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die engere sys temat i sche  V e r w a n d t s c h a f t  ber t icksicht igt .  
E inen  Hinweis  auf die Rangs tu fe  der e inzelnen F o r m e n  
gibt  uns der  Vergleich des Winkels ,  der  von  der  Schl~fen- 
lappenbas is  mi t  der  Bodenebene  gebi ldet  wird  (Figur 5) : 
Eubalaena australis, + 36~ Sibbaldus musculus, + 22~ 
Megaptera novaeangIiae, + 11~ Balaenoptera borealis, 
-- 10 ~ Der Winke l  ist Ausdruck  des Ro ta t ionsg rades  des 
Schl/ i fenlappenpoles um den insul/~ren Hilus (Temporali-  
sation).  Die No ta t ion  ist  be im Seiwal am st / i rksten.  Der  
Seiwal h a t  auch den  n iedr igs ten  H y p o t h a l a m u s q u o t i e n -  
t en  (Hypothalamusl~Lnge:Grosshirnlfinge) und  somit ,  
auch wegen dem rela t iv  ger ingerem K6rpergewicht ,  die 
h6chste  Zerebra l isa t ionss tufe  ( P I L L E R I 6 ) .  

t h a t  th is  species of cetacea has  a degree of cerebra l iza t ion  
be tween  t h a t  oi t he  p r imi t ive  Sou the rn  R i g h t  W~hale 
(Eubalaena australis Desmoulins)  and  t h a t  of t he  H u m p -  
back  Whale  (Megaptera novaeangliae Borowski).  Of the  
Ba laenopte r idae  examined  to date,  the  Blue Whale  has  
the  lowest  cerebral izat ion.  
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Summary. Macroscopic ana tomica l  inves t iga t ions  on 
the  bra in  of t he  Blue Whale  (Sibbaldus musculus Lin- 
naeus, to ta l  b ra in  weight  w i thou t  dura :  6500 g), show 6 G. PILLERI, J. Hirnforsch., im Druck. 

S T U D I O R U M  

Locat ion of the Sex  P h e r o m o n e  in the A m e r i c a n  
Cockroach,  Periplaneta americana (L.) 

The sex a t t r a c t a n t  of the  American  cockroach,  Peri- 
planeta americana (L.), m a y  be collected on fi l ter  paper s  
exposed to virgin females 1. Al though such papers  t r igger  
the  full cour tship  d isplay  (f lut tering or ou t spread  wings 
and ex tended  abdomen)  in males t es ted  in groups,  t h e y  
have  failed to evoke the  complete  d isplay  in single 
males 1 a. Conversely,  the  single male readi ly  per forms  
the  full display in the  presence of an ' a t t r ac t ive '  (phero- 
mone producing) female, h i  an effort  to ob ta in  a def ined 
phe romone  source as a basis for fur ther  s t u d y  we invest i -  
gated the  site of p roduc t ion  of the  sex a t t r ac t an t .  

Dur ing  this work  we found t h a t  some males r emoved  
from groups were so highly  sensit ive t h a t  t h e y  even per-  
formed the  full d isplay  towards  impregna ted  papers .  
These males re ta ined  the i r  high sens i t iv i ty  for several  
hours in isolation and were used as a basis for the  tests .  

Method. A series of 10 individual  male cockroaches (3-5 
weeks old) was assembled  daily from 16 groups of 12 
males by  selecting those  t h a t  r esponded  first  wi th  the  
comple te  display when  s t imula ted  wi th  an a t t r ac t ive  fe- 
male. E a c h  of the  10 males was kep t  in a glass jar  dur ing  
the  assay, af ter  which  the  males were r e tu rned  to  the  
groups a t  r andom ;  thus ,  a series of 10 males was selected 
dai ly f rom 192 males.  

The specimen to  be assayed was held by  forceps and  
b rough t  be tween  the  an t ennae  of each male a t  a d is tance  
of 3-5 cm from the  head.  I t  was held there  for 10 sec, or 
less when  display occurred.  A response was judged  to 
be posi t ive  when the  full d isplay occurred. In tervaIs  of a t  
least  3 min  e lapsed be tween  tes ts  w i th  t he  same male.  
Contac t  be tween  the  an t ennae  of the  male and the  assay 
specimen was avoided  by  following his m o v e m e n t s  closely. 
The forceps were checked wi th  groups of males before use 
and  were washed  in hexane  when  con tamina ted .  The  day-  
n igh t  r h y t h m  was changed  before adul t  mol t  to pe r fo rm 
the  assays during the  first  4 h of the  dark  period.  All tes ts  
were made  in reduced l ight  at  22-26 ~ 

An a t t r ac t ive  female was used as a cont ro l  spec imen 
be tween  every  2 assays to indicate  whe the r  any  of t he  

P R O G R E S S U S  

males had  lost his readiness  to respond.  W h e n  this  oc- 
curred he was replaced;  over  a tes t  period of 4 h, 2-5 of 
the  10 males usual ly requi red  rep lacement .  

The tes t  specimens,  of b o t h  sexes, consis ted of last  in- 
s ta r  nymphs ,  adul t  virgins (1-33 days  old), and  m a t e d  
individuals  (20 days  old, m a t e d  22 h before test ing,  and  
3-11 mo n t h s  old wi th  the  da te  of ma t ing  unknown) .  The  
in tac t  specimen,  its severed head,  and the  r emainder  of 
the  body  were assayed.  The sequence of tes ts  wi th  p a r t s  
of the  body  was random.  In  addi t ion,  a d u m m y  - the  
head  of a dried male ex t r ac t ed  wi th  hexane  - was used as 
one control ,  and the  heads  of ma tu re  virgin females  
were t aken  as ano the r  contro l  in tes ts  wi th  heads  of 
nymphs .  

W h e n  9 or 10 ident ical  responses  were ob ta ined  f rom a 
series of 10 tes ts  wi th  the  in tac t  specimen or its par ts ,  the  
t e s t  series was no t  repeated .  W h e n  fewer t h a n  9 ident ica l  
responses  occurred,  the  t e s t  series was repea ted  once or 
twice wi th  the  same series of 10 males,  and  the  mean  % 
response was calculated.  The assays wi th  each specimen,  
its head and the  r emainder  of the  body  were rep l ica ted  7 
t imes  by  using 7 specimens.  To reduce correlat ions,  only  
one specimen of the  same age and sex was assayed the  
same day. The arc sin l / P - t r a n s f o r m a t i o n ,  where P 
= m e a n  % response,  was  appl ied  to  all mean  responses,  
and  af ter  s ta t is t ica l  analysis,  the  appropr ia te  means  and  
confidence l imits  were t r ans fo rmed  back  to percentages .  

Results. The response of the  males  to the  t e s t  spec imens  
is shown in Figure  1. The dif ference in the  effect iveness  
of the  females or the i r  pa r t s  showed a s ignif icant  depen-  
dence on age and  ma t ing  (P  ~-~ 0.01). In  cont ras t ,  age 
and ma t ing  caused no s ignif icant  difference in the  effec- 
t iveness  of mMes or the i r  pa r t s  (19 ~ 0.05). The d isplay  
of males, to males or the i r  par ts ,  was of par t i cu la r  in- 
terest (Figure 2). 
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2 D. R. A. WHARTON, G. L. ~u a n d  M. L. WHARTON, J .  gen.  
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3 O w n  obse rva t ion .  
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The s t r eng th  of the  exci ta t ion,  judged  by  the  f r equency  
of wing f lu t te r ing  and  the  degree of wing spreading,  could 
no t  be measured  excep t  by  subjec t ive  observat ion.  We  
not iced  i n d e p e n d e n t l y  t h a t  t he  response  to the  severed 
head  was near ly  as s t rong  as the  response to  t he  whole  
insect  and much  s t ronger  t h a n  the  response to  the  remain-  
der  of the  body.  (This obse rva t ion  is indica ted  in Figure  1 
by  the  use of bold signs for t he  i n t ac t  specimen and  the  
head,  and l ight  symbols  for t he  headless  body.)  

The males hes i t a t ed  for a f rac t ion of a second before 
t h e y  d isplayed when  par t s  of an a t t r ac t ive  specimen ( the 
head  or the  r ema inde r  of t he  body) were offered. There-  
fore, shape  m a y  inf luence the  response,  bu t  to  a minor  
degree. A full d isplay  re leased by  the  d u m m y  (ext rac ted  
head  of a male) was seen 3 t imes  in 7 x 10 tes t s ;  however ,  
th is  occurred s ignif icant ly  less t h a n  in tes ts  wi th  heads  of 
35 female n y m p h s  (P  < 0.01) and 35 male n y m p h s  
(P  < 0.01). 

In  addi t ional  exper iments ,  w i thou t  s ta t is t ica l  t r ea t -  
ment ,  the  head  and  r ema inde r  of the  body  were fu r the r  
dissected.  Assays wi th  pa r t s  of s t rongly  a t t r ac t ive  heads  
showed no effect  for the  bra in  and glandular  t issues, a 
posi t ive  effect  for t he  an t ennae  and  the  i n t egumen t  of the  
frons, and a weak effect  for the  r ema inde r  of the  head.  
Assays wi th  pa r t s  of the  r ema inde r  of the  b o d y  showed 

t h a t  the  t h o r a x  was as effect ive as the  abdomen,  and  t h a t  
t he  t ip  of the  a b d o m e n  was less effective t h a n  the  ent i re  
abdomen .  

Discussion. Only  2 ins tances  are k n o w n  in which  a head  
gland furnishes  a sex a t t r a c t a n t ,  the  mand ibu l a r  g lands  
of male aculeate  H y m e n o p t e r a  4-~ and  the  queen of the  
h o n e y  bee, Apis melli]ica L. 8,% In  t he  Amer ican  cock- 
roach,  we could f ind no corre la t ion be tween  a duc ted  
g land and  the  sex phe romone ;  on the  cont rary ,  pieces of 
i n t e g u m e n t  f rom the  f rons t r iggered the  complete  dis- 
play.  Therefore,  the  sex a t t r a c t a n t  is p ro b ab l y  p roduced  
in d i f fe ren t ia ted  areas of t he  i n t e g u m e n t  located ma in ly  
on the  head  and to a m u c h  smal ler  e x t e n t  on the  remain-  
der  of the  body.  Secret ion of sex phe romone  by  the  
i n t e g u m e n t  occurs in Prodenia litura (F.) [= Spodoptera 
litura (F.)] and Bombyx mori (L.) ; in these  moths ,  the  sex 

4 A. HAAS, Naturwissenschaften 39, 484 (1952). 
5 B. KtILLENB~RG, ZOO1. Bidjr. Uppsala 31, 253 (1956). 
s G. ST~IN, Naturwissenschaften 50, 305 (1963). 
T G. STEIN, Biol. Zbl. 82, 343 (1963). 
s N. E. GARY, Science 136, 773 (1962). 
9 j .  PAIN and M. F. RUTTNER, C. r. Acad. Sei., Paris 256, 512 (1963). 
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Fig. 1. Stimulation-response Curves 
and 95% confidence limits derived 
from the complete courtship dis- 
play of selected single male in 
response to specimens of both sexes 
and their parts. Each trial (O in- 
insect, �9 its severed head, and �9 
remainder of the body) was assayed 
with a series of 10 males andre-  
plicated 7 times. Each mean is 
based on at least 7 x 10 tests or up 
to 210 tests in the case of repeti- 
tions. (~ 1) last instar nymph, 
( > 20) specimens 3-11 months old. 
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Fig. 2. Phases of the courtship display of a male American cockroach stimulated by a head of a male held between his antennae. (A) initial 
response, the male orientates his abdomen toward the head and raises his wings slightly; (B and C) two forms of the complete 
display, (B) fluttering wings and arched abdomen, (C) extended abdomen and motionless outspread wings. The photographs were 

taken on a vertical surface. 

a t t r a c t a n t  is p roduced  b y  modi f ied  ep ide rma l  cells of ab-  
d o m i n a l  sacs  an d  d i f fuses  t h r o u g h  the  layers  of t he  cut icle  
to the  ou ts ide  ~~ Similar ly ,  t he  t rai l  p h e r o m o n e  of t he  
t e r m i t e  Zootermopsis nevadensis (Hagen) also di f fuses  
t h r o u g h  d i f fe ren t i a t ed  ep ide rma l  cells to the  outsiderS, 14. 

T h e  s ex u a l  e x c i t e m e n t  elicited by  males  m a y  exp la in  
w h y  single males  t a k e n  f rom g roups  d i sp lay  more  read i ly  
t h a n  m a le s  k ep t  isolated,  and  w h y  ma les  in g roups  some-  
t imes  d i sp l ay  w i t h o u t  a p p a r e n t  s t i m u l u s L  These  ma les  
are exposed  to the  p h e r o m o n e  of o the r  males  and  m a i n -  
t a in  a h ighe r  level  of s exua l  exc i t emen t .  RoTH a nd  
DATEO ~5 found  t h a t  e x t r a c t s  of males  of 9 species of cock- 
roaches  (Periplaneta americana included)  re leased s e xua l  
behav ior  in females  of t he  cockroach  JVauphoeta cinerea 
(Olivier) ; b u t  these  e x t r a c t s  were no t  a s s ayed  wi th  males .  
The  weak  ef fec t iveness  of Periplaneta americana n y m p h s  
of b o t h  sexes  as a re leaser  of t he  cou r t sh ip  d i sp lay  was no t  
w i t h o u t  p r eceden t  since ma le  and  female  n y m p h s  of the  
G e r m a n  cockroach,  Blattella germanica (L.), release t he  
cou r t sh ip  d i sp lay  in a d u l t  males  of the  s a m e  speciesX. 

T h e  p h e r o m o n e  of t he  A m e r i c a n  cockroach  is no t  a sex  
a t t r a c t a n t  in the  s t r i c t  sense  - an  a t t r a c t a n t  and  aphro -  
disiac p ro d u ced  b y  on ly  one sex - b u t  is a s exua l  s t i m u l u s  
re leased b y  b o t h  sexes.  In  low concen t r a t i ons  it  m a y  also 
be a social p h e r o m o n e  t h a t  a t t r a c t s  m e m b e r s  of the  s a m e  
or poss ib ly  severa l  species  of cockroaches .  16 

Zusammen/assung. Das  V o r k o m m e n  v o n  Sexua lphe ro -  
mort w urde  a n  d e m  W e r b e v e r h a l t e n  y o n  se lek t i e r t en  ein- 
ze lnen Mt innchen  ge tes te t .  Das  P h e r o m o n  k o m m t  in lar- 
va l e n  u n d  a d u l t e n  I n s e k t e n  beiderlei  Gesch lech t s  vor,  
wird abe r  y o n  gesch lech t s re i fen  ~Weibchen in gr6sseren  
Mengen  produz ie r t .  Es  k o m m t  haupts~ichl ich  im K o p f  vor  
u n d  wird w a h r sc he in l i c h  an  O f t e n  modi f iz ie r te r  K6rpe r -  
decke abgesonder t .  
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PRO EXPERIIVIENTI S 

E i n e  n e u e  M e t h o d e  z u m  s c h n e l l e n  E i n f r i e r e n  
y o n  G e w e b e n  

Fiir  Versuche ,  e inzelne morpho log i sche  Zell- u n d  Ge- 
webebes t and t e i l e  aus  ge f r i e rge t rockne ten  G e w e b e p u l v e r n  
ohne  V e r w e n d u n g  y o n  Fl i i ss igkei ten  zu gewinnen ,  w u r d e n  
gr6Bere Mengen  G e w e b e p u l v e r  benb t ig t .  Die H a u p t -  
schwier igke i t  b e s t a n d  ftir uns  im e inwandf re i en  Einfr ie-  
r en  gr61~erer G e w e b e m e n g e n .  Vor  k u r z e m  ve r6 f f en t l i ch t en  
wir eine Me thode  1, die eine hohe  E in f r i e rgeschwind igke i t  
e r laubt .  Da  diese Me thode  fiir unse re  Zwecke zu umst /~nd-  
lich war,  s u c h t e n  wir  n a c h  e inem a n d e r e n  Weg.  1952 ga- 

ben  wir  ein V e r f a h r e n  2 an,  bei d e m  das  Gewebe g e m e i n s a m  
m i t  fes ter  K o h l e n s g u r e  in e i ne m S t a r m i x  zerkle iner t  wird. 
W i r  f a n d e n  nun ,  daf3 s ich die Kohlens / iu re  u n t e r  gewissen  
B e d i n g u n g e n  d u r c h  fl i issigen St icks tof I  e r se tzen  1/iBt. 

D a s  Pr inz ip  ist  fo lgendes  : E in  S c h l a g m e s s e r  ro t ie r t  m i t  
hol ler  Geschwind igke i t  (20 000 U /min )  in f l t issigen Stick- 

1 M. BEttRENS, W. NEu und R. THALACKER, Experientia 22, 265 
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2 M. BEHRENS, Hoppe-Seyler's Z. physiol. Chem. 291, 245 (1952). 


