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G e n o m e  and  ce l l  s i z e s  in  f r o g s :  A c o m p a r i s o n  w i t h  s a l a m a n d e r s  1 

E. Olmo a n d  A. Morescalchi  

Institute of Histology and Embryology o/ the University, via Mezzocannone 8, 1-80734 Napoli (Italy), 27 June 7977 

Summary. The  nuc lea r  v o l u m e  (Nv), cell vo lume  (Cv) a n d  cell surface a rea  (Cs) of e r y t h r o c y t e s  f rom 26 a n u r a n  species 
show a l inear  a n d  d i r e c t c o r r e l a t i o n  w i t h  t he  nuc lea r  D N A  c o n t e n t ; t h e  Cs/Cv ra t io  t ends  to decrease  as D N A  increases.  
Ana logous  p h e n o m e n a  are found  in urodeles  possess ing less t h a n  70 p g / N  of DNA,  whereas  in  those  w i t h  a larger  
genome the re  is a t r e n d  t o w a r d s  s t ab i l i za t ion  of the  Cs/Cv rat io .  The  same  m e c h a n i s m s  a p p e a r  to  con t ro l  t he  ra t ios  
of genome sizes to  cell sizes w i t h i n  t he  a m p h i b i a n s  and  poss ib ly  in o t h e r  v e r t e b r a t e s  as well. The  former,  however ,  
seem to  ava i l  t h e m s e l v e s  to  a g rea te r  e x t e n t  of t he  a d a p t i v e  p roper t i e s  i n h e r e n t  in t h e i r  genome a n d  cell size var ia t ions .  

A m o n g  a n u r a n  a m p h i b i a n s ,  t he  nuc lea r  D N A  a m o u n t  
(which is c o n s t a n t  in  p r e s y n t h e t i c  nucle i  in  all  species) ~ 
shows a h i g h  degree of in terspecif ic  va r i ab i l i ty ,  even  
be tween  species be long ing  to  the  same genus.  In  these  
organ isms ,  t he  r ange  of such  v a r i a b i l i t y  (from below 2 
p icograms  for each  nuc leus  (pg/N) up  to  above  20 pg/N) 
is wider  t h a n  t h a t  d i sp layed  b y  o the r  v e r t e b r a t e  orders  
or classes, excep t  for t he  urodele  a m p h i b i a n s  (30 to  
a b o v e  160 pg/N) ,  Dipno i  (160 to  284 pg/N) a n d  poss ib ly  
t he  G y m n o p h i o n a  a. 
Since in terspeci f ic  d i f ferences  in t he  D N A s  f rom a n u r a n s  
do no t  seem to  be  co r re la t ed  w i t h  e v o l u t i o n a r y  factors ,  
b u t  r a t h e r  w i th  o t h e r  fac to rs  of a physiological ,  deve lop-  
m e n t a l  or ecological  cha rac t e r ,  t h e  h y p o t h e s i s  t h a t  t he  
g e n o m e  size of these  fo rms  m a y  h a v e  pe r  se a n  a d a p t i v e  
va lue  ha s  been  r e p e a t e d l y  fo rwarded .  The  same  m i g h t  
be  t r ue  of t he  urodeles  a n d  m a n y  p lants3 ,  4. Accord ing  
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Fig. 1. Nuclear volume (Nv: triangles), cell volume (Cv: circles) and 
Cell surface area (Cs: squares) up the ordinate, plotted against the 
nuclear DNA content, along the abscissa, in 26 anuran species 
(table 1). Regression lines (a relative to Nv; b to Cv; and c to Cs) 
are highly significant. 

to  some inves t iga to rs ,  n a t u r a l  se lec t ion would affect  t he  
nuc l ea r  and  cel lular  sizes (upon w h i c h  t he  genome  size 
would  depend)  w h e r e b y  the i r  q u a n t i t a t i v e  v a r i a b i l i t y  
would  inf luence  t he  cell me tabo l i sm,  and  hence  ind i rec t ly  
t h e  genera l  m e t a b o l i s m  of t he  o rgan i sm and  i ts  develop-  
m e n t a l  r a t e  3, s. 
I n  a p rev ious  no te  6, t he  exis tence  of a precise r e l a t ionsh ip  
b e t w e e n  t he  genome  size and  t h a t  of some r e l e v a n t  cell 
p a r a m e t e r s  h a d  been  b r o u g h t  to  l igh t  in  severa l  urodele  
species. In  t h e  p r e sen t  s tudy ,  our  o b s e r v a t i o n s  were 
e x t e n d e d  to a sample  cons i s t ing  of 26 a n u r a n  species 
be long ing  to  t he  m a i n  famil ies  of t he  order .  A m o n g  
these,  some species in  wh ich  t he  nuc lea r  D N A  c o n t e n t s  
a p p r o a c h  t h e  m i n i m u m  or m a x i m u m  values  found  in 
these  a m p h i b i a n s ,  were included.  The  purposes  of t he  
p r e s e n t  research  a re :  a) a n  ana lys i s  of the  cor re la t ions  
be tween  t he  genome size and  severa l  m o r p h o m e t r i c  cell 
p a r a m e t e r s  in  a group,  like the  anu rans ,  possess ing D N A  
a m o u n t s  c o m p a r a b l e  to  those  of t he  m a j o r i t y  of ve r t e -  
b r a t e s  (in f ac t  m a n y  groups  of fishes,  t he  saurops ids  
a n d  the  m a m m a l s  h a v e  in terspeci f ic  v a r i a b i l i t y  ranges  
of D N A  fa l l ing  en t i r e ly  w i t h i n  those  cha rac t e r i s t i c  of 
a n u r a n s ) ;  b) ve r i f i ca t ion  of w h e t h e r  in such a special ized 
order  as t he  a n u r a n s  t he  above  cor re la t ions  r each  t he  
same  va lues  a l r e ady  recorded  for t h e  urodeles .  
F o r m e r  t e c h n i q u e s  a l r eady  r epo r t ed  were aga in  used here  ~. 
D N A  va lues  were recorded  h i s t o p h o t o m e t r i c a l l y  in  
Feu lgen - s t a ined  e r y t h r o c y t e  nuc le i ;  t he  va r ious  cell 
pa r ame te r s ,  e.g. t he  nuc lea r  v o l u m e  (Nv), cell  vo lume  
(Cv), cell surface  a rea  (Cs) were ca lcu la ted  in t he  e ry th ro -  
cy tes  v iewed in b lood  smears  as cy l inders  w i t h  a n  ellip- 
t i ca l  base.  The  cy l inder  h e i g h t  ( thickness)  was  e s t ima ted  
b y  m e a n s  of a m i c r o i n t e r p h e r o m e t e r .  The  species u n d e r  
s tudy ,  l i s ted  accord ing  to t h e i r  inc reas ing  nuc lea r  D N A  
a m o u n t s ,  c h r o m o s o m e  n u m b e r  (a l ready  k n o w n  t h r o u g h  
fo rmer  s tud ies  of ours) and  va r ious  cell pa r ame te r s ,  are 
s h o w n  in t a b l e  1. 
S t a t i s t i ca l  ana lys i s  of the  above  da ta ,  g r aph i ca l l y  repre-  
sen ted  in f igure 1, shows t he  ex is tence  of a direct ,  l inear  
a n d  s ign i f ican t  co r re l a t ion  b e t w e e n  Nv,  Cv and  Cs 
(up t he  o rd ina te )  a n d  D N A  a m o u n t s  (along t he  abscissa).  
Such  a co r re l a t ion  is expressed  b y  t he  regress ion lines a 
( re la t ive  to Nv),  b (Cv) and  c (Cs). 

1 Research supported by a grant from the Italian CNR. 
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Evolution, p. 233. Ed. A. B. Chiarelli and E. Capanna. Academic 
Press, London 1973; E. Olmo, Caryologia 26, 43 (1973); K. 
Bachmann, Quart. J. Fla. Acad. Sci. 35, 225 (1974); L. Stebbins, 
Evol. Biol. 9, 1 (1976). 
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5 H. Szarski, Nature, Lond. 226, 651 (1970). 
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Table 1 
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Species Family 2n DNA (pg/N) Nv (~x s) Cv (Ix s) Cs (~8) Cs/Cv 

Limnodynastes ornatus Leptodactylidae 22 1.9 14 192 330 1.72 
Limnodynastes peronii Leptodactytidae 24 2.6 29 263 359 1.37 
Limnodynastes terraereginae Leptodactylidae 22 3.9 27 329 441 1.34 
Uperodon systoma Mierohylidae 26 4.0 30 385 505 1.31 
Adelotus brevis Leptodactylidae 24 4.2 26 253 366 1.44 
Hyla arborea Hylidae 24 4.8 35 275 362 1.32 
Pipa pipa Pipidae 22 4.8 41 461 514 1.11 
Pleurodema bibronii Leptodactylidae 22 5.1 32 205 378  1.84 
Ceratophrys calcarata Leptodactylidae 26 5.5 32 395 477 1.21 
Megophrys nasuta Pelobatidae 26 5.6 35 330 389 1.18 
Cyclorana alboguttatus Leptodactylidae 26 5.7 25 250 425 1.70 
Xenopus laevis Pipidae 36 6.2 29 295 367 1.25 
Limnodynastes dumerilii Leptodactylidae 22 6.5 33 376 506 1.35 
Bu[o koyanoiensis Bufonidae 22 7.2 39 308 444 1.44 
Acris crepitans Hylidae 22 8.1 38 420 559 1.33 
Pelobates luscus Pelobatidae 26 8.2 44 357 480 1.34 
Pelobates syriacus Pelobatidae 26 9.0 33 231 431 1.86 
Bu[o viridis Bufonidae 22 9.9 64 709 627 0.88 
Hyperolius concolor Rhacophoridae 24 10.2 75 324 540 1.67 
Discoglossus pictus Discoglossidae 28 10.5 75 557 562 1.0i 
Rana esculenta Ranidae 26 11.2 79 689 639 0.93 
Rana graeca Ranidae 26 11.3 58 343 501 1.46 
Rana pipiens Ranidae 26 11.6 48 544 597 1.10 
Bu/o bu/o Bufonidae 22 11.6 82 819 792 0.97 
Pseudophryne bibronii Leptodaetylidae 24 17.5 53 488 622 1.28 
Bobina variegata Discoglossidae 24 21.1 171 1102 972 0.88 

Table 2. Mean increase in the cell size parameters vs the unit (1 pg]N) 
DNA increase, in the 3 amphibian groups under study 

DNA Nv Cv Cs Cs/Cv 
(pg/N) ([/3} (~xs) ([x~) 

Anurans 1 

Urodeles 
(less than 70 pg/N of DNA) 1 

' Paedogenetic' urodeles 1 

8 47 33 0.050 

11 58 40 0.040 

9 28 19 0.006 
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Fig. 2. Relative cell surface area (Cs/Cv), along the abscissa, plotted 
against the nuclear DNA content, up the ordinate, in the almrans 
(squares) in the urodeles with less than 70 pg/N of DNA (circles) and 
in 'paedogenetic' urodeles (triangles). Regression lines (a relative, to 
the anurans; b and c, respectively, to the 2 groups of urodeles) are 
highly significant. Statistical analysis of their parallelism demon- 
strates that a and b do not diverge from each other, whereas the c 
line exhibits a highly significant difference in parallelism with respect 
to both of them ('t' test significant at a level of p = 0.01). 

I n  o u r  s ample ,  a m e a n  Cs increase ,  l ower  t h a n  t h e  Cv 
m e a n  increase ,  is seen  to  c o r r e s p o n d  to  each  m e a n  p g  
inc rease  in n u c l e a r  D N A  ( tab le  2). Hence ,  in t h e  a n u r a n s  
the  r a t i o  Cs/Cv,  (name ly ,  t h e  r e l a t i ve  ceil su r f ace  area)  
w o u l d  t e n d  to  decrease  as  nuc l e a r  D N A  increases .  
A n a l o g o u s  co r r e l a t i ons  h a v e  a l r e a d y  been  desc r ibed  b y  
us  in t h e  urodeles .  T h e  s imi la r i t i es  in t he  p a t t e r n  of t he se  
p h e n o m e n a ,  b e t w e e n  a n u r a n s  and  urodeles ,  a re  e n h a n c e d  
if w i t h i n  t h e  u rode les  t he  species  w i t h  less t h a n  70 p g / N  
of D N A  are  set  a p a r t  f r o m  those  p o s s e s s i n g  l a rge r  
a m o u n t s  of gene t ic  m a t e r i a l  (in o u r  u rode le  s amp le ,  all 
t he  species  w i t h  m o r e  t h a n  70 p g / N ,  be ing  r e p r e s e n t e d  
b y  p a e d o g e n e t i c  fo rms ,  wil l  be label led ' p a e d o g e n e t i c  
u rode le s ' ,  e v e n  t h o u g h  we  bel ieve  t h a t  w i t h i n  t h i s  g r o u p  
d i s p l a y i n g  a h y p e r t r o p h i c  g e n o m e  s o m e  n o t  p e r m a n e n t l y  
l a r va l  species  m a y  p e r h a p s  be inc luded) .  
Ac tua l ly ,  as  s h o w n  b y  t ab l e  2, t he  m e a n  N v  increase  w i t h  
r e s p e c t  to  a u n i t  D N A  increase ,  is t h e  s a m e  in t h e  3 
a m p h i b i a n  g r o u p s  u n d e r  i n s p e c t i o n  (i.e. a n u r a n s ,  u rode l e s  
w i t h  less t h a n  7 0 p g / N  of D N A  a n d  p a e d o g e n e t i c  urodeles) ,  
whi le  t he  Cv a n d  Cs inc reases  are m o r e  or  less al ike in t he  
f i r s t  2 g r oups ,  w i t h  m u c h  lower  v a l u e s  in t h e  p a e d o g e n e t i c  
u rode les .  
T h e  s t u d y  of t h e  Cs/Cv r a t i o s  w i t h i n  t h e  3 a m p h i b i a n  
g r o u p s  (again  w i t h  r e s p e c t  to  D N A  a m o u n t s )  is of p a r -  
t i cu l a r  in te res t ,  in view- of t he  fac t  t h a t  t h e  r e l a t ive  cell 
su r f ac e  a r ea  is k n o w n  to  be  a c r i t i ca l  f a c t o r  g o v e r n i n g  
t h e  cell o x i d a t i v e  m e t a b o l i s m  7. T h e  p a t t e r n  of  t h e  Cs/Cv 
r a t i o  is r e p r e s e n t e d  in f igure  2, as  a C a r t e s i a n  s y s t e m  
in w h i c h  the  D N A  a m o u n t s  are r e p o r t e d  u p  the  o r d i n a t e  
a n d  t h e  Cs /Cv va lue s  a long  t h e  absc i ssa .  N o t w i t h s t a n d i n g  
t h e  m a r k e d  d i f fe rences  in D N A  a m o u n t s  b e t w e e n  t h e  2 
g r o u p s ,  t h e  r eg res s ion  l ines of  t h e  v a l u e s  c o n c e r n i n g  t h e  
a n u r a n s  a a n d  the  u rode les  w i t h  less t h a n  70 p g / N  b e x -  

D. A. T. Dick, Int. Rev. Cytol. 8, 387 (1959); R. Holland, in: 
Blood Oxigenation, p. 1. Ed. D. Hershey. Plenum Press, New 
York 1970. 
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h i b i t  a s ign i f i can t ly  para l le l  course.  However ,  in these  
urodeles  a g rea te r  ex tens ion  in t he  r ange  of Cs/Cv va lues  
is found.  On t he  o the r  b a n d ,  paedogene t i c  urodeles  
d i sp lay  b r o a d  nuc lea r  D N A  v a r i a t i o n s  associa ted  w i t h  
changes ,  howeve r  small ,  in t he  re la t ive  cell surface a rea  
(whose va lues  lie a r o u n d  t he  m i n i m a l  Cs/Cv va lues  
a t t a i n e d  b y  t he  o the r  urodeles) .  Hence,  t he  slope of t he  
regress ion  l ine of these  va lues  c is m u c h  s teeper  t h a n  ill 
t h e  o t h e r  2 a m p h i b i a n  g roups  (figure 2). 
O t h e r  i nves t iga to r s  s, t h o u g h  conf i rming  t he  genera l  
h y p o t h e s i s  of a co r re l a t ion  b e t w e e n  cell size a n d  t he  r a t e  
of r e s p i r a t o r y  me tabo l i sm,  h a v e  seen t h a t  in  some am-  
p h i b i a n  species t he  e r y t h r o c y t e s  (s tudied in vivo) t e n d  
to r e t a i n  t he  same  re la t ive  surface  a rea  despi te  t h e i r  
d i f fe ren t  sizes: accord ing  to these  workers ,  t h i s  f ac t  
would  depend  u p o n  the  decrease  in e r y t h r o c y t e  th i ckness  
as t he  cell vo lume  increases.  In  t he  b lood  smears  u n d e r  
s t u d y  here,  e r y t h r o c y t e  t h i cknes s  increases  accord ing  
to t he  cel l  vo lume,  whereby ,  as s t a t e d  earl ier ,  la rger  
e r y t h r o c y t e s  t e n d  to  decrease  in t h e i r  r e l a t ive  surface  
a rea  in b o t h  the  a n u r a n s  a n d  urodeles.  In  these  cells, 
too, as in those  of some t issues  f rom var ious  a m p h i b i a n  
species, a reverse  cor re la t ion  b e t w e e n  cell size a n d  
m e t a b o l i c  ra te ,  as r epo r t ed  b y  severa l  workers  9, seems 
to  be  val id .  
I n  t h e  a n u r a n s  a n d  n o n p a e d o g e n e t i c  urodeles,  therefore ,  
t he  co r re l a t ion  be t w een  t he  genome size a n d  cell size 
seems to  be  con t ro led  b y  r a t h e r  s imi la r  mechan i sms ,  
sugges t ing  t h a t  such  m e c h a n i s m s  m a y  also be  ope ra t i ve  
in t h e  m a j o r i t y  of ve r t eb r a t e s ,  possess ing D N A  a m o u n t s  
c o m p a r a b l e  to  those  t yp i ca l  of the  anu rans .  Desp i te  
t h e i r  h y p e r t r o p h i c  genomes,  paedogene t i c  urodeles  (and 
poss ib ly  t he  d ipnoans)  succeed in r e t a i n i n g  Cs/Cv ra t ios  

wh ich  do no t  d iverge  f rom the  m i n i m a l  ones  in o the r  
a m p h i b i a n s  b y  v i r t u e  of a lowered increase  in b o t h  Cs 
a n d  Cv versus  D N A  and  1Nv ( table  2). The  possible  
me tabo l i c  s ignif icance of these  p h e n o m e n a  ha s  a l r eady  
been  discussed 4, 6. 
The  conc lus ion  m a y  be d r a w n  t h a t  the  a m p h i b i a n s  seem 
to ava i l  t h e m s e l v e s  of the  a d a p t i v e  oppo r tun i t i e s  offered 
b y  genome and  cell size v a r i a t i o n s  to  a g rea te r  e x t e n t  t h a n  
o t h e r  ve r t eb r a t e s .  This  is p e r h a p s  r e l a t ed  to t he  poor  
efficiency, in  t he  a m p h i b i a ,  of t he  sys t ems  of i n t e r n a l  
homeos tas i s ,  wh ich  converse ly  m a k e  o the r  v e r t e b r a t e s  
(especial ly t e r r e s t r i a l  ones) more  i n d e p e n d e n t  of changes  
in va r ious  e n v i r o n m e n t a l  cond i t ions  10. Qua l i t a t ive ly ,  t h e  
in terspeci f ic  d i f ferences  in  cel lular  and  nuc lea r  sizes in 
t he  a m p h i b i a n s  seem to conce rn  chief ly  t he  more  repe t i -  
t i ve  (nongenic)  D N A  f rac t ions  4,11. Besides  a f fec t ing  t he  
cell me tabo l i c  ra te ,  these  di f ferences  a p p e a r  to  be cor- 
r e l a t ed  w i t h  t he  l eng th  of t he  S phase  (DNA a u t o s y n -  
thesis)  12, t he  d u r a t i o n  of e m b r y o n i c  and  l a rva l  develop-  
m e n t s  8 and  p e r h a p s  w i th  o t h e r  phys io logica l  c h a r a c t e r s  
of h i g h  a d a p t i v e  s ignif icance for t he  a m p h i b i a n s  1~ 

8 L. Goniakowska, Acta biol. eracov. S6r. zool. 16, 113 (1973); 
L. Goniakowska-Witalinska, ]Bull. Acad. pol. Sci. S~r. Sci. biol. 
22, 59 (1974). 

9 H. Szarski, Int. Rev. Cytol. 44, 93 (1976). 
10 A. Moresealehi, in: Major patterns in Vertebrate evolution p. 149. 

Ed. M. K. Hecht, P. Goody and 13. M. Hecht. Plenum Press, New 
York 1977. 

11 S. Mizuno, C. Andrews and H. C. MacGregor, Chromosoma 58, 1 
(1976); A. Morescalchi and V. Serra, Experientia 30, 487 (1974). 

12 H.G. Callan, Proc. r. Soc. London B 181, 19 (1972); L. Grosset 
and N. Odartehenko, Celt Tissue Kinet. 8, 81 (1975). 

Chemical mediators in the oviposit ion behaviour of the house longhorn beetle, 
Hylotrupes bajulus 
M. D. Higgs  a n d  D. A. E v a n s 1  

Department o/ Chemistry, University o~ Southampton, Southampton, S09 5NH (England), 21 June 1977 

Summary. Ovipos i t ion  b e h a v i o u r  in t he  t i m b e r  pes t  Hylotrupes bajulus is m e d i a t e d  b y  p h e r o m o n e s  ( ( - ) -verbenone  a n d  
p-cymen-8-ol )  p roduced  in t he  frass of t h e  wood-bo r ing  l a rvae  of t he  species. 

In  our  s tud ies  Of t h e  role of c h e m o s e n s o r y  s u b s t a n c e s  in 
t he  b e h a v i o u r  of t he  house  l onghorn  bee t le  Hylotrupes 
ba]ulus (Coleoptera,  Cerambyc idae)  2, a serious pes t  of 
coniferous  sof twoods,  we obse rved  t h a t  m a t e d  females  
showed  a preference  for ov ipos i t ion  on  ac t ive ly - in fes ted  
wood r a t h e r  t h a n  on  un in fes t ed  mater ia l .  In  th i s  con tex t ,  
H. ba]ulus cu l tu res  were e s t ab l i shed  a r t i f ica l ly  on  b locks  
Of u n t r e a t e d  Pinus sylvestis pine  wood o b t a i n e d  f rom a 
single source. N e w l y - h a t c h e d  l a rvae  were i n t r o d u c e d  
in to  b locks  of wood i m p r e g n a t e d  w i t h  yeas t  e x t r a c t  s, a n d  
a f t e r  6 m o n t h s  d e v e l o p m e n t  were t r an s f e r r ed  to u n t r e a t e d  
b locks  for a t  leas t  3 m o n t h s .  C o l d - t r e a t m e n t  of these  
b locks  for a p p r o x i m a t e l y  4 weeks a t  5~ resu l t s  a f t e r  
p u p a t i o n  ill t he  emergence  of a d u l t  bee t les  some 5-7 
weeks  later .  W i t h i n  severa l  m i n u t e s  of emergence,  t he  
male  becomes  a t t r a c t e d  to t he  female  a n d  a f te r  loca t ion  
a n d  copula t ion ,  t he  m a t e d  female  i m m e d i a t e l y  seeks 
su i t ab le  s i tes  for egg-laying.  A t  close range,  t ac t i le  s t imul i  
p r e d o m i n a t e  and  the  female  p robes  t h e  wood surface  
u n t i l  a su i t ab le  f issure is located.  However ,  t he  poss ib i l i ty  
of t he  i n v o l v e m e n t  of chemica l  s t imul i  in ov ipos i t ion  
was  sugges ted  b y  t he  o b s e r v a t i o n  t h a t  egg- laying on  
in fes ted  cu l tu re  b locks  was prefe r red  to sound  pine  wood. 
I n  o rder  to  i nves t i ga t e  t he  precise chemica l  effects in  

opera t ion ,  we e x t r a c t e d  t h e  frass  ( p r e d o m i n a n t l y  fecal  
pellets) p roduced  b y  the  t u n n e l l i n g  of t he  l a rvae  a n d  
f r a c t i o n a t e d  t he  e x t r a c t  in c o n j u n c t i o n  w i t h  an  elec- 
t rophys io log ica l  b ioas say  us ing  e l e c t r o a n t e n n o g r a p h y  
(EAG) 4. Microscale  ana lys i s  O f t he  f rac t ion  which  pro-  
duced  t he  m a j o r  E A G  response  al lowed iden t i f i ca t ion  
of severa l  m o n o o x y g e n a t e d  mono te rpenes ,  t he  m o s t  
a b u n d a n t  of wh ich  were ( - - ) - v e r b e n o n e  (1), p -cymen-8-o l  
(2) and  m y r t e n o l  )3)2. W e  p r e s e n t  here  t he  resul ts  of 
t e s t i ng  the  i m p o r t a n c e  in ov ipos i t ion  b e h a v i o u r  of 1 a n d  
2, b o t h  of wh ich  were i nd iv idua l l y  EAG-ac t ive ,  and  also 
r epo r t  p r e l im ina ry  d a t a  for  t he  t e s t i ng  of 3 5. 
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(-)-verbenone p-cymen-8-ol Myrtenol 


