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unanes the t ized  monkeys  fol lowing micro- in jec t ion  of 
Shigella dysenteriae or Salmonella lyphosa into specific 
sites wi th in  the  hypo tha l amus  and o the r  bra in-s tem 
structures .  Shigella given  in the  dorsomedia l  hypo tha la -  
nms  (DMH) caused a prolonged fever  af ter  a la tency  of 
a l i t t le  over  an hour .  However ,  when  Salmonella was 
micro- in jec ted  di rec t ly  in to  the  anter ior  hypo tha l amus  
(AH), the  la tency  of the  febrile response was somewhat  
shm-ter and the  ra te  of the  rise in t empe ra tu r e  appeared  
to be more rapid. Shigella dysenteriae given in the  pre- 
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Changes in colonic temperature of 3 unanesthetized rhesus umnkeys 
in response to injections at zero hour of 1.2 [xl of bacterial pyrogen 
in a 1:2 dilution. Top: S. dysenteriae was injected into the dorso- 
medial nucleus of the hypothalamus (DMH) and the fields of Forel 
(FF). MiddIe: S. typhosa micro-injected in the anterior hypothalamus 
(AH) and mesencephalic reticular formation (MRF). Bottom: 
S. dysenterlae micro-injected into the pre-optic area (POA) and 
dorsomedial nucleus of the thalamus (DMT). 

optic  area  (POA) produced a fever of s imilar  la tency 
and slope. 

I f  these endotox ins  were micro- in jec ted  in ana tomica l  
sites o the r  t h a n  the  rostral  por t ion  of the  hypo tha lamus ,  
there  were no s ignif icant  changes in the  t e m p e r a t u r e  of 
the monkeys.  These insensi t ive regions include the  fields 
of Forel  (FF),  the  mesencephal ic  re t icular  fo rmat ion  
(MRF) and the  dorsomedia l  tha lamus  (DMT). Moreover,  
t achyphy lax i s  to repea ted  micro- inject ions  of any  of the  
endotoxins  was no t  observed.  Escheriehia coli was micro- 
injected 16 t imes  into the  anter ior  hypo tha l amus  of 1 
monkey  at  in terva ls  of 48-96 h over  a per iod of 34 days.  
The  features of the  pyrex ic  response on the  last day  
were v i r tua l ly  ident ical  to those of the  first. 

These results show t h a t  cells wi th in  the  rostral  hy-  
po tha lamus  of the  m o n k e y  are  sensi t ive to  a t  least  3 
different  types  of g r am-nega t ive  bacter ia .  In  the  rhesus 
monkey,  an unknown pro tec t ive  mechan ism apparen t ly  
exists wi thin  blood tissue which p r e v e n t s  pyrex ia  f rom 
developing in response to the  bac ter ia  present  systemic-  
ally. When  0.8 ml of undi lu ted  Salmonella typhosa in a 
dose of 109 organisms per  ml  was g iven  in our  monkeys  
int ravenously ,  the t empera tu re  var ied  l i t t le .  Ye t  a 
mechanism does exis t  in the  h y p o t h a l a m u s  of this  species 
for media t ing  a fever  due  to a bacter ia ,  since as l i t t le  as 
1000 organisms injected in to  the  an te r ior  h y p o t h a l a m u s  
evoked pyrexia.  A l though  the  cel lular  mechan isms  which 
t r igger  and sustain the  fever  wi th  all of i ts sequelae are 
not  at  present  unders tood,  i t  would appear  t h a t  a pyrogen  
m a y  act  d i rec t ly  e i ther  on the  cell membranes  of the  
hypo tha lamic  neurons  or  indi rec t ly  by releasing a neuro- 
t r ansmi t t e r  substance 8. 

Zusammen/assung. Eine  dosisabhitngige Ste igerung der  
K6rpe r t empera tu r  wurde  erzielt ,  wenn  Pyrogen-Sub-  
s tanzen aus versch iedenen  g ram-nega t iven  Bakter ien-  
s t ihnmen s te reotakt i sch  in den H y p o t h a l a m u s  nicht  nar- 
kot is ier ter  Affen inj iz ier t  wurden.  
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P h e r o m o n e  and Terp e ne  Attract ion  in the Bark  

W e  repor t  the  f irs t  evidence t h a t  Ips lypographus L. 
(Coleoptera:  Scolytidae) is s t rongly  a t t r ac t ed  to both  
cer ta in  te rpenes  and a pheromone  produced by  the  male  
beetle.  Ips typographus is the  most  des t ruc t ive  bark  
beet le  in the  ex tens ive  Norway  spruce (Picea excelsa 
Link.) forests in Europe  and Asia. The  a t t rac t ion  seen 
in our  field s tudies is s imilar  to  the  o l fac tory  mechan ism 
which  has been in tens ive ly  s tudied in several  Nor th  
Amer ican  scolytids,  cer ta in  of which are  a l ready  being 
exper imen ta l ly  man ipu la t ed  wi th  terpenes  and syn- 
thesized pheromones1,  2. Therefore,  fur ther  s tudy  is 
indica ted  of possible control  of I. typographus by such 
m e a n s .  

Beetle  lps typographus L. 

Earl ier ,  male-produced pheromones  were found in 
des t ruc t ive  Ips spp. on pines in Nor th  Amer ica  a and in 
I. acuminatus Gyll. on pine in Norway  4. MERKER 5, 
CHARARAS ~, ADLUNG~ et al. have  s tudied effects of hos t  
volat i les  on I.  typographus wi thou t  re la t ion to a phero-  
mone.  

The  present  s tudy  was made in 100-year-old spruce 
forests near  T~ebofi, Bohemia  and Hronec,  Slovakia ,  
in May and J u n e  1970. We  separa ted  and in t roduced  
ma tu re  males and females  to  sections of spruce logs 
70 cm long placed in plast ic-screened cages, 50 x 5 0  × 
80 cm. As controls we used na tu ra l ly  invaded  log sect ions 
2 days  af ter  a t tack,  and un invaded  logs. The  cages were  
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Response of Ips typographus to spruce logs invaded separately by males, females and pairs, and to 4 monoterpenes near T~ebofi, Bohenfia 
in May 1970 at 17-27°C 

Materials tested No. of beetles attracted 

May 15 May 16 May 17 May 18 May 19 May 20 Total 

A Log with males (27 entries) 52 52 
B Log with females (4 entries) 1 3 
C Log with pairs (13 entries) 2 7 
D Naturally invaded log (80 entries) 182 232 
E Uninvaded log 2 3 
F c¢-pinene ~ 2 t 

fl-pinene • 2 2 
Limonene • 0 6 
Camphene • 0 0 

16 39 34 17 210 
0 1 3 1 9 
4 6 16 8 43 

181 254 297 76 1222 
2 1 0 2 10 

19 23 38 7 90 
4 14 7 0 29 
3 11 11 5 36 
1 8 4 1 14 

• In 1% ethanol solution. 

p laced  10-15 m a p a r t  in a fores t  opening  of abou t  1 acre, 
and  the  a t t r a c t e d  beet les  a l ight ing  on the  cages were  
collected a t  10 rain in tervals .  To t es t  for t he  p r i m a r y  
or hos t  a t t r a c t i o n  known  to  be ope ra t ive  in o the r  scoly t ids  
w i th  secondary  or insec t -p roduced  a t t r a c t i o n  3, S, 9, we 
used b o t h  na tu r a l  log sect ions  and  1% solut ions  of 4 
t e rpene  h y d r o c a r b o n s  in e thano l  x0 

As i t  is p rac t ica l ly  imposs ib le  to  sepa ra te  t he  sexes 
of I.  typographus by  ex te rna l  morphologica l  charac ters ,  
we d i s t inguished  l iving beet les  by  the i r  d i f fe ren t  bor ing  
behav io r  and  loca t ion  in t he  gallery. Males, wh ich  are  
k n o w n  to  in i t i a te  bor ing  and  cons t ruc t  t h e  nup t i a l  
c h a m b e r  before  t h e  females  r each  t h e m ,  were  col lected 
in na tu ra l ly  infes ted  t rees  as t h e y  s t a r t ed  bor ing  in t he  
nup t i a l  chamber .  The  females  were t a k e n  in p a r t l y  
cons t ruc t ed  egg galleries b r anch ing  f rom t h e  nup t i a l  
chambers .  Fol lowing t h e  e x p e r i m e n t  we  d e b a r k e d  t h e  
logs and  conf i rmed  the  sex sepa ra t ion  b y  dissect ion 
(with  v i r tua l ly  100% accuracy) .  The  sex of t he  a t t r a c t e d  
beet les  was  d e t e r m i n e d  by  dissect ion.  

The  response  of f lying beet les  to  t h e  var ious ly  t r e a t ed  
logs is shown in the  Table.  The a t t r ac t i on  to  t he  log wi th  
in t roduced  males  (Table A) is clear, and  m a y  be cons idered  
s t rong  because  of the  d i s tu rbance  of t he  t e s t  males '  
no rma l  invas ion process  i nhe ren t  to  the  m e t h o d  of col- 
lect ing males  to  be in t roduced  to  t h e  t e s t  logs. No t  
surpris ingly,  t he  na tu ra l ly  i nvaded  log wi th  u n d i s t u r b e d  
males  (Table D) showed the  g rea tes t  a t t r ac t iveness .  The 
ra t io  of male  e n t r y  holes to  a t t r a c t e d  beet les  in t he  
na tu ra l ly  i nvaded  log was 1:14, and  in t he  log wi th  
d i s tu rbed  males  1: 7. I t  is ev iden t  f rom the  response  
of f lying beet les  t h a t  t he  sexual ly  m a t u r e  male  1. typo- 
graphus produces  t he  p h e r o m o n e  a f te r  en te r ing  the  host .  

Similar  a t t r a c t i o n  occur red  dur ing  the  second f l ight  
of I .  typographus in e x p e r i m e n t s  pe r fo rmed  near  Hronee ,  
Slovakia,  9-14 J u n e  1970, w i th  comparab l e  n u m b e r s  of 
bee t les  responding .  Othe r s  tes ts ,  pa r t i cu la r ly  of the  sex  
ra t io  of a t t r a c t e d  beetles,  sugges t  t h e  presence  also of 
a fac tor  regu la t ing  t h e  m a t i n g  behav io r  of t h e  beet les  
aggrega ted  on or near  a hos t  t ree  n .  

As expec ted ,  t he  p h e r o m o n e  a t t r a c t i o n  was  numer ica l ly  
m u c h  g rea te r  t h a n  t h e  response  to  te rpenes .  Table  F 
shows t h a t  3 t e rpenes  were  more  a t t r a c t i v e  t h a n  t h e  
na tu ra l  log, especial ly  a-pinene.  The  sex ra t io  of a t t r a c t e d  
beet les  (1 m a l e : l  female  in a na tu ra l  popu la t ion  of 
1 male  : 2-3 females) ref lects  t he  behav io r  of th is  species 
in  t h a t  t he  hos t - se lec t ing  or guiding sex re sponds  in 
g rea te r  n u m b e r s  t h a n  the  guided sex of th is  po lygamous  
species. 

I t  is in te res t ing  t h a t  3 c o m m o n  p reda to r s  of I. typo- 
graphus, Thanasimus /ormicarius L. (Cleridae) ; Medetera 
signaticornis Lw. (Dolichopodidae)  ; and  Epuraea pygmaea 
Gyll. (Nitidulidae),  also r e sponded  to  b o t h  the  t e rpenes  

and  the  ma le - invaded  logs, sugges t ing  t h a t  t h e y  m a y  
f ind the i r  p rey  by  th is  a t t r a c t i o n  mechan i sm.  

I. typographus is known  to  prefer  wind  th rown,  
d amag ed  or weakened  t rees  bu t  a t  epizootic  popu la t ion  
level a t t acks  and  easily kills sound trees.  In  his ex tens ive  
s tudies  of t he  severe pos t  war  ou tb reak  in Centra l  Europe ,  
SCHWERDTFEGER x2 showed t h a t  resinosis  is t he  chief  
defense  of N o rw ay  spruce aga ins t  I. typographus and  
t h a t  mass  a t t a c k  b y  the  beet les  overcomes  th is  defense.  
Our d a t a  ind ica te  t h a t  t he  m e c h a n i s m  of I. typographus 
affect ing such  mass  a t t a c k  to  overcome the  res i s tance  of 
t he  hos t  . tree is t he  p h e r o m o n e  a t t r ac t i on  p roduced  by  
t h e  male  beet les  guided  to  a su i tab le  hos t  by  vola t i le  
t e rpenes  ~3. 

Zusammen[assung. Es wird  gezeigt ,  dass  Ips  typo- 
graphus L. p r i m e r  du rch  Terpene  u n d  sekundt t r  du rch  
P h e r o m o n  der  M~innchen zu den  Bruts t~ tmmen gelockt  
wird.  
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