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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-  
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viously  immersed  in squid ju ice  and dried, was held wi th  
forceps and  p laced  in t he  wa te r  d i rec t ly  in f ront  of t he  
tes t  animals.  The  an imals  t ook  i t  in the i r  chelae wi th in  
2 rain and placed i t  in the i r  m o u t h s  where  i t  was re ta ined  
and swallowed. Based on this  observat ion ,  t he  feeding 
response was defined as t ak ing  a piece of f i l ter  paper  in to  
t he  m o u t h  and re ta in ing  it  for 5 rain af ter  hav ing  first  
re jec ted  a plain piece of f i l ter  paper.  Animals  t h a t  were 
mol t ing,  those  lacking bo th  chelae, and ovigerous females 
were no t  used. Pachygrapsus crassipes and Cancer magister 
were s ta rved  for 3 days  pr ior  to  test ing,  and Hemigrapsus 
oregonensis and  Pagurus hemphillii, 2 days. 

Since the  line shore crab, Pachygrapsus crassipes, is an 
omnivore  and like most  crabs exhibi ts  a preference for 
decaying  flesh, the  chemica l  substance which s t imula tes  
its feeding response is l ikely to be one of the  componen t s  
of pro te in  c o m m o n l y  found in most  p lants  and animals,  
the  release of which increases wi th  decay. 

In  order  to de tec t  a specific inducer  of the  feeding 
response in decapod crustaceans,  an expe r imen t  was first  
conduc ted  wi th  the  branched-cha in  amino  acids L-leucine, 
L-isoleucine, and L-valine. These were selected for tes t ing  
because of a) the i r  wide d is t r ibu t ion  in nature ,  b) the i r  
re la t ive ly  low molecular  weight  and c) re la t ive ly  high 
solubi l i ty  in aqueous  solutions.  

All 15 Pachygrapsus crassipes tes ted wi th  a sa tu ra ted  
solut ion of L-isoleucine dr ied on fi l ter paper  exhib i ted  
the  feeding response. L-leucine el ici ted no observable  
response. Of the  7 crabs tes ted  wi th  L-valine, 3 placed 
the  f i l ter  papers  in thei r  mou ths ;  however ,  t h e y  r emoved  
t h e m  wi th in  10-22 sec. 

L-isoleucine did not  elicit  the  feeding response when 
the  crabs seemed sat ia ted.  W h e n  frozen squid (400 g) 
was placed in an  a q u a r i u m  con ta in ing  28 Paehygrapsus 
crassipes, the  crabs began to feed immedia te ly .  Since 
squid  remained  in the  t a n k  18 h later,  the  crabs were 
assumed to be sa t ia ted.  W h e n  these  crabs were tes ted 
in isolat ion e i ther  wi th  L-isoleucine or  wi th  squid juice, 
none of the  crabs exh ib i t ed  the  feeding response. 

Compara t ive  s tudies es tabl ished t h a t  L-isoleucine in- 
duced the  feeding response in the  fol lowing species of 
c rus taceans :  Cancer magister (5 individuals) ,  Pugettia pro- 
ducta (5 individuals) ,  and Pagurus hemphillii (22 indiv i -  
duals). W h e n  L-isoleucine was d ropped  f rom a disposable 
glass p ipe t t e  on to  the  m o u t h p a r t s  of a Crago nigromacu- 
tata (a pa r t i cu la te  feeder), the  shr imp was observed  to  
grasp the  p ipe t t e  wi th  t he  chelae  and pul l  i t  to  its mou th -  
parts ,  where  t he  t ips  of the  3rd maxi l l ipeds  were inser ted 
into  the  p ipe t te .  A p ipe t t e  filled wi th  seawater  did no t  
produce  the  response. All 3 car idean shr imps  tes ted 
displayed the  response described. 

The  min ima l  concen t ra t ion  of L-isoleucine requi red  to  
produce  the  feeding response was de te rmined  wi th  Pagu- 
rus hemphillii and Hemigrapsus oregonensis. Ind iv idua l  
an imals  were p laced  in a beaker  conta in ing  100 ml  of 
seawater .  The  beaker  was set on a magne t i c  st irrer.  The  
an imals  were separa ted  f rom the  s t i r r ing bar  by  nylon 
mesh. Af ter  5 min  10 tzl of 10 -3M L-isoleucine were 
d ropped  f rom a microsyr inge into the  beaker.  Af te r  I rain 
the  an imal  was offered a piece of clean f i l ter  paper  
(1 m m  ~) held by  forceps as bait .  This  procedure  was 
repeated  unt i l  the  an imal  placed the  f i l ter  paper  in its 
mouth .  The  effect ive concent ra t ions  var ied  be tween  
1 . 2 × 1 0 - 6 M  and 1 . 6 × 1 0 - ~ M  for Pagurus hemphillii 
(6 specimens),  and be tween  1.2 × 10 -e and 2.3 × 1 0 - e M  
for Hemigrapsus oregonensis (7 specimens).  

W h e n  a solut ion conta in ing  t - isoleucine  and D-allo- 
isoleucine was tes ted  on 15 crabs, the  feeding response 
was of the  same in tens i ty  as the  response to L-isoleucine 

alone. No compe t i t i on  seemed to  occur  be tween  the  2 
dias tereomers .  

I n  order  to  tes t  the  poss ibi l i ty  t h a t  o the r  c o m m o n l y  
occurr ing amino  acids would  el ici t  the  feeding response,  
a piece of f i l ter  paper  soaked in a sa tu ra ted  solut ion of  
each of the  fol lowing amino  acids was tes ted  on 15 Pachy- 
grapsus crassipes: L-alanine, L-arginine hydrochlor ide ,  
L-aspartic acid, L-cystine, L-glutamic acid, glycine,  
L-histidine hydrochlor ide ,  L-leucine, L-lysine hydrochlo-  
ride, L-methionine,  L-phenylalanine,  L-proline, L-serine, 
L-threonine,  L- t ryp tophan ,  L-tyrosine, L-valine, , t-amino- 
i sobutyr ic  acid, L-=-aminobutyr ic  acid, L-norvaline,  
D-valine, and D-allo-isoleucine. The  feeding response was 
not  observed in any  of the  15 crabs. 

The  22 amino  acids previous ly  l isted were combined  
into one solution. Pieces of f i l ter  paper  soaked in t he  
solut ion and dr ied were tes ted  on 15 Pachygrapsus cras- 
sipes, 5 Cancer magister, 15 Hemigrapsus oregonensis and 
5 Pugettia producta. None  of the  animals  tes ted  showed 
the  feeding response. 

L-isoleucine was added to the  solut ion conta in ing  the  
22 o ther  amino  acids. Pieces of f i l ter  paper  soaked in t he  
solut ion and dr ied were presented  to 15 Pachygrapsus 
crassipes. All 15 animals  showed the  feeding response. 

HODGSON 1 in e lect rophysiological  studies found t h a t  
chemoreceptors  on the  media l  b ranch  of the  an tennule  
and the  claws of the  crayf ish  Cambarus bartonii scion- 
tensis were insensi t ive to sodium chloride, sucrose, D-levu- 
lose, citr ic acid, oil of ci tronella,  and oil of wintergreen.  
However ,  he recorded spike potent ia l s  f rom Cambarus 
when s t imula t ing  the  chemorecep tor  cells w i th  glycine 
(2.5 × 10-1M) and DL-glutamic acid (2.5 × 10-1M). LA- 
VERACK 2 using e lect rophysiological  me thods  repor ted  
t h a t  L-glutamic acid (saturated solution) and L-glutamine 
(1 × 10-1M) produced only  occasional  responses when  
appl ied to  the  first  walking legs of the  crus taceans  Car- 
cinus maenas, Portunus puber, and Homarus vulgaris 
while L-aspartic acid, t r yp t amine ,  g lu ta th ione ,  urea, 
L-tyrosine, ? - aminobu ty r i c  acid, glycogen, glycine, L-cyst- 
eine, L-methionine,  L-serine, L-leucine, and h i s tamine  
had  no effect.  LAVERACK repor ted  t h a t  bo th  buffered 
and unbuffered solut ions of be ta ine  hydrochlor ide  and 
t r ime thy l amine  oxide  hydrochlor ide  in concent ra t ions  of  
1 × 10-~M to 1 × 10-1M consis tent ly  p roduced  ac t ion  
potent ia ls .  The  behaviora l  response of crus taceans  to  
be ta ine  and t r i m e t h l y l a m i n e  oxide  has no t  ye t  been 
tes ted.  

O the r  wa te r  soluble compounds ,  such as polypept ides ,  
m igh t  induce  the  feeding response, b u t  among  the  com- 
mon ly  occurr ing  amino  acids L-isoleucine appears  to  be 
t he  only  one t h a t  is an  effect ive  inducer  of t he  behav iora l  
response 3. 

Zusammenfassung. Es  wird  gezeigt,  dass L-Isoleucin 
eine s tarke  Fress reak t ion  bei 6 Ar ten  dekapoder  Krebse  
hervorruf t .  Die  wi rksame Konzen t r a t ion  dieser  Subs tanz  
war  un te r  2,3 × 10-6M/1. 
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