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Abstract

 Lasiaglbssttm (Evylaeus) attodotum  EBMER et SAKAGAMI  is solitary,
vernal, univoltine  and  polylectic in northem  Japan, The  broed cells are arranged
end-to-end  serially. The  pvesence of  this nest  type in the Halictinae is reviewed
in  connection  with  architectural  and  social evolution  in the sublamily.

･.i/l,I.tl'"i'i.il'i,･I'l:i'iI･I,lii!si.t/･//･･//1l/l.I･ii:'/iI''i'

i{st;tiIil

   The present paper deals with  the life cycle and  nesting  habits of  the halictine
bee Lasioglossuin (ffvylaeus) aUodolum  described recently  as a  member  of  the L.
nitidiusculttm  group  (EBMER &  SAKAGAMI, 1985). L, allodZilum  arranges  brood
cells end-to-end  serially. This arrangement  is not  widespread  in the Halictinae,
The presence of  this nest  type  in other  halictine bees is reviewed.
   The  field studies  were  mainly  executed  in Morioka, northern  Honshu. Results
ef  periodical samplings  on  fiowers made  in Sapporo, Hokkaido, are  also  incor-
porated.

                            Life Cycle

   Nests of this species  were  discovered in l977 on  an  artificial  heap of  humus
sparsely  covered  with  weeds  in the Far.rn of  Tohoku  National Agricultural Ex-
periment Station, together with  nests  of  L. sakagamii  reported  previously (Fig. 1
in SAKAGAMi  et aL, 1982). Nests of  L. sakagamii  were  abundant  on  the E  to SE
slope  while  those of  L. alloduh{m  more  on  the N-slope. Nest contents  examined

by periodical excavations  revealed  a univoltine  life cycle  (Table 1).

   Seasonal change  of  extranidal  activities  was  observed  in l979 at  irregular
intervals. The first female was  fbund on  April 19. Fllghts of females searching

for nesting  places continued  till late May  and  foraging fiigkts from early  May  to
early  June, most  actively in mid  May, From  Table 1 the duration from oviposi-
tion to pupation is roughly  estimated  at one  month  as  in L. saktrgamii,  The dura-

   
i)
 Contribution No, 2762 from the Institute of  Low  Temp, Sci., Hokkaido University,

Sappero,  Japan.
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Fig.1. AmiualeycleofL.aglodofttininMerioka. FlightactivityofL.sakagaJniipresented

synoptically,  On  the local climate  see Fig. 15 in SAKAGAM[ et aL,  1982.

Table1.  Seasenal change  of nest  contents  in L. aUodalttm  given by the

   number  of immatures or  ¢ ells of  successive  stages

    (Morioka, results ef  1977 and  1979 combined),

Date

Successlve
 Stage V24VI

 l710l730VII9

    VIII

211

Total

Empty  cells

Pollen balls
EggsFeeding

 larvae
Mature Iarvae*
Prepupae

Pupae

1

15

13811 12g491

23

22144

12114

35192414710

Total 72325513414o82

No.  of  nests examined2lg1321032
 1-3?o

*  Post-feeding, pre-defecating latvae.

tion of  prepupal stage  was  5-6 days (n=3) and  of  pupal stage  1416  days (n==4),
both seemingly  shorter  in males.  Most  individuals reared  in the laboratory

ernerged  in early  July but some  ones  in mid  July. Males patrolled over  the nesting

                                                               Pos-
area  around  July 20 but no  flights of  newly  emerged  females were  seen  there.

sibly they overwinter  elsewhere.  Fig. 1 summarizes  the phenology  ef L. allocintttm

shown  synoptically  with  that of L, sakagamii  nesting  at  the same  place, Although

the nesting  activities  of  both species  overlap  considerably,  the peak period is cleariy
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Table
 
2,
 Seasona[ changes  of  n]andil)ular  wear  ancl head width  of  females periodicaliy

   
sampled

 
in

 Sapporo  (t959) and  Nokanan  and  Yukomanbetsu  (1967 &  1968).

411

Sapporo
Date

IV21 v6  V  Vi VI
23-27 4-6 10vl18VI22

Degrees of*

 mandibular

 wear

IllIIIIV+V 1 1 35l1
31l

114421

Total 1 l 10 5IO21
Head  width  (inm)1.55-1.6e-1,65-1,7071.75-1,80-

1 1

121411

113

1324

l

l1

l36811l

  NokanaR
(in parentheses)
&  Yukomanbetsu

Date

v16 VI8 VI22VII  VII VIII IX

 6 22 86IX21
Degrees of

 mandibular

 wear

IIIIIIIVS-Vl (3)1
28 (1)58(1)

 4(2)

 3 4(2)11(1)(5)(1)

(l)(l)

Total2(3)89  (2) 8(4)2(6)(1)<1)(l)
"

 
I==intact,

 
II;slightly

 worn,  III±=distinctly

 worn,  IV+V  heavily worn  (SAKAGAMi, 1974).

segregated  from each  other.

    Table 2 (top) depicts the phenology of  adult  females in Sapporo, Hokkaido

gi30.'gkN,).,Ga.PteikeS.,?e,,gOi.2r,:,?･x,p?gisdega,L.b,te.,sa.".?'a::s,l"..i?Z9..o;',llhe.c.a.rn.gs,
1973, this species  is coded  as carinaless-Evplaetts  sp. 9). A  total of 30 feinales and
two

 
males

 (July 8 and  27 respectively)  collected  occupied  only  O.46% of all wild  bees

f6,843 individuals)  or  0.83% of  all halictine bees (3,838) sampled.  The                                                          gradual
increase

 
of

 mandibular  wear  revealed  a.gain  a univoltine  life cycle,  with  a delay of
about

 half a month  from the sequence  in Morioka (39e45JN), refiecting the lati-
tudinal difference of  the two  localities. The absence  of  seasonal  difference in head
width

 of females also confirms  a  univoltine  Iife cycle  not  accompanied  with  size-
linked

 
caste

 diffbrentiation. The  mean  head width  of  females is l.70±O,06mm
and

 
the

 coeMcient  of  variation  is 3.5%, which  is within  the range  of  those in some
solitary bees given by LTN and  MicHENER  (1972). In 1964 ten  females were  collected
during

 
May

 14 and  June l8, All of them  were  inseminated with  ovaries  fuliy

'e/'i't.
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as  a  solitary species  without  detailed docurnents.

                   Asseciated Animals alld Flower Visits
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 tively polien sources,  and  either  exotie  o;; cultivated  plants).

    Yukomanbetsu: Feniales, Artaicits s.v'Yyester (2)P, Laettia ra(ftk)ana  (3), .ttna-

phalis margcu'itacea  vai'. angtt,stioi'  (2), AsteJ' g/ehni, fVIale. A. in.  var.  angtt,stioi',

    Nokanan: AH  females. Pi'ttntts sp., TtTraxacttm Q177cinale (17)P", Brass'ica
c'anipestri,y (l40)P", C7ielidoi'ittm mqf'tis var.  asiaticttm,  lrts pseitclttc'omt,y (2)r''', E)'igei'on
anntttts  (2)`'.
    Sapporo: Females. Gagea /tttea, 7-tira.yaatm q17f('ii?aleP`', i14a/us  asiatiea  (5)P,
opiraea betttlifbtia var. gi'an(ijf'olia (8)i', Gertmitun erianthits  (2)P, Dentai'ia lettcana",
Brassica cai)tpesti'is  (3)P'e, S)piraea ('afitoniensis  (20)", PV?igelia hot'tensisi', Al/itttn

.flesnflosttm", Crataegtis c'ttneata  (3)]'", Rosa  i'ugosai',  Sahiia q177cina!is", Males. Detit:ia
crenata,  RLttheekia lac･iniatae.

    Tvlorioka: AII females. Petasites .faponicus var,  giganteus C2)P, Salix spp,

(17)', Prunus  spp,  (5)P.
    Rifucho  near  Sendai: All females. Copse/la bLirsa7pastor, Ranttncttttts.faponietis,
Salix sp. Ef'igeren annttuse,  E, philadoiphicttse, PYistei'iafioribundo.

Nestpattern

            Nest Architecture

II in SAKAGAMI and  MIcHENER
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Figs, Nests of  L. altoclaktin S ==side  view,  T:== top  view.  4-S, In horizorrtal ground,
                        young  nests  with  only  one  cell; empty  in 4, with  pollen
                     

'77;

 4, 5, VI  7, '79);

 6, nest  with  four cells,  frem the bottom,
   one  feeding larva and  three  eggs  on  pollen balls, (VI 7, '79)

 ; 7, nest  with  five cells, thtec
   feeding larvae, ene  pollen baH and  one  empty  cell C7 VI  

'77);

 8, nest  with  six cells, from
   the bottoni, one  dead egg,  one  feeding larva, two mature  larvae and  one  black pupa,
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cells  arranged  end-to-end  ser{aily,  the pattern relatively rare  in Halictinae.

    Entralce 3-4 mm  in diameter-, slightly  to seldom  constrictecl,  provided with

:stt,2valnSilli',CiiS,Ui,;,L:i.i"]VgriEOX,wwejk･,,:8,,Smei8i"l:l,ge,1".zzt,l

'

,M,'li,Sd,ig,tfiIg,lww

the main  direction horizontal (FiLgs, 3, 7, 8) or  sli-cr.htly slanting  (Fig., ?), sharply

bending below the entrance  when  excavated  in horizontal ground  (Figs, 
4,
 
5),

withoul
 ramification  (except a  nest  sltown  in Fig. 7 witli  a  short  branch and

 
an

enlavgement  arnid the burrow), length of  burrow 10-13 cm.  Cells arranged
 
sgrlal-
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   view);  12, cell  infested by Letteopkora (A: host Iarva; B: parasite larvae; C: pollen

   residue)  ; i3, serially  arranged  cells  (== nest in Fig, 7, side  view),



The Entomological Society of Japan

NII-Electronic Library Service

The  EntomologicalSociety  of  Japan

                  Bionomics of lilalictine Bees in N, Japan  HI 415

aiL uncommon  in the halictine nests,  rather  reseinbling  nests  of  sonie  Ancb'ena
species.

 Serially arranged  cells  are  also  recorded  in an  a!lied species, L, n. niti-
citttscutitm (KNERER, 1969, citcd  as Evv"laetts niintttiis. The Jnateriai  was  [ater re-
studied  by EBMER), although  tlie iiest lias the ramification  and  lower blind burrow
(see Section Iil). On  the other  hand, cells  coimected  to the main  burrow by short
and  narrow  Iaterals, the pattern widespread  in the  carinaless  Evylaeits groups
(Type IIIa in SAKAGAMI, and  MicHENER, 1974; Ia in SAKAGAMI, 1974 and  Fig, 14)
were  reported  in L. parvt{luin (BoNELm, 1954; cited  as  Hkelicttts mint{tits  Sc}i., det.
O,

 W. RicHARDs), the species  closest to L. aUoclak{m  (EMBER &  SAKAGAMi, 1985).
No  nests  of the otlter  species of  the L. nitidtusctilitm group  are  known. HAEsELER
(1978) reported  nesting  of  L. rtijitaJ'se in peat, a  nest  substrate  unusual  for hali-
ctines,  but did not  describe the nest  pattern.

                 Notes on  Serial Nests in tke Halictine Bees

    The  simplest  type of  acuieate  nests excavated  in substrates  is the  uni ¢ ellular

nest, consisting  of a single  burrew leading to a  brood cell. Nests of  this type  are
firequently

 found in wasps  and  some  of  them  may  represent  the most  primitive step
of  aculeate  nests.  In bees, however, the unicellular  nests  are  Iees cornmon  and
appear  in several  diflerent phyletic lines (STEpHEN et al., i969). ln halictine bees
the unicellular  nest is known  only  in Lasioglosst{in (enitalicttts) yictoriellum  and
possibly of  the secondary  origin as an  adaptation  to loose sandy  substrate  (SAKA-
GAMi  &  MIcHENER, l964). The prevailing nest  type which  is regarded  as  most

primitive in  soil  nesting  bees is that containing  seyeral brood cells which  are  eon-
nected  with  the main  burrow by means  of  laterals, the latter being fi11ed with  soil
after

 oviposition.  In Halictinae, too, this type is widespread  and  characterized  by
the laterals which  are  narrower  than the  main  burrow. Two  features, constric-
tion

 of  the entrance  and  excavation  of the terminal biind burrow, are  also  pre-
dominant in the subfamily.  Fig. I4 shows  the  possible evolution  of  variolls  halic-
tine nest patterns starting fi:om the above  type (Ia) (revised fi;om SAKAGAMi &
MIcHENER, 1962; SAKAGAMI 1974; EIcKwoRT  &  SAKAGAMI, l979).

    There  are  two  principal ways  of  evolution.  One way  starts from type Ia and,
through  shortening  of  laterals (IIIa) and  preparation of  lateral burrows or  cavities
areund

 
the

 cell cluster  (IIIc, III'c), attains the preparation of  the cell cluster  usually

built within  the cavity (IV and  IV'). The other  way  is the preparation of  end-to-
end  arranged  serial  cells as  fbund in L. allodoILtm  (Ia-Ic-II). The three tribes of
Halictinae behave differently as to the nest  types they developecl. In the tribe
Nomioidini, inhabitants of  arid  and  warm  Old World regions, only  type Ia has been
so  far recorded  (MARiKovsKAyA, 1972), although  an  interesting advance  (Ic) is
mentioned  by BATRA (1966) and  RADcHENKo (1979). The  tribe Augochlorini, con-
fined

 
to

 Western Hemisphere, behaves oppositely  (EicKwoRT &  SAKAGAMi, 1979).
Its most  genera exhibit weli  evolved  types (III'c, IC or  IV') and  the only  known
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Fig. 14. VariQus nest  types in three  trlbes of  the Halictinae and  their possible evolutionary

   courses.  As for details on  Augochlorini see  EicKwoRT  and  SAKAGAMi  (1969),
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case  of  type III (Augochlora semirainis)  is possibly of secondary  acquisition.  Serial-

ly arranged  cells  have not  been recorded  in the both tribes.

   The cosrnopolitan  tribe Halictini developed the both ways  mentioned  above.

Serial cells  are  sporadicaily  found in d2verse genera, with  variations  concerning  three

aspects.  (I) The lower blind burrow is present (B,) or  absent  (B2), The latter

state is known  obligatorily  only  in L. allodulttm.  (2) Cells are arranged  in a  single

series,  (Oi), or  in multip!e  series,  (02), which  correspond  to allodalous  and  paro-

dalous nests  by MALysHEv  (1935), (3) Number  of  celis  per series  is small  1-2 at

most  3 (N,) or often  more  (N2), These items are  affected  by sociality.  In com-

munal  nests  the number  of  cell-series  per nest  

'and
 that of  cells  per series can  in-

crease,  although  the number  of  cells  per series  seems  to remain  small  in some  com-

munal  Agapestemon species.  Previous records  of  serial cells are  summarized  as

fbllows (known communal  cases shown  with  asterisks): Ruixanthedo nitttabilis

(CLAuDE-JosEpH, 1926, Chile, B,O,N,,  efL EicKwoRT, 1969); Psetidugapostemon
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 ctiyariecttt{s'S  and  P. 1?er:･onatits'i" (bvl[cHENER &  LANGE, 1958, Brazil, B,O,nND;

 Agapostenion nastttus,  (D,xLy &  WiLLE, 'unpub.; c:.fl SAKAGAMI  &  Pvl[c;]iENER, 1962,

 Costa Rica, B,,O:Ni; serial  cells were  not  found by EIcKwoR'r &  EicKwoR'I', 1969,

 thougti  the communal  life was  confirmed);  fl. sericreits, A. cockereUi,'i`  A. texantts,:]`

 A. ai･tgelict{s and  A. splendeiks' (EicKwoi-', t98i, U.S,A., Bi02Ni); A. virescens,"

 (ABRAtvfs &  EIcKwoRT,  1980, New  Yerk, BLO!Ni), Lasio.alosstfm (Lasioglossttm)
 biinact{latefni (recorde(1 as  Evylaeris), L. (Ev)Vaeus) nitidii{sculttin (recorded as E.

 ininutus),  (KNERER, 1969, C. Europe, B,O,,N,cy); L, (E.) al/oclaltun  (B,,OiN2); L,

 (C7iiialicttts) inclinans," L. (C.) tanarietm::` and  Hbmalictus deinisstts* (ScHwARz &
 KNERER, l976, 1978, Australia, B,O,,Nt or  in EL demisstt,s' B,.:O,,N2); Lasioglossurn

 (Ctenonomia) albeseens,'i': (SAKAGAMi, 1968, Malaya, BiO,･NL); MATSuMuRA  &

 SAKAGAMi, 1971, Nepal, B,.O,,N,; serial  cells  not  found by BATRA, ]977).

    Probably the  fiyst step  to serial  cells  was  Ic in Fi.cr. i4, where  two  ceEls  are  pre-
 pared at the end  of  a  Lateral. :r,his state  is known  in IVbmioidles i'ariatgattts

 (BATRA, 1966) and  IV. ininutissimus  (RADcHENKo, l97S) and  suggested  in some  nests

 of  A.etu7ostemen (e.g, A, cockerelli  and  possibiy A. texanus,  EIcKwoRT,  1981). In

 this genus, formation of  serial cells  is facultatiye (ef1 also RoBERTs, 1969) and  the

 number  of  cells per series  is mostly  1-2, even  though  the total number  of  cells  per

 nest  is sometimes  very  high in communal  species.  Moreover,  in some  carefully

 studied  species  (ABRAMs &  EIcKwoRT, l98e; EIcKwoRT, 19Sl), laterals a.re always

narrower  than the  main  burrow. These features indicate the evoiutiofi of  serial
celts  fi:om Ia (not firom IIIa), via Ic to IIa (B,O,ND and  further IIb (BtOtN2), that
is, parodalous nests  seem  to be ancestral  to allodalous  nests  which  are  known  so

far only  in L. allodolum.  Nest of  this species  has lost the laterals as  like in type  IIIa
(Fig. 14). The diameter of the main  burrow is about  equal  to that ef  cells.

    Increase of  cells  per series (Ni-N2) assumed  above  may  represent  a  specialized'

condition  implying an  advanced  labor economy.  But the smalg  number  of  cells

per series  may  not  necessarily  be primitive. Many  cells per series evoke  two  de-
merits:  (i) ernerged  adults  in the older  cells  must  postpone  their departure until

emergence  of the younger sibs,  that is, labor economy  is counteracted  by time loss.
(2) Work  in a  narrow  lateral in which  cells  are  serially  prepared  may  be inefiective
when  two  or  more  females stay  there. The  first demerit may  be overriden  if the
older  sibs  can  pass through  the yQunger  sibs  without  irijuring them.  Such trait is
known  in Cefatina bees (SAKAGAMi &  MAETA, 1977) but so  far in no  halictine bees,
A  relatively  small  number  of  cells per series might  be retained  or  regained  as a

compromlse,

    The second  demerit, combined  with  the  first one,  may  partly explain  why  no
social  levels higher than eemmunal  life (MicHENER, l974) have evolved  in the
halictine species  which  adopted  the serial  arran.oement  of  cells. In most  communal

species  with  serial cells, each  lateral may  not  be shared  by multiple  females. It is
interesting that  the entrance  ef  laterals to the  main  burrow is constricted  in two
Pset{dtxgapostemon species  (MIcHENER &  LANGE, 1958) as in the entrance  of  most
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halictine nests.

   The  absence  of  the lower blincl btirrew may  be fttcultative in some  species but

is obligatory  in L. allocfrihtnt. Anotlier frequently observed  feature is branching

of  the  main  burrow. This appears  to be commoner  iil conimunal  specles. Hewe-

eyer,  KNERER  (l969) illustrated a  ramified  nest of  L. nitidittsctthtm,  the solitary  species

close to L. allodalttm.  Althougli the both species  prepave serially  arranged  cells,

the nest patterns seem  to be fairly diiTerent. Further, nests  of  L. paryitlt{m, the

species  closest  tQ L. allodalum,  were  the branched type (Ia in Fig. I4; BoNELLi,

1954), Discovery of nests of  other  species  in tlie L. nitidiuscttlttm  group is requested

to elarify  the evoiution  of serial cells  in the halictine nests.
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