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ABSTRACT 

Morpho log ica l  v a r i a t i o n  among t he  species o f  a  taxonomic 

complex o f  aph ids o f  t h e  genus Cinara C u r t i s  (Homoptera: Aphidoidea: 

Lachnidae) on western No r t h  American p ines  was s tud ied  u s i n g  

techniques o f  u n i v a r i a t e  and m u l t i v a r i a t e  s t a t i s t i c a l  a n a l y s i s ,  

Th i s  morphometric approach was used t o  desc r i be  t rends  i n  v a r i a t i o n ,  

t o  e s t a b l i s h  spec ies boundar ies,  and t o  t e s t  t he  d i s c r i m i n a t o r y  

a b i l i t y  o f  a  s e t  o f  morpho log ica l  cha rac te r s ,  

Within-sample and between-sample v a r i a t i o n  o f  a  s i n g l e  

species,  C. n i g r a  (Wi l son) ,  was c h a r a c t e r i z e d  f i r s t .  C o r r e l a t i o n  

a n a l y s i s  and p r i n c i p a l  component a n a l y s i s  o f  a  s u i t e  o f  52  

cha rac te r s  i n  one sample and 32 cha rac te r s  i n  19 geographic samples 

o f  t h i s  species revea led  t he  presence o f  components o f  v a r i a t i o n  

o ther  than j u s t  s i z e  v a r i a t i o n .  Geographic v a r i a t i o n  i n  t he  19 

p o p u l a t i o n  samples was analyzed u s i n g  d i s c r i m i n a n t  f u n c t i o n  

a n a l y s i s .  V a r i a t i o n  i n  t he  magnitude and composi t ion o f  t he  main 

components o f  v a r i a t i o n  w i t h i n  and between samples was demonstrated. 

Morphometric t rends  w i t h i n  9  species o f  C inara were 

c h a r a c t e r i z e d  by t he  use o f  p r i n c i p a l  component a n a l y s i s .  Pa t t e rns  

of morphometric v a r i a t i o n  were shown t o  be complex and unique f o r  

many spec ies;  f u n c t i o n a l  groups o f  cha rac te r s  e x h i b i t e d  d i f f e r e n t  

i n t e r n a l  r e l a t i o n s h i p s  and d  

main components o f  v a r i a t i o n  

i f f e r e n t  degrees o f  a s s o c i a t i o n  w i t h  t h e  

. I n f o r m a t i o n  on t he  c o v a r i a t i o n  among 

iii 



t he  charac te rs  s t u d i e d  was used t o  s e l e c t  a  se t  o f  cha rac te r s  f o r  

d i s c r i m i n a t i o n  among t he  spec ies o f  Clnara.  D i sc r im inan t  f u n c t i o n  

a n a l y s i s  and c l u s t e r  a n a l y s i s  o f  Mahalanobis Genera l ized Dis tances 

were used t o  e s t a b l i s h  spec ies boundar ies among samples o f  t he  9 

species and t o  i d e n t i f y  those v a r i a b l e s  which d i s c r i m i n a t e d  bes t  

between the  spec ies.  I t  was shown t h a t  n e a r l y  one h a l f  o f  t h e  32 

v a r i a b l e s  used were necessary t o  d i s c r i m i n a t e  between t he  spec ies;  

these v a r i a b l e s  were f rom a l l  o f  t h e  f u n c t i o n a l  groups o f  cha rac te r s .  

D e s c r i p t i v e  and d i s t r i b u t i o n a l  i n f o r m a t i o n  and a  taxonomic 

key t o  t he  species o f  C inara on lodgepo le  p i n e  (P inus c o n t o r t a  

Douglas ex Laudon) were developed. Ex tens ive  geographic sampl ing 

a l lowed f o r  an i n t e r p r e t a t i o n  o f  t h e  d i s t r i b u t i o n s  and h o s t p l a n t  

preferences o f  these species t o  be made w i t h i n  t h e  con tex t  o f  the  

systemat ic  r e l a t i o n s h i p s  o f  No r t h  American p ines .  

The a p p l i c a t i o n  o f  m u l t i v a r i a t e  morphometrics t o  Cinara 

taxonomy i n  p a r t i c u l a r  and t o  aph id  b iosys temat i cs  i n  genera l  i s  

d iscussed, i n c l u d i n g  t h e  p o t e n t i a l  c o n t r i b u t i o n  o f  t h i s  approach t o  

t he  phy logene t i c  r e c o n s t r u c t i o n  o f  t h e  Aphidoidea. 
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Continuous va r i ab les  and s e t a l  counts f o r  the  a d u l t  44 
apterous v iv iparous  morph o f  Cinara n i g r a .  

Co r re la t i on  c o e f f i c i e n t s  between 52 va r i ab les  5  1  
ca l cu la ted  f rom a  sample o f  20 specimens o f  Cinara 
n i g r a  c o l l e c t e d  20 km west o f  Edson, Alber ta,  9  
August 1980. See Table I f o r  abbrev ia t ions  o f  v a r i a b l e  
names. S i g n i f i c a n t  values a re  under l ined  ( C r i t i c a l  
values = .444 ( p  = .05) ) .  

Cont r ibu t ions  o f  52 va r i ab les  t o  the  f i r s t  th ree  57 
p r i n c i p a l  components ca l cu la ted  from 20 specimens 
o f  Cinara n i g r a  c o l l e c t e d  a t  a  s i t e  20 km west o f  Edson, 
Alber ta,  11 August 1980. See Table I f o r  f u l l  names o f  
var iab les .  

C o l l e c t i o n  data o f  popu la t i on  samples o f  Cinara 62 
n i g r a  used i n  the  study. A l l  samples were c o l l e c t e d  
by R. F o o t t i t .  A l l  samples are  from B r i t i s h  Columbia 
unless noted otherwise. 

To ta l  numbers o f  s i g n i f i c a n t  ( P  = .05) c o r r e l a t i o n  67 
c o e f f i c i e n t s  between 49 va r i ab les  f o r  each o f  19 
popu la t ion  samples o f  Cinara n i g r a .  The sub to ta l s  o f  
s i g n i f i c a n t  negat ive  c o r r e l a t i o n s  are  i n  brackets.  See 
Table I f o r  f u l l  names o f  var iab les .  

Cont r ibu t ions  o f  49 va r i ab les  t o  the f i r s t  th ree  7  5 
p r i n c i p a l  components ca l cu la ted  f rom 20 specimens 
o f  Cinara n i g r a  c o l l e c t e d  a t  a  s i t e  10 km N o f  Quesnel, 
B r i t i s h  Columbia, 31 Ju l y  1980. See Table I f o r  f u l l  
names o f  var iab les .  

C o r r e l a t i o n  c o e f f i c i e n t s  between 49 va r i ab les  79 
ca l cu la ted  f rom 19 popu la t i on  samples ( n  = 20) 
o f  Cinara n ig ra .  To ta l  sample s i z e  equals 380. See 
Table I f o r  abbrev ia t ions  o f  v a r i a b l e  names. 
S i g n i f i c a n t  values a re  under l ined  ( C r i t i c a l  va lue = 
. I01  ( p  = .05) ) .  

h 

Cont r ibu t ions  o f  49 va r i ab les  t o  the  f i r s t  th ree  8  5  
p r i n c i p a l  components c a l c u l a t e d  f rom 380 specimens 
o f  Cinara n i g r a .  See Table I f o r  f u l l  names o f  
va r i ab les .  
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S,tandardized d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f o r  8  8 
the  f i r s t  f ou r  d i s c r i m i n a n t  f u n c t i o n s  c a l c u l a t e d  f r om 
19 p o p u l a t i o n  samples ( n  = 20) o f  49 v a r i a b l e s  o f  
C inara n i g r a .  See Table  I f o r  f u l l  names o f  v a r i a b l e s .  

I d e n t i f i c a t i o n  t a b l e  f o r  19 p o p u l a t i o n  samples o f  9  3  
Cinara n i g r a .  I d e n t i f i c a t i o n  f u n c t i o n s  based on 49 
v a r i a b l e s  ( n  = 20).  The numbers o f  c o r r e c t  i d e n t i f i c a -  
t i o n s  a r e  shown i n  t h e  d iagona l  p o s i t i o n s ,  i n c o r r e c t  
i d e n t i f i c a t i o n s  a r e  i n  t h e  o f f - d i agona l  p o s i t i o n s .  

I d e n t i f i c a t i o n  t a b l e  f o r  19 p o p u l a t i o n  samples o f  9  6  
Cinara n i g r a .  I d e n t i f i c a t i o n  f u n c t i o n s  based on 32 
v a r i a b l e s  ( n  = 20) .  The numbers o f  c o r r e c t  i d e n t i f i c a -  
t i o n s  a re  shown i n  t h e  d iagona l  p o s i t i o n s ,  i n c o r r e c t  
i d e n t i f i c a t i o n s  a re  i n  t h e  o f f - d i a g o n a l  p o s i t i o n s .  

C o l l e c t i o n  da ta  f o r  samples and sub-samples o f  110 
Cinara species c o l l e c t e d  on Pinus con to r t a ,  11, 
mont ico la ,  and P. ponderosa. 

C o n t r i b u t i o n s  o f  32 morpho log ica l  v a r i a b l e s  t o  t he  116 
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f r om 25 
specimens o f  C. n i g r a .  

C o n t r i b u t i o n s  o f  32 morpho log ica l  v a r i a b l e s  t o  t h e  119 
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f rom 25 
specimens o f  C. pergandei .  

ContributSans o f  32 morgha:ogical va r i ab le s  t o  the 1.7- 
I L L  

f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f rom 25 
specimens o f  C. b rev i sp i nosa .  

C o n t r i b u t i o n s  o f  32 morpho log ica l  v a r i a b l e s  t o  t he  125 
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f rom 25 
specimens o f  C. p a r v i c o r n i s .  

C o n t r i b u t i o n s  o f  32 morpho log ica l  v a r i a b l e s  t o  t he  128 
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f r om 25 
specimens o f  C. c o n t o r t a e  - " t y p i c a l n .  

C o n t r i b u t i o n s  o f  32 morpho log ica l  v a r i a b l e s  t o  t he  130 
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f rom 25 
specimens o f  C. c o n t o h a e  - "sma l l ,  t h i n u ,  

C o n t r i b u t i o n s  o f  32 morpho log ica l  v a r i a b l e s  t o  t he  133 
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f rom 25 
specimens o f  C. c o n t o r t a e  - "reduced p igmenta t ion" .  
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c o n t r i b u t i o n s  o f  32 morpho log ica l  v a r i a b l e s  t o  t h e  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f r om 25 
specimens o f  C. medispinosa. 

C o n t r i b u t i o n s  o f  32 morpho log ica l  v a r i a b l e s  t o  t h e  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f rom 25 
specimens o f  C. murrayanae - " t y p i c a l f l .  

C o n t r i b u t i o n s  o f  32 morpho log ica l  v a r i a b l e s  t o  t h e  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f r om 20 
specimens o f  C. murrayanae "reduced p igmenta t ionH.  

C o n t r i b u t i o n s  o f  32 morpho log ica l  v a r i a b l e s  t o  t he  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f rom 25 
specimens o f  C. ponderosae. 

C o n t r i b u t i o n s  o f  32 morpho log ica l  v a r i a b l e s  t o  t he  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f r om 25 
specimens o f  C. kuchea. 

Standard ized d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f o r  
two d i s c r i m i n a n t  f u n c t i o n s  c a l c u l a t e d  f rom 32 
morpho log ica l  v a r i a b l e s  measured f rom t h r e e  samples 
( n  = 3  x 25) o f  C. con to r t ae .  

Standard ized d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f o r  
two d i s c r i m i n a n t  f u n c t i o n s  c a l c u l a t e d  f rom 32 
morpho log ica l  v a r i a b l e s  measured f rom one sample o f  
C, medispinosa and two samples o f  c. murrayanae. - 

Standard ized d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f o r  
t he  f i r s t  two d i s c r i m i n a n t  f u n c t i o n s  c a l c u l a t e d  
f rom 32 morpho log ica l  v a r i a b l e s  measured f rom 12 
samples o f  9 species o f  C inara.  

Standard ized d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f o r  
the  f i r s t  two d i s c r i m i n a n t  f u n c t i o n s  c a l c u l a t e d  f r om 
32 morpho log ica l  v a r i a b l e s  measured f rom 11 samples o f  
8 species o f  C inara.  

I d e n t i f i c a t i o n  t a b l e  f o r  1 2  samples o f  9 species o f  
Cinara.  I d e n t i f i c a t i o n  f u n c t i o n s  based on 32 
morpho log ica l  v a r i a b l e s .  See Table  X I 1  f o r  c o l l e c t i o n  
data.  The numbers o f  c o r r e c t  i d e n t i f i c a t i o n s  a r e  shown 
i n  t he  d iagona l  p o s i t i o n s ,  i n c o r r e c t  i d e n t i f i c a t i o n s  
a r e  i n  t he  o f f - d i a g o n a l  p o s i t i o n s .  
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7 Diagram showing a  p r i n c i p a l  component o r d i n a t i o n  o f  5 9  
20 specimens o f  C inara n i g r a  based on t he  a n a l y s i s  o f  
52 morpho log ica l  v a r i a b l e s .  A, p r o j e c t i o n  o f  specimens 
onto t h e  f i r s t  and second p r i n c i p a l  axes, w i t h  t he  va lue  
( i n  mm) f o r  t he  body l e n g t h  measurement p o s i t i o n e d  t o  t he  
r i g h t  o f  t he  mark i n d i c a t i n g  t he  l o c a t i o n  o f  each specimen; 
B, p r o j e c t i o n  o f  t he  specimens on to  t he  f i r s t  and t h i r d  - 
p r i n c i p a l  axes; C, p r o j e c t i o n  o f  t he  specimens on to  t h e  
second and t h i r d  p r i n c i p a l  axes, w i t h  t he  va lue  ( i n  mm) f o r  
t he  s e t a l  l e n g t h  measurement on t he  head p o s i t i o n e d  t o  t h e  
r i g h t  o f  t h e  mark i n d i c a t i n g  t he  l o c a t i o n  o f  t he  specimen. 

8  D i s t r i b u t i o n  i n  B r i t i s h  Columbia and A l b e r t a  o f  t he  63 
19 p o p u l a t i o n  samples o f  C inara n i g r a  used i n  t he  s tudy .  
Popu la t i on  No. 19 was c o l l e c t e d  a t  Sparwood i n  t he  south- 
eas te rn  corner  o f  B r i t i s h  Columbia. 

9  Diagram showing t h e  p r i n c i p a l  component o r d i n a t i o n s  o f  7 4 
20 specimens o f  C inara n i g r a ,  c o l l e c t e d  10 km N  o f  
Quesnel ,  B r i t i s h  Columbia (31 V I I  1980), based on t he  
a n a l y s i s  o f  49 morpho log ica l  v a r i a b l e s .  A, p r o j e c t i o n  
o f  specimens on to  t h e  f i r s t  and second p r i n c i p a l  axes, 
w i t h  t he  va lue  ( i n  mm) f o r  t h e  body l e n g t h  measurement 
p o s i t i o n e d  t o  t he  r i g h t  o f  t h e  mark i n d i c a t i n g  t he  l o c a t i o n  
o f  each specimen; Ej, p r o j e c t i o n  o f  t he  specimens on to  t he  
f i r s t  and second p r i n c i p a l  axes, w i t h  t he  va lue  ( i n  mm) f o r  
t h e  femur l e n g t h  measurement p o s i t i o n e d  t o  t h e  r i g h t  o f  t he  
mark i n d i c a t i n g  t he  l o c a t i o n .  

10 Cent ro ids  o f  19 p o p u l a t i o n  samples o f  C inara n i g r a  90 
p r o j e c t e d  on to  t h e  f i r s t  and second d i s c r i m i n a n t  axes; 
based on t h e  a n a l y s i s  o f  49 morpho log ica l  v a r i a b l e s .  
See Table  I V  f o r  t he  c o l l e c t i o n  da ta  cor responding t o  t he  
sample numbers, 

11 Phenogram f o r  t he  UPGMA c l u s t e r  a n a l y s i s  o f  Mahalanobis 92 
Genera l ized Dis tances,  g, c a l c u l a t e d  f o r  19 p o p u l a t i o n  
samples o f  C inara n i g r a ,  based on t he  a n a l y s i s  o f  49 
morpho log ica l  v a r i a b l e s .  See Table  I V  f o r  t he  c o l l e c t i o n  
da ta  cor responding t o  t he  sample numbers. 

12 Diagrams showing p r i n c i p a l  component o r d i n a t i o n s  o f  117 
25 specimens o f  C inara ~ i g r a ,  p r o j e c t e d  onto t he  f i r s t  
t h r e e  p r i n c i p a l  axes ( I  x  11, I x  111, I 1  x  111),  based 
on t he  a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  (Tab le  V I I I ) .  
See Table  X I 1  f o r  c o l l e c t i o n  data.  The polygons connect 
t h e  specimens o f  each sub-sample; numbers r e f e r  t o  sub- 
sample des igna t ions  as i n  Table  X I I .  
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13 Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  25 120 
specimens o f  C inara pergandei ,  p r o j e c t e d  on to  t h e  f i r s t  
t h ree  p r i n c i p a l  axes ( I  x  11, I x  111, I x  111) ,  based on 
t he  a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  (Tab le  XIV),  
See Table  X I 1  f o r  c o l l e c t i o n  data.  The polygons connect 
t he  specimens o f  each sub-sample; numbers r e f e r  t o  sub- 
sample des igna t ions  as i n  Table  X I I ,  

14 Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  25 123 
specimens o f  C inara b rev i sp i nosa ,  p r o j e c t e d  on to  t he  
f i r s t  t h r e e  p r i n c i p a l  axes ( I  x  11, I x  111, I 1  x  111),  
based on t he  a n a l y s i s  of 32 morpho log ica l  v a r i a b l e s  
(Tab le  XV). See Table  X I 1  f o r  c o l l e c t i o n  data.  The 
polygons connect t he  specimens o f  each sub-sample; 
numbers r e f e r  t o  sub-sample des igna t ions  as i n  Table  X I I .  

15 Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  15 126 
specimens o f  C inara p a r v i c o r n i s ,  p r o j e c t e d  on to  t he  
f i r s t  t h r e e  p r i n c i p a l  axes ( I  x  11, I x  111, I 1  x  111),  
based on t he  a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  
(Tab le  XVI) .  See Table  X I 1  f o r  c o l l e c t i o n  data,  The 
polygons connect t he  specimens o f  each sub-sample; 
numbers r e f e r  t o  sub-sample des igna t ions  as i n  Table  X I I ,  

16 Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  25 129 
specimens o f  C inara c o n t o r t a e  H t y p i c a l H ,  p r o j e c t e d  on to  
the  f i r s t  t h ree  p r i n c i p a l  axes ( I  x  11, I x  111, I 1  x  
111),  based on t h e  a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  
(Tab le  XV I I ) .  See Table  X I 1  f o r  c o l l e c t i o n  data.  The 
polygons c ~ n n e c t  t he  specimens o f  each sub-sample; 
numbers r e f e r  t o  sub-sample des igna t ions  as i n  Table  X I I .  

17 Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  25 131 
specimens o f  C inara c o n t o r t a e   isma all, t h i n M ,  p r o j e c t e d  
on to  t he  f i r s t  t h r e e  p r i n c i p a l  axes ( I  x  11, I x  111, 
I 1  x  111),  based on t he  a n a l y s i s  @f 32 morpho log ica l  
v a r i a b l e s  (Tab le  X V I I I ) .  See Table  X I 1  f o r  c o l l e c t i o n  
data.  The polygons connect t he  specimens o f  each sub- 
sample; numbers r e f e r  t o  sub-sample des igna t ions  as i n  
Table  X I I ,  

18 Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  25 134 
specimens o f  C inara c o n t o r t a e  "reduced p igmenta t ionM,  
p r o j e c t e d  on to  t he  f i r s t  t h r e e  p r i n c i p a l  axes ( I  x 11, 
I x  111, I 1  x  111),  based on t h e  a n a l y s i s  o f  32 
morpho log ica l  v a r i a b l e s  (Tab le  XIX) .  See Table  X I 1  f o r  
c o l l e c t i o n  data.  The polygons connect t he  specimens 
o f  each sub-sample; numbers r e f e r  t o  sub-sample 
des igna t ions  as i n  Table  X I I .  
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19 Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  137 
25 specimens o f  C inara medispinosa, p r o j e c t e d  on to  
the  f i r s t  t h r e e  p r i n c i p a l  axes ( I  x  11, I x  111, I 1  x  
111),  based on t h e  a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  
(Tab le  XX). See Table  X I 1  f o r  c o l l e c t i o n  data.  The 
polygons connect t h e  specimens o f  each sub-sample; 
numbers r e f e r  t o  sub-sample des igna t ions  as i n  Table  X I I .  

2  0  Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  25 140 
specimens o f  C inara murrayanae " t y p i c a l " ,  p r o j e c t e d  
onto t he  f i r s t  t h r e e  p r i n c i p a l  axes ( I  x  11, I x  111, 
I 1  x  111),  based on t h e  a n a l y s i s  o f  32 morpho log ica l  
v a r i a b l e s  (Tab le  XXI) .  See Table  X I 1  f o r  c o l l e c t i o n  
data.  The polygons connect t he  specimens o f  each 
sub-sample; numbers r e f e r  t o  sub-sample des igna t ions  
as i n  Table  X I I .  

2  1  Diagrams showing p r i n c i p a l  components o r d i n a t i o n  o f  143 
20 specimens o f  C inara murrayanae "reduced 
p igmenta t ionN,  p r o j e c t e d  on to  t h e  f i r s t  t h r e e  p r i n c i p a l  
axes ( I  x 11, I x  111, I 1  x  111) ,  based on t he  a n a l y s i s  
o f  32 morpho log ica l  v a r i a b l e s  (Tab le  X X I I ) .  See Table  X I 1  
f o r  c o l l e c t i o n  data.  The polygons connect t he  specimens 
o f  each sub-sample; numbers r e f e r  t o  sub-sample 
des igna t ions  as i n  Table  X I I .  

2  2  Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  25 146 
specimens o f  C inara ponderosae, p r o j e c t e d  on to  t he  
f i r s t  t h ree  p r i ncSpa l  axes (I x 11, I X III, II X T T T \  A A L I ,  

based on t he  a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  
(Tab le  X X I I I ) .  See Tab le  X I 1  f o r  c o l l e c t i o n  data.  The 
polygons connect t he  specimens o f  each sub-sample; numbers 
r e f e r  t o  sub-sample des igna t i ons  as i n  Table  X I I .  

2  3  Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  25 148 
specimens o f  C inara kuchea, p r o j e c t e d  on to  t he  f i r s t  
t h r e e  p r i n c i p a l  axes ( I  x  11, I x  111, I 1  x  111),  based 
on t he  a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  (Tab le  XXIV). 
See Tab le  X I 1  f o r  c o l l e c t i o n  da ta .  The polygons connect 
t he  specimens o f  each sub-sample; numbers r e f e r  t o  sub- 
sample des igna t ions  as i n  Table  X I I .  

24 Specimens o f  t h r e e  samp4es ( N  = 3  x  25) o f  C inara 
c o n t o r t a e  p r o j e c t e d  on to  t h e  f i r s t  and second 
d i s c r i m i n a n t  axes, based on t h e  a n a l y s i s  o f  32 
morpho log ica l  v a r i a b l e s  (Tab le  XXV). See Table X I 1  
f o r  t h e  c o l l e c t i o n  da ta  f o r  each sample. (0, C. 
c o n t o r t a e  - " t y p i c a l I t ;  2,  C. c o n t o r t a e  - l lsmall,  thin";:, 
C .  con to r  t ae  - "reduced p igmenta t ion t1 ) .  - 
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Specimens o f  one sample ( n  = 25) o f  C lnara medispinosa 159 
and two samples ( n  = 25, 20) o f  C inara murrayanae 
p r o j e c t e d  on to  t h e  f i r s t  and second d i s c r i m i n a n t  axes, 
based on t h e  a n a l y s l s  o f  32 morpho log ica l  v a r i a b l e s  
(Tab le  XXVI). See Table  X I 1  f o r  t he  collection da ta  f o r  
t h e  samples. (4, C. medispinosa; g, C. murrayanae - 
" t y p i c a l " ;  9, C. murrayanae - "reduced p i gmen ta t i onH) .  

Cen t ro ids  of 12 samples o f  9  species o f  C inara 163 
p r o j e c t e d  on to  t h e  f i r s t  and second d i s c r i m i n a n t  axes, 
based on t he  a n a l y s l s  o f  32 morpho log ica l  v a r i a b l e s  
(Tab le  XXVII) ,  See Table  X I 1  f o r  t he  c o l l e c t i o n  da ta  
cor responding t o  t h e  sample numbers. 

Cen t ro ids  o f  11 samples o f  8  species o f  C inara 166 
p r o j e c t e d  on to  t h e  f i r s t  and second d i s c r i m i n a n t  axes, 
based on t h e  a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  
(Tab le  XXV I I I ) .  See Tab le  X I 1  f o r  t h e  c o l l e c t i o n  da ta  
cor responding t o  t h e  sample numbers. 

Phenogram f o r  t h e  UPGMA c l u s t e r  a n a l y s i s  o f  Mahalanobis 168 
Genera l ized Dis tances,  D, c a l c u l a t e d  f o r  12 samples 
r e p r e s e n t i n g  9  spec ies of Cinara,  based on t h e  a n a l y s l s  
o f  32 morpho log ica l  v a r i a b l e s .  See Table  X I 1  f o r  t he  
c c l l e c t i o n  da ta  f o r  each spec ies sample. ( con to r t ae :  -1, 
I 1 t yp i ca l l 1 ;  -2, 81smal l ,  t h i n M ;  -3, "reduced p igmenta t ion" ;  
murrayanae: -1, " t y p i c a l H ;  -2, "reduced p i gmen ta t l on f t ) .  

Photographs o f  t h e  v e n t r a l  v iew o f  s l ide-mounted 176 
specimens o f  C inara b rev i sp i nosa  ( t o p )  and Cinara 
c o n t o r t a e  (bo t tom) .  

Morpho log ica l  f ea tu res  o f  C lnara b rev isp inosa .  5, 177 
v e n t r a l  p r o j e c t i o n  o f  body; El-, g e n i t a l  p l a t e ;  C, 
rost rum,  segments 111, I V ,  and V; D ,  antenna; E, h i n d  
l eg ;  E, antenna l  segments V and VI; 5, h l n d  l eg ,  t a r s a l  
segments I and 11, 

Morpho log ica l  f ea tu res  o f  C inara con to r t ae .  A, v e n t r a l  185 
p r o j e c t i o n  o f  body; B, g e n i t a l  p l a t e ;  C, rost rum,  
segments 111, I V ,  and V; 1, antenna; I, h l n d  l e g ;  E, 
antennal  segments V abd V I ;  5, h i n d  l eg ,  t a r s a l  segments 
I and 11. 

Photographs o f  t h e  v e n t r a l  v iew o f  s l ide-mounted 191 
specimens o f  C inara medispinosa ( t o p )  and Cinara 
murrayanae (bo t tom) .  

x i x  



Morpho log ica l  f e a t u r e s  o f  C inara medispinosa, A, 
v e n t r a l  p r o j e c t i o n  o f  body; B, g e n i t a l  p l a t e ;  
rostrum, segments 111, I V  and V; D ,  antenna; r, h i n d  
leg ;  F-, antenna l  segments V and vT; 5, h i n d  l eg ,  t a r s a l  
segments I and 11, 

Morpho log ica l  f e a t u r e s  of C inara murrayanae. A ,  
v e n t r a l  p r o j e c t i o n  o f  body; B, g e n i t a l  p l a t e ;  c, 
rost rum,  segments 111, I V  and V; I), antenna; E ,  h i n d  
l eg ;  c, antenna1 segments V and V I ;  - G, h i n d  l eg ,  t a r s a l  
segments I and 11. 

Photographs o f  t h e  v e n t r a l  v iew o f  s l ide-mounted 
specimens o f  C inara n i g r a  ( t o p )  and Cinara 
oregonensis (bo t tom) .  

Morpho log ica l  f ea tu res  o f  C inara n i g r a ,  A, v e n t r a l  
p r o j e c t i o n  o f  body; Ej, g e n i t a l  p l a t e ;  C, rost rum,  
segments 111, I V  and V; D, antenna; E, h i n d  l eg ;  E, 
an tenna l  segments V and V I ;  5, h i n d  l eg ,  t a r s a l  
segments I and 11, 

Morpho log ica l  f e a t u r e s  o f  C inara oregonensis.  A 
v e n t r a l  p r o j e c t i o n  o f  body; 8, g e n i t a l  p l a t e ;  LT' 
rost rum,  segments 11, I V  and V; p, antenna; r, h i n d  
l eg ;  F-, antenna l  segments V and V I ;  5, h i n d  l eg ,  t a r s a l  
segments I and 11. 

Photographs o f  t h e  v e n t r a l  v iew o f  s l ide-mounted 
specimens o f  C inara p a r v i c o r n i s  ( t o p )  and Clnara 
pergandei  (bo t tom) ,  

Morpho log ica l  f e a t u r e s  o f  C inara p a r v i c o r n i s ,  A, 
v e n t r a l  p r o j e c t i o n  o f  body; 4, g e n i t a l  p l a t e ;  g: 
rost rum,  segments 111, I V  and V; D, antenna; I, h i n d  
l eg ;  E, an tenna l  segments V and V I ;  5, h i n d  l eg ,  t a r s a l  
segments I and 11. 

Morpho log ica l  f ea tu res  o f  C inara pergandei .  A, v e n t r a l  220 
p r o j e c t i o n  o f  body; Ej, g e n i t a l  p l a t e ;  C, rost rum,  
segments 111, I V  and V; p, antenna; I, h i n d  leg ;  F-, 
antenna l  segments V a@ V I ;  G, h i n d  l eg ,  t a r s a l  segments 
I and 11. 



1. GENERAL INTRODUCTION 

Aphids o f  t h e  genus Cinara C u r t i s  (Homoptera: Aphidoidea: Lachnidae) 

a re  a  common component o f  t h e  i n s e c t  fauna o f  con i fe rous  f o r e s t s ,  

p a r t i c u l a r l y  i n  t h e  n o r t h  temperate zone. Species of t h j s  genus feed  on 

bark ,  r o o t s ,  cones and o the r  p a r t s  of con i fe rous  t r ees .  The eco logy and 

economic importance o f  most spec ies o f  C inara a r e  p o o r l y  understood. 

However, some Cinara aphids have been found t o  cause seed l o s s ,  t o  

i nc rease  s u s c e p t i b i l i t y  t o  secondary d isease and drought ,  and t o  reduce 

growth (Johnson 1965). Fu r t he r  i n v e s t i g a t i o n  o f  t h e  e c o l o g i c a l  and 

economic importance o f  C inara aphids w i l l  depend on a  sound knowledge o f  

t he  taxonomy, hos t -p l an t  r e l a t i o n s ,  and geographic d i s t r i b u t i o n s  o f  

species o f  t h i s  group. 

As i s  t he  case w i t h  many aph id  genera, t h e  taxonomy o f  species o f  

t he  genus Cinara i s  g e n e r a l l y  cons idered  t o  be d i f f i c u l t  (Eastop 1972).  

Over 200 species have been descr ibed  as f eed ing  on c o n i f e r s  be long ing  t o  

the  f a m i l i e s  Pinaceae and Cupressaceae. A number o f  these species a r e  

known o n l y  f r om  t h e i r  o r i g i n a l  d e s c r i p t i o n s ,  w h i l e  o the rs  have never been 

observed except a t  t h e i r  t ype  l o c a l i t i e s  ( V o e g t l i n  1976). Examinat ion o f  

the  taxonomic l i t e r a t u r e  concern ing  Cinara species i n d i c a t e s  t h a t  some 

p r e v i o u s l y  used taxonomic cha rac te r s  a r e  o f  l i m i t e d  use f o r  
% 

d i s c r i m i n a t i n g  between species (Brad ley  1961, Fedde 1967, V o e g t l i n  

1976).  For example, Pa lmer ' s  (1952) w i d e l y  used key t o  39 species o f  

western Nor th  American Cinara spec ies r e l i e d  much on morphological 



measurements w i t h o u t  c o n s i d e r l n g  s i z e  v a r i a t i o n  and i t s  e f f e c t  on these 

v a r i a b l e s .  

The purpose o f  t h i s  s tudy  i s  t o  descr lbe  morpho log ica l  charac te r  

v a r i a t i o n  i n  some aphids o f  t h e  genus Cinara,  t o  eva lua te  t h e  degree t o  

which morpho log ica l  cha rac te r s  d e f i n e  species boundar ies,  and t o  q u a n t i f y  

t he  a b i l i t y  o f  these cha rac te r s  t o  d i s c r i m i n a t e  between spec les,  

Within-sample and between-sample v a r i a b i l i t y  o f  a  s i n g l e  spec ies and 

v a r i a b i l i t y  between species a r e  c h a r a c t e r i z e d  u s i n g  technlques of 

u n i v a r i a t e  and m u l t l v a r l a t e  morphometr ics (Dunn and E v e r i t t  1982, Neff  

and Marcus 1980, P imente l  1979, Sneath and Sokal 1973). These techniques 

a r e  now w i d e l y  used i n  b i osys tema t i c  s t ud ies  t o  desc r i be  p a t t e r n s  o f  

morpho log ica l  v a r i a t i o n  and t o  q u a n t i f y  t he  d i s c r i m i n a t o r y  a b l l i t y  o f  

taxonomic charac te rs .  For example, F o o t t i t  (1979) used m u l t i v a r i a t e  

morphometric techniques t o  compare 18 p o p u l a t i o n  samples o f  Adelges 

p i ceae  Ratzeburg (Homoptera: Aphidoidea: Adelg idae)  c o l l e c t e d  i n  Nor th  

America and t o  c l u s t e r  these i n t o  3  d i s t i n c t  groups; these 3 groups were 

subsequent ly recognized as 3  subspecies ( F o o t t i t  and Mackauer 1983).  

Approx imate ly  150 spec ies o f  C inara have been descr ibed  f rom Nor th  

America (Smi th  and Parron 1978). However, I stud ied  a more l i m i t e d  group 

o f  C inara spec ies assoc ia ted  w i t h  a  r e s t r i c t e d  hos t -p l an t  range i n  order  

t o  examine morpho log ica l  charac te r  v a r i a t i o n  i n  d e t a i l ,  

Lodgepole p ine ,  Pinus c o n t o r t a  Douglas ex Loudon, i s  t h e  main hos t  - 
p l a n t  t h a t  was s t u d i e d  as I t s  d i s t r i b u t i o n  i s  r e s t r i c t e d  t o  western No r t h  

America, a  f a c t  t h a t  a l lowed ex tens i ve  sampl ing f o r  geographic v a r i a t i o n  

throughout  much of I t s  range, The growth form and h a b l t a t  p re fe rence  o f  



P. c o n t o r t a  a l l o w  f o r  r e l a t i v e l y  thorough search ing  o f  i t s  v e g e t a t i v e  - 
p a r t s  f o r  aph ids as compared t o  o the r  c o n i f e r  hos ts  such as P icea.  I n  

a d d i t i o n ,  t he  geographic v a r i a t i o n  i n  many morpho log ica l  and b iochemica l  

charac te rs  of P. c o n t o r t a  i t s e l f  have been s t u d i e d  e x t e n s i v e l y  (Wheeler 

and Guries 1982a, b; Wheeler e t  a l ,  1983). 

Compared t o  t he  Cinara spec ies found on p ines  i n  eas te rn  Nor th  

America, the  45 species descr ibed  f rom western p ines (Appendix 1 )  a r e  

g e n e r a l l y  cons idered t o  be monophagous or  r e s t r i c t e d  t o  a  ve ry  few 

h o s t - p l a n t  species (Fedde 1967).  However, t h i s  may be t h e  r e s u l t  o f  a  

l a c k  o f  thorough sampl ing and o f  inadequate taxonomic data.  The use o f  

P .  c o n t o r t a  i s  advantageous i n  t h a t  i t  over laps  i n  d i s t r i b u t i o n  w i t h  2  - 

other  p i n e  species,  namely P. mon t i co l a  Douglas ex D. Don and P. 

ponderosa Douglas ex P. and C.  Lawson. Local ,  mixed stands o f  P, 

c o n t o r t a  and these o ther  spec ies cou ld  be searched t o  determine i f  Cinara 

species a r e  e n t i r e l y  r e s t r i c t e d  t o  i n d i v i d u a l  p i n e  spec ies.  

The aph id  and hos t -p l an t  system i s  descr ibed  i n  more d e t a i l  i n  

Chapter 2. The p r i n c i p l e s  and p r a c t i c e  o f  t he  m u l t i v a r i a t e  morphometric 

techniques used i n  t h i s  s tudy a r e  d iscussed i n  Chapter 3. Chapter 4 

p rov ides  d e t a i l s  on t he  u n i v a r i a t e  and m u l t i v a r i a t e  analyses o f  charac te r  

v a r i a t i o n  w i t h i n  and between samples o f  a  s i n g l e  species o f  C inara (C. 

n i g r a  ( W i l s o n ) ) ,  and Chapter 5 i s  concerned w i t h  s i m i l a r  ana lyses between 

a  number o f  spec ies o f  Cinara.  I n  Chapter 6 t h e  morphs o f  t he  species 
% 

s t ud i ed  a r e  descr ibed  and d i s t r i b u t i o n s ,  f eed ing  s i t e  and h o s t - p l a n t  

preferences a r e  summarized. I n  Chapter 7, t he  i m p l i c a t i o n s  o f  t he  

morphometric approach t o  aph id  sys temat i cs  i n  genera l  and t o  Cinara 



taxonomy i n  p a r t i c u l a r  a r e  cons idered,  i n c l u d i n g  t h e  a p p l i c a t i o n  o f  these 

techniques t o  t h e  phy logene t i c  a n a l y s i s  o f  t he  f a m i l y  Lachnidae and t o  

t he  c r e a t i o n  o f  gener i c  and sub-gener ic d i v i s i o n s  w i t h i n  t h e  t r i b e  

C i n a r i n i  ~ z r n e r .  



2. BIOLOGY AND DISTRIBUTION OF THE APHIDS AND THEIR HOST PLANTS 

2.1 The Pinus Species 

Lodgepole p i n e  (P inus c o n t o r t a  Douglas ex Laudon) i s  one o f  t he  most 

widespread and v a r i a b l e  No r t h  American c o n i f e r s  (F i gu re  1 ) .  I t  e x h i b i t s  

cons iderab le  morpho log ica l  v a r i a t i o n  and occurs over a  wide range o f  

c l i m a t i c  and edaphic c o n d i t i o n s  f rom southeastern Alaska and t he  Yukon 

T e r r i t o r y  t o  Baja  C a l i f o r n i a ,  and f rom the  P a c i f i c  Coast t o  t he  Rocky 

Mountains o f  Colorado w i t h  o u t l y i n g  popu la t i ons  as f a r  eas t  as t he  B lack 

H i l l s  o f  South Dakota ( C r i t c h f i e l d  1957, M i rov  1967).  

2.1.1 B io l ogy  

Lodgepole p i n e  i s  a  monoecious, w i n d - p o l l i n a t e d  spec ies.  I t  i s  

cha rac te r i zed  g e n e r a l l y  as a  shade - i n to l e ran t ,  deep-rooted, hardy,  

i n i t i a l l y  fas t -g row ing  bu t  r e l a t i v e l y  s h o r t - l i v e d  (100 t o  175 years )  

p ioneer  success ional  species ( P f i s t e r  and Daubenmire 1975). P. c o n t o r t a  

reaches 25 t o  75 m i n  h e i g h t  w i t h  a  l o n g  and narrow crown, except i n  

dense stands where f o l i a g e  i s  o n l y  p resen t  on t he  t op  p o r t i o n .  The 

needles a re  2.5 t o  7.5 cm i n  l e n g t h  and grouped i n  f a s c i c l e s  o f  2. The 

o v u l a t e  cones o f  P. c o n t o r t a  a r e  2  t o  5  cm i n  l eng th .  The cones may be 

sero t inous ,  r e q u i r i n g  h i g h  temperatures (45 C) t o  cause the  opening and 

the  r e l e a s e  o f  seeds (Pres ton  1961, Fowel ls  1965). As a  r e s u l t ,  f i r e  has 



F igu re  1. Geographical  d i s t r i b u t i o n  o f  t h e  f ou r  subspecies 

of Pinus c o n t o r t a  Doug, ex. Loud. (Re-drawn f rom C r i t c h f i e l d  

(1957) and Wheeler and Guries (1982a. b ) ) .  





been an impor tan t  f a c t o r  i n  t h e  r ep roduc t i on  and d i s t r i b u t i o n  o f  - P. 

contorts. Trees of  t he  i n t e r i o r  range o f  t he  species a r e  c h a r a c t e r i z e d  

by cones which p e r s i s t  f o r  a  number o f  years w h i l e  c o a s t a l  t r ees  have 

non-pers is ten t  cones ( C r i t c h f i e l d  1957).  

The eco logy o f  P. c o n t o r t a  has been reviewed by P f i s t e r  and 

Daubenmire (1975).  I t  i s  an ex t reme ly  adaptab le  spec ies,  e x h i b i t i n g  a  

broad e c o l o g i c a l  amp l i tude .  I t  i s  found i n  9  o f  t h e  b i o g e o c l i m a t i c  zones 

of B r i t i s h  Columbia ( K r a j i n a  1969).  Lodgepole p i n e  grows a t  a l t i t u d e s  

from sea- leve l  up t o  3500 m i n  t h e  Rocky Mountains.  I t  grows i n  a  wide 

v a r i e t y  o f  s o i l  c o n d i t i o n s  throughout  i t s  geographic range a l t hough  i t  

p r e f e r s  we l l -d ra ined ,  sandy o r  g r a v e l l y  loams. 

As a  r e s u l t  o f  i t s  wide e c o l o g i c a l  ampl i tude,  P. c o n t o r t a  i s  found 

In a s s o c i a t i o n  w i t h  a  number o f  c o n l f e r  species,  among them the  p ines,  P. 

ponderosa Dougl. ex Laws. and Laws. and P. mon t i co l a  Dougl. ex Don. The 

3-needle p ine,  P. ponderosa grows f rom southern B r i t i s h  Columbia t o  t he  

Mexican border .  The 5-needle p ine ,  P. mont ico la ,  i s  found f r om southern 

B r i t i s h  Columbia t o  c e n t r a l  C a l i f o r n i a  and ad jacen t  p a r t s  o f  Nevada. I t  

i s  a l s o  found on a  wide v a r i e t y  o f  s i t e s  r ang ing  f rom peat  bogs t o  d ry ,  

sandy and rocky  s o i l s  ( L i t t l e  1971, M i rov  1967). The d i s t r i b u t i o n  i n  

B r i t i s h  Columbia and t he  e c o l o g i c a l  c h a r a c t e r i s t i c s  o f  t he  

above-mentioned 

(1982).  As a l l  

they were found 

throughout  many 

p i n e  spec ies have been reviewed by K r a j i n a  e t  a l .  

t h r e e  o f  these p ines  have wide e c o l o g i c a l  ampl i tudes,  

i n  d i f f e r e n t  combinat ions i n  mixed and ad jacen t  stands 

o f  t he  r eg ions  surveyed d u r i n g  t h i s  study. 



2.1 .2 Taxonomy 

The taxonomic t rea tment  o f  P. c o n t o r t a  has v a r i e d  w i t h  r espec t  t o  

t he  number and type  o f  ca tego r i es  used t o  subd iv ide  t he  spec ies.  Based 

on morpho log ica l  f e a t u r e s  o f  t h e  needles and cones, C r i t c h f i e l d  (1957) 

d i v i d e d  P. c o n t o r t a  i n t o  4 subspecies ( F i g u r e  1 )  and rev iewed t h e  

morpho log ica l  and e c o l o g i c a l  d i f f e r e n c e s  between them. P. c o n t o r t a  

bo lande r i  c o n s i s t s  o f  sma l l ,  i s o l a t e d  popu la t i ons  on t he  C a l i f o r n i a  

coas t .  P. c o n t o r t a  c o n t o r t a  extends f rom the  west coas t  o f  Alaska t o  

no r t he rn  C a l i f o r n i a  i n c l u d i n g  Vancouver I s l a n d  and the  Queen C h a r l o t t e  

I s l a n d s .  P. c o n t o r t a  murrayana extends f rom the  Cascade Mountains i n  

Oregon south t o  t he  Siskyou, S i e r r a  Nevada, and San Bernadino Mountains 

i n  C a l i f o r n i a .  P. c o n t o r t a  l a t i f o l i a  occupies t he  g rea te r  p a r t  o f  t he  

range o f  l odgepo le  p ine ,  ex tend ing  f rom the  Yukon T e r r i t o r y ,  A l be r t a ,  

much o f  i n t e r i o r  B r i t i s h  Columbia southeast  i n t o  t he  Rocky Mountains. 

L i t t l e  (1971) cons idered o n l y  2 v a r i e t i e s  o f  P. con to r t a ,  namely, va r .  

c o n t o r t a  and var .  l a t i f o l i a .  I n  t he  P a c i f i c  Northwest,  H i t chcock  and 

Cronqu is t  (1973) recognized o n l y  2 v a r i e t i e s  ( v a r .  c o n t o r t a  and var .  

l a t i f o l i a ) ;  they  synonymized var .  murrayana w i t h  va r .  l a t i f o l i a .  Us ing 

m u l t i v a r i a t e  a n a l y s i s  o f  morpho log ica l  f ea tu res ,  J e f f e r s  and Black (1963) 

con f i rmed t he  genera l  d i v i s i o n  o f  P. c o n t o r t a  i n t o  c o a s t a l  and i n l a n d  

provenances. 

The monoterpene compos i t i on  o f  t h e  shoot c o r t i c a l  o l e o r e s i n  o f  

t r ees  c o l l e c t e d  throughout  t he  range o f  P. c o n t o r t a  was analyzed by 

F o r r e s t  (1980) .  He found t h a t  h i s  d i v i s i o n  o f  t h e  range i n t o  chem ica l l y  



d i s t i n c t  reg ions  corresponded i n  genera l  w l t h  t he  d i v i s i o n s  i n t o  

subspecies o f  C r i t c h f i e l d  (1957).  The o n l y  excep t ion  was ssp. murrayana 

which appeared t o  i n t e r g r a d e  w i t h  ssp. l a t i f o l i a .  Wheeler and Guries 

(1982 a, b )  analyzed morpho log ica l  and a l lozyme v a r i a t i o n  throughout  t h e  

range o f  P. c o n t o r t a  and found t h a t  t h e i r  r e s u l t s  a l s o  suppor ted 

C r i t c h f i e l d ' s  (1957) taxonomic subd i v i s i ons .  However, they  suggested 

t h a t  ssp. murrayana should  be r e s t r i c t e d  t o  popu la t i ons  i n  t h e  S i e r r a  

Nevada and I n  t h e  southern C a l i f o r n i a  mountain ranges. Based on t h e  

a n a l y s i s  o f  gene t i c  d is tances  c a l c u l a t e d  f rom the  a l lozyme data,  Wheeler 

and Gur ies (1982b) concluded t h a t  geographic i s o l a t i o n  o f  t he  subspecies 

was n e a r l y  complete; t he  subspecies e x h i b i t e d  o n l y  moderate gene t i c  

a f f i n i t i e s  and, i n  most cases, gene exchange between them was very  

l i m i t e d .  Provenance t e s t i n g  has a l s o  supported t h e  d i v i s i o n  o f  P. 
c o n t o r t a  i n t o  4 subspecies; t h e  subspecies have been shown t o  d i f f e r  i n  

l i f e - h i s t o r y  c h a r a c t e r i s t i c s ,  t r e e  dimensions and form, and o ther  

morpho log ica l  and pheno log i ca l  c h a r a c t e r i s t i c s  (Wheeler and Guries 1982a). 

2.1.3 H i s t o r y  

L i t e r a t u r e  documenting t h e  h i s t o r i c a l  development o f  t he  p ines  i n  

western Nor th  America i s  rev iewed by M i rov  (1967).  There i s  evidence 

t h a t  a  l a n d  b r i d g e  connected t h e  Old and New Worlds d u r i n g  t he  Cretaceous 

and t h e  e a r l y  and m idd le  T e r t i a r y  pe r i ods  which a l lowed t he  m i g r a t i o n  o f  

p ines  between t h e  two areas, Dur ing  t h e  e a r l y  T e r t i a r y ,  t h e  p ines  spread 

south t o  Mexico by 2  rou tes ,  a l o n g  t h e  o l d  western c o a s t a l  mountain 



ranges and a l ong  t he  eas te rn  Appalachian and Ozark uplands. Subsequent ly 

t he  western and southern r eg ions  of No r t h  America became secondary 

cen te rs  of s p e c i a t i o n  (M i rov  1967) .  Qua te rnary  g l a c i a t i o n  seve re l y  

r e s t r i c t e d  t he  ranges o f  some species o f  Pinus, w h i l e  o the rs  may have 

su rv i ved  i n  ung lac i a ted  r e f u g i a  i n  Alaska, t he  Yukon, and i s l a n d s  o f f  t he  

P a c i f i c  Northwest coast .  The f i n a l  disappearance o f  t he  i c e  a f t e r  t he  

l a s t  g l a c i a l  maximum took p l ace  about 12,000-10,000 years B. P. Th is  was 

f o l l owed  by t h e  development o f  a  lodgepo le  p i n e  pa rk l and  a l ong  c o a s t a l  

areas f rom southeastern Alaska t o  t h e  P a c i f i c  Northwest (Wheeler and 

Guries 1982a, b ) .  

The r a p i d  appearance o f  P. c o n t o r t a  i n  t he  p a l y n o l o g i c a l  r eco rd  o f  

much o f  the  n o r t h e r n  c o a s t a l  r eg i ons ,  w i t h i n  1,000 years o f  t he  l a s t  

g l a c i a l  r e t r e a t ,  suggests t h e  p o s s i b i l i t y  o f  a  g l a c i a l  re fug ium f o r  ssp, 

c o n t o r t a  i n  south Alaska (Wheeler and Guries 1982b). There i s  evidence 

(Wheeler and Guries 1982a, b ) ,  based on a l lozyme data,  t h a t  showed t he  

Yukon and n o r t h e r n  B r i t i s h  Columbia popu la t i ons  t o  be a  cohes ive u n i t ,  

which was d i s t i n c t  f rom the  southern p o p u l a t i o n  o f  ssp. l a t i f o l i a .  

However, more recen t  work (MacDonald and Cwynar 1985), us i ng  a  f o s s i l  

p o l l e n  based r e c o n s t r u c t i o n ,  has shown t h a t  ssp. l a t i f o l i a  m ig ra ted  

nor thward f rom r e f u g i a  sou th  o f  t h e  c o n t i n e n t a l  g l a c i a l  l i m i t s .  

Lodgepole p i n e  i s  g e n e r a l l y  cons idered t o  be most c l o s e l y  r e l a t e d  t o  

Pinus banksiana Lamb. ( C r i t c h f i e l d  1957, Wheeler et G. 1983), which i s  

now d i s t r i b u t e d  across Canada and t he  no r t heas te rn  Un i t ed  S ta tes  f rom the  

Mich igan R iver  bas in  t o  t h e  A t l a n t i c  coas t  ( L i t t l e  1971).  Yeatman (1967) 

has rev iewed t he  biogeography and h i s t o r y  o f  P. banksiana. Th i s  



species and P, c o n t o r t a  p robab ly  differentiated f rom a  common p r o g e n i t o r  

d u r i n g  t he  l a t e  T e r t i a r y  (Dancik and Yeh 1983). N a t u r a l  h y b r i d s  a r e  

formed between t h e  two spec ies i n  some areas o f  A l be r t a ,  B r i t i s h  

Columbia, and t h e  Northwest T e r r i t o r i e s  where t h e i r  ranges over lap ;  these 

hyb r i ds  a r e  o f  r ecen t  o r i g i n ,  d a t i n g  f rom the  p o s t - g l a c i a l  m i g r a t i o n s  o f  

t h e  two species.  

2.2 The Cinara Species 

2.2.1 L i f e  Cyc le  and Morpho log ica l  Forms 

L i f e  h i s t o r y  s t u d i e s  o f  C inara species,  p a r t i c u l a r l y  t he  Nor th  

American fauna, have been c a r r i e d  o u t ' f o r  o n l y  a  few spec ies.  Except ions 

a re  t he  s tud ies  o f  B rad ley  (1961) and Brad ley  and Hinks (1968) on Cinara 

i n  Canada, Fedde's (1965, 1967) s t u d i e s  o f  t he  species f eed ing  on p ines  

i n  South Caro l ina ,  and V o e g t l i n l s  (1976) work on Cinara on c o n i f e r s  i n  

t he  S i e r r a  Nevada mountains o f  C a l i f o r n i a .  

The genera l  l i f e  c y c l e  o f  aph ids o f  t h e  genus Cinara i s  shown i n  

F i gu re  2. Aphids o f  t h i s  genus a r e  autoec ious,  t h a t  i s ,  they do no t  

m i g r a t e  between p r imary  and secondary hos t s .  The l i f e  c y c l e  i s  

h o l o c y c l i c ,  t h a t  i s ,  sexual  forms a r e  produced every  year .  However, 

a n h o l o c y c l i c  l i f e  cyc l es  t h a t  do n o t  i n c l u d e  a  sexual  genera t ion ,  a r e  

known f o r  some spec ies o f  C inara,  For example, V o e g t l i n  and Dahls ten 

(1982) found C. ponderosae ( W i l l i a m s )  t o  be a n h o l o c y c l i c  i n  t he  f o o t h i l l s  



F i g u r e  2 .  Diagram showing t h e  genera l  l i f e  h i s t o r y  o f  

C inara  aphids.  The darkened, broken sect ions i n d i c a t e  

per iods of l e a s t  abundance. Based on C a r t e r  and Maslen ( 1 9 8 2 ) .  
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such as t he  w i d e l y  d i s t r i b u t e d  C. p i ceae  (Panzer) ,  t h e  ov iparous  morph i s  

commonly found a l t hough  t h e  male sexual  morph i s  unknown (Eastop 1972). 

I n  the  e a r l y  sp r i ng ,  nymphs ha tch  f rom o v e r w i n t e r i n g  eggs and 

develop i n t o  apterous (w ing less )  females which a r e  termed f unda t r i ces ,  or  

stem mothers. The f u n d a t r i x  reproduces v i v i p a r o u s l y .  A number o f  

genera t ions  f o l l o w  d u r i n g  t he  summer; a l l  i n d i v i d u a l s  a r e  female and 

v i v i p a r o u s  ( v i r g i n o p a r a e ) .  Both apterous and a l a t e  (winged) i n d l v i d u a l s  

a r e  produced. As t h e r e  i s  no hos t  a l t e r n a t i o n ,  these winged aphlds 

d i spe rse  t o  o the r  t r ees ,  u s u a l l y  o f  t he  same species,  and s t a r t  new 

co lon ies .  B rad ley  (1961) observed t h a t  some i n d i v i d u a l s  w i l l  s t a r t  new 

co lon ies  on t h e  t r e e  on which they  developed. Cinara species va ry  i n  t h e  

e x t e n t  o f  a l a t e  p roduc t ion ;  a l a t e s  may account f o r  up t o  80 t o  90 percen t  

o f  t he  second gene ra t i on  o f  v i r g i nopa rae .  I n  t he  f a l l ,  female sexual  

aphids ( ov i pa rae )  and male aphids a r e  produced; these mate and produce 

o v e r w i n t e r i n g  eggs. The eggs o f  most spec ies o f  C inara a r e  l a i d  on 

needles,  w i t h  t h e  excep t i on  o f  spec ies t h a t  feed  on L a r i x ,  a  deciduous 

c o n i f e r ;  he re  t h e  eggs a r e  l a i d  on t h e  bark  o f  tw igs  (Brad ley  1961).  The 

number o f  summer genera t ions  v a r i e s ,  depending on l o c a l  c l i m a t i c  e f f e c t s .  

Morpho log ica l  f ea tu res  o f  t h e  apterous v i v i p a r o u s  morph a r e  shown 

i n  F i gu re  3. The apterous f u n d a t r i x  o f  C inara i s  s i m i l a r  m o r p h o l o g i c a l l y  

t o  t h e  summer apterous v i r g i nopa rae .  However, t he  f u n d a t r i x  i s  u s u a l l y  

darker ,  has a  l a r g e r  abdomen and s h o r t e r  appendages and l acks  a  

mesosterna l  t u b e r c l e  even i n  those spec ies i n  which i t  i s  p resen t  i n  t h e  

v i r g i nopa rae .  The v i r g i n o p a r a e  a r e  o f t e n  t h e  most d i s t i n c t  morph o f  t he  

species due t o  t h e i r  development o f  s c l e r o t i z e d  areas on t he  dorsum o f  



F l g u r e  3. Dlagram showlng t he  genera l  morpho log lca l  f e a t u r e s  

o f  t h e  a d u l t  v l r g l nopa rous  morph o f  C lnara:  A ,  d o r s a l  v lew; 

B, v e n t r a l  vlew; lj, muscle a t tachment  p l a t e s ;  S ,  s c l e r o t l z e d  - 

areas on t h e  dorsum o f  t h e  abdomen. 
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the  abdomen, t he  muscle-at tachment p l a t e s ,  t he  s i p h u n c u l i  ( c o r n i c l e s ) ,  

and a t  t he  bases o f  t h e  setae. The a l a t e  v i r g i nopa rae  have sma l le r  

bodies and reduced abdominal s c l e r o t i z a t i o n  bu t  longer  appendages, longer  

setae, and more numerous s e n s i l l a e  on t he  antennae than do t he  apterous 

v i r g i nopa rae .  The ov iparae  a r e  s i m i l a r  t o  t he  v i r g i nopa rae  bu t ,  i n  some 

spec ies,  t he  ov iparae  have a  pe r i cauda l  wax r i n g ,  which i s  a  p o s t e r i o r  

area o f  t he  dorsum o f  t he  abdomen covered w i t h  a  s e c r e t i o n  o f  w h i t e  wax. 

I n  some species,  t h e  h i n d  t i b i a e  o f  t he  ov iparous morph a r e  darker ,  

th ickened,  and bear smal l ,  round, pseudosensor ia l  p i t s .  The g e n i t a l  

p l a t e  o f  the  ov iparae  i s  l a r g e r  and t he  setae on i t  a re  more dense than 

i n  t he  v i r g i nopa rae .  The male i s  t he  sma l l es t  morph w i t h  respec t  t o  body 

s i ze ,  b u t  i t  has d i s p r o p o r t i o n a t e l y  l o n g  appendages and many sensor ia  on 

t he  antennae. I t  i s  apterous i n  some species and a l a t e  i n  o thers .  

2.2.2 Host Preferences and Feeding S i t e s  

Aphids o f  t h e  genus Cinara l i v e  on Coni ferae,  u s u a l l y  on Pinaceae 

and Cupressaceae. Wi th  t h e  excep t i on  o f  a  few species,  most n a t i v e  No r t h  

American c o n i f e r s  serve as hos t -p l an t s  f o r  C inara aphids.  The m a j o r i t y  

o f  C inara spec ies l i v i n g  on Pinaceae a re  s p e c i f i c  t o  one species o r  t o  a  

sma l l  number o f  c l o s e l y  r e l a t e d  spec ies o f  Abies, L a r i x ,  Picea, or  Pinus 

(Brad ley  1961, Eastop 1972). As was mentioned i n  Chapter 1,  i t  i s  

b e l i e v e d  t h a t  t h e r e  i s  a  l a r g e r  p r o p o r t i o n  o f  C inara species hav ing  

m u l t i p l e  hos t  ranges i n  eas te rn  No r t h  America than i n  western Nor th  

America (Fedde 1967).  However, t h e  genera l  pe r cep t i on  o f  C inara aphids 



Cinara aphids 

4-b), r o o t s ,  and on 

Canada, 5, n i g r a  ( W  

t r e e s  (F i gu re  4-a), 

be i ng  monophagous or  ex t reme ly  r e s t r i c t e d  t o  a  narrow range o f  hos t  

species appears t o  be t h a t  o f  t h e  western Nor th  American workers o n l y  

(Fedde 1967, G i l l e t t e  and Palmer 1924, Ho t tes  1928, Palmer 1952).  Th is  

s i t u a t i o n  may s imp ly  be t h e  r e s u l t  o f  incomplete  hos t  records .  

may feed on new growth shoots,  sma l l  branches ( F i g u r e  

o f  l a rge ,  mature t r ees .  I n  western 

I l y  found on t he  main stem o f  young 

p r e f e r  branches devoid  o f  needles and 

j acen t  t o  t h e  main stem w h i l e  o the r  

t he  main stem 

i l s o n )  i s  usua 

Some spec ies 

s i t e s  on t he  branches t h a t  a r e  ad 

species a re  o n l y  found among t h e  needles.  Most species o f  C inara feed 

d l r e c t l y  on t h e  bark  o f  t h e  t r e e ,  however, some species such as C. 

b rev i sp i nosa  ( G i l l e t t e  and Palmer) may feed on t he  needle  f a s c i c l e s  

(F i gu re  4-c),  and 5. oregonensis (Wi l son)  feeds on t h e  green cones o f  P. 

c o n t o r t a .  C inara species a r e  u s u a l l y  r e s t r i c t e d  t o  a  p a r t i c u l a r  f eed ing  

s i t e  a t  t he  s t a r t  o f  t he  summer. However, some species show a  tendency 

t o  g r a d u a l l y  move as a  co lony  t o  o the r  f eed ing  s i t e s  on t h e  same t r e e  as 

t he  season progresses, presumably t o  e x p l o i t  new food sources or  a c q u i r e  

p r o t e c t i o n  f rom such f a c t o r s  as weather (Brad ley  1959, 1961). 

B rad ley  (1959) found t h a t  as many as 6  species o f  C inara cou ld  

occur on t h e  same t r e e .  The e x t e n t  o f  mu l t i p l e - spec ies  i n f e s t a t i o n s  on 

t h e  same t r e e  was found t o  be c l o s e l y  r e l a t e d  t o  t he  presence o f  l a r g e r  

numbers o f  species o f  C inara i n  a  s tand  o f  t r e e s  and t h e i r  p a r t i c u l a r  

p o p u l a t i o n  t rends  (Fedde 1967).  B rad ley  (1959) a l s o  found t h a t  w h i l e  

t h e r e  may be a  number o f  spec ies o f  C inara on t he  same t r ee ,  they were 

found o n l y  r a r e l y  i n  mixed co lon ies .  



F igu re  4. Feeding s i t e s  o f  C inara spec ies:  A ( t o p  l e f t ) ,  

C .  n i g r a  feed ing  on t he  main stem o f  Pinus con to r t a ;  g ( t o p  - 

r i g h t ) ,  C. c o n t o r t a e  f eed ing  on a  s i d e  branch; C (bo t tom 

l e f t ) ,  y e l l o w i n g  o f  needles due t o  C. b rev i sp i nosa  f eed ing  on 

t he  needle  f a s c i c l e s ;  D ( bo t t om r i g h t ) ,  C. medispinosa f eed ing  

on cankers r e s u l t i n g  f rom a t t a c k  by t h e  western g a l l  r u s t ,  

Endocronart ium harkness i .  





Among species o f  C inara t h e  d i s t r f b u t i o n  of i n d i v i d u a l s  w i t h l n  

co l on ies  i s  v a r i a b l e ,  r ang ing  f rom dense c l u s t e r s  t o  ex t reme ly  d ispersed  

i n d i v i d u a l s .  Some species such as C. pergandei  (Wi l son)  a r e  more o r  l e s s  

s o l i t a r y ;  t he  v l r g i n o p a r a e  move away f rom the  nymphs a f t e r  they  a r e  

depos i ted  (Brad ley  1961).  Some spec ies always occur as smal l  co l on ies  o f  

l e s s  than 100 i n d i v i d u a l s  due t o  d i s p e r s a l  by a l a t e s  and a d u l t  ap te rae .  

Other species fo rm l a rge ,  dense c o l o n i e s  a l ong  t h e  main t r u n k  and 

a d j o i n i n g  branches as ad jacen t  c o l o n i e s  a r e  amalgamated i n t o  one as t he  

p o p u l a t i o n  grows. 

Some species o f  C inara a r e  known t o  be assoc ia ted  w i t h  t h e  l e s i o n s  

and cankers of p i n e - r u s t  f u n g i  be l ong ing  t o  t h e  o rder  Ured ina les  

(Bas id iomycetes)  ( Z i l l e r  1974).  T i s s o t  and Pepper (1967) descr ibed  2 new 

spec ies o f  C inara (C. c r o n a r t l l  and C. w e s t i )  whlch were found f eed ing  on 

t he  l e s i o n s  o f  t he  r u s t  Cronar t ium f u s i f o r m e  Hedgc. and Hunt on P, taeda 

L.  i n  t h e  southeastern Un i t ed  S ta tes ,  The aphids were found f eed ing  

beneath t he  l oose  bark  o f  t h e  l e s i o n s .  Other species o f  Cinara,  no rma l l y  

found a t  o t he r  f eed ing  s i t e s  on a  t r e e ,  have been found t o  feed  on 

rus t - fungus  l e s i o n s  on P. c o n t o r t a  and P, banksiana i n  Quebec, Onta r io ,  

Manitoba and A lbe r t a .  The western g a l l  r u s t ,  Endocronart ium harkness i  

( J .  P. Moor) Y .  Hi ra tsuka ,  which i s  found on P, banksiana and P. 

c o n t o r t a ,  i s  t h e  most common and d e s t r u c t i v e  stem r u s t  o f  hard p ines  

( S e c t i o n  D i p l o x y l o n )  i n  western Canada ( Z i l l e r  1974). I t  commonly 

a t t a c k s  nursery  p l a n t i n g s  and managed f o r e s t s  and smal l ,  n a t i v e  

ornamentals;  these a r e  some o f  t h e  s i t u a t i o n s  most e x t e n s l v e l y  e x p l o i t e d  

by Cinara.  Cankers of t h i s  fungus ( F i g u r e  4-d) were f r e q u e n t l y  found 



throughout  t he  area sampled d u r i n g  t h i s  s tudy.  The f r o n t i s p i e c e  shows C. 

c o n t o r t a e  Hot tes  f eed ing  on cankers o f  - E .  harkness i  on P. contorts. 

The occurrence and l o c a t i o n  o f  C inara aphids on t h e i r  hos t  p l a n t s  

i s  g r e a t l y  i n f l u e n c e d  by t he  presence and behaviour of an t s  (Hymenoptera: 

Formic idae)  (Brad ley  and Hinks 1968, Car te r  and Maslen 1982). There i s  a  

m u t u a l i s t i c  a s s o c i a t i o n  between t h e  aphids and t he  an ts .  The an ts  feed 

on t he  ana l  e x c r e t o r y  p roduc ts ,  o r  honeydew, o f  t he  aphids,  removing i t  

as i t  i s  produced. Th i s  behav iour  keeps the  aph id  f eed ing  s i t e  c l ean  and 

p reven ts  outbreaks o f  f unga l  growth i n  t he  co lony.  Being r i c h  i n  sugars, 

honeydew serves as an impo r tan t  food  source f o r  an ts  (Way 1963). I n  

a d d i t i o n ,  t he  presence o f  an t s  i n  aph id  co l on ies  tends t o  d iscourage 

a t t a c k s  by p reda to rs  and p a r a s i t e s  (Brad ley  and Hinks 1968, T i l l e s  and 

Wood 1982).  

Th is  m u t u a l i s t i c  a s s o c i a t i o n  w i t h  an ts  i s  advanced t o  a  l e v e l  i n  

Cinara t h a t  these aphids show morpho log ica l  adap ta t ions  t o  t h i s  l i f e  

h i s t o r y  s t r a t e g y .  They have a  reduced cauda w h i l e  a  r e l a t i v e l y  l o n g  

cauda, necessary t o  expel  t he  honeydew d r o p l e t s ,  i s  p resen t  i n  many 

non-myrmecophilous aphids (Blackman 1974).  C inara aphids e s s e n t i a l l y  

possess a  l t t r o p h o b i o t i c  organ" (Wi l son  1971) i n  t he  form o f  a  r i n g  o f  

setae i n  t h e  caudal  area; t he  setae r e t a i n  t he  d r o p l e t  of honeydew w h i l e  

t he  an t  imbibes i t  (Way 1963).  



2.2.3 Prev ious Taxonomic S tud ies  

European s tud ies  which a r e  o f  p a r t i c u l a r  i n t e r e s t  t o  s tuden ts  o f  

C inara taxonomy a r e  those o f  P i n t e r a  (1966),  Eastop (1972),  and 

e s p e c i a l l y  ~ a r n e r  (1938, 1939, 1949, 1952, 1957) .  The l a t t e r  d i v i d e d  the  

European species i n t o  a  number of genera and subgenera, Fedde (1967) 

c h r o n o l o g i c a l l y  enumerated t h e  spec ies of C inara descr ibed  i n  No r t h  

America s i nce  t he  f i r s t  species,  G, s t r o b i ,  was descr ibed  by F i t c h  

(1851).  A number o f  aph id  taxonomists  have specialized i n  t h e  s tudy o f  

Cinara,  t h e  most n o t a b l e  b e i n g  H, F +  Wi lson, C.  P. G i l l e t t e ,  M, A ,  

Palmer, F .  C .  Hot tes,  and G. A.  B rad ley  (Smi th  1972). 

Many s tud ies  o f  C inara i n  No r t h  America have been, by necess i t y ,  

r e g i o n a l  i n  na tu re .  Except ions t o  t h i s  t r e n d  a r e  t he  more ex tens ive ,  

hos t -p l an t  r e l a t e d ,  s t u d i e s  such as Pepper and T i s s o t ' s  (1973) work on 

t h e  Cinara found on p ines  o f  eas te rn  No r t h  America and some o f  H o t t e s t  

works, such as h i s  (1961) r ev l ew  o f  and key t o  t he  specles on Picea. 

D i f f e r e n t  Cinara taxonomists  have favoured t he  use o f  p a r t i c u l a r  

charac te rs ,  For example, Oest lund (1942) dev ised a  phy logene t i c  scheme 

based p a r t l y  on t h e  f requency o f  occurrence o f  t he  sensor ia  on t he  

antennal  segments. However, i n  q u a n t i t a t i v e l y  comparing t he  morphology 

and b i o l o g y  o f  C. c a r o l i n a  T i s s o t  and C, mela ina Boudreaux, Fedde (1967) 

found t h a t  s e n s o r i a l  counts were uns tab le ;  i n  a d d i t i o n  t o  v a r y i n g  between 

l e f t  and r i g h t  antennae on i n d i v i d u a l  specimens, s e n s o r i a l  counts a l s o  

v a r i e d  between summer genera t ions  o f  t h e  same aph id  spec ies.  He 

concluded f rom h i s  s tudy t h a t  counts o f  an tenna l  s e n s i l l a  should  be used 

as d e s c r i p t i v e  supplements r a t h e r  than  as d i a g n o s t i c  cha rac te r s .  



Many workers  have used r a t i o s  o f  morpho log ica l  features ,  

p a r t i c u l a r l y  those  o f  t h e  a n t e n n a l  segments, t o  designate new species 

(Eastop 1972) .  However, when ana lyzed  q u a n t i t a t i v e l y ,  these characters  

a l s o  proved t o  be u n s t a b l e .  Bodenheimer and Sw i rsk i  (1957) found t h a t  

l e n g t h s  o f  a n t e n n a l  segments and r a t i o s  of  these lengths  were poor 

c r i t e r i a  f o r  s e p a r a t i n g  spec ies  of  aph ids  due t o  the e f f e c t s  of  seasonal 

v a r i a t i o n  and t h e  e f f e c t  o f  i n d i v i d u a l  s i z e  v a r i a t i o n  on these 

c h a r a c t e r s .  Fedde (1967) found t h a t  r a t i o s  d l d  not  enhance t h e  

d i s c r i m i n a t i o n  between C. c a r o l i n a  and C. melaina.  When r a t i o s  a r e  

employed, t h e  r e l a t i o n s h i p s  between t h e  component measurements, whlch are 

used t o  c a l c u l a t e  t h e  r a t i o s ,  a r e  o f t e n  obscured. I t  should be noted 

t h a t  r a t i o s ,  as d e r i v e d  v a r i a b l e s ,  have o t h e r  disadvantageous p roper t i es ,  

among them t h e  l o s s  o f  p r e c i s i o n  and t h e  compounding of measurement 

e r r o r s  as w e l l  as t h e  c r e a t i o n  o f  unusua l  s t a t i s t i c a l  d i s t r i b u t i o n s  

( A t c h l e y  e t  a l .  1976, A t c h l e y  and Anderson 1978, Pimentel 1979).  

B r a d l e y  (1959, 1961) a t t e m p t e d  t o  separate  species based on the 

o v e r a l l  l e n g t h  of  t h e  ros t rum.  He found a  s i g n i f i c a n t  p o s i t i v e  

r e l a t i o n s h i p  between t h e  l e n g t h  o f  t h e  r o s t r u m  and the  feed ing  s i t e ,  and 

hence t h e  b a r k  t h i c k n e s s .  He suggested t h a t  l n f o r m a t l o n  on t h e  feeding 

s i t e  o f  C ina ra  aph ids  would h e l p  t o  separa te  morpho log ica l l y  s i m i l a r  

spec ies ,  However, i n  some spec les ,  t h e  f e e d i n g  s i t e s  a r e  known t o  change 

w l t h  season, and t h e  l i m i t ~ ~ ~ o f  v a r i a b i l i t y  of  the  ros t rum measurement, 

p a r t i c u l a r l y  t h e  i n f l u e n c e  o f  body s i z e  on t h i s  measurement a r e  n o t  

known. I n  a d d i t i o n ,  no I n f o r m a t i o n  i s  a v a i l a b l e  on i f  and i n  what manner 

t h e  i n d i v i d u a l  segments o f  t h e  r o s t r u m  v a r y  and covary. 



Bradley (1961) thought  t h a t  subspecies a r e  l i k e l y  t o  e x i s t  i n  

Cinara.  However, he recogn ized  i n f r a s p e c i f i c  d i f f e r e n c e s  o n l y  i f  

i n d i c a t e d  by d i f f e r e n c e s  i n  r os t r um l eng th .  A number o f  subspecies were 

e rec ted  by Ho t tes  (1955) on t h e  bas i s  o f  d i f f e r e n c e s  i n  t h e  l e n g t h  and 

number o f  setae. Each p u t a t i v e  subspecies was descr ibed  f rom a  sample 

f rom a  s i n g l e  l o c a l i t y  and no t  compared on a  geographic bas i s  t o  t he  

o v e r a l l  range o f  v a r i a t i o n  o f  t h e  cha rac te r s  throughout  each spec ies.  

I t  i s  c l e a r  t h a t  t he  taxonomic d i f f i c u l t i e s  which have a r i s e n  i n  

t he  s tudy of No r t h  American Cinara aphids a r e  due i n  l a r g e  measure t o  t he  

l a c k  of c r i t i c a l  e v a l u a t i o n  o f  t he  taxonomic cha rac te r s  p r e v i o u s l y  used 

and t o  t he  l a c k  o f  any q u a n t i t a t i v e  e v a l u a t i o n  o f  c l a s s i f i c a t i o n  schemes 

o f  C inara species (Brad ley  1961, Fedde 1965, 1967, Pepper and T i s s o t  

1973) .  One o f  t he  g r e a t e s t  problems i n  e v a l u a t i n g  t he  taxon des igna t ions  

of o t he r  workers,  p a r t i c u l a r l y  i n  a  mo rpho log i ca l l y  v a r i a b l e  group such 

as t he  Aphididae, i s  t h e  f r equen t  absence o f  statements o f  sample s i z e  

and o f  measures o f  t h e  v a r i a t i o n  o f  charac te rs .  Q u a n t i t a t i v e  assessment 

o f  i n d i v i d u a l  and geographic v a r i a t i o n  i n  morpho log ica l  cha rac te r s  and 

observa t ions  o f  b i o l o g i c a l  phenomena o f  p o t e n t i a l  sys temat i c  use, such as 

d i f f e r e n c e s  i n  f eed ing  s i t e  p re fe rences ,  a r e  needed t o  d i s c r i m i n a t e  

between spec ies.  The g roup ing  o f  C inara species i n t o  more t r a c t a b l e  

gener i c  and/or subgener ic ca tego r i es  would h e l p  t o  b r i n g  order  i n t o  t he  

morpho log ica l  and b i o l o g i c a l  d i v e r s i t y  o f  t h i s  group o f  aph ids.  



3. GENERAL METHODS AND MATERIALS 

3.1 F i e l d  and Labora to ry  Techniques 

Dur ing  t he  summers o f  1979 t o  1982 f i e l d  t r i p s  were undertaken 

throughout  the  range o f  P. contorts, t h a t  i s ,  B r i t i s h  Columbia i n c l u d i n g  

Vancouver I s l a n d ,  western A lbe r t a ,  Washington, Oregon, n o r t h e r n  

C a l i f o r n i a ,  Idaho, Montana, and western Wyoming. C o l l e c t i o n s  were made 

a t  s i t e s  c o n t a i n i n g  1  o r  2 t r e e s  t o  s i t e s  o f  many acres c o n t a i n i n g  

hundreds o f  t r ees .  Trees rang ing  i n  age f rom 1- t o  2-years-o ld  t o  

m a t u r i t y  were examined. A t  t h e  l a r g e r  s i t e s ,  between 75 and 100 t r ees  

were examined i n  o rder  t o  determine a c c u r a t e l y  t he  number o f  aph id  

species p resen t  and t he  d i s t r i b u t i o n  o f  t h e i r  f eed ing  s i t e s .  A l l  

p o t e n t i a l  f eed ing  s i t e s  were searched. Bea t ing  was employed t o  l o c a t e  

s o l i t a r y  and d i f f i c u l t - t o - l o c a t e  spec ies such as C. pergandei .  I n  many 

cases, co l on ies  o f  t h e  aphids were f i r s t  l o ca ted  by t he  obse rva t i on  o f  

a n t  a c t i v i t y  on t h e  t r e e .  I n  a d d i t i o n ,  va r i ous  species o f  D i p t e r a  and 

Hymenoptera a r e  a t t r a c t e d  t o  t h e  honeydew produced by t h e  aphids;  t h e i r  

f l i g h t  a c t i v i t y  a ided  i n  t h e  l o c a t i o n  o f  aph id  co l on ies .  

For each c o l l e c t i o n ,  records  were made of t h e  date,  t he  l o c a t i o n ,  

t he  hos t -p l an t  species,  and t h e  n a t u r e  and p o s i t i o n  o f  t he  f eed ing  s i t e  

on t he  t r e e .  I f  more than one p o s s i b l e  Cinara species was found w i t h i n  a  

s i n g l e  co lony,  on a  s i n g l e  t r e e ,  or  on d i f f e r e n t  t r ees  w i t h i n  a  s i n g l e  

s i t e ,  t h i s  was a l s o  noted. Any i n d i c a t i o n s  o f  v a r i a t i o n  i n  t he  f eed ing  



s i t e  o f  a  specles,  aph id  coloration, o r  damage t o  t h e  hos t  p l a n t  were 

a l s o  recorded,  I n  t o t a l ,  529 co l1ec t I ons  of aphids were made. These 

c o l l e c t i o n s  ranged i n  s i z e  f rom a  few i n d i v i d u a l s ,  i n  t h e  case o f  newly 

a l l g h t e d  a l a t e  aphids w i t h  t h e i r  nymphs and r e l a t i v e l y  s o l i t a r y  specles,  

hundreds o f  i n d i v i d u a l s  i n  t h e  case of some 

spec ies,  

t o  co l on ies  c o n s i s t i n g  o f  

canker -dwe l l i ng  stem- and 

APh 

they were 

and p l ace  

i d  co l on ies  were removed f rom the  t r e e  a l ong  w i t h  t he  s u b s t r a t e  

f eed ing  on ( i n c l u d i n g  stems and cankers)  w i t h  p run ing  shears 

d  i n  p l a s t i c  cages covered w i t h  mesh (Mackauer and Bisdee 

1965). The aphids were then removed f rom the  p l a n t  m a t e r i a l  and s t o r e d  

i n  70% e thano l ;  t he  aphids do no t  become b r i t t l e  a t  t h i s  concen t ra t i on  of 

e thano l .  As Cinara aphids a r e  ex t reme ly  f r a g i l e  i nsec t s ,  they were 

handled w i t h  a  sma l l  brush, i n  o rder  t o  avo id  damaging appendages. 

The aphids f rom each c o l l e c t i o n  were examined under a  d i s s e c t i n g  

microscope. The a d u l t  summer apterous v i v i p a r o u s  morph was se lec ted  as 

t he  morph t o  be used f o r  a l l  morphometr ic analyses as I t  i s  t he  most 

abundant morph and t he  one upon which t h e  m a j o r i t y  o f  t h e  d e s c r i p t i o n s  o f  

C inara species have been based. The a d u l t  s tage can be separated from 

the  o the r  i n s t a r s ,  p a r t i c u l a r l y  t h e  s i m i l a r l y  s i zed  f o u r t h  I n s t a r ,  by t h e  

presence o f  an ana l  p l a t e ,  

The aphids were c l e a r e d  o f  p igments and i n t e r n a l  t l s s u e  by b o i l i n g  

i n  a  10% potass ium hydrox ide  s o l u t i o n  and i n  ch l o ra l pheno l  accord ing  t o  

t he  method of H i l l e  R is  Lambers (1950) and mounted i n  Hoyer 's  medium on 

microscope s l i d e s .  The aphids were mounted w i t h  t he  v e n t r a l  s i d e  up t o  

f a c i l i t a t e  t he  measurement o f  r o s t r a 1  f ea tu res .  I n  some cases t h e  d o r s a l  



sur face  o f  the  abdomen was d i ssec ted  away from the  remainder of the  aphid  

i n  order  t o  make obse rva t i on  and coun t i ng  o f  t he  do rsa l  setae eas ie r ,  

Some c l ea red  specimens were f l o a t e d  i n  g l y c e r i n e  t o  enable t he  

a b r e r v a t i o n  o f  some s t r u c t u r e s ,  p a r t i c u l a r l y  those o f  the  thorax,  which 

would norma l l y  be d i s t o r t e d  by t he  mount ing procedure.  

For a l l  samples, 1  t o  5 specimens were mounted f o r  t e n t a t i v e ,  and, 

f o l l o w i n g  t he  morphometric analyses,  f o r  f i n a l  i d e n t i f i c a t i o n .  Larger 

s e r i e s  of f rom 30 t o  50 specimens were mounted f rom those samples 

se lec ted  f o r  morphometric a n a l y s i s .  

A l l  cont inuous cha rac te r s  were measured us i ng  a  L e i t z  Oknor 

micrometer eyepiece '. The except ions  were t he  charac te r  body- length,  

which was measured w i t h  a  c a l i b r a t e d  eyepiece on a  d i s s e c t i n g  microscope, 

and the  charac te rs  l e n g t h - o f - t h e - h i n d - t i b i a  and leng th -o f - the -  

second-rostral-segment,  which were measured by t r a c i n g  t h e i r  p r o j e c t e d  

image us i ng  a  c a l i b r a t e d  map measure. A l l  s e t a l  counts were made u s i n g  a 

compound microscope. I n  a d d i t i o n  t o  t he  measurements and counts taken, 

notes were made on t he  amount, p a t t e r n ,  and co lou r  o f  t he  s c l e r o t i z e d  

surfaces o f  t he  aph id  and o f  o t he r  morpho log ica l  f ea tu res  such as the  

s i z e  and shape o f  t he  mesosterna l  t u b e r c l e .  

A d d i t i o n a l  m a t e r i a l ,  i n c l u d i n g  type  m a t e r i a l ,  o f  a l l  Cinara species 

found on t h e  species o f  Pinus under s tudy,  was ob ta ined  f o r  comparison 

f rom the  Canadian N a t i o n a l  C q l l e c t i o n  (Ottawa),  t he  A g r i c u l t u r e  Canada 

1  E rns t  L e i t z  (Canada) L td . ,  Mid land,  On ta r i o  



Research S t a t i o n  (Vancouver, B r i t i s h  Columbia), t h e  Un i t ed  S ta tes  

Na t i ona l  Museum (Systemat ic  Entomology Laboratory ,  B e l t s v i l l e ,  Mary land) ,  

t he  F r o s t  Entomolog ica l  Museum ( U n i v e r s i t y  Park, Pennsy lvan ia) ,  and t h e  

U n i v e r s i t y  o f  Minnesota (S t ,  Pau l ) .  

3.2 S t a t i s t i c a l  Methods 

3.2.1 U n i v a r i a t e  and M u l t i v a r i a t e  Morphometrics 

Numerical  techniques p r o v i d e  an o b j e c t i v e ,  o p e r a t i o n a l  approach 

f o r  t he  examinat ion o f  da ta  f o r  sys temat i c  pa t t e rns .  U n i v a r i a t e  a n a l y s i s  

o f  d e s c r i p t i v e  s t a t i s t i c s  can be used t o  compare t h e  c e n t r a l  tendencies 

and v a r i a t i o n  o f  samples. S t a t i s t i c s  such as t h e  mean and c o e f f i c i e n t  o f  

v a r i a t i o n  a l l o w  an i n i t i a l  e v a l u a t i o n  o f  t he  v a r i a b l e s  and samples under 

s tudy and a i d  i n  t h e  s e l e c t i o n  and d e l e t i o n  o f  v a r i a b l e s  i n  subsequent a 

morphometric analyses.  The p r e c i s i o n  and accuracy o f  t he  measurement 

procedure can be t e s t e d  u s i n g  u n i v a r i a t e  methods. For each v a r i a b l e  

measured i n  each p o p u l a t l o n  sample (Chapter 4)  and each species sample 

(Chapter 5 ) ,  t h e  d e s c r i p t i v e  s t a t i s t i c s  which were c a l c u l a t e d  i nc l uded  

t he  mean, t h e  s tandard e r r o r ,  t h e  s tandard d e v i a t i o n ,  and t h e  c o e f f i c i e n t  

of v a r i a t i o n  (Sokal  and Roh l f  1981).  The homogenelty and n o r m a l i t y  of 

t h e  da ta  were determined by c a l c u l a t i n g  t he  measures o f  k u r t o s i s  (91)  and 

skewness (92)  (Zar  1974) and D 'Agos t i no l s  D A s t a t i s t i c  (DIAgost ino 1971). 

O f ten  t h e  response o f  an organism t o  s e l e c t i v e  forces w i l l  mani fest  

i t s e l f  as t h e  adap ta t i on  o f  a  number o f  fea tu res  t o  many in terdependent  



biological and env i ronmenta l  f a c t o r s .  Mo rpho log i ca l l y ,  responses may 

occur i n  a  mu l t i d imens iona l  fash ion ,  r a t h e r  than as a  change i n  a  s l n g l e  

cha rac te r .  ( B l a c k i t h  1960, B l a c k i t h  and Reyment 1971, Gould and Johnston 

1972, Sokal and R inke l  1963).  I n  a d d i t i o n ,  popu la t i ons  and/or specles 

may ove r l ap  when cha rac te r s  a r e  s t u d i e d  i n d i v i d u a l l y  bu t  they  may become 

d i s t i n c t  e n t i t i e s  when a l l  o f  t h e  charac te rs  a r e  s t ud ied  j o i n t l y .  From a  

taxonomic p o i n t  o f  view, c l a s s i f i c a t i o n s  a r e  based on a  wide range o f  

charac te rs ;  when c l a s s i f i c a t i o n s  a r e  based on a  few charac te rs ,  they a re  

o f t e n  uns tab le  and taxa boundar ies may change e a s i l y  w i t h  t he  a d d i t i o n  o f  

o t he r  charac te rs  ( B l a c k i t h  and Reyment 1971, Sneath and Sokal 1973). For 

these reasons, t h e  techniques o f  m u l t i v a r i a t e  morphometrics were used t o  

analyze t h e  v a r i a t i o n  and i n t e r a c t i o n  o f  morpho log ica l  v a r l a b l e s  a t  t he  

p o p u l a t i o n  and species l e v e l s  o f  aph ids o f  t he  genus Cinara.  

Morphometrics i s  a  te rm f o r  t h e  s tudy and t h e  q u a n t i t a t l v e  

c h a r a c t e r i z a t i o n  o f  morpho log ica l  f o rm  and p a t t e r n  (P imente l  1979). 

M u l t i v a r i a t e ,  o r  mu l t i - d imens iona l ,  s t a t i s t i c a l  analyses i n v o l v e  t he  

s imultaneous a n a l y s i s  o f  more than one v a r i a b l e  (Ne f f  and Marcus 1980).  

These technlques desc r i be  and summarize p a t t e r n s  o f  v a r i a t i o n  and 

a d e l i n e a t e  groups o f  OTU1s t h a t  share these recognized p a t t e r n s  o f  

v a r i a t i o n .  Th i s  approach i s  p a r t i c u l a r l y  u s e f u l  i n  t he  s tudy o f  

2 OTU = Opera t iona l  Taxonomic U n i t .  Th i s  i s  t he  lowest  rank o f  

taxon used i n  a  g i ven  s tudy (Sneath and Sokal 1973); they represen t  

t he  p o p u l a t i o n  samples i n  Chapter 4 and t he  species samples i n  

Chapter 5.  



geographic v a r i a t i o n  where t he  v a r i a t i o n  and l n t e r a c t l o n  o f  charac te rs  

may be c l i n a l  i n  n a t u r e  (Thorpe 1976).  General rev iews o f  t he  

a p p l i c a t i o n  of m u l t i v a r i a t e  s t a t i s t i c s  t o  s t ud ies  o f  b i o l o g i c a l  

v a r i a b i l i t y  a r e  p rov i ded  by B l a c k i t h  and Reyment (1971),  C l i f f o r d  and 

Stephenson ( l 9 7 5 ) ,  Oxnard ( l 9 7 8 ) ,  P imente l  ( l 9 7 9 ) ,  and Sneath and Sokal 

(1973).  

3.2.2 O r d i n a t i o n  and C lus te r  Ana l ys i s  

When m u l t i v a r i a t e  s t a t i s t i c s  a r e  used t o  analyze a da ta  se t  i n  

o rder  t o  determine p a t t e r n s  o f  v a r i a t i o n  f rom which taxonomic s t r u c t u r e  

can be determined, i t  i s  bes t  t o  use b o t h  o f  t h e  two genera l  morphometric 

approaches, namely c l u s t e r  a n a l y s i s  o f  s i m i l a r i t y  measure and an 

o r d i n a t i o n  technique (Sneath and Sokal 1973). Th is  s t r a t e g y  a l l ows  one 

approach t o  compensate f o r  some o f  t h e  disadvantages o f  t he  o the r .  By 

g roup ing  t he  most s i m i l a r  OTU's toge ther ,  c l u s t e r  a n a l y s i s  imposes a 

h i e r a r c h i c a l  o rder  on t he  data,  which may be taxonomica l l y  i n t e r p r e t e d .  

O r d i n a t i o n  techniques do n o t  impose s t r u c t u r e  on t h e  da ta  and p r o v i d e  a 

more meaningfu l  taxonomic r e p r e s e n t a t i o n  i n  s i t u a t i o n s  where t he  

v a r i a t i o n  under s tudy I s  i n  t h e  form o f  a continuum. By u s i n g  o r d i n a t i o n  

techniques,  such as m u l t i p l e  d i s c r i m i n a n t  a n a l y s i s  and p r i n c i p a l  

component a n a l y s i s ,  one may g a i n  a b e t t e r  unders tanding o f  taxonomic 

r e l a t l o n s h i p s  and o f  t h e  r e l a t i o n s h i p s  between t he  charac te rs  t h a t  

determine these p a t t e r n s  because t rends  i n  v a r i a b i l i t y  can be assoc ia ted  

w i t h  t he  morpho log ica l  a t t r i b u t e s  t h a t  cause them, 



Clus te r  a n a l y s i s  r e f e r s  t o  a  group of methods f o r  i d e n t i f y i n g  

n a t u r a l  groups i n  data,  t h a t  i s ,  f o r  de te rmin ing  se ts  o f  s i m i l a r  e n t i t i e s  

f rom a  p r e v i o u s l y  u n p a r t i t i o n e d  s e t  o f  e n t i t i e s  ( E v e r i t t  1974, Sneath and 

Sokal 1973).  There a r e  many a l g o r i t h m s  f o r  c l u s t e r  a n a l y s i s  b u t  they  

o f t e n  impose d i f f e r e n t  s t r u c t u r e s  upon t he  data due t o  t h e i r  d i f f e r e n t  

computat iona l  p e c u l i a r i t i e s  (Sokal  1977). The method of c l u s t e r  a n a l y s i s  

used i n  t h i s  s tudy was t h e  UPGMA (unweighted p a i r  group u s i n g  a r i t h m e t i c  

averages) method (Sneath and Sokal 1973).  When compared w i t h  o the r  

3 methods o f  c l u s t e r  a n a l y s i s ,  t h e  UPGMA method produces a  phenogram w i t h  

t h e  l e a s t  l o s s  o f  t h e  i n f o r m a t i o n  p resen t  i n  t he  o r i g i n a l  m a t r i x  o f  OTU's 

(Sokal  and Roh l f  1962). Sneath and Sokal (1973) p rov i de  an example o f  

t he  c a l c u l a t i o n  o f  UPGMA c l u s t e r  a n a l y s i s ,  

3.2.3 M u l t i p l e  D i sc r im inan t  Ana l ys i s  

M u l t i p l e  d i s c r i m i n a n t  a n a l y s i s ,  which i nc l udes  d i s c r i m i n a n t  

f u n c t i o n  a n a l y s i s  and gene ra l i zed  d i s t a n c e  a n a l y s i s ,  i s  a  m u l t i v a r i a t e  

s t a t i s t i c a l  technique which combines v a r i a b l e s  i n  a l i n e a r  f ash ion  so as 

t o  maximize t he  sepa ra t i on  o f  groups. F i she r  (1936) o r i g i n a l l y  developed 

t he  d i s c r i m i n a n t  f u n c t i o n  t o  s o l v e  t h e  problem o f  maximiz ing t h e  

d i f f e r e n c e  between 2  groups. The method was l a t e r  gene ra l i zed  f o r  t he  

a n a l y s i s  o f  s i t u a t i o n s  i n v o l v i n g :  many groups. Most aspects o f  m u l t i p l e  

..................................................................... 

3  Phenogram. A d iagram o f  phene t i c  r e l a t i o n s h i p s ,  i . e . ,  those based 

on s i m i l a r i t y  (Sneath and Sokal 1973).  



d i s c r i m i n a n t  a n a l y s i s  a r e  d e a l t  w i t h  by Lachenbruch (1975),  Mo r r i son  

(1976),  N ie  -- e t  a l .  (1975),  and Plmente l  (1979).  A l b rech t  (1980) p rov ides  

an overv iew o f  t h e  i n t e r p r e t a t i o n  o f  m u l t i p l e  d i s c r i m i n a n t  a n a l y s i s .  

I n  c a l c u l a t i n g  t he  l i n e a r  combinat ion of t h e  v a r i a b l e s  t o  produce 

t h e  d i s c r i m i n a n t  f u n c t i o n s ,  emphasis i s  p laced  on those v a r i a b l e s  which 

maximize t he  among-groups (OTU's) va r iance  r e l a t i v e  t o  t h e  w i t h i n -g roup  

var iance ,  As a  r e s u l t ,  t h e  o r i g i n a l  se t  o f  v a r i a b l e s  i s  t ransformed i n t o  

a  s e t  o f  f unc t i ons ,  each independent o f  t h e  o the r ,  o f  which t he  f i r s t  

d i s c r i m i n a n t  f u n c t i o n  accounts f o r  t h e  l a r g e s t  amount o f  t o t a l ,  

independent, v a r i a t i o n  and t he  second d i s c r i m i n a n t  f u n c t i o n  accounts f o r  

t he  l a r g e s t  p r o p o r t i o n  o f  t h e  rema in ing  v a r i a t l o n ;  t h i s  process i s  

c a r r i e d  ou t  u n t i l  a l l  o f  t h e  v a r i a t i o n  among groups has been accounted 

f o r .  I t  i s  o f t e n  t h e  case t h a t  most o f  t h e  v a r i a t i o n ,  and p o t e n t i a l  

d i s c r i m i n a t i o n ,  can be ob ta ined  w i t h  l e s s  than t h e  maximum p o s s i b l e  

number o f  d i s c r i m i n a n t  f u n c t  

Two k i nds  o f  v a r i a t i o n  

o f  abso lu te  v a r i a t i o n  w i t h i n  

order  t o  c a l c u l a t e  t h e  d i s c r  

ons, 

matrices, c o n t a i n i n g  measures o f  t he  amount 

and among t h e  v a r i a b l e s ,  a r e  manipu la ted i n  

minant  f u n c t i o n s .  A f t e r  t he  var iances and 

covar iances between t h e  v a r i a b l e s  i n  each group have been ca l cu l a ted ,  

they  a r e  averaged over a l l  o f  t h e  groups t o  produce t he  pooled 

w i th in -g roups  var iance-covar iance m a t r i x ,  W. The sample means a r e  then 

used t o  c a l c u l a t e  t h e  among-groups var iance-covar iance m a t r i x ,  A. The 

f o l l o w i n g  equa t ion  



i s  so lved,  The r e s u l t  i s  a  se t  o f  r o o t s  ( ) ( I s )  which a r e  t he  

d l s c r l m i n a n t  f u n c t i o n s .  Each d l s c r i m i n a n t  f u n c t i o n  i s  o r thogona l ,  t h a t  

i s ,  i t  represen ts  a  p a t t e r n  o f  v a r i a t i o n  whlch i s  unco r re l a ted  w i t h  t h a t  

o f  o ther  d i s c r i m i n a n t  f u n c t i o n s ,  The d i s c r i m i n a n t  f u n c t i o n s  can be 

expressed i n  t h e  f o l l o w i n g  f o rm  

where E l i s  t he  score on d i s c r i m i n a n t  f u n c t i o n  1, t he  values d l j  , , , 

,, d i  a r e  t he  d i s c r i m i n a n t  f u n c t l o n  c o e f f i c i e n t s  and t he  va lues 5 , . -t 1' 
., Z a r e  t he  s tandard ized  va lues o f  t h e  o r i g i n a l  d i s c r i m i n a t l n g  -P 
v a r i a b l e s .  The d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  a r e  weighted acco rd i ng  

t o  t he  va r iance  s t r u c t u r e  o f  t h e  o r i g i n a l  v a r i a b l e s ,  They a r e  

c a l c u l a t e d  so t h a t  d i f f e r e n c e s  between t he  group means a r e  maximized, 

t h a t  i s ,  t he  independent v a r i a b l e s  w i t h  l a r g e  d i s c r i m i n a t i n g  power have 

l a r g e  weights ,  The mathemat ica l  d e r i v a t i o n  o f  these c o e f f i c l e n t s  i s  

desc r lbed  i n  d e t a i l  i n  Cooley and Lohnes (1971) and i n  Seal (1964).  

Each d i s c r i m i n a n t  f u n c t i o n  can be i n t e r p r e t e d  as an a x i s  i n  

geometr ic  space and a l l  o f  t he  samples i n v o l v e d  i n  t h e  a n a l y s i s  can be 

p o s i t i o n e d  a l ong  each d i s c r i m i n a n t  a x i s  ( o r d i n a t i o n ) .  These mean 

d i s c r i m i n a n t  scores f o r  each sample on t he  d i s c r i m i n a n t  f u n c t i o n s  a r e  t h e  

sample c e n t r o i d s ,  The c e n t r o i d s  can be p l o t t e d  on any p a i r  o f  axes and 

examined f o r  sys temat i c  t rends ;  u s u a l l y  o n l y  those p o s i t i o n s  on t h e  axes 

accoun t ing  f o r  t h e  major t rends  i n  v a r i a t i o n  a r e  o f  i n t e r e s t .  



Each d i s c r i m i n a n t  a x i s  has an e igenva lue  assoc ia ted  w i t h  i t  which 

i s  t he  va r iance  o f  t he  sample means on t h a t  d i s c r i m i n a n t  a x i s .  A measure 

o f  t he  t o t a l  va r iance  i n  t h e  p d i s c r i m i n a t i n g  v a r i a b l e s  i s  p rov i ded  by 

t he  sum o f  t he  e igenvalues.  There fo re ,  a  measure of t he  r e l a t i v e  

d i s c r i m i n a t o r y  a b i l i t y  and t h e  amount o f  v a r i a b i l i t y  accounted f o r  by 

each d i s c r i m i n a n t  f u n c t i o n  i s  g i v e n  when each e igenvalue i s  expressed as 

a  percentage o f  t he  sum o f  t h e  e igenvalues,  The d i s c r i m i n a n t  f u n c t i o n  

c o e f f i c i e n t s  can be s tandard ized  by s c a l i n g  each c o e f f i c i e n t  f o r  an 

independent v a r i a b l e  by m u l t i p l y i n g  i t  by t he  pooled s tandard d e v i a t i o n  

o f  t h a t  v a r i a b l e ,  The s tandard ized  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  

can then be used as a  measure o f  t h e  importance o f  each v a r i a b l e  t o  a  

p a r t i c u l a r  d i s c r i m i n a n t  f u n c t i o n .  I r r e s p e c t i v e  o f  s ign ,  t he  magnitude o f  

t he  s tandard ized  c o e f f i c i e n t  i n d i c a t e s  t he  c o n t r i b u t i o n  o f  a  p a r t i c u l a r  

v a r i a b l e  t o  d i s c r i m i n a t i o n  among groups a l ong  each a x i s .  

S i n g l e  specimens can be a l l o c a t e d  i n t o  a  number o f  a  p r i o r i  groups 

on an o b j e c t i v e  bas i s  by u s i n g  d i s c r i m i n a n t  f u n c t i o n s  i n  order  t o  p r o v i d e  

a  q u a n t i t a t i v e  check on t h e  d i s c r i m i n a t o r y  power o f  p a r t i c u l a r  se ts  o f  

v a r i a b l e s .  Th i s  i s  c a r r i e d  ou t  by comput ing a  se t  o f  separate  i d e n t i t y  

f u n c t i o n s  f o r  each a p r i o r i  group. P r o b a b i l i t i e s  o f  membership i n  each 

group a r e  determined f rom t h e  f u n c t i o n  scores;  an i n d i v i d u a l  specimen i s  

a l l o c a t e d  i n t o  t h e  group w i t h  which i t  shares t h e  h i ghes t  p r o b a b i l i t y ,  

t h a t  i s ,  t he  group w i t h  t h e  c l o s e s t  sample c e n t r o i d  i n  m u l t i v a r i a t e  

space. As t h e  a c t u a l  group membership o f  each specimen t o  be a l l o c a t e d  

i s  known beforehand, t h i s  can be compared w i t h  t h e  r e s u l t s  o f  t he  above 

procedure and summarized i n  t h e  f o rm  o f  an i d e n t i f i c a t i o n  t a b l e .  



When t he  a l l o c a t i o n  procedure i s  based on t he  use o f  specimens t h a t  

were a l s o  used i n  t h e  c a l c u l a t i o n  of t he  i d e n t i t y  f u n c t i o n s  o f  t h e  a 

p r i o r i  groups t h e r e  i s  an upward b i a s  i n  t h e  c a l c u l a t e d  percentage o f  

c o r r e c t  a l l o c a t i o n s ,  The degree o f  b i a s  i s  determined by t he  number o f  

v a r i a b l e s ,  t h e  number o f  samples, and t h e  sample s i zes  o f  t h e  groups. 

The amount o f  b i a s  can be checked by a l l o c a t i o n  o f  a  number o f  specimens 

which were no t  used t o  c a l c u l a t e  t h e  i d e n t i t y  f u n c t i o n s  o f  t he  groups 

(Frank e t  a l .  1965, Mo r r i son  1969). I f  t he  amount o f  b i a s  i s  n o t  t o o  

g rea t ,  a l l o c a t i o n  procedures p r o v i d e  a  means o f  c h a r a c t e r i z i n g  t he  ex ten t  

o f  phene t i c  ove r l ap  between groups ( F o o t t i t  1979).  

3.2.4 The Mahalanobis D is tance  

a The Mahalanobis Genera l ized D is tance  (D s t a t i s t i c )  (Mahalanobis 

1936) can be de r i ved  f rom the  d i s c r i m i n a n t  f u n c t i o n s  and be used as a  

measure o f  s t a t i s t i c a l  d i s t a n c e  and phene t i c  d i s s i m i l a r i t y  between any 2 

a groups. As p i s  based on t he  d i s c r i m i n a n t  f u n c t i o n  i t  e l i m i n a t e s  t he  

e f f e c t  o f  c o r r e l a t i o n  between cha rac te r s  and a l l ows  t he  use o f  t h a t  

d i s c r i m i n a t o r y  i n f o r m a t i o n  which i s  un ique t o  a  g i ven  charac te r  ( B l a c k i t h  

and Reyment 1971).  I n  a  s tudy  o f  t h e  p r o p e r t i e s  o f  a  number o f  d i f f e r e n t  

types o f  d i s t ance  f unc t i ons ,  A t ch ley  fi a. (1982) found t h a t  t h e  DR 

s t a t i s t i c  was t h e  bes t  a t  d e s c r i b i n g  t h e  a c t u a l  l e v e l  o f  d i f f e r e n t i a t i o n  

between groups, p a r t i c u l a r l y  i f  c o r r e l a t e d  charac te rs  were i nvo l ved .  

Whi le  o r d i n a t i o n  o f  sample c e n t r o i d s  w i l l  o f t e n  show systemat ic  pa t t e rns ,  

n o t  a l l  o f  t he  s i g n i f i c a n t  v a r i a t i o n  i s  u s u a l l y  accounted f o r  i n  any one 



p r o j e c t i o n  on two o r  t h r e e  axes. The g a s t a t i s t i c  p rov ides  an es t ima te  

o f  phene t i c  d i s s i m i l a r i t y  which uses a l l  o f  t h e  d i s c r i m i n a t o r y  

i n f o r m a t i o n  i n  t h e  v a r i a b l e s ,  

a The g s t a t i s t i c  i s  c a l c u l a t e d  f o r  a l l  p a i r w i s e  comparisons between 

a l l  o f  t he  samples under s tudy.  Th i s  i s  done by m u l t i p l y i n g  t he  vec to r  

o f  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  o f  t h e  d i s c r i m i n a n t  f u n c t i o n  

c a l c u l a t e d  f o r  any p a i r  o f  samples by t h e  vec to r  o f  t he  d i f f e r e n c e  

between t he  means o f  t he  d i s c r i m i n a t o r y  v a r i a b l e s  f o r  t h a t  p a i r  of 

a samples, As t he  va lue  o f  g ge ts  l a r g e r ,  i t  i n d i c a t e s  t h a t  a  g i ven  p a i r  

o f  samples i s  p h e n e t i c a l l y  more and more d i s s i m i l a r ;  a  kP va lue  o f  zero 

would i n d i c a t e  t h a t  a  p a i r  o f  samples i s  i d e n t i c a l .  The square r o o t  o f  

oa, or  k,  can be used as a  measure o f  taxonomic d i s t ance  i n  Euc l idean - 

space; a  m a t r i x  o f  g va lues can t h e r e f o r e  be sub jec ted  t o  c l u s t e r  

a n a l y s i s ,  t h e  r e s u l t s  o f  which can be represen ted  i n  t he  fo rm o f  a  

phenogram. Ma t r i ces  o f  g va lues o f t e n  a r e  t oo  l a r g e  t o  be a c c u r a t e l y  

inspec ted  f o r  taxonomic s t r u c t u r e .  C l u s t e r  a n a l y s i s  w i l l  o rder  t he  OTU's 

i n t o  a  h i e r a r c h i c a l  fo rm t h a t  can be i n t e r p r e t e d  taxonomica l l y .  

3.2.5 P r i n c i p a l  Component Ana l ys i s  

Whi le  m u l t i p l e  d i s c r i m i n a n t  a n a l y s i s  maximizes t h e  distinction 

between a  p r i o r i  groups, p r i n c i p a l  component a n a l y s i s  i s  used t o  f i n d  

r e l a t i o n s h i p s  among v a r i a b l e s  and among i n d i v i d u a l s  I n  a  sample assuming 

no a p r i o r i  d i v i s i o n  o f  t h e  OTU1s i n t o  separate  groups. P r i n c i p a l  

component a n a l y s i s  does n o t  i n c o r p o r a t e  any a n a l y s i s  o f  w i th in -g roups  



v a r i a t i o n  t o  weight  t h e  sepa ra t l on  o f  OTU1s; i t  i s  used as a  

dimension-reducing technique t o  summarize t rends  i n  data.  J e f f e r s  (1964) 

p rov ides  a  rev iew o f  t h e  stages i n v o l v e d  i n  conduc t ing  a  p r l n c l p a l  

component a n a l y s i s .  Isebrands and Crow (1975) p rov i de  a  u s e f u l  r ev i ew  o f  

t h e  uses and i n t e r p r e t a t i o n  o f  p r i n c i p a l  components. 

P r i n c i p a l  component a n a l y s i s  t rans fo rms t he  o r i g i n a l  v a r i a b l e s  i n t o  

a  se t  o f  composi te v a r i a b l e s ,  each of  which i s  unco r re l a ted  w i t h  t h e  

o the rs .  Each l i n e a r  t r a n s f o r m a t i o n  i s  o f  t he  f o rm  

where t he  c o e f f i c i e n t s  a$ , b i ,  c ~ ,  . + .. r i  , a r e  chosen so t h a t  the  

f l r s t  t r a n s f o r m a t i o n  ( p r i n c i p a l  component), Z J  , has as l a r g e  a  va r iance  

as poss lb l e .  The second s e t  o f  c o e f f i c i e n t s  a & ,  ba, c 2 ,  . . ., r a ,  

i s  chosen t o  produce t he  second component, which i s  unco r re l a ted  w i t h  t he  

f i r s t ,  and which has as l a r g e  a  va r iance  as poss ib l e .  Th i s  i s  con t inued  

u n t i l  a l l  o f  t h e  v a r i a t i o n  i s  accounted f o r ,  Often, t he  da ta  se t  w i l l  be 

reduced t o  a  few components which account f o r  t h e  major,  independent, 

p a t t e r n s  of v a r i a t i o n  and which produce t h e  g r e a t e s t  d i f f e r e n t i a t i o n  

among t h e  OTU1s i n  t h e  da ta  s e t  (Sea l  1964).  I n  a d d i t i o n  t o  p r o v i d i n g  

i n f o r m a t i o n  on t h e  c o r r e l a t i o n  o f  cha rac te r s ,  p r i n c i p a l  component 

a n a l y s i s  p rov ides  axes o f  v a r l a t i o n  a l ong  which t h e  o r d l n a t i o n  o f  OTU1s 

can be c a r r i e d  ou t .  



A hypo the t i ca l  example i s  shown i n  F igure  5  t o  i l l u s t r a t e  

g r a p h i c a l l y  the  d i f f e rence  between p r i n c i p a l  component ana l ys i s  and 

d i sc r im inan t  f u n c t i o n  ana lys is .  I n  F igure  5 4 ,  th ree  groups (a, b, c )  

a re  measured f o r  two va r i ab les  (1, 2 ) ;  the c e n t r o i d  of each group i s  

i n d i c a t e d  by the  l e t t e r s  a, b, and c. Approximately 50% of the  v a r i a t i o n  

i s  accounted f o r  on each a x i s .  The e l l i p s e s  encompass the p o s i t i o n s  of 

the i n d i v i d u a l  specimens i n  each group w i t h  respect  t o  the va r i ab les  

measured. 

As a  variance-maximizing technique, p r i n c i p a l  component ana l ys i s  

(F igure  5-b) can be seen as a  r o t a t i o n  of the  o r i g i n a l  axes system so 

t h a t  p r i n c i p a l  a x i s  I takes up a  maximum amount of the v a r i a t i o n  i n  the  

data. Then r o t a t i o n  around t h i s  f i x e d  a x i s  i s  c a r r i e d  out  t o  produce the 

second p r i n c i p a l  ax i s .  This  procedure would be c a r r i e d  ou t  f u r t h e r  t o  

produce more axes i f  more va r i ab les  were involved.  M u l t i p l e  d i sc r im inan t  

ana l ys i s  a l s o  performs a  variance-maximizing r o t a t i o n  where i t  r o t a t e s  

the  o r i g i n a l  coord ina te  axes so t h a t  they become p a r a l l e l  w i t h  the major 

axes o f  wi th in-groups d i spe rs ion  (F igu re  5-c). Then i t  ad jus ts  f o r  the  

e f f e c t  o f  wi th in-group v a r i a b i l i t y  i n  the  characters by s c a l i n g  the 

d is tances between groups w i t h  a  va lue equal t o  one standard d e v i a t i o n  o f  

the  wi th in-groups v a r i a t i o n .  This  has the  e f f e c t  o f  changing the  

d is tances between group cent ro ids .  The l a s t  s tep i s  t o  per form another 

variance-maximizing r o t a t i o n  a long the  major axes o f  between-groups 

d i spe rs ion  (F igu re  5-d). When the  o r i g i n a l  measurements a re  p l o t t e d  

(F igu re  5-a), i t  i s  obvious f rom the  over lap  o f  the  e l l i p s e s  t h a t  groups 

b  and c are  more s i m i l a r  t o  each other  than t o  group bu t  t h a t  the  - 



F igu re  5 ,  Graphica l  r e p r e s e n t a t i o n  o f  t h e  a n a l y s i s  o f  a  

h y p o t h e t i c a l  da ta  se t  by p r i n c i p a l  component a n a l y s i s  and 

d i s c r i m i n a n t  a n a l y s i s .  The percentages r e f e r  t o  t he  amount 

o f  v a r i a t i o n  i n  t he  da ta  which i s  represen ted  by an a x i s  o f  

d i s c r i m i n a t i o n .  See t e x t  f o r  d e t a i l s .  A f t e r  A lb rech t  (1976, 

1980). 
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c e n t r o i d s  o f  groups b and c a r e  f u r t h e r  f rom each o the r  than each i s  f rom 

group 2. With s t a n d a r d i z a t i o n  o f  t h e  wi  th in-groups d i spe rs i ons ,  groups b 

and c a r e  brought  c l o s e r  toge ther  and group a  i s  now f u r t h e r  away f rom - 
them; i n  o ther  words, between-group d i f f e r e n c e s  have been maximized. I n  

a  f i n a l  s tep  i n  d i s c r i m i n a n t  f u n c t i o n  ana l ys i s ,  t he  resca led ,  

s tandard ized  axes a r e  r o t a t e d  so as t o  be p a r a l l e l  w i t h  t h e  major and 

minor axes o f  between-groups d i s p e r s i o n  ( F i g u r e  5-d). 

M u l t i v a r i a t e  s t a t i s t i c a l  techniques assume t h a t  t h e  samples 

undergo ing a n a l y s i s  have a  m u l t i v a r i a t e  normal d i s t r i b u t i o n  and t h a t  t h e  

var iance-covar iance ma t r i ces  o f  t he  a  p r i o r i  groups a re  equal .  Both 

assumptions a r e  d i f f i c u l t  t o  ach ieve  w i t h  b i o l o g i c a l  m a t e r i a l .  However, 

depar tu res  f rom n o r m a l i t y  by any s i n g l e  charac te r  w i l l  no t  i n v a l i d a t e  

these techn 

tend t o  min 

assumptions 

m u l t i v a r i a t  

ques (P imente l  1979). i n  f a c t  these techniques a r e  r obus t  and 

mize i r r e g u l a r i t i e s  due t o  v i o l a t i o n s  o f  t h e  above 

( B l a c k i t h  and Reyment 1971, Lachenbruch 1975).  I n  a d d i t i o n ,  

n o r m a l i t y  o n l y  becomes impor tan t  i f  s t a t i s t i c a l  t e s t s  a r e  t o  

be made (P imente l  1981). For these reasons, I d i d  no t  c a r r y  ou t  any 

t r ans fo rma t i ons  o f  t he  data.  

A l l  s t a t i s t i c a l  analyses f o r  t h i s  p r o j e c t  were c a r r i e d  ou t  on Simon 

Fraser U n i v e r s i t y ' s  IBM 4341 computer. The S t a t i s t i c a l  Package f o r  t he  

Soc ia l  Sciences (SPSS) (N ie  et a. 1975) was used f o r  computing t he  

d e s c r i p t i v e  s t a t i s t i c s  and f o r  a l l  aspects  o f  m u l t i p l e  d i s c r i m i n a n t  

a n a l y s i s  w i t h  t h e  excep t ion  o f  t h e  c a l c u l a t i o n  o f  t he  Mahalanobis 

Genera l ized Dis tances which were computed us i ng  a  program w r i t t e n  by J. 



A .  Ludwlg o f  New Mexico S t a t e  University (Zimmerman and Ludwig 1974).  

A 1  1 p r i n c i p a l  component ana lyses,  c l u s t e r  ana lyses,  and t h e  development 

o f  phenograms were c a r r i e d  o u t  w i t h  t h e  NT-SYS system of  m u l t i v a r i a t e  

s t a t i s t i c a l  programs f o r  numer i ca l  taxonomic s t u d i e s  ( ~ o h l f  - e t  - a1 . 1971 ) .  



4. MORPHOMETRIC VARIATION WITHIN ONE SPECIES: CINARA NIGRA (WILSON). 

4.1 I n t r o d u c t i o n  

Th is  chapter  i s  concerned w i t h  t h e  a n a l y s i s  and d e s c r i p t i o n  o f  

v a r i a t i o n  and c o v a r i a t i o n  o f  morpho log ica l  charac te rs  w i t h i n  and between 

samples o f  a  s i n g l e  spec ies of C inara.  By examining t he  morphometric 

c h a r a c t e r i s t i c s  o f  a  l a r g e  s e t  o f  v a r i a b l e s  f rom d i f f e r e n t  body areas o f  

a  s i n g l e  species i t  was hoped t h a t  a  t r a c t a b l e  se t  o f  charac te rs  t h a t  

i nc l uded  a  maximum amount o f  i n f o r m a t i o n  con ten t  and hence, 

d i s c r i m i n a t o r y  a b i l i t y ,  f o r  t he  subsequent a n a l y s i s  o f  species 

d i f f e r e n c e s  cou ld  be i d e n t i f i e d .  

No q u a n t i t a t i v e  a n a l y s i s  o f  morpho log ica l  charac te r  v a r i a t i o n  has 

been c a r r i e d  ou t  f o r  t he  genus Cinara.  As was d iscussed i n  Chapter 1, 

t h i s  genus i s  cons idered t o  be t axonom ica l l y  d i f f i c u l t ;  p a r t i c u l a r l y  i n  

No r t h  America, t h e r e  a r e  a  l a r g e  number o f  C inara species which a r e  

mo rpho log i ca l l y  s i m i l a r  though t h e i r  b i o l o g y  i s  known t o  d i f f e r  (Fedde 

1965).  Many o f  t he  taxonomic cha rac te r s  p r e v i o u s l y  used t o  separate  

species a r e  l i k e l y  t o  be i n f l u e n c e d  by s i z e  v a r i a t i o n .  I n  a d d i t i o n ,  most 

species o f  C inara a r e  ex t reme ly  h i r s u t e ,  making t he  cho ice  o f  and 

measurement of s e t a l  cha rac te r s  o p e r a t i o n a l l y  d i f f i c u l t .  By t h e  

s imultaneous examinat ion o f  p o t e n t i a l  cha rac te r s  f rom more than one 

f u n c t i o n a l  and/or o p e r a t i o n a l  cha rac te r  group and by t he  r e d u c t i o n  o f  

h i g h l y  c o r r e l a t e d  cha rac te r s  i t  was hoped t h a t  s t a b l e  taxonomic p a t t e r n s ,  

l i t t l e  i n f l u e n c e d  by t he  cho ice  o f  cha rac te r ,  would r e s u l t .  



A s  was mentioned p r e v i o u s l y ,  techniques o f  morphometric a n a l y s i s  

were se lec ted  f o r  t he  s tudy o f  morpho log ica l  charac te r  v a r i a t i o n .  A 

number o f  morphometric s t u d i e s  have been c a r r i e d  ou t  on geographic 

samples o f  aphids.  However, most o f  these works (Sokal  e t  a l .  1980, 

Sokal and Riska 1981; Wool 1977, Wool and Manheim 1983) have cen te red  on 

t he  a n a l y s i s  o f  v a r i a t i o n  i n  aph id  systems where g a l l s  a r e  produced. As 

a  r e s u l t ,  some p a r t i t i o n i n g  o f  t h e  gene t i c  and env i ronmenta l  components 

o f  morpho log ica l  v a r i a t i o n  i s  ob ta ined .  However, many aph id  taxa  do n o t  

f a l l  i n t o  t h i s  ca tegory  and, i n  f a c t ,  some taxa a r e  t o t a l l y  

par thenogene t i c .  My i n t e r e s t  was t o  use morphometrics as an e x p l o r a t o r y  

t o o l  i n  aph id  taxonomy, t h a t  i s ,  t o  desc r i be  and q u a n t i f y  t h e  

morpho log ica l  v a r i a t i o n  i n  f i e l d  c o l l e c t i o n s  o f  aph ids,  t o  search f o r  

taxonomic charac te rs ,  and t o  q u a n t i f y  t h e  degree t o  which these 

cha rac te r s  cou ld  d i s c r i m i n a t e  between species i n  t he  face  o f  t h e  many 

f a c t o r s  which i n f l u e n c e  t he  morphology o f  aph ids.  

P r e l i m i n a r y  examinat ion o f  t h e  m a t e r i a l  c o l l e c t e d  d u r i n g  t h i s  s tudy 

i n d i c a t e d  t he  presence o f  seve ra l  mo rpho log i ca l l y  d i s t i n c t  groups. 

However, many o f  t he  p r e l i m i n a r y  groupings o f  samples i n t o  p u t a t i v e  

species groups showed cons ide rab le  morpho log ica l  v a r i a b i l i t y ,  even i n  

gross morpho log ica l  cha rac te r s  such as t he  p igmenta t ion  p a t t e r n s  on t he  

dorsum of t he  abdomen; t h i s  s i t u a t i o n  made i t  d i f f i c u l t  t o  determine t he  

l i m i t s  of species boundar ies.  For t h i s  i n i t i a l  c h a r a c t e r i z a t i o n  o f  

w i t h i n - spec ies  v a r i a t i o n  a  m o r p h o l o g i c a l l y  d i s t i n c t  species o f  Cinara,  

the  i d e n t i t y  o f  which was no t  i n  doubt,  was r e q u i r e d  i n  order  t h a t  

samples o f  o t he r ,  subsequent ly determined species,  were n o t  i n c l u d e d  i n  

t he  i n i t i a l  a n a l y s i s  o f  v a r i a t i o n .  



I chose C ina ra  n i g r a  ( W i l s o n )  f o r  t h i s  analys is  because i t  has a  

d i s t i n c t i v e ,  l a r g e  s c l e r o t i z e d  p a t c h  on t h e  dorsal  surface o f  t he  abdomen 

( F i g u r e  35 ) .  No o t h e r  C i n a r a  spec ies  found on pine i n  western N o r t h  

America has t h i s  c h a r a c t e r .  C. n1gt-a i s  found i n  r e l a t i v e l y  l a r g e  

c o l o n i e s  c o n s i s t i n g  of hundreds o f  i n d i v i d u a l s  located on the  main stem 

of f i v e -  t o  t en -yea r -o ld  P inus  c o n t o r t a  ( F i g u r e  3 . ) .  Occasional ly, 

c o l o n i e s  were a l s o  found on t h e  unders ide  of s ide branches, As a  r e s u l t ,  

t h e r e  u s u a l l y  were enough a d u l t  ap te rous  specimens ava i lab le  from each 

sample t o  meet t h e  sample s i z e  requ i rements  of the morphometric ana lyses ,  

C ,  n m  i s  i n t e r e s t i n g  i n  t h a t  i t  belongs to  a  group o f  f ou r  

spec ies  ( i n c l u d i n g  C. c a n a t r a  H o t t e s  and Bradley,  5, g r a c i l i s  (Wi lson)  

and C, r u s s e l l a e  Pepper and T i s s o t  found i n  North America; these f o u r  

spec ies  a r e  m o r p h o l o g i c a l l y  s i m i l a r  i n  shape and i n  the presence of t h e  

above-mentioned d o r s a l  p i g m e n t a t i o n  p a t t e r n  i n  the apterous v i v i p a r a e  and 

t h e  ov ipa rae .  C. g r a c i l i s  and C. r u s s e l l a e  a re  read i l y  separated f rom C, 

c a n a t r a  and C. n i g r a  on t h e  b a s i s  o f  d i f f e r e n c e s  i n  the number o f  se tae  

on c e r t a i n  s t r u c t u r e s .  C. c a n a t r a  resembles C, n igra  but can be 

separa ted f r o m  i t  on t h e  b a s i s  o f  i t s  more extensive pigmentat ion p a t t e r n  

and lower  number of se tae  on most appendages (Pepper and T i sso t  1973).  

A l t hough  B r a d l e y  (1961)  s t a t e s  t h a t  t h e  d i s t r i b u t i o n  of 5. canatra 

ex tends i n t o  B r i t i s h  Columbia, I was n o t  a b l e  t o  locate i t  dur ing  t h e  

cou rse  o f  t h i s  s tudy .  U n t i l  t h i s  s tudy  was c a r r i e d  out, C, n i g r a  was 
L- 

t hough t  t o  be c o n f i n e d  t o  P inus  banks iana Lamb, i n  Wisconsin and M ich igan  

(Pepper and T i s s o t  1973) .  I d e n t i f i c a t i o n  o f  C. n ig ra  was confirmed by 

compar ison o f  my m a t e r i a l  w i t h  W i l s o n ' s  t ype  mater ia l  i n  the U n i v e r s i t y  

o f  Minnesota  c o l l e c t i o n  ( see  a l s o  Cook 1982).  



4.2 Character Se lec t ion :  V a r i a t i o n  Wi th in  One Sample 

A sample c o l l e c t e d  20 km west o f  Edson, Alber ta,  on August 11, 1980, 

was chosen f o r  the ana l ys i s  o f  character  v a r i a t i o n  and c o v a r i a t i o n  w i t h i n  

a s i n g l e  sample. Twenty a d u l t  v i rg inoparae were used t o  gather 

measurement data. Based on the  characters used by Bradley (1961), Eastop 

(1972), Voeg t l i n  (1976) and on my own work ( F o o t t i t  1979), a  ser ies  o f  

cont inuous measurements was taken i n  order t o  est imate d i f f e rences  i n  

s i z e  and shape. I n  add i t i on ,  the  number o f  setae on c e r t a i n  s t ruc tu res  

were counted i n  an attempt t o  sample other  components o f  v a r i a t i o n ,  which 

were independent o f  s i z e  and shape. Although, from my prev ious work 

( F o o t t i t  1979, F o o t t i t  and Mackauer 1980), i t  was found t h a t  some w id th  

measurements va r i ed  due t o  d i s t o r t i o n  f rom the sl ide-mounting procedure, 

these data were inc luded i n  the  i n i t i a l  analyses. I n  general ,  characters 

were se lec ted  which cou ld  be measured p r e c i s e l y  w i t h i n  a reasonable 

amount o f  t ime and w i t h  a reasonable amount o f  e f f o r t .  Continuous 

characters were chosen so they would sample s i z e  and shape v a r i a t i o n  over 

as l a r g e  a p o r t i o n  o f  the  aphid body as poss ib le .  

The 52 cont inuous va r i ab les  and s e t a l  counts which were chosen 

i n i t i a l l y  a re  l i s t e d  i n  Table I. The ope ra t i ona l  dimensions or l oca t i ons  

o f  most of the  cont inuous measurements and counts on the aphid body a re  

shown i n  F igure  6. Some o f  the  va r i ab les  a re  discussed below. 

The body w id th  was no t  measured across the  abdomen as t h i s  

dimension i s  i n f luenced g r e a t l y  by the amount o f  pressure app l i ed  t o  the  



Table I. Continuous variables and setal counts for the adult 
apterous viviparous morph of Cinara nigra. 

Variable Abbreviation Variable Name 
Name 

BL 
DE 
DHC 
FXW 
HL 
AIL 
A1W 
A2L 
A2W 
A3L 
A3W 
A4L 
A4W 
A51, 
A5W 
A6BL 
A6BCJ 
A6PTL 
R5L 
R4L 
R3L 
R2L 
CL 
CW 
FL 
FW 
TL 
TW 
TSlW 
TSlVL 
TSlDL 
TS2L 
TS2W 
S LH 
SLA3 
SLT 
SLTS2 
SLCO 
SLCA 
SLGP 

Body length 
Distance between eyes 
Distance between hind coxae 
Frons width 
Head length 
Antennal segment I, length 
Antennal segment I, width 
Antennal segment 11, length 
Antennal segment 11, width 
Antennal segment 111, length 
Antennal segment 111, width 
Antennal segment IV, length 
Antennal segment IV, width 
Antennal segment V, length 
Antennal segment V, width 
Antennal segment VI, base,length 
Arltennal segment VI, base, width 
Antennal segment VI, proc* term., length 
Rostrum segment V, length' 
Rostrum segment IV, length 
Rostrum segment 111, length 
Rostrum segment 11, length 
Hind leg, coxa, iength 
Hind leg, coxa, width 
Hind leg, femur, length 
Hind leg, femur, width 
Hind Leg, tibia, length 
Hind leg, tibia, width 
Hind leg, tarsus segment I, width 
Hind leg, tarsus segment I, ventral length 
Hind leg, tarsus segment I, dorsal length 
Hind leg, tarsus segment 11, length 
Hind leg, tarsus segment 11, width 
Setal length, head 
Setal length, antenna1 segment I11 
Setal kength, hind leg, tibia 
Setal length, hind leg, tarsus segment I1 
Setal length, cornicle 
Setal iength, cauda 
Setal length, genital plate 



Table I. cont'd 

Variable Abbreviation Variable Name 

SNGP 
SNAT5 
SNAT8 
SNC 
SNT 

Setal length, abdominal tergite VILI 
Setal length, abdominal tergite V 
Setal number, antennal segment VI, 
subapical setae 
Setal number, antennal segment VI, base 
Setal number, antennal segment V 
Setal-number, antennal segment I1 
Setal number, rostrum segment I V ,  
accessory setae 
Setal number, genital plate 
Setal number, abdominal tergite V 
Setal number, abdominal tergite VIII 
Setal number, cornicle 
Setal number, 0.2 mm of hind tibia 



F igu re  6. Opera t iona l  dimensions o f  cont inuous v a r i a b l e s  

measured and l o c a t i o n  o f  t h e  s e t a l  counts on Cinara n i g r a .  

Abbrev ia t ions  o f  t he  v a r i a b l e s  a r e  as i n d i c a t e d  i n  Table  I .  

A d d i t i o n a l  s t r u c t u r e s  a r e  named where s e t a l  l e n g t h  measurements 

and s e t a l  counts were taken.  See t e x t  f o r  a d d i t i o n a l  

i n f o r m a t i o n  on t h e  l o c a t i o n s  o f  and procedures f o r  measurement. 

a )  v e n t r a l  p r o j e c t i o n ,  b )  r os t r um and antenna1 dimensions, 

c )  h i nd - l eg  dimensions. 



DHC 
--.------ - -  

B L 

-- SNC 



AGBL AGPTL 





cover s l i p  d u r i n g  mount ing.  T i b i a  l e n g t h  (TL) was measured by t r a c i n g  

a l ong  the  curve o f  t he  appendage, r a t h e r  than i n  a  s t r a i g h t  l i n e  f rom 

d i s t a l  end t o  p rox ima l  end. I t  was f e l t  t h a t  t he  former gave a  more 

accura te  r e p r e s e n t a t i o n  o f  t h e  t r u e  l e n g t h  v a r i a t i o n  o f  t h i s  appendage as 

i t  was n o t  i n f l u e n c e d  by t he  degree t o  which t he  t i b i a  was curved or  

p o s i t i o n e d  by t he  mount ing procedure.  

The exac t  t e r m i n a t i o n  o f  t h e  membranous base of t he  f i r s t  segment 

o f  the  r os t r um i s  d i f f i c u l t  t o  determine and thus was no t  i nc l uded  i n  the  

measurement o f  t he  r os t r um by o the r  workers (Brad ley  1961, V o e g t l i n  

1976). For t h i s  reason, I measured o n l y  segments 11, 111, I V  and V .  The 

second segment o f  t he  r os t r um te lescopes w i t h i n  t he  f i r s t  segment of t he  

rost rum.  The r e s u l t  i s  t h a t  t h e  a p i c a l  end o f  t he  f i r s t  segment i s  

t u rned  inward fo rm ing  a  tube t h a t  p a r t l y  covers the  second segment 

(Ho t tes  1954). Therefore,  f o r  added accuracy,  t h e  complete s t y l e t  groove 

was measured as an i n d i c a t o r  o f  t h e  l e n g t h  o f  t he  second segment, even 

though t he  s t y l e t  groove appears t o  be i n c l u d e d  i n  p a r t  o f  the  f i r s t  

segment, 

The count o f  t he  number o f  accessory  setae on ros t r um segment I V  

(SNR4) i nc l udes  a l l  o f  t h e  se tae  a l ong  each s i d e  o f  t he  s t y l e t  groove bu t  

n o t  the  setae on t he  d i s t a l  marg in  o f  t he  segment. The number o f  setae 

on abdominal t e r g i t e  V (SNATS) i nc l udes  a l l  setae between the  c o r n i c l e s  

and between t he  a n t e r i o r  and p o s t e r i o r  muscle at tachment p l a t e s  on t h a t  

t e r g i t e .  The number of setae on 0.2 mm o f  t he  h i n d  t i b i a  (SNT) was taken 

by focus ing  t he  microscope i n  and ou t  of t he  do rsa l  and v e n t r a l  

p r o j e c t i o n  o f  t he  m id - sec t i on  o f  t he  t i b i a  and by coun t i ng  a l l  setae 



w i t h i n  a  0.2 mm sec t i on  as d e l i m i t e d  by the scale on the micrometer 

eyepiece. The l eng th  of the  setae on the h ind  t i b i a  (SLT) was taken on 

the dorsa l  sur face o f  the  mid-sect ion o f  the t i b i a ;  t h i s  procedure has 

been used by other  workers ( V o e g t l i n  1976). The setae counted and 

measured on the  e i g h t h  abdominal t e r g i t e  (SNAT8, SLAT8) were those found 

w i t h i n  the dark, s c l e r o t i z e d  patch on t h a t  s c l e r i t e .  

The p r e c i s i o n  o f  measurement o f  each va r i ab le  was checked by 

measuring one specimen 10 t imes f o r  a l l  var iab les .  The t e s t  specimen was 

measured a t  i n t e r v a l s  among the other  19 specimens. I n  cases where a  

v a r i a b l e  was measured on an appendage t h a t  was present on both the l e f t  

and the  r i g h t  s i de  o f  the  aphid body, t h i s  va r i ab le  was measured on both 

sides. These b i l a t e r a l l y  measurable var iab les  were a l so  subjected t o  a  

check o f  p r e c i s i o n  o f  measurement. 

Desc r i p t i ve  s t a t i s t i c s  were f i r s t  ca l cu la ted  f o r  a l l  p rec i s i on  

measurements o f  each v a r i a b l e  ( n  = 10).  The c o e f f i c i e n t  o f  v a r i a t i o n  was 

low, rang ing  between 0.0 and 3.5, i n  a l l  var iab les  w i t h  the except ion o f  

the l eng th  o f  antenna1 segment I (A IL )  (V = 9.6). Variable AIL va r i ed  

among specimens i n  the way i t  was or ien ta ted ;  t h i s  made i t  d i f f i c u l t  t o  

determine p r e c i s e l y  the  re fe rence p o i n t s  f o r  measurement and resu l t ed  i n  

a  h igh  c o e f f i c i e n t  o f  v a r i a t i o n .  

No s i g n i f i c a n t  d i f f e rences  were found between measurements or 

counts taken on the l e f t  and on the  r i g h t  s i de  o f  the aphid body when the 

data were compared by pa i red  t - t e s t s  ( p k ~ . ~  

Therefore, i n  a l l  f u r t h e r  work, measurements 

s ide  o f  the v e n t r a l  p r o j e c t i o n  o f  the aphid. 

1 )  (Sokal and Rohlf 198 

were taken only  on the 

1 ) .  

r i g h t  



D e s c r i p t i v e  s t a t i s t i c s  were then c a l c u l a t e d  f o r  a l l  remaining 

measurements and counts ( n  = 20, 52 v a r i a b l e s ) .  Nine o f  the  va r iab les  

had non-normal d i s t r i b u t i o n s  as determined by DIAgost ino 's  t l ~ ( p f  0.1) 

(DIAgost ino 1971).  I n  t h e  case of t he  number of sub-apical  setae on the 

s i x t h  antennal  segment, t h i s  non-norma l i t y  was the  r e s u l t  o f  the  almost 

i n v a r i a t e  n a t u r e  o f  

non-norma l i t y  were 

assoc ia ted  w i t h  any 

measurements o f  t h e  

t he  49 v a r i a b l e s  wh 

t h i s  count  i n  t h i s  sample. The other  cases o f  

i s t r i b u t e d  throughout  t he  character  se t  and were not  

p a r t i c u l a r  f u n c t i o n a l  group o f  va r iab les ,  such as 

h i n d  l e g  or  o f  t he  antennae. Summary s t a t i s t i c s  for  

ch were subsequent ly r e t a i n e d  a f t e r  the ana l ys i s  of  

t h i s  f i r s t  sample a r e  g i ven  i n  Appendix 2 (Sample No. 11) .  

The c o e f f i c i e n t  o f  v a r i a t i o n  (V)  can be used as a  measure o f  the 

r e l a t i v e  amounts o f  v a r i a t i o n  i n  p o p u l a t i o n  samples, as i t  i s  independent 

of t he  u n i t  o f  measurement and o f  t he  magnitude o f  the  sample means 

(Sokal  and Roh l f  1981). I n  t h i s  sample t he  c o e f f i c i e n t  o f  v a r i a t i o n  

ranged cons iderab ly  (3.1 - 22.8) over t h e  va r i ab l es  t h a t  were measured. 

The va lues o f  V f o r  t h e  cont inuous measurements were c o n s i s t e n t l y  low: 

body s i z e  measurements, 4.0 - 9.3; antennal  segment measurements, 4.2 - 

8.9; r os t r um segment measurements, 3.1 - 3.3; and h i nd  l e g  measurements, 

3.4 - 9.3. The range o f  va lues o f  V f o r  t h e  s e t a l  l eng th  measurements 

was l a r g e r  than t h a t  o f  t h e  cont inuous measurements. However, w i t h  the 

excep t i on  o f  t he  h i g h  va lue  f o r  v a r i a b l e  SLAT5 (22.8), the  s e t a l  l eng th  

measurements showed a r e l a t i v e l y  narrow range o f  values (9.5 - 13.3). 

The s e t a l  counts were o f t e n  h i g h l y  v a r i a b l e  as shown by the values o f  V; 

they showed a r e l a t i v e l y  wide range o f  va lues (8.1 - 17.9) f o r  t h i s  

measure o f  v a r i a b i l i t y .  



C o r r e l a t i o n  c o e f f i c i e n t s  between t h e  52 v a r i a b l e s  were c a l c u l a t e d  

( T a b l e  1 1 ) .  Examinat ion  o f  t h e  c o r r e l a t i o n s  of the  v a r i a b l e s  w i t h i n  

f u n c t i o n a l  g roups showed t h a t  some t r e n d s  were apparent: 

a ) .  Body s i z e  measurements. A l l  measurements, except t h e  d i s t a n c e  

between t h e  eyes (DE), were c o r r e l a t e d  w i t h  t h e  body l e n g t h  ( B L ) .  

b ) .  Rostrum measurements. I n d i v i d u a l  segments o f  the  r o s t r u m  d i f f e r e d  

i n  t h e i r  c o v a r i a t i o n  among themselves and w i t h  t he  o v e r a l l  s i z e  o f  t h e  

a p h i d .  The l e n g t h s  o f  t h e  t h i r d  (R4) and f o u r t h  (R4) r o s t r u m  segments 

were h i g h l y  c o r r e l a t e d  w i t h  s i z e  w h i l e  R5 and R2 were o n l y  s l i g h t l y  

c o r r e l a t e d  w i t h  body s i z e .  Prev ious  workers (Brad ley  1961, V o e g t l i n  

1976)  have n o t  i n c l u d e d  t h e  f i r s t  segment i n  t h e  measurement o f  t h e  

r o s t r u m  and have used a  t o t a l  measurement. Based on t h i s  a n a l y s i s ,  i t  

wou ld  appear t h a t  i m p o r t a n t  i n f o r m a t i o n  i s  l o s t  by combining t h e  r o s t r u m  

segments i n t o  one measurement. 

c ) .  An tenna l  measurements. Antennal segments 11, 111, I V ,  and V were 

h i g h l y ,  p o s i t i v e l y  c o r r e l a t e d  w i t h  o v e r a l l  s i z e  as i n d i c a t e d  by t h e  body 

l e n g t h  measurement. These segments a l s o  showed a  s t r o n g  p o s i t i v e  

c o r r e l a t i o n  among themselves i n  many cases, Th i s  may be a  r e f l e c t i o n  o f  

t h e  development o f  t h e  antenna l  segments i n  aphids;  these a r e  t h e  

segments wh ich  d i f f e r e n t i a t e  l a s t  d u r i n g  t h e  development o f  t h e  a p h i d  

(Soka l  1952) .  Antenna l  segment V I  was n o t  s t r o n g l y  c o r r e l a t e d  w i t h  

g e n e r a l  s i z e  no r  w i t h  most o th$ r  an tenna l  segment measurements. I t  i s  

f o r  t h i s  reason  t h a t  t h i s  cha rac te r  has proven use fu l  i n  taxonomic 

d i s c r i m i n a t i o n  o f  a p h i d  species (Eastop 1972).  



Table TI. Correlation coefficients between 52 variables 
calculated from a sample of 20 specimens of Cinara 
nigra collected 20 km west of Edson, Alberta, 9 
~ u g u s t  1980. See Table I for abbreviations of 
variable names. Significant values are underlined 
(Critical value = .444 (p = . 0 5 ) ) .  

(a ). Body Size Measurernents 

Variable 

BL DE DHC FRW HL 

BL 1 .00  

DE 0 .21  1 .00  

DHC 0.70 0 .24  1 .00  - 
FKW 0.50 0.58 0.56 1 .00  --- 

A I 7  EL - " . + I  0 .32  0.i4 0 . 3 3  1.00 

(b). Rostrum Measurements 

Variable 
~ o d ~  

R5L R4L R3L R2L Length 
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Table I1 - (el. Setal Length Measurements 



Table I1 - ( f ) .  S e t a l  Counts 

o o o o o o l o o o o  
I I I I I I 



Hind leg measurements. Wi th  t he  excep t ion  of t he  w i d t h  o f  t he  d l *  - 

second t a r s a l  segment (TS2W), a l l  h i n d  l e g  dimensions were h i g h l y  

c o r r e l a t e d  w i t h  o v e r a l l  s i z e  and showed a  g rea t  deal  of i n t e r n a l  p o s i t i v e  

c o r r e l a t i o n  as w e l l .  

Se ta l  l e n g t h  measurements. No c o n s i s t e n t  i n t e r n a l  p a t t e r n  or  e l +  - 

r e l a t i o n s h i p  w i t h  o v e r a l l  s i z e  was apparent except t h a t  many s e t a l  

l eng ths  were s l i g h t l y  n e g a t i v e l y  c o r r e l a t e d  w i t h  s i z e  i n  t h i s  sample. No 

t rends  o f  i n t e r n a l  c o r r e l a t i o n  were apparent.  There was a  low l e v e l  of 

i n t e r n a l  c o r r e l a t i o n ;  over 70% of t h e  c o r r e l a t i o n  c o e f f i c i e n t s  were 

n o n - s i g n i f i c a n t  ( p  = 0.05). 

Se ta l  counts.  Most counts o f  setae showed l i t t l e  c o r r e l a t i o n  among f ) .  - - 

each o ther  and l i t t l e  c o r r e l a t i o n  w i t h  s i ze ,  i n d i c a t i n g  t h a t  they 

represen t  independent components o f  v a r i a t i o n .  The excep t ion  i s  the  

count o f  t he  number o f  setae on t he  g e n i t a l  p l a t e  (SNGP) which showed a  

s i g n i f i c a n t ,  p o s i t i v e  c o r r e l a t i o n  w i t h  body l e n g t h  i n d i c a t i n g  t h a t  t h i s  

s c l e r o t i z e d  r e g i o n  1s i t s e l f  i n f l u e n c e d  by o v e r a l l  s i ze .  

The product-moment c o r r e l a t i o n  m a t r i x  o f  a l l  v a r i a b l e s  was 

sub jec ted  t o  a  p r i n c i p a l  components a n a l y s i s .  The scores, or 

c o n t r i b u t i o n s  o f  t he  v a r i a b l e s  (see Chapter 3 ) ,  on the  f i r s t  t h ree  

p r i n c i p a l  components, which account f o r  48.7% o f  the  t o t a l  v a r i a t i o n  i n  

t he  data,  a re  shown i n  Table 111. Examinat ion o f  t he  scores of t he  

v a r i a b l e s  and o f  t he  p r o j e c t i q n s  of t h e  i n d i v i d u a l  specimens onto t he  

major p r i n c i p a l  axes, t h a t  i s ,  axes I x  11, I x  111, and I 1  x  111, 

(F i gu re  7 ) , revea led  some genera l  t rends  i n  t he  data.  



Table 111. Contributions of 52 variables to the first three 
principal components calculated from 20 specimens 
of Cinara nigra collected at a site 20 km west of 
Edson, Alberta, 11 August 1980. See Table I for 
full names of variables. 

VARIABLE P R I N C I P A L  COMPONENT 

1 I I I11 

EL 
DE 
DHC 
FRW 
1-IL 
ALL 
A l r J  
A2L 
A2W 
A3L 
A3W 
k 4 L  
A4W 
A 5 L  
A5W 
A6BL 
A6Bl.J 
A6PTL 
R5L 
Ii4 L 
iL3L 
112L 
CL 
CW 
F L 
F1J 
T L  
T W 
TS 1W 
T S  1VL 
Ti's 1DL 
T S 2 L  
T S  21J 
SLII 
S LA3 



T a b l e  I I I .. c o n t  'd  

VARIABLE 
PRINCIPAL COMPOfJENT 

I I1 I11 

SLT 
SLTS2 
SLCO 
SLCA 
SLGP 
SLAT8 
SLAT5 
SNA6SA 
SNA6B 
SNA5 
SNA2 
SNR4 
SNGP 
SXAT 5 
S PAT8 
SNC 
SNT 

R e l a t i v e  
P e r c e n t a g e  of 
V a r i a b i l i t y  



Figure 7. Diagram showing a  p r i n c i p a l  component o r d i n a t i o n  o f  

20 specimens o f  Cinara n i g r a  based on the ana lys is  of 52 

morphological var iab les .  A, p r o j e c t i o n  o f  specimens onto the 

f i r s t  and second p r i n c i p a l  axes, w i t h  the value ( i n  mm) f o r  the 

body length  measurement pos i t i oned  t o  the r i g h t  o f  the mark 

i n d i c a t i n g  the l o c a t i o n  o f  each specimen; €I, p r o j e c t i o n  o f  the 

specimens onto the f i r s t  and t h i r d  p r i n c i p a l  axes; C, p r o j e c t i o n  

o f  the specimens onto the second and t h i r d  p r i n c i p a l  axes, w i t h  

the value ( i n  mm) f o r  the s e t a l  l eng th  measurement on the head 

pos i t i oned  t o  the r i g h t  o f  the mark i n d i c a t i n g  the l o c a t i o n  o f  

the specimen. 



INCIPAL AXIS 1 ( 2 9 . 2 % )  



PRINCIPAL AXIS 1 ( 2 9 . 2  % ) 



PRINCIPAL A X l S I I l ( 7 . 9  % )  

e'a 
(D 
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e i  



The f i r s t  p r i n c i p a l  component, which accounted f o r  29.2% of the  

t o t a l  v a r i a t i o n  i n  t he  sample, was a  genera l  s i z e  f a c t o r .  Most o f  the 

cont inuous measurements o f  t h e  body dimensions ( Va r i ab l e  No. 1-33) had 

r e l a t i v e l y  h igh,  p o s i t i v e  values, i n d i c a t i n g  an inc rease  i n  magnitude 

a l ong  t h i s  a x i s .  Th is  was con t ras ted  by t he  nega t i ve  values f o r  most of 

t h e  s e t a l  l e n g t h  measurements and some of t h e  s e t a l  counts; i n  general ,  

these v a r i a b l e s  were n o t  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  s i ze ,  as shown by 

t h e i r  r e l a t i v e l y  low scores.  The presence of a  s i z e  f a c t o r  i s  ev iden t  i n  

F i gu re  7-a, which shows t he  o r d i n a t i o n  o f  the  i n d i v i d u a l  specimens i n  the 

sample onto t he  f i r s t  two p r i n c i p a l  axes. There i s  c l e a r l y  a  t r end  

i n v o l v i n g  a  change i n  t h e  s i z e  of i n d i v i d u a l  specimens a long  t he  f i r s t  

p r i n c i p a l  a x i s .  

The second p r i n c i p a l  component (11.2% o f  t o t a l  v a r i a t i o n )  e x h i b i t e d  

two t rends  i n  v a r i a t i o n ,  namely, nega t i ve  scores f o r  a l l  l e g  dimensions 

and r e l a t i v e l y  h igh ,  nega t i ve  scores f o r  most s e t a l  l eng th  measurements. 

Th is  i s  shown i n  F i gu re  7-c ( p r i n c i p a l  axes I 1  and 111), where, f o r  

example, t he  i n d i v i d u a l  va lues f o r  SLH were p l o t t e d .  The scores o f  most 

o f  t he  s e t a l  l e n g t h  cha rac te r s  on va r i ous  body s t r uc tu res  showed 

r e l a t i v e l y  l a r g e  decreases i n  magnitude o f  t h e i r  component scores on 

p r i n c i p a l  component I 1  i n d i c a t i n g  t h a t  they may be i n f l uenced  by 

on togene t i c  changes i n  these s t r u c t u r e s .  

The t h i r d  p r i n c i p a l  component (7.9% of t o t a l  v a r i a t i o n )  represented 

shape v a r i a t i o n  as was shown by t he  c o n t r a s t s  of p o s i t i v e  and nega t i ve  

va lues f o r  t h e  l e n g t h  and w i d t h  dimensions of many s t r uc tu res ,  such as 

t he  antenna1 segments. P r o j e c t i o n  of t h e  specimens onto p r i n c i p a l  axes I 



and I 1 1  ( F i g u r e  7-b)  showed a  t r e n d  where t he  sma l l es t  and l a r g e s t  

i n d i v i d u a l s  u s u a l l y  had p o s i t i v e  va lues on p r i n c i p a l  a x i s  I11 w h i l e  most 

medium-sized i n d i v i d u a l s  showed nega t i ve  scores on t h i s  a x i s ,  thus 

i n d i c a t i n g  t h a t  t h i s  shape v a r i a t i o n  a l ong  a x i s  I 1 1  was under t he  

i n f l u e n c e  o f  s i ze .  

As the  group o f  v a r i a b l e s  se l ec ted  represented d i f f e r e n t  components 

o f  v a r i a t i o n ,  i t  was decided t h a t  t he  m a j o r i t y  o f  t he  v a r i a b l e s  would be 

r e t a i n e d  f o r  f u r t h e r  a n a l y s i s .  But t he  measurements o f  t he  l e n g t h  and 

w i d t h  o f  antenna1 segment I (AIL,  A1W) and o f  t he  w i d t h  o f  t he  h i n d  coxa 

(CW) were e l i m i n a t e d  due t o  t h e i r  r e l a t i v e l y  h i g h  v a r i a b i l i t y ,  Th i s  was 

thought  t o  be t he  r e s u l t  o f  t h e i r  d i s t o r t i o n  due t o  t he  s l ide -mount ing  

procedure.  

4.3 V a r i a t i o n  W i t h i n  and Between Geographic Samples. 

Geographic v a r i a t i o n  among t he  morpho log ica l  charac te rs  o f  C. n i g r a  

was examined nex t .  N ineteen p o p u l a t i o n  samples (each w i t h  n  = 20) 

i n c l u d i n g  sample No. 11 which was a l r eady  i n v e s t i g a t e d ,  were analyzed. 

The c o l l e c t i o n  da ta  f o r  these samples a r e  g i ven  i n  Table  I V  and t h e i r  

geographica l  d i s t r i b u t i o n  i s  shown i n  F i gu re  8. Th is  species appears t o  

be r e s t r i c t e d  t o  Pinus c o n t o r t a  i n  t he  mid- t o  no r t he rn  and mountainous 

reg ions  o f  B r i t i s h  Columbia and A l b e r t a ,  Wi th  the  excep t ion  o f  t he  

sample f rom Sparwood, B. C.  (No. 19) ,  a l l  samples were c o l l e c t e d  d u r i n g  

a  two-week p e r i o d  i n  1980, thus m i n i m i z i n g  the  e f f e c t  on t he  a n a l y s i s  o f  



Table IV. Collection data of population samples of Cinara 
nigra used in the study. All samples were 
collected by R. Foottit. All samples are from 
British Columbia unless noted otherwise. 

Sample Location and Date of Collection 
Number 

15 km East of Quesnel, Hwy 26, 30 July 1980 

10 km North of Quesnel, Hwy 97, 31 July 1980 

12 km North of Hixon, Hwy 97, 31 July 1980 

5 km West of Prince George, Hwy 16, 31 July 1980 

46 km Northwest of Snithers, Hwy 16, 3 August 1980 

Lakelse Lake, 19 km South of Terrace, Hwy 25, 

3 August 1980 

31 km North of Prince George, Hwy 97, 5 August 1980 

45 km South of Chetwynd, Hwy 97, 6 August 1980 

18 km South of Taylor, Hwy 97, 7 August 1980 

5 km North of Swan Hills, Alberta, Hwy 33, 9 August 

1980 

20 k m  West of Edson, Alherta, Hwy 16, 11 August 1980 

2 km East of Mt. Robson Provincial Park, Hwy 16, 

12 August 1980 

Tgte Jaune, 12 August 1980 

Tgte Jaune, 12 August 1980 

T6te Jaune, 12 August 1980 

Tgte Jaune, 12 August 1980 

Valemount, 13 August 1980 

26 km South of Valemount, Hwy 5, 13 August 1980 

Sparwood, 9 July 1982 



Figure  8. D i s t r i b u t i o n  i n  B r i t i s h  Columbia and A lbe r ta  o f  the  

19 popu la t i on  samples o f  Cinara n i g r a  used i n  the study. 

Populat ion No. 19 was c o l l e c t e d  a t  Sparwood i n  the  south-eastern 

corner o f  B r i t i s h  Columbia. 
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temporal variation in the phenology of the colonies. The samples from 

~ $ t e  Jaune, B. C. (Nos. 13-16) were collected within 1 km of each other; 

these samples were used In order to see if the morphometric techniques 

would recognize microgeographic af f ini ties in the samples. 

The 49 continuous measurements and counts that were identified from 

the previous analysis were taken on the specimens of the other 18 

population samples. To avoid bias, the samples were not measured in any 

particular geographic sequence. Including the initial sample, a total of 

18,620 measurements were taken. Descriptive statistics for all variables 

were calculated and are shown for all samples in Appendix 2. 

Analysis of the normality of the samples using DIAgostinols D (pf - 4 
0.01) showed that 12.2% of the variable by sample distributions were 

non-normal. No samples showed consistently higher non-normality rates 

among the character set. As in the initial sample that was analyzed, the 

count of the number of subapical setae on antenna1 segment VI (SNA6SA) 

was consistently non-normal. However, considering the variable nature of 

biological data, I did not consider that the rate of non-normality among 

the characters was sufficiently hSgh to affect the results of the 

subsequent morphometric analysis. Therefore, no transformations of the 

data were carried out. 

The sample means of each variable were tested for significant 

differences and geographic trends using a one-way analysis of variance 

and the Student-Newman-Keuls range test (p f 0.01 ) (Sokal and Rohlf 

1981). All variables were significantly different among localities with 

the exception of three setal counts. These were the number of setae on 
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segment measurements, 2.3-10.5; r os t r um 

the  base o f  antennal  segment V I  (SNAbB), on antennal  segment 11 (SNA2). 

and on abdominal t e r g i t e  V (SNAT5). Wi th  the except ion o f  one or two 

samples, these v a r i a b l e s  showed an almost complete over lap  of t h e i r  

ranges. No geographic t rends i n  t he  samples, when each v a r i a b l e  was 

cons idered separa te ly ,  were ev iden t ;  geograph ica l l y  ad jacent  samples 

o c c a s i o n a l l y  had s i m i l a r  values. 

Values o f  the  c o e f f i c i e n t  o f  v a r i a t i o n  revealed trends i n  

v a r i a b i l i t y  t h a t  were s i m i l a r  t o  those shown i n  the ana l ys i s  o f  the  

i n i t i a l  sample. None o f  t he  19 popu la t i on  samples were c o n s i s t e n t l y  more 

V,  than the  other  samples. There 

t o  27.8 w i t h  t he  cont inuous 

lues  than the s e t a l  l eng th  

values o f  V f o r  the cont inuous 

measurements, 2.2-9.2; antennal  

segment measurements, 2.0-11.4; 

and h i n d  l e g  measurements, 1.8-15.7. T i b i a  w id th  was c o n s i s t e n t l y  more 

v a r i a b l e  (7.5-15.7) than the  o ther  h i n d  l e g  dimensions. I f  t h i s  v a r i a b l e  

i s  excluded, t he  o ther  h i n d l e g  measurements show a range o f  v a r i a b i l i t y  

(1.8-9.8) s i m i l a r  t o  t h a t  o f  t h e  o ther  cont inuous measurements. Values 

o f  V f o r  the  s e t a l  l e n g t h  measurements ranged f rom 3.7 t o  15-9,  excluding 

the  v a r i a b l e  SLATS, which was c o n s i s t e n t l y  more v a r i a b l e  (12.5-27.8). 

The s e t a l  counts showed a wide range o f  v a r i a b i l i t y  (0.1-19.8). 



4.3.1 C o r r e l a t i o n  and P r i n c i p a l  Component Analyses 

For each o f  t h e  19 samples, a  m a t r i x  o f  c o r r e l a t i o n  c o e f f i c i e n t s  

was c a l c u l a t e d  f o r  a l l  combinat ions o f  v a r i a b l e s .  Each c o r r e l a t i o n  

m a t r i x  was inspec ted  f o r  t rends  as i n  t h e  a n a l y s i s  of t he  o r i g i n a l  

popu la t i on  sample c o l l e c t e d  a t  Edson, A lbe r t a .  I t  was found t h a t  the  

c o r r e l a t i o n s  o f  many p a i r s  o f  v a r i a b l e s  v a r i e d  cons iderab ly  f rom sample 

t o  sample w i t h  r espec t  t o  s i g n  and magnitude. For example, over the  19 

samples, t he  c o r r e l a t i o n  o f  R5L w i t h  t h e  o ther  r o s t r ~ m  segment v a r i a b l e s  

ranged f rom nega t i ve  values, t o  weak and t o  s i g n i f i c a n t l y  ( p  = 0.05) 

p o s i t i v e  values. The c o r r e l a t i o n  o f  some o f  t he  v a r i a b l e s  w i t h  body 

l e n g t h  was no t  c o n s i s t e n t  over t h e  19 samples. 

Rather than p resen t  a l l  c o r r e l a t i o n  t ab les  f o r  a l l  19 samples, and 

i n  order  t o  q u a n t i f y  any cumula t i ve  p a t t e r n s  over t h e  19 samples, I 

tabu la ted  t he  t o t a l  numbers ( o u t  o f  19) o f  s i g n i f i c a n t  ( p  = .05) 

c o r r e l a t i o n  c o e f f i c i e n t s  f o r  each f u n c t i o n a l  or  o p e r a t i o n a l  se t  o f  

va r i ab l es  (Table  V ) .  Examinat ion o f  these t a b u l a t i o n s  revea led  some 

t rends among t he  va r i ab l es :  

a ) .  Body s i z e  measurements. The measure o f  t h e  d i s t ance  between the  

h i n d  coxae (DHC) was most f r e q u e n t l y  and head l e n g t h  (HL) t he  l e a s t  

f r e q u e n t l y  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  body leng th .  

b ) .  Rostrum measurements. There was a  low number o f  s i g n i f i c a n t  

c o r r e l a t i o n s  among t he  segments. Wi th  t he  excep t ion  o f  R4L the  ros t rum 

segments showed a  low f requency o f  s i g n i f i c a n t  c o r r e l a t i o n s  w i t h  body 

leng th .  



Table V. Total numbers of significant (p = 0.05) correlation 
'coefficients between 49 variables for each of 19 
population samples of Cinara nigra. The subtotals 
of significant negative correlations are in brackets. 

(a) Body Size Measurements 

Variable BL DE DHC FRW HL 

BL -- 

DE 9 -- 

DHC 13 5 --- 

FRW 9 11 8 -- 

HL 5 2 2 (1) 4 -- 

( b )  Rostrum Measurements 

Body 
Variable R5L R4L R3L R2L Length 



Table V - ( c ) .  Antenna1 Measurements 



Table V - (d). Hind Leg Measurements 

h b D  
a c a b o d m h o a m d  
0 Q ) r l r l l - l r l  l-l 
F9 LI 



Table V - (el. Setal Length Measurements 



Table V - ( f ) .  S e t a l  Counts 



c ) .  Antennal measurements. Antennal segments 3 t o  5 showed a  r e l a t i v e l y  

h igh  frequency o f  s i g n i f i c a n t  c o r r e l a t i o n s  w i t h  body leng th  and a  

r e l a t i v e l y  h igh  r a t e  o f  i n t e r n a l  c o r r e l a t i o n  o f  dimensions compared t o  

the dimensions o f  the  d i s t a l  antennal segment 6. 

d ) .  Hind l e g  measurements. The frequency o f  s i g n i f i c a n t  c o r r e l a t i o n s  o f  

these var iab les  w i t h  body leng th  was very h igh  f o r  the proximal segments, 

l ess  so f o r  the t a r s a l  dimensions. The l eng th  dimensions were more 

f r e q u e n t l y  c o r r e l a t e d  w i t h  body leng th  than the  w id th  dimensions. The 

frequency o f  i n t e r n a l  c o r r e l a t i o n s  was h igh  f o r  most dimensions. 

c ) .  Se ta l  l eng th  measurements. There was a  low frequency o f  s i g n i f i c a n t  

i n t e r n a l  c o r r e l a t i o n  and a  low frequency o f  s i g n i f i c a n t  c o r r e l a t i o n  w i t h  

body leng th .  

f ) .  Se ta l  counts. There was none or on ly  a  low frequency o f  s i g n i f i c a n t  

c o r r e l a t i o n  e i t h e r  among the counts or w i t h  body length. 

For each o f  the  19 samples, the m a t r i x  o f  c o r r e l a t i o n  c o e f f i c i e n t s  

between a l l  va r i ab les  was subjected t o  a  p r i n c i p a l  component ana lys is .  

The c o n t r i b u t i o n  o f  each v a r i a b l e  t o  each p r i n c i p a l  ax i s  was ca lcu la ted .  

I n  add i t i on ,  each specimen was p ro jec ted  onto the f i r s t  three p r i n c i p a l  

axes ( I  x  11, I x  111, I 1  x 111). The r e s u l t s  o f  these analyses were 

inspected f o r  t rends as i n  the ana lys is  o f  the i n i t i a l  samp1.e. 

The presence o f  a  s i ze  f a c t o r  (17.2 - 36.9% o f  t o t a l  v a r i a t i o n )  was 

ev ident  i n  a l l  of the samples. The continuous measurements showed h igh  

p o s i t i v e  scores on the f i r s t  p r i n c i p a l  component, the exceptions being 
(-- C 

some o f  the te rmina l  antennal and t a r s w  dimensions. There was 

considerable v a r i a b i l i t y  i n  the s ign  and magnitude o f  the scores on the 

f i r s t  component f o r  the s e t a l  leng th  measurements and se ta l  counts. 



For most samples, t he  t r e n d  o f  nega t i ve  scores f o r  the l e g  

dimensions and s e t a l  counts was apparent on t he  second component. I n  t h e  

second and t he  t h i r d  components t he re  were many con t ras t s  of s i gn  of t he  

scores f o r  l e n g t h  and w i d t h  dimensions and f o r  groups of measurements of 

c l o s e l y  s i t u a t e d  s t r u c t u r e s ;  t h i s  i n d i c a t e d  t he  presence of shape and 

s i z e - r e l a t e d  shape v a r i a t i o n .  

There were s i m i l a r  p a t t e r n s  i n  t h e  p r o j e c t i o n s  o f  the  i n d i v i d u a l  

specimens on to  the  p r i n c i p a l  axes computed f o r  each sample. Most 

c o n s i s t e n t  was the  cont inuous o r i e n t a t i o n  o f  specimens according t o  s i z e  

a l ong  p r i n c i p a l  a x i s  I. The excep t ion  t o  t h i s  t r e n d  was ev ident  i n  

Sample No. 2 where t h e r e  was a  c l e a r  separa t ion  o f  the  specimens i n  t h i s  

sample i n t o  2 s i z e  groups (F i gu re  9-a).  Re-examination o f  the specimens 

d i d  n o t  r evea l  any taxonomic d i f f e r e n c e s  between t he  2 subgroups; i n  

p a r t i c u l a r ,  no charac te rs  o f  t he  c l o s e l y  r e l a t e d  C. canat ra  were 

ev i den t .  Embryos were p resen t  i n  specimens o f  bo th  subgroups, i n d i c a t i n g  

t h a t  n e i t h e r  subgroup represented a  e a r l i e r  generat ion.  I t  i s  l i k e l y  

t h a t  Sample No. 2 was from a  mixed co lony,  c o n s i s t i n g  o f  the c l ona l  

o f f s p r i n g  f rom a t  l e a s t  two d i f f e r e n t  v i rg inoparae .  

Examinat ion o f  t he  c o n t r i b u t i o n s  o f  t h e  va r i ab l es  t o  the f i r s t  

t h r e e  p r i n c i p a l  components c a l c u l a t e d  f o r  Sample No. 2 (Table V I )  (45.6% 

o f  t o t a l  v a r i a t i o n )  showed morphometric p a t t e r n s  t h a t  were s l m i l a r  t o  

those shown i n  t he  a n a l y s i s  o f  Sample No. 11 and the  other geographic 

samples. P r i n c i p a l  component I cons i s t ed  of l a r g e  p o s i t i v e  scores f o r  

many cont inuous v a r i a b l e s  w h i l e  nega t i ve  scores on t h i s  component were 

shown by t he  d i s t a l  antenna1 segments, s e t a l  l eng th  measurements and some 



F igu re  9. Diagrams showing t h e  p r i n c i p a l  component o r d i n a t i o n s  

o f  20 specimens o f  C inara n i g r a ,  c o l l e c t e d  10 km N o f  Quesnel ,  

B r i t i s h  Columbia (31 V I I  1980), based on t h e  a n a l y s i s  o f  49 

morpholog ica l  v a r i a b l e s .  A, p r o j e c t i o n  o f  specimens on to  t he  

f i r s t  and second p r i n c i p a l  axes, w i t h  t he  va lue  ( i n  mm) f o r  t he  

body l e n g t h  measurement p o s i t i o n e d  t o  t h e  r i g h t  o f  t he  mark 

i n d i c a t i n g  t he  l o c a t i o n  o f  each specimen; EJ, p r o j e c t i o n  o f  t h e  

specimens on to  t h e  f i r s t  and second p r i n c i p a l  axes, w i t h  t he  

va lue  ( i n  mm) f o r  t he  femur l e n g t h  measurement p o s i t i o n e d  t o  

t he  r i g h t  o f  t he  mark i n d i c a t i n g  t he  l o c a t i o n  o f  each specimen. 
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Table VI. Contributions of 49 variables to the first three 
principal components calculated from 20 specimens 
of Cinara nigra collected at a site 10 km N of 
Quesnel, British Columbia, 31 July 1980. See 
Table I for full names of variables. 

VARIABLE 

PRINCIPAL COMPONENT 

I I1 I11 

1. BL 
2. DE 
3. DHC 
4. FRW 
5. HL 
6. A2L 
7. A2W 
8. A3L 
9. A3W 
10. A4L 
11. A4W 
12. A5L 
13. A5W 
14. A6BL 
15. A6BW 
16. A6PTL 
i7. R5L 
18. R4L 
19. R3L 
20. R2L 
21. CL 
22. FL 
23. FW 
24. TL 
25. TW 
26. TSlW 
27. TSlVL 
28. TSlDL 
29. TS2L 
30. TS2W 



TaSle VI. cont'd 

PRINCIPAL COMPONENT 

VARIABLE I I1 I11 

31. SL'd 
32. SLA3 
33. SLT 
34. SLTS2 
35. SLCO 
36. SLCA 
37. SLGP 
38. SLAT8 
39. SLAT5 
40. SNA6SA 
41. SNA6B 
42. SNA5 
43. SNA2 
44. SNR4 
45. SNGP 
46. SNA.T5 
47. SNAT8 
48. SNC 
4 9 .  SNT 

Relative 
Percentage of 
Variability 



s e t a l  counts;  these l a t t e r  groups of  v a r i a b l e s  were n e g a t i v e l y  c o r r e l a t e d  

w i t h  BL i n  t h i s  sample. P r i n c i p a l  component 11 showed r e l a t i v e l y  h i g h  

n e g a t i v e  scores f o r  some of  t h e  l eg ,  antennal ,  and s e t a l  l e n g t h  

measurements. P r i n c i p a l  component 111 cons i s t ed  of c o n t r a s t s  o f  s i g n  and 

magnitude f o r  many v a r i a b l e s ;  t h e  l a r g e s t  scores were shown by t he  

an tenna l  segment V I  dimensions and some s e t a l  counts (SNAT5, SNAT8, SNC). 

The presence of 2 s i z e  groups w i t h i n  Sample No. 2 a l lowed f o r  

f u r t h e r  a n a l y s i s  o f  t he  components o f  v a r i a t i o n  w i t h i n  C. n i g r a .  For 

example, w h i l e  FL had a  l a r g e  score (0.936) on p r i n c i p a l  a x i s  I, some 

v a r i a t i o n  i n  t h i s  measurement was n o t  assoc ia ted  w i t h  t he  o v e r a l l  s i z e  

f a c t o r .  F i gu re  9-b shows t h e  va lues o f  FL f o r  the  specimens p r o j e c t e d  

o n t o  axes I and 11. There i s  a  c l e a r  nega t i ve  g r a d i e n t  o f  t h i s  v a r i a b l e  

(and  o the r  l e g  dimensions) a l ong  a x i s  11. Th is  t r end  occur red  i n  bo th  

subgroups and was independent o f  t h e  o v e r a l l  s i z e  sepa ra t i on  a l ong  

p r i n c i p a l  a x i s  I .  

4.3.2 O v e r a l l  Pa t t e rns  o f  Character V a r i a b i l i t y  

Th is  s e c t i o n  dea ls  w i t h  t h e  a n a l y s i s  o f  o v e r a l l  p a t t e r n s  o f  

v a r i a t i o n  i n  t he  19 samples o f  C. n i g r a .  Th is  a n a l y s i s  was c a r r i e d  ou t  

i n  o rder  t o  determine i f  t he  sample s i z e  used ( n  = 20) was l a r g e  enough 

t o  sample adequate ly  a l l  o f  t h e  major t rends  i n  v a r i a t i o n .  D e s c r i p t i v e  

s t a t i s t i c s  were c a l c u l a t e d  f o r  a l l  49 v a r i a b l e s  measured on t he  t o t a l  o f  

380 specimens. The mean, s tandard d e v i a t i o n  and the  range a r e  g i ven  i n  

Chapter  6. 



The overall range of values for the coefficient of variation was 

reduced (4.0 - 18.2) as were the ranges for the functional and/or 

operational groups of measurements. The values of V for the continuous 

measurements were as follows: body size measurements, 5.4 - 10.9; 

antennal segment measurements, 4.3 - 8.3; rostrum segment measurements, 

4.0 - 4.9; and hind leg measurements, 4.6 - 10.2 (without TL, 14.4). If 

the value for SLATS (18.2) is omitted, the values of V for the setal 

length measurements ranged from 7.3 to 12.4. The setal counts showed a 

much reduced range of variability (9.1 - 16.2). 

Correlation coefficients between all 49 variables for all samples 

combined (n = 380), were calculated and are shown in Table VII. When 

each sub-group of variables was examined it was evident that internal 

correlation between the variables was high and usually statistically 

significant. All continuous body measurements were positively correlated 

with body size and in most cases there was high, significant internal 

correlation as well. All dimensions of antennal segment VI still showed 

lower internal correlation among themselves and had the lowest 

correlation with BL. With the exception of the variable SLATS, the setal 

length measurements showed high internal correlation as well as 

significant correlation with BL. The setal length measurements were 

significantly correlated with the structures they arise upon, for example 

the correlation coefficient for SLT with TL was 0.32. 

The exception to the general trend mentioned above was the series 

of counts of setae, which had low or negative correlation with body size 

in many cases, and also showed many low, non-significant internal 



Table VII.Correlation coefficients between 49 variables 
calculated from 19 population samples ( n  = 20) 
of Cinara nigra. Total sample size equals 380. 
See Table I for abbreviations of variable names. 
Significant values are underlined (Critical value 

= .I01 ( p  = .05)) 

(a). Body Size Measurements 

Var i ab l e  BL DE IIHC FW HL 

BL 1 .OO 

DHC 0.75 - 0.55 1 ~ 0 0  

FRW - - -  0.70 0.65 0.56 1.00 

HL 0.58 0.44 0.42 0.57 1.00 - - - - -  

( b ) .  Rostrum Measurements 

Body 
V a r i a b l e  K5L R4L R3L K2L Length 



Table VII - ( c  1. Antenna1 Measurements 
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Table V I I - ( e ) .  Setal Length Measurements 



Table VII- ( f  ). Setal Counts 



c o r r e l a t i o n s  as w e l l .  The except ion t o  the above was those counts which 

were h i g h l y  c o r r e l a t e d  w i t h  BL. This  i n d i c a t e s  t h a t  t h i s  group of 

va r i ab les  accounts f o r  a  number of components of v a r i a t i o n  t h a t  a re  

independent o f  s ize.  

The c o r r e l a t i o n  m a t r i x  (49  var iab les ,  n  = 380) was then subjected 

t o  a  p r i n c i p a l  component ana l ys i s  i n  order t o  determine the  st rongest ,  

o v e r a l l  pa t te rns  o f  v a r i a b i l i t y  i n  C. n ig ra .  The component scores f o r  

each v a r i a b l e  on the f i r s t  3  p r i n c i p a l  components a re  g iven i n  Table V I I I .  

The f i r s t  p r i n c i p a l  component, the  general  s i z e  component (36.2% of 

t o t a l  v a r i a t i o n ) ,  was charac ter ized  by h igh  p o s i t i v e  scores fo r  the  

cont inuous body dimensions and s e t a l  lengths w i t h  the except ion of 

SLATS. Some s e t a l  counts (SNAS, SNGP, SNC, SNT) had h igh  scores on the  

f i r s t  p r i n c i p a l  component; these va r i ab les  were s i g n i f i c a n t l y  c o r r e l a t e d  

w i t h  body s i z e  as shown i n  the  c o r r e l a t i o n  ana l ys i s  (Table V I I - f ) .  

The second p r i n c i p a l  component (7.0% o f  t o t a l  v a r i a t i o n )  was 

l a r g e l y  a  dimension i n f l uenced  by decreases i n  the magnitude o f  the  s e t a l  

l eng th  measurements. The t h i r d  p r i n c i p a l  component (3.0% o f  t o t a l  

v a r i a t i o n )  cons is ted  o f  shape v a r i a t i o n ,  p a r t i c u l a r l y  i n  the antenna1 and 

l e g  dimensions, as was shown i n  t he  ana l ys i s  o f  the  smal ler samples. 

There were a l s o  some r e l a t i v e l y  h igh  scores f o r  some o f  the  s e t a l  

counts. No pa t te rns  among the v a r i a b l e  scores were ev ident  on the  

remaining p r i n c i p a l  components. 



Table VIII. Contributions of 49 variables to the first 
three principal components calculated from 380 
specimens of Cinara nigra. See Table I for 
full names of variables. 

PRINCIPAL COMPONENT 

VARIABLE I I1 I11 

1. BL 
2. DE 
3. DHC 
4. FXW 
5. HL 
6. A2L 
7. A2W 
8. A3L 
9. A3W 
10. A4L 
11. A4W 
12. A5L 
13. A5W 
14. A6BL 
15. A6BW 
16. A6PTL 
17. R5L 
18. R4L 
19. R3L 
20. R2L 
21. CL 
22. FL 
23. FW 
24. TL 
25. TW 
26. TSlW 
27. TSlVL 
28. TSlDL 
29. TS2L 
30. TS2W 



Table VIII. cont'd 

VARIABLE 

PRINCIPAL COMPONENT 

I I1 I11 

31. SLH 
32. SLA3 
33. SLT 
34. SLTS2 
35. SLCO 
36. SLCA 
37. SLGP 
38. SLAT8 
39. SLAT5 
40. SNA6SA 
41. SNA6B 
42. SNA5 
43. SNA2 
44. SNR4 
45. SNGP 
46. SNAT5 
47. SNAT8 
48. SNC 
49. SNT 

Relative 
Percentage of 
Variability 



4.3.3 D i sc r im inan t  Func t i on  Analyses 

The 19 p o p u l a t i o n  samples were analyzed us i ng  m u l t i p l e  

d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s ,  as descr ibed  i n  Chapter 3, i n  order  t o  

determine i f  t h e r e  were geographic p a t t e r n s  among the  samples. The 

s tandard ized  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f o r  the  f i r s t  four  

d i s c r i m i n a n t  f u n c t i o n s  (68.2% o f  t o t a l  v a r i a t i o n ) ,  which r ep resen t  t he  

c o n t r i b u t i o n s  o f  t he  v a r i a b l e s  t o  d i s c r i m i n a t i o n  between t he  samples on 

t he  d i s c r i m i n a n t  axes, a r e  g i ven  i n  Table  I X .  The p r o j e c t i o n  of t h e  

sample c e n t r o i d s  on to  t h e  f i r s t  two d i s c r i m i n a n t  axes, which r ep resen t  

50.7% o f  t he  t o t a l  v a r i a t i o n ,  i s  shown i n  F i gu re  10. 

D i sc r im inan t  f u n c t i o n  I, which accounted f o r  n e a r l y  34% o f  t he  

t o t a l  v a r i a t i o n ,  was l a r g e l y  i n f l u e n c e d  by s i z e  v a r i a t i o n ;  t he  h i g h e s t  

c o n t r i b u t i o n  t o  t h i s  f u n c t i o n  was made by t he  v a r i a b l e  body l e n g t h  ( B L ! .  

Examinat ion o f  F i gu re  10 shows t h a t  t he  samples a re  a l i g n e d  a l ong  t h i s  

a x i s  w i t h  r espec t  t o  genera l  s i z e  (see va lues f o r  BL i n  Appendix 2 ) .  The 

l e n g t h  of t he  femur (FL) was a  s t r o n g  c o n t r i b u t o r  t o  d i s c r i m i n a t i o n  a l ong  

a x i s  11. I t  i s  ev i den t  f rom the  examinat ion t h a t  t he re  a re  a  number of 

s i z e  and s i z e - r e l a t e d  shape i n f l u e n c e s  upon d i s c r i m i n a t i o n  a l ong  each 

a x i s .  A c l e a r  example i s  t he  c o n t r a s t  i n  t he  abso lu te  values and signs 

o f  t he  c o n t r i b u t i o n s  o f  t h e  measurements o f  an tenna l  segments I 1  t o  V 

compared t o  t he  dimensions of an tenna l  segment V I .  Th is  i s  p a r t i c u l a r l y  

n o t i c e a b l e  when d i s c r i m i n a n t  f u n c t i o n s  I 1  and I V  a r e  compared (Tab le  I X ) .  



Table IX. Standardized discriminant function coefficients 
for the first four discriminant functions 
calculated from 19 population samples ( n  = 2 0 )  of 
49 variables of Cinara nigra. See Table I for 
full names of variables. 

VARIABLE DISCRIMINANT FUNCTION 

I I I I11 IV 

BL 
DE 
DHC 
FRW 
HL 
A2L 
A2W 
A3L 
A3W 
A4L 
A4W 
A5L 
A5W 
A6BL 
A6BW 
A6PTL 
R5L 
R4L 
R3L 
R2L 
CL 
FL 
FW 
TL 
TW 
TS lW 
TS lVL 
TSlDL 
TS2L 
TS2W 
SLH 
SLA3 
SLT 
SLTS2 
SLCO 



Table I X .  cont'd 

VARIABLE DISCRIMINANT FUNCTION 

I I1 111 IV 

36. SLCA 
37. SLGP 
38. SLAT8 
39. SLAT5 
40. SNA6SA 
41. SNA6B 
42. SNA5 
43. SNA2 
44. SNR4 
45. SNGP 
46. SNAT5 
47. SlWTS 
48. SNC 
4 9 .  SNT 

Reia t i - "e  

Percentage of 
Variability 



F igu re  10. Cen t ro ids  o f  19 p o p u l a t i o n  samples o f  C inara 

n i g r a  p r o j e c t e d  on to  t h e  f i r s t  and second d i s c r i m i n a n t  axes; 

based on t he  a n a l y s i s  o f  49 morpho log ica l  v a r i a b l e s .  

See Table  I V  f o r  t he  c o l l e c t i o n  da ta  cor responding t o  t he  

sample numbers, 



DISCRIMINANT FUNCTIQN I 1 1  

0, 
'I- 

@ 



Mahalanobis Generalized Distances (D values) (Chapter 3) were 
calculated for all pairwise comparisons of samples, using the 49 

variables measured for the 19 population samples. The resulting matrix 

of @ values was subjected to a cluster analysis (UPGMA) (Figure 11). As 

was the result with the previous analysis, no geographic pattern in 

clusters of samples was evident, except that some geographically adjacent 

samples were grouped together. However, even the geographically local 

samples from ~ G t e  Jaune (No.'s 13 - 16) were not grouped. 

Allocation of individual specimens into the 19 population samples, 

using identification functions calculated from the specimens in each 

sample, was carried out. The results of this analysis are shown in Table 

X .  Although there is an upward bias in the procedure, when the analysis 

is carried out in the manner described in Chapter 3, this approach gave a 

useful picture of the degree of phenetic overlap betweeen the samples. 

Nearly 92% of the specimens were allocated into the correct samples. 

Incorrectly allocated specimens were often placed in geographically close 

samples. This is particularly noticeable in the case of the 

geographically adjacent samples from ~ C t e  Jaune, B. C. (No.Is 13-16). 

The associations, as shown in the phenogram (Figure ll), if 

examined from the top to the bottom, resemble closely the sequence along 

the first discriminant function (Figure lo), that is, a sequence based 

roughly on decreasing overall size. Thus, while the variables used in 

this analysis are generally useful for discriminating between samples, 

there are no apparent geographically defined clusters, other than local 

affinities between adjacent samples. 



F igu re  11. Phenogram f o r  t he  UPGMA c l u s t e r  a n a l y s i s  o f  

Mahalanobis Genera l ized Dis tances,  D, c a l c u l a t e d  f o r  19 

p o p u l a t i o n  samples o f  C inara n i g r a ,  based on t he  a n a l y s i s  

o f  49 morpho log ica l  v a r i a b l e s .  See Table  I V  f o r  t he  

c o l l e c t i o n  da ta  cor responding t o  t he  sample numbers. 





Table Identification table for 19 population samples of 
Cinara nigra. Identification functions based on 49 
variables ( n  = 2 0 ) .  The numbers of correct 
identifications are shown in the diagonal positions, 
incorrect identifications are in the off-diagonal 
positions. 

XI 



4.4  Reduction o f  the Number of Var iables 

On the basis  o f  the analyses described above, I reduced the number 

o f  var iab les  from 49 t o  32. This gave a  more t r a c t a b l e  data se t  f o r  the 

ana lys is  o f  species d i f f e rences  (Chapter 5 )  w i thout  a  g reat  deal o f  l oss  

o f  in fo rmat ion  content  or d i sc r im ina to ry  a b i l i t y .  As a  r e s u l t ,  some 

var iab les  t h a t  where h i g h l y  co r re la ted  w i t h  other var iab les  were 

e l im ina ted.  Var iables t h a t  proved d i f f i c u l t  t o  accura te ly  measure or 

count were a l s o  e l im ina ted from f u r t h e r  ana lys is .  

a ) .  Body s i z e  measurements. The measurements o f  body length  (BL) and 

f rons  w id th  (FRW) were re ta ined  from those var iab les  measured as s i z e  and 

head dimensions, respec t i ve l y .  Other r e l a t e d  measurements were h i g h l y  

co r re la ted  w i t h  these. 

b ) .  Rostrum measurements. The rost rum measurements were re ta ined  as 

these a re  important  i n  the b i o l o g i c a l  determinat ion o f  species 

d i f fe rences,  p a r t i c u l a r l y  feeding s i t e  d i f fe rences.  They showed 

independent pa t te rns  o f  v a r i a t i o n .  

c ) .  Antenna1 measurements. A l l  antenna1 measurements were kept  except 

the w id th  measurements o f  segments I1 t o  V; these were always h i g h l y  

co r re la ted  w i t h  the l eng th  measurements of these segments. 

d ) .  Hind l e g  measurements. The f o l l o w i n g  measures o f  features on the 

h ind  l e g  were re ta ined:  femur length  (FL), femur w id th  ( F W ) ,  t i b i a  l eng th  

(TL), the v e n t r a l  length  o f  t a r s a l  segment I (TSIVL) and the length  o f  

t a r s a l  segment I1 (TS2L). Other l e g  dimensions were h i g h l y  co r re la ted  



w i t h  these var iab les .  The w id th  of the t t b i a  (TW) was not  re ta ined  as i t  

had a  r e l a t i v e l y  h igh  c o e f f i c i e n t  of v a r i a t i o n  (7.5 - 15.7) (Appendix 2) 

when compared t o  other continuous measurements. This was l i k e l y  the 

r e s u l t  o f  v a r i a t i o n  i n  the plane on which the t i b i a  was pro jec ted  on the 

s l i d e .  

e ) .  Seta l  length  measurements. Seta l  length  measurements on antenna1 

segment I11 (SLA3), on the g e n i t a l  p l a t e  (SLGP), on abdominal t e r g i t e  V 

(SLATS), and on the h ind  t i b i a  (SLT), were re ta ined.  The other  var iab les  

were dropped due t o  a  h igh  c o r r e l a t i o n  w i t h  other  s e t a l  measurements, t o  

h igh  v a r i a b i l i t y ,  or t o  d i f f i c u l t y  i n  ob ta in ing  an accurate measurement. 

The l a t t e r  was a  p a r t i c u l a r  problem w i t h  the longer setae such as those 

on the head, c o r n i c l e  and the cauda. These setae tended t o  be curved, 

bent and even broken i n  some specimens. 

f ) .  Seta l  counts. A l l  s e t a l  counts were re ta ined.  Based on the 

analyses presented above i t  i s  ev ident  t h a t  these var iab les  represent  a  

number o f  components o f  v a r i a t i o n  which a re  independent o f  s i z e  and which 

could be taxonomical ly use fu l .  

I n  order t o  compare the d i sc r im ina to ry  a b i l i t y  o f  the reduced 

character se t  w i t h  t h a t  o f  the o r i g i n a l  character set,  a l l o c a t i o n  o f  the 

i n d i v i d u a l  specimens i n t o  the 19 popu la t ion  samples, us ing  i d e n t i f i c a t i o n  

func t ions  ca l cu la ted  from 32 var iab les ,  was c a r r i e d  out.  The r e s u l t  was 

t h a t  82% of  the specimens were c o r r e c t l y  a l l oca ted  (Table X I ) .  This 

value compares w i t h  nea r l y  92% co r rec t  a l l o c a t i o n  w i t h  the use of a l l  49 

var iab les ,  a  f a c t  i n d i c a t i n g  t h a t  much o f  the d i sc r im ina to ry  a b i l i t y  of 

the o r i g i n a l  data se t  was re ta ined.  



Table XI. Identification table for 19 population samples of 
Cinara nigra. Identification functions based on 32 
variables ( n  = 2 0 ) .  The numbers of correct 
identifications are shown in the diagonal positions, 
incorrect identifications are in the off-diagonal 
positions. 
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As was discussed i n  Chapter 3, there  i s  an upward b las  i n  the  

a l l o c a t i o n  procedure when the  same specimens are  used both i n  order t o  

c a l c u l a t e  the i d e n t i f i c a t i o n  func t i ons  and t o  a l l o c a t e  i n d i v i d u a l s  i n t o  

t h e i r  r espec t i ve  groups. I est imated the  degree of b ias  by reducing the  

s i z e  o f  each sample t o  15 specimens, se lected a t  random, and used the 

remaining 5 specimens f rom each sample as "unknownsu t o  be a l l oca ted ,  and 

c a r r i e d  ou t  the  a l l o c a t i o n  procedure us ing  the  two data sets  c o n s i s t i n g  

o f  49 and 32 var iab les ,  respec t i ve l y .  The r e s u l t  was t h a t  when 49 

va r i ab les  were used t o  c a l c u l a t e  the  i d e n t i f i c a t i o n  func t ions ,  64% o f  the  

"unknowns" were c o r r e c t l y  a l l o c a t e d  and when 32 var iab les  were used, 62% 

o f  the "unknownt1 specimens were c o r r e c t l y  a l l oca ted .  This  i n d i c a t e d  t h a t  

there  had been l i t t l e  l o s s  i n  the  d i s c r i m i n a t o r y  a b i l i t y  o f  the  data se t  

due t o  a  reduc t i on  i n  the  number o f  va r i ab les  employed i n  the ana lys is .  

The reduc t i on  i n  c o r r e c t  a l l o c a t i o n s  f rom 92% t o  64% (when 49 va r i ab les  

used) and f rom 82% t o  62% (when 32 va r i ab les  used), when unknown 

specimens were a l l oca ted ,  does no t  r e f l e c t  j u s t  the upward b ias  discussed 

above. As the number o f  specimens used t o  c a l c u l a t e  the  i d e n t i t y  

func t ions  was reduced t h i s  a l s o  would have an e f f e c t  and d im in i sh  the 

d i sc r im ina to ry  power o f  the i d e n t i t y  f unc t i ons .  



4 .5  D i s c u s s i o n  

4 . 5 . 1  C o r r e l a t i o n  and C o v a r i a t i o n  Pa t t e rns .  

W i t h i n  popu la t i ons  of aph ids,  c o r r e l a t i o n  among t he  

m e a s u r a b l e  c h a r a c t e r s  can be due t o  t h e  forced c o r r e l a t i o n  of 

f u n c t i o n a l  p a r t s  o f  t h e  body, response t o  env i ronmenta l  f ac to r s ,  t he  

p l e i o t r o p h i c  a c t i o n  of t h e  same gene complex, or  a  combinat ion of 

t h e  a b o v e  ( S o k a l ,  B i r d  and Riska 1980, Sokal and Riska 1981).  

E x a m i n a t i o n  o f  t h e  m a t r i x  o f  c o r r e l a t i o n  c o e f f i c i e n t s  between 

c h a r a c t e r s  enab les  t h e  e v a l u a t i o n  o f  t h e  redundancy o f  i n f o r m a t i o n  

i n  a c h a r a c t e r  se t ,  t h a t  i s ,  t h e  de te rm ina t i on  o f  t h e  ex ten t  t o  

w h i c h  e a c h  c h a r a c t e r  supp l i es  un ique i n f o rma t i on .  O f  p a r t i c u l a r  

b i o l o g i c a l  r e l e v a n c e  a r e  t he  magnitude and s i g n  and no t  n e c e s s a r i l y  

t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  (Thorpe 

1 9 7 6 ) .  Common e p i g e n e t i c  c o n t r o l  o f  charac te rs  w i l l  be ev i den t  i n  

r e l a t i v e l y  h i g h  i n t r a - l o c a l i t y  c o r r e l a t i o n s .  I t  was i n  t h i s  sense 

t h a t  I u s e d  t h e  c o r r e l a t i o n  c o e f f i c i e n t  t o  compare t he  r e l a t i o n s h i p s  

b e t w e e n  t h e  c h a r a c t e r s  w i t h i n  and among t he  p o p u l a t i o n  samples o f  C. 

n i g r a .  

I t  h a s  been shown f o r  many i n s e c t  groups, and f o r  aphids 

( E a s  t o p  1 9 7 2 )  and sca le  i n s e c t s  ( B l a i r ,  Blackisth and Bora tynsk i  

1 9 6 4 ,  B o r a t y n s k i  1952) t h a t  r a t i o s  of charac te rs ,  such as "antenna1 

f o r m u l a e u  h a v e  proved u n r e l i a b l e  i n  sepa ra t i ng  species.  For 



example, aph id  taxonomists have used t he  r a t i o  o f  t he  f i f t h  and 

s i x t h  antennal  segments t o  separate  spec ies (Eastop 1972).  I n  t h i s  

s tudy and i n  t he  work o f  Sokal (1952, 1962),  i t  was shown t h a t  t he  

s i x t h  antennal  segment e x h i b i t s  cons ide rab le  morphogenetic 

independence, be ing  much l e s s  c o r r e l a t e d  w i t h  o v e r a l l  s i z e  than t h e  

o ther  antennal  segments. A r a t i o  o f  t h i s  segment w i t h  t h e  f i f t h  

antennal  segment, which i s  under t h e  i n f l u e n c e  o f  s i z e  v a r i a t i o n ,  

would o b v i a t e  t he  unique i n f o r m a t i o n  o f  t he  s i x t h  segment. 

I n  a  s tudy o f  t he  c o r r e l a t i o n  o f  an tenna l  segments of t he  

hemipteran Py r rhoco r i s  ap te rus ,  A lpa tov  and Boschko-Stepanenko 

(1928) showed t h a t  t h e r e  was g r e a t e r  c o r r e l a t i o n  between ad jacen t  

segments than a l t e r n a t e  ones and t h a t  t h e  c o r r e l a t i o n  decreased f r om 

the  p rox ima l  t o  t he  d i s t a l  segments. Sokal (1952, 1962) found t h i s  

t o  h o l d  f o r  an tenna l  segments and h i n d  l e g  segments o f  t he  aph id  

Pemphigus popu l i t r ansve rsus .  Th i s  was a l s o  t h e  case w i t h  C. n i g r a ;  

t h i s  i s  p a r t i c u l a r l y  ev i den t  i n  t h e  c o r r e l a t i o n  t a b l e s  c a l c u l a t e d  

f rom the  combined samples ( n  = 380) (Tab le  V I I ) .  

I t  has been s t a t e d  ( B l a c k i t h  1960, Sokal 1962) t h a t  t h e r e  a re  

o n l y  two or  t h r e e  b i o l o g i c a l l y  meaningfu l  components o f  

morpho log ica l  v a r i a t i o n  i n  i n s e c t s .  However, t h i s  impress ion may 

s imp ly  be t he  r e s u l t  o f  n o t  s e l e c t i n g  enough charac te rs ,  types o f  

charac te rs ,  and geographic samples t o  adequate ly  r ep resen t  t h e  

v a r i a t i o n  which i s  p resen t .  Wi th  t h e  excep t ion  o f  s t ud ies  on t he  

geographic v a r i a t i o n  o f  g a l l - f o r m i n g  aphids (Sokal  e t  a1 1980, Sokal 



and Riska 1981, Wool 1977) and my work on 

1979),  o ther  taxonomic s t u d i e s  o f  aph ids 

techniques have been used have d e a l t  w i t h  

o f  cha rac te r s .  The number o f  cha rac te r s  

Adel ges p i ceae  ( F o o t t i t  

i n  which morphometric 

a  r e l a t i v e l y  smal l  number 

t h a t  were analyzed ranged 

f rom 8, used t o  separate  spec ies o f  Amphorophora (Blackman, Eastop 

and H i l l s  1977),  t o  16 used t o  separate  morphs o f  Metopolophium 

dirhodum (Walker)(Hand 1986).  

There a re  r e l a t i v e l y  few a d d i t i o n a l  s t ud ies  where morphometric 

v a r i a t i o n  w i t h i n  an aph id  spec ies has been s tud ied .  Not o n l y  d i d  

these s tud ies  u s u a l l y  t e s t  a  r e l a t i v e l y  smal l  number o f  charac te rs ,  

t he  cha rac te r s  t h a t  were chosen were a lmost  e x c l u s i v e l y  cont inuous 

measurements; no s e t a l  counts and few s e t a l  l e n g t h  measurements have 

been cons idered.  For example, Hampson and Madge (1986) used 9 

v a r i a b l e s ,  a l l  o f  which were body dimensions, t o  examine v a r i a t i o n  

i n  c lones o f  Phorodon humul i  (Schrank)  and J e f f e r s  (1967) used 

mos t l y  cont inuous measurements t o  examine v a r i a t i o n  w i t h i n  a  sample 

o f  an unnamed spec ies o f  Adelgidae. 

Th i s  s tudy has shown t h a t  w h i l e  t h e r e  i s  a  major component o f  

s i z e - r e l a t e d  v a r i a t i o n  i n  samples o f  C. n i g r a ,  t h e r e  a r e  o ther  

components o f  morpho log ica l  v a r i a t i o n  p resen t  as w e l l .  Some o f  t h i s  

v a r i a t i o n  i s  i n  t h e  form o f  shape changes, which may o r  may n o t  be 

r e l a t e d  t o  s i z e  changes ( a l l o m e t r y ) .  Some components o f  v a r i a t i o n ,  

p a r t i c u l a r l y  those represen ted  by some o f  t h e  s e t a l  counts,  a r e  

independent of s i z e  v a r i a t i o n ,  as shown i n  bo th  t he  c o r r e l a t i o n  

analyses and t he  p r i n c i p a l  component analyses.  F i n a l l y ,  t h e r e  a r e  



s t rong ,  i n t e r n a l  c o r r e l a t i o n s  o f  cha rac te r s  of r e l a t e d  f unc t i on ,  

such as those o f  t he  h i n d  l eg ,  which a r e  c o r r e l a t e d  w i t h  separate  

components o f  v a r i a t i o n ,  and which represen t  adap ta t i on  t o  

p a r t i c u l a r  modes of l i v i n g .  Any o r  a l l  o f  these sources o f  

v a r i a t i o n  may prove use fu l  i n  t h e  es tab l i shment  of species 

boundar ies.  

4.5.2 Geographic V a r i a t i o n .  

The l a c k  o f  geograph ica l l y -de f ined  c l u s t e r s  of t he  p o p u l a t i o n  

samples o f  C. n i g r a ,  w i t h  t h e  excep t i on  o f  some r e l a t i v e l y  l o c a l i z e d  

sample p a i r s ,  cou ld  be due t o  a  number o f  f a c t o r s ,  However, t he  

most impor tan t  one i s  t he  o v e r r i d i n g  e f f e c t  o f  s i z e  v a r i a t i o n  which 

i n  i t s e l f  cou ld  be due t o  a  number o f  non-genet ic f a c t o r s  which a re  

l i k e l y  t o  be r e l a t i v e l y  l o c a l i z e d .  

I n d i v i d u a l  s i z e  i n  aphids i s  a  consequence o f  t he  i n t e r a c t i o n  

o f  n u t r i t i o n  and temperature on t h e  growth and development r a t e  

(Dixon 1985). A d d i t i o n a l  f ac to r s ,  such as crowding, a r e  known t o  

a l s o  have an e f f e c t  on aph id  s i z e  (Murd ie  1965).  When a  change i n  

body s i z e  o f  an organism occurs ,  t h i s  i n  t u r n  r e s u l t s  i n  

concomi t tan t  changes i n  many developmental  and morpholog ica l  

r e l a t i o n s h i p s  o f  an organism (S t rauss  1985).  S ize  and shape covary,  

t h a t  i s  t h e r e  i s  a  changing r e l a t i o n s h i p  between t he  two components 

o f  v a r i a t i o n  (Gould 1966).  Many o f  t h e  v a r i a b l e s  or  f u n c t i o n a l  

groups o f  v a r i a b l e s  which showed p a t t e r n s  of v a r i a t i o n  on t h e  



p r i n c i p a l  c,omponents subsequent t o  t h e  main, s i z e  component were 

l i k e l y  due t o  shape changes i n  response t o  s i z e  v a r i a t i o n .  

I n  a  s tudy o f  g a l l - f o r m i n g  aphids i n  r e l a t i o n  t o  c l i m a t e ,  Wool 

(1977) found a  s t r o n g  s i z e  e f f e c t  on t he  f i r s t  p r i n c i p a l  component. 

Th i s  was t he  r e s u l t  of a  geographic p a t t e r n  where t he  l a r g e s t  aphids 

were l oca ted  i n  areas of lower and more v a r i a b l e  temperatures.  I n  

the  l a r g e r  aphids,  t he  su r f ace  area t o  volume r a t i o  i s  sma l le r ;  they 

t h e r e f o r e  l o s e  l e s s  heat  energy i n  these c l i m a t i c  c o n d i t i o n s .  

Other s t ud ies  o f  t he  geographic v a r i a t i o n  o f  aph ids have found 

a  s i m i l a r  l a c k  o f  geographic p a t t e r n s  as was found i n  C. n i g r a .  I n  

an a n a l y s i s  o f  geographic v a r i a t i o n  i n  Pemphigus popu l i t r ansve rsus ,  

Sokal and Riska (1981) concluded t h a t  t h e r e  was a  l a c k  o f  

demonstrable and i n t e r p r e t a b l e  p a t t e r n  i n  the  morpho log ica l  

charac te rs  t h a t  were s tud ied .  From t h i s  work and the  a n a l y s i s  o f  

o ther  Pemphigus species over much o f  t he  Nor th  American con t i nen t ,  

they concluded t h a t  w i t h i n  a  g i ven  l o c a l i t y  t h e r e  was cons iderab le  

s t o c h a s t i c  f l u c t u a t i o n  o f  cha rac te r s  f rom one year t o  t he  nex t .  

4.5.3 Character Se lec t i on .  

The q u a n t i t a t i v e  approach f o l l o w e d  i n  t h i s  s tudy a l lowed f o r  

a  thorough a n a l y s i s  o f  t h e  r e l a t i o n s h i p s  among t he  v a r i a b l e s  

cons idered f o r  use i n  t he  taxonomic a n a l y s i s  o f  t he  Cinara species 

(Chapter 5 ) .  The morphometric techniques a l lowed f o r  t he  



e l i m i n a t i o n  o f  some h i g h l y  c o r r e l a t e d ,  redundant v a r i a b l e s  and those 

v a r i a b l e s  which proved t o  be uns tab le  due t o  d i f f i c u l t i e s  o f  

measurement. Th i s  r e s u l t e d  i n  a  more manageable da ta  se t  w i t h o u t  

t he  l o s s  o f  a  g r e a t  dea l  o f  i n f o r m a t i o n  con ten t  necessary f o r  t he  

a n a l y s i s  o f  species r e l a t i o n s h i p s .  

Examinat ion o f  t he  c o r r e l a t i o n  c o e f f i c i e n t s  o f  t he  charac te rs  

w i t h i n  t he  samples and f o r  a l l  samples o f  C. n i g r a  combined revea led  

some impor tan t  r e l a t i o n s h i p s  w i t h  r espec t  t o  t he  cho ice  o f  a  

charac te r  se t  f o r  t he  subsequent a n a l y s i s  o f  t he  Cinara spec ies.  

Func t i ona l  groups o f  charac te rs ,  such as t h e  antenna1 measurements 

and t he  h i n d  l e g  dimensions, showed r e l a t i o n s h i p s  o f  h i g h  i n t e r n a l  

c o r r e l a t i o n  which a l lowed f o r  t he  r e d u c t i o n  o f  t he  charac te r  se t  

w i t h o u t  an excess ive l o s s  o f  i n f o r m a t i o n  con ten t .  

The reduced charac te r  se t  i s  s t i l l  a  r e l a t i v e l y  l a r g e  one when 

compared t o  t he  charac te r  se ts  o f  o t he r  aph id  s t ud ies .  The 

excep t ion  has been t h a t  o f  Sokal and h i s  co l leagues (Sokal  e t  a l .  

1980, Sokal and Riska 1981) who have recommended t he  use o f  a  l a r g e  

number o f  v a r i a b l e s .  I b e l i e v e  t h a t  i t  i s  impor tan t  t o  i n c l u d e  

charac te rs  which sample as many body areas and components o f  

v a r i a t i o n  as poss ib l e ,  f o r  maximum i n f o r m a t i o n  con ten t .  Th is  i s  

p a r t i c u l a r l y  impo r tan t  i n  t he  e a r l y  stages o f  a  b i osys tema t i c  s tudy 

o f  a  group. The da ta  se t  can be reduced, p a r t i c u l a r l y  f o r  p r a c t i c a l  

reasons, on an o b j e c t i v e  bas i s  as t h e  r e l a t i o n s h i p s  among the  

v a r i a b l e s  becomes known. 

A l l o c a t i o n  procedures,  i n v o l v i n g  t he  c a l c u l a t i o n  of 



i d e n t i f i c a t i o n  f u n c t i o n s ,  a r e  a  u s e f u l ,  o b j e c t l v e  means o f  

e v a l u a t i n g  t he  e f f e c t  o f  t he  s e l e c t i o n  o f  d i f f e r e n t  charac te rs  and 

t h e  r e d u c t i o n  i n  t he  number o f  cha rac te r s  on taxonomic 

d i s c r i m i n a t i o n .  Th i s  technique a l s o  serves t o  p o r t r a y  t he  degree o f  

phene t i c  ove r l ap  among t h e  OTUis. Th i s  a n a l y s i s  showed t h a t  t h e r e  

was a  s l i g h t  l o s s  o f  i n f o r m a t i o n  con ten t  when t he  v a r i a b l e  number 

was reduced f r om 49 t o  32. 

The r e s u l t s  o f  t h i s  s tudy  suppor t  t he  c l a i m  (Ne f f  and Marcus 

1980, P imente l  1979) t h a t  p r i n c i p a l  component a n a l y s i s  i s  a  u s e f u l  

d imension-reducing technique.  Common components o f  v a r i a t i o n  were 

revea led  w i t h  p o p u l a t i o n  samples o f  C. n i g r a  and t he  comp lex i t y  of 

t he  v a r i a t i o n  was assessed. Whi le  t h e  l a r g e s t  component o f  

v a r i a t i o n  was s i z e  v a r i a t i o n ,  t h e r e  were o the r ,  some even 

independent, components o f  v a r i a t i o n  i n  t h e  morphology o f  C. n i g r a .  

The a n a l y s i s  demonstrated t h a t  t h e r e  was v a r i a t i o n  i n  t h e  

magnitude and composi t ion o f  t h e  components o f  v a r i a t l o n  among t h e  

19 samples o f  C. n i g r a  and t h a t  t h e  r e l a t i o n s h i p s  o f  t h e  f u n c t i o n a l  

groups o f  v a r i a b l e s  v a r i e d  s p a t i a l l y .  These r e s u l t s  i n d i c a t e  t h a t  a  

species o f  aph id ,  even when i t  i s  c h a r a c t e r i z e d  us i ng  techniques o f  

m u l t i v a r i a t e  a n a l y s i s ,  has t o  be represen ted  on t he  bas i s  o f  

geograph ica l  samples and on t h e  bas i s  o f  charac te rs  se l ec ted  f rom a  

wide range o f  t he  holomorph. 

C l e a r l y ,  i t  i s  o p e r a t i o n a l l y  i m p r a c t i c a l  t o  measure 380 

specimens o f  each Cinara species,  However, t he  major components o f  

v a r i a t i o n  which were shown i n  t h e  a n a l y s i s  o f  t h e  l a r g e  ( n  = 380) 



data  se t  were a l s o  ev i den t  i n  t he  smal ler  ( n  = 20)  samples. That 

i s ,  the  major s i z e  e f f e c t  on t he  f i r s t  component, the  nega t i ve  

response o f  the  h i n d  l e g  dimensions and s e t a l  l eng th  measurements on 

the  second component, t h e  m i x t u r e  o f  shape responses of the  antennal  

and ros t r um dimensions and o f  the  s e t a l  counts,  were a l l  es t imated  

by t he  sma l le r  samples. I n  f a c t ,  i t  i s  ev iden t  t h a t  t he  bes t  

approach towards t he  morphometric c h a r a c t e r i z a t i o n  o f  a  species o f  

C inara i s  no t  t o  emphasize a  l a r g e  sample bu t  i t  i s  t o  emphasize 

some es t imate  o f  t he  geographic v a r i a t i o n ,  whether i t  i s  s t o c h a s t i c  

v a r i a t i o n  or  a  recogn izab le  geographic p a t t e r n .  

A number o f  p o t e n t i a l l y  use fu l  taxonomic charac te rs  were 

i d e n t i f i e d ,  such as t he  dimensions o f  t he  s i x t h  antennal  segment, 

the  measurements o f  t he  segments o f  t he  rostrum, and many o f  t he  

s e t a l  counts .  Many of these charac te rs  a re  o f  p o t e n t i a l  taxonomic 

va lue  a t  t he  species l e v e l .  I n  Chapter 5 the  a b i l l t y  o f  these 

charac te rs  t o  d i s c r i m i n a t e  between species o f  Cinara i s  t es ted .  



5. MORPHOME 

5.1 I n t r o d u c  

TRIC VARIATION AND DISCRIMINATION BETWEEN SPECIES. 

t i  on. 

Th is  chapter  i s  concerned w i t h  t h e  a n a l y s i s  o f  morphometr ic 

v a r i a t i o n  w i t h i n  and among spec ies  o f  C inara.  As was d iscussed i n  

Chapter 4 ,  t h e r e  have been few s t u d i e s  o f  t h e  morphometr ics o f  

taxonomic d i s c r i m i n a t i o n  among spec ies  o f  aph ids.  P rev ious  work has 

i n v o l v e d  d i s c r i m i n a t i o n  o n l y  between p a i r s  o f  spec ies  o r  between 

morphs o f  t h e  same spec ies (see, f o r  example, Blackman, Eastop and 

H i l l s  1977, Hand 1986). I n  a d d i t i o n  t o  t h e  c h a r a c t e r i z a t i o n  o f  

morphometric t rends  w i t h i n  spec ies  o f  Cinara,  t h e  a b i l i t y  o f  t h e  

p r e v i o u s l y  i d e n t i f i e d  c h a r a c t e r  s e t  t o  d i s c r i m i n a t e  between 9  

spec ies  o f  C inara i s  e s t a b l i s h e d .  The use o f  a  m u l t i v a r i a t e  

morphometric approach i n  t h i s  s tudy  a l l o w e d  f o r  t h e  q u a n t i t a t i v e  

assessement o f  taxonomic d i s c r i m i n a t i o n  and f o r  t h e  development o f  a  

c l e a r e r  d e f i n i t i o n  of t h e  spec ies  boundar ies  than has been 

p r e v i o u s l y  a v a i l a b l e  i n  t h e  l i t e r a t u r e  on Cinara,  

5.2 Methods and M a t e r i a l s  

Samples o f  each p u t a t i v e  spec ies  t o  be ana lyzed were s e l e c t e d  

a f t e r  p r e l i m i n a r y  i d e n t i f i c a t i o n  o f  a  few specimens f r o m  each 

c o l l e c t i o n  made i n  t h e  f i e l d .  Samples were s e l e c t e d  so as t o  



i nc lude  adequate sample s izes o f  the apterous morph, t o  i nc lude  some 

geographic v a r i a t i o n  i n  the  m a t e r i a l  t o  be studied,  and, where 

possib le,  t o  i nc lude  d i f f e rences  i n  feed ing  s i t e s  w i t h i n  the  samples 

o f  the  species. O f  course, some species have undform feed ing  s i t e s ;  

f o r  example, C. p a r v i c o r n i s  Hottes i s  con f ined t o  the new growth 

t i p s  o f  the branches. 

One species, C. oregonensis (Wilson),  was no t  inc luded i n  

these analyses. While i t  i s  a morpho log ica l l y  d i s t i n c t  species, I 

d i d  no t  c o l l e c t  i t  du r i ng  the t ime I c a r r i e d  ou t  the f i e l d  surveys 

f o r  ma te r i a l .  Museum specimens o f  t h i s  species were no t  o f  adequate 

number and q u a l i t y  f o r  the c o l l e c t i o n  o f  morphometric data. 

Among the geographic samples o f  Cinara species, I detected 

some morphological  v a r i a t i o n  i n  the taxonomic characters p rev ious l y  

used t o  d i s t i n g u i s h  between the species. S p e c i f i c a l l y ,  there  were 

d i f f i c u l t i e s  i n  separat ing a l l  samples o f  C. medispinosa ( G i l l e t t e  

and Palmer) and C. murrayanae ( G i l l e t t e  and Palmer) on the  bas is  o f  

the  d e s c r i p t i v e  l i t e r a t u r e  t h a t  was a v a i l a b l e  on these species and 

on the  bas is  o f  re ference m a t e r i a l  i n  c o l l e c t i o n s  (Canadian Nat iona l  

Co l l ec t i on ,  Un i ted  States Nat iona l  Museum). Therefore, i n  a d d i t i o n  

t o  rep resen ta t i ve  samples of " t y p i c a l w  C. medispinosa and " t y p i c a l u  

C. murrayanae I inc luded a sample o f  what appeared t o  be C. - 

murrayanae w i thou t  i t s  c h a r a c t e r i s t i c  do rsa l  p igmentat ion and which 

had setae which were in te rmed ia te  i n  l eng th  between the  " t y p i c a l "  

forms o f  these two species. 

Among the m a t e r i a l  o f  another species, C. con tor tae  Hottes, 

there  were samples which d i f f e r e d  w i t h  respec t  t o  c e r t a i n  



morpho log ica l  c h a r a c t e r i s t i c s ,  i n c l u d i n g  s i z e  and p igmenta t ion  

d i f f e r e n c e s ,  t o  t he  e x t e n t  t h a t  i t  cou ld  be quest ioned whether or  

n o t  these were t he  species C. con to r t ae .  Therefore,  I grouped 

r e p r e s e n t a t i v e  m a t e r i a l  i n t o  t h r e e  ca tego r i es ,  namely, I 1 t y p i c a l n  C. 

con to r t ae ,  "sma l l ,  t h i n "  C. con to r t ae ,  and C. c o n t o r t a e  w i t h  reduced 

d o r s a l  p igmenta t ion .  The l a t t e r  group was found f eed ing  o n l y  on 

cankers . 
Other taxa  represen ted  i n  t he  morphometric analyses were 

species,  p a r t i c u l a r l y  G. n i g r a ,  C. pergandei  (Wi l son) ,  and C, 

b rev i sp i nosa  ( G i l l e t t e  and Palmer),  which a r e  compara t i ve ly  

we l l - de f i ned .  A lso  i nc l uded  were two species o f  C inara f rom o ther  

Pinus hos t  p l a n t s ,  namely, - C.  kuchea Hot tes  f rom Pinus mon t i co l a  and 

C.  ponderosae ( W i l l i a m s )  f rom Pinus ponderosa. These - 

above-mentioned species would se rve  as u s e f u l  comparisons or  

" c o n t r o l s "  a g a i n s t  which t he  d i s c r i m i n a t o r y  a b i l i t y  o f  t he  v a r i a b l e s  

cou ld  be t es ted .  I n  a d d i t i o n ,  t h e  morphometric v a r i a b i l i t y  p a t t e r n s  

o f  these r e l a t i v e l y  w e l l - d e f i n e d  species would serve as r e fe rence  

p o i n t s  aga ins t  which t he  v a r i a b i l i t y  p a t t e r n s  o f  t he  species w i t h  

d o u b t f u l  boundar ies cou ld  be compared. 

I ns tead  o f  r e p r e s e n t i n g  each spec ies by one sample, I decided 

to ,  where poss ib l e ,  group under each spec ies o r  morpho log ica l  

ca tegory  5 sub-samples o f  5 specimens each. Th is  approach would, as 

a  r e s u l t ,  i n c l u d e  some o f  t h e  geographic he te rogene i t y  i n  body s i z e  

and assoc ia ted  f ea tu res  as t h i s  f a c t o r  would l i k e l y  have a 

s u b s t a n t i a l  e f f e c t  on t he  species d i s c r i m i n a t i o n  process. I n  

a d d i t i o n ,  s i n g l e  specimens cou ld  be taken f rom each sub-sample f o r  



use i n  the  a l l o c a t i o n  t e s t  o f  specimens, and s t i l l  l eave  a 

sample s i z e  ( n  = 20) t h a t  would be l a r g e  enough f o r  computat ion o f  

t he  i d e n t i f i c a t i o n  f u n c t i o n s .  The except ions were C. murrayanae 

(reduced p i gmen ta t i on )  where o n l y  4 sub-samples of 5 specimens each 

were a v a i l a b l e  and C. p a r v i c o r n i s  where 3 sub-samples o f  4 specimens 

each and 1 sub-sample o f  3 specimens were a v a i l a b l e .  

I n  t o t a l ,  286 specimens o f  t h e  Cinara species were measured 

f o r  t he  32 morpho log ica l  v a r i a b l e s ,  as i d e n t i f i e d  i n  Chapter 4, f o r  

a t o t a l  o f  9,152 measurements. To avo id  b i as ,  t he  samples and 

sub-samples were n o t  measured i n  any p a r t i c u l a r  geographic or  

species-based sequence. The c o l l e c t i o n  da ta  f o r  t he  12 main species 

or  r e p r e s e n t a t i v e  types, and t h e i r  sub-samples, a r e  g i ven  i n  Table  

X I I .  

D e s c r i p t i v e  s t a t i s t i c s  were c a l c u l a t e d  f o r  a l l  32 v a r i a b l e s  

f o r  a l l  12 species or  r e p r e s e n t a t i v e  samples. The mean, t h e  

s tandard e r r o r  and t h e  c o e f f i c i e n t  o f  v a r i a t i o n  f o r  each v a r i a b l e  

f o r  each sample a r e  g i ven  i n  Appendix 3. 

The ranges o f  va lues o f  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  f o r  t he  

groups o f  v a r i a b l e s  were s i m i l a r  t o  those f o r  C. n i g r a ,  w i t h  a few 

excep t ions .  O f  t he  cont inuous measurements, t he  v a r i a b l e  A6PTL 

showed a wide range o f  values (6.7 - 20.0) as t h i s  s t r u c t u r e  was 

more v a r i a b l e  i n  some species than i n  o the rs .  The o ther  v a r i a b l e  

showing a wide range o f  values f o r  t he  c o e f f i c i e n t  o f  v a r i a t i o n  was 

SLATS; t h i s  measurement a l s o  showed h i g h  va lues i n  the  p o p u l a t i o n  

samples o f  C. n i g r a .  No species or  sample showed c o n s i s t e n t l y  h i g h  

o r  low va lues f o r  t he  c o e f f i c i e n t  o f  v a r i a t i o n .  



Table  X I I .  C o l l e c t i o n  d a t a  f o r  samples and sub-samples o f  C ina ra  spec ies  

c o l l e c t e d  on P inus c o n t o r t a ,  P. m o n t i c o l a  and 5. ponderosa . 

Sample L o c a t i o n  

No. 

Date Feeding S i t e  

1. C ina ra  n i g r a  ( n  = 5 x 5 )  

1-1 15 km E Quesnel ,  B. C .  

1-2 46 km NW Smi thers ,  B. C .  

1-3 5 km N Swan H i l l s ,  A l t a .  

1-4 ~ 6 t e  Jaune, B. C .  

1-5 Sparwood, B. C .  

2. C ina ra  perqandei  ( n  = 5 x 5 )  

2-1 2 km N Nakusp, B. C.  

2-2 15 km E Quesnel ,  B. C .  

2-3 20 km N Swan H i l l s ,  A l t a .  

2-4 18 km E P r i n c e t o n ,  B. C .  

2-5 20 km E C a s t l e g a r ,  B .  C .  

30 .VI I .1980 Main stem 

3 .V I I I . 1980  Main stem 

9 . V I I I . 1 9 8 0  Main stem 

12 .V I I I . 1980  Branch 

9 .VI I .1982 Main stem 

22.VI.1980 Branch 

30.VI I .1980 Branch 

9 . V I I I . 1 9 8 0  Branch 

1 .VI I .1981 Branch 

1 0 . V I I . 1 9 8 2 .  Branch 

3. C ina ra  b r e v i s p i n o s a  ( n  = 5 x 5 )  

3-1 7 km S Hixon,  B. C .  31.VI I .1980 Needles 

3-2 2 km E M t .  Robson Prov.  Park,  B. C .  12 .V I I I . 1980  Needles 

3-3 3 km N Bowser, B. C .  7 .V I I .1981  Needles 

3-4 West Ye l lows tone ,  MT. 6.VI I .1982 T i p  

3-5 Sparwood, B. C.  9 .VI I .1982 T i p  



Tab le  X I 1  c o n t ' d .  

Sample L o c a t i o n  

No. 

Date Feeding S i t e  

4. C ina ra  p a r v i c o r n i s  ( n  = 1 x 3, 3 x 4)  

4-1 58 km E Edson, A l t a .  10.VI I I .1980 T i p  

4-2 M t .  Robson Prov.  Park,  B. C. 12 .V I I I . 1980  T i p  

4-3 58 km E Edson, A l t a .  10.VI I1.1980 T i p  

4-4 20 km N Chetwynd, B. C.  6 .VI I I .1980 T i p  

5. C ina ra  c o n t o r t a e  - " t y p i c a l "  ( n  = 5 x 5 )  

5-1 C h r i s t i a n  V a l l e y ,  B. C.  21 . V I  . I 980  Canker 

5-2 Bowser, B. C.  9 .VI I .1981 Stem 

5-3 P r i e s t  Lake, I D .  29.VI.1982 Canker 

5 -4 5 km S Cascade, I D .  2.VII.1982 Canker 

5-5 MacDonald Pass, 32 km W Helena, MT. 7.VI I .1982 T i p  

6. C ina ra  c o n t o r t a e  " s m a l l ,  t h i n n  ( n  = 5 x 5 )  

6-1 B a n d i t  Sp r ings ,  OR. 3 .V I I I . 1975  Branch 

6-2 Westbr idge,  B. C.  21.VI.1980 Branch 

6-3 McLeese Lake, 8. C .  29.VI I .1980 Canker 

6-4 McLeese Lake, B. C.  29.VII.1980 Branch 

6-5 F raser  Lake, B. C. 1 . V I I I . 1 9 8 0  Main stem 



Tab le  X I 1  c o n t l d .  

Sample Locat  i o n  

No. 

Date Feeding S i t e  

7. C ina ra  c o n t o r t a e  "reduced p igmenta t ion '  ( n  = 5 x 5 )  

7-1 3 km S Newport, MA. 29.VI.1982 Canker 

7-2 Seeley Lake, MT. 7 .VI I .1982 Canker 

7-3 6 km S West G l a c i e r ,  MT. 8.VI I .1982 Canker 

7 -4 Burns Bog, D e l t a ,  B. C.  29, V I  I .  1982 Canker 

7-5 P o r t  Coqui t lam,  B. C. 9.1X.1982 Canker 

8. C lna ra  medisp inosa ( n  = 5 x 5 )  

8-1 McLeese Lake, B. C.  29.VI I .1980 Canker 

8-2 Houston, B. C,  4 .V I I I . 1980  Branch 

8-3 Bowser, B, C .  7 , V I I  . I 981  Canker 

8-4 10 km S West Ye l lowstone,  MT, 6 .VI I .1982 T i p  

8-5 11 km E S tag leap  Prov.  Park,  B. C,  10.VI I .1982 Branch 

9. C inara  murrayanae l 1 t y p i c a l l 1  ( n  = 5 x 5 )  

9-1 7 km S Swan H i l l s ,  A l t a .  10 ,V I I I . 1980  Main stem 

9 - 2 P i t t  Meadows, B. C .  4. X.  1981 Canker 

9-3 Sparwood, B. C. 9 .VI I .1982 Canker 

9 -4 29 km E C a s t l e g a r ,  B. C,  10.VI1 . I982  Canker 

9 - 5 Seeley Lake, MT. 8.VI I .1982 Main stem 



Tab le  X I 1  c o n t l d .  

Sample L o c a t i o n  

No. 

Date Feeding S i t e  

10. C ina ra  murrayanae "reduced p i g m e n t a t i o n u  ( n  = 4 x 5 )  

10-1 20 km W Edson, A l t a .  l l . V I I I . 1 9 8 0  Main stem 

10-2 M t .  Robson Prov.  Park,  B. C .  12 .V I I I . 1980  Main stem 

10-3 Burns Bog, D e l t a ,  B. C,  2.X.1981 Canker 

10-4 Burns Bog, D e l t a ,  B. C.  29. V I  I. 1982 Canker 

11. C ina ra  ponderosae ( n  = 5 x 5 )  (Host :  P inus ponderosa) 

11 -1 Goldendale,  WA. 30.VI.1979 Main stem 

11 -2 P r i n c e t o n ,  B. C .  3 .VI I .1981 T i p  

11 -3 62 km N Spokane, HA. 29.VI.1982 T i p  

11 -4 27 km N New Meadow, I D .  1 .V I I .1982 T i p  

11-5 11 km E S tag leap  Prov.  Park,  B. C.  1 0 . V I I  ,1982 T i p  

12. C ina ra  kuchea ( n  = 5 x 5 )  (Host :  P inus m o n t i c o l a )  

12-1 18 km N S h e l t e r  Bay, B. C .  22.VI.1980 Main stem 

12-2 12 km N Nakusp, B, C. 22.VI.1980 Main stem 

12-3 82 km W Reve ls toke,  B. C.  24.VI.1980 Main stem 

12-4 72 km S Valemount, B, C .  

12-5 B lue  R i v e r ,  B. C.  

13 .V I I I . 1980  Main stem 

13 .V I I I . 1980  Main stem 



Ana lys is  o f  t h e  n o r m a l i t y  o f  t h e  samples u s i n g  D 'Agos t ino ls  

D ( p  6 0.01 ) showed t h a t  over 86% o f  t he  sample by v a r i a b l e  - 

d i s t r i b u t i o n s  were normal.  Th i s  r a t e  o f  n o r m a l i t y  was c o n s i s t e n t  

w i t h  t h a t  c a l c u l a t e d  f o r  t h e  19 C. n i g r a  samples (87.8%) o f  t h e  

p rev ious  s tudy.  None o f  t h e  12 main samples showed c o n s i s t e n t l y  

h igher  non-normal i ty  r a t e s  among t h e  32 v a r i a b l e s .  The o n l y  

charac te r  t h a t  was c o n s i s t e n t l y  non-normal over t he  12 main samples 

was t h e  count o f  t h e  number o f  subap ica l  setae on s i x t h  antenna1 

segment (SNAGSA), as was t h e  case w i t h  t h e  a n a l y s i s  of t h e  

geographic samples o f  C. n i g r a .  Therefore,  no t r ans fo rma t i ons  o f  

t h e  da ta  were c a r r i e d  ou t .  

5.3 Morphometric V a r i a t i o n  W i t h i n  and Between Samples and Species. 

Each sample was analyzed i n  t h e  same manner as were t he  samples 

of C. n i g r a  (Chapter 4 ) .  For each sample, a  m a t r i x  o f  c o r r e l a t i o n  

c o e f f i c i e n t s  was c a l c u l a t e d  f o r  t h e  32 v a r i a b l e s  and inspec ted  f o r  

t rends .  The c o r r e l a t i o n  m a t r i x  f o r  each sample was then sub jec ted  

t o  a  p r i n c i p a l  components a n a l y s i s .  The c o n t r i b u t i o n s  ( l o a d i n g s )  o f  

t he  v a r i a b l e s  t o  t h e  p r i n c i p a l  components were inspec ted  f o r  t rends  

as were t h e  p r o j e c t i o n s  o f  t h e  i n d i v i d u a l  specimens on to  t he  major 

axes o f  v a r i a t i o n .  

Morphometric v a r i a t i o n  w i t h i n  each sample i s  presented and 

d iscussed below. For each sample a  t a b l e  i s  g i ven  which shows t he  

c o n t r i b u t i o n s  o f  t h e  v a r i a b l e s  t o  t h e  f i r s t  t h r e e  p r i n c i p a l  



components; these t h ree  components accounted f o r  t he  major t rends  i n  

v a r i a t i o n .  A lso  g i ven  a r e  diagrams showing t he  o r d i n a t i o n  o f  t h e  

specimens o f  each sample on to  t h e  f i r s t  t h ree  p r i n c i p a l  axes ( I  x 

11, I x 111, I 1  x  111).  The specimens o f  each sub-sample w i t h i n  

each sample a r e  connected by polygons; t he  except ions a r e  those 

cases where t h e r e  i s  cons ide rab le  ove r l ap  o f  t he  sub-samples. Where 

t h e r e  I s  c l e a r  sepa ra t i on  o f  t h e  sub-samples, t he  samples a r e  

des igna ted  w i t h  a  number cor responding t o  t he  number o f  t he  

sub-sample as I n d i c a t e d  i n  Table  X I I .  

The f i r s t  sample, o f  C. n i g r a ,  i s  presented f o r  comparat ive 

purposes, as i t  was t he  sub jec t  o f  an ex tens i ve  a n a l y s i s  i n  Chapter 

4. The samples o f  C. c o n t o r t a e  (No. 's 5, 6, 7 )  and t he  samples o f  

C .  medispinosa and C. murrayanae (No. 's 8, 9, 10)  a re  t r e a t e d  as - 

groups f o r  f u r t h e r  a n a l y s i s ,  O v e r a l l  t rends  i n  v a r i a t i o n  a r e  

d iscussed i n  t he  f i n a l  sec t i on .  

5.3.1 Cinara n i g r a .  

The r e s u l t s  o f  t h e  p r i n c i p a l  component a n a l y s i s  o f  the  sample 

o f  5. n i g r a  a r e  shown i n  Table  XI11 and i n  F i gu re  12, Th is  species 

was c h a r a c t e r i z e d  by a  r e l a t i v e l y  l a r g e  s i z e  component ( p r i n c i p a l  

component I, 43.6% o f  v a r i a t i o n )  t o  t he  e x t e n t  t h a t  the  specimens 

and sub-samples a r e  o r i e n t a t e d  a l ong  t h i s  a x i s  o f  v a r i a t i o n  on t h e  

bas i s  o f  o v e r a l l  s i ze ,  as es t imated  by t he  v a r i a b l e  BL. The second 

and t h i r d  p r i n c i p a l  components showed c o n t r a s t s  o f  s i g n  and 



Tab le  X I I I .  C o n t r i b u t i o n s  o f  32 m o r p h o l o g i c a l  v a r i a b l e s  t o  t h e  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f r o m  25 
specimens o f  C. n lgra- .  

PRINCIPAL COMPONENT 

VARIABLE I I I I I I 

1. BL 
2. FRW 
2. A2L 
4. A3L 
5. A4L 
6. A5L 
7 .  A6BL 
8. A6BW 
9. A6PTL 

10. R5L 
11. R4L 
12. R3L 
13. R2L 
14. FL 
15, FW 
16. TL 
17. TSlVL 
18. TS2L 
19. SLA3 
20. SLGP 
21. SLAT5 
22. SLT 
23, SNA6SA 
24. SNA6B 
25. SNA5 
26. SNA2 
27. SNR4 
28. SNGP 
29. SNAT5 
30. SNATB 
31. SNC 
32. SNT 

R e l a t i v e  43.6 
Percentage o f  
V a r i a b i l i t y  



F igu re  12, Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  

25 specimens o f  C inara n i g r a ,  p r o j e c t e d  on to  t he  f i rs t  t h r e e  

principal axes ( I  x  11, I x 111, I 1  x  111),  based on t he  a n a l y s i s  

o f  32 morpho log ica l  v a r i a b l e s  (Tab le  X I I I ) .  See Table  X I1  f o r  

c o l l e c t i o n  data.  The polygons connect t he  specimens o f  each 

sub-sample; numbers r e f e r  t o  sub-sample des igna t ions  as i n  Table  

X I I ,  







magnitude o f  t h e  groups o f  v a r i a b l e s ,  p a r t i c u l a r l y  t he  ta rsus  

dimensions, antenna1 dimensions, and t h e  r o s t r & m  dimensions. Th is  

i n d i c a t e d  t h a t  t h e r e  was a l l o m e t r i c  and shape v a r i a t i o n  i n  t h i s  

species;  t h i s  was ev i den t  i n  t he  r e o r i e n t a t i o n  o f  t he  sub-samples 

when t he  p l o t s  o f  p r i n c i p a l  axes I x  I 1  and I x  I11 were compared. 

No o r i e n t a t i o n  o f  t he  sub-samples on a  geographic bas i s  was ev iden t .  

5.3.2 Cinara pergandei  

The r e s u l t s  o f  t h e  p r i n c i p a l  component a n a l y s i s  o f  t he  sample 

of C. pergandei  a r e  shown i n  Table  X I V  and i n  F i gu re  13, Th is  

species e x h i b i t e d  p a t t e r n s  o f  v a r i a t i o n  which were d i f f e r e n t  f rom 

those o f  t he  o the r  Cinara spec ies,  The f i r s t  component accounted 

f o r  a  r e l a t i v e l y  smal l  amount (19.7%) o f  t h e  t o t a l  v a r i a t i o n  and i t  

d i d  no t  c o n s i s t  o f  l oad ings  o f  u n i f o r m  s ign .  Most o f  t he  cont inuous 

v a r i a b l e s  inc reased  a l ong  t h i s  a x i s ,  w i t h  t he  excep t ion  o f  R2 and 

FW, i n d i c a t i n g  a  genera l  i nc rease  i n  s i z e  and c o r r e l a t e d  

dimensions. Most o f  t h e  s e t a l  l e n g t h  measurements and s e t a l  counts 

decreased a l ong  t h i s  a x i s ,  

The second component (14.0%) o f  v a r i a t i o n  cons i s t ed  o f  

c o n t r a s t s  o f  s i g n  o f  dimensions o f  t he  antenna, h i n d  l e g  and 

rost rum,  i n d i c a t i n g  changes i n  shape. The t h i r d  component was 

s t r o n g l y  i n f l u e n c e d  by a  decrease i n  a l l  s e t a l  l e n g t h  measurements, 

Even some o f  t h e  o the r ,  r e l a t i v e l y  minor,  components e x h i b i t e d  

p a t t e r n s  o f  v a r i a t i o n .  For example, t h e  f i f t h  component (7.0% o f  



Tab le  X I V .  C o n t r i b u t i o n s  o f  32 m o r p h o l o g i c a l  variables t o  t h e  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f rom 25 
specimens o f  C. pe rgande i .  

PRINCIPAL COMPONENT 

VARIABLE I I I I11 

1. BL 
2. FRW 
3. A2L 
4. A3L 
5. A4L 
6. A5L 
7.  A6BL 
8. A6BW 
9. A6PTL 

10. R5L 
11. R4L 
12. R3L 
13. R2L 
14. FL 
15. FW 
16. TL 
17. TSlVL 
18. TS2L 
19. SLA3 
20. SLGP 
21. SLAT5 
22. SLT 
23. SNA6SA 
24. SNA6B 
25. SNA5 
26. SNA2 
27. SNR4 
28. SNGP 
29. SNAT5 
30. SNAT8 
31. SNC 
32. SNT 

R e l a t i v e  19.7 
Percentage o f  
V a r i a b i l i t y  



F igu re  13. Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  

25 specimens o f  C inara pergandei ,  p r o j e c t e d  on to  t he  f i r s t  t h r e e  

p r i n c i p a l  axes ( I  x  11, I x  111, I 1  x  111),  based on t he  a n a l y s i s  

o f  32 morpho log ica l  v a r i a b l e s  (Tab le  X I V  ) .  See Table  X I 1  f o r  

c o l l e c t i o n  data.  The polygons connect t h e  specimens o f  each 

sub-sample; numbers r e f e r  t o  sub-sample des igna t ions  as i n  Table  

X I I .  







v a r i a t i o n )  showed r e l a t i v e l y  sma l l  b u t  c o n s i s t e n t  decreases of a l l  

dimensions o f  t he  antennae and h i n d  l eg .  

The v a r i a t i o n  a l ong  p r i n c i p a l  axes I and I 1  served t o  separate  

t he  5  sub-samples ( F i g u r e  13) ,  i n d i c a t i n g  t he  presence o f  some 

geographic v a r i a t i o n  i n  these morphometric t rends,  p a r t i c u l a r l y  i n  

t he  dimensions o f  t he  antennae. 

5.3.3 Cinara b rev i sp i nosa  

The r e s u l t s  o f  t h e  p ~r i nc i pa l compa 

o f  5. b rev i sp i nosa  a r e  shown i n  Table  X V  and i n  

n a l y s i s  o f  t he  sample 

F i gu re  14. Th is  

species was c h a r a c t e r i z e d  by a  r e l a t i v e l y  moderate s i z e  component 

( p r i n c i p a l  component I, 27.4% o f  v a r i a t i o n ) .  The cont inuous 

measurements, i n c l u d i n g  t he  s e t a l  l e n g t h  measurements showed h igh,  

p o s i t i v e  c o n t r i b u t i o n s  on t h i s  component, w i t h  t he  excep t ion  o f  t h e  

dimensions o f  antennal  segments V t o  V I .  The s e t a l  counts on t he  

antennal  segments showed weak t o  nega t i ve  load ings  on t h i s  ax i s ,  

i n d i c a t i n g  t h a t  v a r i a t i o n  i n  t h e  an tenna l  v a r i a b l e s  i s  p a r t i a l l y  

independent o f  t he  genera l  s i z e  f a c t o r  i n  t h i s  species.  

The specimens i n  t h e  sub-samples were o r i e n t e d  a l ong  p r i n c i p a l  

a x i s  I (F igu re  14)  accord ing  t o  o v e r a l l  s i z e  as was es t imated  by t he  

v a r i a b l e  BL. However, t h e  sub-samples were a l s o  o r i e n t e d  a l ong  

p r i n c i p a l  axes I 1  and 111. These components e x h i b i t e d  numerous 

c o n t r a s t s  o f  s i g n  and magnitude o f  l oad ings  w i t h i n  f u n c t i o n a l  groups 

o f  measurements. There were marked t rends  w i t h  respec t  t o  t he  



Tab le  X V  . C o n t r i b u t i o n s  o f  32 m o r p h o l o g i c a l  v a r i a b l e s  t o  t h e  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f rom 25 
specimens o f  C. b r e v i s p i n o s a ,  

PRINCIPAL COMPONENT 

VARIABLE I I I I11 

1. BL 
2. FRW 
3. A2L 
4. A3L 
5. A4L 
6. A5L 
7. A6BL 
8.  A6BW 
9. A6PTL 

10. R51 
11. R4L 
12. R3L 
13. R2L 
14. FL 
15. FW 
16. TL 
17.  TSlVL 
18,  TS2L 
19.  SLA3 
20. SLGP 
21. SLAT5 
22. SLT 
23, SNA6SA 
24. SNA6B 
25. SNA5 
26. SNA2 
27. SNR4 
28. SNGP 
29. SNAT5 
30. SNAT8 
31. SNC 
32. SNT 

R e l a t i v e  
Percentage o f  
V a r i a b i l i t y  



F igu re  14. Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  

25 specimens o f  C inara b rev i sp i nosa ,  p r o j e c t e d  on to  t h e  f i r s t  

t h ree  p r i n c i p a l  axes ( I  x  11, I x 111, I1 x 111), based on t he  

a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  (Tab le  X V  ) ,  See Table 

X I 1  f o r  c o l l e c t i o n  data,  The polygons connect t he  specimens o f  

each sub-sample; numbers r e f e r  t o  sub-sample des igna t ions  as i n  

Table  X I I ,  







s e t a l  counts on t he  abdomen (SNGP, SNAT5, SNAT8, SNC) on p r i n c i p a l  

component I 1  and t h e  ros t r um dimensions on p r i n c i p a l  component 111. 

5.3.4 Cinara p a r v i c o r n i s  

The r e s u l t s  o f  t h e  p r i n c i p a l  component a n a l y s i s  o f  t h e  sample 

o f  C, p a r v i c o r n i s  a r e  shown i n  Table  X V I  and i n  F i gu re  15. Th is  

species e x h i b i t e d  a  r e l a t i v e l y  moderate s i z e  component ( p r i n c i p a l  

component I, 25.7% o f  v a r i a t i o n )  w i t h  s t r o n g  c o n t r i b u t i o n s  f rom the  

l e g  dimensions. Other groups o f  v a r i a b l e s  showed a  m i x t u r e  o f  

l oad ings ,  b o t h  o f  s i g n  and magnitude, For example, o f  t he  

measurements o f  t h e  rost rum,  o n l y  t h e  v a r i a b l e  R4 was s t r o n g l y  

c o r r e l a t e d  w i t h  o v e r a l l  s i z e .  

The dimensions o f  t h e  antenna showed a  m i x t u r e  o f  

c o n t r i b u t i o n s  t o  p r i n c i p a l  components I, 11, and 111. Only A2L was 

s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  BL ( r  = 0.71); i t  showed a  r e l a t i v e l y  

l a r g e  c o n t r i b u t i o n  t o  PC I. I n  a d d i t i o n ,  a l l  s e t a l  counts on t h e  

antennal  segments showed a  nega t i ve  t r e n d  on p r i n c i p a l  component 

111, The n a t u r e  o f  t h e  c o n t r i b u t i o n  o f  t h e  an tenna l  v a r i a b l e s  t o  

t he  second and t h i r d  p r i n c i p a l  components i n d i c a t e s  t h a t  each 

antennal  segment has i t s  own independent morphometric 

c h a r a c t e r i s t i c s .  Examinat ion o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  showed 

t h a t  t h e r e  was no s i g n i f i c a n t  i n t e r n a l  c o r r e l a t i o n  among t he  

antennal  segments, w i t h  t h e  excep t i on  o f  t he  dimensions o f  t h e  s i x t h  

segment. 



Tab le .XVI .  C o n t r i b u t i o n s  o f  32 morphological v a r l a b l e s  t o  t h e  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f r o m  25 
specimens o f  C. p a r v i c o r n i s .  

PRINCIPAL COMPONENT 

VARIABLE I I I I I I 

1. BL 
2. FRW 
3. A2L 
4. A3L 
5. A4L 
6. A5L 
7. A6BL 
8. A6BW 
9. A6PTL 

10.  R5L 
11. R4L 
12, R3L 
13. R2L 
14. FL 
15. FW 
16. TL 
17. TSlVL 
18, TS2L 
19. SLA3 
20. SLGP 
21. SLAT5 
22, SLT 
23. SNA6SA 
24. SNA6B 
25. SNA5 
26. SNA2 
27. SNR4 
28. SNGP 
29, SNAT5 
30. SNAT8 
31, SNC 
32. SNT 

R e l a t i v e  25.7 
Percentage o f  
V a r i a b i l i t y  



Figure 15. Diagrams showing principal component ordination of 

15 specimens of Cinara parvicornis, projected onto the first 

three principal axes ( I  x 11, I x 111, I1 x 111), based on the 

analysis of 32 morphological variables (Table XVI). See Table 

XI1 for collection data. The polygons connect the specimens of 

each sub-sample; numbers refer to sub-sample designations as in 

Table XII. 







5.3.5 Cinara c o n t o r t a e  - n t y p i c a l u .  

The r e s u l t s  o f  t h e  p r i n c i p a l  component a n a l y s i s  o f  t he  sample 

o f  C. c o n t o r t a e  - " t y p i c a l 1 '  a r e  shown i n  Table  X V I I  and i n  F i gu re  

16. Th i s  sample was c h a r a c t e r i z e d  by a  r e l a t i v e l y  l a r g e  s i z e  

component ( p r i n c i p a l  component I, 49.4% o f  v a r i a t i o n ) ,  A l l  

v a r i a b l e s  had p o s i t i v e ,  o f t e n  l a rge ,  l oad ings  on t h i s  component. 

Specimens i n  t h e  sub-samples were o r i e n t e d  a l ong  t h i s  a x i s  w i t h  

r espec t  t o  o v e r a l l  s i z e  as es t imated  by t h e  v a r l a b l e  B L . ^  

The second p r i n c i p a l  component was cha rac te r i zed  by con t ras t s  

i n  t he  l oad ings  o f  antennal  segments I 1  t o  I V  compared t o  V and V I  

and by r e d u c t i o n  i n  most h i n d  l e g  dimensions. P r i n c i p a l  component 

111 showed a  s t r o n g  nega t i ve  t r e n d  i n  t h e  r os t r um dimensions and i n  

t he  s e t a l  counts on t h e  an tenna l  segments. I n  comparison w i t h  

p r i n c i p a l  component I, these two components accounted f o r  r e l a t i v e l y  

minor amounts o f  morphometric v a r i a t i o n  ( p r i n c i p a l  component 11, 

9.1%; p r i n c i p a l  component 111, 8.6% o f  v a r i a t i o n ) ,  The sub-samples 

were n o t  o r i e n t e d  sepa ra te l y  w i t h  r espec t  t o  these axes. 

5.3.6 Cinara c o n t o r t a e  - "sma l l ,  t h i n u .  

The r e s u l t s  o f  t h e  p r i n c i p a l  component a n a l y s i s  o f  t he  sample 

o f  C. c o n t o r t a e  - "sma l l ,  t h i n M  a r e  shown i n  Table  X V I I I  and i n  

F i gu re  17. The f i r s t  p r i n c i p a l  component e x h i b i t e d  a  p a t t e r n  



Tab le  X V I I  C o n t r i b u t i o n s  o f  32 m o r p h o l o g i c a l  v a r i a b l e s  t o  t h e  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f rom 25 
specimens of  C. c o n t o r t a e  - b i t y p i c a l N .  

PRINCIPAL COMPONENT 

VARIABLE I I I I I I 

1. BL 
2. FRW 
3. A2L 
4. A3L 
5. A4L 
6. A5L 
7, A6BL 
8. A6BW 
9, A6PTL 

10.  R5L 
11. R4L 
12. R3L 
13, R2L 
14.  FL 
15. FW 
16. TL 
17. TSlVL 
18. TS2L 
19. SLA3 
20. SLGP 
21. SLAT5 
22. SLT 
23. SNA6SA 
24. SNA6B 
25. SNA5 
26. SNA2 
27. SNR4 
28, SNGP 
29, SNAT5 
30. SNAT8 
31. SNC 
21, SNT 

R e l a t i v e  49.3 
Percentage o f  
V a r i a b i l i t y  



F igu re  16. Diagrams showlng p r i n c i p a l  component o r d i n a t i o n  o f  

25 specimens o f  C inara c o n t o r t a e  " t y p i c a l n ,  p r o j e c t e d  on to  t h e  

f i r s t  t h r e e  principal axes ( I  x 11, I x 111, I 1  x  111),  based 

on t he  a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  (Tab le  XV I I ) .  See 

Table X I 1  f o r  c o l l e c t i o n  data.  The polygons connect t he  specimens 

o f  each sub-sample; numbers r e f e r  t o  sub-sample des igna t ions  as i n  

Table  X I I ,  







Tab le  X V I I I .  C o n t r i b u t i o n s  o f  32 m o r p h o l o g i c a l  v a r i a b l e s  t o  t h e  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f r o m  
25 specimens o f  C. c o n t o r t a e  - I t sma l l ,  th5nI1, 

PRINCIPAL COMPONENT 

VARIABLE I I I I I I 

1, BL 
2. FRW 
3. A2L 
4. A3L 
5. A4L 
6. A5L 
7. A6BL 
8. A6BW 
9.  A6PTL 

10. R5L 
11,  R4L 
12. R3L 
13. R2L 
14. FL 
15. FW 
16. TL 
17. TSlVL 
18. TS2L 
19. SLA3 
20. SLGP 
21. SLAT5 
22. SLT 
23. SNA6SA 
24. SNA6B 
25. SNA5 
26. SNA2 
27. SNR4 
28. SNGP 
29. SNAT5 
30. SNAT8 
31. SNC 
32, SNT 

R e l a t i v e  38.2 
Percentage o f  
V a r i a b i l i t y  



F i g u r e  17. Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  

25 specimens o f  C inara c o n t o r t a e  'smal 1, t h i n n ,  p r o j e c t e d  on to  

t he  f i r s t  t h r e e  p r i n c i p a l  axes ( I  x 11, I x  111, I 1  x 111),  based 

on t he  a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  (Tab le  X V I I I ) .  See 

Table  X I 1  f o r  c o l l e c t i o n  data.  The polygons connect t he  specimens 

o f  each sub-sample; numbers r e f e r  t o  sub-sample des igna t ions  as i n  

Table  X I I .  







s i m i l a r  t o  t he  p rev ious  sample o f  C. con to r t ae .  I t  was 

cha rac te r i zed  by a  r e l a t i v e l y  moderate s i z e  component (38.2% of 

v a r i a t i o n )  on which most o f  t h e  v a r i a b l e s  e x h i b i t e d  p o s i t i v e  

load ings ,  which i n d i c a t e d  a  genera l  s i z e  f a c t o r .  Specimens i n  t he  

sub-samples were s i t u a t e d  a l ong  t h i s  a x i s  w i t h  respec t  t o  o v e r a l l  

s i z e  as es t imated  by t h e  v a r i a b l e  BL. 

The p a t t e r n s  o f  v a r i a t i o n  e x h i b i t e d  by p r i n c i p a l  component I 1  

and p r i n c i p a l  component I11 were s i m i l a r  t o  those shown f o r  t h e  

p rev ious  sample. That i s ,  c o n t r a s t s  o f  s i g n  and magnitude o f  t h e  

antennal  v a r i a b l e s ,  r e d u c t i o n  i n  h i n d  l e g  dimensions on p r i n c i p a l  

component I 1  and nega t i ve  t rends  i n  r os t r um dimensions and i n  s e t a l  

counts on t h e  an tenna l  segments on p r i n c i p a l  component I11 were 

e x h i b i t e d .  The d i f f e r e n c e  was t h a t  i n  t h i s  sample t h e r e  was a  

s t r o n g  nega t i ve  t r e n d  i n  t he  r os t r um dimensions on p r i n c i p a l  

component 11. Sub-sample No, 5  (Oregon) was c o n s i s t e n t l y  separated 

f rom the  o the r  samples ( f r o m  B r i t i s h  Columbia) a l ong  t h i s  a x i s  o f  

v a r i a t i o n .  

5.3.7 Cinara c o n t o r t a e  - "reduced p igmenta t ionu ,  

The r e s u l t s  o f  t h e  p r i n c i p a l  component a n a l y s i s  o f  t he  sample 

o f  C. c o n t o r t a e  - "reduced p i gmen ta t i on "  a r e  shown i n  Table  X I X  and 

i n  F i gu re  18. As was t h e  case w i t h  t h e  o the r  two samples o f  C. 

con to r t ae ,  t h e  f i r s t  p r i n c i p a l  component was a  s i z e  component, (36.3% 

o f  v a r i a t i o n )  w i t h  a l l  v a r i a b l e s  showing p o s i t i v e  load ings  on t h i s  



Tab le  X I X .  C o n t r i b u t i o n s  o f  32 m o r p h o l o g i c a l  v a r i a b l e s  t o  t h e  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f r o m  25 
specimens o f  C. c o n t o r t a e  - "reduced p igmentat ion1 ' .  

PRINCIPAL COMPONENT 

VARIABLE I I I I11 

1.  BL 
2. FRW 
3. A2L 
4. A3L 
5. A4L 
6. A5L 
7. A6BL 
8. A6BW 
9. A6PTL 

10,  R5L 
11. R4L 
12. R3L 
13. R2L 
14. FL 
15,  FW 
16. TL 
17. TSlVL 
18. TS2L 
19. SLA3 
20. SLGP 
21. SLAT5 
22. SLT 
23. SNA6SA 
24. SNA6B 
25. SNA5 
26. SNA2 
27, SNR4 
28. SNGP 
29. SNAT5 
30. SNAT8 
31. SNC 
32. SNT 

R e l a t i v e  36.3 
Percentage o f  
V a r i a b i l i t y  



F igu re  18. Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  

25 specimens o f  C lnara c o n t o r t a e  ' reduced p i gmen ta t i onu ,  p r o j e c t e d  

on to  t he  f i r s t  t h r e e  p r i n c i p a l  axes ( I  x 11, I x 111, I 1  x 111),  

based on t he  a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  (Tab le  XIX).  

See Table  X I 1  f o r  c o l l e c t i o n  data,  The polygons connect the  

speclmens o f  each sub-sample; numbers r e f e r  t o  sub-sample 

des igna t ions  as i n  Table  X I I .  







a x i s ,  w i t h  t he  excep t i on  of A3L. The second p r i n c i p a l  component was 

c h a r a c t e r i z e d  by a  r e d u c t i o n  i n  a l l  dimensions of t he  h i n d  l e g .  The 

l eng ths  o f  an tenna l  segments 11, I 1 1  and I V  decreased i n  c o n t r a s t  t o  

t he  dimensions of antennal  segments V and V I  and t o  t h e  dimensions 

of t he  rost rum.  U n l i k e  t he  p rev ious  two samples of C. con to r tae ,  

t h i s  sample d i d  n o t  show a  r e d u c t i o n  o f  t he  r os t r um segments on t h e  

t h i r d  p r i n c i p a l  component. The s t r onges t  t r e n d  on t h i s  component 

was a  r e d u c t i o n  o f  t h e  s e t a l  counts on t he  abdomen and t i b i a .  

P r o j e c t i o n  o f  t h e  specimens on to  p r i n c i p a l  axes I, I 1  and I 1 1  

demonstrated some sepa ra t i on  o f  t h e  sub-samples, P r i n c i p a l  a x i s  I 

separated sub-sample No. 4 f r om  t h e  o the r  sub-samples on t he  bas i s  

o f  o v e r a l l  s i z e .  Sub-sample No. 5  separated f rom the  o ther  

sub-samples a l ong  p r i n c i p a l  a x i s  11. Specimens i n  t h i s  sub-sample 

were c h a r a c t e r i z e d  by sma l le r  s i zes  o f  a l l  l e g  dimensions and t he  

l e n g t h  o f  an tenna l  segments 11, I11 and I V ,  as was i n d i c a t e d  i n  t h e  

p r i n c i p a l  component a n a l y s i s .  Sub-sample No. 5 was c o l l e c t e d  l a t e r  

i n  t he  season than were t h e  o the r  sub-samples, however, these 

specimens were no t  ov iparae.  Th i s  d i f f e r e n c e  i n  morphometric 

c h a r a c t e r i s t i c s  may represen t  seasonal changes i n  t he  form o f  t he  

aph id .  

5 . 3 . 8  Cinara medispinosa 

The r e s u l t s  o f  t h e  p r i n c i p a l  component a n a l y s i s  o f  t he  sample 

o f  C. medispinosa a r e  shown i n  Table  X X  and i n  F i gu re  19. Th i s  



Tab le  X X .  C o n t r i b u t i o n s  o f  32 m o r p h o l o g i c a l  v a r i a b l e s  t o  t h e  
f i r s t  t h r e e  principal components c a l c u l a t e d  f r o m  25 
specimens o f  C. medisp inosa.  

PRINCIPAL COMPONENT 

VARIABLE I I I I11 

1.  BL 
2. FRW 
3. A2L 
4. A3L 
5. A4L 
6. A5L 
7.  A6BL 
8. A6BW 
9. A6PTL 

10. R5L 
11. R4L 
12. R3L 
13. R2L 
14. FL 
15. FW 
16. TL 
17,  TSlVL 
18. TS2L 
19,  SLA3 
20. SLGP 
21. SLAT5 
22. SLT 
23. SNA6SA 
24, SNA6B 
25. SNA5 
26. SNA2 
27. SNR4 
28. SNGP 
29. SNAT5 
30. SNAT8 
31, SNC 
32. SNT 

R e l a t i v e  35.1 
Percentage o f  
V a r i a b i l i t y  



F igu re  19, Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  

25 specimens o f  C inara medispinosa, p r o j e c t e d  on to  t he  f i r s t  

t h r e e  p r i n c i p a l  axes ( I  x 11, I x 111, I 1  x 111). based on t h e  

a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  (Tab le  XX). See Table  

X I 1  f o r  c o l l e c t i o n  data.  The polygons connect t he  specimens o f  

each sub-sample; numbers r e f e r  t o  sub-sample des igna t ions  as i n  

Table  X I I .  







species was c h a r a c t e r i z e d  by a  moderate s i z e  component ( p r i n c i p a l  

component I ,  35.1% of variation) w i t h  r e l a t i v e l y  low c o n t r i b u t i o n s  

f rom the  femur and t i b i a  dimensions. Antenna1 segment 111 and femur 

w i d t h  were n e g a t i v e l y  c o r r e l a t e d  w i t h  s i z e  on t h i s  component, 

P r i n c i p a l  component I1 was c h a r a c t e r i z e d  by r e l a t i v e l y  l a r g e  

decreases i n  an tenna l  segments I1 t o  IV and i n  a l l  dimensions of t h e  

h i n d  l eg .  P r i n c i p a l  component I11 was cha rac te r i zed  by a  m i x t u r e  of 

decreases i n  t h e  t a r s a l  dimensions, some antennal ,  r os t r um 

dimensions and by decreases i n  t h e  s e t a l  numbers on t he  an tenna l  

segmen t s  , 

The sub-samples were separated on t he  bas i s  o f  s i z e  on 

p r i n c i p a l  a x i s  I and on t h e  b a s i s  o f  a decrease i n  an tenna l  and h i n d  

l e g  dimensions on p r i n c i p a l  a x i s  11, Examinat ion o f  t h e  o r d i n a t i o n  

of t he  sub-samples on to  axes I1 and I11 showed t h a t  t he  sub-samples 

f rom branch- feeding s i t e s  (No. 's 2 and 5 )  were separated i n  

morphometric space from t h e  sub-samples f rom the  t i p  and canker 

f eed ing  s i t e s ,  

5.3.9 Cinara murrayanae - l l t y p i c a l "  

The r e s u l t s  o f  t h e  p r i n c i p a l  component a n a l y s i s  o f  t he  sample 

o f  C, murrayanae - I t t y p i c a l "  a r e  shown i n  Table  XXI and i n  F i gu re  

20. Th i s  spec ies was c h a r a c t e r i z e d  by a  r e l a t i v e l y  s t r o n g  s i z e  

component (principal component I ,  45.6% o f  v a r i a t i o n )  w i t h  a l l  

v a r i a b l e s  except  SNA6SA i n c r e a s i n g  a l ong  t h i s  component o f  



T a b l e  X X I .  C o n t r i b u t i o n s  o f  32 m o r p h o l o g i c a l  v a r i a b l e s  t o  t h e  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f r o m  25 
specjmens o f  C. murrayanae - ' I t y p i c a l "  

PRINCIPAL COMPONENT 

VARIABLE I I I I I I 

1. BL 
2. FRW 
3. A2L 
4. A3L 
5. A4L 
6. A5L 
7. A6BL 
8. A6BW 
9.  A6PTL 

10. R5L 
11. R4L 
12. R3L 
13,  R2L 
14, FL 
15. FW 
16. TL 
17. TSlVL 
18. TS2L 
19. SLA3 
20. SLGP 
21. SLAT5 
22. SLT 
23. SNA6SA 
24. SNA6B 
25. SNA5 
26. SNA2 
27. SNR4 
28. SNGP 
29. SNAT5 
30. SNAT8 
31. SNC 
32. SNT 

R e l a t i v e  45.6 
Percentage o f  
V a r i a b i l i t y  



F igu re  20. Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  

25 specimens o f  C inara murrayanae l l typ ica l l l ,  p r o j e c t e d  on to  t h e  

f i r s t  t h r e e  principal axes ( I  x  11, I x 111, I 1  x  111).  based on 

t he  a n a l y s i s  o f  32 morphological v a r i a b l e s  (Tab le  XXI) .  See Table  

X I 1  f o r  c o l l e c t i o n  data.  The polygons connect t he  specimens o f  

each sub-sample; numbers r e f e r  t o  sub-sample des igna t ions  as i n  

Table  X I I .  







v a r i a t i o n .  The second component was c h a r a c t e r i z e d  by decreases i n  

t he  dimensions o f  t h e  s i x t h  an tenna l  segment, a l l  segments of t h e  

r os t r um and i n  t he  s e t a l  numbers on t h e  antennal  segments and t he  

rost rum.  P r i n c i p a l  component I11 cons i s t ed  o f  a  m i x t u r e  o f  changes 

o f  s i g n  and magnitude among t h e  groups o f  charac te rs .  

The sub-samples were c l e a r l y  separated a l ong  a l l  t h r e e  

p r i n c i p a l  axes. No t rends  w i t h  r espec t  t o  geographic p o s i t i o n  or  

f eed ing  s i t e  were ev i den t ,  

5.3.10 Cinara murrayanae - I1reduced p igmenta t ionN 

The r e s u l t s  o f  t he  p r i n c i p a l  component a n a l y s i s  o f  t h e  

sample o f  C. murrayanae - "reduced p igmenta t ionH a r e  shown i n  Table  

X X I I  and i n  F i gu re  21. Th i s  sample exhibited a  moderate s i z e  

component ( p r i n c i p a l  component I, 29.6% o f  v a r i a t i o n ) ;  some o f  t he  

an tenna l  dimensions (A4L, AGBW, A6PTL) and t he  count  o f  t he  number 

o f  setae on t h e  processus t e r m i n a l i s  (SNA6SA) decreased i n  r e l a t i o n  

t o  t h i s  component. The second component was a  r e l a t i v e l y  l a r g e  one 

(21.1% o f  v a r i a t i o n ) ,  c o n s i s t i n g  o f  decreases i n  a l l  r os t r um 

dimensions and most s e t a l  l e n g t h  measurements and s e t a l  counts .  The 

t h i r d  component, a l s o  r e l a t i v e l y  l a r g e  (17.3% o f  v a r i a t i o n ) ,  

cons i s t ed  o f  l a r g e  increases i n  A5L, A6PTL and TS2L and decreases i n  

SLA3, SLAT5 and SLT. 

The sub-samples were c l e a r l y  separated a l ong  a l l  t h r e e  

p r i n c i p a l  axes. No t rends  w i t h  r espec t  t o  geographic p o s i t i o n  or  

f eed ing  s i t e  were ev i den t .  



Table  X X I I .  C o n t r i b u t l o n s  o f  32 m o r p h o l o g i c a l  v a r i a b l e s  t o  t h e  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f r o m  20 
specimens o f  C. murrayanae - "reduced p i g m e n t a t i o n M .  

PRINCIPAL COMPONENT 

VARIABLE I I I I I I 

1. BL 
2. FRW 
3. A2L 
4. A3L 
5, A4L 
6. A5L 
7,  A6BL 
8. A6BW 
9. A6PTL 

10. R5L 
11. R4L 
12. R3L 
13, R2L 
14, FL 
15. FW 
16. TL 
17. TSlVL 
18. TS2L 
19, SLA3 
20. SLGP 
21. SLAT5 
22. SLT 
23. SNAGSA 
24. SNA6B 
25, SNA5 
26, SNA2 
27. SNR4 
28. SNGP 
29. SNAT5 
30. SNAT8 
31. SNC 
32. SNT 

R e l a t i v e  29.6 21.1 17.3 
Percentage o f  
V a r i a b i l i t y  



F i g u r e  21. Diagrams showing principal components o r d i n a t i o n  o f  

20 specimens o f  C inara murrayanae I1reduced p igmenta t ionM,  p r o j e c t e d  

onto t he  f i r s t  t h r e e  p r i n c i p a l  axes ( I  x 11, I x 111, I1  x 111), 

based on t he  a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  (Tab le  X X I I ) ,  

See Table X I 1  f o r  c o l l e c t i o n  data,  The polygons connect t he  specimens 

o f  each sub-sample; numbers r e f e r  t o  sub-sample des igna t ions  as i n  

Table X I I .  







5.3.11 C i n a r a  ponderosae 

The r e s u l t s  o f  t h e  p r i n c i p a l  component a n a l y s i s  o f  t h e  

sample o f  C. ponderosae a r e  shown i n  Tab le  X X I I  and i n  F i g u r e  22. 

T h i s  spec ies  was c h a r a c t e r i z e d  by a  moderate s i z e  component 

( p r i n c i p a l  component I, 39.4% o f  v a r i a t i o n )  w i t h  r e l a t i v e l y  s t r o n g  

c o n t r i b u t i o n s  f r o m  t h e  con t inuous  v a r i a b l e s  and o n l y  minor  

c o n t r i b u t i o n s  f r o m  t h e  s e t a l  coun ts .  P r i n c i p a l  components I 1  and 

I11 were r e l a t i v e l y  s m a l l  components (9.5% and 7.7% o f  t o t a l  

v a r i a t i o n ,  r e s p e c t i v e l y ) .  P r i n c i p a l  component I 1  was m a i n l y  a  t r e n d  

t o  decreases i n  s e t a l  numbers and r o s t r u m  dimensions.  The t h i r d  

component c o n s i s t e d  o f  a  number o f  c o n t r a s t s  o f  s i g n  among t h e  

v a r i a b l e s .  

Specimens i n  t h i s  sample were m a i n l y  o r i e n t e d  w i t h  r e s p e c t  t o  

o v e r a l l  s i z e .  No s e p a r a t i o n  o f  t h e  sub-samples was e v i d e n t ,  even i n  

t h e  p r o j e c t i o n  o f  t h e  sub-samples o n t o  t h e  second and t h i r d  axes. 

5.3.12 C ina ra  kuchea 

The r e s u l t s  o f  t h e  p r i n c i p a l  component a n a l y s i s  o f  t h e  

sample o f  C. kuchea a r e  shown i n  Tab le  X X I V  and i n  F i g u r e  23. T h i s  

spec ies  e x h i b i t e d  a  moderate s i z e  component ( p r i n c i p a l  component I, 

38.7% o f  v a r i a t i o n )  w i t h  p o s i t i v e  c o n t r i b u t i o n s  f r o m  a l l  v a r i a b l e s  

except  A6BW and AGPTL. The second component c o n s i s t e d  o f  changes i n  



T a b l e  X X I I I .  C o n t r i b u t i o n s  o f  32 m o r p h o l o g i c a l  v a r i a b l e s  t o  t h e  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f r o m  25 
specimens o f  C. ponderosae.  

-- 

PRINCIPAL COMPONENT 

VARIABLE I I I I I I 

1. BL 
2. FRW 
3. A2L 
4. A3L 
5. A4L 
6. A5L 
7. A6BL 
8. A6BW 
9. A6PTL 

10. R5L 
11.  R4L 
12, R3L 
13. R2L 
14. FL 
15. FW 
16. TL 
17. TSlVL 
18. TS2L 
19. SLA3 
20. SLGP 
21. SLAT5 
22. SLT 
23. SNA6SA 
24. SNA6B 
25. SNA5 
26. SNA2 
27. SNR4 
28. SNGP 
29. SNAT5 
30. SNAT8 
31. SNC 
32. SNT 

R e l a t i v e  39.4 
Percentage o f  
V a r i a b i l i t y  



F igu re  22. Diagrams showing p r i n c i p a l  component o r d i n a t i o n  o f  

25 specimens o f  C inara ponderosae, p r o j e c t e d  on to  t he  f i r s t  

t h r e e  p r i n c i p a l  axes ( I  x 11, I x 111, I 1  x 111),  based on t h e  

a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  (Tab le  X X I I I ) .  See Table  

X I1  f o r  c o l l e c t i o n  data.  The polygons connect t he  specimens o f  

each sub-sample; numbers r e f e r  t o  sub-sample des igna t ions  as i n  

Table  X I I ,  







Tab le  X X I V .  C o n t r i b u t i o n s  o f  32 m o r p h o l o g i c a l  v a r i a b l e s  t o  t h e  
f i r s t  t h r e e  p r i n c i p a l  components c a l c u l a t e d  f r o m  25 
specimens of  C. kuchea. 

-- 

PRINCIPAL COMPONENT 

VARIABLE I I I I I I 

1. BL 
2. FRW 
3. A2L 
4. A3L 
5. A4L 
6. A5L 
7. A6BL 
8. A6BW 
9. A6PTL 

10, R5L 
11. R4L 
12. R3L 
13. R2L 
14,  FL 
15. FW 
16. TL 
17,  TSlVL 
18. TS2L 
19. SLA3 
20. SLGP 
21. SLAT5 
22. SLT 
23. SNA6SA 
24. SNA6B 
25. SNA5 
26. SNA2 
27. SNR4 
28. SNGP 
29, SNAT5 
30. SNAT8 
31, SNC 
32. SNT 

R e l a t i v e  
Percentage o f  
V a r i a b i l i t y  



F igu re  23, Diagrams showing p r i n c i p a l  component o r d i n a t i o n  

o f  25 specimens o f  C inara kuchea, p r o j e c t e d  on to  t he  f i r s t  

t h r e e  p r l n c i p a l  axes ( I  x  11, I x 111, I 1  x 111),  based on 

t he  a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  (Tab le  XXIV). 

See Table  X I 1  f o r  c o l l e c t i o n  data.  The polygons connect 

t he  specimens o f  each sub-sample; numbers r e f e r  t o  sub- 

sample des igna t ions  as i n  Table  X I I ,  





ill 



t he  dimensions o f  R5L, R4L and R3L i n  r e l a t i o n  t o  R2L, a  r e d u c t i o n  

o f  t he  number o f  setae on t he  abdominal s t r u c t u r e s  and an i nc rease  

o f  t he  number o f  setae on t he  antenna1 segments. P r i n c i p a l  

component 111 represen ted  a  r e d u c t i o n  i n  s e t a l  l eng ths .  

Specimens i n  t h i s  sample were o r i e n t e d  a l ong  t he  s i z e  

component. No sepa ra t i on  o f  t h e  sub-samples was ev i den t .  

5.3.13 Summary o f  Morphometric Trends. 

The main component o f  v a r i a t i o n ,  as e s t a b l i s h e d  by t he  

p r i n c i p a l  component analyses o f  t h e  samples, was a  s i z e  component 

(19.7% t o  49.3% o f  v a r i a t i o n ) .  I n  genera l ,  t he  v a r i a b l e s  t h a t  were 

measured f o r  a l l  samples e x h i b i t e d  s t rong ,  p o s i t i v e  c o n t r i b u t i o n s  t o  

t h i s  a x i s  o f  v a r i a t i o n .  The excep t i on  was C. pergandei  (Tab le  X I V )  

which had a  r e l a t i v e l y  smal l  f i r s t  component o f  v a r i a t i o n ;  many 

v a r i a b l e s  were n e g a t i v e l y  c o r r e l a t e d  w i t h  t h i s  a x i s  o f  v a r i a t i o n .  

The second p r i n c i p a l  component (9.7% t o  21.1% o f  v a r i a t i o n )  

cons i s t ed  l a r g e l y  o f  c o n t r a s t s  o f  t h e  s i g n  o f  t he  antenna1 

dimensions, a  r e d u c t i o n  o f  t h e  r os t r um segment leng ths ,  and a  

r e d u c t i o n  o f  t he  h i n d  l e g  dimensions i n  many samples. The t h i r d  

p r i n c i p a l  component (7.7% t o  17.3% o f  v a r i a t i o n )  was l a r g e l y  an 

express ion  o f  t he  c o n t r a s t s  o f  f u n c t i o n a l  groups o f  charac te rs  and a  

t r e n d  towards a  r e d u c t i o n  i n  t he  numbers o f  setae. 



Each species or  sample was c h a r a c t e r i z e d  by a  unique 

compos i t i on  o f  t h e  scores o f  t h e  f u n c t i o n a l  groups o f  cha rac te r s  and 

each f u n c t i o n a l  group of  cha rac te r s  e x h i b i t e d  unique p a t t e r n s  o f  

v a r i a t i o n  across t h e  12 samples. For example, v a r i a t i o n  among t he  

an tenna l  segments was of a  number of c h a r a c t e r i s t i c  types.  I n  some 

species,  such as C. c o n t o r t a e  (Tab le  XV I I )  and C. n i g r a  (Tab le  X I I I )  

t he  e n t i r e  s e t  o f  an tenna l  segment measurements inc reased  w i t h  

o v e r a l l  s i z e  w h i l e  i n  o thers ,  such as C. b rev i sp i nosa  (Tab le  XV) and 

C .  kuchea (Tab le  XXIV) some an tenna l  segments decreased i n  r e l a t i o n  - 

t o  t h i s  s i z e  f a c t o r .  On t he  second component o f  v a r i a t i o n ,  t he  

p rox ima l  antennal  segments decreased i n  r e l a t i o n  t o  t h e  s i x t h  

antennal  segment i n  some species (C. con to r t ae ,  f o r  example). I n  

o ther  species,  such as C. murrayanae (Tab le  XXI) ,  t he  oppos i t e  

occurred.  

Whi le  t he  response o f  t h e  r os t r um t o  o v e r a l l  s i z e  v a r i a t i o n  

was c o n s i s t e n t  i n  a!! sdmples excep t  those o f  - C. g e r g m d e i  (Tab le  

XIV) and C. p a r v i c o r n i s  (Tab le  XVI) ,  t he  segments o f  t h e  r os t r um 

e x h i b i t e d  a  complex p a t t e r n  o f  v a r i a t i o n  on t he  second and t h i r d  

p r i n c i p a l  components. Some spec ies,  such as C. murrayanae and C. 

n i g r a  were c h a r a c t e r i z e d  by nega t i ve  load ings  o f  a l l  segments. The 

segments o f  t h e  r os t r um o f  most samples showed a  m i x t u r e  o f  

responses, t h a t  i s ,  each segment o f  t h e  r os t r um e x h i b i t e d  a  unique 

p a t t e r n  o f  v a r i a t i o n .  

The dimensions o f  t he  h i n d  l e g  were a l s o  marked by complex 

v a r i a t i o n  p a t t e r n s .  I n  most samples a  complete p o s i t i v e  response t o  



o v e r a l l  s i z e  by a l l  h i n d  l e g  dimensions was evident. .  The segments 

o f  t he  t a r sus  showed as s t r o n g  a  p o s i t i v e  c o r r e l a t i o n  w i t h  o v e r a l l  

s i z e  as d i d  t he  o the r  segments o f  t he  h i n d  l eg .  As was t he  case 

w i t h  t he  an tenna l  and ros t r um segments, t h e  scores on t he  second and 

t h i r d  components shown by t h e  segments o f  t he  t a r sus  were va r i ed .  

Wi th  t h e  excep t ion  of C. pergandei ,  t h e  "ope ra t i ona l i '  groups 

o f  charac te rs ,  t h a t  i s ,  t h e  s e t a l  l e n g t h  measurements and t he  s e t a l  

counts taken on va r i ous  s t r u c t u r e s ,  showed a  p o s i t i v e  c o r r e l a t i o n  

w i t h  o v e r a l l  s i z e  on t h e  f i r s t  component, These cha rac te r s  showed a  

v a r i e d  p a t t e r n  o f  morphometric v a r i a t i o n  on t he  second and t h e  t h i r d  

components. However, where these v a r i a b l e s  were assoc ia ted  w i t h  

f u n c t i o n a l  areas o f  t h e  aph id  body, they  showed t rends  as a  group, 

For example, v a r i a b l e s  i n v o l v i n g  t he  number o f  setae on t he  

abdominal area responded as a  group i n  some species such as C. 

kuchea and C. b rev i sp i nosa .  The s e t a l  numbers on t he  va r i ous  

antennal  segments responded ( inc reases  or  decreases) as a  group i n  

many species and on b o t h  t h e  second and t h i r d  components. 

There was no c o n s i s t e n t  sepa ra t i on  o f  t he  sub-samples on t he  

bas is  o f  f e e d i n g  s i t e  o r  geographic p o s i t i o n .  The m a j o r i t y  o f  t he  

sub-samples were separated on t he  bas i s  o f  o v e r a l l  s i ze .  However, 

i n  4 o f  t he  main samples (C. b rev l sp i nosa ,  C, medispinosa, C, 

murrayanae - " t y p i c a l " ,  and C, murrayanae - Iireduced p i gmen ta t i onu )  

t h e r e  was a lmost  complete sepa ra t i on  o f  t h e  sub-samples a l ong  a l l  

t h r e e  p r i n c i p a l  axes of  v a r i a t i o n .  These 4 samples were 

cha rac te r i zed  by r e l a t i v e l y  l a r g e  second and t h i r d  p r i n c i p a l  



components o f  v a r i a t i o n ,  a l t hough  t h e  f i r s t  component v a r i e d  

cons ide rab l y  i n  s i z e  (19.8% t o  45.6% o f  v a r i a t i o n ) .  Th is  i n d i c a t e s  

t h a t  these species have a  r e l a t i v e l y  l a r g e r  p r o p o r t i o n  o f  

morphometric v a r i a t i o n  which i s  n o t  comp le te ly  r e l a t e d  t o  s i ze ;  

these spec ies may be u s e f u l  f o r  t h e  s tudy o f  geographic v a r i a t i o n .  

Two samples, those o f  C. ponderosae and C. kuchea, showed 

cons iderab le  ove r l ap  o f  t h e i r  r e s p e c t i v e  sub-samples, even a l ong  t he  

s i z e  component. Th is  i n d i c a t e s  t h a t  morpho log ica l  v a r i a t i o n  i n  

these species i s  h e a v i l y  i n f l u e n c e d  by f a c t o r s  a f f e c t i n g  s i z e  and 

t h a t  they a r e  r e l a t i v e l y  s i z e - v a r i a b l e  f rom l o c a t i o n  t o  l o c a t i o n ,  as 

was C. n i g r a .  

5.4 D i s c r i m i n a t i o n  Between Samples and Species 

A s  was ment ioned p r e v i o u s l y ,  I found i t  d i f f i c u l t  t o  ass i gn  a l l  

specimens and samples t o  t he  spec ies C. con to r tae ,  C. medispinosa, 

and C. murrayanae. I n  t h e  f o l l o w i n g  analyses I used d i s c r i m i n a n t  

f u n c t i o n  a n a l y s i s ,  as d iscussed i n  Chapter 3, t o  determine t he  

r e l a t i o n s h i p s  among t he  samples o f  these species and t o  i d e n t i f y  

those v a r i a b l e s  t h a t ,  and t he  degree t o  which they  could ,  

d i s c r i m i n a t e  between t he  samples and spec ies.  

5.4.1 Cinara c o n t o r t a e  Samples 

The t h r e e  samples o f  C. c o n t o r t a e  were analyzed u s i n g  

d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  i n  o rder  t o  determine whether o r  no t  



these samples represen ted  d i s c r e t e  taxa  o r  whether they  were 

morpho log ica l  v a r i a n t s  of t he  one spec ies.  The s tandard ized  

d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f o r  t he  2  d i s c r i m i n a n t  f u n c t i o n s  

t h a t  were c a l c u l a t e d  a r e  g i ven  i n  Table  X X V .  The i n d i v i d u a l  
\ 

specimens i n  each sample were p r o j e c t e d  on to  t he  d i s c r i m i n a n t  axes; 

t h i s  i s  shown i n  F i gu re  24. 

D i sc r im inan t  f u n c t i o n  I (55.0% o f  v a r i a t i o n )  was l a r g e l y  

i n f l uenced  by s i z e  v a r i a t i o n ;  t h e  l a r g e s t  c o n t r i b u t i o n  t o  

d i s c r i m i n a t i o n  a l ong  t h i s  a x i s  was by t h e  v a r i a b l e  BL. Other s t r o n g  

c o n t r i b u t i o n s  were by those v a r i a b l e s  assoc ia ted  w i t h  t h e  antenna 

(A4L, A5L, AGBL, and SLA3). t h e  t i b i a  and t a r sus  (TL, TSIVL, TS2L), 

and t he  abdomen (SLGP, SLATS, SNAT8). D i s c r i m i n a t i o n  a l o n g  t h i s  

a x i s  separated t he  f l t y p i c a l t f  specimens f rom the  "sma l l ,  t h i n u  

specimens o f  C. con to r t ae .  

The second d i s c r i m i n a n t  f u n c t i o n  (45.0% o f  v a r i a t i o n )  a l lowed 

f o r  t he  a lmost  complete sepa ra t i on  o f  t h e  n t y p i c a l f f  specimens f rom 

those c h a r a c t e r i z e d  by "reduced p i gmen ta t i on f f .  Nea r l y  one h a l f  o f  

t he  v a r i a b l e s  t h a t  were measured were s t r o n g  c o n t r i b u t o r s  t o  

d i s c r i m i n a t i o n  a l ong  t h i s  a x i s ;  these v a r i a b l e s  came f rom a l l  o f  t h e  

f u n c t i o n a l  and o p e r a t i o n a l  groups o f  measurements, w i t h  t h e  

excep t ion  o f  t h e  l a c k  of s t r o n g  c o n t r i b u t i o n s  f rom t h e  s e t a l  l e n g t h  

measurements. The s t r onges t  c o n t r i b u t i o n s  were p rov i ded  by t h e  

antenna1 segment dimensions, p a r t i c u l a r l y  A5L and t h e  s e t a l  count 

taken on t h i s  segment (SNA5), some o f  t h e  h i n d  l e g  dimensions, R3L, 

and some o f  t he  s e t a l  counts taken on t he  abdomen (SNAT5, SNAT8, and 

SNC) . 



Table  X X V  S tandard ized  d i s c r i m i n a n t  f u n c t i o n  c ~ e f f i c i e n t s  f o r  
two d i s c r i m i n a n t  f u n c t i o n s  c a l c u l a t e d  f r o m  32 
m o r p h o l o g i c a l  v a r i a b l e s  measured f r o m  t h r e e  samples 
( n  = 3  x 25) o f  C. c o n t o r t a e ,  

DISCRIMINANT FUNCTION 

VARIABLE I I I 

1. BL 
2. FRW 
3. A2L 
4. A3L 
5. A4L 
6. A5L 
7 .  A6BL 
8. A6BW 
9. A6PTL 

10. R5L 
11. R4L 
12. R3L 
13. R2L 
14. FL 
15. FW 
16.  TL 
17. TSlVL 
18. TS2L 
19. SLA3 
20. SLGP 
21. SLAT5 
22. SLT 
23. SNA6SA 
24. SNA6B 
25. SNA5 
26. SNA2 
27. SNR4 
28. SNGP 
29. SNAT5 
30. SNAT0 
31. SNC 
32. SNT 

R e l a t i v e  
Percentage o f  
V a r i a b i l i t y  



F igu re  24. Specimens o f  t h r e e  samples ( n  = 3  x  25) o f  

C inara c o n t o r t a e  p r o j e c t e d  on to  t he  f i r s t  and second 

d i s c r i m i n a n t  axes, based on t h e  a n a l y s i s  o f  32 morpho log ica l  

v a r i a b l e s  (Tab le  XXV). See Table  X I 1  f o r  t h e  c o l l e c t i o n  da ta  

f o r  each sample. (0, C. c o n t o r t a e  - M t y p i c a l u ;  2,  C. c o n t o r t a e  

"sma l l ,  t h i n H ;  I, C. c o n t o r t a e  - "reduced p i gmen ta t i on " ) .  



DlSCR lMlNANT FUNCTION I I  



I n  o rder  t o  f u r t h e r  i n v e s t i g a t e  t h e  r e l a t i o n s h i p s  among t he  

v a r i a b l e s  w i t h i n  t he  samples, I c a l c u l a t e d  a  c o r r e l a t i o n  m a t r i x ,  

based on t h e  combined Specimens ( n  = 75) ,  and analyzed t h i s  u s i n g  

p r i n c i p a l  component a n a l y s i s ,  The r e s u l t s  of t h i s  a n a l y s i s  showed 

t h a t  n e a r l y  one h a l f  (47.2%) of  t h e  morphometric v a r i a t i o n  i n  these 

combined samples was v a r i a t i o n  r e l a t e d  t o  s i z e  d i f f e r e n c e s ,  ~ 1 1  of 

t he  v a r i a b l e s ,  w i t h  t h e  excep t i on  o f  SNT, were found t o  be 

s i g n i f i c a n t l y  c o r r e l a t e d  ( p  = 0.01) w i t h  s i ze .  There was no c l e a r  

sepa ra t i on  o f  t h e  specimens o f  t h e  t h r e e  samples when an o r d i n a t i o n  

a l ong  t he  f i r s t  t h r e e  p r i n c i p a l  axes was c a r r i e d  ou t .  

From t h e  above analyses I concluded t h a t  a l l  t h r e e  samples 

represen ted  t he  taxon C. con to r t ae .  Whi le  t h e r e  was sepa ra t i on  o f  

t h e  samples, a l l  o f  t h e  v a r i a b l e s  which d i s c r i m i n a t e d  t he  most 

between t he  samples were s t r o n g l y  i n f l u e n c e d  by s i z e  v a r i a t i o n .  

Ne i t he r  t he  l lsmall,  t h i n "  sample nor t h e  "reduced p i g r n e n t a t i ~ n ~ ~  

sample showed charac te r  s t a t e s  t h a t  were unique. V a r i a t i o n  p a t t e r n s  

w i t h i n  t he  samples, as shown i n  t h e  p r i n c i p a l  components analyses o f  

s e c t i o n  5.3 (5.3.5, 5.3.6, and 5.3.7). were ev i den t  over a l l  o f  t h e  

samples combined. 

I t  i s  notewor thy t h a t  a l l  o f  t h e  samples cha rac te r i zed  by 

"reduced p igmenta t ion"  were found on cankers,  These specimens were 

d i s t i n g u i s h e d  f rom " t y p i c a l u  C. c o n t o r t a e  by d i f f e r e n c e s  i n  t he  

l eng ths  o f  t he  antenna1 segments, p a r t i c u l a r l y  A51, i n  R3L, t he  h i n d  

l e g  dimensions (FW, T I ,  and TS2L) and some of t he  s e t a l  counts,  

p a r t i c u l a r l y  those on t h e  abdomen (SNAT5, SNAT8, and SNC). Th is  may 



r ep resen t  some adap ta t i on  o r  morpho log ica l  ad justment  t o  t h i s  

f eed ing  n i che .  Fu r t he r  sampl ing may show t h i s  t o  be a  geographic 

subspecies o f  C. con to r t ae .  

5.4.2 Cinara medispinosa and Cinara murrayanae Samples. 

Both Palmer (1952) and Brad ley  (1961) s t a t e  t h a t  C. 

medispinosa can be separated f rom C. murrayanae on t he  bas i s  of t he  

l e n g t h  o f  t he  t i b i a 1  setae o f  t h e  a l a t e  morph. However, w h i l e  some 

specimens o f  t h e  apterous morph can be separated on t h e  bas i s  o f  

t h i s  cha rac te r ,  a  number o f  specimens were d i f f i c u l t  t o  i d e n t i f y .  

I n  a d d i t i o n ,  some samples were c h a r a c t e r i z e d  by reduced d o r s a l  

p igment ion.  

I n  o rder  t o  understand more comple te ly  t he  r e l a t i o n s h i p s  

between these two species,  a  s i n g l e  sample o f  C. medispinosa and two 

samples o f  C. murrayanae ( " t y p i c a l "  and I1reduced p i gmen ta t i onN)  were 

analyzed u s i n g  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s .  The s tandard ized  

d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f o r  t he  two d i s c r i m i n a n t  

f u n c t i o n s  which were c a l c u l a t e d  a r e  g i ven  i n  Table  X X V I .  The 

i n d i v i d u a l  specimens were p r o j e c t e d  on to  t h e  d i s c r i m i n a n t  axes; t h i s  

i s  shown i n  F i gu re  25. 

Specimens o f  C. medispinosa were comple te ly  separated f rom 

specimens of C. murrayanae a l ong  t h e  f i r s t  d i s c r i m i n a n t  a x i s ,  which 

accounted f o r  66.8% o f  t he  t o t a l  v a r i a t i o n .  As was known f o r  t he  

a l a t e  morph, t h i s  a n a l y s i s  showed t h a t  t he  v a r i a b l e  SLT was the  



Tab le  X X V I ,  S tandard ized  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f o r  
two d i s c r i m i n a n t  f u n c t i o n s  c a l c u l a t e d  f r o m  32 
m o r p h o l o g i c a l  v a r i a b l e s  measured f r o m  one sample of 
C.  medisp inosa and two samples o f  C. murrayanae, - 

DISCRIMINANT FUNCTION 

VARIABLE I I I 

1. BL 
2. FRW 
3. A2L 
4. A3L 
5. A4L 
6. A5L 
7. A6BL 
8. A6BW 
9. A6PTL 

10. R5L 
11. R4L 
12, R3L 
13. R2L 
14. FL 
15,  FW 
16. TL 
17. TSlVL 
18. TS2L 
19. SLA3 
20. SLGP 
21. SLAT5 
22. SLT 
23, SNA6SA 
24. SNA6B 
25, SNA5 
26. SNA2 
27. SNR4 
28. SNGP 
29. SNAT5 
30. SNAT8 
31, SNC 
32. SNT 

R e l a t i v e  
Percentage o f  
V a r i a b i l i t y  



F i g u r e  25. Specimens o f  one sample ( n  = 25) o f  C ina ra  

medisp inosa and two samples ( n  = 25, 20) o f  C ina ra  

murrayanae p r o j e c t e d  o n t o  t h e  f i r s t  and second d i s c r i m i n a n t  

axes, based on t h e  a n a l y s i s  o f  32 m o r p h o l o g i c a l  v a r i a b l e s  

(Tab le  XXVI), See Tab le  X I 1  f o r  t h e  c o l l e c t i o n  d a t a  f o r  t h e  

samples. (4, - C .  medispinosa;  E, C. murrayanae - n t y p i c a l " ;  

0, C. murrayanae - " reduced p i g m e n t a t i o n " ) .  - 



DISCRIMINANT FUNCTION I I 



s t ronges t  c o n t r i b u t o r  t o  d i s c r i m i n a t i o n  between these two spec ies.  

However, a d d i t i o n a l  charac te rs  were a l s o  i d e n t i f i e d  which were 

s t r ong  c o n t r i b u t o r s  t o  t he  sepa ra t i on  of these spec ies,  namely, 

AGBW, t he  l e n g t h  o f  t h e  f o u r t h  r os t r um segment (R4L) and t h e  count 

o f  t he  number of setae on t h i s  s t r u c t u r e  (SNR4), R5L, and t he  h i n d  

l e g  dimensions (FL, TSlVL). 

The second d i s c r i m i n a n t  f u n c t i o n  (33.2% o f  v a r i a t i o n )  

separated most specimens o f  C. murrayanae - "reduced p igmenta t ionu  

f rom those o f  C,, murrayanae - I1 t yp i ca l 1 l .  D i s c r i m i n a t i o n  between 

these two samples was t h e  r e s u l t  o f  d i f f e r e n c e s  i n  s i z e  (BL),  

antenna1 segment dimensions (A3L, A5L), r os t r um dimensions (R3L, 

R4L), h i n d  l e g  dimensions (TL, TSIVL), and s e t a l  counts on t he  

antenna (SNAGB, SNA5) and abdomen (SNAT8, SNC), There were o n l y  

r e l a t i v e l y  minor d i f f e r e n c e s  i n  t he  l eng ths  o f  t he  setae. 

As w i t h  t he  p rev ious  a n a l y s i s ,  I c a l c u l a t e d  a  c o r r e l a t i o n  

m a t r i x ,  based on t he  combined specimens ( n  = 7O), and analyzed t h i s  

u s i n g  p r i n c i p a l  component a n a l y s i s .  The r e s u l t s  showed a  s t r o n g  

f i r s t  component o f  s i z e  v a r i a t i o n  (43 .5%) .  Again, a l l  v a r i a b l e s  

were s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  s i z e  ( p  = 0.01). There was no 

c l e a r  sepa ra t i on  o f  t he  specimens; however, t h e r e  was p a r t i a l  

sepa ra t i on  o f  t h e  I 1 t y p i c a l M  samples o f  t h e  two spec ies,  There was 

complete ove r l ap  o f  t h e  two C. murrayanae samples, 

I concluded t h a t ,  as was t h e  case w i t h  t h e  C, c o n t o r t a e  

samples, t h a t  t h e  "reduced p igmenta t ion"  sample was C. murrayanae. 

Most o f  t he  d i f f e r e n c e s  between these two samples were due t o  



v a r i a b l e s  whlch were c o r r e l a t e d  w i t h  s i z e  (BL) ,  which was an 

impo r tan t  c o n t r i b u t o r  t o  d i s c r i m i n a t i o n  a l ong  t h i s  a x i s .  The 

samples o f  C. medispinosa and C. murrayanae were r e l a t i v e l y  

homogenous taxa,  c l e a r l y  separated by t h e  v a r i a b l e  SLT on t he  f i r s t  

d i s c r i m i n a n t  a x i s ,  where BL was n o t  as s t r o n g  a  c o n t r i b u t o r  t o  

d i s c r i m i n a t i o n .  

5.4.3 D i s c r i m i n a t i o n  Between Cinara Species. 

The 12 samples r e p r e s e n t i n g  t h e  9  spec ies o f  C inara were 

analyzed u s i n g  m u l t i p l e  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s .  The 

s tandard ized  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f o r  t he  f i r s t  two 

d i s c r i m i n a n t  f u n c t i o n s  (83.2% o f  v a r i a t i o n )  a r e  g i ven  i n  Table  

X X V I I .  The p r o j e c t i o n  o f  t he  sample c e n t r o i d s  on to  t he  f i r s t  two 

d i s c r i m i n a n t  axes i s  shown i n  F i gu re  26. 

The o n l y  c l e a r  p a t t e r n  t o  a r i s e  f rom t h i s  a n a l y s i s  i s  t he  

sepa ra t i on  o f  C. pergandei  (Sample No. 2 )  f rom the  o ther  samples o f  

t he  Cinara spec ies a l ong  t he  f i r s t  d i s c r i m i n a n t  a x i s  (72.0% o f  

v a r i a t i o n ) .  Th i s  species has been p laced  i n  t he  subgenus C i n a r e l l a  

H i l l e  R is  Lambers ( H i l l e  R is  Lambers 1948; Eastop 1972, 1976) on t he  

bas i s  o f  t he  presence o f  s t a l k e d  eyes i n  t he  apterae,  l a c k  o f  a  

mesosterna l  t u b e r c l e ,  and e longa te  t a r s a l  segments. I t  i s  c l e a r  

f rom t h i s  a n a l y s i s  t h a t  C. pergandei  has unique morpho log ica l  

f ea tu res  when compared t o  t he  o the r  spec ies o f  C inara t h a t  were 

measured. I n  a d d i t i o n  t o  t he  charac te r  TSIVL, C. pergandei  was 



Tab le  X X V I I .  S tandard ized  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f o r  
t h e  f i r s t  two d i s c r i m i n a n t  f u n c t i o n s  c a l c u l a t e d  
f r o m  32 m o r p h o l o g i c a l  v a r i a b l e s  measured f r o m  12  
samples o f  9  spec ies  o f  C ina ra .  

DISCRIMINANT FUNCTION 

VARIABLE I I I 

1. BL 
2. FRW 
3. A2L 
4. A3L 
5. A4L 
6. A5L 
7.  A6BL 
8. A6BW 
9,  A6PTL 

10, R5L 
11. R4L 
12, R3L 
13. R2L 
14. FL 
15. FW 
16,  TL 
17. TSlVL 
18. TS2L 
19, SLA3 
20. SLGP 
21. SLAT5 
22. SLT 
23. SNA6SA 
24. SNA6B 
25. SNA5 
26, SNA2 
27. SNR4 
28. SNGP 
29. SNAT5 
30. SNAT8 
31, SNC 
32. SNT 

R e l a t i v e  
Percentage o f  
V a r i a b i l i t y  



F igure  26, Cent ro ids  o f  12 samples o f  9 species o f  C inara 

p r o j e c t e d  on to  t he  f i r s t  and second d i s c r i m i n a n t  axes, based 

on the  a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  (Tab le  XXVII) .  

See Table X I1  f o r  t he  c o l l e c t i o n  da ta  cor responding t o  t h e  

sample numbers. 



DISCRIMINANT FUNCTION I I 



separated f r om the  o the r  spec ies by s t r o n g  c o n t r i b u t i o n s  f rom FRW, 

A6BL, AGPTL, R4L, R3L, FL, and SNAT5. 

The presence o f  C. pergandei  i n  t h e  above a n a l y s i s  so a l t e r e d  

t he  covar iance  m a t r l x  t h a t  t h e r e  was no sepa ra t i on  o f  t he  o ther  

species o f  C inara;  t h e  a n a l y s i s  s imp ly  determined d i f f e r e n c e s  

between C, pergandei  and a l l  o f  t h e  o the r  spec ies as a  group. 

Therefore,  t he  sample o f  C. pergandei  was removed and t he  rema ln lng  

11 samples r e p r e s e n t i n g  8  spec ies were analyzed us i ng  m u l t i p l e  

d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s .  The s tandard ized  d i s c r i m i n a n t  

f u n c t i o n  c o e f f i c i e n t s  f o r  t h e  f i r s t  two d i s c r i m i n a n t  f u n c t i o n s  

(65.0% o f  v a r i a t i o n )  a r e  g i ven  i n  Table  X X V I I I ,  The p r o j e c t i o n s  o f  

t h e  sample c e n t r o i d s  on to  t h e  f i r s t  two d i s c r i m i n a n t  axes a r e  shown 

i n  F i gu re  27. 

The samples were separated i n t o  t h r e e  groups. C. kuchea 

(Sample No. 12)  was p o s i t i o n e d  away f rom the  o the r  samples. The C. 

medispinosa sample (No. 8 )  and t h e  C. murrayanae samples (No.'s 9 

and 10)  were grouped toge ther .  There was a  g r a d i e n t  o f  t he  o ther  

samples a l ong  t he  second d i s c r i m i n a n t  a x i s ;  t h e  samples o f  C, 

con to r t ae  (No. 's 5, 6, and 7 )  remained toge ther  w i t h i n  t h l s  g rad ien t .  

Separa t ion  o f  t h e  samples a l ong  t h e  f i r s t  d i s c r i m i n a n t  a x i s  

was the  r e s u l t  o f  c o n t r i b u t i o n s  t o  d i s c r i m i n a t i o n  f rom a  number o f  

v a r i a b l e s ,  The main c o n t r i b u t o r s  were t h e  v a r i a b l e s  R4L and SLAT5, 

t h a t  i s ,  t h e  above-mentioned t h r e e  groups were separated, i n  p a r t ,  

on the  bas i s  o f  an inc rease  i n  SLAT5 and a  decrease i n  R4L a l ong  t he  

f i r s t  a x i s .  For example, t h e  p o s i t i o n  o f  C. kuchea (Sample No. 12)  



Tab le  X X V I I I .  S tandard ized  d i s c r i m i n a n t  f u n c t i o n  coefficients 
f o r  t h e  f i r s t  two d i s c r i m i n a n t  f u n c t i o n s  
c a l c u l a t e d  f r o m  32 m o r p h o l o g i c a l  v a r i a b l e s  
measured f r o m  11 samples o f  8 spec ies  o f  C inara .  

DISCRIMINANT FUNCTION 

VARIABLE I I I 

1. BL 
2. FRW 
3, A2L 
4. A3L 
5, A4L 
6. A5L 
7. A6BL 
8. A6BW 
9. A6PTL 

10, R5L 
11. R4L 
12. R3L 
13. R2L 
14.  FL 
15, FW 
16. TL 
17. TSlVL 
18. TS2L 
19. SLA3 
20. SLGP 
21. SLAT5 
22. SLT 
23. SNA6SA 
24. SNA6B 
25. SNA5 
26, SNA2 
27. SNR4 
28, SNGP 
29. SNAT5 
30. SNATB 
31. SNC 
32. SNT 

R e l a t i v e  
Percentage o f  
V a r i a b i l i t y  



F igu re  27, Cen t ro ids  o f  11 samples o f  8 species o f  C inara 

p r o j e c t e d  onto t he  f i r s t  and second d i s c r i m i n a n t  axes, based 

on t he  a n a l y s i s  o f  32 morpho log ica l  v a r i a b l e s  (Tab le  XXV I I I ) ,  

See Table  X I 1  f o r  t he  c o l l e c t i o n  data cor responding t o  t he  

sample numbers. 



DlSCRlMlNANT FUNCTION I I 



i n  r e l a t i o n  t o  t h e  o ther  spec ies i s  determined t o  l a r g e  ex ten t  by 

i t s  hav ing  r e l a t i v e l y  l o n g  d o r s a l  setae on t he  abdomen and a  

r e l a t i v e l y  s h o r t  f o u r t h  r os t r um segment. However, o ther  charac te rs ,  

such as t he  s e t a l  counts,  c o n t r i b u t e d  t o  t h e  sepa ra t i on  o f  these 

samples. 

Separa t ion  o f  t he  samples a l ong  t h e  second d i s c r i m i n a n t  a x i s  

was l a r g e l y  due t o  f u r t h e r  r e d u c t i o n  o f  R4L and SLAT5. The samples 

were a l s o  p laced  a l ong  t h i s  g r a d i e n t  based on t h e  c o n t r i b u t i o n s  f rom 

o ther  v a r i a b l e s ,  p a r t i c u l a r l y  A2L, R5L, TS2L, and SLA3. 

No s i n g l e  charac te r  served t o  d i s c r i m i n a t e  between a l l  o f  t h e  

species,  i n  f a c t  sepa ra t i on  o f  these groups a l ong  t he  f i r s t  and 

second a x i s  was t he  r e s u l t  o f  s t r o n g  c o n t r i b u t i o n s  t o  d i s c r i m i n a t i o n  

f rom one h a l f  o f  t he  v a r i a b l e s  i n  t h e  da ta  se t .  S t rong  

c o n t r i b u t i o n s  were made by some antenna1 dimensions (A2L, A5L), 

r os t r um dimensions (R3L, R5L), l e g  dimensions (FL, TL, TS2L), s e t a l  

l e n g t h  measurements (SLA3), and by some o f  t he  s e t a l  counts (SNA6SA. 

SNA2, SNR4, and SNC). 

Mahalanobis Genera l ized Dis tances (1 va lues)  were c a l c u l a t e d  

f o r  a l l  p a i r w i s e  comparisons o f  t he  12 samples, i n c l u d i n g  t he  sample 

o f  C. pergandei .  The r e s u l t i n g  m a t r i x  o f  D values was then 

sub jec ted  t o  a  UPGMA c l u s t e r  a n a l y s i s  and t he  r e s u l t s  summarized i n  

t he  form of  a phenogram ( F i g u r e  28) .  The cophenet ic  c o r r e l a t i o n  

c o e f f i c i e n t  was 0.801, which i n d i c a t e d  t h a t  t he  phenogram c l o s e l y  

represen ted  the  s t r u c t u r e  o f  t h e  m a t r i x  o f  D values (Sneath and 

Sokal 1973). 



Figure  28. Phenogram f o r  the UPGMA c l u s t e r  ana l ys i s  o f  

Mahalanobis General ized Distances, ll, c a l c u l a t e d  f o r  12 

samples represent ing  9 species o f  Cinara, based on the  

ana l ys i s  o f  32 morphological  va r i ab les .  See Table X I 1  f o r  

the c o l l e c t i o n  data fo r  each species sample. (con tor tae :  

-1, " t y p i c a l ;  -2, "smal l ,  t h i n M ;  -3, "reduced p igmentat ion" ;  

murrayanae: -1, " t yp i ca l1 ' ;  -2, "reduced p igmentat ion") .  
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The Mahalanobis Genera l ized D is tance  takes i n t o  account t he  

d l s c r l m l n a t u r y  In fa rn ta t lon  which I s  un ique t o  each cha rac te r ,  hav ing  

e l i m i n a t e d  t h a t  v a r i a t i o n  due t o  c o r r e l a t i o n  w i t h  o the r  cha rac te r s  

(A t ch ley  e t  a l .  1982).  When compared t o  t h e  p rev ious  analyses where 

t he  specimens were p r o j e c t e d  on to  t he  f i r s t  two d i s c r i m i n a n t  axes, 

t he  phenogram showed a  s i m i l a r  s t r u c t u r e ,  which con f i rmed t he  

impress ion t h a t  most of t h e  impor tan t  taxonomic i n f o r m a t i o n  i s  

p resen t  on t he  f i r s t  few d i s c r i m i n a n t  axes. 

The samples o f  C. c o n t o r t a e  and C. medispinosa and C. 

murrayanae remained c l u s t e r e d  t oge the r .  The most apparent  

d i f f e r e n c e  was t h e  p o s i t i o n  o f  C. p a r v i c o r n i s ;  i t  was p laced  

comple te ly  away f rom the  o ther  species,  h o l d i n g  as un ique a  p o s i t i o n  

as t h a t  o f  C. pergandei .  

I n  o rder  t o  q u a n t i f y  t h e  a b i l i t y  o f  t he  s e t  o f  32 v a r i a b l e s  t o  

d i s c r i m i n a t e  among t he  species o f  C inara,  separate  i d e n t i t y  

f u n c t i o n s  were c a l c u l a t e d  f o r  each o f  t he  12 samples. These 

f u n c t i o n s  were used t o  ass i gn  t he  i n d i v i d u a l  specimens t o  t h e  group 

w i t h  which they shared t he  h i ghes t  p r o b a b i l i t y  o f  membership. The 

r e s u l t s  were summarized i n  an i d e n t i f i c a t i o n  t a b l e  (Tab le  X X V I X )  

showing the  c o r r e c t  and i n c o r r e c t  placements o f  t h e  i n d i v i d u a l  

specimens. Over 94% o f  t h e  specimens were c o r r e c t l y  a l l o c a t e d  i n t o  

the  sample they o r i g i n a t e d  from. I f  t he  samples o f  C. c o n t o r t a e  and 

t he  samples of C. murrayanae a r e  grouped, t he  r a t e  o f  c o r r e c t  

a l l o c a t i o n s  i s  over 98%. 



Table X X I X .  I d e n t i f i c a t i o n  t a b l e  f o r  12 samples o f  9  species o f  C inara.  
I d e n t i f i c a t i o n  f u n c t i o n s  based on 32 morpho log ica l  v a r i a b l e s .  
See Table  X I 1  f o r  c o l l e c t i o n  data.  The numbers o f  c o r r e c t  
i d e n t i f i c a t i o n s  a r e  shown i n  t he  d iagona l  p o s i t i o n s ,  
i n c o r r e c t  i d e n t i f i c a t i o n s  a r e  i n  t h e  o f f - d i a g o n a l  p o s i t i o n s .  

C inara Species Sample No. 

1  2 3 4 5 6 7 8 9 1 0 1 1 1 2  

n i g r a  1 %  

per  gandei 2 - 2 5  

b rev i sp i nosa  3 - 24 

p a r v i c o r n i s  4  

con to r  t ae  5  

con to r  t ae  6  

con to r  tae  7 

medi spinosa 8 

murrayanae ' 9  

mur r ayanae 10 

ponderosae 11 

kuchea 12 



I n  order  t o  check f o r  t h e  amount of upward b i a s  i n  t h i s  

procedure (see Chapter 3 ) ,  each o f  t he  12 samples was reduced by 5 

specimens each; one specimen chosen a t  random from each subsample. 

These 5 specimens from each sample were "unknownsI1 which were 

a l l o c a t e d  us i ng  i d e n t i t y  f u n c t i o n s  c a l c u l a t e d  from the  reduced 

sample s i z e .  The r e s u l t  was t h a t  86.7% o f  t he  "unknown" specimens 

were c o r r e c t l y  a l l o c a t e d  i n t o  t he  sample they o r i g i n a t e d  from. I 

the  samples o f  C. c o n t o r t a e  and C. murrayanae a r e  grouped, t he  r a  

o f  c o r r e c t  a l l o c a t i o n  t o  species i s  95%. Th i s  compares w i t h  98% 

f rom the  p rev ious  a n a l y s i s ,  i n d i c a t i n g  t h a t  t he  degree o f  b i a s  i n  

t h i s  case i s  n e g l i g i b l e .  

5.5 D iscuss ion  

The p r i n c i p a l  component a n a l y s i s  o f  t h e  samples o f  t he  Cinara 

species demonstrated t h a t  each species o f  C inara has i t s  own 

c h a r a c t e r i s t i c  p a t t e r n  o f  morphometric v a r i a t i o n .  The f u n c t i o n a l  

groups o f  cha rac te r s  responded i n  d i f f e r e n t  ways a l ong  t he  major 

components o f  v a r i a t i o n .  Th i s  he te rogene i t y  o f  morphometric t rends  

was a l s o  ev i den t  a t  t h e  sub-sample l e v e l .  W i t h i n  some species,  such 

as C. medispinosa and C. pergandei ,  i n d i v i d u a l  sub-samples responded 

d i f f e r e n t l y  a l ong  t h e  major components o f  v a r i a t i o n ,  as was 

demonstrated when t he  specimens were p r o j e c t e d  on to  t he  p r i n c i p a l  

axes. I n  species such as these, t h e  p o t e n t i a l  f o r  t h e  demonst ra t ion 

o f  geographic v a r i a t i o n  i s  p resen t .  I t  would be p o s s i b l e  t o  



determine those charac te rs  t h a t  a r e  t h e  l e a s t  i n f l u e n c e d  by s i z e  

v a r i a t i o n  and which may prove use fu l  i n  t he  s tudy  o f  geographic 

v a r i a t i o n .  Th i s  i n f o r m a t i o n  would shed l i g h t  on t he  i n t e r p r e t a t i o n  

o f  t he  adap t i ve  s i g n i f i c a n c e  o f  v a r i a t i o n  i n  t he  f u n c t i o n a l  groups 

o f  cha rac te r s ,  such as t h e  t a r s a l  segments. For example, i t  i s  

b e l i e v e d  t h a t  d i f f e r e n c e s  i n  t he  shape of  t he  t a r s a l  segments have 

d i r e c t  b e a r i n g  on t he  a b i l i t y  o f  an aph id  t o  a t t a c h  t o  and t h e r e f o r e  

e x p l o i t  c e r t a i n  hos t  p l a n t s  (Kennedy 1986).  

The p a t t e r n  o f  morphometric v a r i a t i o n  as observed i n  C. n i g r a  

was ev i den t  a l s o  i n  o the r  spec ies,  p a r t i c u l a r l y  C, kuchea and C. 

ponderosae. That i s ,  some spec ies a r e  i n f l u e n c e d  by r e l a t i v e l y  

l o c a l  f a c t o r s  which a f f e c t  s i ze ;  t h i s  i n  t u r n  i n f l u e n c e s  most o r  a l l  

o f  t he  v a r i a b l e s  t h a t  were measured. Fu r t he r  work on these and 

r e l a t e d  species may r e q u i r e  t h e  e v a l u a t i o n  o f  a d d i t i o n a l  charac te rs .  

From the  p o i n t  o f  v iew o f  charac te r  selectSon, t he  r e s u l t s  o f  

t h i s  s tudy have shown t h e  impor tance o f  measur ing t he  i n d i v i d u a l  

segments o f  such s t r u c t u r e s  as t h e  antenna and t he  rost rum.  That 

i s ,  t he  r e l a t i o n s h i p s  among t h e  segments o f  these s t r u c t u r e s  va ry  

a l so ,  g e o g r a p h i c a l l y  w i t h i n  spec ies,  and between spec ies.  Unique 

d i s c r i m i n a t o r y  i n f o r m a t i o n  i s  l o s t  by lumping t h e  segments o f  these 

s t r u c t u r e s .  

The analyses u s i n g  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  and t h e  

Mahalanobis Genera l ized D is tance  showed t h a t  t he  range o f  charac te rs  

t h a t  was se lec ted  was impor tan t  t o  t h e  success fu l  es tab l i shment  o f  

t he  boundar ies between t he  species t h a t  were s tud ied .  Con f i rma t i on  



o f  t h i s  was ach ieved through t he  use of t h e  a l l o c a t i o n  procedures.  

The discriminant f u n c t i o n  a n a l y s i s  a l s o  emphasized t he  p o l y t h e t i c  

n a t u r e  (Sneath and Sokal 1973) o f  t h e  Cinara spec ies.  I n  a l l  of t he  

analyses,  no s i n g l e  charac te r  served t o  comp le te ly  d i s c r i m i n a t e  

among the  OTU1s. Of ten,  f o r  any one a n a l y s i s ,  i t  was found t h a t  as 

many as one h a l f  o f  t h e  32 cha rac te r s  t h a t  were measured were shown 

t o  be s t r o n g  c o n t r i b u t o r s  t o  d5sc r im ina t i on .  The importance o f  a  

p o l y t h e t i c  f o rm  o f  systemat ic  a n a l y s i s  i n  aph id  taxonomy, a t  a l l  

l e v e l s  o f  t h e  taxonomic h i e ra r chy ,  i s  d iscussed i n  Chapter 7 ,  



6. DESCRIPTIONS AND DISTRIBUTIONS OF THE SPECIES OF CINARA FOUND 

ON PINUS CONTORTA. 

6.1 I n t r o d u c t i o n  

As was ment ioned p r e v i o u s l y ,  t he  o r i g i n a l  and subsequent 

d e s c r i p t i v e  m a t e r i a l  on t he  spec ies o f  C inara i n  No r t h  America has 

been incomplete ;  f o r  many species,  t he  o n l y  d e s c r i p t i v e  l i t e r a t u r e  

i s  t he  o r i g i n a l  d e s c r i p t i o n  which was o f t e n  b r i e f  and o f  l i m i t e d  

use. As ex tens i ve  geographic sampl ing was c a r r i e d  ou t  d u r i n g  t he  

course o f  t h i s  s tudy,  i t  presented an o p p o r t u n i t y  t o  descr ibe  more 

comple te ly  t he  morphology o f  t he  spec ies.  

Desc r i p t i ons  o f  t he  apterous v i v l p a r o u s  morph o f  t he  Cinara 

species f eed ing  on P. c o n t o r t a  t h a t  were s t u d i e d  a r e  p rov i ded  below 

a l ong  w i t h  i n f o r m a t i o n  on synonymy, t ype  m a t e r i a l ,  d i s t r i b u t i o n ,  and 

t he  taxonomic r e l a t i o n s h i p s  among t he  spec ies,  A l l  diagrams were 

drawn a t  t he  same sca le .  A l l  c o l l e c t i o n s  a re  f rom P. c o n t o r t a  and 

were c o l l e c t e d  by R .  F o o t t i t  un less  i n d i c a t e d  o therw ise .  The 

f o l l o w i n g  a b b r e v i a t i o n s  a r e  used i n  t h e  t e x t :  BM ( B r i t i s h  Museum, 

N a t u r a l  H i s t o r y ,  London), CAES (Colorado A g i c u l t u r a l  Experiment 

S t a t i o n ,  F o r t  C o l l i n s ) ,  CNC (Canadian N a t i o n a l  C o l l e c t i o n  o f  

I n s e c t s ,  Ottawa),  F E M  ( F r o s t  Entomolog ica l  Museum, Pennsylvania 

S t a t e  U n i v e r s i t y ,  U n i v e r s i t y  Park ) ,  FSCA ( F l o r i d a  S t a t e  C o l l e c t i o n  

o f  Arthropods, G a i n s v i l l e ) ,  UMC ( U n i v e r s i t y  o f  Minnesota C o l l e c t i o n ,  



S t .  

Na t 

one 

P a u l ) ,  ,UCB (Un 

i o n a l  Museum o f  

s tandard  d e v i a  

i v e r s i t y  of  C a l i f o r n i a ,  B e r k e l e y ) ,  USNM (U. S. 

N a t u r a l  H i s t o r y ,  Washington, D. C.).  The mean 2 

t i o n ,  f o l l o w e d  by  t h e  range, i s  g i v e n  f o r  some 

m o r p h o l o g i c a l  f e a t u r e s .  A l l  con t inuous  measurements a r e  i n  

m i l l i m e t e r s .  The b i o m e t r i c  d a t a  p r o v i d e d  a r e  based on t h e  f o l l o w i n g  

sample s i z e s :  n  = 25 f o r  C. b r e v i s p i n o s a ,  C. medisp inosa,  and C. 

pe rgande i ;  n  = 380 f o r  C. n i g r a ;  n  = 16 f o r  - C .  p a r v i c o r n i s ;  n  = 75 . 

f o r  C. c o n t o r t a e  and n  = 45 f o r  5. murrayanae. C. oregonens is  i s  

i n c l u d e d  f o r  completeness as i t  was p r e s e n t  i n  t h e  a rea  o f  s tudy.  

6.2 C ina ra  b r e v i s p i n o s a  ( G i l l e t t e  and Palmer, 1924) 

Lachnus b r e v i s p i n o s u s  G i l l e t t e  and Palmer, 1924: 27-30. Ho lo type :  

No. 41962, USNM; pa ra types ,  CAES,  USNM. 

C ina ra  b r e v i s p i n o s u s ,  Knowlton,  1930: 154. 

C ina ra  b r e v i s p i n o s a ,  G i l l e t t e  and Palmer, 1931: 848-849. 

Palmer, 1952: 25-26; B rad ley ,  1961: 55-56; Eastop and H i l l e  R is  

Lambers, 1976: 148; Smi th  and Parron,  1978: 88. 

C ina ra  s c l e r o s a ,  R ichards,  1956: 203-204 ( v i d e  Eastop and H i l l e  R i s  

Lambers 1976: 148) .  Ho lo type :  No. 6372, CNC; pa ra types :  BM, CNC. 

Apterous V i v i p a r o u s  Female ( F i g u r e s  29, 30) 

Co lour ,  when a l i v e ,  da rk  r e d d i s h  brown. Co lour  o f  c l e a r e d  

specimens: head, t h o r a x  and antennae brown; l e g s  da rk  brown except  



F igu re  29. Photographs o f  t he  v e n t r a l  v iew o f  s l ide-mounted 

specimens o f  C inara b rev i sp i nosa  ( t o p )  and Cinara con to r t ae  

(bot tom).  





F igu re  30. Morpho log ica l  f ea tu res  o f  C inara b rev i sp l nosa .  A, 

v e n t r a l  p r o j e c t i o n  o f  body; B, g e n i t a l  p l a t e ;  C, rostrum, 

segments 111, 1 V  and V; 1, antenna; E, h i n d  leg ;  t, antenna1 

segments V and V I ;  6 ,  h i n d  l e g ,  t a r s a l  segments I and 11. 





prox imal  one t h i r d  o f  femur l i g h t  brown and l i g h t  patch present  near 

prox imal  end o f  t i b i a ;  abdominal s c l e r i t e s ,  co rn i c l es ,  and g e n i t a l  

p l a t e  l i g h t  brown. 

Body length,  2.99 + 0.30, 2.62 - 3.56. Head w i t h  few, shor t ,  

s p i n e - l i k e  setae. Frons width,  .340 + .024, .301 - .379. Length o f  

antennal segments; 11, . I08 5 .007, .097 - .122; 111, .481 + .040, 

.411 - .563; I V ,  .226 + .028, -168 - .268; V, .257 + .027, -197 - 

.303; V I  - base length,  . I32 + .008, . I14 - .147; V I  - base width, 

.056 5 .003, .049 - .062; V I  - processus te rm ina l i s ,  .045 + .009, 

-026 - .059. Secondary s e n s i l l a e  on antennal segments 111, I V  and 

V.  Length o f  antennal setae s l i g h t l y  less  than the base o f  segments 

111, I V ,  and V.  Length o f  setae on antennal segment 111, .043 2 

.003, .035 - .048. Number o f  setae on antennal segments; 11, 7.7 5 

1.1, 6.0 - 11.0; V,  21.9 5 3.70, 14.0 - 30.0; V I  - base, 8.3 + 1.4, 

6.0 - 13.0; V I  - processus te rm ina l i s ,  4.1 + 0.5, 3.0 - 5.0. 

Rostrum extends t o  middle o f  abdomen. Length o f  rost rum segments; 

V, .088 - + -006, .076 - .103; I V ,  .206 + .010, . I80  - .228; 111, .202 

+ .010, . I84 - .225; 11, .090 + .012, .067 - 1.33. Number o f  - 

accessory setae, ros t rum I V ,  4.8 5 1.1, 3.0 - 7.0. 

Mesosternal t u b e r c l e  present.  Legs w i t h  s p i n e - l i k e  setae, se t  

a t  an angle o f  approximately 45 degrees; those on t i b i a  less  than 

one h a l f  the w id th  o f  the  t i b i a ,  length,  .050 .002, .046 - .057. 

Setae on h ind  t i b i a  moderately dense; number on .2 mm o f  mid-sect ion 

of h ind  t i b i a ,  41.1 + 5.1, 29.0 - 52.0. Tarsal  setae f i n e ;  l eng th  

of those on t a r s a l  segment I 1  s l i g h t l y  less  than w id th  o f  segment. 



A single, ventral, apical, blunt seta, shorter than others, present 

on tarsal segment I. Hind leg dimensions; femur length, 1.42 + 
0.14, 1-19 - 1.68; femur width, .I89 + -014, -166 - -210; tibia 

length, 2.21 5 0.22, 1.89 - 2.66; tarsus I - ventral length, .I31 + 

.009, .I18 - .153; tarsus I1 - length, -298 + .017, -267 - .328. 

A large, rectangular, heavily pigmented sclerite present on the 

dorsum of each abdominal segment. Those of abdominal sclerites I, 

11, and I11 may be divided along mid-dorsal line. Dorsal abdominal 

setae short, straight, few, distributed in two irregular rows on 

abdominal segments I to VII and in a single row along the posterior 

margin of the transverse sclerite of abdominal segment VIII. Setae 

on abdominal sclerite V; length, .038 jl .005, .030 - .048; number, 

14.5 5 4.7, 8.0 - 27.0. Number of setae on abdominal sclerite VIII, 

10.7 + 1.1, 9.0 - 13.0. Ventral setae fine, more numerous, varlable 

in length, but greater than two times the length of dorsal setae. 

Setae on genital plate; length, .077 + -008, .065 - .093, number, 
36.6 + 6.5, 27.0 - 47.0. Cornicles of moderate size with irregular 

edges. Setae on cornicles few to moderately dense, of two types, 

short, spine-like and others approximately two times as long; number 

of setae on cornicle, 28.9 + 5.5, 20.0 - 42.0. 

Integument of body smooth except for spiculose imbrications on 

abdominal segments VII and VIII, cauda, and genital plate. 

Integument of antennal segments smooth except for spiculose 

imbrications on antennal segments V and VI and apices of I1 and IV. 



A d d i t i o n a l  D e s c r i p t i v e  M a t e r i a l .  F u n d a t r i x ,  G i l l e t t e  and Palmer 

1924, Palmer 1952; ap te rous  v i v i p a r o u s  female,  G i l l e t t e  and Palmer 

1924, 1931, Palmer 1952, V o e g t l i n  1976; a l a t e  v i v i p a r o u s  female,  

G i l l e t t e  and Palmer 1924, 1931, Palmer 1952; o v i p a r a ,  G i l l e t t e  and 

Palmer 1924, Palmer 1952; a l a t e  male, G i l l e t t e  and Palmer 1924, 

Palmer 1952. 

M a t e r i a l  Examined. ( a ) .  Type M a t e r i a l :  Four s l i d e s ,  a l l  l a b e l l e d  

I tHo lo type,  No. 41962.", as f o l l o w s :  ov ipa rous  female  and one 

pa ra type ,  on P inus c o n t o r t a ,  2  X 1921, Stove P r a i r i e  H i l l ,  B e l l v u e ,  

Colorado, M, A .  Palmer. F u n d a t r i x  and one pa ra type ,  on P inus 

c o n t o r t a ,  23. V .  1922, r e a r e d  i n  ' insectary ,  B e l l v u e ,  Colorado, M. A. 

Palmer. A l a t e  v i v i p a r o u s  female  and ap te rous  v l v i p a r o u s  female and 

one p a r a t y p e  ( a l a t e  v i v i p a r o u s  fema le ) ,  on P inus c o n t o r t a ,  17. V I .  

1922, Stove P r a i r i e  H i l l ,  B e l l v u e ,  Colorado, M, A .  Palmer.  A l a t e  

male and two metatypes (ap te rous  v i v i p a r o u s  fema le ) ,  on P inus 

c o n t o r t a  , 21, V I I I ,  1922, Stove P r a i r i e  H i l l ,  B e l l v u e ,  Colorado, M. 

A.  Palmer, 

Two s l i d e s ,  l a b e l l e d :  Co lorado A g r i c u l t u r a l  Exper iment S t a t i o n .  

No. 2126. Paratype,  t h r e e  ap te rous  v i v i p a r o u s  females,  on P inus 

c o n t o r t a ,  17. V I .  1922, Stove P r a i r i e  H i l l ,  B e l l v u e ,  Colorado, M. A. 

Palmer; No, 3427. Metatypes,  t h r e e  ap te rous  v i v i p a r o u s  females,  on 

P inus c o n t o r t a ,  24. V I I .  1923, Estes  Park,  Colorado, M, A.  Palmer. 

C ina ra  s c l e r o s a  R ichards ,  Ho lo type ,  No. 6272, CNC. Two 



ap te rous ,  v i v i p a r o u s  females,  on P inus c o n t o r t a ,  Fawn P. O., B r i t i s h  

Columbia, 23. VI. 1952, D.  A .  Ross. Four para types,  same d a t a  as 

h o l o t y p e .  

( b ) .  M a t e r i a l  C o l l e c t e d :  CANADA: B r i t i s h  Columbia, 26 km N 

Westbr idge,  Hwy 33, 27. VII. 1977; Long Beach, Vancouver I s l a n d ,  13. 

V .  1979; M t .  Robson Provincial Park, 5. VIII. 1977; B e a v e r d e l l ,  19. 

VII. 1979; 26 km NE P r i n c e t o n ,  17. VI. 1980; C h r i s t i a n  V a l l e y ,  21. 

VI. 1980; 70 km N Westbr idge,  21. VI. 1980; 22 km N Westbr idge,  21. 

VI. 1980; 12 km N Nakusp, Hwy 23, 22. VI. 1980; 10 km E .  H e f l e y  

Creek, 26. VI. 1980; 83 M i l e  House, Hwy 97, 29. VII. 1980; Lac La 

Hache, 29. VII. 1980; 7 km S Hixon,  Hwy 97, 31. VII. 1980; 19 km W 

P r i n c e  George, Hwy 16, 31. VII. 1980; 38 km W Burns Lake, Hwy 16, 1. 

VIII. 1980; Ter race,  3. VIII. 1980; Houston, 4. VIII. 1980; 10 km E .  

Houston, Hwy 16, 4. VIII, 1980; 31 km N P r i n c e  George, Hwy 97, 5. 

VIII. 1980; McLeod Lake, 5. VIII. 1980; Mackenzie, 6. VIII. 1980; 2 

km E M t .  Robson P r o v i n c i a l  Park, Hwy 16, 12. VIII. 1980; M t  Robson 

P r o v i n c i a l  Park,  12. VIII. 1980; P i t t  Meadows, 27. VI. 1981; 18 km 

NE P r i n c e t o n ,  1. VII. 1981; 25 km NE P r i n c e t o n ,  1. VII. 1981; 2 km N 

Nanaimo, Hwy 19, 7. VII, 1981; 3 km N Bowser, Hwy 19, 7, VII. 1981; 

10 km S Sayward, Hwy 19, 8. VII. 1981; P a r k s v i l l e ,  7 .  VII. 1981; 

Sparwood, 9. VII. 1982; 5 km E Moyie Lake, Hwy 95, 10. VII. 1982; 

Yahk, 10. VII. 1982; 11 km E S tag leap  P r o v i n c i a l  Park,  Hwy 3, 10. 

VII. 1982; 1.5 km N Salmo, Hwy 6, 10. VII. 1982; 29 km E Cas t legar ,  

Hwy 3, 10. VI. 1982; 40 km W Creston,  Hwy 3, 10. VII. 1982; A l l l s o n  



Pass, Hwy 3, 11. VII. 1982; A lber ta ,  Lake Louise, 2. VIII. 1977. 

U. S. A.: Washington, 3 km S Newport, 29. VI. 1982; Idaho, P r i e s t  

Lake, 29. VI. 1982; 13 km S P r i e s t  Lake, Hwy 57, 29. VI. 1982; 8 km 

S Cascade, Hwy 55, 30. VI. 1982; 11 km S I s l a n d  Park, Hwy 20, 4. 

VII. 1982; Montana, 10 km W West Yel lowstone, Hwy 20, 6. VII. 1982; 

29 km N West Yel lowstone, Hwy 191, 6. VII. 1982; 8 km N B i g  Sky, Hwy 

191, 6. VII. 1982; MacDonald Pass, 32 km W Helena, Hwy 12, 7. VII. 

1982; Seeley Lake, 7. VII. 1982; 16 km N Seeley Lake, Hwy 83, 8. 

VII. 1982; 47 km N Seeley Lake, Hwy 83, 8. VII. 1982; 6 km S West 

G lac ie r ,  Hwy 2, 8. VII. 1982; Wyoming, Madison Junct ion,  5. VII. 

1982. Oregon, Cascadia, 5. VII. 1975; Nehalem, 20. VI. 1979. 

( c ) .  A d d i t i o n a l  M a t e r i a l  Examined: CANADA: B r i t i s h  Columbia, New 

Hazelton, 22 V. 1941; Cedarvale, 28. VI. 1941; Campbell R iver ,  26. 

IX. 1941; Lake Cowichan, 25. V. 1956, 1. VI. 1956, G. A. Bradley;  

Vernon, 16. VI. 1956, G. A. Bradley;  Cascade, 28. V. 1957, G. A. 

Bradley; Nanaimo, 28. V. 1958, G. A. Brad ley;  Nechak, 4. VI. 1959, 

D. A. Ross; Shuswap Lake, 11. VI. 1959, G. A.  Bradley;  To f ino ,  26. 

V. 1962, G. A.  Bradley;  A lber ta ,  Pyramid Lake, 25. VIII. 1955, J. 

D. Stanger; Banff ,  30. VIII. 1955, G. A. Bradley;  Hinton,  30. VI. 

1956, G. A .  Brad ley;  Seebe, 13. VII. 1959, G. A. Bradley;  E lkwater ,  

5. VI. 1962, G. A.  Bradley;  Lake Louise, 27. VI. 1962, G. A. 

Bradley; Coleman, 11. VII. 1962, G .  A. Bradley;  U. S. A.: 

C a l i f o r n i a ,  Tioga Pass, 17. VII. 1973, D. Voeg t l i n ;  Edson Crk., 

Siskyou Co., 3. VII. 1977, D. Voeg t l in ;  Colorado, Cameron Pass, 9.  



VIII. 1965, G. F. Knowlton; Gsuld, 9. VIII. 1965, G. F. Knowlton; 

Linland, 10. VIII. 1965, G. F. Knowlton; Teller City, 10. VIII. 

1965, G. F .  Knowlton; Rand, 10. VIII. 1965, G. F. Knowlton; Oregon, 

Malheur Nat. For., Grant Co., 21. VII. 1979, D. Voegtlln; Utah, 

Unitah Mtns. (Little Bush Crk.), 22. VII. 1966, 6. F. Knowlton. 

Distribution: CANADA: Alberta, British Columbia. U. S. A . :  

Colorado, Idaho, Oregon, Montana, Utah, Washington, Wyoming. 

Host Range: Pinus contorta 

Feeding Site: New growth shoots, needle fascicles, and small 

branches; small to large (over 100 individuals), dense colonies. 

Comments. This species is easily distinguqshed from the other 

species of Cinara feeding on P. contorta by the presence of the 

transverse abdominal bands and the relatively short setae on all 

appendages. The alate virginopara is more difficult to separate, 

particularly from 5. medispinosa and C. murrayanae, but C. 

brevispinosa can usually be separated from these by the presence of 

the relatively short setae on the hind tibia of this morph. 

Richards (1956) erected C. sclerosa as a new species on the 

basis of the extremely dark and heavily sclerotized transverse bands 



and t he  presence o f  two s e t a l  types on t he  c o r n i c l e s  o f  t he  

specimens which he examined. He noted t h e  presence o f  f i n e  setae 

c l u s t e r e d  around t he  o r i f i c e  o f  t h e  c o r n i c l e  and o f  s p i n e - l i k e  setae 

c l o s e r  t o  t he  marg in  o f  t he  base o f  t h e  c o r n i c l e .  However, 

examinat ion o f  m a t e r i a l  o f  C. b rev i sp i nosa  c o l l e c t e d  d u r i n g  t h i s  

s tudy showed t h i s  p a t t e r n  o f  c o r n i c l e  s e t a t i o n  t o  be c o n s i s t e n t l y  

p resen t  i n  a l l  samples, 

Th is  i s  a  geog raph i ca l l y  v a r i a b l e  species,  e x h i b i t i n g  a  wide 

range o f  s i z e  v a r i a t i o n .  

6.3 Cinara c o n t o r t a e  Hot tes,  1958, 

Cinara c o n t o r t a e  Hot tes,  1958: 75-76. Holo type:  UCB; paratypes,  

USNM. 

Cinara con to r t ae ,  Eastop and H i l l e  R i s  Lambers, 1976: 149; Smith and -- 

Parron, 1978: 89, 

Apterous V iv ipa rous  Female (F igures  29, 31) 

Colour ,  when a l i v e ,  r e d d i s h  brown. Colour o f  c l ea red  specimens: 

head, thorax,  and antennae l i g h t  brown; d i s t a l  ends o f  antenna1 

segments 111, I V ,  and V da rker ,  segment V I  dark;  l egs  dark  except 

p rox ima l  one h a l f  o f  t i b i a  l i g h t ,  p rox ima l  t i p  o f  t i b i a  dark  brown; 

femur l i g h t e r  p r o x i m a l l y ;  abdominal s c l e r i t e s ,  c o r n i c l e s ,  and 

g e n i t a l  p l a t e  l i g h t  brown. 



F igu re  31. Morpho log ica l  f ea tu res  o f  C inara con to r tae .  A, 

v e n t r a l  p r o j e c t i o n  o f  body; €j, g e n i t a l  p l a t e ;  C, rost rum,  

segments 111, I V  and V; p, antenna; _S_, h i n d  leg ;  E, antenna1 

segments v and vI; Cj, h i n d  l eg ,  t a r s a l  segments I and 11. 







Body length,  3.16 + 0.40, 2.32 - 4.08. Head w i t h  few, shor t ,  

s p i n e - l i k e  setae. Frons width,  -331 + .021, .288 - .384. Lengths 

of antennal segments; 11, . I01 + .009, .084 - .126; 111, .521 + 
.060, -378 - .667; I V ,  -218 _t -025, . I58  - -268; V, a250 5 .032, 

. I88 - .324; V I  - base length,  . I34 + .010, -113 - .154; V I  - base 

width, .055 + -004, .046 - .067; V I  - processus te rm ina l i s ,  .046 2 

.007, .033 - .062. Secondary s e n s i l l a  on antennal segments 111, I V ,  

and V. Length o f  antennal setae appoximately longer than the base 

o f  segment 111. Length o f  setae on antennal segment 111, .040 2 

.007, .024 - .055. Number o f  setae on antennal segments; 11, 7.2 5 

1.1, 5.0 - 11.0; V, 26.2 + 4.5, 12.0 - 35.0; V I  - base, 14.2 + 2.7, 

9.0 - 20.0; V I  - processus te rm ina l i s ,  3.9 + 0.4, 1.0 - 4.0. 

Rostrum extends t o  c o r n i c l e s .  Length o f  ros t rum segments; V, .077 + 

.007, .061 - .115; I V ,  -196 + .017, .I67 - -238; 1x1, -217 + -019, 

. I89 - .264; 11, 1.19 + .012, .089 - 1.55. Number o f  accessory 

setae, rost rum I V ,  8.2 + 1.1, 6.0 - 11.0. 

Mesosternal t ube rc le  present.  Legs w i t h  setae, se t  a t  an angle 

o f  approximately 45 degrees; those on t i b i a  g rea ter  than one h a l f  

the  w id th  o f  the  t i b i a ;  length,  0.56 + .007, .033 - .073. Setae on 

h i n d  t i b i a e  moderately dense; number on 0.2 mm o f  mid-sect ion o f  

h ind  t i b i a ,  36.4 + 5.0, 27.0 - 48.0. Tarsal  setae f i n e ;  l eng th  o f  

those on t a r s a l  segment I 1  s l i g h t l y  g rea ter  than w id th  o f  t he  

segment. A s i ng le ,  v e n t r a l ,  a p i c a l ,  b l u n t  seta, shor te r  than 

others, present on t a r s a l  segment I. Hind l e g  dimensions; femur 

length,  1.50 + 0.22, 1.05 - 1.91; femur width,  . I66  + .028, . I18 - 



.271; t i b i a  l eng th ,  2.29 + .033, 1.55 - 2.89; t a r sus  I - v e n t r a l  

l eng th ,  . I 2 2  + .013, .087 - .149; t a r sus  I 1  - l eng th ,  .263 + .022, 

+224 - ,320. 

Abdominal s c l e r i t e s  I, 11, and I11 covered by h e a v i l y  pigmented 

areas; abdominal s c l e r i t e s  I V  and V w i t h  sma l le r ,  i r r e g u l a r ,  

pigmented patches.  Dorsa l  abdominal setae sho r t ,  s t r a i g h t ,  few, 

d i s t r i b u t e d  i n  two i r r e g u l a r  rows on abdominal segments I t o  V I I  and 

i n  a  s i n g l e  row a l ong  t he  p o s t e r i o r  marg in  o f  t he  t r ansve rse  

s c l e r i t e  o f  abdominal segment V I I I .  Setae on abdominal s c l e r i t e  V:  

l eng th ,  .023 + .007, .010 - .037; number, 26.2 + 4.5, 12.0 - 35.0. 

Number o f  setae on abdominal s c l e r i t e  V I I I ,  15.2 + 3.1, 11.0 - 

26.0. Ven t ra l  setae v a r i a b l e  i n  l eng th ,  f i n e ,  more numerous than 

d o r s a l  setae, g rea te r  than t h r e e  t imes t h e  l e n g t h  o f  t he  do rsa l  

setae. Setae on g e n i t a l  p l a t e ;  l eng th ,  ,082 + .012, .051 - .114; 

number, 27.4 + 6.5, 16.0 - 47.0. Co rn i c l es  o f  moderate s i z e  w i t h  

i r r e g u l a r  edges. Setae on c o r n i c l e s  moderate ly  dense, o f  two types, 

sho r t ,  s p i n e - l i k e  and o the rs  approx imate ly  t h r e e  t imes as long; 

number o f  setae on c o r n i c l e ,  39.3 + 9.7, 21.0 - 73.0. 

Integument o f  body smooth except f o r  sp i cu l ose  i m b r i c a t i o n s  on 

abdominal segments V I I  and V I I I ,  cauda, and g e n i t a l  p l a t e .  

Integument o f  an tenna l  segments smooth except f o r  sp i cu l ose  

i m b r i c a t i o n s  on an tenna l  segments V and V I ,  

A d d i t i o n a l  D e s c r i p t i v e  M a t e r i a l :  Apterous v i v i p a r o u s  female, Ho t tes  

1958, V o e g t l i n  1976. 



M a t e r i a l  Examined. ( a ) .  Type Ma te r i a l :  Paratypes, USNM, two 

s l i des ,  apterous v iv iparous  female, on Pinus con to r ta  murrayana, 

Upper Echo Lake, C a l i f o r n i a ,  6. VIII. 1937, E .  0. Essig. 

( b ) .  M a t e r i a l  c o l l e c t e d :  CANADA: B r i t i s h  Columbia, 5 km E 

Westbridge, 23. VII. 1979; 2 km E Pr inceton,  17. VI. 1980; 

Westbridge, 21. VI. 1980; C h r i s t i a n  Val ley,  21. VI. 1980; McLeese 

Lake, 29. VII. 1980; 15 km E Quesnel, Hwy 26, 30. VII. 1980; 10 km N 

Quesnel, Hwy 97, 31. V I I .  1980; Fraser Lake, I. VIII. 1980; Terrace, 

3. VIII. 1980; 11 km N Moricetown, Hwy 16, 3. VIII. 1980; 10 km SW 

S. Hazelton, Hwy 16, 3. VIII. 1980; Houston, 4. VIII. 1980; 18 km E 

Burns Lake, Hwy 16, 4. VIII. 1980; 6 km N Summit Lake, Hwy 97, 5. 

VIII. 1980; Mackenzie, 6. VIII. 1980; P i t t  Meadows, 27. VI. 1981; 7. 

VIII. 1981; 18. IX. 1981; 25 km E Pr inceton,  1. VII. 1981; Nanaimo, 

7. VII. 1981; Bowser, 7. VII. 1981: Burns Bog, Del ta ,  6. VIII. 1981, 

2. X. 1981; 29. VII. 1982; 8 km E Ja f f ray ,  Hwy 3, 9. VII. 1982; 5 km 

E Moyie Lake, Hwy 95, 10. VII. 1982; 29 km E .  Cast legar,  Hwy 3, 10. 

VII. 1982; Po r t  Coquitlam, 9. IX. 1982, 11. X. 1982. U. S. A.: 

C a l i f o r n i a ,  Crescent C i t y ,  22. VI. 1979; Idaho, P r i e s t  Lake, 29. VI. 

1982; 37 km N Plummer, Hwy 95, 30. VI. 1982; 5 km S Cascade, Hwy 55, 

2. VII. 1982; 90 km N Boise, Hwy 55, 2. VII. 1982; 11 km S I s l a n d  

Park, Hwy 20, 5. VII. 1982; 18 km SW West Yellowstone, Hwy 20, 5. 

VII. 1982; Montana, 29 km N West Yellowstone, Hwy 191, 6. VII. 1982; 

Helena, 7. VII. 1982; MacDonald Pass, 32 km W Helena, Hwy 12, 7. 

VII. 1982; Seeley Lake, 7. VII. 1982; 16 km N Seeley Lake, Hwy 83, 



8. V I I .  1982; 6 km S West G lac ie r ,  Hwy 2, 8. V I I .  1982; Oregon, 

Bandi t  Springs, 3. V I I I .  1975; Nehalem S ta te  Park, 20. V I .  1979; 

Washington, Westport, 19. V I .  1979; 3 km S Newport, Hwy 2, 29. 6. 

1982. 

( c ) .  Add i t i ona l  M a t e r i a l  Examined: CANADA: B r i t i s h  Columbia, 

Lumby, 12. V I .  1959, G. A.  Bradley; M t .  S i l v e r  Star ,  16. V I .  1959, 

G. A. Bradley; C h r i s t i n a  Lake, 29. V I I .  1959, G. A. Bradley; 

A lber ta ,  Hinton, 30. V I .  1956, G. A. Bradley. U. S. A.: Oregon, 

McKenzie Pass, Lane Co., 17. V I I .  1977, D. Voegt l in .  

D i s t r i b u t i o n :  CANADA: A lber ta ,  B r i t i s h  Columbia. U. S. A.: 

C a l i f o r n i a ,  Idaho, Montana, Oregon, Washington. 

Host Range: Pinus contor ta .  

Feeding S i t e :  New growth shoots, smal l  branches, main stems, and 

cankers; smal l  t o  l a r g e  colonies.  

Comments. C. con tor tae  i s  s i m i l a r  t o  C. b rev isp inosa i n  t h a t  i t  has 

shor t ,  dorsal ,  abdominal setae and r e l a t i v e l y  sho r t  setae on most 

appendages. I t  d i f f e r s  f rom the l a t t e r  species i n  t h a t  i t  lacks the 

transverse, pigmented bands on the abdomen. C. con tor tae  i s  a 

geograph ica l l y  v a r i a b l e  species e x h i b i t i n g  a wide range o f  s i z e  

v a r i a t i o n .  



6.4 C ina ra ,med isp inosa  ( G i l l e t t e  and Palmer, 1929) 

Lachnus medisp inosus nov. nom. G i l l e t t e  and Palmer, 1929: 30. 

Ho lo type ,  No. 41961, USNM; pa ra types ,  CAES, USNM. 

Lachnus s i m i l i s ,  G i l l e t t e  and Palmer, nec van der  Goot, 1917, 

G i l l e t t e  and Palmer, 1924: 23-26. (p reoccup ied )  

Lachnus medisp inosus,  Knowlton,  1930: 153-154. 

C ina ra  medisp inosa,  G i l l e t t e  and Palmer, 1931: 859; Palmer, 1952: 

75; B rad ley ,  1961: 75; Eastop and H i l l e  R i s  Lambers, 1976: 152; 

Smi th  and Parron,  1978: 97. 

Apterous V i v i p a r o u s  Female ( F i g u r e s  32, 33) 

Co lour ,  when a l i v e ,  r e d d i s h  brown. Co lour  o f  c l e a r e d  specimens: 

head, t h o r a x  and antennae brown; a n t e n n a l  segment V I  da rke r ,  d i s t a l  

ends o f  segments 111, I V ,  and V da rke r  than  r e s t  o f  segment; l e g s  

da rk  except  p r o x i m a l  one t h i r d  o f  t i b i a  l i g h t ,  p r o x i m a l  t i p  o f  t i b i a  

da rk  brown, femur l i g h t e r  p r o x i m a l l y ;  abdominal  s c l e r i t e s ,  

c o r n i c l e s ,  and g e n i t a l  p l a t e  l i g h t  brown. 

Body l e n g t h ,  3.41 2 0.31, 2.80 - 4.00. Head w i t h  few, l ong ,  

f i n e  setae.  Frons w i d t h ,  .345 + .019, .309 - .376. Lengths o f  

an tenna l  segments; 11, .I11 + .007, . I 0 1  - .127; 111, ,571 + .034, 

.493 - .632; I V ,  -240 + -022, . I 9 9  - .283; V, .282 + .027, ,234 - 

.331; V I  - base l e n g t h ,  . I 4 4  2 .013, . I 2 3  - .165; V I  - base w i d t h ,  

,057 + .002, ,052 - .061; V I  - processus t e r m i n a l l s ,  .043 + ,006, 



F igu re  32. Photographs o f  t he  v e n t r a l  v iew of  s l ide-mounted 

specimens o f  C inara medispinosa ( t o p )  and Cinara murrayanae 

(bot tom).  





F igu re  33. Morpho log ica l  f ea tu res  o f  C inara medispinosa. A, 

v e n t r a l  p r o j e c t i o n  of body; B, g e n i t a l  p l a t e ;  C, rostrum, 

segments 111, I V  and V; D, antenna; E, h i n d  l eg ;  E, antenna1 

segments V and V I ;  5,  h i n d  l eg ,  t a r s a l  segments I and 11. 





.034 - .054. Secondary s e n s i l l a e  on antennal  segments 111, I V ,  and 

V.  Length of an tenna l  setae s l i g h t l y  l e s s  than two t imes t he  base 

o f  segment 111. Length o f  setae on an tenna l  segment 111, .072 + 

,010, .056 - .102. Number o f  setae on an tenna l  segments; 11, 8.4 + 
1.3, 6.0 - 12.0; V ,  31.2 + 7.1, 19.0 - 44.0; V I  - base, 15.5 + 4.3, 

10.0 - 24.0; V I  - processus t e r m i n a l i s ,  4.0 + 0.2, 3.0 - 4.0; 

Rostrum extends t o  c o r n i c l e s .  Length o f  r os t r um segments; V, .083 + 

.005, .071 - .092; I V ,  ,212 2 .020, . I 8 4  - .248; 111, .227 + .011, 

.202 - ,248; 11, 1.23 + .011, . I 01  - 1.33. Number o f  accessory 

setae, r os t r um I V ,  8.8 + 1  .l, 7.0 - 11.0. 

Mesosternal  t u b e r c l e  p resen t .  Legs w i t h  setae s e t  a t  an ang le  

o f  approx imate ly  45 degrees; those on t i b i a  g rea te r  than one h a l f  

t he  w i d t h  o f  t i b i a ,  l eng th ,  0.74 + .007, ,064 - .087. Setae on h i n d  

t i b i a  moderate ly  dense; number on 0.2 mm o f  m id - sec t i on  o f  h i n d  

t i b i a ,  41.0 + 6.7, 24.0 - 54.0. Ta rsa l  setae moderate ly  f i n e ;  

l e n g t h  o f  those on t a r s a l  segment I 1  s l i g h t l y  g rea te r  than w i d t h  o f  

segment. A s i n g l e ,  v e n t r a l ,  a p i c a l ,  b l u n t  seta ,  sho r t e r  than 

o the rs ,  p resen t  on t a r s a l  segment I. Hind l e g  dimensions; femur 

l eng th ,  1.59 + 0.12, 1.36 - 1  .go; femur w id th ,  . I 81  2 .016, . I 52  - 

.212; t i b i a  l eng th ,  2.38 + 0.19, 2.00 - 2.89; t a r sus  I - v e n t r a l  

l eng th ,  . I 30  + ,009, . I 16  - .149; t a r sus  I 1  - l eng th ,  .281 + .013, 

.244 - ,302. 

Abdominal s c l e r i t e s  I, 11, and V I I I  covered by h e a v i l y  pigmented 

areas; abdominal s c l e r i t e s  I11 t o  V I I  w i t h  smal l ,  i r r e g u l a r  

pigmented patches. Dorsa l  abdominal setae long,  s l i g h t l y  curved, 



numerous, in two irregular rows on segments I to VII and in a single 

row along the posterior margin of the transverse sclerite of 

abdominal segment VIII. Setae on abdominal sclerite V; length, .098 

+ -008, .084 - .125; number, 22.4 + 6.4, 9.0 - 35.0. Number of - 

setae on abdominal sclerite VIII, 16.5 + 3.6, 12.0 - 26.0. Ventral 

setae fine, more numerous than, as long as dorsal setae. Setae on 

genital plate; length, .I03 .011, -078 - .121; number, 26.9 + 6.1, 
15.0 - 39.0. Cornicles of moderate size with irregular edges. 

Setae on cornicles dense, all long, fine; number, 71.9 2 19.9, 38.0 

- 115.0. 

Integument of body smooth except spiculose imbrications on 

abdominal segments VII and VIII, cauda, genital plate, and antenna1 

segment VI. 

Additional Descriptive Material: Fundatrix, Gillette and Palmer 

1924, Knowlton 1930, Palmer 1952; apterous viviparous female, 

Gillette and Palmer 1924, 1931, Knowlton 1930, Palmer 1952, Voegtlin 

1976; alate viviparous female, Gillette and Palmer 1924, 1931, 

Knowlton 1930, Palmer 1952; ovipara, Gillette and Palmer 1924, 

Palmer 1952; alate male, Gillette and Palmer 1924, Palmer 1952. 

Material Examined. (a). Type Material: Holotype, No. 41961, USNM, 

fundatrix, on Pinus contorta murrayana, 8. VI. 1922, Stove Prairie 

Hill, Bellvue, Colorado, M. A. Palmer. Paratypes, one alate 

viviparous female, 5 apterous viviparous females, on Pinus contorta 



murrayana, 31. V. 1922, Stove P r a i r i e  H i l l ,  Be l lvue,  Colorado, J. L. 

Hoer ner . 
( b ) .  M a t e r i a l  Co l lec ted :  CANADA: B r i t i s h  Columbia, 26 km N 

Westbridge, Hwy 33, 27. VII. 1977; Hef ley Creek, 26. VI. 1980; 

McLeese Lake, 29. VII. 1980; 15 km E Quesnel, Hwy 26, 30. VII. 1980; 

10 km N Quesnel, Hwy 97, 31. VII. 1980; 12 km N Hixon, 31. VII. 

1980; 74 km N Terrace, Hwy 16, 3. VIII. 1980; Houston, 4. VIII. 

1980; 20 km E Chetwynd, Hwy 97, 6. VIII. 1980; ;18 km S Taylor ,  7. 

VIII. 1980; M t .  Robson, Hwy 16, 12. VIII. 1980; Blue River ,  13. 

VIII. 1980; 18 km E Pr inceton,  17. VI. 1980, 3. VII. 1981; 24 km E 

Pr inceton,  1. VII. 1981; Bowser, 7. VII. 1981; 10 km E Duncan, 8. 

VII. 1981; Crowsnest Pass, 9. VII. 1982; 8 km E Ja f f ray ,  Hwy 3, 9. 

VII. 1982; 5 km E Moyie Lake, Hwy 95, 10. VII. 1982; 5 km E Stagleap 

Prov. Park, Hwy 3, 10. VII. 1982; Alber ta,  5 km W Edson, 11. VIII. 

1980; 30 km N Hinton, 11. VIII. 1980; 2 km W Jasper, 12. VIII. 1980. 

U. S. A.: Idaho, 13 km S P r i e s t  Lake, 29. VI. 1982; 90 km N Boise, 

Hwy 55, 2. VII. 1982; 11 km S I s l a n d  Park, Hwy 20, 5. VII. 1982; 18 

km SW West Yellowstone, Hwy 20, 5. VII. 1982; Montana, 10 km W West 

Yellowstone, Hwy 20, 6. VII. 1982; Washington, 3 km S Newport, Hwy 

2, 29. VI. 1982. 

( c ) .  Add i t i ona l  M a t e r i a l  Examined: CANADA: B r i t i s h  Columbia, 

Topley, 3. VII. 1941; Cascade, 29. VII. 1954, 23. V. 1957, G. A. 

Bradley; Vernon, 16. VI. 1956, G. A. Bradley; T r i n i t y  Val ley,  14. V. 

1959, G. A. Bradley; Grand Forks, 28. V. 1959, G. A. Bradley; 

Rossland, 29. V. 1959, G. A.  Bradley; Greenwood, 3. VI. 1959, G. A .  



Bradley; Squi lax,  11. V I .  1959, G. A .  Bradley; Lumby, 12. V I .  1959, 

16. V I .  1962, G. A.  Bradley; C h r i s t i n a  Lake, 29. V I I .  1959, G. A. 

Bradley; Shushwap F a l l s ,  10. V I .  1959, G. A. Bradley; Nanoose, 25. 

V.  1962, G. A.  Bradley; Qualicum, 25. V.  1962, G. A. Bradley; 

Chemainus, 24. V.  1962, G. A. Bradley; Tof ino,  26. V. 1962, G. A. 

Bradley; A lber ta ,  Hard is ty ,  11. V I I I .  1950, G. A. Bradley; Nordegg, 

V I I .  1952; Entrance, 21. V I I .  1954, G. A.  Bradley; M i e t t e  Hot 

Springs, 16. V I I I .  1955, J. D. Stanger; Jonas Creek, 20. V I I I .  1955, 

J. D. Stanger; Pyramid Lake, 25. V I I I .  1955, J. D .  Stanger; Banf f ,  

30. V I I I .  1955, J. D .  Stanger; Rock Lake, 28. V I .  1956, G. A. 

Bradley; M t .  Eisenhower, 18. V I I .  1959, G. A.  Bradley; Seebe, 11. 

V I I I .  1959, 4. I X .  1968, G. A. Bradley; B a r r i e r  Lake, 20. V I I I .  

1965, J. M. Powell; Saskatchewan, I nd ian  Head, 30. V I .  1955, G. A. 

Bradley, Cypress H i l l s ,  23. V I .  1959, G. A. Bradley; Yukon, Mayo 

Rd., 4. V I I .  1964, R. Wood; U. S. A.: C a l i f o r n i a ,  B lodget t  Exp. 

Forest,  Eldorado Co., 1. V I .  1975, D. Voegt l in ;  Loon Lk., Eldorado 

Co., 23. V I .  1975, D. Voegt l in ;  Idaho, H i l l y a r d  Canyon, 5. V I I .  

1968, G. F .  Knowlton; Oregon, Por t land,  7. I V .  1971, F ,  P. Larson; 

Sut ton Camp Ground, Lane Co., 7. V.  1978, D. Voegt l in ;  Utah, East 

McKee, Uni tah Mtns., 22. V I I .  1966, G. F .  Knowlton. 

D i s t r i b u t i o n :  CANADA: Alber ta,  B r i t i s h  Columbia, Saskatchewan, 

Yukon. U. S. A.: C a l i f o r n i a ,  Colorado, Idaho, Oregon, Utah. 

Host Range: Pinus con to r ta  



Feedlng S i t e :  New growth shoots, smal l  t o  l a r g e  branches, scar 

t i s s u e  on t r unk ,  cankers; l a r g e  dense co lon ies .  

Comments. The d o r s a l  p igmenta t ion  p a t t e r n  o f  t h i s  species resembles 

somewhat t h a t  o f  C. b rev isp inosa .  However, i t  can be d i s t i n g u i s h e d  

f rom t h i s  spec ies by i t s  l a r g e r  setae and longer  ros t rum.  C. 
medispinosa i s  i n t e rmed ia te  between C. b rev i sp i nosa  and C. 

murrayanae w i t h  respec t  t o  t he  l e n g t h  o f  setae. 

6.5 Cinara murrayanae ( G i l l e t t e  and Palmer, 1924) 

Lachnus murrayanae G i l l e t t e  and Palmer, 1924: 26-27. Holotype, No. 

41960, USNM; paratypes:  BM, USNM. 

Cinara murrayanae, G i l l e t t e  and Palmer, 1931: 860-861; Palmer, 1952: 

35-36; Brad ley ,  1961: 64-65; Eastop and H i l l e  R is  Lambers, 1976: 

152; Smith and Parron, 1978: 98. 

Apterous V iv ipa rous  Female (F igures  32, 34) 

Colour when a l i v e ,  r e d d i s h  brown. Colour o f  c l e a r e d  specimens: 

head, thorax,  and antenna dark brown; antenna1 segments I, 11, and 

V I  dark  brown, d i s t a l  ends o f  segments 111, I V ,  and V darker  than 

r e s t  o f  segments. Legs dark  except p rox ima l  one f i f t h  o f  t i b i a  

l i g h t ,  p rox ima l  t i p  o f  t i b i a  dark,  femur l i g h t e r  p r o x i m a l l y ;  



F igu re  34. Morpho log ica l  f ea tu res  o f  C inara murrayanae. A, 

v e n t r a l  p r o j e c t l o n  o f  body; B, g e n i t a l  p l a t e ;  C, rostrum, 

segments 111, I V  and V; p, antenna; 11, h l n d  l eg ;  E, antenna1 

segments V and V I ;  5,  h i n d  l eg ,  t a r s a l  segments I and 11, 







abdominal s c l e r i t e s  and g e n i t a l  p l a t e  brown, c o r n i c l e s  dark brown. 

Body length,  3.68 2 0.35, 2.96 - 4.24. Head w i t h  many, f i n e  

setae. Frons width,  .374 2 .025, .310 - .438. Lengths o f  antennal 

segments; 11, . I20  5 .009, . I04 - .140; 111, .572 + .071, .446 - 

.707; I V ,  ,259 ,032, .201 - .328; V,  .309 .036, .248 - .410; V I  

- base length,  . I50 5 .011, . I30  - .175; V I  - base width, .064 + 
.005, .053 - .072; V I  - processus te rm ina l i s ,  .045 + .005, .034 - 

.055. Secondary s e n s i l l a  on antennal segments 111, I V ,  and V.  

Length o f  antennal setae greater  than two times the base o f  segment 

111. Length o f  setae on antennal segment 111, .082 2 .010, .083 - 

.114. Number o f  setae on antennal segments; 11, 10.4 5 1.9, 7.0 - 

14.0; V, 37.6 + 4.6, 27.0 - 48.0; V I  - base, 19.4 + 2.8, 13.0 - 

24.0; V I  - processus te rm ina l i s ,  3.9 + 0.3, 3.0 - 4.0; Rostrum 

extends t o  co rn i c l es .  Length o f  ros t rum segments; V, .088 + .006, 

.074 - .099; I V ,  .230 2 .018, . I87 - .261; 111, .244 + -018, -200 - 

.280; 11, 1.39 + .014, 1.11 - 1.66. Number o f  accessory setae, 

rost rum I V ,  10.3 5 1.4, 8.0 - 14.0. 

Mesosternal t ube rc le  present .  Legs w i t h  setae se t  a t  an angle 

o f  approximately 45 degrees; those on t i b i a  almost as long  as w id th  

o f  t i b i a ;  length,  .087 + .014, .064 - -116. Setae on h ind  t i b i a  

dense; number on 0.2 mm o f  mid-sect ion o f  h i n d  t i b i a ,  45.5 2 5.3, 

35.0 - 58.0. Tarsa l  setae on h ind  t i b i a  moderately f i n e ;  l eng th  o f  

those on t a r s a l  segment I I  greater  than w id th  o f  segment. A s ing le ,  

ven t ra l ,  ap i ca l ,  b l u n t  seta, shor te r  than others,  present on t a r s a l  

segment I. Hind l e g  dimensions; femur length,  1.63 + 0.19, 1.39 - 



2.03; femur width, -188 + .022, .I48 - .237; tibia length, 2.45 2 

0.34, 2.00 - 3.11; tarsus I - ventral length, .I36 - + .011, .I15 - 

.160; tarsus I1 - length, .295 + .021, .252 - .339. 
Abdominal sclerites I, 11, and VIII covered by heavily pigmented 

areas; abdominal sclerites I11 to VII with small, irregular 

pigmented patches. Dorsal abdominal setae long, slightly curved, 

numerous, in two irregular rows on each sclerite. Setae on abdominal 

sclerite V; length, .I14 + .016, .085 - .152; number, 37.5 + 13.6, 
12.0 - 64.0. Number of setae on abdominal sclerite VIII, 18.1 2 4.0, 

12.0 - 29.0. Ventral setae fine, more numerous than, as long as, 

dorsal setae. Setae on genital plate; length, .I13 + .013, .088 - 
.154; number, 32.4 + 5.0, 24.0 - 45.0. Cornicles of moderate size, 

with irregular edges. Setae on cornicle dense, all long, fine; 

number of setae on cornicle, 87.7 5 15.9, 61.0 - 135.0. 

Integument of body smooth except spiculose imbrications on 

abdominal segments VII and VIII, cauda, genital plate and antenna1 

segment VI. 

Additional Descriptive Material: Apterous viviparous female, alate 

viviparous female, ovipara, alate male, Palmer 1952. 

Material Examined. (a). Type Material: Holotype, No. 41960, USNM, 

1 slide, apterous viviparous female, on Pinus contorta var. 

murrayana, Stove Prairie Hill, Bellvue, Colorado, 3. VI. 1922, J. L .  

Hoerner. Paratypes, 1 slide, fundatrix, same data as holotype, 



except  c o l l e c t e d  20. V .  1922; 1 s l l d e ,  a l a t e  v i v i p a r o u s  female, same 

d a t a  as h o l o t y p e .  

( b ) .  M a t e r i a l  C o l l e c t e d :  CANADA: B r i t i s h  Columbia, P i t t  Meadows, 

29. V.  1979, 27. V I .  1981, 7. V I I I .  1981, 18. I X ,  1981, 4. X .  1981; 

Naramata, 17. V I .  1979; C h r i s t i a n  V a l l e y ,  21. V I .  1980; W i l l i a m s  

Lake, 29. V I I .  1980; 12 km N Hixon,  Hwy 97, 31. V I I .  1980; 

Mackenzie, 6. V I I I .  1980; M t .  Robson, Hwy 16, 12, V I I I .  1980; 26 km 

S Valemount, Hwy 5, 13. V I I I .  1980; Burns Bog, D e l t a ,  6. V I I I ,  1981, 

2. X .  1981, 29. V I I .  1982; Sparwood, 9. V I I .  1982; 8.0 km E J a f f r a y ,  

Hwy 3, 9. V I I .  1982; 5 km E Moyie Lake, Hwy 95, 10. V I I .  1982; 29 km 

E C a s t l e g a r ,  Hwy 3, 10. V I I .  1982; A l b e r t a ,  7 km S Swan H i l l s ,  10. 

V I I I .  1980; 20 km W Edson, 11. V I I I .  1980; U. S. A.:  C a l i f o r n i a ,  

Crescent  C i t y ,  22. V I .  1979; Idaho,  5 km S Cascade, Hwy 55, 2. V I I .  

1982; 18 km SW West Ye l lows tone ,  Hwy 20, 5. V I I .  1982; Montana, 

Seeley Lake, 8. V I I .  1982; Oregon, Nehalem S t a t e  Park,  20. V I .  1979. 

( c ) .  A d d i t i o n a l  M a t e r i a l  Examined: CANADA: B r i t i s h  Columbia, 

Salmon Arm, 14. V I .  1955, G. A.  B rad ley ;  Englishman R i v e r  F a l l s ,  20. 

V .  1962, G. A .  B rad ley ;  Chemainus, 24. V.  1962, G. A. B rad ley ;  

Qual icum,  25. V .  1962, G, A.  B rad ley ;  Grand Forks ,  28. V .  1962, G, 

A .  B rad ley ;  A l b e r t a ,  B a r r i e r  Lake, 20. V I I I ,  1965, J .  N. Powe l l .  

D i s t r i b u t i o n :  CANADA: A l b e r t a ,  B r i t i s h  Columbia. U.  S. A.:  

C a l i f o r n i a ,  Idaho,  Montana, Oregon, 

Host  Range: P inus c o n t o r t a  



Feeding S i t e :  Smal l  branches,  main stem, cankers ;  l a r g e ,  dense 

c o l o n i e s .  

Comments. I n  t h e  ap te rous  morph of  t h i s  spec ies ,  t h e  se tae  on t h e  

h i n d  t i b i a  a r e  n e a r l y  as l o n g  as t h e  w i d t h  o f  t h e  t i b i a ;  i n  t h e  

a l a t e  morph they  a r e  n e a r l y  t w i c e  as l o n g  as t h e  w i d t h  o f  t h e  

t i b i a .  T h i s  c h a r a c t e r i s t i c ,  and t h e  f a c t  t h a t  t h e  se tae  a r e  h e a v i e r  

and more e r e c t ,  d i s t i n g u i s h  t h i s  spec ies  f r o m  o t h e r  spec ies  o f  

C ina ra  on P. c o n t o r t a .  

6.6 C ina ra  n i g r a  (Wi lson,  1919) 

L a c h n i e l l a  n i g r a  Wi lson,  1919: 41-432, L e c t o t y p e ,  UMN; 

p a r a l e c t o t y p e s ,  FEM,  USNM. 

C i n a r a  kocheta,  H o t t e s ,  1958: 81-83. ( v i d e  Pepper and T i s s o t ,  1973; 

67-74). Ho lo type,  pa ra types ,  USNM. 

C ina ra  n i g r a ,  Pepper and T i s s o t ,  1973: 67-74; Eastop and H i l l e  R i s  

Lambers, 1976: 152; Smi th  and Parron,  1978: 98, 

Apterous V i v i p a r o u s  Female ( F i g u r e s  35, 36)  

Co lour  when a l i v e ,  s h i n y ,  da rk  r e d d i s h  brown. Co lour  o f  c l e a r e d  

specimens: head and t h o r a x  brown; antennae l i g h t e r  brown, d i s t a l  

ends o f  segments da rke r  than  r e s t  o f  segment; l e g s  brown except  



F igu re  35, Photographs o f  t h e  v e n t r a l  v iew o f  s l i d e -  

mounted specimens o f  C inara n l g r a  ( t o p )  and Cinara 

oregonensis (bo t tom) .  





F igu re  36. Morpho log ica l  f ea tu res  o f  C inara n i g r a .  4, 

v e n t r a l  p r o j e c t i o n  o f  body; B, g e n l t a l  p l a t e ;  C, rost rum,  

segments 111, I V  and V; D, antenna; E, h i n d  l eg ;  E, antenna1 

segments V and V I ;  G, h i n d  l eg ,  t a r s a l  segments I and 11, 







prox imal  one f i f t h  o f  t i b i a  l i g h t ,  prox imal  t i p  o f  t i b i a  dark brown, 

femur l i g h t e r  prox imal  one h a l f ;  abdominal s c l e r i t e s  and g e n i t a l  

p l a t e  brown, c o r n i c l e s  darker brown. 

Body length,  3.51 + 0.31, 2.78 - 4.32. Head w i t h  numerous, 

long, f i n e  setae; l eng th  o f  setae grea ter  than d is tance between 

setae. Frons width, .355 2 .019, .304 - .440. Lengths o f  antennal 

segments; 11, . I14 + .006, .098 - .134; 111, -545 5 .035, .400 - 

.651; I V ,  .241 5 .019, -184 - .299; V,  .290 2 .017, .248 - .345; V I  

- base length,  . I40  + .006, . I16 - .158; V I  - base width, .056 2 

.003, .046 - .066; V I  - processus te rm ina l i s ,  .048 + .004, .036 - 

-062. Secondary s e n s i l l a e  on antennal segments 111, I V ,  and V.  

Length of antennal setae s l i g h t l y  longer than base o f  111. Length 

o f  setae on antennal segment 111, .059 + .005, .043 - .080. 

Number o f  setae on antennal segments; 11, 9.1 5 1.1. 6.0 - 13.0; V, 

35.9 2 3.5, 27.0 - 48.0; V I  - base, 12.7 2 1.5, 9.0 - 17.0; V I  - 

processus te rm ina l i s ,  5.1 5 .05, 4.0 - 7.0. Rostrum extends t o  

co rn i c l es .  Length o f  ros t rum segments; V,  .082 2 .003, .077 - .088; 

I V ,  .209 2 .016, . I84 - .230; 111, .271 5 ,015, .234 - .294; 11, 

1.41 2 .114, 1.11 - 1.60. Number o f  accessory setae, rost rum I V ,  

8.8 2 0.9, 8.0 - 11 .O. 

Mesosternal t ube rc le  present,  prominent. Legs w i t h  setae se t  a t  

an angle o f  approximately 45 degrees; those on t i b i a  greater  than 

one h a l f  the w id th  o f  the  t i b i a ,  length,  .075 2 .006, .055 - .094. 

Setae on h ind  t i b i a e  moderately dense; number on 0.2 mm o f  

mid-sect ion o f  h ind  t i b i a ,  42.3 + 4.9, 25.0 - 58.0. Tarsal  setae 



others,  

length,  

.224; t 

length ,  

f i n e ;  l eng th  o f  those on t a r s a l  segment 11 equal t o  w id th  of 

segment. A s i ng le ,  ven t ra l ,  ap i ca l ,  b l u n t  seta, shor ter  than 

present  on t a r s a l  segment I. Hind l e g  dimensions; femur 

+ 0.14, 1.28 - 1.97; femur width,  . I77 2 .018, . I28  - - 

length,  2.55 2 0.21, 1.99 - 3.22; tarsus I - v e n t r a l  

+ .006, . I08  - .146; tarsus I 1  - length,  .309 2 .015, 

i b i a  

. I29 

Dorsum o f  abdomen w i t h  la rge ,  cont inuous s c l e r o t i z e d  area. 

Dorsal abdominal setae shor t ,  s t r a i g h t ;  those w i t h i n  s c l e r o t i z e d  

patch appear as smal l ,  c l ea r  dots;  d i s t r i b u t e d  i n  s i n g l e  rows on 

each segment. Setae on abdominal s c l e r i t e  V; length,  .011 -+ .002, 

.003 - .018; number, 6.9 + 1.0, 4.0 - 10.0. Number o f  setae on 

abdominal s c l e r ' t t e  V I I I ,  12.9 -+ 1.3, 9.0 - 16.0. Vent ra l  setae 

f i n e ,  v a r i a b l e  i n  leng th ,  more numerous than, greater  than ten  t imes 

the  l eng th  o f  dorsa l  setae. Setae on g e n i t a l  p l a te ;  leng th ,  -083 - + 

.009, .054 - .104; number, 32.9 -+ 5.0, 19.0 - 48.0. Corn ic les  

la rge ,  sc le ro t i zed ,  fused w l t h  l a r g e  dorsa l  patch. Setae on 

c o r n i c l e s  moderately dense, as long  as v e n t r a l  setae; number o f  

setae on c o r n i c l e ,  41.9 + 6.8, 24.0 - 62.0. 

Integument o f  body smooth except f o r  sp icu lose  imbr i ca t i ons  on 

abdominal segments V I I  and V I I I ,  cauda, and g e n i t a l  p l a t e .  

Integument o f  antennal segments smooth except f o r  sp icu lose  

imbr i ca t i ons  on antennal segments V I .  



Additional D e s c r i p t i v e  M a t e r i a l .  Apterous v i v i p a r o u s  female, Pepper 

and T i s s o t  1973, Wi lson 1919; a l a t e  v i v i p a r o u s  female, Ho t tes  1958, 

Pepper and T i s s o t  1973, Wi lson 1919; o v i p a r a ,  ap te rous  male, Pepper 

and T i s s o t  1973. 

M a t e r i a l  Examined, ( a ) .  Type M a t e r i a l :  Lec to type ,  USNM, 

des igna ted  by Pepper and T i s s o t  (1973),  ap te rous  v i v i p a r o u s  female, 

on Pinus s y l v e s t r i s ,  K i l b u r n ,  Wisconsin,  18. V I I I ,  1917, H. F ,  

Wilson. Morphotype, FEM,  des igna ted  by Pepper and T i s s o t  (1973),  

ov ipa ra ,  on Pinus banksiana, Sanford,  Mich igan,  30. I X .  1964, T., P 

& B. c o l l .  

( b ) .  M a t e r i a l  C o l l e c t e d :  CANADA: B r i t i s h  Columbia, H e f l e y  Creek, 

26, V I ,  1980; 83 M i l e  House, 29. V I I .  1980; 15 km E Quesnel ,  Hwy 26, 

30. V I I .  1980; 10 km N Quesnel ,  Hwy 97, 31. V I I ,  1980; 12 km N 

Hixon, Hwy 97, 31. V I I I ,  1980; 5 km W P r i n c e  George, Hwy 16, 31. 

V I I .  1980; 30 km W P r i n c e  George, Hwy 16, 31. V I I ,  1980; 46 km NW 

Smi thers ,  Hwy 16, 3. V I I I .  1980; Lake lse  Lake, 3. V I I I .  1980; 31 km 

N P r i n c e  George, Hwy 97, 5. V I I I .  1980; Mackenzie, 6. V I I I .  1980; 45 

km SE Chetwynd, Hwy 97, 6. V I I I .  1980; 18 km S T a y l o r ,  Hwy 97, 7. 

V I I I .  1980; 105 km NW F o r t  S t .  John, Alaska Hwy., 8. V I I I .  1980; 2 

km S F o r t  S t .  John, 8. V I I I ,  1980; 2 km E M t .  Robson Prov.  Park, Hwy 

16, 12. V I I I .  1980; ~ $ t e  Jaune, 12. V I I I .  1980; Valemount, 13. V I I I .  

1980; 26 km S Valemount, Hwy 5, 13. V I I I .  1980; Sparwood, 9. V I I .  

1982; A l b e r t a ,  5 km N Swan H i l l s ,  Hwy 33, 9. V I I I .  1980; 7 km S Swan 



H i l l s ,  10. VIII. 1980; 5. km W Edson, Hwy 16, 11. VIII. 1980; 20 km 

W Edson, Hwy 16, 11. VIII. 1980. 

( c ) .  A d d i t i o n a l  M a t e r i a l  Examined: CANADA: A l b e r t a ,  Grande 

P r a i r i e ,  21. VI. 1956, G. A.  B rad ley ;  Kananaskis,  24. VI. 1956, J .  

D.  Stanger;  M t .  Eisenhower, 20. VI. 1959, G. A. B rad ley ;  R i c i n u s ,  5. 

VII. 1963; S p i r i t  R i v e r ,  6. VII. 1962, G. J .  Smith;  Mani toba,  

Eganof f  Lake, 13. VIII. 1964, G. A. B rad ley ,  P inus banksiana;  

Sandi lands For .  Res., 30. VI. 1966, G. A,  B rad ley ,  P inus banksiana;  

O n t a r i o ,  Cedar Lake, 15. VIII. 1960, G. A,  B rad ley ,  P inus banksiana;  

Kormack, 2. VIII. 1962, F .  L i vesay ,  P inus banksiana;  Caramat, 13. 

VII. 1964, U. Jansons, P inus banksiana;  Nor thwest  T e r r i t o r i e s ,  

Y e l l o w k n i f e ,  16. VII, 1962, P inus banksiana;  

D i s t r i b u t i o n :  CANADA: A l b e r t a ,  B r i t i s h  Columbia, Mani toba,  

Nor thwest  T e r r i t o r i e s ,  O n t a r i o ;  U. S. A, :  M ich igan,  Wisconsin.  

Host  Range: P inus banksiana,  P inus contorts. 

Feeding S i t e :  Main stem, branches;  l a r g e ,  dense c o l o n i e s .  

Comments. The d i s t r i b u t i o n  o f  t h i s  spec ies ,  and i t s  m o r p h o l o g i c a l  

r e l a t i o n s h i p s  w i t h  t h e  o t h e r  C i n a r a  spec ies  h a v i n g  a dark ,  d o r s a l ,  

abdominal pa tch ,  a r e  d i scussed  i n  Chapter 4 and i n  s e c t i o n  6.11. 

Pepper and T i s s o t  (1973)  d e s c r i b e d  i n  d e t a i l  t h e  morphology o f  t h i s  

spec ies  and d i scussed  t h e  t y p e  m a t e r i a l .  



6.7 Cinara oregonensis (Wi lson,  1915) 

Lachnus oregonensis Wi lson, 1915: 103. Holo type:  UMN. 

Lachnus oregonensis,  Palmer, 1926: 311-314. 

Cinara oregonensis,  G i l l e t t e  and Palmer 1931: 862; Palmer, 1952: 37; 

Brad ley,  1961: 53-54; Eastop and H i l l e  R is  Lambers, 1976: 152; 

Smith and Parron, 1978: 100. 

Apterous V iv ipa rous  Female (F igures  35, 37) 

Colour,  when a l i v e ,  r e d d i s h  brown (Palmer 1952).  Colour o f  

c l ea red  specimens: head and thorax  l i g h t  brown, antennae l i g h t  

except d i s t a l  ends o f  111, I V ,  and V darker  than r e s t  o f  segment, I, 

11, and V I  da rker ;  l egs  l i g h t  brown, femur and t i b i a  darker  

d i s t a l l y ;  abdominal s c l e r i t e s ,  c o r n i c l e s  and g e n i t a l  p l a t e  l l g h t  

brown. 

Body l eng th ,  2.5 - 3.0 (Palmer 1952). Head w i t h  few, sho r t ,  

s p i n e - l i k e  setae. Secondary s e n s i l l a e  on antennal  segments 111, I V ,  

and V .  Length o f  an tenna l  setae s l i g h t l y  g rea te r  than two t imes t he  

base o f  segment 111. Rostrum extends pas t  cauda. 

Mesosternal  t ube rc l es  p resen t .  Legs w i t h  f i n e ,  e r e c t  setae; 

those on t i b i a  s l i g h t l y  l e s s  than w i d t h  o f  t i b i a .  Setae on h i n d  

t i b i a  moderate ly  dense. Ta rsa l  setae f i n e ,  l e n g t h  o f  those on 

t a r s a l  segment I 1  s l i g h t l y  longer  than w i d t h  o f  segment. A s i n g l e ,  



F igu re  37. Morpholog ica l  f ea tu res  o f  C inara oregonensis.  A, 

v e n t r a l  p r o j e c t i o n  o f  body; B, g e n i t a l  p l a t e ;  5, rost rum,  

segments 111, I V  and V; Q, antenna; E, h i n d  l eg ;  F-, antenna1 

segments V and V I ;  5, h i n d  leg ,  t a r s a l  segments I and 11. 





v e n t r a l ,  a p i c a l ,  b l u n t  s e t a ,  s h o r t e r  than  o t h e r s ,  p r e s e n t  on t a r s a l  

segment I. Hind  t i b i a ,  l e n g t h ,  1.6 - 2.0 (Palmer 1952) .  

Smal l ,  i r r e g u l a r l y - s h a p e d ,  p igmented areas on dorsum o f  abdomen; 

one s i n g l e ,  l a r g e  p a t c h  on abdominal  segment V I I I .  Do rsa l ,  

abdominal se tae  l o n g ,  f i n e ,  modera te l y  dense. V e n t r a l  se tae  more 

numerous than,  s l i g h t l y  s h o r t e r  than,  d o r s a l  se tae.  C o r n i c l e s  s m a l l  

w i t h  i r r e g u l a r  edges. Setae on c o r n i c l e s  few, s i m i l a r  t o  o t h e r  

d o r s a l  se tae,  

In tegument  o f  body smooth except  f o r  s p i c u l o s e  i m b r i c a t i o n s  on 

abdominal segment V I I I ,  cauda, and g e n i t a l  p l a t e ,  In tegument  o f  

an tenna l  segments smooth except  f o r  s p i c u l o s e  i m b r i c a t i o n s  on 

a n t e n n a l  segment V I .  

A d d i t i o n a l  D e s c r i p t i v e  M a t e r i a l .  F u n d a t r i x ,  Palmer 1926, 1952; 

ap te rous  v i v i p a r o u s  female,  G i l l e t t e  and Palmer 1931, Palmer 1926, 

1952, Wi l son  1915; a l a t e  v i v i p a r o u s  female,  G i l l e t t e  and Palmer 

1931, Palmer 1926, 1952, Wi l son  1915; o v i p a r a ,  Palmer 1926, 1952; 

ap te rous  male, Palmer 1926, 1952. 

M a t e r i a l  Examined. ( a ) .  Type M a t e r i a l :  UMC, 2  s l i d e s ,  l a b e l l e d :  

"Typel1, Pinus,  F o r t  Kamath, Oregon, 6. V I .  1914, H. F .  W.  

( b ) ,  M a t e r i a l  C o l l e c t e d :  None. 

( c ) .  A d d i t i o n a l  M a t e r i a l  Examined: CANADA: A l b e r t a ,  Kananaskis, 

24. V I .  1956, G. A.  B r a d l e y .  



D i s t r i b u t i o n :  CANADA: A lbe r t a ,  Saskatchewan; U. S. A.:  Colorado, 

Idaho, Oregon, Utah (Palmer 1952). 

Host Range: Pinus c o n t o r t a ,  Pinus ponderosa. 

Feeding S i t e :  Green cones; l a rge ,  dense co lon ies  (Brad ley  1961).  

Comments. The unusua l l y  l o n g  ros t r um i s  a  un ique c h a r a c t e r i s t i c  

among spec ies o f  C inara on P. c o n t o r t a .  Palmer (1926) descr ibed  the  

l i f e  h i s t o r y  o f  t h i s  spec ies;  she found i t  t o  be s p e c i f i c  t o  t he  

young cones o f  P. c o n t o r t a  and t o  a  l esse r  e x t e n t  P. ponderosa. I t  

i s  appa ren t l y  r a r e ,  b u t  where i t  occurs i t  i s  abundant (Palmer 1952).  

6.8 Cinara p a r v i c o r n i s  Hot tes,  1958 

Cinara p a r v i c o r n i s  Hot tes,  1958: 76-79. Holo type:  USNM; paratypes,  

USNM 

Cinara p a r v i c o r n i s ,  Eastop and H i l l e  R is  Larnbers, 1976: 153; Smith 

and Parron, 1978: 101, 

Cinara o n t a r i o e n s i s ,  Brad ley,  1962: 1178-1181. (new synonymy). 

Holo type:  CNC; paratypes,  CNC. 

Apterous V iv ipa rous  Female (F igures  38, 39) 

Colour ,  when a l i v e ,  r e d d i s h  brown. Colour o f  c l ea red  specimens: 



F igu re  38. Photographs o f  t he  v e n t r a l  v iew o f  s l ide-mounted 

specimens o f  C inara p a r v l c o r n i s  ( t o p )  and Cinara pergandei  

(bo t tom) .  





F igu re  39. Morpho log ica l  f ea tu res  o f  C inara p a r v i c o r n i s .  A, 

v e n t r a l  p r o j e c t i o n  o f  body; B, g e n i t a l  p l a t e ;  C, rost rum,  

segments 111, I V  and V; D, antenna; E, h i n d  l eg ;  F-, antenna1 

segments V and V I ;  5,  h i n d  leg ,  t a r s a l  segments I and 1 1 .  





head, tho rax ,  and antenna brown, except  an tenna l  segments I 1  t o  I V  

l i g h t ,  d i s t a l  ends o n l y  o f  V and V I  brown; l e g s  dark  brown except  

p r o x i m a l  one h a l f  o f  t i b i a  w i t h  l i g h t  brown patch,  femur l i g h t e r  

p r o x i m a l l y .  C o r n i c l e s  and g e n i t a l  p l a t e  l i g h t  brown. 

Body l e n g t h ,  2.73 + 0.18, 2.40 - 2.96. Head w i t h  few, s h o r t ,  

s p i n e - l i k e  setae.  Frons w i d t h ,  .318 + .009, .304 - ,339. Length o f  

an tenna l  segments; 11, ,093 + .004, .084 - .100; 111, .422 + ,027, 

.392 - .493; I V ,  .215 2.009, .202 - ,232; V,  .241 + .012, ,224 - 

.270; V I  - base l e n g t h ,  . I 3 0  + .006, . I 2 1  - .142; V I  - base w i d t h ,  

,056 2 .003, ,051 - .064; V I  - processus t e r m i n a l i s ,  .036 - + ,003, 

.030 - .045. Secondary s e n s i l l a e  on an tenna l  segments 111, I V ,  and 

V.  Length o f  an tenna l  se tae  approx imate ly  equal  t o  base o f  segment 

111. Length o f  se tae  on an tenna l  segment 111, .034 + .002, ,030 - 

.039. Number o f  se tae  on antenna1 segments; 11, 7.5 + -09, 6.0 - 

9.0; V t  19.8 + 3.2, 13.0 - 35,0; V I  - base,  6.7 - + 1.2, 5.0 - 9.0; VI 

- processus t e r m i n a l i s ,  3.9 + 0.3, 3.0 - 4.0; Rostrum extends p a s t  

h i n d  coxae. Length o f  r o s t r u m  segments; V,  .092 + .003, ,085 - 

.098; I V ,  .204 2 .007, . I 8 8  - .213; 111, ,194 + .008, ,183 - .215; 

11, 0.87 + 0.05, 0.77 - 0.89. Number o f  accessory setae,  r o s t r u m  

I V ,  4.5 + 0.6, 3.0 - 5.0. 

Mesosterna l  t u b e r c l e  p resen t .  Legs w i t h  s p i n e - l i k e  setae,  s e t  

a t  an a n g l e  o f  a p p r o x i m a t e l y  45 degrees; those on t i b i a  

approx imate ly  equal  t o  one t h i r d  t h e  w i d t h  o f  t h e  t i b i a ,  l e n g t h ,  

.058 + ,006, ,047 - .071. Setae on h i n d  t i b i a  moderate ly  dense; 

number on 0.2 mm of m i d - s e c t i o n  o f  h i n d  t i b i a ,  53.5 + 2.9, 48.0 - 



59.0. Ta rsa l  setae f i n e ,  l e n g t h  o f  those on t a r s a l  segment I 1  

s l i g h t l y  l e s s  than w i d t h  o f  segment, A s i n g l e ,  v e n t r a l ,  a p i c a l ,  

b l u n t  se ta ,  s h o r t e r  than o thers ,  p resen t  on t a r s a l  segment I. Hind 

l e g  dimensions; femur l eng th ,  1.22 - + 0.09, 0.96 - 1.32; femur w id th ,  

,191 + .010, . I 69  - .202; t i b i a  l eng th ,  1.94 2 0.09, 1.78 - 2.00; 

ta rsus  I - v e n t r a l  l eng th ,  . I27 2 .004, . I 20  - ,136; t a r sus  I 1  - 

leng th ,  ,253 2 ,011, .237 - .271, 

A s i n g l e ,  r ec tangu la r  pigmented pa t ch  on abdominal s c l e r i t e s  I 

and 11. Dorsa l  abdominal setae s t r a i g h t ,  few, i n  two i r r e g u l a r  rows 

on abdominal segments I t o  V I I  and i n  a  s i n g l e  row a l ong  t he  

p o s t e r i o r  marg in  o f  t he  t r ansve rse  s c l e r i t e  o f  abdominal segment 

V I I I .  Setae on abdominal s c l e r i t e  V;  l eng th ,  ,035 2 .006, ,024 - 

,045; number, 18.5 2 2.4, 14.0 - 24.0. Number o f  setae on abdominal 

s c l e r i t e  V I I I ,  12.6 2 2.7, 8.0 - 17.0. Ven t ra l  setae f i n e ,  v a r i a b l e  

i n  l eng th ,  more numerous than. l e s s  than two t imes , do rsa l  setae. 

Setae on g e n i t a l  p l a t e ;  l eng th ,  ,076 2 .004, .068 - .079; number, 

31.2 2 3.6, 25.0 - 36.0. Co rn i c l es  smal l  w i t h  i r r e g u l a r  edges. 

Setae on c o r n i c l e s  few, sho r t ;  number o f  setae on c o r n i c l e ,  17.3 2 

2.9, 14.0 - 23.0. 

Integument o f  body smooth except f o r  sp i cu l ose  i m b r i c a t i o n s  on 

abdominal segments V I I  and V I I I ,  cauda, and g e n i t a l  p l a t e .  

Integument o f  an tenna l  segments smooth except f o r  sp i cu l ose  

i m b r i c a t i o n s  on an tenna l  segments V and V I .  



Additional Descriptive Material. Apterous viviparous female, 

Bradley 1962; alate viviparous female, Bradley 1962; ovipara, Hottes 

1958; alate male, Hottes 1958. 

Material Examined. (a). Material: Cinara parvicornis; 

Holotype, USNM, 1 slide, ovipara, on Pinus contorts, 21. IX. 1955, 

Flathead, Montana, D .  McComb. Allotype, 1 slide, alate male, same 

data as holotype. Cinara ontarioensis; Holotype, No. 8152, CNC, 1 

slide, alate viviparous female, on Pinus banksiana, 8. VII. 1957, 

Camp Robinson, Ontario, G. A. Bradley. Paratypes; 3 slides, alate 

viviparous female, 3 slides, apterous viviparous female, same data 

as holotype; 7 slides, alate viviparous female, on Pinus banksiana, 

2. VII. 1958, Cedar Lake, Ontario, G. A. Bradley; 4 slides, ovipara, 

on Pinus banksiana, X .  1957, Richer, Manitoba, G. A. Bradley. 

(b). Material Collected: CANADA: British Columbia, 20 km N 

Chetwynd, 6. VIII. 1980; Mt. Robson, 12. VIII. 1980; Alberta, 58 km 

E Edson, Hwy 16, 10. VIII. 1980. 

(c). Additional Material Examined: CANADA: Alberta, Miette Hot 

Springs, 23. VIII. 1955, J. D. Stanger, Pinus banksiana; Slave Lake, 

18. VII. 1963, G. J. Smith, Pinus banksiana; Manitoba, Sandilands, 

19. VI. 1963, 20. IX. 1966, A. G. Robinson, Pinus banksiana; Egg 

Lake, 3. VII. 1963, A. E. Campbell, Pinus banksiana; Ontario, 

Vermilion Bay, 29. V. 1963, G. A. Bradley, Pinus banksiana; 

Saskatchewan, Fontaine Lake, 23. VIII. 1962, L. McDowell, Pinus 

banksiana; 



D i s t r l b u t i o n :  CANADA: A lbe r t a ,  B r i t i s h  Columbia, Manitoba, 

Onta r io ,  Saskatchewan; U. S. A . :  Montana. 

Host Range: Pinus banksiana, Pinus contorts. 

Feeding S i t e :  New growth shoots,  needle  f a s c i c l e s ;  smal l  co l on ies .  

Comments. Th i s  species i s  s i m i l a r  t o  C. b rev i sp i nosa  b u t  l acks  t he  

t ransverse  pigmented bands o f  t h a t  spec ies.  B rad ley  (1962) 

descr ibed  t he  l i f e  h i s t o r y  as C. o n t a r i o e n s i s .  Eased on an 

examinat ion o f  t he  ov i pa ra  o f  C. o n t a r i o e n s i s  w i t h  t he  ho lo t ype  

( o v i p a r a )  o f  C. p a r v i c o r n i s ,  I concluded t h a t  C. o n t a r i o e n s i s  i s  a  

synonym o f  C. p a r v i c o r n i s .  The setae on t he  c o r n i c l e s  a r e  

d i s t i n c t i v e ;  they  a r e  sparse and as numerous on t h e  r a i s e d  area o f  

the  c o r n i c l e  as on t h e  marg in  o f  t h i s  s t r u c t u r e .  

6.9 Cinara pergandei  (Wi lson,  1919) 

L a c h n i e l l a  pergandei  Wi lson, 1919: 46. Holo type:  USNM; paratypes,  

USNM (Pepper and T i s s o t ,  1973: 76) .  

L a c h n i e l l a  i n o p t i s ,  Wi lson, 1919: 18  (partim)(misidentification). 

Dilachnus pergandei ,  Wi lson, 1923: 264, 

Cinara pergandei ,  Palmer, 1945: 451; Brad ley,  1951: 334; Brad ley 



1961: 53-54; Pepper and T i s s o t ,  1973: 75-83; Eastop and H i l l e  

R i s  Lambers, 1976: 153; Smi th  and Parron,  1978: 101. 

C i n a r a  l o n g i s p i n o s a ,  T i s s o t ,  1932: 4; ( v i d e  Brad ley ,  1951: 

334) .  Ho lo type :  No. 44303, USNM; pa ra types ,  FSCA. 

A p t e r o u s  V i v i p a r o u s  Female ( F i g u r e s  38, 40) 

Co lou r ,  when a l i v e ,  r e d d i s h  brown, o f t e n  s h i n y .  Co lour  o f  

c l e a r e d  specimens: head and t h o r a x  brown, antennae l i g h t e r ,  except  

d i s t a l  ends o f  111, I V ,  and V d a r k e r ,  V I  da rk .  T i b i a  and t a r s i  da rk  

b r o w n  t o  b l a c k ,  femur da rk  d i s t a l l y ,  l i g h t e r  b a s a l l y .  C o r n i c l e s ,  

cauda, g e n i t a l  p l a t e  and muscle a t tachment  p l a t e s  l i g h t  t o  medium 

brown.  

Body l e n g t h ,  4.10 + 0.25, 3.76 - 4.76. Head w i t h  numerous, 

l o n g ,  f i n e  setae.  Eyes on p rominen t  s t a l k s .  Frons w i d t h ,  ,566 + 
.042, .498 - .674. Lengths o f  a n t e n n a l  segments; 11, . I 2 6  + .006, 

. I 1 8  - .145; 111, .571 + .035, .496 - .642; I V ,  ,271 2 .023, .228 - 

.314;  V,  .335 + .020, .302 - .377; V I  - base l e n g t h ,  .203 + ,009, 

. I 8 2  - ,224; V I  - base w i d t h ,  .048 + .002, .043 - ,052; V I  - 

p r o c e s s u s  t e r m i n a l i s ,  .074 + .007, .060 - .089. Secondary s e n s i l l a  

o n  a n t e n n a l  segment V.  Length  o f  l o n g e s t  an tenna l  se tae  g r e a t e r  

t h a n  two t imes t h e  base o f  segment 111, Length  o f  se tae  on an tenna l  

segment 111, . I 2 9  + .013, ,104 - .166. Number o f  se tae  on an tenna l  

segment; 11, 8.4 - + 1.15, 6.0 - 11.0; V ,  10.0 2 1.5, 7.0 - 13.0; V I  - 

base ,  5.9 + 0.7, 5.0 - 8.0; V I  - processus t e r m i n a l i s ,  3.9 + 0.3, 

3.0 - 4.0. Rostrum extends p a s t  h i n d  coxae. Length  o f  r o s t r u m  



F igu re  40. Morpho log ica l  f ea tu res  o f  C inara pergandei  . A, 

v e n t r a l  p r o j e c t i o n  o f  body; E j ,  g e n l t a l  p l a t e ;  C, rost rum,  

segments 111, I V  and V; D, antenna; E-, h i n d  l eg ;  5,  antenna1 

segments V and V I ;  5, h i n d  l eg ,  t a r s a l  segments I and 11, 







segments; V, -093 2 -007, .077 - .106; I V ,  .222 + .007, .207 - .232; 

111, .247 + .011, .215 - .276; 11, 0.96 + -117, .067 - 1.11. Number 

of accessory setae, ros t rum I V ,  6.1 - + 0.3, 6.0 - 7.0. 

Mesosternal t u b e r c l e  absent. Legs w i t h  long, t ape r i ng  setae, 

those on base o f  t i b i a  up r i gh t ,  a p i c i a l  t i b i a 1  setae r e c l i n a t e ;  

length,  . I48  + -017, . I27 - .182. Setae on h i n d  t i b i a  no t  dense; 

number on 0.2 mm o f  mid-sect ion o f  h i n d  t i b i a ,  22.9 + 2.5, 19.0 - 

33.0. Tarsal  setae f i n e ;  l eng th  o f  those on t a r s a l  segment I 1  

s l i g h t l y  less  than two times w id th  o f  segment. A s i ng le ,  ven t ra l ,  

a p i c a l ,  b l u n t  seta, shor te r  than others,  present  on t a r s a l  segment 

I. Hind l e g  dimensions; femur length,  1.74 + 0.09, 1.53 - 1.90; 

femur width, -268 + 0.02, .231 - .310; t i b i a  length,  2.40 + 0.17, 

2.00 - 2.66; tarsus I - v e n t r a l  length,  .225 + .009, .208 - .239; 

tarsus 11 - length ,  .367 + .014, ,331 - .400. 

Dorsum o f  abdomen w i t h  numerous medium brown s c l e r o i t e s  around 

bases o f  setae. Dorsal abdominal setae o f  two types; shor t ,  

s p i n e - l i k e  setae on mid-dorsal reg ion;  long, f i n e  setae on a n t e r i o r  

segments and l a t e r a l  margins. Setae on abdominal s c l e r i t e  V; 

length,  . I52  + .014, . I28  - .184; number, 133.2 + 18.9, 95.0 - 

179.0. Number o f  setae on abdominal s c l e r i t e  V I I I ,  28.8 + 4.7, 18.0 

- 41.0. Vent ra l  setae f i n e ,  as numerous as, s l i g h t l y  shor te r  than, 

dorsa l  setae. Setae on g e n i t a l  p l a t e ;  length,  . I31  + .010, . I14 - 

.154; number, 64.4 + 8.3, 49.0 - 84.0. Corn ic les  o f  moderate s i z e  

w i t h  i r r e g u l a r  edges.. Setae on c o r n i c l e s  dense, o f  two types; 



numerous short, fine setae and few, long, fine setae; number of 

setae on cornicle, 170.6 + 27.2, 85.0 - 214.0. 
Integument of body smooth except for spiculose imbrications on 

abdominal segments VII and VIII, cauda, and genital plate. 

Integument of antenna1 segments smooth. 

Additional Descriptive Material. Apterous viviparous female, Wilson 

1919, Patch 1923, Tissot 1932, Palmer 1945, Pepper and Tissot 1973; 

alate viviparous female, Wilson 1919, Patch 1923, Tissot 1932, 

Palmer 1945, Pepper and Tissot 1973; ovipara, Pepper and Tissot 

1973; alate male, Pepper and Tissot 1973. 

Material Examined. (a). Type Material: Cinara pergandei, Cotype, 

USNM, 1 slide, apterous viviparous female, on Pinus inops, 9. VI. 

1903, Washington, D. C., H. F .  Wilson. Cinara longispinosa, 

Holotype, No. 44303, USNM, alate viviparous female, Pinus taeda, 3. 

VIII. 1929, Gainsville, Florida, Devil's Mill Hopper, A. N. T. 

Morphotype, 1 slide, apterous viviparous female, same data as 

holotype. 

(b). Material Collected: CANADA: British Columbia, 24 km E 

Princeton, 17. VI. 1980, 1. VII. 1981; 18 km E Princeton, 17. VI. 

1980, 1. VII. 1981; Christian Valley, 21, VI. 1980; 2 km N Nakusp, 

Hwy 21, 22. VI. 1980; 15 km E Quesnel, Hwy 26, 30. VII. 1980; 10 km 

N Quesnel, Hwy 97, 31. VII. 1980; Mackenzie, 6. VII. 1980; Blue 

River, 13. VIII. 1980; 29 km E Castlegar, Hwy 3, 10. VII. 1982; 



Alber ta,  20 km N Swan H i l l s ,  9. VIII. 1980; 7 km S Swan H i l l s ,  10. 

VIII. 1980; U. S. A.:  Montana, 6 km S West G lac ie r ,  Hwy 2, 8. VII. 

1982. 

( c ) .  A d d i t i o n a l  M a t e r i a l  Examined: CANADA: B r i t i s h  Columbia, 

Cascade, 29. VII. 1959, G. A .  Bradley; Vancouver, 23. VI. 1975, 

C.-K. Chan; A lber ta ,  Jasper, 25. VIII. 1955, J. D. Stanger; Peace 

River ,  14. VIII. 1958. G. A. Bradley; Manitoba, Sandilands Prov. 

For., 19. VI. 1976, L.-Y. Wang, Pinus banksiana; Winnipeg, 6. VII. 

1967, A. G. Robinson, Pinus banksiana; Duck Mtn. Prov. Park, 7. 

VIII. 1963, B. McLeod, P m s  banksiana; Richer,  18. VIII. 1964, G .  

A. Bradley, Pinus banksiana; Northwest T e r r i t o r i e s ,  Yel lowkni fe ,  13. 

VIII. 1978, A.  G. Robinson, Pinus banksiana; Saskatchewan, Waskesiu, 

5. VIII. 1955, J. D. Stanger, Pinus banksiana; I n d i a n  Head, 15. IX. 

1950, J. D. Stanger, 29. VIII. 1955, G. A.  Bradley, Pinus banksiana; 

Ontar io ,  C. E. F., Ottawa, 13. VII. 1942. G. A. Bradley, Pinus 

banksiana; Sau l t  Ste. Marie, 15. VII. 1945, J. D. Stanger, Pinus 

banksiana; S t .  Catherines, 27. X. 1955, J. D. Stanger, Plnus 

banksiana; Normandale, 4. VII. 1956, W. R. Richards, Pinus 

banksiana; Cedar Lake, 6. VIII. 1958, G .  A. Bradley, Pinus 

banksiana; U. S. A.: Georgia, Athens, 6. VI. 1981, G. Fedde, Pinus 

sp.; Nor th Caro l ina,  Highlands, 11. VIII. 1957, W. R.  Richards, 

Pinus sp.; Toxaway, 27. VIII. 1957, W. R.  Richards, Pinus echinata.  

D i s t r i b u t i o n :  CANADA: A lber ta ,  B r i t i s h  Columbia, Manitoba, Ontar io,  

Saskatchewan; U. S. A.: Alabama, Connect icut,  Washington, D. C., 



Delaware, F l o r i d a ,  Georgia, Lou is iana ,  Maine, Maryland, Michigan, 

Montana, Nor th  Caro l ina ,  New Jersey, New York, Ohio, Pennsylvania,  

South Caro l ina ,  V i r g i n i a ,  Vermont, Wisconsin. 

Host Range: Pinus banksiana, 11. c lausa;  P. c o n t o r t a ,  P. ech ina ta ,  - 
P .  g lab ra ,  11. mugo, P. r i g i d a ,  11. taeda, P. v i r g i n i a n a .  - 

Feeding S i t e :  New growth shoots, branches; smal l ,  d i spersed  

co lon ies ,  

Comments. The presence o f  l a t e r a l  eye s t a l k s  and dark  t i b i a  and t he  

genera l  t i c k - l i k e  appearance and h i g h  m o b i l i t y  o f  t h i s  species 

d i s t i n g u i s h  i t  f r om o ther  Cinara spec ies on 11. c o n t o r t a .  Brad ley 

(1961) and Fedde (1965) gave accounts o f  t he  b l o l o g y .  Pepper and 

T i s s o t  (1973) d iscussed t he  type  m a t e r i a l .  

6.10 Key t o  t h e  Species o f  C inara C u r t i s  on Pinus c o n t o r t a .  

(Based on t h e  apterous v i v i p a r o u s  morph. Dec is ions based on 

t he  l e n g t h  o f  se tae  should  be based on geog raph i ca l l y  sampled 

m a t e r i a l . )  

1. Ocular t ube rc l es  absent ..................... p e r g a n d e i  (Wi l son)  

...................................... - Ocular t u b e r c l e s  p resen t  2 



2.(1) Dorsal,  t ransverse abdominal bands present  .................. 
.......................... brev isp inosa ( G i l l e t t e  and Palmer) 

- ......... Dorsal abdominal p igmentat ion i n  i r r e g u l a r  patches 3  

3. (2)  Dorsum o f  abdomen covered by one la rge ,  pigmented patch, no t  

..................... broken by mid-dorsal l i n e  n i g r a  (Wi lson)  

- Dorsum o f  abdomen covered by i r r e g u l a r  pigmented patches 

.................................. broken by mid-dorsal l i n e  4  

.......... 4. ( 3 )  Rostrum extends beyond cauda.. oregonensi s  l son )  

- Rostrum extends t o  mid-sect ion o f  abdomen, no f u r t h e r  than 

c o r n i c l e s  .................................................. 5  

5.(4) Dorsal abdominal setae sho r t  (.010 - .045 mm) .............. 6 

- Dorsal abdominal setae long  (.084 - . I52  mm) ............... 7  

6.(5) Dorsum o f  abdomen w i t h  smal l ,  i r r e g u l a r  pigmented patches, 

setae on c o r n i c l e s  moderately dense (range, 21 - 7 3 )  ........ 
............................................ contor tae  Hottes 

- Mid-dorsal reg ion  o f  abdomen w i t h  few pigmented patches, 

setae on c o r n i c l e s  few (range, 14 - 23) . . . p  a r v i c o r n i s  Hot tes 

7. (5)  Length o f  setae, mid-sect ion o f  h i n d  t i b i a ,  g rea ter  than 

one h a l f  w id th  o f  t i b i a  .... medispinosa ( G i l l e t t e  and Palmer) 

- Length o f  setae, mid-sect ion o f  h i n d  t i b i a ,  n e a r l y  equal t o  

w id th  o f  t i b i a  .............. murrayanae ( G i l l e t t e  and Palmer) 



6.11 Feeding S i t e s  

Bradley (1959, 1961) at tached taxonomic s i g n i f i c a n c e  t o  the 

feed ing  s i t e s  o f  species o f  Cinara and attempted t o  r e l a t e  the  s i z e  

o f  the  ros t rum t o  p a r t i c u l a r  feeding s i t e s .  I n  t h i s  study I found 

t h a t  some species have a  s ing le ,  c h a r a c t e r i s t i c  feed ing  s i t e  which 

does n o t  a l t e r  seasonal ly or geograph ica l l y .  For example, C. n i g r a  

was always found on the main stem or adjacent  branches near the 

per iphery  o f  the  crown and C. brevispSnosa was always found on new 

growth f o l i a g e  or needle f a s c i c l e s .  However, I found other  species 

o f  Cinara (C. contor tae,  C. medispinosa, and C. murrayanae) t o  

e x h i b i t  a  range o f  feed ing  s i t e  preferences. Also, i t  has been 

shown (Fedde 1965) t h a t  there  a re  seasonal changes i n  feed ing  s i t e  

preferences among species o f  Cinara, l i k e l y  i n  response t o  changes 

i n  the  n u t r i t i v e  q u a l i t y  o f  p a r t s  o f  the  t r e e  (Dixon 1985). 

Therefore, feed ing  s i t e  c h a r a c t e r i s t i c s  a re  o f  l i m i t e d  va lue i n  

separa t ing  some o f  the  morpho log ica l l y  s i m i l a r  species o f  Cinara. 

The species C. contor tae,  C. medispinosa, and C. murrayanae were 

observed t o  be o p p o r t u n i s t i c  i n  t h e i r  choice o f  a  feed ing  s i t e .  The 

comparat ive ly  longer ros t rum o f  these species enables them t o  feed 

on a  wide range o f  s i t e s  on the  t ree .  Dur ing t h i s  study, these 

species were found feed ing  on new growth t i p s ,  branches, main stems, 

and on cankers (Sec t ion  2.2.2). A t  sample l o c a t i o n s  where cankers 

were present,  these species would u s u a l l y  be found feed ing  



e x c l u s i v e l y  a t  these s i t e s ;  a  thorough search o f  t he  su r round ing  

t r ees  d i d  n o t  show them t o  be f eed ing  elsewhere, a l though  o ther  

species such as 5. b rev i sp i nosa  were p resen t ,  con f i ned  t o  t h e i r  

c h a r a c t e r i s t i c  s i t e s .  

I t  has been shown t h a t  t he  l e s i o n s  and cankers produced by p i n e  

r u s t s  p r o v i d e  a  s u i t a b l e  h a b i t a t  f o r  t he  development o f  a  wide range 

o f  i n s e c t  species (Coulson and F r a n k l i n  1970, Powel l  1971).  The 

a s s o c i a t i o n  of C inara w i t h  r u s t  fungus cankers and l e s i o n s  may be 

analogous t o  s i t u a t i o n s  where aphids produce g a l l s  on t h e i r  hos t  

p l a n t s  by i n j e c t i n g  s a l i v a r y  sec re t i ons  i n t o  t h e  p l a n t  t i s s u e  

(Blackman 1974) .  Ga l l ed  t i s s u e  and r u s t  b l i s t e r s  a c t  as n u t r i e n t  

s i nks  where t he  t r a n s l o c a t i o n  o f  p l a n t  me tabo l i c  p roduc ts ,  on which 

the  aphids feed, t o  these areas i s  s t i m u l a t e d  (Dixon 1985) .  The 

cankers a l s o  o f f e r  an op t ima l  f eed ing  s i t e  due t o  o ther  

c h a r a c t e r i s t i c s .  They have a  t h i n  l a y e r  o f  bark  through which t he  

aph id  must i n s e r t  i t s  s t y l e t s .  There i s  some measure o f  p r o t e c t i o n  

aga ins t  o t he r  i n s e c t s  and weather p rov i ded  by t h e  sca les o f  bark  and 

c rev i ces  on t h e  su r f ace  o f  t h e  canker.  

6.12 Host P l a n t  Ranges and General D i s t r i b u t i o n  Pa t t e rns  

P .  c o n t o r t a  i s  grouped t axonom ica l l y  w i t h  P. banksiana Lamb,, P. - 

c lausa  (Engelm.) Sarg., and P. v i r g i n i a n a  M i l l .  i n  subsec t ion  

Contor tae o f  t h e  s e c t i o n  Pinus ( L i t t l e  and C r i t c h f i e l d  1969).  Based 

on gene t i c  d i s t a n c e  va lues c a l c u l a t e d  f r om isoenzyme data,  Wheeler 



e t  a l .  (1983) suggested t h a t  r. c o n t o r t a  most c l o s e l y  resembles t he  -- 

a n c e s t r a l  taxon f rom which t he  o the r  species i n  t h e  subsec t ion  a re  

de r i ved .  They a l s o  suggest t h a t  El. c lausa  and El. v i r g i n i a n a  should 

be cons idered as subspecies o f  t h e  same spec ies.  I n  a d d i t i o n ,  

Rudolph and Yeatman (1982) have proposed t h a t  P. c o n t o r t a  was more 

w ide l y  d i s t r i b u t e d  i n  e a r l y  p o s t g l a c i a l  t ime  than a t  p resen t .  

Recent work (MacDonald and Cwynar 1985),  based on f o s s i l  p o l l e n ,  has 

shown a  c l e a r  p a t h  o f  r e m i g r a t i o n  o f  l odgepo le  p i n e  i n t o  what i s  now 

the  n o r t h e r n  p a r t  o f  i t s  d i s t r i b u t i o n .  

Given t he  i n f o r m a t i o n  o u t l i n e d  above, some o f  t h e  d i s t r i b u t i o n s  

o f  the  Cinara spec ies t h a t  were s t u d i e d  can be p laced  i n  con tex t .  

The Cinara species t h a t  were s t u d i e d  a r e  c l o s e l y  t i e d  t o  t he  

b iogeographic  and systemat ic  r e l a t i o n s h i p s  o f  t h e i r  hos tp l an t s .  C. 

n i g r a  i s  a  widespread species,  a l though  i t  has a  l i m i t e d  

d i s t r i b u t i o n  ( F i g u r e  8 )  on P. c o n t o r t a .  Species o f  C inara t h a t  a re  

mo rpho log i ca l l y  s i m i l a r  t o  C. n i g r a ,  ment ioned i n  Chapter 4 ,  a re  

found e x c l u s i v e l y  on r e l a t e d  p i n e  spec ies i n  t h e  subsec t ion  

Contor tae i n  eas te rn  No r t h  America; they a r e  n o t  found on p i n e  

species i n  t h e  western reg ion .  C. p a r v i c o r n i s  i s  w i d e l y  d i s t r i b u t e d  

on P. banksiana, b u t  i t  i s  con f i ned  t o  a  l i m i t e d  p o r t i o n  o f  t he  

range o f  - P. c o n t o r t a ,  p a r t i c u l a r l y  those areas where r. c o n t o r t a  and 

P. banksiana a r e  known t o  h y b r i d i z e .  C. pergandei  feeds on a l l  p i n e  - 

species i n  subsec t ion  Contor tae and on some o f  t h e  species o f  t he  

southern y e l l o w  p ines  ( subsec t i on  A u s t r a l e s )  ( L i t t l e  and C r i t c h f i e l d  

1969) i n  eas te rn  No r t h  America, bu t  i t  does no t  feed on o ther  

western Nor th  American p'ines. 



The appearance o f  C. n i g r a  on P. con to r ta  i n  B r i t i s h  Columbia 

and A lbe r ta  i s  noteworthy s ince a l l  o ther  populat ions o f  t h i s  

species have p rev ious l y  been found on ly  i n  a  r e l a t i v e l y  r e s t r i c t e d  

area o f  the eastern Uni ted States, namely, Minnesota and Wisconsin 

(Pepper and T i sso t  1973). The most important  characters f o r  the 

separat ion o f  C. n i g r a  f rom C. canatra a re  the  numbers and lengths 

of setae on the  head and co rn i c l es .  Examination o f  m a t e r i a l  of C. 

n i g r a  and C. canatra which has been deposi ted i n  the CNC revealed 

t h a t  a l l  m a t e r i a l  c o l l e c t e d  f rom B r i t i s h  Columbia and A lber ta  on P. 

con to r ta  was C. n ig ra .  This Clnara species was a l s o  found on P. 

banksiana f rom A lbe r ta  t o  Ontar io .  C. canatra was c o l l e c t e d  on ly  on 

P. banksiana f rom A lbe r ta  t o  Ontar io.  - 

Based on the  sampling program c a r r i e d  ou t  i n  t h i s  study, on 

m a t e r i a l  deposi ted i n  the  CNC, and on publ ished records, the species 

C. brev isp inosa,  C. contor tae,  C, medispinosa, and C. murrayanae - - - 

were shown t o  be conf ined t o  P. contor ta .  No species o f  Cinara 

known from P. mont ico la  and P. ponderosae was i d e n t i f i e d  among the 

308 samples c o l l e c t e d  on P. contor ta .  Among the  105 samples of 

Cinara c o l l e c t e d  f rom P. mont ico la  and P. ponderosae were 5  samples 

o f  C. b rev isp inosa and 2 samples o f  C. contor tae.  However, a l l  o f  

these 7 samples cons is ted  o f  newly founded co lon ies  on new growth 

t i p s ,  t h a t  i s ,  s i n g l e  a l a t e  female aphids and some nymphs. No 

advanced co lon ies  were found which i nd i ca tes  t h a t  these species of 

Cinara may t e s t  new f o l i a g e  o f  o ther  p ine  species bu t  they do no t  

su rv i ve  on i t .  



I n  summary, t he  b iogeographic  and taxonomic r e l a t i o n s h i p s  o f  the  

Nor th  American p ines  a r e  r e f l e c t e d  i n  t h e  sys temat i c  p a t t e r n s  o f  t he  

Cinara spec ies t h a t  were s tud ied .  - P. c o n t o r t a  has some unique 

rpac les  o f  Cinara assoc ia ted  w i t h  i t  w h i l e  o the r  species o f  C inara 

a r e  shared w i t h  t he  t h r e e  r e l a t e d  p i n e  spec ies i n  t he  subsec t ion  

Contor tae.  I n  a d d i t i o n ,  t h e  p r e v i o u s l y  ment ioned obse rva t i on  

(Chapter 1 )  t h a t  t he  eas te rn  p i n e  Cinara species a r e  more 

polyphagous than t he  western p i n e  Cinara species can be i n t e r p r e t e d  

i n  t he  con tex t  o f  t h e i r  h o s t p l a n t  r e l a t i o n s .  The m a j o r i t y  o f  t he  

eas te rn  p ines,  o the r  than those o f  subsec t ion  Contor tae,  a r e  

r e l a t i v e l y  c l o s e l y  r e l a t e d  members o f  one subsect ion,  Aus t ra l es  

(M i rov  1967); many Cinara species,  w i t h  t he  excep t ion  o f  those on 

species o f  subsec t ion  Contor tae,  a r e  a b l e  t o  feed  on t h i s  range o f  

h o s t p l a n t  species (Pepper and T i s s o t ,  1973). 



7. GENERAL SUMMARY AND CONCLUSIONS 

7.1 General Summary 

The f i r s t  s tage o f  t h i s  s tudy was concerned w i t h  t he  

u n i v a r i a t e  and m u l t i v a r i a t e  a n a l y s i s  o f  morpho log ica l  v a r i a t i o n  

w i t h i n  a  s i n g l e  species o f  C inara (C. n i g r a ) .  Morpho log ica l  

v a r i a t i o n  w i t h i n  a  s i n g l e  sample o f  t h i s  species was examined by 

c o r r e l a t i o n  a n a l y s i s  and p r i n c i p a l  component a n a l y s i s  i n  order  t o  

determine t he  r e l a t i o n s h i p s  among a  p r e l i m i n a r y  se t  o f  52 

charac te rs .  A number o f  components o f  v a r i a t i o n  were i d e n t i f i e d  i n  

a d d i t i o n  t o  a  s t r o n g  s i z e  component. 

Most o f  t h e  v a r i a b l e s  (49)  were r e t a i n e d  a t  t h i s  stage, 

These were then measured on specimens f r om 19 p o p u l a t i o n  samples o f  

C.  n i g r a  i n  order  t o  examine morpho log ica l  v a r i a t i o n  w i t h i n  and - 

between samples on a  geographic bas is ,  u s i n g  d i s c r i m i n a n t  f u n c t i o n  

a n a l y s i s .  L i t t l e  geographic p a t t e r n  was observed; most v a r i a t i o n  

among samples was due t o  o v e r a l l  s i z e  d i f f e r e n c e s .  However, a  

number o f  charac te rs ,  p a r t i c u l a r l y  t h e  counts o f  setae, were shown 

t o  be independent o f  s i ze ,  and o f  p o t e n t i a l  taxonomic use. 

Th is  s tudy  p rov i ded  new i n f o r m a t i o n  on t he  components o f  

morpho log ica l  v a r i a t i o n  i n  an aph id  and on t h e  c o v a r i a t i o n  among 

charac te rs .  Th i s  i n f o r m a t i o n  a l lowed f o r  the  r e d u c t i o n  o f  t he  

charac te r  se t  f rom 49 t o  32 charac te rs ,  f o r  t he  subsequent a n a l y s i s  



o f  v a r i a t i o n  among spec ies o f  Cinara.  Reduct ion i n  t he  number of 

v a r i a b l e s  r e s u l t e d  i n  r e l a t i v e l y  l i t t l e  l o s s  o f  i n f o r m a t i o n  content ,  

as demonstrated by t he  a l l o c a t i o n  procedures.  

Samples o f  9 species o f  C inara were measured f o r  t he  reduced 

charac te r  se t .  These samples were then analyzed us i ng  c o r r e l a t i o n  

a n a l y s i s  and p r i n c i p a l  component a n a l y s i s  i n  order  t o  determine what 

p a t t e r n s  of v a r i a t i o n  these species had i n  common. Morphometric 

v a r i a t i o n  w i t h i n  and among these species was shown t o  be r e l a t i v e l y  

complex. Other than a  common s i z e  component, each species showed 

unique p a t t e r n s  o f  v a r i a t i o n .  Some species were observed t o  be 

geog raph i ca l l y  v a r i a b l e  w h i l e  t h e  morphometric p a t t e r n s  i n  o ther  

species were l a r g e l y  i n f l u e n c e d  by s i z e  v a r i a t i o n .  

The d i s c r i m i n a t o r y  a b i l i t y  o f  t h e  cha rac te r s  chosen was 

t es ted  us i ng  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  and c l u s t e r  a n a l y s i s  of 

Mahalanobis Genera l ized Dis tances.  On t he  bas i s  o f  t h i s  study, i t  

i s  ev i den t  t h a t  a  wide range o f  morpho log ica l  charac te rs  from a l l  

areas o f  t he  aph id  body i s  necessary i n  order  t o  e s t a b l i s h  species 

boundar ies.  I n  a d d i t i o n ,  geographic sampl ing i s  necessary i n  order  

t o  i n c l u d e  t he  s p a t i a l  v a r i a t i o n  i n h e r e n t  i n  these i n s e c t s .  

I n  Chapter 6, t h e  apterous v i v i p a r o u s  morph o f  each of t he  

species t h a t  was s t u d i e d  was descr ibed  u s i n g  b i o m e t r i c  da ta  

r e s u l t i n g  f rom the  morphometric a n a l y s i s .  I n f o r m a t i o n  on synonymy, 

d i s t r i b u t i o n s ,  and h o s t p l a n t  ranges, and a  morpho log ica l  key t o  t he  

species,  was supp l i ed .  Ex tens ive  geographic sampl ing c a r r i e d  ou t  

d u r i n g  t h e  course o f  t h i s  study,and comparisons w i t h  m a t e r i a l  f rom 



other  p a r t s  o f  t he  Nor th  American c o n t i n e n t ,  a l l owed f o r  some 

d i s t r i b u t i o n a l  p a t t e r n s  t o  be recognized, i n c l u d i n g  t he  ex tens ion  of 

t h n  gnagraph lca l  and t he  h o s t p l a n t  ranges of some species.  Th is  

work showed t h e  need f o r  more extensive s tud ies  o f  species 

r e l a t i o n s h i p s  w i t h i n  t h i s  group, t h a t  i s ,  on a  c o n t i n e n t  wide bas is ,  

r a t h e r  than on a  r e g i o n a l  bas i s .  

7.2 A p p l i c a t i o n  o f  Morphometrics t o  t h e  Phy logene t i c  Ana lys is  o f  

t he  T r i b e  C i n a r i n i  B6rner.  

The aph id  f a m i l y  Lachnidae i s  a  u s e f u l  t e s t  f o r  the  

a p p l i c a t i o n  o f  morphometric a n a l y s i s  t o  t he  s o l u t i o n  o f  taxonomic 

problems because t h e r e  has been cons ide rab le  d i f f e r e n c e  o f  o p i n i o n  

among a p h i d o l o g i s t s  about no t  o n l y  t h e  d i s c r i m i n a t i o n  o f  taxa a t  the  

subspecies, spec ies,  subgenus, and genus l e v e l s  b u t  a l s o  o f  t he  

phy logene t i c  placement o f  t he  Lachnidae as a  whole w i t h i n  t he  

Aphidoidea. E v o l u t i o n a r y  t rends  i n  t h e  Aphidoidea a r e  d i f f i c u l t  t o  

determine because o f  u n c e r t a i n t i e s  about what a r e  t he  p les iomorph ic  

and what a r e  t h e  apomorphic s t a t e s  o f  cha rac te r s .  Some 

morpho log ica l  f e a t u r e s  may i n  f a c t  be p r i m i t i v e  b u t  i t  i s  apparent 

t h a t  some morpho log ica l  f ea tu res  have re -occur red  d u r i n g  t he  

e v o l u t i o n  o f  aph ids .  Eastop (1973) has suggested t h a t  aphids,  w i t h  

a  succession o f  m o r p h o l o g i c a l l y  d i s t i n c t ,  par thenogenet ic  

generat ions,  l i k e l y  possess gene t i c  mechanisms t h a t  r e s u l t  i n  t he  

appearance o f  c h a r a c t e r i s t i c s  t h a t  may have been e v o l u t i o n a r i l y  



dormant f o r  a  p e r i o d  o f  t ime .  I t  i s  e v i d e n t  t h a t  some a p h i d  groups 

show a  t r e n d  towards p r o g r e s s i v e  neoteny so t h a t  r e l a t i v e l y  young 

a p h i d  groups have l o s t  some advanced a d u l t  c h a r a c t e r i s t i c s  (Richards 

1965).  Many examples o f  convergent  e v o l u t i o n  a r e  e v i d e n t  (He ie  

1967) and p a r a l l e l  e v o l u t i o n  may have r e s u l t e d  i n  a  mosaic 

d i s t r i b u t i o n  o f  apomorphic c h a r a c t e r s  (He ie  1980).  These processes 

c o u l d  e x p l a i n  some o f  t h e  n o t o r i o u s  d i f f i c u l t i e s  i n v o l v e d  i n  

s t u d y i n g  a p h i d  taxonomy and i n  i n t e r p r e t i n g  sys temat i c  p a t t e r n s .  

A number o f  European a p h i d  taxonomis ts ,  p a r t i c u l a r l y  C. 

B6rner (1939, 1949, 1952, 1957) have e r e c t e d  new genera and 

subgenera w i t h i n  t h e  t r i b e  C i n a r i n i  B6rner o r  have adopted these 

taxonomic s u b d i v i s i o n s .  The most e x t e n s i v e  c l a s s i f i c a t i o n  o f  t h i s  

group, ~ h - n e r  I S ,  i s  shown i n  Appendix 4. N o r t h  American 

a p h i d o l o g i s t s  have been s low t o  accept  these g e n e r i c  and subgener ic 

c a t e g o r i e s .  H o t t e s  (1960) was o f  t h e  o p i n i o n  t h a t  i t  would be 

u s e f u l  i f  B h n e r ' s  g e n e r i c  s u b d i v i s i o n s  were cons ide red  a t  t h e  

subgener ic  l e v e l  w i t h i n  C ina ra .  However, H o t t e s  d i d  n o t  adopt  

B;rner1s system o r  h i s  proposed m o d i f i c a t i o n  o f  i t  i n  h i s  subsequent 

papers,  r e t a i n i n g  t h e  s i n g l e  genus Cinara .  B r a d l e y  (1965) 

m a i n t a i n e d  t h a t  a p p l i c a t i o n  o f  t h e  European system t o  N o r t h  Amer !can 

spec ies  would r e s u l t  i n  t h e i r  b e i n g  d i v i d e d  i n t o  more manageable 

groups.  The survey o f  t h e  w o r l d ' s  aph ids  by Eastop and H i l l e  R is  

Lambers (1976) p l a c e d  a l l  of  t h e  genera and subgenera o f  ~ h n e r  and 

o t h e r s  i n t o  synonymy w i t h  C ina ra  C u r t i s ,  1835, 

There a r e  some obv ious m o r p h o l o g i c a l  d i f f e r e n c e s  between t h e  



genera i n  ~ G r n e r ' s  c l a s s i f i c a t i o n .  For example, Lachn ie l l a  i s  

charac ter ized  by h e a v l l y  pigmented wings and a  long  a p i c a l  r o s t r a 1  

segment and Cinaropsis by the presence o f  a  caudal wax r i n g .  

Species o f  Cupressobium are  u s u a l l y  o f  r e l a t i v e l y  l a r g e  s i z e  w i t h  a  

r e l a t i v e l y  f l a t  dorsum and random s e t a l  pa t te rn .  

Consi s  t e n t  d i f f e rences  between ~ 6 r n e r  ' s  subgener i c  categor ies 

a re  more d i f f i c u l t  t o  determine, p a r t i c u l a r l y  those o f  the genus 

Cinaropsis ,  which are  based on d i f f e rences  i n  s e t a l  lengths, rost rum 

lengths,  and h i n d  l e g  dimensions ( ~ b n e r  1949, Eastop 1972). The 

present study has shown these characters t o  be v a r i a b l e  i n  some 

species o f  Cinara. The subgenera w i t h i n  the  genus Cinara have some 

d i s t i n c t i v e  characters,  p a r t i c u l a r l y  the  subgenus C i n a r e l l i a  which 

i s  charac ter ized  by the  absence o f  a  mesosternal t ube rc le  and the 

presence o f  s t a l k e d  eyes i n  t he  apterae. 

The hos tp lan t  r e l a t i o n s h i p s  o f  t he  genera and subgenera a r e  

gene ra l l y  cons is ten t ;  Cinara and C ina r i a  a re  found on species o f  

Pinus, Todolachnus on species o f  Abies, Cupressobium on species o f  

Cupressaceae, Lachn ie l l a  on species o f  Picea, Buchneria on species 

o f  Abies, and L a r i c a r i a  on species o f  L a r i x .  The on l y  except ions 

a re  i n  the genus Cinaropsis  where most species feed on Picea bu t  

some species a re  found on L a r i x  and Abies. Eastop (1972) has 

suggested t h a t  t h i s  may represent  r e l a t i v e l y  recent  hos tp lan t  s h i f t s  

as the  funda t r i ces  o f  one species t h a t  feeds on Abies a re  very 



s i m i l a r  mo rpho log i ca l l y  t o  the  summer apterae,  

I b e l i e v e  t h a t  t h e r e  i s  enough morpho log ica l  and eco log i ca l  

evidence t o  war ran t  a  "second lookI1 a t  B6 rne r1s  system; perhaps 

m o d i f i c a t i o n  o f  t he  species groups which he o r i g i n a l l y  de l i nea ted  

and the  l e v e l s  i n  t he  Linnaean h i e r a r c h y  a t  which he s e t  them should 

be at tempted.  Many o f  t he  problems i n  a p p l y i n g  B6 rne r1s  system 

occur when one a t tempts  t o  r e l y  on u n i v a r i a t e  d i f f e rences  between 

the  taxa.  Ana l ys i s  o f  t h e  species groups w i t h i n  t he  C i n a r i n i  by 

methods o f  m u l t i v a r i a t e  morphometr ics,  as employed i n  t h i s  study, 

would enable t he  de te rm ina t i on  o f  t he  i n t e r n a l  v a r i a b i l i t y  o f  

taxonomic cha rac te r s  w i t h i n  t he  genera and subgenera, assessment of 

t he  d i s c r i m i n a t o r y  a b i l i t y  o f  these charac te rs ,  and a l l o w  f o r  the  

d e t e c t i o n  o f  p a t t e r n s  o f  v a r i a t i o n  and gaps i n  t h i s  v a r i a t i o n  which 

would enable t he  o b j e c t i v e  c o n s t r u c t i o n  o f  a  balanced taxonomic 

h i e ra r chy .  Knowledge o f  t he  v a r i a b i l i t y  o f  charac te rs  w i t h i n  and 

between taxa a t  a l l  l e v e l s  i n  t he  h i e r a r c h y  would f a c i l i t a t e  the  

development o f  a  sound phy logene t i c  scheme f o r  the  C i n a r i n i .  These 

methods would p r o v i d e  a  more o b j e c t i v e  approach t o  t he  de te rm ina t i on  

o f  charac te r  p o l a r i t y  i n  t he  phy logene t i c  r e c o n s t r u c t i o n  o f  the  

group, 

7 .3  A p p l i c a t i o n  o f  Morphometrics t o  Other Aphid Groups 

Many o f  t he  species o f  C inara a r e  compara t i ve ly  s i m i l a r  

morpholog ica l  l y  , and they appear t o  be r e l a t i v e l y  monophagous , 



al though t h i s  concept ion may be the r e s u l t  o f  inadequate taxonomy. 

Heie (1967) proposed t h a t  o r i g i n a l l y  the c inarans consis ted o f  one 

or a few polyphagous species c o n s i s t i n g  o f  hos tp lan t  races and t h a t  

r e l a t i v e l y  r e c e n t l y  they have evolved i n t o  many d i s t i n c t  species. A 

p a r a l l e l  s i t u a t i o n  i s  be l ieved t o  be t h a t  o f  t he  genus Aphis i n  the  

Aphididae. This  genus i s  a l s o  r i c h  i n  species, which are  d i f f i c u l t  

t o  d i s t i n g u i s h  morpho log ica l l y .  Most species a r e  apparent ly  

monophagous, bu t  there  a re  a number o f  polyphagous species complexes 

(Heie 1986, Stroyan 1984). These i n t e r p r e t a t i o n s  can on l y  be 

c l a r i f i e d  w i t h  the  advent o f  a  more s tab le  c l a s s i f i c a t i o n  o f  the 

group. 

The genus Aphis cons i s t s  o f  over 400 descr ibed species. I t  

i s  inc luded i n  the  subfami ly  Aphidinae which i s  charac ter ized  by a 

mosaic o f  i n t e r r e l a t e d  and morpho log ica l l y  over lapp ing  genera and 

species (Stroyan 1984). For example, the p rec i se  l i m i t s  o f  the 

genera Rhopalosiphum, Melanaphis, and Schizaphis a re  unclear 

(Blackman and Eastop 1984). W i th in  the genus Aphis there  a re  

ev ident  species groups bu t  no p a t t e r n  o f  morphology and hos t  

assoc ia t i on  has been determined (Blackman and Eastop 1984). Barrier 

(1952) attempted t o  subdiv ide Aphis i n t o  a number o f  genera bu t  

c u r r e n t l y  on ly  5 subgenera are  recognized (Eastop and H i l l e  Ris 

Lambers 1976). The taxonomic s ta tus  o f  the  economical ly impor tant  

polyphagous species complexes such as the A. f rangu lae  complex and 

A. fabae complex i s  confused, which makes i t  d i f f i c u l t  t o  i n t e r p r e t  - -  

b i o l o g i c a l  in fo rmat ion .  A t  present there  a re  no s t a b l e  taxonomic 



accounts o f  t he  genus even on a  r e g i o n a l  bas i s  (S t royan  1984).  

Techniques o f  morphometrjc a n a l y s i s  should  be a p p l i e d  a t  

d i f f e r e n t  sys temat i c  l e v e l s  w i t h i n  t he  Aphid inae i n  o rder  t o  

determine t he  va lue  o f  taxonomic cha rac te r s .  Barrier (1952) r e l i e d  

on t he  chae to taxy  o f  t he  f i r s t  i n s t a r  f o r  many o f  h i s  gener i c  

placements. Morphometric techniques would a l l o w  f o r  t h e  

q u a n t i t a t i v e  assessment o f  t he  d i s c r i m i n a t o r y  a b i l i t y  o f  these 

cha rac te r s  and f o r  t e s t i n g  of t h e  congruency o f  cha rac te r s  f rom 

d i f f e r e n t  stages and morphs. 

F i n a l l y ,  another  group i n  need of a  q u a n t i t a t i v e  approach t o  

i t s  taxonomic a n a l y s i s  a r e  t he  Adelgidae, o r  c o n i f e r  w o o l l y  aphids.  

W i t h i n  t h i s  f a m i l y ,  t he  s t a t u s  o f  t he  genera remains unce r t a i n ,  

European workers recogn ize  s i x  genera on t h e  bas i s  o f  morphology and 

hos t  p l a n t  groups (B5rner 1952) w h i l e  B r i t i s h  and No r th  American 

workers recogn ize  o n l y  two genera (Annand 1928, Va r t y  1956).  A t  t h e  

species l e v e l ,  t h e r e  i s  cons ide rab le  morpho log ica l  v a r i a b i l i t y  

making t he  de te rm ina t i on  o f  t h e  l i m i t s  o f  most taxa d i f f i c u l t  

( F o o t t i t  and Mackauer 1980).  Th is  v a r i a t i o n  can o n l y  be ordered 

us i ng  techniques o f  m u l t i v a r i a t e  a n a l y s i s .  

The t axonom is t ' s  judgement i s  s t i l l  an i n t e g r a l  p a r t  o f  t h e  

process of c l a s s i f i c a t i o n .  However, methods o f  m u l t i v a r i a t e  

morphometrics a r e  use fu l  i n  s imp ly  s o r t i n g  t he  l a r g e  amounts o f  

taxonomic i n f o r m a t i o n  i nhe ren t  i n  s t ud ies  of species and gener i c  

r e l a t i o n s h i p s  i n t o  manageable p a t t e r n s .  Th is  s tudy has shown t h a t  

t he  i n d i v i d u a l  charac te r  l oad ings  as c a l c u l a t e d  i n  t h e  p r i n c i p a l  



component analyses and d i sc r im inan t  f u n c t i o n  analyses a re  

spec ies-spec i f i c .  This in fo rmat ion  w i l l  determine the p o t e n t i a l  use 

and i n t e r p r e t a t i o n  o f  these characters i n  the  phylogenet ic  

recons t ruc t i on  o f  aphid taxa. As aphids a r e  no tor ious  f o r  t h e i r  

v a r i a b i l i t y  i t  stands t o  reason t h a t  the  use of t h i s  v a r i a b i l i t y  as 

a  taxonomic character  w i l l  prove worthwhi le,  p a r t i c u l a r l y  s ince  the  

r e c o g n i t i o n  o f  the degree o f  i n t e r n a l  v a r i a t i o n  and the ex ten t  o f  

the gaps i n  t h i s  character  v a r i a b i l i t y  i s  the  essence o f  the  process 

o f  e s t a b l i s h i n g  taxa. 



APPENDIX I 

Cinara  species recorded on Pinus i n  western Nor th  America. 

From Mirov ( 1 9 6 7 )  and Smith and Parron ( 1 9 7 8 ) .  



CINARA SPECIES 

arizai Hottes & Essig 

apacheca Hottes & Butler 

apini (Gillette & Palmer) 

atra (Gillette & Palmer) 

caliente Hottes 

edulis (Wilson) 

ferrisi (Swain) 

flexilis (Gillette & Palmer) 

hirsuta Hottes & Essig 

hirticula Hottes 

PINE SPECIES (Subgenus Haploxylon) 

inscripta Hottes & Essig 

kuchea Hottes 

metalica Hottes 

moketa Hottes 

nitidula Hottes 

oregoni Hottes & Essig 

pinata Hottes 

~inona Hottes 
I 

poketa Hottes 

puerca Hottes 

rustica Hottes 

saccharinipini Hottes 

tanneri (Knowlton) 

terminalis (Giiiette & Palmer) 

villosa (Gillette & Palmer) 

wahtolca Hottes 



CINAXA SPECIES 

arizonica (Wilson) 

PINE SPECIES (Subgenus Diploxylon) 

brevispinosa (Gillette & Palmer) X 

contortae Hottes X 
diabola Hottes 

essigi Hottes X 

glabra (Gillette & Palmer) 

medispinosa (Gillette & Palmer) 

montanesa Hottes - 
mvrrayanae (Gillette & Palmer) -- 
nigrita Hottes & Essig - 
oregonensis (Wilson) - 
parvicornis Hottes 

pergandei (Wilson) 

ponderosae (Williams) 

~seudoschwarzii Palmer 

schwarzii (Wilson) 

sclerosa Richards 

solitaria (Gillette & Palmer) 

thatcheri - Knowlton & Smith 

vagabunda Hottes & Essig 



A P P E N D I X  2 

Measurement data (mean + standard error and coefficient of variation) 
for 19 population samples of the adult apterous morph of Cinara nigra. 

The sample numbers are as indicated in Table I V .  All measurements 

are in mm. The decimal point for the mean and standard error is 

indicated below the variable name. All coefficients of variation are 
02 given as 1 x 10 . 



Samp 1 e 
Number 

V a r i a b l e  

Body 
l e n g t h  

B L 

( X  1 o - ~  ) 

404 3 34 
359 5 68 
327 4 50 
331 5 66 
338 3 40 
353 4 51 
369 3 35 
373 3 41 
367 2 30 
343 4 43 
357 4 56 
356 3 31 
364 4 50 
329 3 41 
326 3 43 
333 4 50 
304 3 37 
351 4 45 
312 3 48 

Distance 
between 
eyes 

DE 

( X  lod3) 

538 3 25 
508 5 44 
477 3 33 
492 5 42 
476 3 27 
503 4 33 
513 3 26 
523 4 35 
506 3 30 
506 3 28 
495 4 40 
533 3 25 
497 4 32 
480 5 48 
473 5 43 
475 5 48 
472 6 53 
492 3 30 
473 6 57 

Distance 
between 
h i n d  coxae 

DHC 

( X  1 0 5  

110 2 68 
97 2 83 
84 1 75 
82 2 92 
91 1 72 
97 2 75 
91 1 53 
90 2 87 
94 1 47 
93 1 64 
97 2 76 
104 1 49 
98 2 77 
85 2 73 
82 2 89 
88 2 84 
84 1 72 
93 1 60 
82 2 92 

Frons 
w i d t h  

F RW 

( X  loe3) 

399 5 55 
358 3 42 
341 2 29 
346 3 40 
343 3 34 
353 2 28 
365 2 26 
366 2 26 
352 2 29 
356 2 30 
356 4 46 
374 3 35 
361 3 31 
347 2 28 
344 2 22 
353 4 50 
338 2 29 
355 4 56 
336 4 55 
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Samp 1 e 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
i i 
12 
13  
14  
15 
16 
17 
18 
19 

Head 
l e n g t h  

H L 

( X  

418 5 57 
349 7 85 
344 3 43 
364 4 44 
341 4 55 
384 6 68 
391 5 55 
364 5 56 
360 4 52 
359 5 60 
362 8 93 
384 4 49 
395 6 64 
350 3 44 
363 6 72 
362 6 77 
317 6 88 
355 4 48 
330 6 82 

Antenna 1 
segment 11, 
l e n g t h  

A2L 

( X  10-3) 

Var l a b l e  

Antenna1 
segment 11, 
w i d t h  

A2W 

( X  10-3) 

Antennnal 
segment 111, 
l e n g t h  

A3L 

( X  

604 7 49 
564 5 43 
529 6 47 
532 7 62 
532 4 33 
552 4 34 
571 4 33 
575 5 38 
547 5 38 
555 5 43 
560 7 59 
566 6 47 
539 5 42 
513 4 39 
518 3 23 
514 5 44 
498 8 68 
530 6 51 
550 7 57 



Apgendlx 2 

V a r i a b l e  Samp 1 e 
Number 

Antenna l  
segment 111, 
w i d t h  

Antenna 1 
segment I V ,  
l e n g t h  

A4L 

( X  10 -3 )  

268 4 62 
253 3 55 
230 3 54 
239 3 59 
232 3 53 
241 4 66 
257 2 40 
253 4 74 
244 3 57 
253 3 55 
243 4 68 
257 3 55 
242 3 60 
230 3 63 
229 3 55 
221 3 57 
222 4 77 
235 4 84 
227 4 75 

Antenna 1 
segment I V ,  
w i d t h  

A4W 

( X  10-3) 

56 1 51 
54 1 67 
48 1 43 
49 1 75 
49 1 65 
50 1 50 
53 1 73 
53 1 51 
51 0 43 
50 0 40 
51 1 89 
53 0 27 
50 1 49 
49 1 49 
48 1 53 
48 0 31 
47 0 43 
49 1 75 
49 1 64 

Antennal  
segment V, 
l e n g t h  

A5L 

( X  10-3) 

312 3 47 
304 2 26 
278 2 40 
287 4 57 
282 1 23 
289 4 55 
302 3 38 
294 3 43 
300 3 43 
298 3 43 
296 3 46 
304 2 34 
289 3 47 
277 2 36 
281 2 36 
271 2 40 
280 4 60 
287 3 50 
280 4 61 



Appendix 2 

Samp 1 e 
Number 

Antennal  
segment V, 
w i d t h  

Antennal  
segment V I ,  
base l e n g t h  

A6BL 

( X  10-3) 

145 2 68 
141 2 55 
137 1 36 
141 1 35 
135 1 30 
138 1 38 
143 1 35 
142 1 45 
142 1 36 
141 1 42 
142 2 50 
139 1 33 
142 1 39 
139 1 38 
139 1 29 
139 1 44 
140 1 46 
139 1 38 
135 1 32 

Var i a b l e  

Antennal  
segment V I ,  
base w i d t h  

A6BW 

( X  

59 1 54 
58 1 41 
55 0 25 
55 1 47 
54 0 38 
55 0 40 
57 0 39 
57 1 43 
56 0 30 
56 0 39 
56 1 56 
57 1 57 
57 1 46 
56 1 58 
55 1 42 
54 0 28 
54 0 33 
57 0 35 
55 0 32 

Ant 
segment V I ,  
processus 
t e rm ina l i s ,  
l e n g t h  
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Samp 1 e 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12  
13  
14  
15 
16  
17 
18  
19 

Rostrum 
segment V,  
l e n g t h  

R5L 

( X  10-3) 

83 1 30 
86 1 36 
81 1 40 
82 1 28 
82 1 49 
82 1 44 
84 1 39 
81 1 34 
83 1 31 
82 1 72  
83 1 36 
86 0 23 
83 0 26 
81 1 31 
82 1 32 
82 1 45 
80 1 38 
78 2 114 
79 1 50 

Rostrum 
segment I V ,  
l e n g t h  

R4L 

( X  

222 2 36 
215 1 20 
204 2 40 
207 2 42 
200 2 38 
205 1 28 
212 1 20 
213 2 33 
211 1 32 
213 2 33 
214 1 31 
213 1 30 
211 2 43 
206 2 35 
203 1 29 
200 3 58 
194 2 53 
210 1 28 
195 2 34 

Va r i ab le  

Rostrum 
segment 111, 
l e n g t h  

R3L 

( X  10-3) 

279 2 38 
280 1 23 
267 3 43 
270 2 34 
266 2 36 
271 2 26 
279 2 32 
270 2 36 
277 2 25 
278 2 25 
275 2 37 
279 2 32 
273 2 39 
270 2 35 
274 3 44 
2.67 2 33 
264 1 24 
267 2 36 
259 3 45 

Rostrum 
segment 11, 
l e n g t h  

R2L 

( x  1 o+) 

152 2 53 
148 3 81 
136 2 63 
138 2 51 
131 1 42 
134 2 34 
139 2 53 
144 2 58 
145 2 58 
148 2 56 
137 2 53 
139 2 65 
143 2 62 
138 2 57 
135 1 42 
134 1 29 
134 2 71 
136 2 55 
135 3 99 
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Samp 1  e  
Number 

V a r i a b l e  

Hind l e g ,  
coxa, 
l e n g t h  

Hind l e g ,  Hind l e g ,  
femur , femur , 
l ength  wid th  

Hlnd l e g ,  
t i b i a ,  
l ength  
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Samp 1  e  
Number 

Va r i ab le  

Hind l e g ,  
t i b i a ,  
w i d t h  

Hind leg ,  
ta rsus  I, 
w i d t h  

TSl W 

( X  10-3) 

58 0  34 
56 0  35 
51 1  65 
53 1  69 
52 1  64 
54 1  51 
55 1  59 
55 1  48 
53 7 48 
54 0  29 
52 1  58 
55 0  38 
51 0  39 
51 1  68 
50 0  35 
50 1  60 
48 0  34 
52 44 
51 0  41 

Hind l eg ,  
t a r sus  I, 
v e n t r a l ,  
l e n g t h  

TSl VL 

( X  

136 1  25 
136 1  37 
122 1  36 
128 2  58 
123 1  20 
126 1  22 
135 1  31 
132 1  34 
131 1 37 
131 1  40 
129 1  34 
135 1  25 
130 1  32 
125 1  44 
124 1  30 
125 1  31 
121 1  34 
128 1  31 
127 1  45 

Hind leg ,  
ta rsus  I, 
dorsa l  
l e n g t h  

TSl DL 

( X  10-3) 
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Samp 1 e 
Number 

Var t a b l e  

Hind l eg ,  
t a r sus  11, 
l e n g t h  

Hind l eg ,  
t a r sus  11, 
w i d t h  

TS2W 

( X  10-33) 

53 1 66 
52 1 69 
48 1 88 
50 1 90 
49 1 66 
50 1 57 
51 1 94 
52 1 73 
50 1 71 
49 0 35 
48 1 78 
52 1 62 
48 0 30 
50 1 93 
46 0 37 
47 0 31 
46 0 36 
48 1 46 
47 0 40 

S e t a l  l eng th ,  
head 

SLH 

Se ta l  l eng th ,  
antenna1 
segment I11 

SLA3 

( X  10-3) 

61 1 76 
59 1 88 
61 1 96 
59 1 92 
61 1 77 
60 1 55 
64 1 71 
60 1 58 
61 1 70 
6Z i 62 
55 1 101 
65 2 106 
60 1 65 
56 1 87 
59 1 41 
58 1 91 
56 1 72 
57 1 74 
54 1 113 
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Samp 1 e  
Number 

V a r i a b l e  

S e t a l  l e n g t h ,  
h ind l e g ,  
t i b i a  

SLT 

S e t a l  l e n g t h ,  
h ind l e g ,  
tarsus I1 

S e t a l  l e n g t h ,  
c o r n i c l e  

SLCO 

S e t a l  l ength ,  
cauda 

SLCA 
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Samp 1  e  
Number 

S e t a l  l e n g t h ,  
g e n i t a l  p l a t e  

SLGP 

Var Sable 

S e t a l  l ength ,  
abdomi n a l  
t e r g i t e  V I I I  

S e t a l  l e n g t h  
abdoml n a l  
t e r g i t e  V 

S e t a l  Number, 
antenna1 seg. 
V I ,  p r o c ,  
t e r m i n a l i s  



Appendix 2 

Samp 1 e 
Number 

Var l a b l e  

S e t a l  number, 
antennal  seg. 
V I ,  base 

S e t a l  number 
antennal  seg. 
V 

S e t a l  number, 
antennal  seg. 
I I 

S e t a l  number, 
rostrum seg. 
I V ,  accessory 
setae 



Samp 1 e 
Number 

Variable 

Setal number, 
genital plate 

SNGP 

Setal number, 
abdomi nal 
tergite V 

Setal number, 
abdomi nal 
tergite VIII 

Setal number, 
cornicle 

SNC 

( x  lo-') 

486 12 106 
485 8 71 
371 10 116 
429 16 173 
375 8 96 
401 13 146 
488 14 127 
453 10 98 
450 10 97 
$62 92 918 
383 13 155 
486 10 93 
393 10 114 
394 10 111 
337 11 150 
345 11 146 
404 9 94 
388 11 126 
438 10 106 
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Samp 1  e 
Number 

1  
2  
3  
4  
5  
6  
7  
8  
9  
i u 
11 
12  
13  
14  
15 
16  
17 
18  
19 

V a r i a b l e  

Se ta l  number, 
0.2 mm o f  h i n d  
t i b i a  

SNT 



A P P E N D I X  3 

Measurement da ta  (mean 2 standard e r r o r  and c o e f f i c i e n t  o f  v a r i a t i o n )  

f o r  t h e  a d u l t  apterous morph o f  t he  Cinara species s t u d i e d  i n  Chapter 

5. The species numbers a r e  as i n d i c a t e d  i n  Table  X I I .  A l l  measure- 

ments a r e  i n  mm. The decimal p o i n t  f o r  t h e  mean and s tandard e r r o r  i s  

i n d i c a t e d  below t h e  v a r i a b l e  name. A l l  c o e f f i c i e n t s  o f  v a r i a t i o n  a r e  

- 1 g i ven  as 1  x 10 . 



Samp 1 e 
Number 

Var l a b l e  

Body 
l e n g t h  

Frons Antenna 1 
w l d t h  segment 11, 

l e n g t h  

Antenna1 
segment 111, 
l e n g t h  



Samg 1 e 
Number 

Antenna 1 
segment I V ,  
length 

Yar lable 

Antenna l Antenna 1 
segment V, segment V I ,  
length base length 

Antenna1 
segment VI, 
base wldth 



Samp 1 e 
Number 

Antenna1 
segment VI 
processus 
termlnalls, 
length 

Ros t r urn Ros t r um 
segment M ,  segment IV, 
length length 

Rostrum 
segment 111, 
length 

R 31 

( X  

271 3 56 
247 2 46 
202 2 51 
194 2 43 
224 4 91 
202 1 37 
226 3 70 
227 2 49 
246 4 90 
242 3 50 
218 2 55 
192 2 48 



Appendlx 3 

Samp 1 e 
Number 

rdar lable 

Ros t r urn 
segment 11, 
length 

Hlnd leg, 
femur, 
length 

F L 

( x  

166 3 86 
174 2 51 
142 3 101 
122 2 77 
163 4 113 
129 3 113 
156 3 96 
159 2 73 
168 4 125 
157 3 87 
160 3 93 
149 2 83 

Hlnd leg, 
femur , 
wldth 

FW 

( X  1 0 - ~ )  

180 3 81 
268 4 80 
189 3 72 
191 2 50 
174 7 195 
144 3 95 
179 4 102 
181 3 89 
188 5 143 
189 3 72 
180 3 96 
189 3 90 

Hlnd leg, 
tlbla, 
length 

T L 

( X  

260 4 81 
240 3 71 
221 4 99 
194 2 47 
249 6 116 
201 5 126 
235 5 101 
238 4 79 
254 8 155 
235 5 94 
242 5 100 
227 4 99 



Samp'l e  
Number 

Var t a b l e  

Hlnd l e g ,  
tarsus I, 
v e n t r a l ,  
l e n g t h  

TSl V l  

Hlnd l e g ,  
tarsus 11, 
l ength  

TS2L 

( x  1 r 3 )  

311 3 56 
367 3 38 
298 3 58 
253 3 42 
274 5 90 
248 3 59 
2 3 64 
281 3 47 
303 4 65 
286 4 66 
283 4 66 
284 2 41 

S e t a l  l e n g t h  
antenna1 
segment 111 

S e t a l  Lenght 
h lnd l e g ,  
t l b l a  

SLT 



Samp 1 e 
Number 

Setal length, 
genltal plate 

SLGP 

Var lable 

Setal length, 
abdoml na 1 
terglte V 

Setal number, 
antennal seg. 
VI, yroc. 
terminalls 

Setal number, 
antennal seg. 
VI, base 



Sanp 1  e 
Number 

S e t a l  number, 
antennal  seg. 
V 

Var l a b l e  

S e t a l  number, 
antennal  seg. 
I I 

S e t a l  number, 
rostrum seg, 
I V ,  accessory 
se tae  

S e t a l  number, 
genl  t a l  p l a t e  

SNGP 



Sample 
Number 

S e t a l  number, 
abdoml n a l  
t e r g l t e  V 

War l a b l e  

Se ta l  number, SeCal number, 
abdoml na1 
t e r g l t e  V X I I  

SFOAT8 

( x  

129 2 86 
288 9 164 
107 2 106 
126 7 212 
167 8 243 
136 3 122 
152 5 161 
165 7 217 
175 7 191 
188 10 244 
I75 4 I 4 3  
261 7 128 

c o r n l c l e  

SNG 

( x  lo- ' )  

401 15 185 
1706 54 159 

288 11 189 
173 8 170 
443 22 252 
348 14 195 
390 17 218 
719 40 277 
929 32 171 
813 30 166 
359 15 210 
646 18 137 

Se ta l  number, 
0.2 mm o f  h l n d  
t ' l b l a  

SNT 



APPENDIX 4 

B&nerls ( 1 9 5 2 )  c l a s s l f i c a t l o n  o f  the  t r l b e  C i n a r l n l  (B&ner)  

(Aphidoidea,  Lachnidae) .  



Tribe Cinarini Borner 

Cinara Curt is  1835, BErner 1930 

Subgenus Cinara s .  s t r .  

Cinare l l ia  Barrier 1951 

Subci nara ~ a r n e r  1949 

Buchneria B8rner 1952 

Lar i car 1 a Bikner 1939 

C i  nar i a B& ner 1939 

Cinaropsi s BSr ner 1939 

Cinaropsis s .  s t r .  

P i  tyar l a  Bkner 1950 

Mec 1 nar i a Bsr ner 1949 

Todolachnus Matsumura 1917 

Cupressobium Bsrner 1940 

Lachniella del Guercio 1909 -- 
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