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Diet consumption, weight loss of cotton fibre and oothecal production under 4 balanced or carbohydrate-deficient dietary regimes 

Group ~ Regime Mean total diet Mean total weight Mean total number of 
consumed per insect {g ~ SD) loss of fibre per insect (rag :l: SD) oothecae per insect (4- SD) 

1 Dog food 2.7281 i 0.6198 18.32 ~ 8.75 
Cotton fibre 19.1 i 13.1 

2 Dog food 2.6237 -t: 0.1014 - 15.08:1= 5.55 
3 Carbohydrate-deficient b diet 1.1828 ~ 0.2306 6.16 zc 3.41 

Cotton fibre 9.5 • 7.3 
4 Carbohydrate-deficient b diet 1.1618 -E 0.2313 -- 9.30 =~: 1.70 

~25 Insects per group. 
bCompounded from casein protein (86% by weight), yeast extract (10%) and Hawk-Owser salt mixture (4%). 

t he  d ry  weight  loss of f ibre and  oothecal  number s  (Figure 
2B;  r = + 0.003). As a control  Group 2 received the  same 
diet,  b u t  no fibre. Compar ing  Groups 1 and 2, no signifi- 
can t  differences in the  means  of to ta l  d ie t  consumpt ion  
or of to ta l  oothecal  number s  per  insect  were found.  
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Fig. 2. Relationship between the number of oothecae produced 
during an 18-week period and A) consumption of dog food, B) dry 
weight loss of cotton fibre. Each dot represents the data from 1 in- 
sect. 

Group 3 was ma in t a ined  on a ca rbohydra te -de f i c i en t  
diet,  wi th  fibre provided .  A control  group again received 
the  same diet,  bu t  no fibre (Group 4). No signif icant  dif- 
ference in t he  mean  to ta l  consumpt ion  of the  die t  was 
found,  b u t  the  expe r imen ta l  group produced  fewer 
oothecae.  Al though  this  difference in mean  oothecal  
n u m b e r s  is re la t ively  small,  i t  is suff ic ient  to be signifi- 
can t  (p < 0.01). Bo th  groups  receiving ca rbohydra t e -  
def ic ient  d ie t  p roduced  s ignif icant ly  smaller  mean  to ta l  
n u mb e r s  of oothecae  t h a n  the  group ma in ta ined  on dog 
food (p < 0.0l). I n  add i t ion  the  mean  to ta l  d ry  weigh t  
loss of f ib ie  was s ignif icant ly  less for insects  ma in t a ined  
on the  ca rbohydra t e -de f i c i en t  d ie t  t h a n  for those  pro-  
v ided wi th  dog food (p < 0.01). 

A n u mb er  of depos i ted  oothecae  f rom each group were 
incuba ted  in a mois t  conta iner .  H a t c h i n g  was observed 
in each case. 

Conclusions. The d ry  we igh t  loss of f ibre was grea tes t  
in groups  receiving a ba lanced  diet.  E v e n  in th is  case, 
however ,  t he  weight  loss was less t h a n  1% of the  weigh t  
of d ie t  consumed despi te  t he  fact  t h a t  the  denta l  roll be- 
came cons iderably  roughened  in appearance  as a resul t  
of gnawing.  Al though  i t  is no t  possible to dis t inguish by  
th is  g rav imet l i c  me t h o d  be tween  fibre displaced and  
fibre ingested,  t he  provis ion of f ibre did no t  increase t he  
n u m b e r  of oothecae  produced,  i r respect ive  of w h e t h e r  
the  die t  was ba lanced or def ic ient  in a c a rbohydra t e  
source. The degrada t ion  of cellulose in the  a l imen ta ry  
canal  does not,  therefore,  appea r  to  be of significance to  
reproduc t ive  pe r fo rmance  in the  female cockroach. The 
possibi l i ty  remains  t h a t  gnawing m a y  provide  the  insect  
w i th  mater ia ls  for cover ing the  depos i t ed  ootheca,  b u t  no 
clear evidence exists  to s u p p o r t  th is  thesis.  The p robab le  
exp lana t ion  of gnawing ac t i v i t y  is t h a t  it prepares  a 
sui table  site for oothecal  deposi t ion,  or is correlated wi th  
a physiological  even t  no t  d i rec t ly  re la ted  to the  nourish-  
m e n t  of the  fertile female. 

Sex  Attractant  R e s p o n s e s  of Male Oriental  Fruit  Moths  to a Range  of C o m p o n e n t  Ratios:  P h e r o m o n e  
P o l y m o r p h i s m ?  1 

R. T. CARD2~, T. C. BAKER ~ and W. L. I~OELOFS 

Department o/Entomology, New York State Agricultural Experiment Station, Geneva (New York 14456, USA), 7 May 7976: 

Summary. At t r ac t i on  of male Grapholitha molesta to  d i f ferent  ra t ios  of an a t t r a c t a n t  b lend  is no t  correlated wi th  in- 
dividuals  or behavioura l  classes op t imal ly  responsive to d i f ferent  mixtures .  

In t raspec ies  phe romone  p o l y m o r p h i s m  has been  docu- 
men ted  in several insects.  Certain haIict ine bees utilize indi-  
v idual  specific odours  b o t h  to dis t inguish nes t  ma te s  (other 
females) f rom conspecif ic  in t ruders  and for male  recogni-  
t ion  of prev ious ly  non- recep t ive  females a. In  Drosophila 
melanogaster genet ic  var ia t ion  among  the  cour t sh ip  
phe romone  bouque t  is a r equ i remen t  for s t imula t ion  of 

e i ther  sexa, ~, and th is  nega t ive  assor ta t ive  mechan i sm 
appears  to  minimize  inbreeding.  In  the  pyral id  m o t h  
Ostrinia nubilalis b o t h  geographical  and in t rapopu la t ion  
differences in t he  a t t r ac t iveness  of cis-ll- and trans-ll- 
t e t r adeceny l  ace ta te  a d m i x t u r e s  have  been hypo thes ized  
to reflect  genet ic  var ia t ion  wi th in  a single species 6, and  
hence indicate  the  po ten t i a l  for rapid  evolut ion of new 
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phe romone  sys tems.  (But  some of the  var ia t ion  in 
phe romone  response  m a y  be due to semi- or s ibl ing species 
s ta tuses  of the  cis and t rans  strainsV-9.) 

Differences in the  re la t ive a t t r ac t iveness  of s l ight ly al- 
t e red  b lends  of a phe romone  medley  are common  to all 
field tests ,  b u t  the  basis of this  var ia t ion  is enigmatic.  
O p t i m u m  male  a t t r a c t a n c y  for the  Oriental  f rui t  moth ,  
Graphol i tha  mo les t s  (Lepidoptera :  Tortr icidae),  occurs 
wi th  app rox im a te ly  7% t rans  1~ in c i s - 8 - d o d e c e n y l  ace- 
ta re  n,  wi th  s l ight ly higher  ( <  20%) and lower rat ios  
( >  2%) produc ing  reduced  t r ap  ca tches  12. The ques t ion  
of whe the r  such var ia t ion  in phe romone  response repre-  
sents  e i ther  b road  sensory  tun ing  abou t  an o p t i m u m  
blend or the  specific responses  of several pheno types  has  
no t  been  tes ted .  

We  inves t iga ted  var ia t ion  in the  responses of G. moIesta 
males to 3 c i s : t r a n s  rat ios  in Geneva, N .Y.  using a new 
a t t r ac t i on -mark ing - r ea t t r ac t i on  technique  wi th  wild 
males.  Males f rom the  na tu ra l  popula t ion  were a t t r ac t ed  
to 9 cm d iame te r  circular dishes conta in ing  a th in  layer 
of powdered  f luorescent  dye (Dayglo TM red, yellow, or 
blue) s i tua ted  wi th in  special non-s t icky  Pherocon  1C TM 
t r aps  for p ro tec t ion  f rom the  elements .  Rubbe r  sep ta  
chemical  d ispensers  conta in ing  one of th ree  a t t r a c t a n t  
b lends  were pos i t ioned in the  centre  of the  dish  conta in-  
ing a dye  colour-coded to  t h a t  blend.  The blends  were 
10 ~g of e i ther  3, 8, or 11% t rans  in c i s - 8 - d o d e c e n y l  ace- 
ta te ,  plus 10 ~zg of dodecyl  alcohol (a c o m p o n e n t  media t -  
ing close range or ienta t ion,  landing,  and p recopu la to ry  
display 1.~, 14). The re la t ive  a t t r ac t iveness  of these  b lends  
in previous field tes t s  was 3 :5 :2  respect ive ly  ~2. Wild 
males landing wi th in  4.5 cm of the  a t t r a c t a n t  d ispenser  
con tac t ed  a dye  before f lying off, thus  es tabl ishing their  
' ca r te  de visi te ' .  

Marking devices were set  out  on a 20 • 20 m spacing 
in an apple orchard  in a r andomized  comple te  block 
design of 16 repl icates  (1 device every  o ther  tree). After  
2 days  the  mark ing  devices were replaced wi th  16 repli- 
cates  of s t icky Pherocon  TM 1C t r aps  ba i ted  wi th  one of 
the  3 b lends  and deployed  r a n d o m l y  on t rees  be tween  
the  mark ing  posi t ions.  I f  the  var ia t ion  in a t t r ac t iveness  
to s l ight ly  a l tered b lends  represen ted  d i spara te  pheno-  
types,  males marked  at  one dispenser  type  should t end  
to be cap tu red  at  t h a t  blend.  Conversely,  if the  differences 
in a t t r ac t ion  to subt le  b lend  changes  represen ted  a normal  
d i s t r ibu t ion  of responses  abou t  an o p t i m u m  mixture ,  

Captures of males marked at devices baited with 3, 8 and 11% trans 
in cis-8-dodeeenyl acetate at similarly baited traps during test con- 
ducted Jnty 22 to 25, 1975 

Marking Blend (No. expected with null 
hypothesis) 
Blue Red Yellow 
(30/0 trans) (8~ trans) (1.1% trans) 

Total 

Capture Blend 
3% trans 32 (34) 56 (50) 12 (15) 100 
8% trans 88 (81) 108 (117) 37 (35) 233 

11% trans 18 (22) 34 (32) 11 (10) 63 

Total 138 198 60 396 

Multiply-marked males pooled with singly-marked males : Z 2 = 3.99, 
4 d.f., with 0.25<P<0.50 and n -- 396. Percentages of multiply- 
marked males were 21, 34 and 30% for the 3, 8 and 11% treatments, 
including 41 blue and red, 42 red and yellow, and 6 blue and yellow- 
marked individuals. The occurrence of many multiply-marked males 
and the directions of the deviations in 2 of 3 cases from those ex- 
pected argues against discrete behaviouraI classes. Two additional 
field tests yielded identical trends. 

t hen  males should be r ea t t r ac t ed  to all b lends  in the  same 
relat ive propor t ions .  

Our d a t a  suppor t  the  l a t t e r  in te rpre ta t ion ,  since each  
class of colour-coded males was d i s t r ibu ted  among  the  
3 a t t r a c t a n t  b lends  in a s ta t is t ica l ly  indis t inguishable  
man n e r  (Table). This indicates  t h a t  the  differences in at-  
t r ac t ion  to  al tered b lends  canno t  be readi ly ascribed to  
pheno typ ic  var ia t ion.  Also, the  occurrence of m a n y  males 
(ca. 30%) marked  wi th  a t  least  two di f ferent  dyes argues 
against  discrete  behavioura l  classes. 

A signif icant  a m o u n t  of gene t ica l ly -de te rmined  var ia-  
t ion in phe romone  p roduc t ion  and response implies non-  
r a n d o m  ma t ing  and possibly sympa t r i c  divergence.  How-  
ever, we s u b mi t  t h a t  differences in t r ap  ca t ch  d i s t r ibu t ion  
co mmo n l y  found in field tr ials  of phe romone  blends  can-  
not  be used wi th  ce r t a in ty  to  infer possible behaviourM 
classes in the  responders ,  pe rhaps  since a t t r ac t ion  is a 
complex,  sequent ia l  process 1~-~5 and a t r app ing  t echn ique  
offers an organism no ' second chance ' .  

P h e r o m o n e  p o l y m o r p h i s m  m a y  be re la ted  to  p r ema t ing  
dispersal  and tile l ikelihood of inbreeding,  an hypo thes i s  
also proposed  by  AVERIIOFF 16. In  groups such as t he  
moths ,  which  typica l ly  disperse pr ior  to  mat ing,  nega t ive  
assor ta t ive  ma t ing  and  individual  recogni t ion would ap- 
pear  superfluous,  whereas  homogene i ty  of long-range 
a t t r a c t a n t  b lend  p roduc t ion  and  response would seem 
i m p o r t a n t  for eff icient  m a t e  location. In  but ter f l ies  
(which rare ly  use a t t r ac t an t s )  phe romones  can serve for 
close-range conspecific sex percep t ion  17 and pe rhaps  
phe romona l  p o l y m o r p h i s m  for recogni t ion of individuals  
occurs among  ter r i tor ia l  species. A l though  the  p re sen t  
evidence in G. mo le s t s  suggests  t h a t  for t he  a t t r a c t a n t  
sys tem tes ted  the  responders  are essent ia l ly  homogeneous ,  
the  p rob lem is w o r t h y  of fu r ther  s tudy.  If  appreciable  
var ia t ion  occurs in some species, t hen  contro l  p rogram-  
mes based on the  mass  t r ap p i n g  t echn ique  likely should 
employ  enough  phe romone  blends  to  ref lect  the  na tu ra l  
var ia t ion  in the  responders .  Otherwise,  rapid  selction of 
res is tance would be enhanced.  
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