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au tosomal  complemen t  consis ts  of one pair  of large, one 
pai r  of medium,  and 7 pairs  of small  m e t a - s u b m e t a -  
centr ics ;  one pai r  of large and one pai r  of small  sub- 
te locentr ics ;  and 7 pairs  of m e d i u m  to small  acroeentrics.  
The X - c h r o m o s o m e  is a med ium-smal l  acrocentr ic  and  the  
Y-chromosome is a small  acrocentr ic  equ iva len t  in size to 
the  smal les t  autosome.  K a r y o t y p e s  r ep resen ta t ive  of 
three  is land popula t ions  are given in the  Figure. 

The d iscovery  of t he  38-chromosome form of the  black 
ra t  in the  Gal~pagos is no t  par t i cu la r ly  surpr is ing since 
these  ra t s  have  the  European  appearance  in all o ther  
respects .  

I t  is of some interest ,  however ,  t h a t  the  popula t ions  
examined  appea r  to  ep i tomize  a genera l i ty  of a ve ry  low 
to non-ex i s t en t  level of ch romosomal  var iab i l i ty  exh ib i ted  
by  all ' i n t roduced '  popu la t ions  of b lack ra ts  t he  world 
over. Despi te  a r a the r  wide range in var iab i l i ty  of ex- 
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pressed types  of ch romosomal  r ea r rangement s  wi th in  the  
species as a whole, no popu la t ion  as ye t  f rom Africa, 
Australasia ,  or the  Americas  (all wi th  2n = 38) has ex- 
h ib i ted  any  form of chromosomal  var iabi l i ty .  This 
lack of var ia t ion  at  the  chromosomal  level is also paral leled 
by  a similar  cons is ten t  Iow level of genic-based var iab i l i ty  
as judged  by  al lozyme s tudies  2~ Therefore,  a t  least  in the  
case of the  black rat ,  except ional  colonizing abi l i ty  is not  
associated wi th  any  increased genet ic  var iance  (as 
measured  by  chromosomal  or genic characters)  as migh t  
be expected.  Quite to  the  cont rary ,  the  success of the  
species m a y  be due ins tead  to  an ex t remely  wel l - in tegra ted  
and rigid geno type  wi th  ex t reme  f lexibi l i ty only a t  the  
pheno typ i c  level ,1. 

Resumen. Muestras  de ra tas  negras  (Rattus rattus) de 
siete islas del Archipi61ago de Gal~pagos fueron examina-  
das pa ra  estudios de chromosomas .  E1 nfimero diploide de 
todos  los animales  es 38 y los car iot ipos  son id6nticos a 
los de las poblaciones  europeas,  americanas ,  y aus t ra-  
lianas. La conclusi6n general  es que la fal ta  de var iabi l idad 
cariotfpica de las poblaciones  in t roduc idas  se explica po t  
la capacidad  de ra tas  de establecerse por  medio  de 
cambios  fenotipicos.  
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S e x  At trac tant  Inh ib i tors  of  the  Codl ing  M o t h  Laspeyresia pomonella L. 

Sex a t t r ac t ion  in lep idoptera  is of ten inhib i ted  by  
compounds  closely re la ted to  the  a t t r a c t a n t  chemical,  
bu t  differ ing by  the  posi t ion or geomet ry  of a double 
bond  or the  presence or absence of an ester  function1, 2. 
Due to the i r  effect iveness in coun te rac t ing  response  to  
pheromones ,  inhibi tors  m a y  have  a po ten t i a l  use in 
insect  control.  

In  a search for s t rong inhibi tors  of the  codling moth ,  
Laspeyresia pomonella, sex pheromone ,  we have  employed  
the  rout ine  procedure  ~ of add ing  various chemicals  3 to 
cyl indrical  t raps  ba i ted  wi th  trans- 8, trans- 10-dodecadien- 
1-ol ~ (Codlemone 5 caps) or wi th  3 virgin females. The 
tes ts  wi th  di f ferent  chemicals  were conduc ted  over  various 
t ime  in tervals  i n  apple  orchards  at  Opfershofen and 
T~gerwilen dur ing  the  codling m o t h  f l ights  of 1972 and 
1973. 

The Table lists the  catches  wi th  each chemical  as 
compared  wi th  those  of the  control  group over  the  same 
t ime  period.  Of all compounds  tes ted,  cis-8-dodeeenyl 
ace ta te  was the  s t ronges t  codling m o t h  inhibi tor .  Catch 
was reduced by  ca. 90% wi th  1 mg of th is  chemical  (No. 
16), and a lmost  to ta l ly  wi th  5 mg (No. 17). Ins t ead  of 
codling moths ,  these  t r aps  a t t r ac t ed  males of the  p lum 
frui t  moth ,  Grapholitha/unebrana, probab ly  f rom s tands  
of p lum trees outs ide  the  apple  orchard.  Cis-8-dodecenyl 
ace ta te  has been known as a sex a t t r a c t a n t  of th is  in- 
sect  ~. Compared  wi th  catches  wi th  th is  chemical  alone, 
Codlemone seemed to have  no effect  on p lum frui t  m o t h  
males. 

A n u m b e r  of o ther  chemicals  also s ignif icant ly  inhib i ted  
codling m o t h  a t t rac t ion .  3 compounds  were t e s t ed  agains t  
virgin females, cis-8-dodecenyl ace ta te  (16 and 17) which  
was a s t rong inhibi tor ,  and  cis-lO and trans-lO-dodecenyl 
ace ta te  (Nos. 21 and 22) which were modera te  inhib i tors  

of Codlemone.  All 3 chemicals  were s t rong inhibi tors  of 
male a t t r ac t ion  to  females.  As s t rong evidence has been 
obta ined  for the  i den t i t y  of trans-8, trans-lO-dodecadien- 
1-ol wi th  t he  na tu ra l  codling m o t h  phe romone  7, our 
results  seem to suggest  t h a t  the  females emi t  th is  com- 
p o u n d  at  a lower ra te  t h a n  Codlemone caps since the i r  
a t t r a c t a n c y  was reduced more  dras t ica l ly  by  inhibi tors .  

S t ruc tures  of codling m o t h  inhibi tors  found in th is  
s tudy  are l is ted in the  Figure in order  of decreasing inhi- 
bi t ion.  Al though  prolonged tes t s  migh t  have  a l tered the  
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Effect of various chemicals on moth catch with Codlemone and codling moth females 

Chemicals added to Codlemone ~ Male catch b 
No. L. pomonella L. H. nubi[erana Haw. 

with/without with/without 
test chemical test chemical 

Other species caught o 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 

10-Undeeen-l-ol (5 mg) 
10-Undecenyl acetate (5 mg) 
Dodecyl acetate 
cis-2-Dodecen-l-ol 
eis-2-Dodecenyl acetate 
cis- 3-Dodecen- l-ol 
cis-3-Dodecenyl acetate 
cis-4- Dodecen- l-ol 
cis-4-Dodecenyl acetate 
cis-5-Dodecenyl acetate 
eis-6- Dodecen- l-ol 
cis-6-DodecenyI acetate 
cis-7-Dodecenyl acetate (5 mg) 
trans-7 Dodecenyl acetate 
cis-8-Dodecen-l-ol 
cis-8-DodecenyI acetate 
eis-8-Dodecenyl acetate (5 rag) 
trans-8 Dodecenyl acetate 
cis-9-Dodecenyl acetate (5 mg) 
trans-9-Dodceenyl acetate 
cis-10-Dodecenyl acetate 
trans-lO-Dodecenyl acetate 
cis-9-Trideeenyl acetate 
cis-lO-Tridecenyl acetate 
cis- 11 -Tridecenyl acet ate 
cis-8-Tetradecenyl acetate 
trans-8-Tetradecenyl acetate 
cis-9-Tetradecenyl acetate 
trans-9-Tetradecenyl acetate 
cis-lO-TetradecenyI acetate 

128/180 
167/180 
66/66 
13/28 a 
48139 
34/28 
34/21 
17/28 
40/21 
22121 
22/28 
23/21 
68/91 
49/39 
30/49 a 
6/49 ~ 
1/91 f 

15/39 a 
63/91 
46/39 

6/39 a 
14/39 a 
20/39 
10/45 a 
10/45 a 
38/23 
98/62 
30/39 
21/39 
47/68 

cis-11-Tetradecenyl acetate 16/39 
trans- 11-Tetradecenyl acetate 10/45 a 
cis-12 Tetradecenyl acetate 31/39 
trans-12-Tetradecenyl acetate 31/39 

12/19 

22/19 
31/49 
16/19 
19/49 
98/49 
24]28 
71/49 
3/242 f 

2/68 a 
0/68 f 
0/242 f 

0/242 f 

Celypha striana Schiff. 
Grapholitha /unebrana Tr. 
Grapholitha /unebrana Tr. 

Caradrina morpheus Hfng. 

Spilonota ocellana F. 

Brytropha terrella Hb. 
A potomis corticana Hb. 
Endothenia carbonana Dougl. sens~ Brad]ey 
Yponomeuta padellus-malinellus G1, 
Croesia holmiana L. 

Chemicals added to codling moth females 

16 
17 
21 
22 

eis-8-Dodecenyl acetate 16/226 * 
cis-8-Dodecenyl acetate (5 rag) 1/226 r 
eis-lO-Dodecenyl acetate 4/106 e 
trans-lO-Dodeeenyl acetate 5/106 ~ 

Grapholitha /unebrana Tr. 
Grapholitha /unebrana Tr. 
Grapholitha /unebrana Tr. 
A rgyroploce auro/asciana Hw. 

Alcohols were dispensed from rubber septa, esters from polyethylene caps, except in No. I and 3 (reversed). The amount applied was 1 mg, 
unless indicated, b Total catch of 4 traps each in test and control group, except No. 13, 17 and 19 (6 traps). Differences are significant at 
the 5% a, 1% ~ and 0.1% r levels, respectively. ~ We wish to thank Professor W. SAWTER (Entomologisches Institut der ETH, Zfirich) for 
identification of our specimens. 

s e q u e n c e  s o m e w h a t ,  o u r  r e su l t s  a p p e a r  to  agree  w i t h  t h e  
t h e o r y  of i n h i b i t i o n  b y  chemica l s  s h o w i n g  a f f i n i t y  for  t h e  
a t t r a c t a n t  r e c e p t o r  site1. I n h i b i t o r s  f o u n d  in t h e s e  t e s t s  
h a v e  a doub l e  b o n d  in c o m m o n  w i t h  t h e  a t t r a c t a n t  a n d  a 
s t r a i g h t  cha in  of 12 a n d  13 or, in  1 case, 14 c a r b o n  a t o m s .  
Cis-2-dodecen-l-ol (4) w o u l d  f i t  t he  h y p o t h e t i c a l  r e c e p t o r  
on ly  w h e n  r o t a t e d  as  s h o w n .  Cis-isomers s e e m  to  be  
s t r o n g e r  i n h i b i t o r s  t h a n  trans (16 vs  18, 21 vs  22), a c e t a t e s  
s t r o n g e r  t h a n  a lcohols  (16 v s  15). O t h e r  a u t h o r s  f o u n d  
tra~s-8-trans-lO-dodecadienyl a c e t a t e  to  be  a p o t e n t  
cod l ing  m o t h  i n h i b i t o r  s. 

C o d l e m o n e  caps  also a t t r a c t e d  la rge  n u m b e r s  of  Hedya 
nubi/erana males  b e t w e e n  la te  M a y  a n d  t h e  end  of J u n e  
of b o t h  years .  T h i s  insec t  w a s  n e v e r  a t t r a c t e d  to  t r a p s  
b a i t e d  w i t h  cod l ing  m o t h  females .  I t  p r o v e d  to  be  m o r e  

s ens i t i ve  to  i n h i b i t o r s  t h a n  t h e  cod l ing  m o t h  (Table).  As  
in t h e  la t te r ,  s t r o n g  i n h i b i t i o n  w a s  f o u n d  w i t h  cis-8- 
d o d e c e n y l  a c e t a t e  (16 a n d  17), b u t  also w i t h  t h e  corre-  
s p o n d i n g  a lcohol  ( 1 5 ) w h i c h  w a s  on ly  a m o d e r a t e  cod l ing  
m o t h  inh ib i to r .  Cis-7 a n d  cis-9-dodecenyl a c e t a t e  (13 a n d  
19) w h i c h  h a d  no  s ign i f i can t  effect  on  cod l ing  m o t h  
ca tch ,  were  also s t r o n g l y  i n h i b i t o r y  to  H. nubi/erana. 
Select ive  i n h i b i t i o n  in insec t s  u s i n g  t h e  s a m e  a t t r a c t a n t  
h a s  been  p r o p o s e d  as a m e c h a n i s m  to  ach ieve  r e p r o d u c t i v e  
i sola t ion1,  9. W h e r e  a t t r a c t a n t s  a re  u sed  to  m o n i t o r  

8 [~. R. ~r c o m m u n ,  at 4th meeting of the IOBC working 
group on genetic control of codling moth and Adoxophyes, 
W~idenswil Nov. 27-29, 1973. 

9 M. C. GANYARD and U. E. BRADY, Nature, Lond. 234, 415 (1971). 
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insect  pests, the  addi t ion  of selective inhibi tors  could 
provide  a useful me thod  to avoid cap ture  of non- t a rge t  
insects  t h a t  can cause unnecessary  a larm to growers. 

F r o m  the  knowledge of inhibi tors ,  no valid conclusions 
can at  p resent  be d rawn on s t ruc tures  of sex pheromones .  
I t  is never the less  in teres t ing  t h a t  3 H. nubi/erana 
inhibi tors  found in th is  s tudy,  cis-7 t h rough  cis-9- 
dodecenyl  acetate ,  are also repor ted  to be inhibi tors  of sex 
a t t r ac t ion  in Phyacionia buoliana lo. 

Some compounds  seemed to increase catches  of L. 
pomonella (9 and 27) or of H. nubi/erana (10 and 12) over  
the  control ,  bu t  this  effect  was in no case significant.  

A n u m b e r  of o the r  l ep idopte ra  were specificalIy 
a t t r ac t ed  to  t r aps  conta in ing  cer ta in  chemicals ;  wh e t h e r  
the  presence of Codlemone affected the i r  ca tch  is unknown.  
Celypha striana was a t t r ac t ed  to cis-8-dodecen-l-ol (15), 
conf i rming an earlier observa t ion  n. A t t r ac t i on  of a 
Bryotropha species to trans-9-tetradecenyl ace ta te  (29) 
has been observed in N o r t h  America  1~. Of special in teres t  
is the  cap ture  of Spilonota ocellana, a widespread  apple-  
feeder. About  100 males of th is  species were caught  be- 
tween  June  27 and Ju ly  11 in 4 t r aps  conta in ing  cis-8- 
t e t r adeceny l  ace ta te  (26). Catches of th is  species and  
those of Apotomis corticana and Endothenia carbonana 
with  ano the r  14-carbon compound  (30) indicate  t h a t  the  
a t t r ac t ion  of Olethreutinae to 12-carbon compounds  la m a y  
no t  be a general  rule. Several  G. funebrana males were 

caugh t  in t raps  conta in ing  L. pomonella females and cis- 
10-dodecenyi  acetate .  A l though  no direct  compar i son  
could be made,  th is  co mp o u n d  seemed less a t t r ac t ive  t h a n  
cis-8-dodecenyl acetate .  

Conclusive evidence for the  use of inhibi tors  in insect  
control  has  not  ye t  been establ ished.  In  a pre l iminary  
t es t  in connect ion  wi th  a p lum fruit  m o t h  confusion 
expe r imen t  la, evapora t ion  of cis-8-dodecenyl ace ta te  f rom 
several  sources wi th in  an apple  orchard  at  the  ra te  of ca. 
150 to 600 mg per  day  and hec tare  did no t  p r ev en t  codling 
m o t h  males f rom being recap tu red  in Codlemone-  or 
female-ba i ted  t raps.  Similar results  were ob ta ined  in 
Austral ia  wi th  the  or ienta l  frui~ m o t h  and the  inhibi tor  
dodecyI ace ta te  ~5. On the  o ther  hand,  o r ien ta t ion  of 
codling m o t h  males to females was successfully p r even t ed  
over  a shor t  period wi th  re la t ively  large doses of trans-8, 
trans- 10-dodecadienyl  ace ta te  ~. 

Many insights  into the  mechan i sm of sex a t t r a c t a n t  
inh ib i ton  were ob ta ined  wi th  compounds  t h a t  recent ly  
p roved  to be synergis t ic  as low levels1% F u r t h e r  s tudies  
will be needed to  de te rmine  the  actual  effect  of inhibi tors  
on the  var ious  phases  of ma t ing  behavior .  

Zusammen/assung. Die Anlockung yon  Mgnnchen  des 
Apfelwicklers  (Laspeyresia pomonella L.) mi t  trans-8, 
trans-lO-Dodecadien-l-oi (Codlemone) oder mi t  lebenden 
Weibchen  wird d u t c h  verschiedene  Analoge des Sexual-  
Iockstoffs gehemmt .  S tarke  Inh ib i to rwi rkung  zeigte cis-8- 
DodecenyIaceta t .  Der  graue Knospenwickler ,  Hedya 
nubi/erana Haw.,  der  ebenfalls  durch  Codlemone ange- 
lockt  wird, reagier t  spezifisch auf weitere  Inhib i toren .  
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Structural similarities between codling moth sex attractant and 
inhibitors. 
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S o m e  O b s e r v a t i o n s  on  the  S e e d  Coat  S t r u c t u r e  w i t h i n  the  G e n u s  Epilobium 
The genus Epilobium is a ve ry  var iable  one whose 

species exh ib i t  a wide range of morphologica l  f lexibi l i ty  1. 
I t  is no t  surpr iz ing then  to read in the  l i t e ra ture  t h a t  
the re  m a y  well be over  200 species t h r o u g h o u t  the  world 
wi th in  th is  genus 1 3. F u r t h e r m o r e  the  complex i ty  of the  
genus has led to much  dif f icul ty  in de te rmin ing  the  
d i s t r ibu t ion  p a t t e r n s  of the  various taxa,  s impIy because 
of t he  lack of knowledge of the  to ta l  var iab i l i ty  wi th in  
species a 

Despi te  the  var iable  na tu re  of the  genus, au topoly-  
ploidy,  r a the r  t h a n  al lopolyploidy,  seems to occur in 
such var iable  species as E. lati/olium and E. angusti- 

1 p. A. MIJNz, in North American FloralI (W. H. Scripps. Claremont, 
California, USA 1965), part 5, p. 1-231. 
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a E. HULTI~N, Flora ol Alaska and Neighbouring Territories (Stan- 

ford University Press, California 1968). 


