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ABSTRACT 
Epidendrum  paniculatum  orchids  are  pollinated  by  male,  diurnal  Lepidoptera  that  seek  pyrrolizidine  alkaloids,  especially 
ithomiine  butterflies.  Experiments  suggest  that  scent  attracts  pollinators  to  the  orchid  flowers.  Visitations  to  orchids 
and  movements  of  ithomiine  butterflies  suggest  that  these  insects  are  capable  of  effecting  pollination  between  individuals 
of  E.  paniculatum  plants  over  long  distances. 

Re もり   en 

Observaciones  y  experimentos  indican  que  la  orquidea  E.  fan'iculatum  es  polinizada  por  machos  lepidopteros  diumos 
que  buscan  alcaioides  pinolizadinos,  principalmente  las  mariposas  del  grupo  Ithomiinae.  Los  experimenros  indican 
q 。 elah 叩 anCiad 。 l 、 O ， q 田 d ぬ 卜 m 。 yimpona 。 teenlaa[ 口     6ndewu 山口 dodoreS ・ ObSewaCio"es の blreeColog@ 、 上 
pobladones  indican  que  los  ithonudos  son  capaces  afectar  polinizadon  entie  individuos  de  este  orquidea  que  se 
encuentran  a  largas  distancias   

OBTAINING  PYRROLIZIDINE  ALKALOIDS  (hereafter  PAs)  can  be  used  to  census  these  Lepidoptera  (DeVries 
isImPortantto  山 eeCourtshipand  de6ensesofma4e  1987,S 田 s ，がめ・ o 卜カ   
butterflies  in  the  subfamilies  Ithomiinae  and  Danai-   O"g  th 。 m 。 ， t 5    、 m 血肛 Ouopi 田 pl- 
nae,  and  of  moths  in  the  families  Arcriidae  and  lination  systems  are  orchids  that  produce  fragrances 
C 。 e 。 u      d 、 。 @ForexampIe,P ぬ 肛 requtredfor 山 。 e  toa 血 、 ぽ male 。 "gl 。 F" 。 bee5(Dod ， 。 "  がメ 1969 ， 

bio5y" 山ぽ iSofmale  phefom 。 " ぽ ， m 、 血 g  S" 。。ぬ ， @  wtl144ms  故 D 田 ， 。 "  1972, WilliamS  l982). I" 
and  the  formation  of  multi-spedes  leks  (Pliske  these  systems,  orchids  produce  volatile  chemicals 
1975a,  b;  Haber  1978;  Boppre  1984;  Boppre  &  that  bees  ostensibly  require  for  mating  (Kimsey 
Schneider  1985,  1989;  Ackery  &  Vane-Wright  1980),  some  of  which  are  also  obtained  at  other 
1985),  and  PAs  provide  a  source  of  adult  acquired  plants,  and  the  orchids  rely  upon  the  bees  for  po1- 
unpalatability  for  ithomiine  butterflies  (Rothschild  linadon  (Williams  &  Dodson  1972,  Williams 
et  a1.  1979,  Brown  1984).  Major  plant  sources  of  1982).  Studies  have  indicated  that  flower  fragrance, 
PAs  for  ithomiine  and  danaine  butterflies  are  from  phenology,  and  morphology  are  correlated  with 
the  genera  Heliotropium,  Toumefortia,  and  Myosotis species  of  bee  pollinator  and  that  different  orchid 
(Boraginaceae)  and  Eupatorium  species  (Astera-  species  depend  upon  different  species  of  bees  to  effect 
ceae),  and  Pliske  (1975a,  b)  showed  that  PAs  are  pollination  (Williams  1982,  Ackerman  1983,  Rou- 
fUndamen( 日 tto  由 e  po      adon  Sy5[emS  Of  山 ese  bik  枚 A 止 erm 川 1987).In  LOW 田 Or      d  5      Q 
司   L  MOr 也 ver ， wilted  He ル施が 仰   d  M ノ dJo お了 山 atexistatlowPopuladdQn  densiddeS ，     必   田 $ 
plm6  ぴ e め aMa 田 "etoithom 而 eS ， d 川祉 % ， and  汀 e  consideDed import 川 [t  as  long  血   Ce  pu 。 n 
口飢 u      士 (Beebe  lg ラ 5 ， PliSke  l97 コ a)  山 at (hey  V    OL  U    l971 ， 198b  w 川   5 な D 田 5On 

1972). 
1n  some  respects  the  reliance  of  male  euglossine 

ber  1989. '  Received  22  March  1989,  revision  accepted  20  Novem- bees  alleled  upon  by  chemicals  Lepidoptera  obtained  that  seek  from  PAs.  orchids  The  is  orchid par ﾂ 
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FIGURE l ・   mP 汀 i 刀 nbetweenwetseasonanddryseasonformsofE ゆ j メ enen メ川川 pa ハ L 川 ルノなの ・ TOp 「 owshow5a 
front  and  side  view  of  a  schematic  flower  and  indicates  the  locations  of  the  ten  measurements  that  were  taken.  Middle 
row  shows  front  and  side  of  an  individual  flower,  and  inflorescence  branching  pattern  of  wet  season  form.  Bottom 
row  shows  front  and  side  of  flower,  and  inflorescence  branching  pattern  of  dry  season  form.  Note  differences  in  the 
dark  markings  on  petals,  and  in  the  inflorescence  branching  patterns   

E ガソメ e 八メ 川の panfL ガル f なぬ Rub  川 d  Pw6n  L  L 皿 d 
t 卜 Oughout    L 山川 d  比 u[h    eriQ ・ 川 though 
i(sfnowerSdo  no(produce  n    ， E ・ panic なルノな川 

plantsgrown in  NorthAme 「 iCan  与   O 山 eS  Le 
strongly  aoCraCtive  to  male  Da 八 a な丁クん F 坤川 buF 
[e 』 ie5(wa 印 erl973) ・ D 田 mn  ( 卜 wa 四 erI973) 
noIeS thaI (he  f@owers also  attraCt male  i 山 ol 卜 e 
butQe[RRie5, suggesting  山 gat 山 e  atLa 田 On    y  レ 
due[oPA  (seealsovan  d 甘 Pill な   幻 n  1966) ・ 

Howeveh  Pu5ke  (1975b)Su 塊卜卜山 a[ 山 eamaC- 
t 川 [ln  E ・ pa ガわ刃ノ a ノ川爪 b  P 「 obably  due  [o  vola 田 e 
chemicals  that  resemble  PA  sidechains.  In  a  North   田   町 ぱ   伽レ pidoF 血 叩   ，   川 d 
Adams(1976a, b) conCluded  出、 t    ・ 川 ， 坤 ， p ， O- 
duC ほ eithe[ P ぬ orCompou"d ， m        也 ng  山 。 m 
that  attract  pollinators   

  eattraCtionofkpldop ぼ rabybyE ・ク d ぬ r ガル 似爪 

ha5been  ト。 w"  mKd 。   y6Qrover2o  yeaCS,b"t 
"O  srUdy  hasfoCUsed  。 n  山 。 p      血 。 "  bi 。 l0 刃 。 f 
E ・ p""f ， " ゐ f"mtnthef6eldorthepopuIattonbi 。 l 。 w 
ofitSp      、の ，，・   。 P ，   "[ ， mdyad 士   而ぽ 
basac  queStionS 。 。 "C 。     g  士 。 po      血 。 "  bio@ow 
ofthi5QrChid:whoapeicSp 川 " 、 torsors;do ぬ 山 e 。， 。 hid 
providevi5ualorChemiCatstimUli,orbo 山 ， loa 価口 
p      、 m 呵 and,wha(tSthepo<oQmdd  折   。 fp 。 l- 
MaLoB  on  long  山寸川 Cepo 川 nadon? 

MATERIALS  AND  METHODS 
Costa  Rican  E.  paniculatum  occurs  at  low  densities 
in  forests  ranging  from  300 ﾑ 2000  m  on  both  At ﾂ 
lantic  and  Pacific  slopes,  and  has  two  common  forms 
that  are  recognizable  by  vegetative  characters,  floral 
phenology,  and  morphology  (Fig.  1).  One  form 
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6 斗 
  
8 斗 
  

Mean  ｱ  standard  error  (mm) 
w は 5 松 。 n 

form 

3.01  ｱ  0.032 
3.82  ｱ  0.058 
3 ・ 54  十 0 ・ 103 
8 ・ 68 土 0 ・ 09 ア 

10.36  ｱ  0.15 
0 ・ 94 ナ 0 ・ 051 
9 ・ 76 土 0 ・ 218 
7 ・ 08 土 0 ・ 136 

11.94  ｱ  0.305 

Dry  season 
form t-tesc 

3.06  ｱ  0.04  P  =  0.476 
3.46  ｱ  0.024  P=  0.011 
3 ・ 28 土 0 ・ 066 P 二 O ・ 166 

10.38  ｱ  0.565  P  =  0.035 
9 ・ 82 土 0 ・ 429 P 二 o ・ 1 フ 6 
1.1 ｱ 0.071 P = 0 ・ 03 コ 

9.04  ｱ 0.112  P=  0.063 
5.46  ｱ  0.209  P  =  0.005 

12.46  ｱ  0.519  P=  0.345 
10 12.56  ｱ  0.163  12.38  ｱ  0.497  P  =  0.736 

used  in  this  study  flowered  in  the  wet  season,  had 
leaves  8 ﾑ 11  cm  long  by  2.5 ﾑ 3  cm  wide,  stems  20- 
45  cm  long,  and  bore  fewer  than  35  flowers  on  a 
simple  inflorescence.  The  other  form  flowered  in  the 
dry  season,  was  larger  and  more  robust,  had  leaves 
12 ﾑ 15  cm  long  by  3 ﾑ 4  cm  wide,  stems  40-60  cm, 
and  often  bore  50-0ver  100  flowers  on  a  branching 

inflorescence.  The  flowers  of  these  two  forms  differ 
significantly  in  morphology  and  color  pattern  (Fig   
1,  Table  1).  Individual  E,  paniculatum  plants  in 
aaowerwefeob    出血 er 血 L 切叫     1978 
and  1986  at  the  following  sites:  Finca  La  Selva, 
H4      a ROv 卜 Ce; F 卜口   CmC 卜 ，   nt ぴ enL 
Province;  Barrio  Monterrey,  San  Pedro  Monies  de 
OCa ， and  山 eUMv 恥 i ヴ OfCmtaRi 口   p 山 ， S 皿 
Jose  Province;  and,  Jardin  Lankester,  Cartago  Prov- 
hCe ・ I    E 紅 L  川 L  p    ibl 。 ， w 。 d 。ぼ ， 口血 田山。 
ミ     卜 andsexofeaChvi5iIorto 山 eeB ・ ク a 八 fL ガノ af ガぬ 
FO 川 en ， CO 皿 (ed  山 enum レ [OfnoweL  vi 寸 Ged ， 川 d 
noted    u 卜ぴ ium  removal. 

TOt 卜 ( 川 he 小 eIPA-        ghF 山田         [e   比 n  E ・ Pa 八 IL ガノ a ノなぬ fnowe 「 Sand  HeL が川 ゆ I ガぬ ， 

H の r ん e 万 d ， 川 d  M 川 JoffJbdL  (her    terPA  b 山 6) ， 

山 eLuow 卜 g  bi    ay  w 卜 Condu 口田 ・ Two  E ， p4- 
pfr 川ノ df 八ぬ Dl 川 L  inLu  HOwer 川 d  2 士 LdPA  b ぬ ほ 
were  placed  alternately  within  3  m  of  each  other 
along  a  section  of  forested  trail  at  La  Selva  and 
observed  between  0800  and  1100  hr.  During  the 
observation  periods  all  visitors  to  the  orchid  flowers 
and/or  the  PA  baits  were  noted,  and  additional 
notes  were  made  of  other  species  of  flowers  occurring 
nearby  and  their  visitors.  When  the  observation 
periods  had  ended,  the  orchids  and  the  PA  baits 
were  removed  to  a  building  outside  the  forest.  This 
bioassay  was  done  5 ﾑ 11  August  with  two  E.  panicu- 

TABLE  2.  Butterflies  attracted  to  PA  baits  carrying  what  is  likely  to  be  E.  paniculatum  pollinana  on  the  proboscis, 
Alla 「 eif ゐ。 m@j" ， J ， x ， 叫 /LyCo 口 ， w ゐ @MiJdd4"4@" ，・ぬ 刃ルガ， A ゐ " 。 f ， JP4n4m4njan 咋 FM"J 乃 p"/j ガ 

の """ 川   

Species Male Female Month 

て @t あ   a ぬ     バ pd 
Me 「 止 aml/aJp4 ゆ川ノぬ lJ*A の ta 
H     が材 戸 J6 な CedL 叱』ガ ffaj4* 
H ガ加ゆ乃 Je ガ rr ル々ワ a ゐ rp 
H7 少 0f みノ F 了ゆ rara 十 fe の 川 7@/4* 
lt ゐりぬ ra ズ e ハりダ 
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ffLo の f4f4 t6 イ 4 ノガ止 a 九 a 
ft ゐり勿 ばん「 a4 ノ は K4 
DfrrL 幼ト 4t4 止 / 乃 g@f 
p た川八 ノぬ はカガ 7 ひ j 爪 d7 。 
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latum  individuals,  and  1 ﾑ 4  December  1979  with 
two  different  individuals.  The  PA  baits  differed  be- 
W 甜 " 。 。 畔血 。 ""   

As  pan  of  a  general  study  of  the  butterfly  fauna 
of  Costa  Rica  (DeVries  1987),  those  Lepidoptera 
attracted  to  PA  baits  in  1979  and  1980  were  rou- 
    。 ly ，   ヴぬ ぬ r 田山 "id        g 。，     dpl- 
linarium.  The  pollinaria  found  on  butterflies  were 
compared  to  pollinaria  from  our  experimental  flow- 
e ほ Mng  山 e  methodsof ぬ 蕊比 (1976)orwM 
material  in  the  herbarium  of  the  Museo  Nadonal 
de  Costa  Rica. 

To  test  if  the  attraction  of  ithomiines  to  orchid 
flowers  was  chemical  rather  than  visual  in  nature, 
two  flowering  E.  paniculatum  were  exposed  for  four 
hours  in  a  patch  of  second  growth  forest  where 
ithomiines  are  abundant  on  the  University  of  Costa 
Rica  campus  on  21  August  1983.  At  the  same  rime 
two  opaque,  white  cotton  sacks,  which  permitted 
some  air  movement  through  them,  were  hung  10 
m  from  the  orchids.  Visits  to  flowers  and  to  sacks 
were  recorded.  At  0700  hr  on  22  August,  each 
plant  was  placed  in  a  sack,  and  at  0900  hr  the 
sacks,  with  plants  inside,  were  exposed  on  campus 
for  three  hours.  The  plants  were  removed  at  1200 
hr,  and  visits  to  the  sacks  monitored  for  another 
three  hours. 

A  study  of  ithomiine  populations  in  a  1  ha 
patch  of  second  growth  woodland  at  the  University 
of  Costa  Rica  (hereafter  UCR)  was  conducted  from 
1974  through  1981  by  FGS.  Over  17,000  bur- 
terflies  were  marked  uniquely  and  released  during 
this  study.  Between  June  and  August  1976  a  study 
of  population  movements  was  carried  out  where  PA 

baits  were  maintained  at  5  sites  on  the  UCR  cam ﾂ 

pus,  and  at  13  off-campus  sites  in  a  4.5  x  3.5  km 
area  in  the  watersheds  of  the  Rio  Torres,  Quebrada 
Negritos,  and  Rio  Oclor0.  All  of  the  off-campus 
sites  were  in  old  second  growth,  shaded  coffee  plan ﾂ 

tations,  or  remnant  streamside  woodlands.  Butter ﾂ 
flies  captured  at  each  site  were  marked,  and  all  baits 
were  checked  at  intervals  of  2 ﾑ 4  days.  The  sum ﾂ 
marized  data  reported  here  were  taken  from  outside 
the  main  ithomiine  migration  period  and  represent 
typical  behavior  of  these  populations  in  the  Central 
Valley  of  Costa  Rica.  Full  details  of  migration  and 
population  movements  will  appear  elsewhere  (Stiles, 
pers.  obs.). 

RESULTS 
SomeL  がガ fc ばね 匁の hdvidu 此 zand  刈 PA  b 山ほ 
attmmCtedmo5tty ，     6  ofI 山 o        a 。， 川 dl 蕊 COm ー 

mody ， 5      $  Of      aemdCt 切 u      da 。 ・ N    - 
M  川 of 山 。     a は、 L 田 ( ぬ 98%)wL 。 m 口卜 
而 mgfoups 山 a[u 丈 PA  ゐ rma      g  (T 、 口 5  2 ― 
5).Onlythe6Qrm  OfE.panf ， # ル f*m  田打 nowe ， ed 
inthewe(sea5on  a 血 a<ed  山   川 kpidoP[er 、 md 
k  Of  COnCem  he ， e; 山 e      On  foIm  出 d  no[ 
、 血   th    upidoPtem  川 diSd@    d ぬ low  (5 比 
Fig. l ， Table  l). 

m    F  wh ぼ eoI      d5 川 d  PA  b 山 6  wereof- 
fared  simultaneously  showed  that  insect  species  which 
      teo  orChids also  vi5it    山 e  PA  b 血，   d  幻 me 
indivjdual inseCt5  altemmated between  bo 山 (Table 
3).Theapp ，山小 ofallPA-        gVtsitoTSto  山 e 
O ，     dsvaIied,dependinguponwhiCh  direCtion  山 e 
血小 vidud  w ぴ田 d 川 yny 卜 g ・ Lme ， Pp ，田山 ed 山 。 
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plant  by  flying  past  it  and  then  doubling  back; 
Others  spiraled  down  to  the  plant  from  the  forest 
subcanopy;  and  others,  flying  at  roughly  the  same 
level  as  the  orchid,  approached  by  weaving  through 
the  understory  vegetation.  The  same  manner  of  ap ﾂ 
proach  was  observed  in  visitors  to  the  PA  baits,  and 
is  consistent  with  observations  we  have  made  with 
PA  baits  at  many  sites  throughout  Costa  Rica.  Other 
Lepidoptera  that  flew  dose  to  the  orchids  but  did 
not  visit  the  flowers  or  the  PA  baits  were  either 
female  ithomiines  (e.g.,  Melinaea  lilis  imitata,  Hy- 
poscada  virginiana,  Aeria  eurimedia),  or  from  cax0- 
nomic  groups  that  have  no  history  of  seeking  PAs 
(e.g.,  Parities  spp.  (Papilionidae),  Heliconius  cydno 
(Nymphalidae),  Eurybia  lycisca  (Riodinidae)). 

0bscrvadons  of  ithomiine  butterflies  taking  E. 
paniculatum  pollinaria  are  summarized  as  follows. 
When  a  butterfly  landed  on  the  inflorescence  it 
uncoiled  its  proboscis,  probed  around  on  an  indi ﾂ 

vidual  flower,  and  inserted  the  proboscis  into  the 
flower,  usually  with  the  head  appressed  to  the  open ﾂ 
ing  of  the  floral  spur.  If  a  ripe  pollinarium  was 
present,  the  visddium  usually  adhered  to  the  dorsal 
side  of  the  proboscis  near  the  head,  trapping  the 
butterfly.  To  escape,  the  butterfly  pushed  vigorously 

against  the  petals  with  its  legs  until  the  trapped 
proboscis  was  jerked  free,  but  with  a  pollinarium 
adhered  near  the  base  of  the  proboscis.  After  freeing 
itself  from  the  flower  the  insect  generally  did  one 
of  four  things:  the  insect  fluttered  around  for  a  few 
seconds  and  visited  another  flower;  it  settled  mo ﾂ 
mentarily  on  nearby  vegetation,  then  visited  another 
flower;  it  flew  away  from  the  orchid  and  visited  the 
PA  bait;  or,  it  flew  away. 

Lepidoptera  attracted  to  the  PA  baits  behaved 
simE[arlyto 山 O 史 a 血 aQedtotheor 小 idHheywo 田 d 
land  on  山 e  baitS, Uncotl  山 e  pfo 卜 s ぬ ， dab  山 e 
probosCisaround  on  山 ee  su 「 faceof 山 e  pl 川 t ， 皿 d 
theo  cotl and  uncoil  山 e  probo      。 DuMdon  Of 
" 硅 d 血 g  bou び atba 卜 vMed  &O 川 aLw  5 紅 Onds 
to  up  toseveral  minuCes, a 卜 ， w 田山 卜 dMdudS 
woulddyawayor    e 血 gh(mo 口 ent 打如 mM 川口 
叱山 n  on 山 eePlant ・ " ，。 "  。 ト史 w 布 On5 紅 eh  aCCord 
M ぬ 山 O5e  reponed  by  PLk 。 (1975 、 )  血 kPL 
dop 忙 [ara  atCraCpedto  PA  b 寸低 h  SOuth    efL ・ 

SurveysdoneatPA  bH ほぬ rbune      。 5      卜 9 
o ，     dp      血 、 5how 。 d  山 、 t 、 tl    (2O ， Fd6  (19 
MO        ほ ， l  d 加     。 ) were  a 血 、 ぽ 。 d  to  both  PA 
    ほ and the  g 。 "u ， 坤 i メ， " メ wm ― 血 O5t      。 ly  E ・ 

ク ""f ， "Z"f"muww  (Table2).M 。 ， t 卜田 "id" ぬ 。   i 口 o 。 e 

TABLE5 ・ ぬ ぬ ぬ d ワダ riwgJ4o ほて ゆノガぽダの alg@ 妨。ぬ i ル打 atJamean4r ん弘 / 川八 fF 比 J ・ 川 8 ぽ LdFw 祈の Af 山片八の 
ぬ ガぬ i 叫 O ダ ほ C 坤 ル川 4fthe 必ぬ eand 山派 w 加 Jftgs(Dwa 人 ==0 ， 481,P く oo0.01 打 ]Kd7@ の叩   ふれ f 川ゆ 
2 づ 9 ぬ ， WeL 打 )J ゐ川 @ 叫メ A4f 仰メ @p@ メガ 4A のり ノ ga 川み ハカ川の 川 r ゆ r4y ば Jffe   

Days  after  marking   2-4 ラー 8 9-15 16-25 >25 Total 
Marking  site 
Other  sites 

142 227 59 13 9   452 
27 35 36 48 27 12 185 
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TABLE ・ 6   党兇盟ゑ巧乙ぢ蕊安                   7AJ; 盟妬笠 22 盟巧姥 oue             ; ぎ姥三 ほぼ お ほぽ 尤十姥 L 筑 :tJ@Jturt           ぼ ， Z 三 

Numberofdays ，甲山 red  tomo"e 

Distance 三 l 2-4 5-8 9-15 16-25 ノ 25 Total 
<0.5  km   10   15     46 

0 ・ 51 ― 1 ・ 0   12 13 11 21 12   73 
    01-1. ラ     6 10       ヨ   
l ・ラ 1 ― 2 ・ 0               22 
2 ・ 01 ― 2 ・ S km             6 
2 ・ 51 ― 3 ・ O  km               

>3  km               

凶     石   ， thIeeCafriedtwo,and  山 emqo ， i ヴ Of  ， ぽ 、 p 口 ， 口 aI 而 "w 小ぬ rup  to  5L  mon ぬ S 祈 。 I 
山 em  (g1%)weremales(Tables l and2). Fr(rom  marking (S 田 8 ， Fn ・ Ob5 ・ ) ・ I 小 O        e mob 山ヴ 
censuses  done  at  UCR  (July ﾑ September  1979 ﾑ  was  demonstrated  at  the  UCR  site  (Table  5),  where 
1980),  the  fraction  of  total  individual  ithomiines in  452  recaptures,  over  three-fourths  were  within 
attracted  to  PA  baits  carrying  pollinaria  indistin- four  days  of  marking,  after  which  the  recapture  rate 
guishable  from  those  of  E.  paniculatum  were  as  plummeted.  This  drop  in  recaptures  could  not  be 
follows:M8r ゐ amfffJpory 川十八 イめう /1 うう ; If ゐ   イクゐか en 士 elyduetomondi ヴ ， buCm 山 t[ePrQentatleLc 
raldica  5/725;  /.  patilla  1/176;  Dircenna  klugil  some  emigration,  because  the  recapture  race  actually 
6/211;  Greta  oto  3/172,  and  all  except  one  D.  rose  at  sites  1  km  or  more  away  as  it  was  falling 
klugit  were  males.  The  proportion  of  males  found  at  the  marking  site.  At  the  time  this  experiment 
at  PA  baits  and  orchids  was  higher  than  the  pr0-  was  carried  our,  the  butterflies  were  not  engaged  in 
portion  of  males  observed  during  censuses  done  their  seasonal  migration;  September-0ctober  is  when 
without baits (S 田 6 ， Fm  。 b ，・ ) ， 卜 山口 血 g 山 ， 。 m 。，。ぬ 。 mlmeS lm" 。 山 。 Ln ぽ川 V 川 。 y f 。 r 山 。 

together  our  data  do  not  simply  show  an  excess  of  surrounding  mountains   
m 川 E  卜山 e habL( ・ Movements  ofithomiine  butterflies  between  sites 

Cosra  Rican  butterflies  from  any  family  or  may  be  quite  rapid  (Table  6).  Many  cases  of  move- 
subfamily  are  rarely  found  carrying  orchid  pollinaria  ments  of  1  km  or  more  within  24  hr  were  observed; 
(    Vr テ ぬ ， FL ・イシ ぬ . ナ・   CeI フ     LL  E ゆ十ゐ   @r 八 fm  n4-  t ト lefa5(est ノア丁 ove ノアす eL ナ twas  l ・ ラ   iL 丁 3  ぬ ， 川 て lt 十 le 
山の 川山 aaIisvia ぼ d  by  v ぴ iou ， kpid 。 pte ， a  山 a(  l 。 ng ぽ tmoveme" ぴ Ob ， 。 w 。 d ， 3-3.5    ， we ， ed 。 - 
d 。 notseekP ぬ (seeBier 可山 udek  I981),w 。 eknow  ( 。，血 "ed  by 小 eu 血ぼ Ofth 。， 山 dy ぴ e 、 ，， 山汀 山川 
of  no  other  orchid  besides  E.  paniculatum  that  con-  the  capacity  of  the  butterflies.  We  do  not  doubt 
sistendy  attracts  butterflies,  especially  those  that  seek  that  a  male  ithomiine  could  easily  cover  20-50  km 
PAs.  Although  we  cannot  be  certain,  we  suspect  during  its  lifetime,  even  excluding  the  seasonal  mi- 
that  the  pollinaria  carried  by  Lepidoptera  attracted  grations  to  higher  elevations   
to  our  PA  baits  (Table  2)  originated  from  E,  panicu- 
latum. 

1n  the  bioassays  done  at  UCR,  butterflies  were 
DISCUSSION 

、 而 aCCed  to bo 山 ba 幽 ed  md  unba 幽 ed  orChids, ThIs5mdy  showed  山 、 [ 。 " 。ぬ ， m  OfC 。， 口 MC 川 
and  for  a  short  rime  to  the  doth  bag  after  the  orchid  E.  paniculatum  flowers  and  PA  containing  plants 
had  been  removed  (Table  4).  These  observations  attract  the  same  suite  of  day  flying  Lepidoptera 
imply  that  olfactory  cues  play  an  important  role  in  (Tables  2-4).  Of  these  Lepidoptera,  all  were  from 
attracting  visitors  to  E.  paniculatum  flowers,  and  groups  known  to  actively  seek  sources  of  PAs,  and 
reflect  the  findings  ofPliske  (1975b)  for  plants  in the  majority  were  male  khomiine  butterflies.  The 
the  Boraginaceae  and  Asteraceae. few  females  that  visited  E.  paniculatum  flowers  may 

Features  of  khomiine  biology,  making  them  simply  reflect  that  khomiines  of  both  sexes  are  gen- 
potentially  important  pollinators,  include  their  Ion-  erally  attracted  to  small  white  flowers,  including 
gevity  and  mobility.  The  average  lifetime  for  ith-  plants  without  PAs  (e.g.  Croton  spp.  (Euphorbi- 
omiine  butterflies  is  comparable  to  those  of  Heli- aceae),  Psychotria  spp.  (Rubiaceae))   
conius  (e.g.,  Gilbert  1984):  individuals  have  been S 田 CevisitoF5to  E ・ クク八 fr なノク f なぬ faowers 「 eL ユ ove 
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poUinaria  and  may  carry  them  to  other  flowers  or 
PA  sources  (Tables  2  and  3),  our  observations  sug ﾂ 

gest  that  PA  seeking  Lepidoptera  pollinate  E.  panic- 
ulatum.  Of  the  suite  of  potential  pollinators,  ith- 
0miine  butterflies  are  probably  most  important.  This 
is  because  they  are  mobile  and  long-1ived  (Tables 
5  and  6,  Stiles,  pers.  obs.),  they  account  for  most 
of  the  species  known  to  visit  PA  baits  and  E.  panicu- 
1atum  flowers,  and  these  butterflies  live  in  the  forests 
where  the  orchid  occurs. 

We  have  no  indication  that  individual  ithomiine 
butterRR4es assoCia[e  dUring  士山 movem 。 nu ， but 
m 山 4  山 at 山 ek  d ぬ   io"  wL  川 mm 口 mdom  (   
山 OHa レ r 1978).H 山 Ce ， iti5      ely 山 atm 。 皿ぬ n 
of  a  population  that  originated  from  a  single  brood 
would  coveranareaseveralkm@in  山   ぱ 。 rwit 血 
aweek ・ L  山 ebutternnieS 山 e    lv ぽぴ elong 心 ved ， 

p      田 U@O  (ran5por(ove[sddlllong 。， dMmC%  b 
qUitefea5ible.    u ， 仏 。 ugl 卜 5hebeeSaree 伍     "e 
longdistancepollinator5too 山 eroI 。 Mds( が， Jmz 切 
1971, will4amS 枚 D 田 ，。 n  1972) ， kho        ebu ト 

te      卜 maybeefReCddvelong  山 slStan ぽ p      a[on  寸 
E ・ が "f ， *Adf"m ・ 

A  gm 。 田 。 O" ， 。 瓜山   Ong  [%Ono      L  L  山 at 
山 eoIChidsUndeIthena 川 neE ・ ク d ガわな Adfl4f 刃ぬ CompI     
aspeCie5complex  (C ・   dson ， R ・ DIessler,R ・ L ・ 

R    @    e2 ， K ・ O      ， peI5 ・ CO    ・ ) ・ In  addidon 

to  morphological  differences  (Fig.  1,  Table  1),  the 
two  forms  ofCosta  Rican  E.  pan'iculatum  may  differ 
with  respect  to  pollinators.  The  plants  that  attracted 
PA  seeking  Lepidoptera  were  all  of  the  form  that 
flowered  in  the  wet  season.  The  plants  of  the  form 
that  flowered  in  the  dry  season  were  observed  in ﾂ 
termittently  for  several  years  in  Monterrey,  and  ob ﾂ 

served  intensively  (for  a  total  of  16  hours  through 
day  and  night)  in  February  and  March  1981  at 
Jardin  Lankester.  On  only  two  occasions  in  Mon ﾂ 
terrey  was  an  ithomiine  seen  to  visit  the  flowers  (one 
male  and  one  female  G.  ota),  and  the  only  visits 
seen  atJardin  Lankesrer  were  by  two  noctuid  moths 
during  one  evening.  Although  both  forms  of  the 
orchid  appear  similar,  our  observations  imply  that 
the  dry  season  form  of  E,  paniculatum  is  not  pol ﾂ 

linated  by  PA  seeking  Lepidoptera. 
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