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ABSTRACT 
Entomophagy  in  the  riodinid  butterHy  tribe  Eurybiini  is  demonstrated  for  the  first  time.  Alesa  amesis  caterpillars  and 
adults  possess  behavioral  and  morphological  traits  for  feeding  on  Homoprera  nymphs,  and  oviposition  by  A.  amesis 
females  is  mediated  by  the  combined  presence  of  Camponotus  femoratus  ants  and  homopteran  nymphs.  Caterpillars 
are  entirely  entomophagous,  and  do  not  eat  plant  tissues.  Alesa  amesis  caterpillars  have  distinct  behaviors  for  feeding 
on  their  prey,  and  for  soliciting  and  drinking  honeydew  secretions  from  homopteran  nymphs.  The  leg  lengths  of 
entomophagous  Alesa  caterpillars  are  shown  to  be  longer  than  phytophagous  relatives.  The  legs  of  Alesa  are  used  for 
prey  handling  and  soliciting  honeydew  secretions.  W@e  suggest  that  elongation  of  the  thoracic  legs  has  been  a  general 
consequence  of  enromophagy  in  butterfly  caterpillars.  This  study  clarifies  our  understanding  of  A.  amesis  and  its 
interactions  with  multiple  species,  and  points  to  behavioral  and  morphological  trails  important  to  interpreting  the 
evolution  of  entomophagy  among  caterpillars.  Our  observations  establish  the  likelihood  that  other  members  of  Eur- 
ybnnim 、 ybe 。 n[ 。 mophagous ・， nd ， u 毘刃 tha[ 。 ntom 。 ph ， ぽ mayh ， "e 。 " 。 l"edind 。 pen 止 nt@yamo 。 g 山 eNymphi- 
diini  and  Eurybiini   
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RESUMEN 
Nuesrro  esmdio  presenta  la  primera  documentacion  dc  entomofagia  en  la  tribu  Eurybiini.  Las  larvas  y  adultos  de  Alesa 
amesis  tienen  caracrerfsticas  morfo16gicas  y  de  comportamiento  que  faciliton  su  alimentaci6n  dc  ninfas  de  Homoptera 
%eneStaesp 。 む。， lc,Ia 。 "ipo 祉卜 nF 。 肝 。 tuab ， J 。 l ， p ， 卜印 Ci ， COnJu 。 [ad<h 。， mig 払   mP 川 。   ヰ mo ， 如川 ynin 卜止 
homopteros.  Las  larvas  dc  A.  amesis  son  entom6faeas  y  no  comen  materia  vegeta1.  Ademas,  las  larvas  tienen  compor- 
tamientos  distintos  para  alimentarse  dc  su  presa  y  para  solicitar  y  beber  secreciones  producidas  por  las  ninfas  dc 
h 。 m 。 pt し 0 ，・ D 。 mon ， t ，， mosqu 。 卜 p@ 。，。ぴ [O ， aCi 。 Ld 。 l ， s l ， w ぬ 。 n[ 。 m6 卜甲 ， d 。 Alesd ，。 n mLl ， ， g ぴ qu 。 卜 d 。 
卜 F 。 卜斤 6 卜伊 ， ぽ，。，。ぬ ・レ ， 卜 w ， ， d 。 Q[ ，ぽ p 。 。 卜 M ， n ， " ， @ ，， 甲 ， pi 。， n ぴ p ，， ， m ， n 。，。， ， y ， Oh 。 ぬ ， seC ， 。 。 ione:   d 。 
homopteros.  Proponemos  que  el  alargamiento  de  las  piernas  coracicas  es  una  consecuencia  general  dc  la  entomofagia 
en  larvas  dc  mariposas.  Nuestro  estudio  clarifica  el  conocimiento  dc  la  interacci6n  entre  A.  amesis  y  otras  especies  de 
insectos.  Ademas,  discucimos  caracceristicas  morfo16gicas  y  de  comportamiento  imporcantes  para  el  estudio  de  la 
evoluci6n  de  la  entomofagia  en  larvas  de  mariposas.  Se  establece  la  posibilidad  que  otras  especies  dc  Eurybiini  pueden 
ser  entomofagas  y  se  sugere  que  especies  de  Eurybiini  y  Nymphidiini  evoluiran  hibitos  entom6fagos  independiente- 
mente   
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trast,  entomophagy  (the  habit  of  feeding  on  insects) 
by  butterfly  caterpillars  is  rare,  and  well  known 
only  among  the  myrmecophilous  lycaenids,  partic ﾂ 
ularly  the  Liphyrinae  and  Miletinae  of  the  Old 
World  tropics  (Cottrell  1984,  Ackery  1990,  Pierce 
1995). 

1nsights  into  the  complexity  of  entomophagous 
lycaenid  life  cycles  began  with  the  basic  observa ﾂ 

tions  ofLamborn  (1915),  Farquarson  (1922),  Jack ﾂ 

son  (1937),  and  Cripps  and  Jackson  (1940)  on  Af- 
rican  Milerinae,  and  recently  reached  an  elegant 
benchmark  with  studies  on  European  Maculinea 
(Polyommatinae)  and  ants  in  the  genus  Myrmica 
(Thomas  et  a1.  1989,  Elmes  &  Thomas  1992, 
Thomas  &  Wardlaw  1992,  Akino  et  a1.  1999).  Al ﾂ 

though  complex  multispecies  interactions  likely  oc ﾂ 

cur  in  a  variety  ofentomophagous  lycaenids  (Owen 
1971,  Henning  1983,  Cottrell  1984,  Johnson  & 
Valentine  1986,  Kitching  1987,  Maschwkz  et  a1. 
1988,  Banno  1990,  Pierce  1995),  the  majority  have 
not  been  studied  in  detai1.  In  contrast  to  the  ly- 
caenids,  only  one  species  of  riodinid  has  been  doc ﾂ 

umented  as  being  entomophagous;  the  caterpillars 
of  Setabis  lagus  feed  on  the  nymphs  of  Homoptera 
(DeVries  1997).  In  sum,  relatively  little  is  known 
about  the  complexity  of  interactions  between  most 
entomophagous  butterfly  caterpillars  and  other  spe- 
cies   

The  riodinid  tribe  Eurybiini  currently  includes 
24-31  species  in  three  genera;  Eurybia  (20-25  spe ﾂ 

cies),  Alesa  (4-5  species),  and  the  monobasic  Mim- 
ocastnia  (Harvey  1987,  Bridges  1994,  Banner 
1998).  Based  on  the  close  relationship  among  gen- 
era  and  rearing  records  from  one  genus,  all  Eury- 
biini  are  considered  to  be  myrmecophilous  (Harvey 
1987).  The  number  of  observations  on  Eurybiini 
caterpillars,  however,  is  relatively  smal1.  Of  20  or 
more  Eurybia  species,  only  8  have  been  confirmed 
as  herbivores  on  flowers  of  Marantaceae  or  Zingi- 
beraceae  (e.g.,  Horvitz  et  a1.  1987;  DeVries  et  a1. 
1994;  DeVries  1997;  DeVries,  pers.  obs.);  the  rest 
are  unknown. 

The  butterfly  Alesa  amesis  (Cramer)  is  a  wide ﾂ 

spread  and  often  common  species  of  Eurybiini 
ranging  from  Colombia,  Venezuela,  the  Guianas, 
Ecuador,  and  Peru  south  through  the  Amazon  ba ﾂ 

sin  of  Brazi1.  The  only  information  on  the  early 
stages  of  Alesa  has  come  from  Harvey  (1987),  who 
cited  J.  Mallet  (pers.  comm.)  as  having  found  an 
undetermined  Alesa  caterpillar  tended  by  Crema- 
togaster  sp.  (Myrmicinae)  anrs  on  Solatium  sp.  (S0- 
lanaceae).  Based  on  well  established  patterns  of 
host  plant  association  in  butterflies  (Ehrlich  &  Ra ﾂ 

ven  1964)  and  host  records  from  its  sister  genus 

Eurybia,  our  previous  understanding  of  Alesa  cat ﾂ 

erpillars  was  that  they  are  myrmecophilous  and 
phytophagous  (e.g.,  Harvey  1987,  Brown  1993). 

During  a  long-term  investigation  of  butterfly 
diversity  in  a  lowland  Ecuadorian  forest,  we  studied 
A.  amesis  in  some  detai1,  and  in  contrast  to  previous 
suggestions,  found  that  the  caterpillars  were  entire ﾂ 

ly  aphytophagous.  We  present  the  first  documen ﾂ 

tation  of  entomophagy  in  the  Eurybiini,  and  show 
that  A.  amesis  caterpillars  and  adults  possess  behav ﾂ 

ioral  and  morphological  traits  that  facilitate  feeding 
on  Homoptera.  First,  we  summarize  our  field  ob ﾂ 

servations  on  A.  amesis  to  provide  a  narrative  per ﾂ 

tinent  to  understanding  this  butterfly  in  the  con ﾂ 

text  of  myrmecophily  and  entomophagy.  Second, 
we  compare  A.  amesis  with  other  riodinid  species 
using  comparative  allometric  data  to  determine  the 
effect  entomophagy  has  had  on  caterpillar  leg 
lengths,  and  discuss  our  findings  to  make  several 
predictions  regarding  the  evolution  ofentomopha- 
gy  in  butterfly  caterpillars. 

METHODS 
Field  observations  were  conducted  intermittently 
on  A.  amesis  from  July  1994  through  July  1998  at 
the  La  Selva  Lodge,  Garaa  Cocha,  Sucumbios,  Ec ﾂ 

uador  (hereafter  LSL),  where  dominant  habitat 
types  included  intact  lowland  f100dplain  forest,  ar ﾂ 

eas  of  riparian  forest,  and  small  patches  of  second- 
growth  vegetation  occurring  around  human  habi ﾂ 

tation.  A  more  detailed  description  of  the  field  site 
is  found  in  DeVries,  Walla  et  at.  (1999). 

0viposition,  interactions  with  ants,  and  larval 
feeding  behaviors  were  observed  in  the  field,  or  on 
field-collected  individuals  that  were  brought  to  a 
laboratory  and  confined  in  plastic  containers  or  on 
potted  plants  at  ambient  temperatures.  Early  instars 
were  placed  in  Quinter's  solution,  transferred  to  70 
percent  alcohol  for  storage  (protocol  in  DeVries 
1997),  and  subsequently  examined  with  light  mi ﾂ 

croscopy.  Terminology  for  caterpillar  morphology 
pertinent  to  myrmecophily  follows  Cottrell  (1984). 

The  calls  of  A  amesis  caterpillars  were  detected 
and  recorded  with  a  Bennet-Clark  (1984)  particle 
" 山口 7  而 C ，。 ph 。 ne  ming  the  m 。 山 O 小 d 。 5 田 b 。 d 
in  DeVries  (1991c).  Subsequently,  calls  were  char- 
acterized  using  the  sound  analysis  program  Canary 
version  1.2   

Field  observations  suggested  that  the  thoracic 
legs  of  A  amesis  caterpillars  were  relatively  longer 
than  those  of  other  riodinid  genera.  To  test  this 
hypothesis,  we  compared  leg  lengths  of  A.  amesis 
caterpillars  to  those  of  31  riodinid  caterpillars  rep- 
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IesenIlng  2I  ， p 。。ぬ ， 18  g 。 n 。， ;era, and  8  田 b ぴ，ぴ 
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fitted  through  points  representing  21  riodinid  spe ﾂ 

cies,  and  then  points  representing  A.  amesis  were 
overlaid  on  the  graphs. 

RESULTS 
ADULTS. ﾑ Alesa  amesis  adults  were  present  during 
the  48-m 。 "[h  。 b ，。 wation  P 。 ， i 。 d ， but ， bundm 。 e 
wasl 。 w 。 ， tin  thed ， i 。， [estmon[hs,aPatt 。 ， " 。 。 mm 。 " 
in  m ， ny  。 th" ， buT[ 。 ， 町 ， p 。 。 卜 (D 。 V ， ぬ がぬ 
1997;  DeVries,  Lande  et  a1.  1999;  DeVries,  Walla 
et  a1.  1999;  DeVries,  pers.  obs.).  On  sunny  days, 
A.  amesis  males  (N  =  >100  observations)  perched 
in  light  gaps  and  along  streams  and  trails  0.5-3.0 
m  above  the  ground  between  0800  and  1620  h, 
with  peak  perching  activity  from  1000  and  1500 
h.  Females  flew  between  0900  and  1420  h,  but 
oviposition  behavior  was  observed  only  between 
1130  and  1420  h  on  sunny  days.  Between  0800 
and  1000  h,  both  males  and  females  were  frequent- 
ly  seen  visiting  flowers  of  Psiguria  sp.  (Cucurbita- 
ceae)  that  occurred  in  light  gaps  and  along  edges, 
but  never  visiting  the  flowers  of  any  other  plant. 

0" ， 。 0 ，， TloN  BEH"" ， 0 ， ・ﾑ Di ， 。。 t  。 b ，。 mh 。 n  。 f 
>6O  indi"id 。 d  。 "ip 。， hi 。 n  evevents ， h 。 w 。 d  [h ， [&- 
male カ・ "mM  d 。 p 。 血 。 d  ， ingl 。 円 gs 。 "  、 " 、， k ヴ 。 f 
plant sp 。 。 L; how 。 "]eveI, 。 "ip 。， 田 。 "  。。。 " ，，。 d  。 nly 
in  山 。 p ， ぴ。 " 。 c  ofIhe  も， m 旧 " 。 antsCd" 叩 00n"   
femoratw  (Fabricius)  that  were  vigorously  tending 
g ，。 ups  。 fM 。 mb ， 、 。 id 、 e  "ymph ，・ 川 ，。 pL 。 nt 、 [ 
all  oviposition  events  was  the  ant  Crematogaster  n 「 . 
parabiotica  (Myrmicinae)  which  always  was  asso ﾂ 

ciated  with  C.  femoratus  foraging  trails  (see  Dis ﾂ 

cussion).  Most  oviposition  events  occurred  imme ﾂ 

diately  adjacent  to  membracid  aggregations  located 
at  the  distal  ends  of  branches  that  bore  new  shoots 
or  Bower  buds.  Oviposition  occurred  less  frequent ﾂ 

ly  near  aggregations  located  on  woody  branches, 
and  occasionally,  directly  on  individual  membracid 
nymphs  (Fig.  la).  In  summary,  we  observed  female 
A.  amesis  oviposirions  near  aggregations  of  three 
genera  of  Membracidae  that  were  tended  by  C  fe- 
moratus  ants,  and  these  oviposition  events  occurred 

FIGURE  1.  Early  stages  of  Ali-sa  amesis.  (a)  Egg  laid 
directly  on  a  membracid  nymph  (arrow).  An  individual 
Camponotus  femoratus  ant  is  tending  this  group  ofmem- 
bracids.  (b)  Close-up  of  a  mature  A.  amesis  caterpillar 
about  to  drink  a  drop  of  honeydew  (arrow)  produced  by 
a  membracid  nymph.  Note  that  the  caterpillar  legs  were 
used  to  solicit  the  drop  of  honeydew.  An  individual  C. 
femoratus  ant  is  visible  to  the  left  and  behind  the  cater ﾂ 

pillar.   

on  Seven  planL  geneFa  repI 卜 ennng  ・ 6vc  E 川ナ lheS ・ ・ 

(Table  I). 
0"ip 。 ， Lh 。 n  beh 、 "ior  in  A. "m め L  " 、 h 。 d ， d 。 - 

pendingon  i"di"id" 日 bu[t 。 ， ni ぬ ， ;ndi"idu 川 plmL ， 

time  ofda%  ， land  d 。 g ， ree  。。 Ofdi ， " 。 T ， usunshine, b 。 [ ， 

g 。 " 。 田 overView  。 f 。 "ip 。， iti 。 "  b 。 h ， "i 。 ， iS ぬ ぬ l- 
l 。 w ， ・ F 。 m ぬ 5weref 「 equenlly  ob ， 。 w 。 d  RuIr 。 ， i"g 
，， 。 und    Kg ， h 。 n ， @@Ofm 。 mb ， ， 。 id ， composed  。 f 
， d"l[Sand/ 。 ， nymph ， [ 。 nd 。 d  by  C      。 w ぬ タ， n ぼ・ 

After  hovering  close  to  an  ant-membracid  aggre ﾂ 

gation,  a  female  typically  would  lurch  forward,  and 
while  still  airborne,  touch  the  ants  with  its  anten ﾂ 

nae  several  times.  This  behavior  caused  ants  to  be ﾂ 

come  excited,  but  we  never  observed  ants  attempt ﾂ 
ing  to  attack  the  butterflies.  After  antennating  the 
ants,  the  female  would  land  adjacent  to  the  mem- 
bracid  aggregation  and  rapidly  deposit  a  single  egg. 
0viposition  typically  took  three  seconds  or  less.  Af ﾂ 

ter  ovipositing,  the  females  generally  flew  a  short 
distance  away  and  rested  on  the  upper  surface  of  a 
leaf  with  their  wings  open  in  full  sunlight  for  a 
minute  or  more.  Resting  always  occurred  between 
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oviposition  events.  M@e  observed  female  butterBies 
ovipositing  repeatedly  on  individual  plants  that 
supported  membracid  aggregations  on  more  than 
half  of  all  terminal  shoots,  and  occasionally  indi ﾂ 

vidual  females  deposited  up  to  ten  eggs  on  the  same 
plant.  On  plants  bearing  low  densities  of  membra- 
cids  and  ants  (<25%  of  shoots  with  aggregations 
of  nymphs),  oviposition  behavior  varied.  Some ﾂ 

times  a  female  A.  amesis  would  investigate  a  plant, 
deposit  a  single  egg,  and  then  move  away.  At  other 
times,  the  female  would  fly  away  without  ovipos ﾂ 

iting. 

CATERPILLAR-ANT  SYMBIOSIS. ﾑ Third  and  later  instar 
A.  amesis  caterpillars  were  always  found  with  C 
femoratw  ants  in  constant  attendance.  In  marked 
contrast  to  C.  nr.  parabiotica  ants,  which  showed 
no  marked  aggressive  behaviors  toward  any  other 
species,  C.  femoratus  vigorously  attacked  any  for ﾂ 

eign  arthropods  and  human  observers  that  came 
near  the  caterpillars  and  homopterans  they  tended. 
1n  fact,  regardless  of  whether  or  not  they  were 
tending  caterpillars  and  homopterans,  C.  femoratus 
attacked  any  other  animal  species  entering  their  ter ﾂ 

ritories  or  foraging  trails. 
Alesa  amesis  caterpillars  have  at  least  two  traits 

that  are  important  to  myrmecophily.  Like  other 
myrmecophilous  riodinids,  A.  amesis  caterpillars 
possess  a  pair  of  eversible  tentacle  nectary  organs 
(Fig.  2a,  b,  c)  that  produce  food  secretions  critical 
to  riodinid ﾑ ant  symbioses  (summaries  in  DeVries 
1988,  1991a,  1997;  DeVries  &  Baker  1989).  Fur ﾂ 

thermore,  all  third  and  later  instars  produced  sub- 
strate-borne  calls,  and  a  sample  of  eight  A.  amesis 
caterpillar  calls  (two  4th  instars  and  six  5th  instars) 
showed  a  mean  pulse  rate  of  12.8/sec  with  call  fre ﾂ 

quencies  ranging  from  300  to  1200  Hz,  the  most 
power  between  750  and  800  Hz. 

CATERPILLAR  FEEDING  ON  MEMBRACIDS. ﾑﾑ The  diet  of 
third  and  later  instar  A.  amesis  caterpillars  included 
nymphs  of  three  genera  in  Membracidae,  and  an 
unidentified  Atelionidae  (Table  1).  Caterpillars  fed 
intermittently  on  homopteran  nymphs  throughout 
24-hour  periods,  always  in  association  with  ants. 
We  found  no  evidence  that  any  instars  fed  on  plant 
material  despite  confining  them  with  a  "salad"  of 
plant  tissues  originating  from  plants  on  which  A. 
amesis  early  stages  were  found  (Table  1).  During 
24  hours  of  confinement,  the  two  first  instars  tested 
died,  presumably  of  starvation.  Other  instars  also 
refused  to  feed  on  plant  material  during  24  hours 
of  confinement,  but  subsequently  ate  membracid 
nymphs  when  provided.  Although  second  instars 
were  not  tested,  these  observations  implied  that  A. 
amesis  caterpillars  may  be  aphytophagous  in  all  in- 
Stars. 

"When  a  foraging  caterpillar  encountered  a 
group  of  membracids,  it  typically  raised  the  head 
and  thoracic  segments  above  the  substrate,  and 
slowly  began  touching  individual  nymphs  with  the 
mouth  and  forelegs  (Fig.  2a).  In  most  instances 
when  a  nymph  was  approached  in  this  manner,  it 
moved  away;  however,  nymphs  in  the  premolt  stage 
or  those  that  somehow  had  acclimated  to  the  pres ﾂ 

ence  of  a  caterpillar,  did  not  move  away.  In  these 
cases,  a  foraging  caterpillar  would  arch  over  the 
nymph,  and  by  repeatedly  touching  the  substrate 
on  either  side  of  it,  effectively  restrain  it  with 
strands  of  silk  (Fig.  2a  and  inset).  After  placing  a 
few  strands  of  silk  over  a  nymph,  the  caterpillar 
(hen  wouldarch  oveI 山 。 nymph,S 。 抜 itwM  (h 。 

山 O ， a 。 i 。 l 年 ，， md  by  Cuding  卜 h 。 、 d  d 。 wn  und 。， 

thebody,g 、 山 er 小 ee  nymph  inIo  山 ee"en( ， d  。。 " ・ 

ロ " 岬 ofThe  Ih 。， 以 、 nd  b 。 gin  。 aIing  h  (Fig ・ 2b ， 

。 ) ・ Here ， 止 "  止。，、 d 。 kgs 。 f カ・な m ， ， zf ぬ t 。 ， pnl ， rS 
、 Pp 甜 。 d  TO  play  、 n  卜 P 。 ， t ， ntI 。 le  in  t 卜 5ubdu- 
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FIGURE  2. Feeding  sequence  of  an  Alesa  amesis  caterpillar,  (a)  The  caterpillar  using  the  thoracic  legs  to  stroke  a 
membracid  nymph.  The  magnified  inset  shows  the  strand  of  silk  running  from  the  substrate  near  the  forelegs  of  the 
membracid.  Note  that  the  anterior  third  of  the  caterpillar  body  is  elevated  above  the  nymph,  (b)  After  grasping  the 
tnembracid  nymph,  the  caterpillar  has  begun  to  devour  it.  The  caterpillar  is  being  tended  by  an  individual  Camponotus 
おぬ りぬ   ・ 口 C ， teW 旧 ra 卜卜 M 叩 a 卜 utonc 士 ， lfofthemembraCidnymph.Thetwoants ，， eCd 叩 O 川       0 川   
(left)  and  Cremauvaster  nr.  parabiotica  on  top  of  the  caterpillar.  Note  that  the  orifice  marking  the  position  of  the 
proximal  tentacle  nectary  organ  is  clearly  visible  in  all  three  figures   
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ing,  grasping,  and  eventual  devouring  of  the  mem- 
bracid  prey.  Ants  never  interfered  with  caterpillars 
feeding  on  nymphs,  even  while  continuing  to  tend 
other  nymphs. 

SEcRETloN  FEEDlNG ・ ﾑ In  addition  t 。 m 。 mb ， 石 d 
nymphs,4.a 川劫ぬ te 叫 ll ガ Sd5oFdon    o  7Fs 
ofsecIe(ion5 ・ 0.On  plantspeciesbearingprono"n 。 田 
extr 川 oloralneC[ む卜 (gtg. ，ぬ 坪 ， p ・，   dc ゐ d ，バ仰 sp 。 

and Gri@sSp ・ ) ， C 、 teIpill ， r ， SOften  。 restedwith  山 。 仕 
keads  over  the  necT 、 ，ぬ ， and  P ， e ， u 血 ably  we ， e 
d ， inL"gthe"e 。 caCcar ﾑ aubiquitousb 斗 ， " ト   。 ng 
myrm 。 。 。 phno 山 ， iodin 芯 (D 。 w 卜 199 ア ) ， C 、 [e ， - 
pfllaIsalso  d ， a"k  ho" ヴ d    prod" 。 。 d  bym 。 mb ， 、 - 
。 id ，・ FIequentI%  weobserved  口 terpill が sto"Chi"g 
m 。 mb ， 、 。 id  nymPhs  wM  」 hei ， th 。， 田 C  le 餌 and 
[hen  drinking 小 。 d ， Op  Ofho" サ d    thaI ， ppeared 
to  ，ば uknrom  the 田 m 田 ar     。 n  (Fig ・ lb) ・ 

THORACIC  LEG  LENGTHS. ﾑ There  was  a  positive  re ﾂ 
lationship  between  caterpillar  leg  length  and  head 
width,  showing  that  regardless  of  tribal  affinity, 
1arger  riodinid  caterpillars  generally  had  longer  legs 
than  smaller  caterpillars  (Fig.  3).  There  were  two 
exceptions.  All  legs  of  A.  amesis  fell  well  above  the 
regression  line,  revealing  that  Mesa  legs  were  rela ﾂ 

tively  longer  than  those  of  comparative  taxa  (in ﾂ 

cluding  its  sister  genus  Eurybia;  Fig.  3).  The  second 
and  third  legs  in  S.  lagus  paralleled  those  of  A. 
amesis;  i.e.,  they  were  comparatively  longer  than 
those  of  other  taxa  in  our  sample.  Finally,  claw 
length  was  found  to  be  greater  in  Alesa  and  Setabis 
than  in  all  other  taxa  (DeVries  &  Penz,  pers.  obs.). 
There  was  one  fundamental  ecological  difference  in 
diet  that  separated  A.  amesis  and  S.  lagus  from  other 
taxa  in  our  sample.  Alesa  amesis  and  S.  lagus  cat ﾂ 

erpillars  are  entomophagous,  whereas  all  other  taxa 
are  phytophagous  (DeVries  et  a1.  1994;  DeVries 
1997,  pers.  obs.).  Although  greater  numbers  of  spe ﾂ 

cies  will  need  to  be  surveyed,  our  observations  sug- 
gest  that  entomophagy  in  riodinid  caterpillars  is 
correlated  with  an  elongation  of  thoracic  legs. 

DISCUSSION 
    L  Study  i5the  6m  山 doCumentobhga 。 。。 "to 。 

mophagy  in  山 e  t ， ibeEu ヴ bnni ， and  to  ， how  th 、 t 
刀 ・ "M 山 CaterpillaISanand  adultspossessbeh 、 "i 。 田 
a"d  moIphologiCalrraitS60r6eedingonH"m 。 pt 。， a 
nymphs. Ent 。 moph ， げ   "ng  ， ioainid  b"tt 。， 町 
Ca[erpillarswa5r 印 。 ， t 。 dp だ "i 。 血 yin 。 nly 。 ne5p 。 - 
c 卜 o 「 L ぬ 8b@@bAs, in  山 eetribe  Nymphidnni(U ， i 。 h  卜 
Lye  lg21; DeWi 。 s  199 ア，がぬ ・ 。 b ， ・ ) ・ 丁卜 r 布 re ， 

ou ， ObSewadonS notonly  。 ， [ 、 M ， h  the  lik 川 ho 。 d 

that  other  members  of  Eurybiini  may  be  ent0- 
mophagouS(otherHLd  5peCie5and  pe ， h 、 P ， SO 口 e 
Eurybia),  but  they  also  suggest  that  entomophagy 
may  have  evolved  independently  among  the  Nym- 
phidiini  (sensu  Penz  &  DeVries  1999)  and  Eury- 
biini,  tribes  that  appear  to  be  distantly  related 
(Ha 川 ey  l98 刀   

Vibrational  communication  among  ants  can  be 
a  prevalent  part  of  colony  communication  and  re- 
Cruitmen[ (MaIM  な H6lMo 田 er l9 ア 8 ， B 打 OnLUL 
bani  et  a1.  1988,  Holldobler  &  Wilson  1990,  Roces 
et  a1.  1995).  The  ability  to  produce  substrate-borne 
calls  bearing  similarities  to  ant  vibrational  signals  is 
widespread  among  myrmecophilous  lycaenid  and 
riodinid  caterpillars  (DeVries  1990,  1991b,  pers. 
0bs.),  and  these  acoustical  signals  are  believed  to 
function  in  the  enhancement  and  maintenance  of 
symbioses  with  ants  (DeVries  1990,  1991b,  1997; 
DeVries  et  a1.  1993).  It  is  probable  that  A.  amesis 
calls  enhance  their  symbioses  with  ants,  and  may 
even  play  a  role  in  their  interactions  with  mem- 
bracids,  because  they  also  produce  vibrational  calls 
(e.g.,  Ossiannilsson  1949).  The  frequencies  and 
pulse  rates  we  measured  for  A.  amesis  calls  were 
closer  」 o  those  of  its  sister  genus  Eurybia  and  ly- 
caenid  caterpillars  than  to  those  of  riodinid  cater ﾂ 

pillars  in  the  tribe  Nymphidiini  (DeVries  1991b). 
This  situation  likely  was  due  to  differences  in  the 
mechanism  of  call  production  between  Eurybiini 
and  Nymphidiini.  Caterpillars  in  the  Nymphidiini 
produce  calls  with  vibratory  papillae  that  function 
as  a  scridulatory  mechanism  (DeVries  1990,  1991b, 
1997),  whereas  Eurybiini  and  all  Lycaenidae  lack 
vibratory  papillae  and  the  mechanisms  of  call  pro ﾂ 

duction  are  unknown  (DeVries  1991b,  1997). 
Ant-mediated  oviposition  is  known  in  several 

species  of  African  and  Australian  lycaenids  (Lam- 
born  1915,  Jackson  1937,  Pierce  &  Elgar  1985, 
Baylis  &  Pierce  1991)  and  Neotropical  riodinids 
(summaries  in  DeVries  1997).  Various  Homoptera 
at  LSL,  including  the  Membracidae  and  Atelioni- 
d 、 e  [ha(weIeknown  to  beprey  ofA. 伽のみ， 仕 。， 

qu 。 ndy  wepe  [end 。 ded  by  a"a ， ie7  。 fanantt% 、 ( ， 必 ， 

D ， ぬ 川四   Spp ・ ，ぬ 叫川 り畑 SpP ・ ，   め勿 sp 。 

M ぽ " ゐり川ぱ， lSpp ・， gc 姻 "m ぬ 45pp ・ );howe" 。， ， we 
only  observedA.am れな adulu  ovipo 寸而 gon ， and 
ぬ 。 ， pm 、， 5 Reeding  on, H 。 mop 低 ， a  tend 。 d  by  C 
乃 m 。 ル川， Th"SweC 。 "CludeIh ， toVipo 血 ion  by メ ・ 

amesis6emaleswa5mediated  by 山 e 。 Ombin 。 dp ， 。 5- 
。 n 。 e  of  C ， femora 妨 antS  and  homop[ 。 ， m  p ， 叩 
and  山 aat 止 e  symbio5fs between  刀 ・ 4m 茄 and  C 
メ祈 O 川如 isobhgate ・ 

Several  adult  and  caterpillar  behaviors  shown 
by  A.  amesis  converge  on  those  described  for  Old 
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FIGURE  3.  Relative  length  of  thoracic  legs  of  22  species  of  riodinid  caterpillars,  (a)  First  thoracic  legs.  (b)  Second 
thoracic  legs.  (c)  Third  thoracic  legs.  The  sample  size  for  each  taxon  in  the  legend  is  within  parentheses.  Abbreviations 
for  the  higher  raxonomic  categories  by  Harvey  (1987)  with  modifications  by  Penz  and  DeVries  (1999)  are:  E  = 
Eurybiini;  R  =  Riodinini;  N  =  Nymphidiini;  IS  =  Incercae  Sedis;  Em  =  Emesini;  Eu  =  Euselasiinae;  Ch  =  Charitini; 
and  S  =  Symmachiini.  All  regressions  were  significant  at  P  <  0.005.  Note  the  longer  legs  ofAlesa  amesis  in  all  plots, 
and  the  relatively  longer  legs  of  Setahis  tagus  for  thoracic  legs  2  and  3.   1p     山口 O 川 L  卜 
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widespread  occurrence  among  myrmecophilous 
riodinids  (DeVries  1997)  suggest  that  A.  amesis 
(and  lycaenid)  caterpillars  may  benefit  from  drink ﾂ 

ing  both  honeydew  and  extrafloral  nectar.  The  se ﾂ 

cretion  feeding  behavior  described  here  has  obvious 
parallels  to  the  wel1-known  behavior  of  ants  that 
antennate  Homoptera  to  solicit  honeydew  secre ﾂ 

tions  (Holldobler  &  Wilson  1990),  and  points  to 
another  function  of  the  thoracic  legs  in  A.  amesis 
caterpillars.  Although  adult  solicitation  and  feeding 
on  honeydew  secretion  of  Homoptera  prey  has 
been  widely  reported  among  the  Old  World  Mi1- 
etinae  (e.g.,  Cottrell  1984,  Fiedler  &  Maschwitz 
1989),  we  never  observed  it  in  A.  amesis  adults. 

1n  many  lowland  Amazonian  forests,  C.  femor- 
atw  colonies  may  occupy  and  dominate  large  ter ﾂ 

ritories  (Davidson  1988).  We  found  that  these  ants 
vigorously  attack  most  arthropods  and  all  verte ﾂ 

brates  that  get  near  or  enter  their  foraging  trails, 
territories,  or  food  resources.  Experimental  work  on 
caterpillar-ant  symbioses  (Pierce  et  a1.  1987, 
DeVries  199  la,  Wagner  1993)  and  the  observa- 
hon5hereStrongly  su 毘卜 [ 山 aatA ・ d 川ぬ L  CateIpil 。 

lars  gain  protection  from  predators  through  ass0- 
ciation  with  C.  femoratus.  Furthermore,  the  ability 
of  A.  amesis  caterpillars  to  produce  substrate-borne 
calls,  in  concert  with  the  tentacle  nectary  organs, 
probably  achieves  and  enhances  the  constant  ass0- 
ciation  of  these  caterpillars  and  their  ant  symbionts   

The  ぼ ， m  P 打 abL 赤 Lgn 田 。 5  山 e  Symbios 卜 

among  two  or  more  ant  species  that  share  the  same 
nest  and/or  foraging  trails,  but  which  keep  their 
brood  separate  (Forel  1898).  As  the  name  implies 
C  nr.  fiarabiotica  is  parabiotic  with  other  ant  spe ﾂ 

cies  throughout  South  America,  especially  in  the 
large  nests  of  C  femoratus  (Davidson  1988).  The 
only  ant  species  we  found  constantly  tending  A. 
amesis  caterpillars  was  C  femoratus,  even  though  C. 
nr.  fiarabiotica  ants  were  invariably  on  or  near  cat ﾂ 
erpillars  (Fig.  3).  These  observations  open  the  pos- 
sibility  that  the  undetermined  Alesa  caterpillar  re ﾂ 

ported  by  Mallet  (in  Harvey  1987)  tended  by  Cre- 
matogaster  could  have  been  associated  with  Cam- 
ponotus  ants,  but  had  become  isolated  from  them 
prior  to  collection. 

A  general  feature  of  many  predators  is  the  de ﾂ 

velopment  of  raptorial  appendages.  For  example, 
disparate  groups  such  as  vertebrates  in  the  Felidae 
and  Falconidae,  and  invertebrates  in  the  Mantidae, 
Mantispidae,  Solpugidae,  and  Amblypigidae  all 
show  this  characteristic.  It  has  been  suggested  that 
caterpillars  of  Lachmcnema.  bibulus  (Mileiinae) 
have  long  legs  (Farquarson  1922,  Jackson  1937, 
Cripps  &  Jackson  1940)  or  claws  (dark  &  Dick- 

son  1971)  for  grasping  homopteran  prey.  More  re ﾂ 

cently,  Montgomery  (1982)  found  that  Hawaiian 
geometric!  moth  caterpillars  of  the  genus  Eupethecia 
had  elongated  thoracic  legs  armed  with  spike-1ike 
setae  and  claws  that  assisted  in  their  ambush  pre- 
dation  of  small  arthropods.  The  potential  relation ﾂ 

ship  between  caterpillar  entomophagy  and  leg 
length,  however,  has  not  been  determined  explic ﾂ 

itly,  or  tested  using  quantitative  comparative  mea ﾂ 

sures.  We  have  demonstrated  that  caterpillar  leg 
lengths  of  entomophagous  Alesa  and  Setabis  are 
longer  than  their  phytophagous  relatives  (Fig.  3), 
and  that  elongated  legs  in  Alesa  are  used  for  han ﾂ 

dling  prey  and  soliciting  honeydew  secretions  from 
membradds  (Figs.  1  and  2).  This  study  therefore 
provides  quantitative  and  behavioral  evidence  from 
two  distinct  tribes  suggesting  that  one  consequence 
of  entomophagy  in  riodinid  butterSy  caterpillars 
has  been  the  evolution  of  elongated  thoracic  legs. 
Based  on  these  observations,  we  predict  that  re ﾂ 

gardless  of  tribal  affinity,  elongated  legs  will  be 
characteristic  of  entomophagous  riodinid  caterpil ﾂ 

lars,  and  we  strongly  suspect  that  many  entomoph ﾂ 

agous  lycaenid  caterpillars  may  also  have  longer  legs 
when  compared  to  their  phytophagous  relatives. 

Because  many  myrmecophilous  riodinid  cater ﾂ 

pillars  feed  on  plants  with  exrrafloral  nectaries,  they 
are  thought  to  be  able  to  invade  and  exploit  the 
interaction  between  secretion-producing  plants  and 
secretion-harvesting  ants  (DeVries  &  Baker  1989, 
DeVries  199  la).  Our  observations  suggest  that  en ﾂ 

tomophagous  riodinid  species  not  only  exploit  the 
symbioses  between  ants  and  Homoptera,  but  also 
gain  benefits  from  feeding  on  Homoptera  honey- 
dew  and  nymphs  while  being  protected  by  ant 
symbionts. 

This  study  has  clarified  and  amplified  our  un ﾂ 

derstanding  of  A.  amesis  and  its  interactions  with 
multiple  species,  and  has  pointed  to  behavioral  and 
morphological  traits  important  to  interpreting  the 
evolution  of  entomophagy  among  butterfly  cater ﾂ 

pillars.  In  conclusion,  we  hope  that  our  observa- 
rions  will  stimulate  interest  in  studying  multispe- 
cies  interactions  among  tropical  butterflies. 

ACKNOWLEDGMENTS 
We  extend  thanks  to  the  La  Selva  Lodge,  its  staff,  and 
particularly  Eric  Schwarcz,  for  providing  the  necessary 
field  support.  We  thank  T.  K.  Wood  for  determining  H0- 
moptera,  J.  Longino  for  identifying  ants,  J.  Mallet  for 
communications  regarding  old  rearing  records,  and  S. 
Collins,  A.  Heath,  and  A.  M.  Young  for  sending  copies 
of  critical  literature.  Voucher  specimens  of  butterflies  have 
been  deposited  in  the  collection  of  the  American  Museum 



720 DeVries  and  Penz     d 十 Fi   
LITERATURE  CITED 
ACKERY,  P.  R.  1990.  Biocontrol  potential  of  the  African  lycaenid  butterflies  entomophagous  on  Homoptera.  )         

Zoo1.  104:  581-591. 
AKIN0,  T.  J.,  J.  KNAPP,  J.  A.  THOMAS,  AND  G.  W.  ELMES.  1999.  Chemical  mimicry  and  host  specificity  in  the  butterfly 

Maculinea  rebeli,  a  social  parasite  of  Mynnic0.  ant  colonies.  Proc.  R.  Soc.  Lond.  B  266:  1419-1426. 
BANN0,  H.  1990.  Plasticity  of  size  and  relative  fecundity  in  the  aphidophagous  lycaenid  butterfly,  Taraka  hamada. 

Eco1.  Encomo1.  15:  111-113. 
BARON1-URBAN1,  C.,  M.  V.  BUSER,  AND  E.  SCHILLINGER.  1988.  Substrate  vibration  during  recruitment  in  ant  social 

organization.  Insect  Soc.  35:  241 ﾑ 250   
BAYUS,  M.,  AND  N.  E.  PIERCE.  1991.  The  effects  of  host  plant  quality  on  the  survival  of  larvae  and  oviposition  behavior 

of  adults  of  an  ant-tended  lycaenid  butterfly,  Jalmenus  evagoras.  Eco1.  Entomo1.  16;  1 ﾑ 9   
BENNET-CLARK,  H.  C.  1984.  A  particle  velocity  microphone  for  the  song  of  small  insects  and  other  measurements.  J   

E ， p ・ BM ・ 108:459 メ 63   
BR]DGES,  C.  A.  1994.  Catalogue  of  the  family-group,  genus-group,  and  species-group  names  of  the  Riodinidae  and 

Lycaenidae  (Lepidoptera)  of  the  world.  Privately  published,  Urbana,  Illinois   
BROWN,  K.  S.,  JR.  1993.  Neotropical  Lycaenidae:  an  overview.  In  T.  R.  New  (Ed.).  Conservation  biology  ofLycaenidae 

(butterflies),  pp.  45 ﾑ 61.  IUCN,  Gland,  Switzerland   
BUCKLEY,  R.  1987.  Ant ﾑ homopteran  interactions.  Adv.  Eco1.  Res.  16:  53 ﾑ 85   

,  AND  P.  GULLEN.  1991.  More  aggressive  ant  species  (Hymenoptera:  Formicidae)  provide  better  protection  for 
soft  scales  and  mealybugs  (Homoptera:  Coccidae,  Pseudococcidae).  Biotropica  23:  282 ﾑ 286   

CLARK,  G.  C.,  AND  C.  G.  C.  DICKSON.  1971.  Life  histories  ofche  South  African  lycaenid  butterflies.  Purnell  and  Sons, 
Capetown,  South  Africa   

COTTRELL,  C.  B.  1984.  Aphyrophagy  in  butternies:  its  relationship  co  myrmecophily.  Zoo1.  J.  Linn.  Soc.  80:  1 ﾑ 57   
CM 。 。，， C 。 "N 。 T H ・ E ・ J" 。 LON ・ 1940. The li6e ki ， 。。ヴ 。 OfLac ゐ " 。 m   &/ ぬ M (F ， 口血 K 印 ya (LpiLp 、 。， a     

Lycaenidae),  with  a  note  on  the  larval  gland  by  Dr.  H.  EItringham  FRES-  Trans.  R.  Entomo1.  Soc.  Lond.  90     
449-453   

DAVIDSON,  D.  W.  1988.  Ecological  studies  of  Neotropical  ant  gardens.  Ecology  69;  1138 ﾑ 1152. 
DEVRIES,  P.  J.  1988.  The  larval  organs  of  Thisbe  irenea  (Riodinidae)  and  their  effects  upon  attending  ants.  Zoo1.  J, 

Linn.  Soc.  94:  379-393. 
  1990.  Enhancement  of  symbioses  between  butterfly  caterpillars  and  ants  by  vibrational  communication   
Science  248:  1104-1106. 

-.  199  la.  The  mutualism  between  Thisbe  irenea  and  ants,  and  the  role  of  ant  ecology  in  the  evolution  of  larva1- 
ant  associations.  Bio1.  J.  Linn.  Soc.  43:  179 ﾑ 195. 

-.  199  Ib.  Call  production  by  myrmecophilous  riodinid  and  lycaenid  butterfly  caterpillars  (Lepidoptera):  mor ﾂ 

phologica1,  acoustica1,  functiona1,  and  evolutionary  patterns.  Am.  Mus.  Nov.  26:  1-23. 
-.  1991c.  Detecting  and  recording  the  calls  produced  by  butterfly  caterpillars  and  ants.  J.  Res.  Lepid.  28:  258 ﾑ 
262. 
  l997. The b"[Ie 。 Hi 。 S oFCosta RfCaand their n ， [ 。 口 history. VOl. II. 田 Odi 。 id ， e ・ PH 。 ぽ to[on, P ， in 。 e[on 
Uni"e ，， @ ヴ P ， e ， ， ， P ， i 。 Cet 。 n ， NewJe ，， 斗 

， AND I. B"FR. l989. B 。 低 ， 町 exploitation ofa plant-ant m" 」 "dkm: addinginsultto he ， bi"o7J ・ N 上 
Enrom0l ・ 5 … 97: 332 ― 340 ・ 

,  1.  A.  CHACON,  AND  D.  MURRAY.  1994.  Toward  a  better  understanding  of  host  plant  use  and  biodiversity  in 
riodinid  butterflies  (Lepidoptera).  J.  Res.  Lepid.  31:  103-126   
,  R.  B.  COCROFT,  AND  J.  A.  THOMAS.  1993.  Comparison  of  acoustical  signals  in  Maculinea  butterHy  caterpillars 
and  their  obligate  host  Myrmica  ants.  Bio1.  J.  Linn.  Soc.  49:  229 ﾑ 238   
,  R.  LANDE,  AND  D.  MURRAY.  1999.  Associations  of  c0-mimetic  ithomiine  butterflies  on  small  spatial  and 
temporal  scales  in  a  Neotropical  rainforest.  Bio1.  J.  Linn.  Soc.  66:  1 ﾑ 13   

， D ・ M 。   ，， "ND R ・ LAND 。・ 1997 ・ Sp 。 。た ， diversityin verIi 。 d ， h 。 ， im" 。 ， L andtemp 。 ， ， @ dim 。。 山 。 。， 。 f ， 
fruit-feeding  butterfly  community  in  an  Ecuadorian  rainforest.  Bio1.  J.  Linn.  Soc.  62:  343 ﾑ 364   
,  T.  WALLA,  AND  H.  GREENEY.  1999.  Species  diversity  in  spatial  and  temporal  dimensions  of  fruit-feeding 
butterflies  from  two  Ecuadorian  rainforests.  Bio1.  J.  Linn.  Soc.  68:  333-353   

EHRLICH,  P.  R,,  AND  P.  RAVEN.  1964.  Butcerflies  and  plants:  a  study  in  coevolution.  Evolution  18:  596-604   
ELMES,  G.  W.,  AND  J.  A.  THOMAS.  1992.  Complexity  of  species  conservation  in  managed  habitats:  interactions  between 

Maculinea  butterflies  and  their  ant  hosts.  Biodiv.  Conserv.  1:  155 ﾑ 169   



Entomophagy  in  Myrmecophilous  Alesa  Caterpillars 721 

FARQUARSON,  C.  0.  1922.  Five  years  observations  (1914 ﾑ 1918)  on  the  bionomics  of  southern  Nigerian  insects,  chieny 
directed  to  the  investigation  oflycaenid  life-histories  and  the  relation  of  Lycaenidae,  Diptera,  and  other  insects 
to  anis.  Trans.  R.  Entomo1.  Soc.  Lond.  1921:  319 ﾑ 448. 

FIEDLER,  K.  1991.  Systematic,  evolutionary,  and  ecological  implications  of  myrmecophily  within  the  Lycaenidae  (In- 
secca:  Lepidoptera:  Papilionoidea).  Bonner  Zoo1.  Monogr.  31;  1 ﾑ 210   

， B ・ Ho 川 " ぴ R ， ANDP.SEUFERT ・ l996.Butternniesandants: 山 e の口口 皿 Ldvedom ぬ n ・ Fperi 印血デ : l4 ぬ   
,  AND  U.  MASCHWITZ.  1989.  Adult  myrmecophily  in  butterflies:  the  role  of  the  ant  Anoplolepis  longipes  in  the 
feeding  and  oviposition  behavior  of  Allotinuw  unicolor  (Lepidoptera,  Lycaenidae).  Tyo  to  Ga  40:  241-251   

FOREL,  A.  1898.  La  parabiose  chez  les  fourmis.  Bul1.  Soc.  Vaudoise  Sci.  Nat.  34:  380-384   
HANNER,  R.  H.  1998.  Taxonomic  problems  with  phylogenetic  solutions  derived  from  the  integration  of  biochemica1, 

morphologica1,  and  molecular  data.  Ph.D.  dissertation.  University  of  Oregon,  Eugene,  Oregon   
HARvEY ， D ・ J ・ l987Thehi め e ， rC@assif6CationortheRjod ， ni( ， e(LpidopLer ， ) ・ Ph.D ・ d 卜 en 血 On ， Uni"ersi ヴ Of 丑 ， あ， 

Austin,  Texas   
HENNING,  S.  F.  1983.  Biological  groups  within  the  Lycaenidae  (Lepidoptera).  J.  Entomo1.  Soc.  S.  Afr.  46:  65 ﾑ 85   
HOLLDOBLER,  B.,  AND  E.  0.  WILSON.  1990.  The  ants.  Harvard  University  Press,  Cambridge,  Massachusetts   
HORVITZ,  C.  C.,  C.  TURNBULL,  AND  D.  J.  HARVEY.  1987.  Biology  of  immature  Eurybia  elvina  (Lcpidoptera:  Riodi- 

nidae),  a  myrmecophilous  metalmark  butterfly.  Ann.  Eniomo1.  Soc.  Am.  80:  513-519   
JACKSON,  T.  H.  E.  1937.  The  early  stages  of  some  African  Lycaenidae  (Lepidoptera),  with  an  account  of  the  larval 

habits.  Trans.  R.  Enrotno1.  Soc.  Lond.  86:  201-238   
JOHHSoH ， S ・ JPJt@ANDRPS ・ V"LE 川 @HE ・ l986.obse 「 vatfonsonLiP ゆ川 &H ぬ ， 。 川 w 巴 W 。 。 d( レ pid 。 p[eI 、 :L が Qen@dae) 卜 

NOrthQuecnsland.A                     @@Mag. 13;22-26   
LyE ， wJ. l92l.AcatalogueoftheTrinidad LpidopteraMop 川 o 口 『 mmm(butterRRies) ・ G 。 " 。， " 日 en[PHnIingo 田 c 。， 

而 H ・ dad ， B 。 旧 ， hw 。 ， [ I"d ，。， ・ 

LT 。 H@N 。， R ・ L ・ 1987.A@pectsofthe n ， 皿 ， d h 卜 。 ヴ oorthelyC ， e"idn;dbu[[erfRy カ妬 ル川 ma@ori 。 S 。 @aw 。 si ・ J ・ N ， t ・ 

HM ・ 2l: 535 ― 544 ・ 

LAMBORN,  W.  A.  1915.  On  the  relationship  between  certain  west  African  insects,  especially  ants,  Lycaenidae,  and 
Homoptera.  Trans.  R.  Entomo1.  Soc.  Lond.  1913:  436-498   

MARKL,  H.,  AND  B.  HOLLDOBLER.  1978.  Recruitment  and  food  retrieving  behavior  in  Novomessar  (Formicidae,  Hy- 
menoptera).  I1.  Vibrarional  signals.  Behav.  Eco1.  Sociobio1.  4:  183-216   

MASCHWITZ,  U.,  W.  A.  NASSIG,  K.  DUMPERT,  AND  K.  FIEDLER.  1988.  Larval  carnivory  and  myrmecoxeny,  and  imaeinal 
myrmecophily  in  miletine  lycaenids  (Lepidoprera,  Lycaenidae)  on  the  Malay  Peninsula.  Tyo  to  Ga  39:  167 ﾑ 
181   

MONTGOMERY,  S.  L.  1982.  Biogeography  of  the  moth  Eupithecia  in  Oceania  and  the  evolution  of  ambush  predation 
in  Hawaiian  caterpillars  (Lepidoptera:  Geometridae).  Entomo1.  Gen.  8:  27 ﾑ 34   

OSSIANNILSSON,  F.  1949.  Insect  drummers,  a  study  on  the  morphology  and  function  of  the  sound  producing  organ  of 
Swedish  Homoptera.  Opusc.  Eniomo1.  Supp1.  10:  1 ﾑ 146   

OvBN,D ・ F ・ l971.n 。 pi は lbut(erRRies ・ ひ a ， endo"Press,oxlx@o ， d ， E"gla 。 d   
PENZ,  C.  M.,  AND  P.  J.  DEVRIES.  1999.  Preliminary  assessment  of  the  tribe  Lemoniini  (Lepidoptera:  Riodinidae)  based 

on  adult  morphology.  Am.  Mus.  Nov.  2384:  1 ﾑ 32   
PIERCE,  N.  E.  1987.  The  evolution  and  biogeography  of  associations  between  lycaenid  butterflies  and  ants.  Oxf.  Surv. 

Evo1.  Bio1. 4:  89-116   
-.  1995.  Predatory  and  parasitic  Lepidoptera:  carnivores  living  on  plants.  J.  Lepid.  Soc.  49:  412 ﾑ 453. 
-,  AND  M.  A.  ELGAR.  1985.  The  influence  of  ants  on  host  selection  by  Jalmenus  evagoras,  a  myrmecophilous 

lycaenid  butterfly.  Behav.  Eco1.  Socioblo1.  16:  209 ﾑ 222. 
-,  R.  L.  KITCHINC,  R.  C.  BUCKLEY,  M.  F.  J.  TAYLOR,  AND  K.  F.  BENBOW.  1987.  The  costs  and  benefits  of 
cooperation  between  the  Australian  lycaenid  butterfly  Jalmenus  evagoras  and  its  attendant  ants.  Behav.  Eco1. 
Sociobio1.  21:  237-248. 

ROCES,  E,  J.  TAUTZ,  AND  B.  HOLLDOBLER.  1995.  Stndulation  in  leaf-cutting  ants.  Natuwissenschaften  80:  521 ﾑ 524. 
THOMAS,  J.  A.,  G.  W.  ELMES,  J.  C.  WARDLAW,  AND  M.  WOYCIECHOWSK1.  1989.  Host  specificity  among  Maculinea 

butterflies  in  Myrmica  ant  nests.  Oecologia  79:  452-457. 
,  AND  J.  C.  WARDLAW.  1992.  The  capacity  of  a  Myrmica  ant  nest  to  support  a  predacious  species  ofMaculinea 
butterfly.  Oecologia  91:  101-109. 

WAGNER,  D.  1993.  Species-specific  effects  of  tending  ants  on  the  development  oflycaenid  butterfly  larvae.  Oecologia 
96:  276-281. 
,  AND  C.  MART-1NEZ  DEL  Ri0.  1997.  Experimental  tests  of  the  mechanism  for  ani-enhanced  growth  in  an  ant- 
attended  lycaenid  butterRy.  Oecologia  112:  424-429. 

WAY,  M.  J.  1963.  Mutualism  between  ants  and  honeydew-producing  Homoptera.  Annu.  Rev.  Entomo1.  8:  307 ﾑ 344. 


