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Behaviour  of the Khapra Beetle Trogoderma granarium T o w a r d s  the A s s e m b l i n g  Scent  Released by  
the Female  

Olfac tory  responses  of Trogoderma granarium E v e r t s  
(Dermestidae) were f i rs t  obse rved  b y  VOXLI<XL 1 in 1924. 
More r ecen t ly  BAR ILAN et  al. 2 recorded  t h a t  v i rg in  fe- 
males  of th i s  species release a scent  capab le  of a t t r a c t i n g  
K h a p r a  beet les  of b o t h  sexes. Therefore  we h a v e  classified 
i t  as a n  a s sembl ing  scent,  t h o u g h  i ts  a t t r a c t i v i t y  for un-  
m a t e d  males  is def in i te ly  h igher  t h a n  for v i rg in  females  a, 4. 
The  compos i t i on  of t he  scents  of T. granarium 5 and  of the  
closely r e l a t ed  T. inclusum 6 has  been  r epo r t ed  in par t .  
The  scen t  was shown  to h a v e  a n u m b e r  of func t ions  re- 
su i t ing  in aggrega t ion  of T. granarium on rough  surfaces.  
The  l a t t e r  w i l l  e v e n t u a l l y  e leva te  t he  c o n c e n t r a t i o n  of 
a s sembl ing  scent  a n d  the re fore  increase  the  inf lux  of 
K h a p r a  beet les  to  t h e  assembly .  

W e  h a v e  i nves t i ga t ed  t he  o r i e n t a t i o n  of ind iv idua l ,  
male  and  female  K h a p r a  beet les  in  more  a n d  less s teep 
g rad ien t s  of a s sembl ing  scent  vola t i l ized  f rom l iv ing 
females  a t  c o n s t a n t  t e m p e r a t u r e  (30 ~ Our  s tud ies  re- 
vea led  t he  fol lowing resul ts :  

1. I n  n e u t r a l  air, bee t les  of e i the r  sex walk,  c h a n g i n g  
course f rom t i m e  to t ime,  w i t h o u t  a t t e m p t i n g  to su rvey  
the  area  in a n y  s y s t e m a t i c  m anne r .  A n t e n n a l  sense o rgans  
in fo rm the  beet les  sooner  or l a t e r -  accord ing  to s teepness  
of g r ad i en t  - on  as sembl ing  scen t  d r i f t ing  in to  t h e  n e u t r a l  
air. The  insec ts  will t h e n  o r i en t  aga ins t  t he  d i rec t ion  of 
t he  scen ted  a i r  cu r r en t  a n d  proceed  b y  a more  or less 
cu rved  p a t h  t owards  t he  scen t  source. Thus  t h e y  a p p e a r  
to  a d a p t  to  g r a d u a l l y  increas ing  concen t r a t i ons  of t he  
scent .  

2. W h e n  a p p r o a c h i n g  t h e  or igin of t he  scent,  u n m a t e d  
males  o f ten  change  t he  pos i t ion  of t h e i r  a n t e n n a e  a n d  
walk  in a zigzag pa t t e rn �9  The i r  ' s ea rch '  becomes  t h e n  
progress ive ly  res t r i c ted  to a smal le r  a n d  smal le r  a rea  
(Figure 1). A t  m a x i m a l  scen t  concen t r a t ion ,  ma le  beet les  
move  r a t h e r  r ap id ly  (Figure 2), r ise t h e i r  b o d y  f r e q u e n t l y  
a n d  v i b r a t e  the  a n t e n n a e .  F ina l ly  t h e y  t o u c h  several  
t imes  t he  female  bee t le  w i t h  a n t e n n a e  a n d  palpi ,  e x t e n d  
t he  aedeagus  a n d  s t a r t  to  copulate .  I t  is n o t e w o r t h y  
t h a t  s ight  does no t  p l ay  a n y  apprec iab le  role in loca t ing  
t he  female.  

Male beet les  are mere ly  r e t a ined  in air  c o n t a i n i n g  
as sembl ing  scent,  t he  t i m e  of t he i r  r e t e n t i o n  be ing  depen-  
d e n t  on  t he  a t t r a c t a n t  c o n c e n t r a t i o n  (Figure 3). In  t he  
scen ted  air, t h e y  a t t e m p t  copu la t ion  even  w i t h  dead  fe- 
males  f rom wh ich  t h e  scen t  ha s  been  r e m o v e d  b y  prev ious  
e x t r a c t i o n  w i t h  e ther .  Af te r  a p p r o x i m a t e l y  20 ma t ings ,  
male  beet les  cease to  r eac t  to  t he  female  scent ,  whereas  
u n m a t e d  males  r e m a i n  respons ive  to  i t  t h r o u g h o u t  life. 

3. Fema le  K h a p r a  beet les  are in  genera l  more  sessile 
a n d  less sens i t ive  to  t he  a s sembl ing  scen t  t h a n  tomes. 
Accordingly ,  t he i r  response  to  t he  a t t r a c t a n t  is slower and  
t h e  r e t e n t i o n  t i m e  is br iefer  t h a n  t h a t  of males.  Y e t  upon  
a p p r o a c h i n g  t he  scen t  source, v i rg in  females  d i sp lay  
m o d e r a t e  a n t e n n a l  v ib ra t ion ,  while  a t  m a x i m a l  scent  con- 
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c e n t r a t i o n  t h e y  c o n t r a c t  a n d  re lax  t he i r  a b d o m e n  f rom 
t i m e  to  t i m e  a n d  come to t e m p o r a r y  s tandst i l l �9  I n  pre-  
sence of a female  beet le  (or t he  cut ic le  of i ts  l as t  l a rva l  
instar) ,  t h e  above  s tops  become  ex t ended  to p ro longed  
immob i l i z a t i on  resu l t ing  f rom s u p p o r t i n g  tac t i le  re- 
sponses. I t  is r a t h e r  i n t e re s t ing  t h a t  t he  i n t e r ac t i on  be- 
tween  tac t i l e  a n d  o l fac tory  s t imul i  is synerg is t ic  in 
e n h a n c i n g  t he  r e t e n t i o n  of female  K h a p r a  beet les  (Table).  
Af te r  m a t i n g  of female  beetles,  t he i r  o l fac tory  responses  
decl ine cons iderably .  

4. The  scen t  e m i t t e d  b y  a single female  is loca ted  
usua l ly  w i t h i n  3.0 m i n  b y  males  and  7.0 min  b y  females.  
The  ave rage  r e t e n t i o n  t imes  are 2.5 min  for males  a n d  
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Fig. 1. Mode of a t t r a c t i o n  of ma le  K h a p r a  beet les  to the  scen t  
emi t t ed  b y  v i rg in  females.  The  scent  is ca r r i ed  t h r o u g h  a c h i m n e y  
to the  cen t re  of a c i r cu la r  p a p e r  a r e n a  (radius,  30 mm).  The  d i rec t ion  
of beetles a p p r o a c h i n g  the  f o r m e r  appea r s  to  be  con t ro l led  b y  scent  
mic rocur ren t s .  The  t r a c k s  shown  cover  per iods  of 9 - 3 6  see. 
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Fig. 2. Velocities of a t t r a c t i o n  of u n m a t e d  ma le  a n d  female  Trogo- 
derma granarium to g r a d e d  levels of a s sembl ing  scent .  E a c h  b a r  in 
F igures  2 a n d  3 represen t s  20 i nd iv idua l  insects .  
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0.3 min for females.  I t  can be seen f rom Figures  2 and 3 
t h a t  bo th  veloci ty  of a t t r ac t i on  and  dura t ion  of r e t en t ion  
of males  as well as females depend  in fact  on the  numb er  ol  
females  releasing assembl ing  scent.  A fi l ter  of 25 m m  3 
act ive  charcoal  p laced be tween  the  scent  source and the  
p a t h  of insects  will readi ly  abolish the i r  a t t rac t ion .  E t h e r  
ex t r ac t ion  of virgin females  yields a re la t ively  effect ive 
scent  solution,  of which  an a l iquot  of 2.5 • 10 -3 female 
equiva len t  still a t t r a c t s  60% of exposed males.  

5. In t e res t ing ly  enough,  male  Trogoderma granarium 
were found to be a t t r ac t ed  also by  the  scent  of female T. 
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Fig. 3. Retention time of unmated male and female Trogoderma 
granarium in air containing graded concentrations of assembling 
scent. 

Synergistic interaction between olfaction and thigmotaxis upon 
female Trogoderma granarium 

inclusum or T. glabrum, but  not  by  those  of Anthrenus 
vorax, A ttagenus megatoma or Dermestes maculatus belong- 
ing to the  same fami ly  4. Moreover,  male  T. grassmani, 
T. simplex, T. glabrum, T. sternale and T. parabile re- 
spond as well to the  scent  of female T. inclusum 6. Hence  
the  act ion of Trogoderma scents  appears  to  be genus- 
specific, and the  isolat ion of the  above  species m u s t  de- 
pend  on mechan i sms  o ther  t h a n  olfaction.  I t  should be 
recalled t h a t  c rossmat ings  among  the  species of Trogo- 
derma do no t  p roduce  viable offspr ing 7. I t  is n o t e w o r t h y  
t h a t  we were unable  to d e m o n s t r a t e  t he  release of any  
intraspeeif ic  a t t r a e t a n t  by  male  T. granarium. 

I t  m a y  be concluded t h a t  the  assembl ing  scent  of the  
female K h a p r a  beet le  guides the  popula t ion  to  the  site of 
reproduc t ion  and  serves as an efficient  suppor t  for sur- 
vival  of t he  species. The scent  acts  bo th  as he tero-  and 
homosexua l  a t t r a e t a n t  as well as a r res tan t ,  to which  male  
and female beet les  respond wi th  di f ferent ia l  sensi t ivi ty .  
Moreover,  its sex a t t r a c t a n t  func t ion  for u n m a t e d  
males 8, s, 9 is accompanied  by  a marked  aphrodis iac  effect  
on the  la t t e r  and the  assembl ing  of females  due to scent  
act ion is s t rongly  synergized by  con tac t  s t imula t ion  ~0 

Zusammen/assung. Es wird nachgewiesen,  dass der  
Duf t  vi rginer  K~tfer der G a t t u n g  Trogoderma granarium 
als hereto-  und homosexuel les  A t t r ak t ans ,  als Arres tans  
sowie bei  den M~innchen als Aphrod i s i acum wirkt .  Die 
Weibchen  werden  weniger  s ta rk  angelockt  und i iberdies 
wirken takt i le  St imuli  synergis t isch zum olfaktor ischen 
St imulus.  Lockstoffe  verschiedener  Trogoderma-Arten 
werden  nur  yon  weibl ichen und  n ich t  yon mgnnl iehen  
Kgfern  abgegeben und  sind h6chs twahrsche in l ich  gat-  
tungsspezif isch.  

H. Z. LEVINSON and A. R. BAR ILAN 

Type of Synonym Attracted Average retention 
stimulation females time 

(%) ~ (min/insect) a 

Laboratory o/ Insect Physiology, 
Department o/Organic Chemistry, 
University o/Jerusalem (Israel), 28 January 7970. 

Ollactory, assemb- o 60 0.3 
ling scent of 1 
virgin female 
Tactile, 1 dummy t 20 0.2 
offered b 
Combined stimuli o + t  75 3.4 

a 60 Virgin females, 2 days after emergence, were tested indivi- 
dually in a circular and uniform arena at 30~ 
b A single cork dummy mimicing the female shape was placed in 
the centre of the arena. 
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Red Blood Cell Electrolytes in Essential Hypertension 

Many  inves t iga t ions  of t he  sodium ion me tabo l i sm 
have  a t t e m p t e d  to  e lucidate  the  role of th is  ca t ion in 
the  contro l  of blood pressure  and  in t he  pa thogenes i s  of 
ar ter ia l  hyper tens ion .  As the  ionic compos i t ion  of the  
extracel lu lar  fluid in hype r t ens ion  is normal ,  s tudies  have  
also included the  intracel lular  c o m p a r t m e n t .  Increased  
concen t ra t ions  of sodium have  been  found  in various 
tissues, b o t h  in h u m a n  1 and  in expe r imen ta l  hyper -  
tension2. I t  has  also been  suggested t h a t  a h igh sodium 
con t en t  of vascular  smoo th  muscles  is responsible  for t he  
increased tone  of t he  ar ter ies  by  render ing  t h e m  more  
sensi t ive to vasoac t ive  pressor-amines~.  

Al though  the  red blood cells r epresen t  only  a small  
f rac t ion of the  intracel lular  space, endowed wi th  a r a the r  
specialized funct ion,  t h e y  are easily avai lable and  there-  
fore the i r  composi t ion  has  been s tudied  in a grea t  va r i e ty  
of diseases. The electrolyte  co n t en t  of t he  red blood cells 
in hyper t ens ion  has no t  been  examined  extensively .  
Recent ly ,  LossE et  al. 4 repor ted  high sodium and  potas-  
s ium concen t ra t ions  in the  e ry th rocy te s  in hype r t ens ive  
pat ients ,  and also in normotens ive  subjec ts  wi th  a family  
h i s to ry  of hype r t ens ion  5. Fur the rmore ,  t h e y  have  found 
the  inf lux of Na ~4 in to  t he  e ry th rocy te s  to  be increased 
in these  groups 6. They  regard th is  as evidence of an 


