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are p re sen ted  in Figure 2. It  is ev iden t  tha t ,  in 
the  presence  of  small  quan t i t i e s  of  cho les te ro l  

in  lec i th in  (0 .25 and  0 .50  molar  ra t ios) ,  t he  20  
a n d  45 C t r ans i t ions  of  l ec i th in  are e l imina t ed  
and  the  phase  t r ans i t i on  occurs  over  a wider  
range of  t e m p e r a t u r e  t h a n  at h igher  mo la r  
ra t ios  ( " i n t e r m e d i a t e  f l u i d "  s ta te  of  p h o s p h o -  
l ipids).  

Some n e w  aspects  of  the  phase  t r a n s i t i o n  
p h e n o m e n a  may  be revealed if the  t e m p e r a t u r e s  
co r r e spond ing  to a f ixed  value of  b i r e f r ingence  
are p l o t t e d  vs the  mola r  ra t io  of  cho le s t e ro l  and  
leci thin.  Thus  a set o f  i so re f r ac t ion  curves  are 
o b t a i n e d  (Fig. 3). At  the  e q u i m o l a r  ra t io  of  
choles te ro l  and  lec i th in ,  a h igher  t e m p e r a t u r e  is 
necessary  to  r e a c h  the  same value of  bire-  
f r ingence as at o t h e r  rat ios .  This  m a y  ref lec t  a 
s t r ic t ly  o rde r ed  layer  o f  l ip id  molecu les  at  t he  
equ imola r  ra t io  and  m ay  be ind ica t ive  of  com-  
plex f o r m a t i o n  be twe en  lec i th in  a n d  choles-  
terol .  

On the  basis of  these  inves t iga t ions ,  th is  s im- 
ple and  rap id  m e t h o d  o f  r e f r a c t o m e t r y  seems 
to  be su i tab le  for  s t udy ing  the  e f fec t  o f  
l ipid-soluble  and  o t h e r  m em br ane - ac t i ve  agents  
u p o n  the  physical  s ta te  and  s t ruc tu r e  of  l ipid 
layers.  
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Hydrocarbons from Males, Females, and Larvae of Pecan Weevil" 
Curculio caryae (Horn) 

ABSTRACT 

As par t  o f  a p rog ram to  iden t i fy  as 
m a n y  as possible  of  the  c o m p o n e n t s  of  
the  pecan  weevil,  Curculio caryae (Horn ) ,  
the  h y d r o c a r b o n s  f r o m  males,  females,  
and  larvae were i so la ted  by  so lven t  ex-  
t r ac t ion  and  c o l u m n  c h r o m a t o g r a p h y  and  
sub jec t ed  to  gas l iqu id  c h r o m a t o g r a p h y -  
mass s p e c t r o m e t r y  analysis,  n -Alkanes  
f r o m  C14-Ca2 in t he  larvae and  unsa tu -  
r a t ed  and  b r a n c h e d  cha in  h y d r o c a r b o n s  
f rom C20-C32 in males  and  females  were 
found .  There  are n o  s igni f icant  differ- 

ences  b e t w e e n  the  h y d r o c a r b o n s  of  the  
male a n d  female  pecan  weevils. 

I NTRODUCT! ON 

The adul t  pecan  weevil,  Curculio caryae 
(Horn ) ,  a t t acks  green m a t u r i n g  n u t s  in late 
s u m m e r  and  damages  t h e m  by  mak ing  feeding 
and  ov ipos i t ion  punc tu res .  The  insect  t h e n  
unde rgoes  an e x t e n d e d  life cycIe wh ich  takes  
2-3 years  to  comple t e  (1).  The  e x t e n d e d  life 
cycle of  the  pecan  weevil  ind ica tes  t h a t  the  role 
of  l ipids in  this  insec t  is a cen t ra l  one.  The  
i m p o r t a n c e  o f  l ipids in  the  b i o c h e m i s t r y  of  
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insects has been stressed in recent reviews (2,3). 
Also ,  e x t e n s i v e  s t u d i e s  in  t h e  o r d e r  C o l e o p t e r a  
have  b e e n  c o n d u c t e d  (4-7) .  O u r  i n v e s t i g a t i o n  

TABLE I 
Hydrocarbon Composi t ion o f  Pecan Weevil Larvae 

Hydrocarbon a Mol vet Percent b 

n-Tetradecane 198 T c 
n-Pentadecane 212 TC 
n-Hexadecane 226 0.2 
n-Heptadecane 240 0.3 
n-Octadecane 254 0.S 
n-Nonadecane 268 O.S 
n-Eicosane 282 0.7 
n-Heneicosane 296 0.8 
n-Docosane 310 1.3 
n-Tricosane 324 2.4 
n-Tetracosane 338 1.9 
n-Pentacosane 352 2.9 
n-Hexacosane 366 2.1 
n-Heptacosane 380 l.S 
n-Octacosane 394 10. 3 
n-Nonacosane 408 2.1 
n-Triacontane 422 24.9 
Branched C30H62 d 422 30.8 
C31H64 436 2.1 
C32H66 450 3.8 

aMass fragmentat ion pat terns of  these compounds  
corresponded with those published (10). 

bpercent ot total hydrocarbons.  
CTrace, present in concentrat ions of  less than  0.1%. 
dFive most  abundant  f ragment  ion values plus 

parent peak observed or inferred. (57, 43,  71, 85, 41, 
and  422). 

was designed to add to the body of general 
knowledge of insect hydrocarbons and specifi- 
cally to further the understanding of the 
hydrocarbons of Coleoptera. 

T h e  a d u l t  p e c a n  weev i l s  we re  n e w l y  e m e r g e d  
a n d  u n f e d .  T h e  l a rvae  were  las t  i n s t a r  a n d  a b o u t  
to  e n t e r  d i a p a u s e .  T h e  e x p e r i m e n t a l  p r o c e d u r e s  
were  t h e  s a m e  as t h o s e  e m p l o y e d  p r e v i o u s l y  
( 8 , 9 )  w i t h  t h e s e  f e w  e x c e p t i o n s .  T h e  m a s s  
s p e c t r a  were  o b t a i n e d  f r o m  a H e w l e t t - P a c k a r d  
5 9 3 0  q u a d r u p o l e  m a s s  s p e c t r o m e t e r  i n t e r f a c e d  
w i t h  a 5 7 0 0  A gas c h r o m a t o g r a p h  f r o m  a 20  x 
I / 8  in .  1 .5% S E - 3 0  gas  c h r o m a t o g r a p h i c  co l -  
u m n  at  i o n i z i n g  v o l t a g e  70  e V .  T h e  gas c h r o -  
m a t o g r a p h  u n i t  was  p r o g r a m e d  f r o m  1 2 0 - 2 6 0  C 
a t  4 C / r a i n  r a t e .  T h e  f ina l  t e m p e r a t u r e  was  
m a i n t a i n e d  fo r  20  rain.  

RESULTS AND DISCUSSION 

T h e  l ip id  c o n t e n t  o f  t h e  l a rvae  is a m o n g  t h e  
h i g h e s t  eve r  r e p o r t e d  f o r  a n y  s t a g e  o f  a n y  
i n s e c t s  (7 ) .  T h i s  h i g h  a m o u n t  o f  l ip id  c an  be  
a t t r i b u t e d  to  t he  la rvae  f e e d i n g  o n  t h e  l i p id - r i ch  
m e a t s  o f  t h e  p e c a n ,  w h i c h  h a s  b e e n  i ts  h a b i t a t  
a n d  so le  s o u r c e  o f  f o o d .  T h e  b u i l d u p  o f  l i p id s  
p e r m i t s  t h e  l a rvae  to  su rv ive  t h e  l o n g  d i a p a u s e  
p e r i o d  u n d e r g r o u n d .  T h e  h y d r o c a r b o n  c o n t e n t  
o f  t h e  l a rvae  is in  t h e  n o r m a l  r a n g e .  

T h e  p e r c e n t  t o t a l  l ip ids  a n d  h y d r o c a r b o n s  o f  
t h e  a d u l t  m a l e  a n d  f e m a l e  is w i t h i n  t h e  n o r m a l  
r a n g e  fo r  m o s t  o t h e r  i n - s e a s o n  i n s e c t s .  A l so ,  t h e  

TABLE II 
Hydrocarbon Composi t ion of Male and Female Adult  Pecan Weevils 

Hydrocarbon Mol wt Male (%)a Female (%)a 

Eicosene 280 0.2 --- 
t ,3-Henicosadiene b 292 0.6 - -  
3-Heneicosene b 294 1.7 1.6 
2-Heneicosene b 294 --- 0.S 
1,3-Docosadiene b 306 1.8 1.8 
3-Docosene b 308 - -  0.6 
Tricosene 322 2. S 2.6 
Tetraeosene 336 1.7 1.7 
Pentacosene 3S0 0.3 O. 3 
Hexacosene 364 0.5 0.4 
Heptacosene 378 6.8 6.8 
4-Methyl hexacosane 380 5.7 5.6 
Octacosene 392 1.1 2. S 
S-Methyl heptacosane 394 4.6 4.6 
4-Methyl octacosane 408 11.5 11 .S 
S-Methyl nonacosane 422 c c 
11-Methyl nonacosane 422 c c 
13-Methyl nonacosane 422 c c 
15-Methyl nonacosane 422 c c 
C31H62 434 1.7 1.7 
C32H64 448 2.2 2.2 

apercentage of  total hydrocarbons.  
bThe geometric isomers of  the unsatura ted  hydrocarbons  could not  be assigned f rom 

the mass spectral data (cis-trans). 
COne gas liquid chromatograph peak contained these four  hydrocarbons  (36.8%) whose 

s t ructures  were assigned f rom the  mass spectra by the method  of  Nelson (11). 
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insects would  have just  recent ly  emerged f rom 
an ex tended  period underground  during which 
they  undoub ted ly  had depleted thei r  lipid 
reserves for survival. Females conta in  a slightly 
larger amoun t  of  lipid than males, which is a 
c o m m o n  occurrence  in Coleoptera  and in o ther  
insects. It is presumed that  this higher quant i ty  
of  l ipid is used for reproduct ive  purposes. The 
investigation of  the pecan weevil l ipid const i tu-  
ents was done in this labora tory  (7). 

Table I presents the hydrocarbons  of  the  
pecan weevil  larvae for which structures were 
determined.  They accounted for 89.1% of the 
gas l iquid chromatographic  (GLC) peaks which 
were presumed to be hydrocarbons .  All of  the 
hydrocarbons  in the series f rom C-14-C-32 were 
present and each, except  one,  were n-alkyl. In 
this present work, GLC condi t ions  were ade- 
quate to  elute hydrocarbons  up to  C-36, but  
none above C-32 were observed.  The presence 
of  normal  chain saturated hydrocarbons  prob- 
ably can be a t t r ibu ted  to the larvae feeding on 
the lipid-rich meats o f  the pecan, n-Octacosane,  
n- t r iacontane,  and a branched chain t r iacontane  
are the major hydrocarbons  of the larvae; t hey  
account  for 66% of the to ta l  hydrocarbons .  

Table II lists the total  hydrocarbon  composi-  
t ion of  male and female adult  pecan weevils and 
their  percentage distr ibution.  These accounted  
for 79.7% and 81.2% of  the total  hydrocarbons  
amenable  to GLC-mass spec t romet ry  in the  
male and female pecan weevil,  respectively.  All 
o f  the  hydrocarbons  in series C2o-C32 were 
present in b o t h  males and females;  all were 
unsatura ted  and branched chain hydrocarbons .  
Five o ther  al iphatic hydrocarbons  (C13-C19) 
also were found  in a previous s tudy on the 
pecan weevil volatiles (12). The mixture  of  C3o 
branched chain hydrocarbons  in bo th  the  male 
and female which e lu ted  as one GLC peak was 
resolved by examina t ion  of  the mass spectral  
data according to the m e t h o d  of  Nelson (11). 
The C30 hydrocarbons  in this mixture  included 
5-, 11"-, 13-, and 15-methyl  nonacosane.  

In summary,  bo th  the larvae and adults 
contain hydrocarbons  through C-32. In con- 
trast,  larvae conta in  only n-alkyl saturated 
hydrocarbons ,  excep t  for one branched C-30 

hydrocarbon,  while adults of  b o t h  sexes con- 
tain only n-alkyl unsatura ted  and branched 
chain sa turated hydrocarbons .  No significant 
differences be tween  males and females were 
observed. 
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