toward  dots 
in the presence of papers impregnated  wi th  head odor, mesosoma odor, and 
metasoma odor was significantly greater than  that in the presence of control  
papers  (p = .009, p <.005, p <.005, respectively,  WT).  Moreover, male response 
toward  odors of the three parts  var ied s ignif icant ly  (Z 2 = 22.864, df ---- 10, .025 > 
p >.010, F r iedman ' s  randomized  block test). Dur ing  the exper iment  males poun-  
ced upon dots 329 t imes;  8.2 percent  of these pounces  were made dur ing  presen-  
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tations of controls;  24.6 percent ,  head odor;  45.6 percent ,  mesosoma odor;  and 
21.6 percent ,  metasoma odor. It is not yet known  where  the aphrodis iac  origi- 
nates; however,  mesosomas, wi th  at tached appendages and thus the largest sur- 
face area to which  odor could adhere, seem to be more at tract ive than  other body 
portions.  It is possible that this odor is produced in  one par t  of the body, and 
then spread over the surface of the in tegument  by grooming and other  move- 
ments. On the other hand,  the possibi l i ty  that odor originates from the general  
body surface cannot  be dismissed. 

VISUAL CUES 

Since tethered females commonly  moved considerably  (crawled on substrate,  
buzzed wings,  moved appendages) whi le  they were presented to males, it was 
thought that  female movements  might  attract  males. To test this hypothesis,  dead 
and l iving females were presented to males. Tethered females of L. zephyrum 
and of A. pura, placed ind iv idua l ly  in vials, were killed b y  freezing and were 
thawed immediate ly  before tests were made.. Living and dead females, 16 each, 
were al ternately presented,  each for 1 minute ,  to flight groups of 20 conspecific 
males in  medium-sized cages. Living females usually moved, from s t i r r ing  very 
slightly to frant ical ly struggling. Female movement  may have attracted males 
of A. pura since they approached l iving females signif icantly more than dead ones 
(p = .01, WT), males of L. zephyrum did not;  male response (contact wi th  females 
per approach per minute)  toward dead females was not s ignif icantly different 
than that made toward l iving females (p >.05, n = 8 in two tests, WT). Based 
on all contacts (long and short), making females immobi le  by freezing them to 
death does not decrease their  at tract iveness to males. Thus there is no evidence 
that movement  by females is impor tan t  in increas ing male contact wi th  females 
under  these condit ions.  FaME (1971) also found no evidence that movement  of 
Bon~bus queens was impor tan t  in a t t ract ing males. 

With  respect to long contacts (grasps and attempted matings only),  males of 
A~ pura, but not those of L. zephyrum, contacted dead females signif icantly more 
than  l iving ones (p-----.004, p >.05, respectively,  n's--=-8, WT). In A. pura this 
might have occurred because l iv ing females were aggressive t6ward  males and 
dead ones, of course, were not. 
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