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A s s e m b l i n g  a n d  A l e r t i n g  S c e n t s  P r o d u c e d  b y  the  B e d b u g  Cimex lectularius L .  

MARX 1 r e p o r t e d  in 1955 t h a t  t h e  g regar ious  h a b i t  of  
C. lectularius is p r o m o t e d  b y  t h e  p resence  of a specif ic  
n e s t  odour ,  w h i c h  could  b e  p r o v i d e d  also b y  c r u s h e d  
bedbugs .  H o w e v e r  r e spec t ive  resu l t s  o b t a i n e d  by  o t h e r  
inves t iga to r s* -4  seemed  to  c o n t r a d i c t  t he  a b o v e  f indings .  
SCHILDKNECHT s found  r e c e n t l y  t h a t  t he  scen t  g l and  
sec re t ion  of b e d b u g s  cons is t s  a p p r o x i m a t e l y  of 70% 
h e x - 2 - e n - l - a l  a n d  30% oc t -2 -en - l - a l  b u t  t h e  f u n c t i o n  
of t h e  secre t ion  is as y e t  unclear .  W e  h a v e  a t t e m p t e d  to  
c la r i fy  t h i s  s o m e w h a t  confus ing  s i t u a t i o n  b y  a s t u d y  of 
t h e  o l f ac to ry  b e h a v i o n r  of b e d b u g s  t o w a r d s  t h e i r  b o d y  
scen t  as  wel l  as  t h e  a b o v e  a ldehydes .  

F i l t e r  p a p e r  discs  ( th ickness  0.38 m m ,  d i am.  25 ram)  
were  s cen ted  b y  i m p r e g n a t i o n  w i t h  d i f f e ren t  levels  of 
h e x - 2 - e n - l - a l  [b.p.,o = 51-53°C,  "n~ = 1.4438; 2,4-  
D N P H :  m p =  144 °, ~EtoH = 374 nm] ,  oc t -2 - en - l - a l  

" - m a x  

[b.p.z4 = 76-78°C,  n ~  ~--- 1.4500; 2 , 4 - D N P H :  m p  = 126 °, 
~Eto~l = 372 nm]  s or b y  t h e  b o d y  o d o u r  of ma le  a n d  

m a x  

female  C. lectularius. T h e  l a t t e r  was  ach i eved  b y  keep ing  
g raded  n u m b e r s  of b e d b u g s  in close c o n t a c t  w i t h  s ingle  
p a p e r  discs for  48 h in g lass - s toppered  v ia l s  or  b y  ad-  
so rb ing  m e t h a n o l  e x t r a c t s  of t h e  a b o v e  m e n t i o n e d  discs 
on  t e s t  discs. A t o t a l  of 1 s cen ted  a n d  7 u n t r e a t e d  p a p e r  
discs  were  p l aced  a t  a d i s t a n c e  of 27 ° f rom disc to  disc 
n e a r  t h e  c i r cumfe rence  of  a f i l te r  p a p e r  a r e n a  (d iam.  
200 ram)  s t i cked  o n t o  t h e  f loor  of a glass d i sh  (F igure  1). 
Series  of 10 a d u l t s  of e i t h e r  sex  (fed 2 d a y s  ago o n  mice  
blood)  were  exposed  pe r  choice  a r e n a  m a i n t a i n e d  a t  
27 ± 1 °C, 55 ± 5 %  re la t ive  h u m i d i t y  a n d  s e m i d a r k n e s s  
( > 0.1 lumen / sq ,  ft.). T he  n u m b e r  of b e d b u g s  agg rega t ing  
u n d e r  each  of t he  8 p a p e r  discs was t h e n  c o m p a r e d  a t  
successive h o u r s  ( coun ted  a t  r ed  l ight) .  T he  r a n d o m  
d i s t r i b u t i o n  of b e d b u g s  a m o n g  8 u n s c e n t e d  p a p e r  discs 
a t  t h e  a b o v e  cond i t i ons  se rved  as  bas ic  cont ro l .  

P a p e r  discs  scen ted  w i t h  e i t h e r  h e x - 2 - e n - l - a l  or  oct-  
2 -en- l -a t  or w i t h  a m i x t u r e  of b o t h  a l d e h y d e s  in  va r i ous  
a m o u n t s  a n d  p r o p o r t i o n s  d i d  n o t  p r o d u c e  a n y  agg r ega t i on  
of m a l e  or  f emale  bedbugs ,  sugges t ing  t h a t  t h e  m a i n  
c o n s t i t u e n t s  of  t h e  s cen t  g l a n d  sec re t ion  h a v e  no  in t r a -  
specif ic  a t t r a c t a n t  func t ion .  T h e y  a p p e a r  to  h a v e  a 
p r o t e c t i v e  r61e, s ince l ike o t h e r  Hemiptera 7,s, C. lectu- 
larius re lease  t h e m  w h e n  i r r i t a t e d  (e.g. b y  ab ra s ive  
powder) ,  a n d  b e c o m e  exc i ted  as well  as repel led  b y  t h e m .  
A p p l i c a t i o n  of b o t h  a l d e h y d e s  in p r o p o r t i o n  of t h e i r  
occur rence  in t h e  g l a n d u l a r  sec re t ion  s (approx.  47 ~g/  
pe r  m l  of air)  caused  agg rega t ed  b e d b u g s  to  d i sperse  
r ap id ly .  T h e i r  r esponses  to  t h i s  scen t  r e semble  t h e  be-  
h a v i o u r  i n d u c e d  b y  a l e r t i n g  p h e r o m o n e s ,  as  de f ined  b y  
BUTLER 9. 

O n  t h e  o t h e r  h a n d ,  b e d b u g s  of  b o t h  sexes  a s sembled  
a t  s imi l a r  or  equa l  r a t e s  u n d e r  p a p e r s  w h i c h  h a d  b e e n  
scen ted  b y  t he  o d o u r  of 25 female  or ma le  bedbugs .  
U n d e r  e x p e r i m e n t a l  condi t ions ,  t h e  n u m b e r  of aggre-  
ga t ing  insec ts  inc reased  g r adua l l y  w i t h i n  4 h a f t e r  ex- 
pos ing  t h e m  to  t h e  choice  a rena ,  a n d  r e m a i n e d  t h e n  
r e l a t ive ly  c o n s t a n t  d u r i n g  t h e  fo l lowing 16 h (Figure  2). 
As t ac t i l e  r esponses  are  k n o w n  to  be  d o m i n a n t  r eac t ions  
in  t h e  b e h a v i o u r  of C. lectularius ~°, t h e  a b o v e  aggrega-  
t i ons  - once  e s t ab l i shed  - a re  m o s t  l ike ly  to  be  p r e s e r v e d  
b y  t h i g m o t a x i s  (Figure  3). I t  is n o t e w o r t h y  t h a t  m a t e d  
as  wel l  as  u n m a t e d  b e d b u g s  a re  a t t r a c t e d  to  t h e  a s s e m b l i n g  
s cen t  a n d  t h a t  on  a p p r o a c h i n g  t h e  l a t t e r ,  t h e  insec t s  e rec t  
t h e i r  p r ev ious ly  l i m p  a n t e n n a e .  H o w e v e r  a f t e r  r e m o v a l  
of b o t h  a n t e n n a e ,  ma le  a n d  female  b e d b u g s  fai led to  
r e spond  to  t h e  a b o v e  odour .  

N u m b e r  a n d  sex of b e d b u g s  agg r ega t i ng  seem to  d e p e n d  
on  t h e  source a n d  c o n c e n t r a t i o n  of b e d b u g  scen t  (Table  I). 
Fema le s  were  c o n s i s t e n t l y  more  r e spons ive  t h a n  ma les  

t o w a r d s  t h e  s cen t  of  e i t h e r  males ,  f ema le s  or  b o t h  
sexes  (1:1) ,  whi le  m i x e d  ma le  a n d  female  b e d b u g s  (1:1)  
r e s p o n d e d  to  t h e  a b o v e  scen t s  in  a s l igh t ly  d i f f e r en t  
m a n n e r  t h a n  e i t h e r  sex alone.  T h e  scen t s  of al l  3 sources  
d i sp l ayed  cons ide r ab ly  more  a t t r a c t a n c y  a t  25 t h a n  a t  
12 b e d b u g  equ iva l en t s ,  whe reas  ma le  or  female  scen t s  

• " I ]-7 unscenled Scale 
ezffer paper dtsc~No 8 scented 0 ~ 40 50mm 

t 

Fig. 1. Choice arena used for testing aggregation of bedbugs (sche- 
matic view from above). 
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Fig. 2. Velocity of bedbug attraction to the scent of 25 female or 
male C. lectularius. Female and male bedbugs accumulated under 
the scented papers in almost equal proportion. 
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Fig. 3. Aggregation of bedbugs (females) on filter paper scented by 
the odour of female or male bedbugs. The paper disc was inverted 
for photographing (approximately 2 × natural size). 

Table I. Attraction of male and female bedbugs to the scents of 
male and female C. lectularius 

Scent source Aggregation of 

Males Females Males Females Both 
(%), (%) i sexes 

1:1 (%), 

12 - 30 68 
25 - 68 92 

100 - 73 93 
- 12 12 57 
- 25 68 86 
- i00 86 84 

6 + 6 15 50 
12 + 12 25 75 
25 + 25 60 80 
50 + 50 

33 
63 

33 
70 

48 b 
56 b 
82 ~, 

100 b 

60 adults of either sex or mixed sexes were tested per scent level; 
their aggregation under the scented papers was recorded 4 h after 
start of experiments, b Females and males were attracted in equal 
proportion. 

Table II. Attraction of C. lectularius to graded levels of mixed 
female and male scents 

Bedbug equivalents ~ 0.1 1 2.5 5 10 20 50 
Females assembled 
under scented paper (%) 0 14 28 42 58 62 90 

* Methanol extract of female and male scent 1 : 1. 

were s imi lar ly  a t t r a c t i v e  a t  100 and  25 b ed b u g  equiva len ts .  
I t  is i n t e r e s t i ng  t h a t  f i f th  ins t a r  n y m p h s  respond  only  
s l ight ly  t o  t hose  scents ,  desp i t e  t he  fac t  t h a t  in na tu ra l  
ha rbo rages  t h e  fo rmer  are  usual ly  found  in c lus ters  w i t h  
adul ts .  The  l a t t e r  m a y  be ma i n l y  due  to  tac t i le  reac t ions  
a m o n g  b ed b u g s  of d i f f e ren t  ages. 

Methano l  e x t r a c t i o n  of  paper s  i m p r e g n a t e d  by  the  
odour  of male  and  female  C. lectularius (1: 1) yields a 
re la t ively  effect ive  scen t  solut ion,  of which  an a l iquot  
of 1 b ed b u g  equ iva l en t  a t t r a c t s  14% of t he  exposed  
females  (Table II) .  H o w e v e r  t he  above  scen t  m i x t u r e  
was  found to  be insoluble  in d i e thy le the r .  The scent  can 
be eff ic ient ly vola t i l ized  f rom l iving b ed b u g s  a t  32°C 
and  a tmosphe r i c  pressure ,  and  can  t h e n  be ad s o rb ed  on  
f i l ter  pape r  suspended  in t h e  a i r  a b o v e  the  insects .  

Since the  b ed b u g  scen t  causes  he te ro -as  well as  homo-  
sexual  a t t rac t ion ,  we h a v e  classif ied i t  a m o n g  the  
assembl ing  scents  n .  I t  should  be recalled however ,  t h a t  
scen ts  to  which th is  t e r m  has  been  applied,  m a y  di f fer  
widely  in the i r  modes  of ac t ion  8,12. We  a s sume  t h a t  t he  
above  men t ioned  odour  induces  b ed b u g s  of b o t h  sexes 
to  move  in to  harborages  which  p rov ide  the  tac t i le  s t imul i  
necessary  to ma in t a in  the  aggrega t ion  of these  insects .  
The  mu t u a l l y  opposed effects  of a s sembl ing  and  a ler t ing  
scen ts  m a y  be of ecological s ignif icance la. 

Zusammen/assung. Es wird  gezeigt ,  dass  die Aggrega-  
t ion  der  B e t t w a n z e n  (Cimex lectularius) durch  e inen  yon  
be iden  Gesch lech te rn  abgegebenen  V e r s a m m l u n g s d u f t  
e ingele i te t  wird. Le tz t e re r  ist in Methyla lkohol ,  aber  
n ich t  in Dig thy l~ the r  16slich, v e r d a m p f t  bei  32°C und  
lockt  u n b e g a t t e t e  sowie bega t t e t e  W a n z e n  be ider  Ge- 
sch lech te r  an. Die Lockreak t ion  ist  yon  der  D u f t m e n g e  
abhgng ig  a n d  b le ib t  bei  an t ennen losen  W a n z e n  aus. Die 
S t inkdf i i sen  gereizter,  respekt ive  ve r l e t z t e r  B e t t w a n z e n  
sonde rn  H ex -2 -en - l - a l  und  Oct -2-en- I -a l  als A la rmduf t  
ab,  der  die  Ze r s t r euung  der  W a n z e n g r u p p e n  hervorruf t .  
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L - I s o l e u c i n e :  A n  I n d u c e r  o f  t h e  F e e d i n g  R e s p o n s e  i n  D e c a p o d  C r u s t a c e a n s  

Pachygrapsus crassipes, t h e  l ined shore  crab,  exh ib i t s  
t he  fol lowing feeding  behav io r  when  dead  squid  is 
p re sen ted :  t he  an imals  scrape  t h e  b o t t o m  of t he  t a n k  
w i t h  the i r  claws and  l if t  the i r  claws to  the i r  mouths .  
This  behav io r  is fol lowed by  searching  m o v e m e n t s  dur ing  
wh ich  the  crabs  wa lk  a round  the  t a n k  unt i l  t h e y  con t ac t  
t he  squid.  The  crabs  t a k e  the  squid  in the i r  claws, t ea r  

i t  in to  smal l  pieces, a n d  place i t  in the i r  mo u t h s .  E x p e r i -  
m e n t s  were  pe r fo rmed  to  d e t e r m i n e  w h a t  elici ts  th i s  
response.  

The  n a t u r e  of t he  feeding response  was  d e t e r m i n e d  in 
a p re l imina ry  s t u d y  using f i l tered squid  juice (homo- 
gena te  of 10 g of f rozen squid  in 30 ml  of seawater) .  A 
piece of W h a t m a n  No. 1 fi l ter  p a p e r  (1-3 mm~), pre-  


