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Trophallaxis and the Evolut ion
of Eusocial Hymenoptera

lames H. Hunt,
Universi ty of  Missouri ,  St.  Louis

The exchange of  a l imentary l iquid among indiv iduals of  a socia l
species has been recognized for  more than two centur ies as a promi-
nen t  aspec t  o f  hymenop te ran  b io logy .  whee le r  (1918)  co ined  the  te rm
trophal laxis,  which is  now widely and general ly  used in reference to
L h i s  b e h a v i o r .  l J i l s o n  ( 1 9 7 1 ) ,  S p r a d b e r y  ( 1 9 7 3 ) ,  a n d  J e a n n e  ( 1 9 8 0 )
have given recent  and useful  reviews of  i t .  The term trophal laxis is
at  present usual ly  appl ied to two pat terns of  l iquid food exchange;
in one,  larval  sal iva is  imbibed by at tendant adul ts,  and in the
second, ingluvia l  l iquid is  passed between adul ts.  The f i rs t  of
these,  adul t  ingest ion of  larval  sal i -va,  has f igured prominent ly in
wr i t i ngs  on  o r ig ins  o f  soc ia l  behav io r .  Roubaud  (1916)  p resen ted  the
extreme posi t ion that  the behavior  is  the cornerstone of  vespid soci-
a l i t y .  Wes t -Eberhard  (1978)  has  taken  the  oppos i te  pos i t i on  tha t
th is forrn of  t rophal laxis need not  be invoked at  a l l  to expla in group
l i fe in wasps.  My or. rn posi t ion,  to be presented here,  is  intermed-
iate between these poles.  r  wi l l  argue that  t rophal laxis may be the
key to our understanding of  a more basic and more general  phenomenon
that  has been centra l  to the evolut ion of  hymenopteran socia l i ty .

The dist inct ion between the two pat terns of  t rophal laxis needs
to be c lear ly dravrn.  The two habi ts have probably evolved indepen-
den t l y ,  and  each  i s  p robab ly  po lyphy le t i c .  Bo th  pa t te rns  o f  t roph-
al lax is,  however,  exempl i fy  the more general  phenomenon to be
presen ted  in  th i s  paper .

LARVA-ADULT TROPHALLAXIS

Roubaud  (1916)  d i scussed  th i s  behav io r  i n  the  con tex t  o f  a
reciprocal  food exchange, wi th larval  provis ioning as che cornplement-
ary behavior .  Other funct ions ascr ibed fo the larval  sal iva include
a role in regulat ion of  nest  temperature and humidi ty (Weyrauch,
1936) ,  l a rva l  exc re t i on  (B r ian  and  Br ian ,  T952) ,  and  as  an  a id  i n  the
inges t ion  and  d iges t ion  o f  so l i d  foods  (Spradbery ,  1965) .  The  we igh t
of  recent  evidence and opin ion heavi ly  favors a nutr i t ional  ro le in
adul ts for  the larval  sal iva that  they ingest  ( I , l i lson,  I97L;
S p r a d b e r y ,  1 9 7 3 ;  J e a n n e ,  1 9 8 0 ) .

Hunt,  Baker and Baker ( in press) have argued that  though the
product ion of  a larval  sal ivary exudate might  have or ig inated for  any
of  the above three non-trophic funct ions (or  for  another as yet
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u n i d e n t i f i e d  f u n c t i o n ) ,  i t s  e v o l u t i o n  a n d  f u l l  e x p r e s s i o n  a s  a  p a t h -

way  o f  adu l t  nour i shment  may  be  reasonab ly  exp la ined .  Hun t ,  Baker

and  Baker  ana lyzed  the  f ree  amino  ac id  con ten t  o f  wasp  la rva l  sa l i va ,

and  they  no teC a  s t rong  s i i n i l a r i t y  be tween  the  nu t r i en t  compos i t i on

o f  l a rva l  sa l i va  and  o f  f l o ra l  nec ta rs ,  wh ieh  a re  the  t yp i ca l  f ood

fo r  mos t  adu l t  acu lea te  so l i t a ry  Hymenop te ra .  Th is  s i rn i l a r i t y ,  t hey

a r g u e ,  r e f l e c t s  s e l e c t i o n  f o r  a  n u t r i t i o n a l  r o l e  f o r  1 a r v a 1  s a l i v a ,

i -n those species having larva-adul t  t rophal laxis,  that  is  analogous

to  the  ro le  p layed  by  f l o ra l  nec ta rs  i n  non-soc ia l  Acu lea ta .

Fur the rmore ,  they  a rgue ,  the  la rva l  sa l i va  may  have  fac i l i t a ted  the

evo lu t i on  o f  soc ia l i t y  i n  any  o r  a l l  o f  t h ree  ways :  1 )  by  fos te r ing

more  e f f i c ien t  fo rag ing  in  soc ia l  vs .  so l i t a ry  wasps ;  2 )  by  fac i l i -

t a t i ng  rep roduc t i ve  l ongev i t y  i n  soc ia l  vs .  so l i t a ry  \ ^ lasps ;  and  3 )  by

con t r i bu t ing  to  a  t roph ic  mechan ism fo r  the  p roduc t ion  o f  i nd i v idua ls

w i th  reduced  fecund i t y .
The behavior  of  larva-adul t  t rophal laxis has evolved at  least

tw ice .  IE  i s  p resen t  i n  a t  l eas t  some sub fami l i es  o f  Fo rm ic idae
( W i l s o n ,  l g 7 L ,  p . 2 8 9 )  a n d  i n  m o s t  i f  n o t  a l l  e u s o c i a l  V e s p i d a e .

ADULT-ADULT TROPHALLAXIS

The  exchange  by  adu l t s  o f  l i qu ids  regurg i ta ted  f rom the  c rop  i s

a conspicuous behavior  in many socia l  Hymenoptera.  Such t rophal laxis

in honeybees is  especia l ly  wel l  documented,  and th is pat tern of  food

exchange serves many integrat ive funct ions in advanced socia l  species,

i nc lud ing  the  e f f i c ien t  and  equ i tab le  d i s t r i bu t ion  o f  food  among

co lony  members .  In  p r im i t i ve l y  soc ia l  spec ies  a  ma jo r  ro le  fo r  such

t ropha l lax i s ,  wh ic i r  I  f ee l  i s  no t  fu l l y  apprec ia ted  by  mos t  research -

e rs ,  i s  tha t  an  unequa l  d i s t r i bu t ion  o f  food  i s  ach ieved .  Pard i

(1948)  desc r ibed  dominance  h ie ra rch ies  i n  p r im i t i ve l y  eusoc ia l

Pol is tes \^rasps,  and he noted t rophic advantage to dominant indiv id-

"a i"  i i  ar  important  resul t  of  the dominance order.  Though ingluvia l

exchange  i s  ra re l y ,  i f  eve r ,  un id i rec t i ona l  i n  Po l i s tes ,  dominan t

ind iv idua ls  rec ieve  l i qu ids  more  o f ten  than  they  a re  donors .  Such

inequ i tab le  food  c l i s t r i bu t ion  cou ld  se rve  to  fos te r  soc ia l  evo lu t i on

in  va r ied  ways  ana logous  to  those  sugges ted  in  the  p reced ing  sec t ion :

1)  dominant indiv iduals could sustain their  nour ishment yet  forage

very  l i t t l e ,  w i th  consequen t  l ow  r i sk  o f  p reda t ion  o r  acc iden ta l

dea th ;  2 )  dominan t  i nd i v idua ls  cou ld  be  su f f i c ien t l y  we l l  nou r i shed

to  engender  sus ta ined  rep roduc t ion  as  compared  to  o the rw ise  equ iva -

lent  species that  lack such nour ishment;  and 3)  sub-dominant indiv id-

uals could exper ience a diminishment of  their  or 'm nour ishment suf f  i -

c ien t  to  con t r i bu te  to  l essened  rep roduc t i ve  capac i t y .

Adu l t -adu l t  t ropha l lax i s  i s  po lyphy le t i c .  I t  i s  p robab ly

p resen t  i n  a l l  soc ia l  Vesp idae ,  and  i t  i s  va r iab ly  p resen t  i n  bo th

F o r m i c i d a e  a n d  i n  s o c i a l  b e e s  ( w i l s o n ,  1 9 7 1 ) .

ENHANCED PROTETNACEOUS NOURISHMENT AS A GENEML PHENOMENON

I  be l i eve  tha t  the  t \ ^ ro  pa t te rns  o f  t ropha l lax i s  j us t  desc r ibed

are s igni f icant  components of  socia l  evolut ion in those Hymenoptera

tha t  exh ib i t  t he  behav io rs .  The  mos t  s ign i f i can t  aspec t  o f  t roph-

a l l ax i s ,  i n  my  op in ion ,  i s  tha t  rep roduc t i ve  i nd i v idua ls  a re
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suppl ied wi th proteinaceous nour ishment that  is  adequate and appro-

pr iate to support  re lat ively h igh levels of  egg laying as compared to

nes tmates ,  be  they  co - foundresses  o r  o f f sp r ing .  Many  soc ia l  Hymenop-

te ra ,  however ,  do  no t  exh ib i t  t ropha l lax i s  a t  a l l ;  o the rs  show one

fo rm bu t  no t  the  o the r .  C lea r l y ,  t ropha l lax i s  pe r  se  canno t  be

essen t ia l  t o  the  evo lu t i on  o f  soc ia l i t y .  I t  i s  my  pos i t i on  Lha t  the

under ly i -ng phenomenon, i .e.  a pathway of  re l iable and re lat ively

abundant proteinaceous nour ishment to reproduct ive females,  is  a

bas ic  aspec t  o f  soc ia l  evo lu t i on  in  HymenopEera .  In  those  spec ies

lacking t rophal laxis,  other behaviors may serve th is purpose.

Exarnples of  a l ternat ive behaviors that  may serve the same ul t imate

func t ion  inc lude  (bu t  a re  no t  necessar i l y  l im i ted  to )  i nges t ion  o f

l iquids f rom malaxated larval  provis ion loads,  oophagy,  and feeding

on  po l l en .

1 .  Inges t ion  o f  l i qu ids  f rom ma laxa ted  la rva l  p rov i s ion  loads

Several  workers have shown that  socia l  vespids take l iquid f rorn

ma laxa ted  p rov i s ion  loads  in to  the i r  c rop .  In  a  se r ies  o f  s tud ies  on

pol is tes *Ltr i " . r "  I  have used radiotracers to show that  the ingested

@ 1 l y r e g u r g i t a t e d t o l a r v a e b u t t h a t a v a r i a b l e
quant i ty  may be reta ined and so may be ut i l ized as adul t  nour ishment

(nun t ,  i fS ) .  The  po ten t ia l  s ign i f i cance  o f  th i s  nu t r i t i ona l  pa thway

is  sugges ted  by  Evans '  ( f958)  ana lys i s  o f  vesp id  soc ia l  evo lu t i on ,

where-prey malaxat ion is  the penul t imate adaptat ion preceding

eusoc ia l i - t y .

2 .  Oophagy
Oopt ragy  has  been  rev iewed  by  Wi l son  (1971)  and  repor ted  to  occu r

in var ied pat terns and at  var ied f requencies in many taxa of  socia l

Hymenop te r i .  The  po ten t ia l  nu t r i t i ona l  s ign i f i cance  o f  oophagy  i s

in t i -ma led  by  Wi l son ' s  (1971 ,  p .281)  observa t ion  tha t  oophagy  and

adu l t -adu l t  t ropha l lax i s  a re  l a rge ly  comp lementa ry  behav io rs i  i ' e ' ,

when a socia l  species conspicuously exhib i ts  one of  Lhese behaviors

the  o the r  i s  usua l lY  in f requen t .

3 .  P o l l e n  f e e d i n g
The nutr i - t ional  value of  pol len has been widely reported and is

wel l  known. Pol len is  the pr imary larval  provis ion of  most  bee taxa,

and  mos t  adu l t  bees  inges t  po l l en  toge the r  w i th  nec ta r .  Grogan  and

Hunt ( lg7g) have shornrn in addi t ion that  pol lens contain proteases of

appropr ia te  ac t i v i t y  and  adequa te  quan t i t y  fo r  i n  v i vo  d iges t ion .  My

opinion at  present is  that  pol len in nectar  may in general  provide to

b les  a  su i tab ly  r i ch  nour i shment  sou rce  fo r  sus ta ined  egg  lay ing ,

w i th  eco log ica l  va r iab les  (e .g . ,  deg ree  o f  po ly lec ty )  be ing  p r imary

de te rm inan ts  o f  po ten t ia l  rep roduc t i ve  l ongev i t y '

E S S E N T I A L E X T R I N S I C F A C T O R S I N E U S 0 C I A L E V O L U T I O N

E v a n s ( o g 7 7 ) h a s d r a v r n a n i m p o r t a n t d i s t i n c t j - o n b e t w e e n e x t r i n -
s ic and intr ins ic factors that  may be s igni f icant  af fectors of  eu-

soc ia l  evo lu t i on .  One  ex t r i ns i c  fac to r  tha t  has  been  e f fec t i ve l y

shorn rn  to  be  requ is i te  to  eusoc ia l  evo lu t i on  i s  comp lex  nes t ing  hab i t s '

No hymenopteran is  socia l  in the absence of  a nest ing habi t  that
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d i rec t l y  fac i l i - t a tes  the  conming l i ng  o f  conspec i f i cs .  Though  com-
p le te  suppor t i ng  ev idence  rema ins  to  be  assemb led ,  I  wou ld  l i ke  to
propose here that  a pathway of  proteinaceous nour ishment that .  can
augment ,  supp lement ,  o r  rep lace  en t i re l y  the  nour i shment  pa thways  o f
so l i t a ry  spec ies  be  v iewed  as  a  second  ex t r i ns i c  fac to r  tha t  i s
requis i te to hymenopteran eusocia l  evolut ion and equal  in importance
to  comp lex  nes t ing  hab i t s .  Such  pa thways  o f  p ro te inaceous  nour i sh -
ment are,  l ike complex nest ing,  var i -ed in expression and evolut ionary
h is to ry  i n  Hymenop te ra .  T ropha l lax i s  encompasses  on ly  two  spec i f i c
nour ishment pat terns that  exenpl i - fy  th is more basic and general
phenomenon.

References

B r i a n  M . D . ,  B r i a n  A . D . ,  1 9 5 2 .  - -  T h e  w a s p ,  V e s p u l a  s y l v e s t r i s
Scopo l i :  f eed ing ,  fo rag ing  and  co lony  deve lopment .  T rans .
R o v .  E n t .  S o c .  L o n d o n ,  1 0 3 ,  l - 2 6 .

E v a n s  H . E . ,  1 9 5 8 .  - -  T h e  e v o l u t i o n  o f  s o c i a l  l i f e  i n  w a s p s .  P r o c .
1 0 t h  I n t e r n .  C o n g .  E n t o m o l . ,  M o n t r e a l ,  1 9 5 6 ,  2 ,  4 4 9 - 4 5 7

Evans  H .E . ,  1977 .  - -  Ex t r i ns i c  ve rsus  in t r i -ns i c  fac to rs  i n  the
e v o l u t i o n  o f  i n s e c t  s o c i a l i t y .  B i o S c i e n c e ,  2 7  ,  6 L 3 - 6 I 7  .

G r o g a n  D . E . ,  H u n t  J . H . ,  1 9 7 9 .  - -  P o l l e n  p r o t e a s e s :  t h e i r  p o t e n t i - a l

r o l e  i n  i n s e c t  d i g e s t i o n .  I n s e c t  B i o c h e m . ,  9 ,  3 0 9 - 3 1 3 .

Hun t  J .H . ,  i n  manusc r ip t .  - -  Adu l t  nour i shment  du r ing  la rva l  p ro -

v i s ion ing  in  a  paper  t t asp ,  Po l i s tes  met r i cus .

H u n t  J . H . ,  B a k e r  I . ,  B a k e r  H . G . ,  i n  p r e s s .  - -  S i m i l a r i t y  o f  a m i n o
acids in larval  sal iva and nectar :  t .he nutr i t ional  basis for

t ropha l lax i s  i n  soc ia l  wasps .  Evo lu t i on .

J e a n n e  R . L . ,  1 9 8 0 .  - -  E v o l u t i o n  o f  " * * v i o r  i n  t h e  V e s p i d a e .
A n n .  R e v .  E n t o m o l . ,  2 5 ,  3 7 1 - 3 9 6 .

Pard i  L . ,  1948 .  - -  Dominance  o rde r  i n  Po l i s tes_  \ ^ tasps .  Phys io l  .  ZooL . ,

4 ,  l - 1 3 .

Roubaud  E . ,  1916 .  - -  Recherches  b io log iques  su r  l es  guepes  so l i t a i res
e t  soc ia les  d fA f r i que .  La  genese  de  la  v ie  soc ia le  e t
I ' evo lu t i on  de  l t i ns t i nc t  ma te rne l  chez  les  vesp i -des .  Ann .

S c i .  N a t . ,  ( 1 0 ) 1 ,  1 - 1 6 0 .

S p r a d b e r y  J . P . ,  1 9 6 5 .  - -  T h e  s o c i a l  o r g a n i z a t i o n  o f  w a s p  c o m m u n i t i e s .
S y * p .  Z o o L .  S o c .  L o n d o n ,  L 4 ,  6 L - 9 6 ,

Spradbery  J .P . ,  1973 .  - -  Wasps :  An  accoun t  o f  t he  b io logy  and  na tu -

ra l  h istory of  sol i tarv and socia l  wasps.  Univ.  \^ Iashington

P r e s s ,  S e a t t l e ,  x v i * 4 O 8 p p .



205

wes t -Eberhard  M.J . ,  1978 .  - -  Po lygyny  and  the  evo lu t i on  o f  soc ia l
b e h a v i o r  i n  w a s p s .  J o u r .  K a n s a s  E n t .  S o c . ,  5 1 ,  8 3 2 - 8 5 6 .

weyrauch  w .K . ,  1936 .  - -  Das  ve rha l ten  soz ia le r  wespen  be i  Nes tuber -
h i t z u n g .  Z e i t s c h .  V e r g l .  P h y s i o l .  ,  2 3 ,  5 1 - 6 3 .

whee le r  w .M. ,  1918 .  - -  A  s tudy  o f  some an t  l a rvae  w i th  a  cons ide r -
at ion of  the or ig in and meaning of  socia l  habi ts among insects.
P r o c .  A m .  P h i l .  S o c . ,  5 7 ,  2 9 3 - 3 4 3 .

w i l s o n  E . 0 . ,  I 9 7 1 .  - -  T h e  r n s e c t  S o c i e t i e s .  B e l k n a p  p r e s s  o f  H a r v a r d
Un iv .  P ress ,  Cambr idge ,  Gs . l  "+S+Spp .


