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M a h a v ir  G u p t a

Conditioning of A pis florea F . as a function  of D ura tion  of 
exposure to  chem ical vapours a t  R c50 and  R c60 dilutions

Introduction
V ario u s  w o rk ers  c a rr ied  o u t  a d a p ta t io n  ex p e r im e n ts . A s e a rly  as 1895, Z w a a r d a m a k e r  

su g g ested  t h a t  o lfac to ry  c ro s s -a d a p ta tio n  co u ld  be u sed  a s  a  to o l to  d e te c t o d o u r s im i
la r itie s . T he w o rk  of A d r ia n  (1956), G tt o so n  (1956) a n d  S t u v ie r  (1958) in d ic a te s  t h a t  tw o  
su p erim p o se d  co m p o u n d s  w ere  in v o lv ed  in  a d a p ta t io n .  L e m a g n e n  (1942 — 43) d e te rm in ed  
th e  o lfa c to ry  th re sh o ld  of te s te d  o d o ra n ts  fo r  m a m m als  be fo re  a n d  a f te r  10 m in u te s  e x 
p o su re  to  th e  co n d itio n in g  o d o ra n ts . T h e  d iffe rence  b e tw ee n  b o th  th re sh o ld  c o n c e n tra tio n s  
as  a  n u m e ric a l ex p re ss io n  of th e  degree of c ro s s -a d a p ta tio n  w as assu m ed  to  be in d ire c tly  
re la te d  to  th e  degrees of s im ila r ity  b e tw ee n  th e  p r im a ry  in fo rm a tio n  p a t te rn s .  T h e  te s te d  
co m p o u n d s  v iz ., te rp in e o l, v an illin , safro le  a n d  te t r a l in  w ere s tru c tu ra l ly  a n d  o lfac to rily  
a lm o s t to ta l ly  u n re la te d . B u t  th e  s tru c tu re s  in d ic a te d  t h a t  ev en  tw o  in fo rm a tio n  p a t te rn s  
re p re se n tin g  w id e ly  d iffe ren t o d o ra n t s tru c tu re  u su a lly  h a d  c e r ta in  s t ru c tu ra l  d e ta il  in  
co m m on . T h is  w as d e m o n s tra te d  m o re  in  h is  la te r  w o rk  on cross a d a p ta t io n  w ith  o d o ra n ts  
b e lo n g ing  to  b i t te r  a lm o n d , c a m p h o r  a n d  m u sk  ty p e . A fte r  co n d itio n in g  w ith  b e n z o n itr ite , 
th e  o d o u r of b e n za ld eh y d e  w as d e sc rib ed  as sa fro le  like , w h ile  co n d itio n in g  w ith  a  m ix tu re  
of b e n z o n itr i te  a n d  safro le  le f t  a n  im p ress io n  re m in isc e n t of in d o le . T he o d o u r of b e n z a ld e 
h y d e  a f te r  co n d itio n in g  w ith  a  m ix tu re  of sa fro le  a n d  ind o le  w as o b se rv ed  as  b en zen e like . 
S im ila r re a c tio n s  w ere fo u n d  in  a  series o f cam p h o raceo u s  co m p o u n d s. E n g e n  (1963) 
s tu d ie d  cross a d a p ta t io n  effects  in  som e m a m m a ls  of a  series o f s t r a ig h t  ch a in  alcoho ls  an d  
w as u n a b le  to  d e te c t  a  re la tio n sh ip  b e tw ee n  th e  m a g n itu d e  of th e  e ffec t a n d  th e  ch a in  
le n g th .

W a l l e r  et al. (1974) co n d itio n e d  bees to  th e  flow er scen ts  o f lu ce rn e  clone 2490 a n d  of 
sa in fo in . B ees re sp o n d ed  p o s itiv e ly  to  oc im ene , m y rcen e  an d  lim on en e , b u t  d id  n o t  to  
lin a lo o l w h ich  seem ed  n o n -d is tin g u ish a b le  b y  bees  fro m  th e  o th e r  th re e  chem ica ls.

Material and methods
T w o ty p e s  of e x p e rim en ts , self- a n d  cross c o n d itio n in g  w ere p e rfo rm ed . T h e  com p ou n ds 

w ere te s te d  a t  R c50 a n d  R c60 lev e ls  o f ch em ica l d ilu tio n s  an d  a t  p re d e te rm in e d  ex p osu res 
of th e  bees to  ch em ica l v a p o u rs  a t  s te p s  of 30 m in . 1, 2, 4 an d  6 h  (G u p t a , 1982).

I n  se lf  co n d itio n in g  e x p e rim en ts , bees w ere  f i r s t  fed  on 30 p e r  c e n t su g a r w a te r  (SW ) 
so lu tio n  fo r th e  p e rio d  m e n tio n e d  b e fo re  tra n s fe r r in g  th e m  to  a  ch em ica l su g a r so lu tio n  
(CS). I n  cross co n d itio n in g , bees w ere a t  f i r s t  fed  on  one CS so lu tio n  a n d  th e n  w ere allow ed 
feed in g  on  a n o th e r , in  b o th  cases fo r  th e  sam e  in te rv a l  of tim e . R ec ip ro c a l ex p e rim en ts  
w ere a lso  ca rr ied  o u t  in  each  case in  o rd e r  to  ch eck  a u th e n tic i ty  of th e  f ir s t  cross c o n d itio n 
in g  of bees as a  fu n c tio n  of tim e  a t  R o50 a n d  R c60 lev e ls  of c o n cen tra tio n s .

T h e  p la n  fo r  o b ta in in g  th e  c o m b in a tio n  in  ea ch  case is as follow s.
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a) C o m b in a tio n s  fo r s e lf -c o n d it io n in g  e x p e r im e n ts
Sugar Sugar constant

4Linalool
Sugar1

4Terpineol
Sugar constant

4D(+)-carvone
Sugar1

4Linalool
Sugar constant

4 4 'Terpineol D(-f-)-carvone
b) C o n d itio n s  fo r c ro s s -c o n d itio n in g  re c ip ro c a l  e x p e r im e n ts

D(+)-carvone (D-f)-carvone constant
4 4Terpineol Linalool

Terpineol1 Terpineol constant
4 4D(+)-carvone Linalool

Linalool1 Linalool constant
4 4Terpineol D(+)-carvone

The d a ta  was sta tis tica lly  analysed by  the  m ethod of Crow et al., 1960.

Results and discussion
I t  is k n o w n  th a t  each  a n im a l g e ts  a d a p te d  to  a n  en v iro n m e n t in  w h ich  i t  s ta y s  fo r a  

c e r ta in  p e rio d  of tim e . T h is  seem s tru e  w hen  bees w ere exposed  to  th e  ch em ica l v ap o u rs . 
T h e  so oner th e  bees becom e a c c lim a te d  to  th e  en v iro n m e n t lo a d ed  w ith  th e  ch em ica l v a 
p o u rs , th e  less u se fu l w ill be  th e  co m p o u n d  in  q u e stio n . I t  is a lso  p re su m e d  t h a t  th e  v a 
p o u rs  of one co m p o u n d  m a y  loose i ts  re p e lle n t e ffec t m u c h  ea rlie r  th a n  a  d ou b le  o r m u ltip le  
lo a d  of ch em ica l v a p o u rs  to  w h ich  bees m a y  be ex posed .

T h e  d a ta  show n in  ta b le s  1 a n d  2 p re s e n t th e  re su lts  on  self- a n d  cross co n d itio n in g  e x 
p e rim e n ts . I n  se lf-co n d itio n in g  ex p e rim en ts , a  g ro u p  of 30 bees, fed  on  S W  so lu tio n , k e p t 
on  feed ing  m ore  a n d  m ore  w ith  th e  pa ssag e  of tim e . T he g ro u p  of bees w h ich  w ere t r a n s 

Table 1
E x p e r im e n ts  on c o n d itio n in g  of bees to  th re e  p ro m is in g  c h em ica ls  b y  fe ed in g  su g a r  a n d  s u g a r-c h e m ic a l s o lu t io n  of Rc50 d ilu tio n s

Uptake by feeding (mg)
D(+)-0arvone constant

Duration of exposure
Self-conditioning 

Sugar
Cross-conditioning

D(+)-Carvone
Linalool Terpineol Linalool Terpineol

. S L S T C L C T
30 min 0.830 0.0015 0.0672 0.0039 0.2232 0.0026 0.2160 0.0046l h 0.1206 0.0032 0.1274 0.0046 0.4472 0.0038 0.4406 0.00722 h 0.2205 0.0047 0.2243 0.0048 0.5815 0.0038 0.5621 0.01074 h 0.4432 0.0043 0.4452 0.0055 0.5819 0.0035 0.5619 0.01096 h 0.6516 0.0044 0.5678 0.0052 0.5812 0.0038 0.5616 0.0106
Left hand figures show feeding on sugar solution (control) in self-conditioning experiment or on a single compound in cross-conditioning experiment. S/L indicates prefeeding of bees on sugar and post feeding on linalool. Similarly, C/L indicates prefeeding on D(+)-Carvone and post feeding on linalool and so on.
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Uptake by feeding (mg)
Linalool constant

Duration of exposure
Self-conditioning

Sugar
Cross-conditioning

Linalool
D(+)-Carvone Terpineol D(4-)-Carvone Terpineol
S C S T L C L T

30 min 0.0586 0.0033 0.0559 0.0049 0.1225 0.0045 0.1206 0.00431 h 0.1380 0.0042 0.1246 0.0073 0.2409 0.0077 0.2404 0.00772 h 0.2295 0.0048 0.2322 0.0105 0.4511 0.0121 0.4510 0.01474 h 0.5196 0.0051 0.4370 0.0106 0.4515 0.0124 0.4517 0.01056 h 0.5393 0.0048 0.5242 0.0109 0.4514 0.0124 0.4518 0.0148

Terpineol constant

Duration of exposure

Self-conditioning
Sugar

Cross-conditioning
Terpineol

Linalool D(+)-Carvone Linalool D(+)-Carvone
S L S C T L T C

30 min 0.550 0.0020 0.0517 0.0041 0.0809 0.0019 0.0810 0.0042I h 0.1279 0.0032 0.1264 0.0063 0.1630 0.0031 0.1665 0.00822 h 0.2369 0.0039 0.2464 0.0111 0.4650 0.0065 0.4682 0.01254 h 0.4493 0.0039 0.4311 0.0115 0.4630 0.0067 0.4550 0.01226 h 0.6031 0.0041 0.6033 0.0112 0.4641 0.0066 0.4582 0.0121

fe rred  to  CS so lu tio n  also  b e h a v e d  in  th e  sam e m a n n e r  u p  to  2 h  a f te r  w h ich  th e  feed ing  
w as a lm o s t c o n s ta n t.  B y  co m p ariso n , th e  d ifference  b e tw een  feed ing  fro m  30 m in  to  2 h  
on  CS so lu tio n  w as re la tiv e ly  less, so m u c h  so t h a t  i t  dec lined  b y  4 8 :1  u p  to  2 h  w h en  
lin a lo o l w as fed . T h is  k in d  of b e h a v io u r  w as m e t w ith  feed ing  of CS so lu tio n  irre sp ec tiv e  
of th e  c o m p o u n d  em p lo y ed . T h is  b e h a v io u r  w as t ru e  fo r tw o  c o n c e n tra tio n s  (R c50 a n d  
R c60) of th e  co m p o u n d s  e x p e r im e n te d  w ith . T he o n ly  d ifference  w as t h a t  th e  feed ing  of 
CS so lu tio n  a t  R c60 w as a p p re c ia b ly  low , co m p ared  w ith  R c50. T h is  su gg ests  t h a t  th e  
sen so ry  o rg an s  of th e  bees g e t a d a p te d  to  a  s ing le  lo a d  of v a p o u rs  o f a  co m p o u n d  w ith in  
2 h  of ex p o su re . T h is  in d ic a te s  a lso  t h a t  in c rease  in  c o n c e n tra tio n s  h a s  a  d e fin ite  effec t 
b u t  n o t  b e y o n d  a  c e r ta in  c o n c e n tra tio n .

Table 2E x p e r im e n ts  on c o n d itio n in g  of bees to  th re e  p ro m is in g  ch em ica ls  b y  fe ed in g  su g a r  a n d  sn g a r-c h e m ic a l of B,o60 d i lu tio n s
Uptake by feeding (mg)

D(+)-Carvone constant
Self-conditioning Cross-conditioningDuration of Sugar D(+)-Carvoneexposure

Linalool . Terpineol Linalool Terpineol
S L S . T S L C T

30 min 0.0576 0.0011 0.580 0.0011 0.1244 0.0013 0.1233 0.0011l h 0.1190 0.0018 0.1173 0.0015 0.2313 0.0029 0.2343 0.00452 h 0.2385 0.0033 0.2291 0.0027 0.4421 0.0044 0.4409 0.00524 h 0.4372 0.0036 0.4471 0.0029 0.4420 0.0043 0.4420 0.00536 h 0.6405 0.0035 0.6455 0.0027 0.4413 0.0041 0.4416 0.0053
Left hand figures show feeding on sugar solution (control) in self-conditioning experiment or on a  single compound in crossconditioning experiment. S/L indicates prefeeding of bees on sugar and post-feeding on linalool. C/L indicates prefeeding on D(+)-Carvone and post feeding on linalool and so on.
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Table 2 (contd.)
Uptake by feeding (mg)

Linalool constant

Duration of exposure
Self-conditioning

Sugar
Cross-conditioning

Linalool
D(+)-Carvone Terpineol (D+)-Carvone Terpineol
S L S T L C L T

30 min 0.0536 0.0018 0.0561 0.0014 0.1218 0.0020 0.1233 0.00201 h 0.1120 0.0040 0.1143 0.0020 0.2106 0.0019 0.2423 0.00332 h 0.2270 0.0049 0.2222. 0.0037 0.4592 0.0030 0.4497 0.00444 h 0.4450 0.0050 0.4430 0.0037 0.4582 0.0026 0.4520 0.0042:6 h 0.6425 0.0047 0.6572 0.0039 0.4594 0.0025 0.4512 0.0043

Terpineol constant
Self-conditioning

Sugar
Cross -conditioning 

Terpineol
exposure Linalool ; D(+)-Carvone Linalool D(+)-Carvone

S L S C T L T C
30 min 0.0556 0.0018 0.0578 0.0009 0.1090 0.0013 0.1107 0.00461 h 0.1127 0.0025 0.1072 0.0010 0.2104 0.0023 0.2240 0.00682 h 0.2251 0.0048 0.2264 0.0022 0.4410 0.0047 0.4332 0.01204 h 0.4436 0.0047 0.4457 0.0022 0.4422 0.0045 0.4319 0.01206 h 0.6552 0.0049 0.6533 0.0018 0.4423 0.0046 0.4319 0.0120

Since a  single lo a d  of ch em ica l v a p o u rs  w as in a d e q u a te  to  p ro v id e  re p e llen cy  b ey o n d  
a  2 h  d u ra tio n , i t  w as co n sid ered  d e sirab le  to  ch an ge  th e  co urse  of ex p e r im e n t in  o rd e r to  
o b ta in  rep e llen cy , if  possib le , u p  to  a t  le a s t  4 h . I t  w as p re su m e d  th a t  if  th e  sen so ry  o rgan s  
a re  lo ad ed  w ith  a  dou b le  e ffec t of ch em ica l v a p o u rs  in  d if fe re n t co m b in a tio n s , p ro b a b ly  i t  
m ig h t y ie ld  th e  req u ire d  re su lts . T herefo re , cross co n d itio n in g  ex p e rim en ts  w ith  a ll th e  
th re e  co m p o u n d s w ere ca rried  o u t. I n  th e se  ex p erim en ts , a  sing le  lo ad  of ch em ica l caused  
th e  bees to  feed  less th a n  t h a t  of SW  so lu tio n , b u t  th e  feed in g  w as d e fin ite ly  m ore  w h en  
co m p ared  w ith  do u b le  lo a d  e ffec t o f th e  ch em ica l v a p o u rs  (T ab le  1, 2). T he o b se rv a tio n s  
su g g est t h a t  p re feed in g  w ith  CS so lu tio n  h a d  a  re la tiv e ly  low er e ffec t a n d  co m p ared  n e a r ly  
w ith  e ffects  o b ta in e d  b y  feed ing  s im p le  SW  so lu tio n  in  self co n d itio n in g  ex p e rim en ts . T h is  
w as co m p arab le  u n t i l  1 h  of d u ra t io n  of feed ing , b u t  th e  s i tu a t io n  re m a rk a b ly  ch an g ed  
a f te r  2 h  of feed ing . F ee d in g  S W  so lu tio n  k e p t  o n  in c reas in g  w hile  f irs t  CS feed in g  a t ta in e d  
u n ifo rm ity . A  p ro n o u n ce d  e ffec t w as o b ta in e d  b y  tra n s fe r  o f th e  bees to  a  second  lo ad  of 
ch em ica l v a p o u rs . B u t  su rp ris in g ly , th e  to ta l  effec t o b ta in e d  w as lim ite d  to  a  c e r ta in  level, 
w h ich  w as seem in g ly  com m on, w h e th e r  th e  bees w ere ex po sed  to  a  sing le  ch em ica l effec t 
o r  to  a  dou b le . T h is  lim it  is p ro b a b ly  a n  in d ic a to r  of th e  m a x im u m  h o ld in g  c a p a c ity  of 
sen so ry  cells. B u t  th is  lev e l rem a in ed  u n e ffec ted  in  rec ip ro ca l e x p e rim en ts  an d  also  w h e th e r 
th e  f ir s t  ex p o su re  o f th e  bees w as w ith  alcoho ls  e. g lin a lo o l, te rp in e o l, a n d  th e  second  
ex p o su re  w ith  k e to n e  e. g D( +  )-carvone . A ll th e se  co n d itio n s  d id  n o t  ch ange , if  th e  tw o  
ex p o su re  w ere w ith  a lcoho ls  e. g  lin a lo o l a n d  te rp in eo l. T re a tm e n ts  w ith  a n y  of th e se  
c o m b in a tio n s  o r  w ith  2 v a ria b le  c o n c e n tra tio n s  d id  n o t  s tre tc h  th e  a d a p ta t io n  lim it  o f th e  
bees  to  th e  co m p o u n d s b e y o n d  2 h . O n co m p arin g , th e se  re su lts  w ith  th e  sem i-field  e x 
p e rim e n ts  ca rr ied  o u t  b y  B h a r d w a j  (1974), i t  is o bserv ed  th a t  a d a p tiv e  ex p e rim en ts  
ca rr ied  o u t b y  h im  in  th e  fie ld  in d ic a te  a n  a lm o st s im ila r k in d  of re su lts . T h e  bees g o t 
a d a p te d  to  3 -h ep tan o n e , 2 -h ep tan o n e  a n d  ace to p h en o n e , w ith in  a lm o st 2 h . T h e  o n ly  
ex cep tio n  w as th e  e ssen tia l oils e x tra c te d  fro m  th e  leaves  of Ocimum sanctum  w h ich  r e 
p e lled  bees n e a r ly  fo r  3 h . A cco rd in g  to  C a i n  (1968) a  m u c h  lo n g er d u ra tio n  of c o n s ta n t 
s t im u la tio n  w o u ld  b e  req u ire d  to  show  a  decline in  se n s it iv ity  w h ich  w as c h a ra c te ris tic  of 
o lfac tio n .
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Z u sam m e n fa ssu n g

Es ist anzunehmen, daß sich Arbeiterinnen von Apis florea an einen Lebensraum mit chemischen Dämpfen akklimatisieren. Es wurden Versuche unternommen, um festzustellen, wie lange Linalool, Terpineol und D(+)-carvon hei Konzentrationen von ItcöO und Tic60 wirksam bleiben. Bei Selbstanpassungsversuchen wurden Bienen für Zeiträume von 30 Minuten, 1 Stunde, 2 Stunden, 4 Stunden und 6 Stunden m it 30%iger Zuckerlösung gefüttert und dann für den gleichen Zeitraum in eine Atmosphäre m it einem chemischen Dampf gebracht. Sie wurden dann für den gleichen Zeitraum einem zweiten chemischen Dampf ausgesetzt. In jedem Fall wurden reziproke Versuche vorgenommen. Bei den Selbstanpassungsversuchen erhöhte sich die Nahrungsaufnahme von reiner Zuckerlösung mit der Zeit, aber die von einer Mischung von Zuckerlösung und Chemikalie blieb zwei Stunden lang ungefähr gleich. Bei der Überkreuz-Anpassung erhöhte sich die Nahrungsaufnahme von der vorher verwandten Chemikalie ebenfalls bis zu 2 Stunden und blieb danach gleich. Dasselbe Verhalten war zu beobachten, wenn die Bienen zur nächsten Chemikalie überführt wurden. Daraus wird geschlossen, daß Linalool, Terpineol und D(+)-carvon maximal 2 Stunden eine abweisende Wirkung ausüben.

S um m ary
I t  is likely that Apis florea workers become acclimatized to an environment containing chemical vapours. Experiments were conducted to investigate how long linalool, terpineol and D(+)-earvone remain effective a t Ro50 and i to60 concentrations. In  self-conditioning experiments, bees were fed on 30% sugar solution for 30 min, 1 h, 2 h, 4 h  and 6 h and were then transferred to an atmosphere containing a chemical vapour for the same periods. They were then exposed to a second chemical for the same periods. Reciprocal experiments were performed in each case. In  selfconditioning experiments, feeding on pure sugar solution increased with time but feeding on a mixture of sugar solution and chemical behaved similarly for 2 h. In cross-conditioning, feeding on pre-exposed chemical also increased up to 2 h  and maintained uniformity afterwards. Same behavior was observed when the bees were transferred to the next chemical. I t  is concluded that linalool, terpineol and D(+)-carvone can have a repellent effect to a maximum of 2 h.

Pe3i0M e
ILpejuiojiaraioT, uto p a ü o u aa  nueiia  A pis florea a k k m .waTuanpyctcíi k  cpene c XHMHuecKHMH napaM ii. IIpoBOAHJiH oiiliti.i no  ii3yueimio BpeMeHH o(|)cj)eKTiiBHOCTH .¡im iaaoojia, Tepiiuiieo.Ta ti Jt( +)-KapBOHa npi-i koh- neHTpamiHx R c50 h R c60. B  onbrrax no ajiam -ariun nueji k XHMHKaTaM kopmhjih hx  30% hbim pacTBopoM c ax ap a  

b xeuenne 30 MHHyT, 1 n aca , 2 , 4  n  6 uacoB, a  3aTeM noMeipaJin hx  b cpejiy c XHMHuecKHMH napaMH Ha TaKoií ase nepHop;. IlocJie axoro n u e a ij  Ha TaKoií vite nepiiOA Sbijih nojfBepsKeHH bjihhhhio BToporo XHMmtaTa. B irauc- Kom cuyuae  npoBo^M.nn oñpaTHHe o n u m . B  ontiT ax no aH am aiinH  nne.a aKTHBHOCTB noejiaHHH Ha uhctom pacTBope cax a p a  B03pocJia, b to BpeMH Kan aKTHBHOCTB noe;¡;aHHH Ha cuecu  H3 pacTBopa c a x a p a  h xuMnuecKoro Bein;ecTBa b Teueime 2 uaeoB ocTajiact nouTH Hen3MeHeHHBiM. IIpH nepeKpecTHoíí ananTaijHH a kttjbhoctt, noepiaHHH n a  3apanee !ipiiMe;iemiOM xhmh'tcckom BemecTBC Toase B03pocjia b TeueHne 2 uacoa, a  noTOM ocTaJiact Ha HOCTHrHyTOM ypoBHe. Toase caMoe nadjiiOAa.rTocb Torfla, Korna nuejii.i noRBeprajmcB iiocjicAyiomeMy xhmh- uecKOMy BeipecTBy. H a  ocHOBe a ro ro  cjteJiaioT bliborli , uto acjicjieRTMBiiocTb jn raa jioo jia, TepnHiieojia h  ).((-f )- KapBona, t . e. hx  oTnyrnBaiomee HeficTBHe cocTaBjiaeT He 6ojiee 2 uacoB.
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