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l lorp h a l o g i c a l  v a r i a t i o n  w i t h i n  and b e t w e e n  E c r t h  

A m e r i c a n  p o p u l a t i o n s  of t h e  b a l s a m  w o o l l y  a p h i d ,  Adelges 

p i c e a e  ( R a t z e b u r g  1844)  (Hornoptera: A d e l g i d a e )  was  

s t u d i e d  u s i ~ g  u r i v a r i a t e  and mu1 t i v a r i a t e  s t a t i s t i c a l  

d o r p h o l o g i c a l  c h a r a c t e r s  of t h e  first i c s t a r  and  

a d u l t  were s t u d i e d .  n u l t i p l e  d i s c r i m i r a n t  a p a l y s i s  

+d c l u s t e r  a n a l p s i s  o f  H a h a l a n o b i s  G e n e r a l i z e d  D i s t a n c e s  

mere computed from 18 p o p u l a t i o n  s a m p l e s  c o l l e c t e d  on  

several s p e c i e s  of t r u e  f i r  ( A b i e s )  . C h a r a c t e r s  

c h o s e n  from t h e  a d u l t  s tage  g a v e  t h e  most i n t e r p r e t a b l e  
- - - - - -- 

c l a s s i f i c a t i o n  o f  t h e  s a m p l e s .  T h r e e  d i s t i n c t  g r o u p s  - 
were d e t e r m i n e d :  a  I1uar i  timesll g r o u p  d o n s i s t i n g  of U 
s a m p l e s  f r o n  N e u f o u n d l a n d  a n d  Nova S c o t i a ;  a n  - 

t l I n t e r m e d i a t e t '  c l u s t e r  c o n s i s t i n g  of samples f rom 

N o r t h  C a r o l i n a ,  O r e g o n ,  a n d  U a s h i n g t o n ;  and  a " B r i t i s h  

C o l u m b i a n  g r o u p  c o n s i s t i n g  of s a m p l e s  from t h a t  

p r o v i n c e .  

iii 



/ 

,The  m u l t i v a r i a t e  a n a l y s e s  showed  t h a t  n o s t  o f  t h e  
- - - - - - - - - - - 

obser vsd r a r i a t j o ~  was t h e  r e s u l t  o f  f f e r e n c e s -  i n  Q" 
- A - - - - - 

t h e  size a n d  s h a p e  o f  i n d i v i d u a l s  i n  t h e  s a m p l e s .  

A l l o c a t i o n  o f  i n d i v i d u a l  s p e c i m e n s  t o  t h e  t h r e o  g r o u p s ,  

using i d e c t i f  i c a t i o n  f u n c t i o n s  c a l c u l a t e d  from 
.I 

m e a s u r e m e n t s  o f  spec imens  from t h e  t h r e e  g r o u p s ,  , 

showed  t h a t  the m c r p h o l o g i c a l  c h a r a c t e r s  measured  

i o  the a d u l t  s t a g e  c o r r e c t l y  a l l o c a t e d  85.6% of t h e  
--- a 

spsci~ens t o  t h e  t h r e e  g r o u p s .  

s t u d i e d  u s i n g  s a m p l s s  t a k e n  fruo A b i e ~  a a a b i l i s  a t  a  

s i t e  n e a r  Duncan on  V a n c o u v e r  I s l a n d ,  B r i t i s h  Columbia .  

no c o n s i s t e n t  d i f f e r e n c e s  b e t  ween trees o r  Between 

different s a m p l e  times o n  t h a  same tree were f o u n d .  
I 

I n c l u s i o n  of t h e s e  s a m p l e s  w i t h  t h e  o t h e r  18 Eopui_atLon 

s a m p l e s  d i d  n o t  h a v e  a n  e f fec t  on  t h e  $ L s c r i m i n a t i o f l  
$ 

o f  t h e  thrse s y s t e m a t i c  g r o u p s .  

C o m p a r a t i v e  m u l t i v a r i a t e  morpho logy  i s  a  u s e f u l  
0 

a p p r o a c h  t o  t h e  s t u d y  o f  a d e l g i d  s y s t e m a t i c s .  B a s e d  

o n  t h e  m o r p h o n e t r i c  a n a l y s e s  a n d  o n  c e r t a i n  q u a l i t a t i v e  

a t t r i b u t e s ,  t h r e q  s u b s p e c i e s  -of A. p i c e a e  are proposeir. - 
A. piceae p i c e a e ,  A. p i c e a e  c a n a d e n s i s ,  a n d  A. p i c e a e  - -- -- - 
o c c i d e n t a l i s ,  which  c o r r e s g o n d  t o  t h e  "Ha ritime", t h e  



f f I n t s r m e d i a t ~ n ,  a n d  the " B r i t i s h  C o l u m b i a "  g r o u p s  

r e s p e c t i v e l y .  A t a x o n o m ' i c  k e y  t c  these s u b s p e c i e s  is 
4 

p r e s 3 n t e d .  - 

T h e  baisam w o o l l y  a p h i d  is  b e l i e v e d  to have been  * 

i c t r o d u c ~ d  into North A m e r i c a  o n  n u r s e r y  s t o c k  from 

E u r o p e .  It is  s u g g e s t e d  t h a t  o b s e r v e &  s y s t e m a t i c  

d i ' f f  e r e n c e s , ' a r e  the r e s u l t  of  A. p i c e a e  b e i n g  i n t r o d u c e d  

from the same cr d i f f e r e n t  s o u r c e  a reas  i n  Europe. 

F u t u r e  i n v e s t i g a t i o n s  i n t o  t h e  c o n t r o l  of. t h i s  p e s t  

insect s h o u l d  t z k e  i n t o  a c c o u n t  these s y s t e m a t i c  

d i f f e r e n c s s  a s  th3y n a y  ref lect  other i m p o r t a n t  

b i o l o g i c a l  c h a r a c t e r i s t i @  
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I d ~ n t i f i c a t i ~ n  t a b l e  f o r  18 p o p u l a t i o n  
samples _of_ f irst instar h a b u t  unnl.lv aphid ,  - - - - - 

A d c l g e s  ptceae. . I d e n t i f i c a t i o n  f u n c t i c n s  
basfd an 21 gantlnnaas variables a ~ h s a n p l e -  
sizes of  4C i n d i v i d u e l s ,  Correct i d s n t i f i c a - ,  
t i c n s  a r e  I n  t h e  d i a g o ~ s l  p o s i t i o n s ,  i ~ 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  ic .the o f f - d i a g o n a l  
p o s i t i o n s ,  6 7$ 

a 
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XI. 

I d s n t i f i c a t i o n  t a b l e  f o x  1 8  " o p u l a t i o n  J .  

sampl+s of a d u l t  b a l s a m  w o o l l y  a p h i a ,  
iceae. I d e n t i f i c a t i o n  f u n c t i o n s  

\\ 
mr- ft c o n t i  mron E va=ya3Zesmsarsp lx  r - WPi- 

sizes o f  4 0  i n d i v i d u a l s .  Correct i d e n t i f i c a -  
t i o n s  a re  i n  the d i a g o n a l  p o s i t i o n s ,  i n c o r r e c t  
i d a n t i f  i c a t  i o n s  a r e  ' in  t h e  o f f - d i a g o n a l  

- p o s i t i o n s .  6 8  

I d e n t i f i c a t i o n  t a b l e  f o r  18 p o p u l a t i o n  
s a m p l e s  o f  a d u l t  balsam w o o l l y  a p h i d *  o 

Adel es iceae. I d e n t i f i c a t i o n  f u n c t i o n s  
d o n + n t i n u o u s  v a r i a b l e s  a n d  s a m p l e  
s i z e s  of  20  i n d i v i d u a l s .  Table shows  
a l l o c 3 t i o n s  f o r  1 8  s a m p l e s  o f  24) i n d i v l d x a l s  -I.- 

each t h a t  were n o t  used  t o  c a l c u l a t e  t h e  
o r i g i n a l  i d e n t i f i c a t i o n  f u n c t i o n s .  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  the d i a g o n a 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 a - 1  p c s i t i o n s ,  $ 7 0  

Hatrices o f  S a h a l a n o b i s  D values f o r  
w i t h i n - p o p u l a t  i o n  ( P e l l o w ' s  C r e e k ,  B r i t i s h  
Co lumbia )  s a n p l e s  of b a l s a m  w o o l l y  a p h i d ,  

> 
Adel  es p i c e a e :  (a)  first i n s t a r ,  21 c o n t i n u o u s  
v a r r a b  -5 e s ;  A ( b )  ' a d u l t ,  18 c o n t i n u o u s  v a r i a b l e s ;  
(c) a d u l t ,  5 p o r e  c o u n t s .  S t a t i s t i c a l  rn 

s i g n i f i c a n c e  a s  i n  Table 111. 74 
d 

B i o m ~ t r i c  d a t a  f o r  t h a  f i r s t  i n s t a r  s t a g e  
- - 

o f  , t h s  t h r e e  s u b s p e c i e s  of  t h e  balsam w o o l l y  
aphid,  [ d e l g s s  p$cea_e, f o u n d  in N o r t h  ~ a e r i ' c a .  
For eac s u b s p e c l e S ,  t h e '  mean f s t a n d a r d  
d e v i a r i o n  (ma x 10 -4  ) is g i v e n  f o r  e a c h  
v a r i a b l e  m e a s u r e d ,  b a s e d  on  t h e  f o l l o w i n g  
s a m p l e  s i z e s :  p i c e a e ,  n = 320; c a n a d e n s i s ,  
n = 1 2 0 ;  o c c i d e ~ s ,  n = 280.  83 

XII. B i o a e t r i c  d a t a  f o r  t h e  a d u l t  s t a g e  of t h s  
' II,. 

t h r e e  s u b s p e c i e s  o f  t h e  b a l s a m  w o o l l y  a p h i d ,  - I.. r..' c -  ,.F,.. . 
A d e l g l s  p i c e a e ,  f o u n d  i n  N o r t h  'America. 
For eachsnbspecies, the mean 2 standard 
d e v i a t i o n  ( r a m  x 1 0 - 9 )  ( p o r e  c o u n t s ,  x 10) 
is g i v e r  f o r  e a c h  v a r i a b l e  a € a s u r e d ,  b a s e d  

~ ---p---p----p-----p---- ~- 

oh tze _~ f o ~ ~ ~ i s g :  saaple--si3e s i  pic ea e, n = 
-- - 

---- -- 

-- 
- - ~  

-- 

-------32-fi c a n a d e n s i s ,  n = 120; a c c i d e m s ,  n  = 
-- =** ~ 

- - - - -  ~- 

- -ED--  
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o f  first i n s t a r  ba l sam 
p i c e a e .  

V e n t r a l  s u r f a c e  of a d u l t  balsam w o o l l y  
aph id ,  Ade lges  p i c e a e .  

Operatima3 d h e n s i o n s  of discriminating 
v a r i a b l e s ;  (a)  a n t e n n a ;  (b)  r o s t r u m ;  (c) 
h i n d  l e g ;  (d)  o c e l l u s ;  (e) a n a l  p l a t e .  
Numbers refer  t o  v a r i a b l e s  a s  l i s t e d  i n  
T a b l e  11. 

D i s t r i b u t i o n  o f  p o r e  f i e l d s  on the d o r s a l  
s u r f a c e  of a d u l t  balsam w o o l l y  a p h i d ,  
Adelges  p i c e a e .  - 
Phenograa  f o r  OPGLIA c l u s t e r  a a s i s  o f  
H a h a l a n o b i s  G e n e r a g z e d  ~ i s t a n c d j  D, (Table  
111). f o r  18 p o p u l a t i o n  s a m p l e s  of 21 
c o n t i n u o t l s  measurements  o f  f irst  i n s t a r  
balsam wookly a p h i d ,  A d e l g e s  p i c e a e .  

C e n t r o i d s  of 18 p o p u l a t i o n  s a m p l e s  of 21 
first  i n s t a r  c o n t i n u o u s  measu remen t s  o f  
balsam w o o l l y  a p h i d ,  Adel  es p i c e a e ,  
p r o j e c t e d  onto tbe first + an second 
d i s c r i m i n a n t  a x e s .  

Phenogram for  U P G H A  c l u s t e r  a n a l y s i s  of  
B a h a l a n o b i  s G e n e r a l i z e d  D i s t a n c e ,  D ( T a b l e  
IV) f o r  18 p o p u l a t i o n  s a m p l e s  of 18 c o n t i n -  
u o u s  measurements  of a d u l t  balsam woo l ly  
aph id ,  A d e l g e s  p i c e a e .  

C e n t r o i d s  o f  18 p o p u l a t i o n  s a m p l e s  of 18 
COIL*-+-& a d u l t  blsar-- 

- - -- __ 
voolly a p h i d ,  A d e l g e s  piceae, p r o  jiicteZ-=--'=- 
mta the - *  and . . 

secnnd  d i . 4 c l r f n t  -- 
axes.  

x i i  



Phenogram f ~ r  U P G H A  c l u s c e r  analysis of 
H a t a l a n o b i s  G e c e r a l i z e d  D i s t s n c f ,  D, ( T a b l e  
VI) f o r  18 population samples o f  5 pore 
c o u r i t s  of a d n l t  b a l s a m  woolly a p h i d ,  A d e l g e s  
p i c e a e .  6 2 

C e n t r o i d s  o f  18 p o p u l a t i o n  samples of 5 pore 
c o u n t s  of a d u l t  ba l sam w o o l l y  a p h i d ,  A d e l g e s  
iceae, p r o j a z t e d  c r i t o  t h e  first and  s e c o n d  %- ~ s c r r m i n a n t  a x e s .  6 3  

Phenogram f o r  U P G H A  c l u s t e r  a n a l y s i s  o f  
Mahalanobf  s G e ~ e r a l i z e d  D i s t a n c e ,  D, ( T a b l e  
V I )  for p o p u l a t i o n  s a m p l e s  1 t o  9 b a s e d  on 
5 p o r e  counts cf a h l t  basam u o c l i y  aphis, 
A d e l g e s  p i c e a e .  65 

Phenograms F D L ~ U P G R A  c l u s t e r  analysis of 
H a h a l a n o b i s  G e n e r a l i z e d  D i s t a n c e ,  D, ( T a b l e  
VII) f o r  w i t h i n - p o p u l a t i o r ;  (Psllo w t  s Creek, 
~ r i t i s h  colum b i a )  s a m p l e s  o f  b a l s a m  w o o l l y  
a p h i d , + A d e l g % s  p i c a a ~  ; (a )  first i t s t a r ,  
21  continuous measurements; (b) adult, 18 
con t i x inous  measu remen t s ;  (c) a d u l t ,  5 F o r e  
con r_ t s*  

D iag rammat i c  r e p r e s e n t a t i o r  of t h e  sc le ro -  
t i z e d  p l a t e s  a n d  t h e  d i s t r i b u t i o n  of  t h e  
wax p o r e s  on one s i d e  of the d o r s a l  s u r f a c e  
of t h e  a d n l t  balsam woolly a p h i d ,  l d e l g e s  
=: a )  . piceae c a n a d e n s i s ;  (b) I ,  
prceae p l c e a e ;  (c) A.  p i c ~ a e  o c c i d e n t a l i s .  - 8 2  
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The balsam woo l ly  a p h i d  ( A )  , Adelges  p i c e a e  

( B a t z e b u r g  1844)  (Boaopte ra :  A d e l g i d a e )  , i s  a minu te  

s u c k i n g  i n s e c t .  I t  i s  i n d i g e n o u s  t o  Europe,  where it 

occnss t h r o u g h o u t  most o f  the r a n g e  o f  i t s  p r i n c i p a l  

- C 
h o s t  p l a n t ,  A b i e s  a l b a  B i l l e r  (Pschorn -Ra lche r  1964) .  - 
It f e e d s  on t h e  b a r k  cortex of t h e  stem a n d  crown o f  

t h e  t ree .  F e e d i n g  can r e s u l t  i n  s t r u c t u r a l  darnage t o  

t h e  b a r k  and  wood and,  a s  a consequence ,  i n  r e d u c e d  

growth ;  a  heavy  stem a t t a c k  can s e r i o u s l y  d i s t u r b  the 

m e t a b o l i c  f u n c t i o n s  of t h e  tree which may d i e  a s  a 

r e s u l t .  (Balch 1952;-' B r y a n t  1974; V a r t y  1956) .  Whereas 

t h e  a p h i d  c a u s e s  l i t t l e  o b v i o u s  damage t o  A .  a l b a  i n  - - 
Europe,  i t  is c a p a b l e  of a t t a c k i n g  and  s e r ~ ~ 1 . ~  

damaging o t h e r ,  more s u s c e p t i b l e ,  t r u e  f i r s  (Abies  spp.) 

America,  B W A  h a s  been  . r e p o r t e d  a s  a  s e r i o u s  p e s t  o f  

several e c o n o m i c a l l y  i m p o r t a n t  f i r  s p e c i e s  (Brysnt 

1 9 7 4 ;  Johnson  & Wright  1957; f l i t c h e l l  1966) .  

1  lrBalsam woolly a p h i d w  is h e n c e f o r t h  a b b r e v i a t e d  as 



1 .1  ~ i s t r i b u t i o n  i n  N o r t h  America 
/ 

There  i s  ~ v i d e n c e  t h a t  BWA was i n t r o d u c e d  from E u r o p e  

i n t o  e a s t e r n  N o r t h  America ,  p r e s u m a b l y  w i t h  i m p o r t e d  

n u r s e r y  s t o c k ,  o n  s e v e r a l  o c c a s i o n s  b e f o r s  1 9 0 0  ( B a l c h  

1952)  . It was f i r s t  r e p o r t e d  f r o m  Maine i n  1908 a n d  

from N e w  H a m p s h i r e  i n  1916  ( K o t i n s k y  1916)  ; a n d  i t  

p r o b a b l y  i n v a d e d  Nova S c o t i a  b e f o r e  f 910 ( B a l c h  1952)  . 
The B U A  s u b s e q u e n t l y  s p r e a d  f rom t h e  o r i g i n a l  / 

/ 

_ /I 

i n f e s t c t i o n  s i t e s  a n d  u a s  f o u n d  o n  b a l s a m  f i r ,  A b i e s  

b a l s a m e a  (La) B i l l .  , ir: some p a r t s  o f  eas tern  Canada 

(Quebec, New B r u n s u i c k ,  Nova S c o t i a ,  P r i n c e  Edward 

I s l a n d ,  a n d  . B e u f c u n d l a n d )  a n d  of t h e  a o r t h e a s t e r n  

U n i t e d  States ( N e w  York, Maine, M a s s a c h u s e t t s ,  N e w  

re,  a n d  Vermo3t) ( B a l c h  1 9 5 2 ;  C l a r k  e t  a l .  

cGugar! & C o p p e l  1962) . It was d i s c o v e r e d  - 

on - A .  f r a sa r i  ( P u r s h . )  P o i r . ,  i n  V i r g i n i a  i n  1956 

(Amman 1962) a rd  i n  N o r t h  C a r o l i n a  i n  4957 (Spec-rs 

1958 ) .  

I n  western Nor th  America, B U A  was f o u n d  f i r s t  on  

s e v e r a l  d i f f e r e n t  A b i e s  s p e c i e s  i n  G c l d e n  Gate P a r k ,  

n s a r  San F r a n c i s c o ,  C a l i f o r n i a  i n  1 9 2 8  (Annand 1 9 2 8 ) .  



and  s i n c e  1954,  s e v e r e  i n f e s t a t i o n s  have  -been o b s e r v e d  

a t  numerous l o c a t i o n s  i n  Yash ing ton  and  oreg& (Johnson  

G Wright  1957) . The f i r s t  r e c o r d  o f  BWA i n  B r i t i s h  

~ o l u a b i a  was o n  o r n a m e n t a l  t rees a t  Vancouver by 

S i l v e r  (1 959) . The  e x t e n t  o f  damage t o  t h e  t rees  l e d  

him t o  s u g g e s t  t h a t  t h e  a p h i d  had been  p r e s e n t  f o r  a t  

l e a s t  e i g h t  y e a r s  b e f o r e  it was d i s c o v e r e d  i n  1958. 

A t  p r e s e n t  BWA i s  c o n f i n e d  t o  t h e  s o u t h w e s t e r n  r e g i o n  o f  

t h a  main land  a n d  t o  d o u t h e a s t e r n  Vancouver  I s l a n d  

i n  B r i t i s h  Columbia  ( H o r r i s  6 Wood 1977) .  The f a c t  I 

t h a t  M A  was first n o t i c e d  in p a r k s  an& g a r d e n s  

s u g g e s t s  t h a t  i t  was a l s o  i n t r o d u c e d  t o  t h e  west c o a s t  

o f  Nor th  America w i t h -  n u r s e r y  s t o c k  from i n f e s t e d  areas. 

The p r i n c i p a l  f i r  s p e c i e s  t h a t  s e r v e  a s  h o s t s  

o f  BWA i n  t h e  P a c i f i c  Nor thwes t  a r e  Ab ies  g r a n d i s  . 
(Dougl.) L i n d l . ,  - A. a m a b i l i s  (Dougl.) F o r b e s ,  and 

A. L a d o c a r p a  (Hook.) Nut t ,  T h e  a p h i d  a l s o  a t t a c k s  - 
l 

a number of e x o t i c  Ab ie s  s p e c i e s ,  s u c h  a s  - A .  
- 2  - \ 2 .  

c e p h a l o n i c a  London and - A. s a c h a l i n e n s i s  ! l a s t e r %  a s  M 

well a s  o t h e r  n a t i v e  firs i n c l u d i n g  - A. p r o c e s a  Rehder ,  -- - - - 

A. a a g n i f i c a  v a r ,  s h a s t e n s i s  Lemm., and A ,  c o n c o l o r  - - 
(Gord. and Glend , )  L i n d l .  ( M i t c h e l l  1966; Wood 1968) .  



1.2 Life  H i s t o r y  

The l i f e  h i s t o r y  o f  BHA i n  e a s t e r n  C a n a d a  was  

d e s c r i b e d  by B a l c h  (1952) a n d  B r y a n t  (1971) ,  i n  N o r t h  

C a r o l i n a  b y  Amman ( 1 9 6 2 ) ,  and i n  t h e  P a c i f i c  N o r t h u p s t  

by l c f l u l l e n  E S k o v s g a a r d  (19?2), f l i t c h e l l  e t  a l .  (1961) , 
a n d  Tunnock  G Rudinsky  ( 1  959) . 

, 

The A d e l g i d a e  h a v e  a p e n t a a o r p h i c  h o l u c y c l e  

i n v o l v i n g  a p r i m a r y  h o s t ,  which is  a l w a y s  a s p e c i e s  
\ 

of s p r u c e  ( P i c e a  spp . )  , and  a s e c o n d a r y  ~ o & ,  which  

i s  a  c o n i f e r  o f  a n o t h e r  g e n u s  ( A b i e s ,  L a r i x ,  P i n u s ,  

P s e u d o t s u g a ,  T s u g a )  . Whereas h o s t  a l t e r n a t i o n  o c c u r s  

i n  m o s t  s p e c i e s  o f  A d e l g i d a e ,  t h e  B Y A  .is a n h o l o c y c l i c .  

t h a t  is,  a l l  d e v e l o p m e n t a l  s t a g e s  a n d  morphs  o c c u r  

o n  the s e c o n d a r y  h o s t  p l a n t ,  A b i e s  spp .  R e p r o d u c t i o n  

i s  e n t i r e l y  p a r t h e n o g e n e t i c .  T h e  l i f e  c y c l e  c o n s i s t s  

o f  two o v i p a r o u s  n o r p h s  i .e . ,  t h e  p r o g r e d i e n s  a n d  the 

mora nn 'merous s i s t e n s  morph. T h e s e  morphs  d i f f e r  

i n  the number of  nymphal  i n s t a r s ;  t h e r e  a r e  t h r e e  

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

' p r o g r e d i e n s .  The f irst  i n s t a r  o f  b o t h  morphs ,  which  

i s  e i t h e r  a n e o s i s t e n s  o r  a n e o p r o g r e d i e n s ,  i n c l u d e s -  
1 

a mot i le  c r a w l e r  s t a g e  a n d  a s e t t l e d  s t a g e .  T h e s e  



B 

s tages  were d e s c r i b e d  by Balch (7952) anii V a r t y  CTV56). 

Two t y p e s  of s i s t e n s  g e n e r a t i o n  o c c u r  o n  t h e  stem 

a n d  t h e  b r a n c h e s  o f  t h e  h o s t  tree: the h i e m o s i s t e n s  
I 

which  o v e r w i n t e r s  u s u a l l y  i n  t h e  n e o s i s t e n s  s t a g e ;  

a n d  t h e  a e s t i v o s i s t e n s  which  u n d e r g o e s  a n  o b l i g a t o r y  
,I summer d L a p a u s e  i n  t h e  n e o s i s t e n s  s t a g e .  D e p s n d i n g  I ,:z- 

C 

upon * l o d a l  c l imat ic  c o n d i t i o n s ,  t h e r e  may be f r o m  

one t o  three a e s t i v o s i s t e n s  g e n e r a t i o n s  a year 

( H i t c h e l l ,  J o h n s o n  E B u d i n s k y  1961)  . 

The f i r s t  e g g s  l a i d  by females of t h e  h i e m o s i s t e n s  

g e n e r a t i o n  c a n  g i v e  r i s e  t o  t h e  n o n - d i a p a n s e  p r o g r e d i e n s  
/ 
I 

g e , n e r a t i o n ,  which  may be e i t h e r  a p t e r o u s  o r  a l a t e  

(Annand 1928;  B a l c h  1 9 5 2 ) .  T h e  a l a t e  p r o g r e d i e n s  morph 

is s t e r i l e ;  it f l i e s  t o  o r  is  blown by t h e  wind t o  

o t h e r  f i r  t rees  or to  o t h e r  b r a n c h e s  on  t h e  same t ree.  

The a p t e r o u s  p r o g i k d i e n s  g e n e r a t i o n  p r o d u c e s  a s i s t e n s  

' ( a e s t i v o s i s t e n s )  g e n e r a t i o n  w h i c h  is a o r p h o l o g i c a l l y  

i n d i s t i n g u i s h a b l e  from o t h e r  s i s t e n s  g e n e r a t i o n s  ( B a l c h  

1 9 5 2 ;  B r y a n t . 1 9 7 2 ) .  The  p r o g r e d i e n s  s t age  is  - f o u n d  - 

c o ~ n o n l y  i n  Newfound land  b u t  less commonly i n  N e w  

~ r u n s w i c k ;  i n  Newfoundland t h a t  s t age  c o m p r i s e s  less 

t h a n  3% o f  t h e  p o p u l a t i o n  ( B r y a n t  1972) . The 



1 projqrediens morph bas  n o t  been reported i n  western 

NO 4 t h  ~ m s r i c a  except b y  Acnand ( 1 9 2 8 ) .  who d e s c r i b e d  

both a p t e r o u s  ana a l a t e  p r o g r e d i e n s  f rom mater ia l  

c o l l a c t e d  i n  C a l i f o r n i a .  

I J 
1 . 3  P r e v i o u s  t a x o n o m i c  studies 

P r e v i o u s  t a x o n o m i c  work. on t h e  f a m i l y  A d e l g i d a e  

was r e v i e w e d  by Annand (1928) , P s c h o r n - U a l c h e r  a n d  

Zwzlfer ( 1 9 5 8 ) ,  S t e f f a n  (1961,  1968) .  a n d  V a r t y  . (1956) ,  

who also d e s c r i b e d  t h e  f a m i l y ,  genus, a n d  s p e c i e s  

l eve l  t a x a .  R e v i e w s  of p r 5 v i o u s  t a x o n o m i c  work 

on  A .  p i c e a e  were by  Annand (1928) .  B a l c h  (1952) ,  - 
a n d  V a r t y  ( 1 9 5 6 ) .  

S e v e r a l  authors a t t e m p t e d  t o  d i f f e r e n t i a t e  

b e t w e e n  t h e  m o r p h o l o g - i c a l l g  s i m i l a r  species a n d  formsa 

of ~Qelges (= D r e y f u s i a  ~ S r n e r )  a t t a c k i n g  A b i e s  s p e c i e s  - 

2 P s c h o r n - W a l c h e r  and  ~ w 6 l f e r  ( 1  956, 1958)  s u g g e s t e d  

t h e  term o r  aft f o r  m o r p h o l o g i c a l 1  y s e p a r a b l e  i s o l a t e s  

of  BVA. The  term w l f o r ~ "  is t a x o n o m i c a l l y  n e u t r a 4 ;  it 
r? 

i m p l i e s  a p r o v i s i o n a l  c l a s s i f i c a t i o n .  . 



*-= (Busby 1962;  E i c h h o r n  1958, 1967; P s c h o r n -  W a l c h e r  & 

zwgl fe r  1958,  1 9 6 0 ) .  V a r t y  (1956)  d e t e r m i n e d  i n  d e t a i l  

t h e  m o r p h o l o g i c a l  and  b i o l o g i c a l  d i f f e r e n c e s  b e t w e e n  A. - 
* 

p i c e a e  and A. n o r d m a n n i a n a e  ( E c k s t  e i n  1890) ( = n u e s s l i n i  - 
B o r n e r  1908) a s  t h e y  o c c u r  on f i r s  i n  S c c t l a n d .  I 

D i f f e r e n c e s  i~! t h e  reorphologp andl c h r o m a ~ d g r a p h i c  

p r o p e r t  o f  v a r i o u s  s tages,  m o d i f i c a t i o n s  of t h e  

h o l o c y c l i c  l i f e  c y c l e ,  ' a n d  h o s t p l a n t  r e a c t i o n s  h a v e  

p r o v e d  t o  be  * w s t  nsafuf  cr i te r ia  f o r  differ- 

e n t i a t i n g  be tween  t h e  v a r i o u s  s p e c i e s  a n d  forms.  

Host t a r o c o m i s t s  h a v e  r e l i e d  l a r g e l y  on d i f f e r e n c e s  

between t h e  f i r s t  i n s t a r r  s t a g e s ,  i n  p a r t i c u l a r  on 

, d i f f e r e n c e s  i n  t h e  shape ,  number, a n d  a r r a n g e m e n t  cf 

t h e  wax p c r e s  on the d o r s a l  sc ler i tes  of t h e  f i r s t  

i n s t a r .  

H o r p h o l o g i c a l  v a r i a t  i o n  i n  N o r t h  Amer ican  p o p u l a t i o n s  

o f  B W A  . h a s  b e e n  little s t u d i e d  so f a r .  Annand (1928)  

p r o v i d e d  i n c o ~ p l e t e  d e s c r i p t i o n s  of s o k e  s t a g e s  a n d  

n o r p h s  col lec ted  i n  C a l i f o r n i a .  B a l c h  (1 952) d e s c r i b e d  

a l l  s t a g e s  of B R A  from m a t e r i a l  c o l l e c t e d  i n  e a s t e r n  

Canada ,  e x a m i n e d  s p e c i m e n s  from t h e  n o r t h e a s t e r n  
t 

- - . 
U r i t e d  States and from Oregon,  but d i d  n o t  c o n s i d e r  

- n o r p h o l o g i c a l  v a r i a t i o n  w i t h i n  a n d  bet wee^ g e o g r a p h i c a l l y  

i s o l a t e d  p o p u l a t i c n s .  



D i f f e r e n t  forms pf BWA were d e s c r i b e z  from some 
.P 

a r e a s  o f  Nor th  America. For e x a m p l e ,  - A .  p i c e a e  f o r m a  

c a n a d e n s i s  w a s  d e s c r i b e d  from p o p u l a t i o n s  o n  - A .  

b a l s a m e a  i n  t h e  Maritime p r o v i n c e s  of Canada  a n d  i n  t h e  . 
n o r t h e a s t e r n  U n i t e d  S t a t e s .  ( ~ i c h h o r n  1956 ,  1 9 5 7 ;  H e r k e r  

6 ~ i c h h o r n  1956 ;  P s c h o r n - Y a l c h e r  & ~ w i j l f e r  1 9 5 8 ) .  The 

n e o s i s t e n s  o f  fo rma  c a n a d e n s i s  c a n  b e  d i s t i n g u i s h e d  

f rom t h e  E u r o p e a n  f o r m a  t y p i c a  by b e i n g  more h e a v i l y "  

s c l e r o t i z e d  a n d  h a v i n g  a h i g h e r  number  o f  wax up^&&^-- 

i n  t h e  c e n t r a l  wax g l a n d s  of t h e  d o r s a l  s c l e r i t s s  

of t h e  f i r s t  i n s t a r .  However, s p e c i m e n s  r e s e m b l i n g  

forma t y p i c a  h a v e  been  f o u n d  o n  i n f e s t e d  f i r s  i n  

8 Oregon,  W a s h i n g t o n ,  a n d  B r i t i s h  C o l u m b i a  ( P s c h o r n -  
i 

W a l c h e r  1960,  1964) a n d  forma c a n a d e n s i s  h a s  b e e n  

i d e n t i f i e d  f r o m  among S c o t t i s h  mate r ia l  (Busby 1 9 6 2 ,  

1964)  . I n  a d d i t i o n ,  t h e  European  s p e c i e s  A .  p r e l l i  - 
G r o s n a n n  1935  h a s  p r o v e n  d i f f  f i c u l t  t o  s e p a r a t e  from 

A .  p i c e a e  f o r m a  c a n a d e n s i s  o n  t h e  b a s i s  o f  m o r p h o l o g i c a l  - 
& 

f e a t u r e s  (Busby 1 9 6 2 ; .  P s c h o r c - Y a l c h e r  1764) . 
* 

P jld 5 

* = > @=. 

It i s  e v i d e n t  t h a t  BUA slqws c o n s i d e r a b l e  b i o l o g i c a l "  

v a r i a b i l i t y  i n  Europe  a n d  i n  N o r t h  America  i n c l u d i n g  

v a r i a b i l i t y  i n  i t s  e f fec t s  o n  t h e  d i f f e r e n t  h o s t  f irs 

( A t k i n s  1972; B r y a n t  1 9 7 4 ;  G r e e n b a n k  1970;  B i t c h e l l  1966) . 



P u f i t c h  (1971)  n o t e d  t h a t  d i f f e r e n c e s  b e t w e e n  t h e  t y p e  

of damage d o n e  t o  A.  g r a n d i s  i n  S c o t l a n d  a n d  i n  N o r t h  - 

Amer ica  map b e  t h e  = s a l t  o f  s y s t e m a t i c  d i f f e r e n c e s  

be tween '  t h e  t w o  BWA p o p u l a t i o n s .  

As a l r e a d y  m e n t i o n e d ,  o t h e r  a d e l g i d  s p e c i e s  t h a t  

c l o s e l y  resemble A. p i c e a e  have been d e s c r i b e d  a n d r  a t  - 
l e a s t  m e  of thes, - A. n o z d ~ a n , n i a n a e ,  h a s  b e e n  recorded 

f r o m  ~ o r t h  Amer ica  (Annand 1928; Balch 1952;  Harris 

1 9 6 6 ) .  T h e r e  i s  a l so  some e v i d e n c e  s u g g e s t i n g  t h a t  

g e o g r a p h i c a l  d i f f e r e n c e s  exist b e t w e e n  E u r o p e a n  a n d  

N o r t h  Amer ican  p o p u l a t i o n s  of BWA ( B r y a n t  1974)  . B o c a u s e  

t h e  p a r t h e n o g e n e t i c  mode o f  r e p r o d u c t  i o n  l i m i t s  g e n e t i c  

e x c h a n g e  b e t w e e n  p o p u l a t i o n s ,  it is  p o s s i b l e  t h a t  much 
\ 

of  t h e  o b s e r v e d  b i o l o g i c a l  d i v e r s i t y  i s  a c o n s d q u e n c e  

of d i f f e r e n c e s  i n  t h e  o r i g i n  o f  l o c a l  ( and  i s o l a t e d )  

p o p u l a t i o n s  of BUA.  S u c h  d i f f e r e n c e s  c o u l d  lead t o  

f u r t h e r  d i v e r g e n c e  a n d ,  e v e n t u a l l y ,  t o  t h e  e v o l u t i o n  of 

m e a s u r a b l e  d i f f e r e n c e s  t h a t  s h o u l d  be t a x o n o m i c a l l y  

r e c o g n i z e d .  

B r y a n t  (1974)  e m p h a s i z e d  t h e  n e e d  t o  d e t e r m i n e  

w h e t h e r  o r  n o t  o b s e r v e d  v a r i a t i o n  i n  R o r t h  ~merican 

p o p u l a t i o n s  of  B R A  is  t h e  r e s u l t  o f  more t h a n  o n e  s p e c i e s  



of a d e l g i d  b e i n g  p r e s e n t  and /o r  of  i n f r a s p e c i f i c  

d i f f  s r e n c e s  among cne s p e c i e s .  To d e v i s e  s u i t a b l e  

c c n t r o l  m e a s u r e s  it w i l l  be n e c e s s a r y  t o  d e t e r m i n e  ' 

w h e t h e r  o r  n o t  t h e r e  i s  a  s y s t e m a t i c  b a s i s  t o  t h e  . 

o b s e r v e d  b i o l o g i c a l  v a r i a b i l i t y  of BWA. P r e v e n t a t i v e  
0 

a n d  C o n t r o l  m e a s u r e s ,  t o  be e f i e c t i v e  a g a i n s t  BUA, 
A 

w i l l  d e p e n d  on t h e  r e l i a b l e  i d e n t i f i c a t i o n  o f  the 
a 

- s p e c i e s  a n d  t h e  f o r m s  o f  A d e l g i d a e  o c c u r r i n g  o n  

Abies ( B r y a n t  1974) . 

The o b j e c t i v e s  o f  t h i s  s t u d y  are: t o  d e f i n e  i n t r a -  

a n d  i n t e r - p o p u l a t i o n  m o r p h o l o g i c a l  v a r i a t i o n  i n  B W A  i n  
9 

North A m ~ r i c a ;  t o  d e t e r m i n e  means  of d i s c r i m i n a t i n g  
2 

b e t w e e n  m o r p h o l o g i c a l l y  d i s t i n c t  p o p u l a t i o n s ;  and  t o  

i n t e r p r e t  o b s e r v e d  m o r p h o m e t r i c  v a r i a t i o n  w i t h i n  the 
. . 

c o r t i x t  o f  t h e  known c o l o n i z a t i o n  h i s t o r y  of BWA i n  

N o r t h  ~mer i c a  . 



2. ME!ZHODS AND MATERIALS 

1 L 
7 I n  p r e v i o u s  s t u d i e s  of t h e  s y s t e m a t i c  r e l a t i o n s h i p s  

b e t v e e n  d i f f a r e n t  a d e l g i d  t a x a ,  r e l a t i v e l y  few o f  t h e  
/ 

a v a i l a b l e  m o r p h o l o g i c a l  c h a r a c t e r s  were earaminmi - - -  L A 

q u a n t i t a t i v e l y  . As m z n t i o n e d  a b o v e ,  e m p h a s i s  h a s  
? 

been p l a c e d  o n  d i f f e r e n c e s  i n  t h e  s h a p e ,  numbers ,  a n d  
/'- 

- 

a r r a n g e m e n t s  of wax p o r e s  on t h e  d o r s a l  s c l a r i t e s  oi the 
IP 

f i r s t  i n s t a r ;  however,  c o u n t s  o f  wax p o r e s  

e x h i b i t  much v a r i a b i l i t y  and t h e i r  r a n g e s  o v e r l a p  

c o n s i d e r a b l y  b e t w e e n  t a x a  (Busby 1962;  E i c h h o r n  1967; 

It h a s  been d ( B l a c k i t h  E Reyment 1971; S n e a t h  

& Sokal 1973.). t h a t  a  c l a s s i f i c a t i o n  s h o u l d  b e  b a s e d  on  
/ 

a  wide r a n g e  o f  c h a r a c t e r s .  When o n l y  a  few c h a r a c t e r s  
-. 

a r e  s t u d i e d  t h e  r e s u l t a n t  c l a s s i f i c a t i o n  is o f t e n  ' 

- 
u n s t a b l e  and t a x o n o m i c  b o u n d a r i e s  may c h a n g e  e a s i l y  

w i t h  t h e  i n c l u s i o n  of a d d i t i o n a l  c h a r a c t e r s .  F o r  t h a t  
LL- -- --- 

reason I used a wfde  r a n g e  o f  chaTa5te r s  taken-fr6m 
- - - - - - - 

samples fraa tkro-ugh-out t h e  r a n g e o n W K  i n  N o r t h  4 

~ m e r i c a .  To  d e t e r m i n e  if t h e  e m p h a s i s  on  a t t r i b u t e s  

o f  t h e  first i n s t a r  s t age  was m i s p l a c e d  a n d  i f  

- a d d i t i o n a l  t a x o n o m i c  i n f o r m a t i o n  c o u l d  b e  f o u n d  



by t h e  use of more t h a n  one l i f e  h i s t o r i  s t a g e ,  

c h a r a c t e r s  o f  b o t h  t h e  f irst i n s t a r  a n d  t h e  a d u l t  

were measured .  

The  g e o g r a p h i c  v a r i a t i o n  of a n  o r g a n i s m  is b e l i e v e d  

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

f r o m  Y h e  a d a p t a t i o n  o f  n u m e r o u s  f e a t u r e s  t o  nany i n t e r -  

d e p e n d e n t  e p v i r o n m e n t a l  ,- and  b i o l o g i c  1 f a c t o r s ,  t h e  4 
r e l a t i o n s h i p s  of which c h a n g e  over space an3 time 

( ~ o u l d  E J o h n s o n  1972;  . s o k a i  E R i n k e l  1 9 6 3 ) .   or t h i s  

r e a s o n ,  m u l t i v a r i a t e  s t a t i s t i c a l  t e c h n i q u e s  wers 

u s e d  t o  a n a l y z e  the o b s e r v e d  v a r i a b i l i t y  of t h e  

m o r p h o l o g i c a l  c h a r a c t e r s .  T h e s e  p r o c e d u r e s  e n a b l e  t h e  

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

o f  a l a r g e  namber  o f  c h a r a c t e r s  f r o m  many i n d i v i d u a l s  

a n d  p o p u l a t i o n s .  They  p r o v i d e  a means  t o  d e s c r i b e  and - 

t o  s u m m a r i z e  p a t t e r n s  o f  v a r i a t i o n  a n d  t o  d e l i n e a t e  

g r o u p s  o f  s a m p l e s  t h a t  a r e  s i m i l a r  i n  t h e s e  r e c o g n i z e d  

p a t t e r c s  o f  v a r i a t i o n .  G e n e r a l  r e v i e w s  o f  t h e  
P 

a p p l i c a t i o n  o  s t a t  isf ics t o  s t u d i e s  

o f  biologics 1 v a r i a b i l i t y  are aK&ilade I B l a c k i t h  8 - - 

R e p e n t  197-1; ~ l i f  ford  & S t e p h e n s o n  1975; S n e a t h  G 

S o k a l  1 9 7 3 )  . Gould & J o h n s o n  (1 972)  a n d  T h o r p e  

41 976) r e v i e w e d  p r o c e d u r e  s f o r  s t u d y i n g  g e o g r a p h i c  

v a r i a t i o n .  





Table I. Co1TecZ;ton data of popula%lon --sample8 
balsam woolly aphid, Adelges piceae, uaed in  
the study. 

Sample Locality, alt i tude,  date, and Host Tree 
No name of col lector,  

BRITISH C O L ~ I A  (CANADA) 

Pellow% Creek, near Duncan, Y m ~ r  
I&: 55Om 23 July, 30 August, 
3 Outober, 16 November 1973; R. 
Foottit 
Qlenora Road, Duncan, Vsnc. Is l , :  
9Om ; 30 July 1974; R. Foottit 
&ande$ End Road, Saanich, Vmc, 
Iu1,t 60m ; 31 July 1974. Re 
Foottit 
Diamond Head, near Squaaish; 920m; 
10 August 1975g R, Foottit  
Seymour Valley, North Vancouver; 
240m 1 13 August 1973~ A. Foottit 
Baglo Maun in,  Caquitlawt 470at; 9 .27 July 197 : 'R, Foottit  
nidgeon Valley, Coquitlam: 2101~1 
29 July 1974; R, Foottit 
UBC Research Forest, Maple Ridge# 
35- t 2 September 19758 R, Foottit  

WASHINGTON (UmSoA. ) 

Point Roberta8 60s 8 6 September 
19751 R. Foottft 
Baker Lake, Mt. Baker1 760m ; 29 
Saptsmber 1975; R. Mitchell 
Olympic National Forest, near Mt, 
Washingtezti 'FQQsa F 7 i9%r 
Rm Foottit  

Abiee - araabilia 



15 Table I (Contfnued) 

Sample Locality, altitude, date, and Haut Tree 
No nappe o f  collector, 

" OREGON ( u , S . A , )  

Unratilla National Foreatr 1fi20m; 
5 August 1975; R. Foottit 

lPORTH CAROLINA (U S ,A. f 
Mount Mitchsllt 1780m r 20 
September 1974; C.F. Speera 
Waynesville; 1680m t 20 June 1975: 
T,R. Gentry % 

NOVA SCOTIA (CANADA) 
MoPherson's Mills, Pictou Co.: 
120m 8 18 July 1974; Canadian 
Foremtry Service 
lutarinette, Halifax Coo; 70ag 15 
August 1974; Canadian Forestry 
Service 

NEWFOUM3LAND ( CANADA ) 
Bellevue Beach: 30m : +Auguet 
1974; D.G. Bryant 

Abiea lauiocarpa - 

Abiee fraeeri 
, 

Abiea balaama 



u i t h i n - p o p u l a t i o n  v a r i a b i l i t y  was Gasured is  a 

BWA p o p u l a t i o n  i n f e s t i n g  - A. a m a b i l i s  a t  F e l l o w ' s  Creek ,  

nea r  Duncan, B r i t i s h  Co lumbia  (Sample  No. 1 ) .  The  s i t e  _- - -  
/ -- 

I 
-/- 

/- was s i t u a t e d  a t  a n  a l t i t u d e  o f  5 5 0  m y w e r e  o n l y  
/- 

m i n o r  changes- / I n  e l e v a t i o n  t ' h r o u g h o u t  t h e  
P . The p o p u l a t i o n  h a d  b e e n  t h e r e  f o r  

/- a number o f  y e a r s  a n d  had c a u s e d  some m o r t a l i t y  t o  

t h e  15- t o  2 0 - y e a r - o l d  t rees.  ~ o p u l a + t i o n s  were s a m p l e d  

on  f o u r  o c c a s i o n s  b e t w e e n  2 3  J u l y  a n d  1 6  November 1973 ;  

the s a m p l i n g  s c h e d u l e  was a r r a n g e d  s o  a s  t o  c o i n c i d e  

w i t h  e x p e c t e d  c h a n g e s  i n  g e n e r a t i o n s .  A 1 1  t rees 

s a m p l e d  were of  a p p r o x i m a t e l y  t h e  same h e i g h t  a n d  

d i a m s t e r - a t - b r e a s t - h e i g h t .  I n t e n s i t y  of a t t a c k  by  

-BWA a n d  t h e  r e l a t i v e  c o n d i t i o n s  o f  t h e  trees s a m p l e d  

were n o t e d .  

The  a p h i d s ,  t o g e t h e r  w i t h  t h e  s e c t i o n  o f  b a r k  on 

which  t h e y  were f e e d i n g ,  were removed from t h e  stem of 

e a c h  t ree ;  n o r m a l l y  t h i s  was d o n e  w i t h  a 2.5 cm- 

d i a m e t e r  h o l l o w  d r i l l .  T h e  b a r k  a n d  a p h i d s  were 

p r e s e r v e d  i n  70% e t h a n o l  f o r  s u b s e q u e n t  e x a m i n a t i o n  a n d  r 

m o u n t i n g  on m i c r o s c o p e  s l i d e s .  

S e t t l e d  f i r s t  i n s t a r  a n d  a d u l t  a p h i d s  were removed 

f rom t h e  b a r k  u n d e r  a  d i s s e c t i n g  m i c r o s c o p e ;  a p a i r  of 

f i n e  tweezers was u s e d  t o  l i f t  e a c h  a p h i d  c z r e f q l l y  off  



t h e  b a r k  s o  t h a t  t h e  s t y l e t s  r e m a i n e d  i n t a c t .  The 

a p h i d s  were cleared i n  5% KOH a n d  c h l o r a l p h e n o l  and  

were mounted  i n  H o ~ ~ s ' s  medium o n  microscope s l i d e s  

(Hille R i s  L a m b e r s  1950). F i r s t  i n s t a r  nymphs were 

w i t h  t h e i r  v e n t r a l  s i d e  u p  t o  f a c i l i t a t e  

The dorsal  s u r f  aces of the a d a f t  

a p h i d s  were s e p a r a t e d  from t h e  v e n t r a l  s e c t i o n  

w i t h  a r a z o r  b l a d e  a n d  were mounted  s e p a r a t e l y  

t o  e n a b l e  a c c u r a t e  c o u n t i n g  o f  t h e  d o r s a l  wax p o r e s .  

T h e  v e n t r a l  s e c t i o n  o f  e a c h  body t o g e t h e r  w i t h  t h e  

a t t a c h e d  a p p e n d a g e s  was mounted  w i t h  i t s  v e n t r a l  s i d e  

F o l l o w i n g  m o u n t i n g ,  the s p e c i m e n s  were e x a m i n e d  

ko v e r i f y  t h e  l i f e  h i s t o r y  s t ages  s a m p l e d .  The 

first  i n s t a r  was i d e n t i f i e d  b y  i t s  c h a r a c t e r i s t i c  

i r r e g u l a r l y  s h a p e d  p o r e  f i e l d s ,  a n d  t h e  a d u l t  s t a g e  was 

i d m t i f i e d  by t h e  p r e s e n c e  of a n  o v i p o s i t o r  ( B a l c h  

1952;  Vartp 1 9 5 6 ) .  

2.2 S e l e c t i o n  a n d  f n e a s u r e n e n t  of m o r p h o l o g i c a l  

v a r i a b l e s  

Among t h e  c h a r a c t e r s  that a p p e a r e d  s u i t a b l e  f o r  a 

m o r p h o r e t r i c  s t u d y  of B V A ,  c o n t i n u o u s  v a r i a b l e s  were 



se lec ted  t h a t  satisfied t h e  f o l l o w i n g  c o n d i t i o n s :  t h e  

c h a r d c t e r s  could be a e a s u r e d  p r ~ c i s e l  y v i t h i n  a r e a s o n a b l e  

a n o u n t  of t i ~ e  and w i t h  a  r e a s o n a b l e  amount of  ? • ’ fo r t  

a ~ d  they s h o u l d  n o t  o r  o n l y  i n s i g n i f i c a r t l y  b e  

d i s t o r t e d  by t h e  mcunting p r o c e d u r e .  I n  a d d i t i o n ,  , 

c h a r a c t e r s  were s e l e c t e d  so a s  t o  i n c l u d e  a r e a s o n a b l y  

large proportio~ of  the aph id  body. Both l eng th  and 

width m e a s u r c n e n t s  of c e r t a i n  f e a t u r e s  were t a k e n  t o  

ecsure t h a t  b o t h  changes  i n  s i z e  and shape  differences 

w o u l d  be included. 

P r e l i a i a a r y  d a t a  sets from a sample t a k e n  a t  Pellowas 

C r e e k ,  ~ r i t i s h  Colombia, uero a n a l y z e d  s t a t i s t i c a l l y .  

A11 con t in t loas  characters that either did not meet the 

a b o v e  c r i t e r i a  o r  t h a t  were i n v a r i a t e ,  o r  l a r g e l y  s o ,  

o r  t h a t  h a d  2 coefficient of v a r i a t i o n  g r e a t e r  t h a n  

155, were not analyzed f u r t h e r .  

T a b l e  I1 lists all c o n t i n u o u s  variables t h a t  were 

a ~ s s a r e d  i n  the f lrs+ i n s t a r  and a d u l t  stages aria t h a t  

were us& i r  subsegwnt  *or@v.et r ie  ana lyse s .  P i p e r -  

1 3 2 3  2 show ths v e n t r a l  surfaces o f  t h e  f i r s t  i n s t a r  

and a d u l t  s t a g e s  r a s p e c t i o e l  y and the a o r p h o l o g i c z  l 

f e a t a r e s  n e a s u r e d  i n  each. The o p e r a t i c n a l  d imensions  



Table 11. continuous variables measured in the first 
lnetar 8-88 and the adult stage of the 
balsam woolly aphid, Adelgeu piesae, 

Body - length 
Body - width 
Antennal segment I1 - length 
Antennal sagrent IX - width 
AntemX ssgoank If 1 - length 
Antennal segment 111 - width 
Apical sBta - length 
Feaur - length 
Feaur - width 
T lb la  - length 
Tibia - width 
Tareus - length 
Tarsus - width 
Tarsal h a i r  - length 
Labial segment f - 1s- 
Labial s e p e n t  I - wtdth 
fsbial segment I1 - length 
Labial segment 11 - wldth 
Xabial clamp - width 
Ocellus - diameter 
Stylet - length 
Ovipositor - length 
Anal plate - length 
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Figure 1. Ventra l  surface of f i r s t  instar 

balsam wool1 y a p h i d ,  Adefges p i c e a e .  
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Figure 2. ventral surface  of adult 

balsam wool ly  a p h i d ,  A d e l g s s  piceae. , 
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F i . g u r  e 3 .  O p e r a t i o n a l  dimensions of discriminating 

v a r i a b l e s :  (a )  a n t e n n a ;  (b) rostrum; (c) h i n d  leg; 

(d)  9celllus; ( e )  a n a l  plate._ Numbers refer  to 

v a r i a b l e s  as  l i s t e d  in Table  11. 





s c l e r o t  i z o d ,  a  f a c t  t h a t  -made it d i f f i c u l t  t o  c o u n t  
- - - - -  

t h e  pores a c c u r a t e l y .  

P o r e  c o u n t s  o f  t h e  f i r s t  i n s t a r  s t a g e  h a v e  b e e n  

used a l m o s t  e x c l u s i v e l y  i n  systematic s t u d i e s  of  

s p e c i e s  cf A d e l g i d a e  ( B r y a n t  1 9 7 4 ) .  However ,  some 

a u t h o r s  ( B r y a n t  1974 ;  Busby 1962)  c o n s i d e r e d  t h e  

s u b j e c t i v i t y  o f  c o u n t i n g  pores, o f  w h i c h  some may b e  

b a r e l y  d i s c e r n a b l e  o r  may b e  s i t u a t e d  i n  a p o o r l y  

d e f l n - e d  c e n t r a l  g l a n d  area.  T h e r e f o r e ,  I d e c i d e d  " 

no t  t o  u s e  t h e s e  c h a r a c t e r s  i n  a n y  m o r p h o m e t r i c  
. - 

- a n a l y s i s  as  a s  c o m p l e t e  a n d  a c c u r a t e l y  c o u n t e d  d a t a  

b a s e  wou ld  be r e q u i r e d .  
t 

No s u c h  d i f f i c u l t y  e x i s t e d  w i t h  c o u n t i n g  t h e  

wax p o r e s  o f  t h e  a d u l t ;  t h e s e  were a l w a y s  c l e a r l y  

d e f i n e d  a n d  c o u l d  b e  c o u n t e d  e a s i l y  i n  c l e a r e d  

s p e c i m e n s ,  T h e  d i s t r i b u t i o n  o f  the p o r e  f i e l d s  on 

t h e  d o r s a l  surface of t h e  a d u l t  s t a g e  i s  shown i n  

Figure 4. 

I n i t i a l l y ,  t h e  number  o f  p o r e s  i n  all p o r e  f i e l d s  
B 

o f  2 0  a p h i d s  e a c h  from two p o p u l a t i o n s  ( S a m p l e s  1 a n d  18) 



LEAF 25 OMITTED I N  PAGE NUMBERING. 



F i g u r e  4. D i s t r . i b u t i o ~  of  . p o r e  f i e l d s  on the dorsal 

s u r f a c e  o f  a d u l t - b a l s a m  w o o l l y  a p h i d ,  Adeiges  p i c e a e .  





w ~ r e  c o u n t e d .  A c o m p a r i s o  o f  t h e  d e s c r i p t i v e  

s t a t i s t i c s  o f  these c o u n t s  howed t h a t  some p o r e  f i e l d s  

were more v a r i a b l e  t h a n  o t h e r s ;  however ,  p a i r e d  t - tes t s  

( S o k a l  & R o h l f  1969)  showed t h a t  d i f f e r e n c e s  b e t w e e n  

ths number  o f  p o r e s  i n  c o r r e s p o n d i n g  f i e l d s  o n  t h e  

l e f t  a n d  r i g h t  s i d e  o f  the body  were n o n - s i g n i f i c a n t ,  
a .  

T h e r e f o r e ,  s u b s e q u e n t  c o u n t i n g  was r e s t r i c t e d  t o  t h e  -- 

p o r e s  i n  f i v e  f i e l d s  o f  t h e  mesial row ( F i g u r e  4 ) .  

T h e s e  f i e l d s  were c h o s e n  b e c a u s e  d i s t o r t i o n  c a u s e d  by 

t h e  m o u n t i n g  p r o c e d u r e s  was m i n i m a l .  

V a r i a t i o n s  i n  o t h e r  a t t r i b u t e s  were n o t e d .  T h e s e  

a t t r i b u t e s  i n c l u d e d  a  q u a l i t a t i v e  a s s e s s m e n t  o f  t h e  

amoun t  o f  s c l e r o t i z a t i o n  . i n  t h e  f i r s t  i n s t a r  a n d  i n  t h e  

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

s t a g e ,  a n d  t h e  f o r m  a n d  t h e  d i s t r i b u t i o n  o f  

w i t h i n  t h e s e  a r e a s ,  

2 .3 n u l t i v a r i a t e  a n a l y s i s  

when 

t h e  p o r e s  

Taxonomic  s t r u c t u r e  c a n  b e  r e p r e s e n t e d  most  u s e f u l l y  

b o t h  c l u s t e r  a n a l y s i s  a n d  a n  o r d i n a t i o n  t e c h n i q u e  

a r e  u s e d  ( S n e a t h  & S o k a l  1973) , a p r o c e d u r e  t h a t  a l l o w s  

f o r  o n e  t s c h n i q u e  t o  c o m p e n s a t e  f o r  some of t h e  

d i s a d v a n t a g e s  o f  t h e  o t h e r .  I c h o s e  m u l t i p l e -  



- 

d i s c r i m i n a n t  a na+scand  c l u s t e r  a n a l y s i s  o f  a  
, >p+ - 7 

d i s s i m i l a r i t y  m e a s u r e  f o r  t h i s  s t u d y .  
I 1 
I 

C l u s t e r  a n a l y s i s  is u s e f u l  i n  t h a t  i t  mag' p r o d u c e  

p a r t i t i o n s  o f  O T U * s  t h a t  h a v e  a t a x o n o m i c a l l y  

m e a n i n g f u l  o r d e r  a n d ,  a s  a r e s u l t ,  t h a t  s u p p l y  u s e f u l  

s u m m a r i z a t i o n s  o f  t a x o n o m i c  g r o u p s .  O r d i n a t i o n  

t e c h n i q u e s  d o  n o t  i m p o s e  a - h i e r a r c h i c a l  s t r u c t u r e  on 
.f; 
6 - 

t h e  d a t a  a n d ,  i n  c a s e s  where ;he v a r i a t i o n  i s  

c o n t i n u o u s ,  t h e y  may g i v e  a more  m e a n i n g f u l  t a x o n o m i c  

r e p r e s e n t a t i c n .  O r d i n a t i o n  t e c h n i q u e s  a r e  p a r t i c u l a r l y  

v a l u a b l e  f o r  p r o v i d i n g  g r e a t e r  u n d e r s t a n d i n g  of 

t a x o n o m i c  r e l a t i o n s h i p s  b e c a u s e  t r e n d s  i n  v a r i a b i l i t y  

can b e  a s s o c i a t e d  w i t h  t h e  m o r p h o l o g i c a l  a t t r i b u t e s  

t h a t  c a u s e  them.  The  r e l a t i v e  merits o f  t h e  u s e  of 

c l u s t e r  a n a l y s i s  a n d  o f  o r d i n a t i o n  t e c h n i q u e s  a r e  

d i s c u s s e d  by B l a c k i t h  & Reyment .  (4971)  a n d  S n e a t h  E 
* 

S o k a l  (1973)  . 

4 OTU = O p e r a t i o n a l  Taxonomic  U n i t s .  T h e s e  a r e  t h e  

l o w e s t  r a n k i n g  t a x a  employed  i n  a g i v e n  s t u d y  ( S n e a t h  

G S o k a l  1973) . I n  t h i s  s t u d y  t h e y  r e p r e s e n t  t he  

p o p u l a t i o n  s a m p l e  s. 



f l 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 h i c h  i n c l u d e s  

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  a n d  g e n e r a l i z e d  d i s t a n c e  

a n a l y s i s ,  l i n e a r l y  c o m b i n e s  d i s c r i m i n a t o r y  v a r i a b l e s  

t o  m a x i m i z e  s t a t i s t i c a l l y  t h e  d i s t i n c t i o n  b e t w e e n  

g r o u p s .  The  d i s c r i m i n a n t  f u n c t i o n  was o r i g i n a l l y  

d e v e l o p e d  by  F i s h e r  ( 1 9 3 6 )  f o r  l i n e a r  d i s c r ~ m i n a t i o n  

b e t w e e n  two  g r o u p s ;  it was l a t e r  g e n e r a l i z a d  t c  many 

g r o u p s .  The  M a h a l a n o b i s  G e n e r a l i z e d  D i s t a n c e  (D2 

s t a t i s t i c )  ( n a h a l a n o b i s  1936)  , w h i c h  c a n  be d e r i v e d  

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

s t a t i s t i c a l  d i  s t a n c e  b e t w e e n  g r o u p s .  

The l i n e a r  c o m b i n a t i o n  of  t h e  d i s c r i m i n a t o r y  

v a r i a b l e s  ( i . e .  t h e  d i s c r i m i n a n t  f u n c t i o n s )  e m p h a s i z e s  

t h o s s  v a r i a b l e s  w i t h  t h e  l e a s t  w i t h i n - s a m p l e  a n d  t h e  

g r e a t e s t  among-sample  v a r i a t i o n .  T h e  r e s u l t  i s  t h e  

- t r a n s f o r m a t i o n  of t h e  o r i g i n a l  s e t  of v a r i a b l e s  i n t o  a 

new, u s u a l l y  s m a l l e r ,  se t  o f  i n d e p e n d e n t  f u n c t i o n s ,  of 

w,hich t h e  f i r s t  d i s c r i u i n a n t  f u n c t i o n  a c c o u n t s  f o r  t h e  

l a r g a s t  p o s s i b l e  p r o p o r t i o n  of  t h e  t o t a l  v a r i a t i o n ,  t h e  

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

p r o p o r t i o n  of t h e  r e m a i n i n g  v a r i a t i o n ,  etc.,  u n t i l  a l l  

t h s  v a r i a t i o n  among g r o u p s  h a s  b e e n  e x p l a i n e d .  

C a l c u l a t i o n  of  d i s c r i m i n a n t  f u n c t i o n s  i n v o l v e s  t h e  

m a n i p u l a t i o n  of two k i n d s  of v a r i a t i o n  matrices w h i c h  



c o n t a i n  m e a s u r e s  af t h e  a b s o l u t e  v a r i a t i o n  w i t h i n  a n d  

b e t w o e n  v a r i a b l e s .  T h e s e  a r e  t h e  w i t h i n - g r o u p  

v a r i a n c e - c o v a r i a n c e  m a t r i x ,  w, w h i c h  is  a m e a s u r e  of - 
v a r i a t i o n  w i t h i n  a  s a l a p l e  a n d  t h e  a m o n g - g r o u p s  

. v a r i a n c e - c o v a r i a n c e  m a t r i x ,  A ,  w h i c h  is a m e a s u r e  of - 
v a r i a t i o n  b e t w e e n  t h e  s a m p l e s .  

T h e  v a r i a n c e s  a n d  c o v a r i a n c e s  b e t w e e n  t h e  v a k i a b l e s  

i n  a g r o u p  a re  c a l c u l a t e d  f irst.  T h e s e  a r e  t h e n  a v e r a g e d  

o v e r  a l l  t h e  g r o u p s  t o  p r o d u c e  the p o o l e d  w i t h i n - g r o u p s  
, . 

v a r i a n c e - c o v a r i a n c e  m a t r i x ,  W.. T h e  s a m p l e  means  a r e  - 
t h e n  u s e d  t o  c a l c u l a t e  t h e  a m o n g - g r o u p s  v a r i a n c e -  

c o v a r i a n c e  m a t r i x ,  A. T h e  e q u a t i o n ,  - 

- 
when s o l v e d ,  g i v e s  a set -of r o o t s  ( 's) w h i c h  a r e  t h e  

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

T h e  d i s c r i m i n a n t  f u n c t i o n s  c a n  b e  e x p r e s s e d  a s  

w h e r e  D P ~  is t h e  score o n  t h e  d i s c r i m i n a n t  f u n c t i o n  i, - 



- - 

t h e  v a l u e s  - d i l ,  . . . , d i p  are t h e  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 n d  t h s  v a l u e s  21, . . . , Zp a r e  t h e  - - 
s t a n d a r d i z e d  v a l u e s  o f  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 .  - 
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  w e i g h t e d ,  

e ,  t h e y  a r e  c a l c u l a t e d  so t h a t  t h e y  maximize  

, d i f f e r e n c s s  b e t w e e n  g r o u p  means. T h e  mat h e m a t i c a l  

d e r i v a t i o n  of t h e s e  c o e f f i c i e n t s  was d e s c r i b e d  by 

C o o l o y  & Lohnes  (1971) a n d  S e a l  ( 1  964). 

' The maximum number of p o s s i b l e  d i s c r i m i n a n t  

func t ions  is e q u a l  t o  t h e  nGmber o f  d i s c r i m i n a t o r y  

v a r i a b l e s  p r o v i d e d  t h a t  t h e r e '  a r e ' m o r e  g r o u p s  t h a n  

v a r i a b l e s .  I f  there a r e  more v a r i a b l e s  t h a n  g r o u p s ,  t h e n  
t 

t h e  maximum number  of f u n c t i o n s  is o n e  less t h a n  the 

number o f  g r o u p s .  O f t e n  a  l a r g e  p r o p o r t i o n  o f  t h e  

p o t e n t i a l  d i s c r i m i n a t i o ~  c a n  be o b t a C n e d  w i t h  less t h a n  

t h e  maximum number  of d i s c r i m i n a n t  f u n c t i o n s .  
> 

Each d i s c r i m i n a n t  f u n c t i o n  c a n  b e  v i e w e d  a s  

r e p r a s e n t i a g  a n  a x i s  i n  g e o m e t r i c  s p a c e .  A31 s a m p l e s  

c a n  b e  p o s i t i o n e d  a l o n g  the se t  of n - discriminant axes, 

i .e.  ,- a l l  samples a= s i t u a t e d  i n  n-dimensional - 
h y p ~ r s p a c e .  E a c h  s a m p l e  is s i t u a t e d  a l o n g  e a c h  

d i s c r i m i n a n t  a x i s  o n  t h e  b a s i s  of t h e  e q u a t i o n  



where V 1  . . . Vn a r e  e i g e n v e c t o r s  r e p r e s e n t i n g  t h e  - - ' ,  

d i s c r i m i n a n t  f u n c t i o n s ,  Y 1 . . . Yp are  t h e  s a m p l e  means  - - 
fo r  e a c h  v a r i a b l e ,  and P I  i s  t h e  p o s i t i o n  o f  a s a m p l e  - 
on  a  p a r t i c u l a r  a x i s .  T h e s e  'mean q i s c r i m i n a n t  s c o r e s  

f o r  e a c h  g r o u p  on t h e  d i s c r i m i n a n t  f u n c t i o n s  a re  t h e  

s a m p l e  c e n t r o i d s .  They  c e - b e  p l o t t e d  o n  p a i r s  of a x e s  

r e p r e s e n t i n g  the m a j o r ' c o m p o n e n t s  o f  v a r i a t i o n  and 
- 

e x a m i n e d  f o r  s y s t e m a t i c  t r e n d s  ( o r d i n a t i o n ,  S n e z t h  

& S o k a l  1973) . 
-- 

> ' # 

A s s o c i a t e d  w i t h  e a c h  e i g e n v e c t o r  is a n  e i g e n v a l u e ,  

w h i c h  i s  t h e  v a r i a n c e  of .means  on t h a t  d i s c r i n i n a ~ t  

a x i s .  The sum of a l l  t h e  e i g e n v a l u e s  is a m e a s u r e  o f  

t h e  t o t a l  v a r i a n c e  i n  t h e  p  d i s c r i m i n a t o r y  v a r i a b l e s .  - 
When e x p r e , s s e d  a s  a p e r c e n t a g e  of  t h e  sum o f  a l l  

e i g e n v a l u e s ,  e a c h  e i g e n v a l u e  i s  a m e a s u r e  of t h e  

r e l a & i v e  l i i s c r i m i n a t o r y  a b i l i t y  of e a c h  d i s c r . i m i n a n t  @ 

C/  

f u n c t b n .  S t a n d a r d i z e d  values 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 o e f f i c i e n t s  of e a c h  d i s c r i m i a n t  f u n c t i o n  

( E q u a t i o n  I )  c a n  be u s e d  t o  m e a s u r e  t h e  c o n t r i & u t i o n  of  

e a c h  v a r i a b l e  t o  t h a t  f u n c t i o n .  S t a n d a r d i z a t i o n  i s  

c a r r i e d  o u t  by  s c a l i n g  e a c h  raw c o e f f i c i e n t  f o r  a  

v a r i a b l e  by  a n l t i p l i c a t i o n  v i t h  t h e  p o o l e d  s t a n d a r d  



d e v i a t i o n  of t h a t  v a r i a b l e .  I s r e s p e c t i v e  o? s i g n ,  t h e  

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

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

a l o n g  e a c h  i n d e p e n d e n f  a x i s .  

1 D i s c r i m i n a n t  f ' u n c t i o n s  can b e  u s e d  a s  an o b j e c t i v e  

b a s i s  f o r  t h e  a s s i g n m e r t  o f  s i n g l e  s p e c i m e n s  i n t o  one 

o f  a number  o f  a  p r i o r i  g r o u p s .  T h i s  s e r v e s  a s  a c h e c k  - 
of  t h e  d i s c r i a i n a t o r y  power of t h e  v a r i a b l e s .  The 

i d e n t i f i c a t i o n  p r o c e d u r e  is c a r r i e d  o u t  b y  c a l c u l a t i n g  \ 

a set of s e p a r a t e  i d e n t i t y  f u n c t i o n s  ( i . e .  s e p a r a t e  

l i n e a r  c o m b i n a t i o n s  of t h e  v a r i a b l e s )  f o r  e a c h  g r o u p .  

. " 
- - 

/- 
pro b a b i L i t i e s  o f  m e m ~ e r s h i p  i n  e a c h  g r o u p  a re  

--a 
j up :> 

, k S  P d e t e r m i n e d  from t h e  f u n c t i o n  s c o r e s ,  and a n  i n d i v i d u a l  

s p e c i m e n  i s  a s s i g n e d  t o  t h e  g r o u p  w i t h  which i t  s h a r e s  

ths h i g h e s t  p r o b a b i l i t y .  A s s i g n m e n t s  o f  i n d i v i d u a l  

s p e c i m e n s  c a n  be c o m p a r e d  w i t h  t h e  a c t u a l  g r o u p  t o  which 

e a c h  b e l o n g s ;  t h e  r s s u l t s  of t h i s  c a n  be summar ized  

i n  t h e  form o f  a n  i d e n t i f i c a t i o n  t a b l e .  

The f i a h a l a n o b i s  G e n e r a l i z e d  D i s t a n c e  ( D 2  s t a t i s t i c )  - - 

may be  u s e d  a s  a m e a s u r e ' o f  p h e n e t i c  s i m i l a r i t y  i n  t h a t ,  
-- 

a s  i t  i s  b a s e d  on  t h e  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 h e  e f fec t  of b e t w e e n - c h a r a c t e r  c o r r e l a t i o n  and 

a l l o w s  t h e  u s e  of  o n l y  t h a t  a m o u n t  of  d i s ~ r i m i n a t o r y  



i n f o r m a t i o n  u n i q u e  t o  a  g i v e n  c h a r a c t e r  ( B l a c k i t h  G 

Reyment 1971; Goodman 1972). I n  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 ,  p l o t s  of  t h e  s a m p l e  c e n t r o i d s  o n t o  t h e  major 

d i s c r i m i n a n t  a x e s ,  two o r  three a t  a time, w i l l  s h o w  

s y s t e m a t i c  t r e n d s .  However,  o r d i n a t i o n  w i l ' l  n o t  

a c c o u n t  f o r  a l l  t h e  v a r i a b i l i t y  i n  a n y  o n e  p r o j e c t i o n .  

The D2 s ta t is t ic  p r o v i d e s  a n o t h e r  estimate of p h e n e t i c  

s i m i l a r i t y  w h i c h  d o e s  t a k e  i n t o  a c c o u n t  a l l  t h e  

v a r i a b i l i t y .  

The D 2  s t a t i s t i c  is  c a l c u l a t e d  b y  m u l t i p l y i n g  the 

v e c t o 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  t h a t  
i' 

c o m p r i s e s  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  a n y  

two g r o u p s  by t h e  v e c t o r  of d i f f e r e n c e s  b e t w e e n  the 

means  of t h e  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 e  two 

Gps .  The D? s t a t i s t i c  c a n  t h u s  be  c a l c u l a t e h  f o r  

a l l  p a i r w i s e  c o m p a r i s o n s  be tween  g r o u p s .  S a m p l e s  - + 

,.-. s h a r i n g  a 'D2  v a l u e  o f  0 would be i d e n t i c a l  w h i l e  a n  

i n c r e a s i n g l y  l a rge r  v a l u e  i n d i c a t e s  that s a m p l e s  a r e  
C 

p h e n e t i c a l l y  more a n d  more d i s s i m i , l a r  w i t h  r e s p e c t  t o  
5 

t h e  c h a r a c t e r s  u s e d .  .D2 c a n  be c o x v e s t e d  t o  a n  

-,* t 
F - s t  a t i s t i c  f o r  t e s t s  of sig_nUic&nce mcx_rFsan l961), 

T h e  s q u a r e  r o o t  of D2, o r  D ,  c a n  b e  u s e d  a s  a m e a s u r e  

o f  t a x o n o m i c  d i s t a n c e  i n  E u c l i d e a n  s p a c e ;  it c a n  
4 

t h e r e f o r e  be s u b j e c t e d  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  



- 
5 e o f  which can h e  r e p r e s e n t e d  i n  t h e  form of a phemgral~ , 

A c c o u n t s  of most  a s p e c t s  of 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  a n d  t h e  M a h a l a n o b i s  G e n e r a l i z e d  D i s t a n c e  a re  

g i v e n  i n  B l a c k i t h  8 Reyment ( 1 9 7 1 ) ,  C a c o u l l o s  ( 1 9 7 3 ) ,  

C o o l e y  G L o h n e s  (1962)  , f l o r r i s o n  ( l 9 6 7 ) ,  L a c h e n b r n c h  

/ l 9 7 5 ) ,  and S n e a t h  & Sokal ( 7 9 7 3 ) .  Seal  ( l 9 6 4 ) ,  p r o v i d e s  

a  d e t a i l e d  m a t h e m a t i c a l  t r e a t m e n t  u n d e r  ' ' C a n o n i c a l  

A n a l y s i s t g .  

H a t r i c e s  cf D v a l u e s  Bay be too  l a r g e  t o  be a c c u r a t e l y  

i n s p e c t e d  f o r  t a x o n o m i c  s t r u c t u r e .  C l u s t e r  a n a l y s i s  

re fers  t o  a  g r o u p  o f  m e t h o d s  f o r  s e a r c h i - n g  f o r  n a t u r a l  

g r o u p s  i n  d a t a ,  i .e . ,  f o r  d e t e r m i n i n g  s e t s  o f  similar 

e n t i t i e s  from a p r e v i o u s l y  u n p a r t i t i o n e d  set  of 

e n t i t i e s .  C l u s t e r  a n a l y s i s  c a n  t h u s  b e  u s e d  a s  a means  

o f  s u m m a r i z i n g  a set  o f  D v a l u e s  be tween  O T U t s  i n t o  a 

form t h a t  c a n  be i n t e r p r e t e d  t a x o n o m i c a l l y .  

T h e  r e s u l t s  o f  a  c l u s t e r  a n a l y s i s  o f  a m a t r i x  o f  

m e a s u r e s  of p h e n e t i c  s i m i l a r i t y  c a n  be summar ized  

i n  t h e  f o r m  o f  a phenogram. 

5 D i a g r a m s  of p h e n e t i c  r e l a t i o n s h i p s ,  i .e.  t h o s e  base 
* 

on s i a i l a r i t y  ( S n e a t h  & S o k a l  = 1973)  . 
- 



An o b j e c t i v e  c r i t e r i o n  i s  a v a i l a b l e  t h a t  may be 

u s e d  t o  a s s e s s  t h e  e f f e c i e n c y  of a p a r t i c u l a r  c l u s t e r i n g  

t e c h n i q u e  i n  s u m m a r i z i n g  t h e  r e l a t i o n s h i p s  i n h e r e n t  i n  
-* . 

a  p a r t i c u l a r  m a t r i x  o f  s i m i l a r i t y  v a l u e s .   his measure  

is t h e  c o p h e n e t i c  c o r r e l a t i o n .  c o e f f i c i e n t  ( r c s )  o f  S.okal  

& B o h l f  (3962) ( S n e a t h  & Sokal: 1 9 7 3 ) ,  which i s  a  

m e a s u r e  o f  t h e  d i s t o r t i o n  be tween  t h e ' s i ~ i l a r i t ~  

v a l u e s  o f  t h e  o r i g i n a l  o t u  x o t u  m a t r i x  a n d  t h e  

s i m i l a r i t y  v a l u e s  b e t w e e n  o t u w s  a s  i m p l i e d  b y  t h e  

s t r u c t u r a l  r e p r e s e n t a t i o n  of t h e  - phenogram.  N u m e r i c a l  

e x a m p l e s  o f  t h e  c a l c u l a t i o n  o f  r c s  a r e  g i v e n  i n  S o k a l  & 

Rohl f  (1962)  a n d  S o k a l  &  neath ( 1 9 6 3 ) .  

S n e a t h  G S o k a l  ( 1 9 7 3 )  recommended a  v a l u e  o f  rcs 

g r e a t e r  t h a n  0.8 t o  i n d i c a t e  a s a t i s f a c t o r y  r e p r e s e n t a t i o n  . 

o f  t a x o n o m i c  s t r u c t u r e  i n h e r e n t  i n  t h e  o r i g i n a l .  m a t r i x .  

The method o f  c l u s t e r  a n a l y s i s  c h o s e n  f o r  t h i s  s t u d y  

was t h e  UPGMA (= u n w e i g h t e d  p a i r  g r o u p  method u s i n g  

a r i t h m e t i c  a v e r a g e s )  method ( B o h l f  1 9 6 3 ; .  S n e a t h  & S o k a l  - 
1973; S o k a l  & Rohl f  1 9 6 2 ) .  C o m p a r i s o n s  w i t h  o t h e r  I 

m e t h o d s  o f  c luster  a n a l y s i s  ( P a r r i s  1969 ;  S o k a l  & R o h l f  

1962)  h a v e  showg t h a t  t h i s  method p r o d u c e s  a  phenogram ' 

w i t h  t h e  l e a s t  d i s t o r t i o n  as i n d i c a t e d  by rcs. A 

n u m e r i c a l  e x a m p l e  o f  t h e  c a l c u l a t i o n  o f  , a  U P G H A  c l u s t e r  



a n a l y s i s  is  g i v e n  i n  S n e a t h  & S o k a l  ( 1 9 7 3 ) .  

R e v i e w s  o f  t h e  ma jar a s p e c t s  o f  c l u s t e r  a n a l y s i s  and  

i t s  a p p l i c a t i o n  i n  s y s t e m a t i c  b i o l o g y  a re  p r o v i d e d  by 

B l a c k i t h  & Reyment  (1971) a n d  S n e a t h  E S o k a l  (1973) .  

2.4 M o r p h o m e t r i c  A n a l y s i s  of P o p u l a t i o n  S a m p l e s  

To a e t e r m i n e  w i t h i n -  p o p u l a t i o n  v a r i a t i o n  a t  

t h e  F e l l o w ' s  C r e e k  s i t e  1 2  d i f f e r e n t  p o p u l a t i o n  

samples  were a n a l y z e d .  Each  c o n s i s t e d  of 40  

f i r s t  i n s t a r  a n d  4 0  a d u l t  s p e c i m e n s ,  wh ich  had been 

c o l l e c t e d  on f o u r  t rees  a t  o n e  s a m p l i n g  time. 

A d d i t i o n a l  s a m p l e s  of 40 f i r s t  i n s t a r  nymphs were 

t a k e n  f r o m  o n e  o f  the same t r e e s  a t  t h r e e  o t h e r  s a m p l i n g  
< 

times. B s a m p l e  o f  40 a d u l t s  was a l s o  t a k e n  from 

t h a t  tree on o n e  o t h e r  d a t e .  The  d a t e s  o f  c o l l e c t i o n  

of t h e  s a m p l e s  a r e  g i v e n  i n  A p p e n d i c e s  1 a n d  2. 

B e t w e a n - p o p u l a t i o n  v a r i a t i o n  u a s  d e t e r m i n e d  b y  

c o a p a r i n g  o n e  sample f r o m  e a c h  of t h e  1 8  d i f f e r e n t  

l o c a t i o n s  r e p r ~ s e n t i n g  t h e  known a r e a s  o f  BftA 

i n f e s t a t i o n s  i n  N o r t h  Amer ica .  E a c h  s a m p l e  c o n s i s t e d  

o f  40 f i r s t  i n s t a r  nymphs and  40 a d u l t s .  



The  s a m p l e  s i z e  f o r  e a c h  l o c a t i o n ,  o r  f o r  d i f f e r e n t  

s a m p l e  times a t  t h e  same l c c a t i o n  i n  t h e  case of the 

w i t h i n - p o p u l a t i o n  a n a l y s i s ,  was u n i f o r m l y  s e t  a t  40.  

T h i s  was t h e  l e v e l  a t  which  m e a s u r e s  o f  s a m p l e  v a r i a b i l i t y  

were c e r t a i n  t o  h a v e  s t a b i l i z e d  f o r  a l l  o r  most 

c h a r a c t e r s .  I t  a l s o  e n a b l e d  the s u b s e q u e n t  s p l i t t i n g  . 
o f  s a m p l e s  for t h e  p u r p o s e  o f  v a l i d a t i n g  c e r t a i n  

of t h e  s t a t i s t i c a l  t e c h n i q u e s  w i t h o u t  v i o l a t i n g  t h e  

a s s u m p t i o n s  o f  t h s  techniques; a n d  i t  p e r m i t t e d  t h e  

e f fec t  of  r e d u c t i o c  i n  t h e  number o f  v a r i a b l e s  c e e d e d  

for m e a n i n g f u l  d e s c r i m i n a t i o n  t o  be  tested. 

D e s c r i p t i v e  s t a t i s t i c s ,  i n c l u d i n g  t h e  mean, t h e  

r ange ,  t h e  s t a n d a r d  e r ror ,  t h e  s t a n d a r d  d e v i a t i o n ,  and  

t h e  c o e f f i c i a n t  of v a r i a t i o n  ( S o k a l  & R o h l f  1969; Z a r  

1974).  were c a l c u l a t e d  f o r  e a c h  s e t  of c h a r a c t e r  measure -  

m e n t s  ( n  - = 4 0 )  for e a c h  s a m p l e  l o c a l i t y  a n d / o r  s a m p l e  time. 

Homogene i ty  a n d  n o r m a l i t y  of t h e  d a t a  were d e t e r m i n e d  

by c a l c u l a t i n g  t h e  m e a s u r e s  of k u r t o s i s  a n d  s k e w n e s s  g l  - 
a n d  g2 a n d  D' A g o s t i n o ' s  D ( D I A g o s t i n o  1971;  Zar 1 9 7 4 ) .  

d 
- 

- - 

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 a s  c a r r i e d  o g t  on a l l  -- 

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

e igenvalues  were t a b u l a t e d  w i t h  t h e  s t a n d a r d i z e d  

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  each v a r i a b l e  o n  



t h e  m a j o r  d i s c r i m i n a n t  a x e s .  The  c e n t r e d  of each 

s a m p l e  was p r o j e c t e d  o n t o  the m a j o r  d i s c r i m i n a n t  a x e s  

a n d  t h e  p l o t s  i n s p e c t e d  f o r  s y s t e m a t i c  t r e n d s .  Where 

a p p l i c a b l e ,  i d e n t i f i c a t i o n  f u n c t i o n s  were c o m p u t e d  and  

i n d i v i d u a l  csses were a l l o c a t e d  i n t o  the a p r i o r i  - 
g r o u p s .  The r e s u l t s  o f  t h i s  p r o c e d u r e  were summar ized  

i n  i d e n t i f i c a t i o n  t a b l e s  showing t h e  number of correct 

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

T h e  H a h a l a n o b i  s ~ e n e r a l i  z e d  D i s t a n c e  (D2) 

s t a t  i s t i c  was computed  f o r  a l l  p a i r w i s e  c o m b i n a t i o n s  

of s a m p l e s  of  e a c h  d a t a  s e t  a n d  g r o u p e d  i n  a  s a m p l e  x 

sample m a t r i x .  S q u a r e  r o o t s  o f  t h e s e  v a l u e s  were t a k e n  

a n d  t h e  r e s u l t i n g  m a t r i x  of D v a l u e s  c l u s t e r e d  u s i n g  

t h e  U P G M A  method. The  p h e n e t i c  r e l a t i o n s h i p s  be tween  

t h e  g r o u p s ,  a s  i n d i c a t e d  by t h e  c l u s t e r  a n a l y s i s ,  were 

s u m m a r i z e d  i n  t h e '  fcrm of a  d e n d r o g r a m .  C o p h e n e t i c  

c o r r   lat ti on c o e f f i c i e n t s  were c a l c u l a t e d  i n  order t o  

m e a s u r s  t h e  amount  of d i s t o r t i o n  b e t w e e n  t h e  o r i g i n a l  

d i s s  h i l a r i t y  m a t r i x  and  t h e  s t r u c t u r a l  r e p r e s e n t a t i o n  

o f  t h e  d e n d r o g r a a .  

O t h e r  analyses were c a r r i e d  o u t  on  t h e  d a t a  sets 

o r  on p c r t i o n s  of t h e m .  D i s c u s s i o n  o f  these 

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

t o g e t h e r  t o  f a c i l i t a t e  t h e i r  i n t e r p r e t a t i o n .  



811 s t a t i s t i c a l  a n a l y s e s  were c a r r i e d  o u t  o n  Simon 

F r a s e r  U n i v e r s i t y ' s  I B H  System /370 155 c o m p u t e r .  A 1 1  

phases of m u l t i p l e - d i s r i m i n a n t  a n a l y s i s  were e x e c u t e d  

u s i n g  t h e  S t a t i s t i c a l  P a c k a g e  f o r  t h e  S o c i a l  S c i e n c e s  

(SPSS; Hie e t  a l .  1975).  T h e  B a h a l a n o b i s  G e n e r a l i z e d  

D i s t a n c e s  were c a l c u l a t e d  u s i n g  a  p rogram w r i t t e n  by 

John A. Ludwig of New Mexico S t a t e  U n i v e r s i t y  

(Zimaerrnan & Ludwig 1974) . C l u s t e r  a n a l y s e s ,  

d e v e l o p m e n t  of p h e n o g r a m s  a n d  c a l c u l a t i o n  of the 

c o p h e n e t i c  c o r r e l a t i o n  c o e f f i c i e n t s  were c a r r i e d  o u t  

u s i n g  a s y s t e m  of m u l t i v a r i a t e  s t a t i s t i c a l  p r o g r a m s  

(IT-SYS) d e v e l o p e d  for n u m e r i c a l  t a x o n o m i c  s t u d i e s  

( R o h l f ,  K i s h p a u g h  & K i r k  1971) . 



3 . RESULTS : ANALYSIS  OF BET# EEN-POP~L&ION f ARIBTIOIS 

3.1 U n i v a r i a t e  t r e n d s  i n  the c h a r a c t e r s  

The mean and . s t a n d a r d  error  f o r *  each o f  t h e  

c h a r a c t e r s  m e a s u r e d  i n  a l l  s a m p l e s  employed i n  t h e  

m o r p h o m e t r i c  a n a l y s e s  a re  g i v e n  i n ,  Append ix  1 f o r  

t h e  f i rs t  i n s t a r  v a r i a b l e s  a n d  i n  Append ix  2 f o r  t h e  

a d u l t  v a r i a b l e s .  Some i n t i r - l o c a l i t y  p a t t ~ r n s  of 

m o r p h o l o g i c a l  v a r i a t i o n  are e v i d e n t  i n  t h e  means  of  

b o t h  t h e  f i r s t  i n s t a r  a n d  t h e  a d u l t  s e t s  of  

measurements .  Summary d e s c r i p t i o n s  of th.e major t r e n d s  

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

b e t w e e n  some of t h e  s a m p l e s  a r e  g i v e n  below.  

3.1.1  F i r s t  i n s t a r  c h a r a c t e r s  

1. Body length, body w i d t h . .  The g r e a t e s t  mean body , 

l e n g t h s  a r e  i n  s a m p l e s  f rom t h e  M a r i t i m e  p r o v i n c e s  

a n d  from H t .  H l t c h e l l ,  the lowest i n  BWA from t h e  

Olympic  N a t i o n a l  Forest .  T h e r e  i s  c o n s i d e r a b l e  
- - - 

h e t e r o g e n e i t y  i n  t h e  w e s t e r n  s a m p l e s  a n d  no o b v i o u s  

g e o g r a p h i c  t r e n d s .  T h e  p a t t e r n  of body w i d t h  v a r i a t i o n  

is s i m i l a r  t o  t h a t  of b o d y  l e n g t h ,  



2. A n t e n n a 3  m e a s u r e m e n t s .  I n  g a n e r a l ,  a n d  e s p e c i a l l y  

i n  t h e  Earitime s a m p l e s ,  l o n g e r  a n t e n n a l  l e n g t h  

m e a s u r e m e n t s  a r e  a s s o c i a t e d  w i t h  l a r g e r  b o d y  s izes .  

, C o m p a r i s o n s  b e t w e e n  a n t e n n a l  l e n g t h s  a n d  w i d t h s  

show d i f f e r e n t  t r e n d s ,  The H a r i t i m e  s a m p l e s  t e n d  t o  

h a v e  s m a l l e r  w i d t h  measurements ,  p a r t i c w l a r l y  i n  a n t e n n a l  

s e g m e n t  111, t h a n  d o  t h e  o t h e r  s a m p l e s .  However, F e l l o w ' s  

c r e e k  h a s  c o r r c s . p o n d i n g l y  l a r g e r  l e n g t h  a n d  w i d t h  

m e a s u r e m e n t s  a n d  has  l o n g e r  a n t e n n a l  l e n g t h s  a n d  w i d t h s  

c o m p a r e d  w i t h  o t h e r  s a m p l e s  o f  s imilar  g e n e r a l  s i z e .  

3. Leg m e a s u r e m e n t s .  T r e n d s  s i m i l a r  t o  t h o s e  i n  

a n t e n n a l  m e a s u r e m e n t s  a r e  shown i n  h i n d  l e g  l e n g t h s  

a n d  w i d t h s .  The M a r i t i m e  s a m p l e s  p a r t i c u l a r l y  show 

a t e n d e n c y  t o w a r d s  l o n g e r ,  b u t  p r o p o r t i o n a t e l y  t h i n n e r  

l e g  d i m e n s i o n s ,  e s p e c i a l l y  i n  t h e  t i b i a .  A g a i n ,  
i 

- the s a m p l e  f r o m  F e l l o w ' s  Creek s h o w s  l o n g  b u t  a l s o  

c o m p a r a t i v e l y  broad l e g  m e a s u r e m e n t s .  

4 ,  L a b i a l  m e a s u r e m e n t s .  The  l a r g e s t  l a b i a l  

m e a s u r e m e n t s  are i n  s p e c i m e n s  from t h e  H a r i n e t t e ,  Nova 
- 

S c o t  l a ,  and B e l l e v u e  Beach, Hewfoundland,  s a m p l e s .  
- - -  - - 

d 
t l c P h e r s o n t s  H i l l s ,  Nova S c o t i a ,  w i t h  t h e  l a r g e s t  o v e r a l l  

I 

size m e a s u r e m e n t s ,  h a s  p r o p o r t i o n a t e l y  s h o r t e r  l a b i a l  





i n  t h e  UBC R e s e a r c h  Forest ( No. 8 )  and Washing ton  

s t a t e  s a m p l e s  (Nos. 9-11) . A s imi la r  b u t  less p r o n o u n c e d  

t r e n d  o c c u r s  w i t h  t i b i a  l e n g t h  a n d  t a r s u s  l e n g t h .  T h i s  

t r e n d  is  a l s o  reflected in t h e  w i d t h  m e a s u r e m e n t s  

o f  t h e s e  v a r i a b l e s .  

3. L a b i a l  m e a s u r e m e n t s .  T h e  M a r i t i m e  s a m p l e s  h a v e  

t h e  l a r g e s t  mean l e n g t h s  f o r  l a b i a l  s e g m e n t s  I a n d  11. c 

T h i s  d i f f e r e n c e  i s  l e s s  a p p a r e n t  i n  t h e  w i d t h  means  o f  

t h e s e  v a r i a b l e s .  The m o s t  a p p a r e n t  t r e n d  i n  the w i d t h  

means i s  t h e  s m a l l e r  v a l u e  i n  t h e  UBC R e s e a r c h  F o r e s t ,  

P t .  R o b e r t s  a n d  B a k e r  L a k e  s a m p l e s .  S a m p l e s  '8 t o  1 4  

have a smaller mean l a b i a l  c l a m p  w i d t h .  

4. O t h e r  c o n t i n u o u s  m e a s u r e m e n t s .  O c e l l u s  diameter 
M 

shows  no  d e f i n i t e  ' t r e n d s  be tween  g r o u p s .  O v i p o s i t o r  

l e n g t h  is smaller i n  s a m p l e s  8 t o  14. T h i s  t r e n d  i s  

less d e f b n i t e  -=4 i n  anal p l a t e  l e n g t h .  

sP"c 

5. P o r e  c o u n t s .  The h i g h e s t  means  f o r  pore c o u n t s  I. - 

Beach  s a m p l e s .  For p o r e  c o u n t s  111, I V ,  a n d  V, 

U m a t i l l a  N a t i o n a l  F o r e s t  a lso h a s  r e l a t i v e l y  h i g h  

means. The G l e n o r a  Road, L a n d ' s  End Road, a n d  Diamond 

Head s a m p l e s  . f r o r .  B r i t i s h  C o l u m b i a  c o n s i s t e n t l y  show 

I 

C 



low means  f o r  a l l  5 p o r e  c o & t s .  

C l e a r l y ,  there  a re  some t r e n d s  i n  m o r p h o l o g i c a l  

v a r i a t i o n  t h a t  c a n ' b e  d e t e r m i n e d  by  i n s p e c t i o n  o f  t h e  
, 

sample means f o r  e a c h  c h a r a c t e r .  T h e r e  i s  a  l a r g e  

componen t  of  s i z e - r e l a t e d  v a r i a t i o n .  F o r  e x a m p l e ,  i n  

b o t h  t h e  f i rs t  i n s t a r  a n d  t h e  a d u l t  s t a g e  t h e  l a r g e r  

s p e c i m e n s  t h a t  make u p  t h e  M a r i t i m e  s a m p l e s  show the 
% 

l a r g e s t  v a l u e s  f o r  many of t h e  v a r i a b l e s  c o n s i d e r e d .  

T h e r e  i s  a l , s o  a c o m p o n e n t  of s h a p e - r e l a t e d  v a r i a t i o n  

a s  e v i d e n c e d  i n  t h e  c h a n g i n g  r e l a t i o n s h i p s  b e t w e e n  

l e n g t h  a n d  w i d t h  m e a s u r e m e n t s  of c e r t a i n  f e a t u r e s  

when t h e s e  a r e  compared  o v e r  t h e  s a m p l e s .  

----- - 

-I----- T h e r e  a r e  e x x m o - t h e t r e n d s  m e n t i o n e d  
/- - _  

a b o v e .  ~ n c o n  s l s t e n c i e s  e x i s t  i n  t h e  s a m p l e  means 

of some v a r i a b l e s  t h a t  c a n n o t  b e  c b r r e l a t e d  w i t h  > 1 

----'\ 

g e o g r a p h i c  l o c a t i o n .  These c i r c u m ' $ _ t a n c e s  e m p h a s i z e  

t h e  p r a c t i c a l  u s e f  u l c e s s  o f  m u l t i v a r i a t e  a n a l y t i c a l  

t e c h n i q u e s  i n  d e a l i n g  w i t h  d a t a  o f  t h i s  t y p e .  They 

b r i n g  a b o u t  a s i m p l i f i c a t i o n  o f  i n f o r n t a t f o n  an& 

d e v e l o p  p a t t e r c s  b a s e d  on t h e  siwtltaneot+s c o o & e a n  

of t h e  c h a r a c t e r s  u n d e r  s t u d y .  



3.2 V a r i a b i l i t y  a n d ~ o r m a l i t y  o f  t h e  d a t a  

? -6 
4 - 6  CC ,, .* T3 

W i t h  few e ~ c @ $ t i o n - C ,  t h e  v a l u e s  of the c o e f f i c i e n t s  

of v a r i a t i o n  f o r  a- l l  c o n t i n u o u s  v a r i a b l e s  o v e r  ihe - 
b e t w e e n - s i t e  s a m p l e s  are c o n s i s t e n t .  H o s t  h a d  d l u e s  

b 

of  b e t w e e n  4% and  l 2%,  a r a n g e  t h a t  i s  c o n s i d e r e d  

o p t i m a l  f o r  good  t a x o n o m i c  c h a r a c t e r s  b e c a u s e  more 

r e l i a b l e  s y s t e m a t i c  c o m p a r i s o n s  c a n  be made w i t h  
tt 

v a r i a b l e s ,  t h a t  e x h i b i t  some b u t  n o t  u n r e a s o n a b f  y l a r g e  

v a r i a b i l i t y  w i t h i n  OTU s (Simpson,  Roe G L e w o n t i n  1960) . 

T h e  c o e f f i c i e n t s  of v a r i a f i o n  f o r  t h e  a d u l t  wax 

p o r e  c o u n t s  a r e  P i g h  (range, 2 2 . 2 %  - 91.8%) compared  t o  

t h o s e  f o r  c o n t i n u o u s  m e a s u r e m e n t s  and q h o u  considerable 
2 

v a r i a b i l i t y  b e t w e e n  t h e  s a m p l e s .  The h i g h e r  v a l u e s ,  

p a r t i c u l a r l y  t h o s e  i n  t h e  G l e n o r a  Road, L a n d ' s  End Road, 

a n d  Diamond Head s a m p l e s ,  a r e  p a r t l y  t h e  r e s u l t  of a ' 

n u m b e r - o f  s p e c i m e n s  h a v i n g  n o  p o r e s  i n  t h e  p o r e  f i e l d s  
.sl 

c o u n t e d  i h i l e  o t h e r  s p e c i m e n s  h a d  r e l a t i v e 1  y h i g h  

n u n b a r s  of p o r e s  i n  t h e s e  f i e l d s ,  T h i s  s i t u a t i o n  

r e s u l t s  i n  a n  i n f l a t i o n  of the v a l u e  ~f _the c o e f f i c i e x t  -- - -  

of v a r i a t i o n .  S imi la r  o b s e r v a t i o n s  were r e p o r t e d  i n  

s t u d i e s  o f  o t h e r  aer is t ic  v a r i a b l e s  i n  a p h i d s  ( S o k a l  

1952) . t 



- - 

e r r o r s  of t h e  means a r e  r e l a t i v e l y >  

s m a l l ,  w i t h  few e x c e p t i o n s .  T h u s  t h e  s a m p l e  means 

a r e  r e l i a b l e  estimates o f  t h e  p o p u l a t i o n  means. 
, 

. . 

The  m u l t i v a r i a t e  s t a t i s t i c a l  t e c h n i q u e s  u s e d  i n  

t h i s  s t u d y  a s s u m e  t h a t  t h e  p o p u l a t i o n s  are m u l t i v a r i a k e  - 

n o r m a l  a n d  t h a t  t h e  a p r i o r i  g r o u p s  h a v e  e q u a l  - 
v a r i a n c e - c o v a  r i a n c e  ma trices. I n  p r a c t i c e ,  t h e s e  

. a s s u m p t i o n s  a r e  d i f f i c u l t  t o  a c h i e v e  w i t h  b i o l o g i c a l  

* -  m a t e r i a l .  However,  t h e s e  t e c h n i q u e s  are  e r t r e i s l y  , X 

robugt  a n d  minimiz'e i r r e g u l a r i t i e s  c a u s e d  b y  v i o l a t i o n s  - 
4 

of t h e  as sump ti or?^ ( B l a c k i t h  G Repent 1971, L a c h a b r u c h  

* 

, - 
N o r m a l i t y  of t h e  d a t a  was d e t e r m i n e d  w i t h  . 

, - 
D I A g o s b i o o %  D (pe 0.01) : 4.585 o f  t h e  a d u l t  c o n t i n u a u s  

m e a s u r e n e c t s ,  6.8% of t h e  a d u l t  p b r e  c o u n t s  a n d  6.9% + 

of t h e  first i n s t a r  a e a s n r e m e n t s  were found t o  b e  don- 

n o r r a l  by t h i s  s t a t i s t i c . '  T h i ~  i s  n o t  c o n s i d e r a d  - t o  

be an" i n o r d i n a t e  amount  of n o n - n o r m a l i t y ,  a n d  d 



- 
3.3 t l u l t i v a r $ a t e  a n a l y s i s  of  f irst  i n s t a - r  d a t a  

% - - A 

t 

T a b l e  I11 g i v e s  t h e  H a h a l a n o b i s  D v a l u e s  c a l c u l a t e d  

by 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  of the i n t e r - l o c a l i t y  

s a m p l e s  b a s e d  on 21 f i r s t  i n s t a r  c o n t i n u o u s  c h a r a c t e r s .  

A 1 1  c o m p a r i s o n s  were s t a t i s t i c a l l y  s i g n i f i c a n t  a t  - t h e  

1% l e v e l  e x c e p t  t h e  G l e n o r a  Road - Seymour V a l l e y  INS., 
-- a 

p  > 0.05)  and  t h e  F e l l o w ' s  C r e e k  - G l e n o r a ,  Road 

( s i g n i f i c a n t  a t  > 0.05) c o m p a r i s o n s .  UPGHA c l u s t e r  

a n a l y s i s  (Figure 5) s e p a ~ a t e d  t h e  f4ar i t i lPe  samples f r ~ ~ t i  - - 

t h e  o t h e r  g r o u p s  b u t  d i d  n o t  p r o v i d e  a n y  meani  g f u l  P 
s e p a r a t i o n s  o f  t h e  r e m a i n i n g  g r o u p s .  Some g e o g r a p h i c a l l y  

a d j a c e n t  s a m p l e s  are c l u s t e r e d  t o g e t h e r  b u t  n o  o v e r a l l  
, . 

h i e r a r c h i c a l  o r d e r  is a p p a r e n t .  

J 
- - - - -  -- - 

~ 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  o f  t h e  same d a t a  
r 

set  d i d  n o t  p r d d u c e  a  b e t t e r  s e p a r a t i o n  o f  t h e  g r o u p s  
- 

t h a n  d i d  t h e  c l u s t e r  a n a l y s i s .  P r o j e c t i o n  of t h e  s a m p l e  

c e n t r o i d s  o n t o  d i s c r i m i n a n t  a x i s  I (54.3% of t o t a l  -. 
v a r i a t i o n )  a n d  d i s c r i m i n a n t  a x i s  I1 (12.9% of t o t a l  

Z 
. \ v a r i a t i o n )  ( F i g u r e  6) p roduced  r e s u l t s  s imilar  t o  t h a t  t 

i n t e r - l o c a l i t y  s a m p l s s  of 18 c o n t i n u o u s  m e a s u r e m e n t s  of 
I 



Table 111. Matrlx of Hahalanoble I3 values for 18 popflation 
samples of the balsam Goolly aphid, Adel es 
plceae, ca1cu;lated from 21 aontlnuous --St ~rrr ables, 
m i n s t e r  stage. D values i n  brecketa are 
nonslgnlf lcant ( p 5 0 ,-) 1 underlined valued are 
s igni f icant  at the  5s l e v e l  but not at the 1s 
l e v e l ;  the remainder are slgnifioant at the 1% 
level.  



Table I11 (Continued). 

Sample No. 
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F i g u r e  5 .  Phecograa f o r  UPGHA cluster analysis of 

Hahalanobis  G e n e r a l i z e d  D i s t a n c e ,  D, (Table 111) for 

18 p o p u l a t i o n  s a m p l e s  of 21 c o n t i n u o u s  measureaent s 

of first  instar balsam woolly aphid ,  Adelges piceae .  
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Figure 6 .  C s n t r o i d s  of 1 8  p o p u l a t i o n  s a m p l e s  of 21 

f i r s t  i o s t s r  c o n t i n u o u s  m 2 a s u r e m e n t s  of b a l s a m  w o o l l y  

a p h i d ,  Adelges p i c e a e ,  p r o j e c t e d  o n t o  t h e  first and 

s e c o n d  d i s c r L i n i n a n t  a x e s .  



Figure 6. Centroids of 18 p o p u l a t i o n  s a m p l e s  of 21 
a 

first instar continuous measurements  of b a l s a m  w o o l l y  

a p h i d ,  Ade lge s  p i c e a e ,  projected ontb t h e  first and 

second d i s c r i m i n a n t  axes .  





a d u l t  B W A  is g i v e n  i n  Table I V .  ?here is a wide r a n g e  

of D v a l u e s ,  some b e i n g  c o n s i d e r a b l y  h i g h e r  t h a n  

o t h e r s  ( s a m p l e s  17 - 4, 7 .448;  17 - 5,  7.495;  17 - 13, 

7 . 3 3 6 ) .  With  t h e  e x c e p t i o n  o f  t h e  UBC R e s e a r c h  Forest 
d 

- P t .  R o b e r t s  c o n p a r i s o n ,  a l l  D v a l u e s  a r e  

s t a t i s t i c a l l y  s i g n i f i c a n t ;  t h e  m q j o r i t g  are s i g n i f i c a n t  
- - -  

a t  t h e  1% l e v e l .  

Cluster a n a l y s i s  of this ~ a t r i r  of D va lues  (F5gttre 

7) p r o d u c e d  three d i s t i n c t '  c l u s t e r s ;  a I 1 B r i t i s h  C o l u n b i a l l  

c l u s t e r  c o n s i s t i n g  of p o p u l a t i o n  s a m p l e s  1 t o  7 ,  a 

t*tlaritimeu c l u s t e r  c o n &  s t i n g  o f  t h e  Maritime s a m p l e s  
3 

(16, 17, a n d  1 8 ) ,  w i t h  t h e  U a y n e s v i l l e ,  N o r t h  C a r o l i n a ,  

s a m p l e  (No. 15) j o i n i n g  i t  l a t e r ,  a n d  a r  r l I n t e r m e d i a t e "  
- 

c l u s t e r  c o n s i s t i n g  of 8 s a m p l e s  (Nos. 8 t o  1 4 ) .  This 

n I n t e r m e d i a t e l t  c l u s t e r  s h o w s  a  n u m b e r  of s u b g r o u p s  t h a t  

a re  c o n s i s t e n t  w i t h  t h e  g e o g r a p h i c  l o c a t i o n s  of t h e  

s a m p l e s .  

T h e  r a s u l t s  of a 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  

of t h e  a d u l t  c o n t i n u o u s  B e a s u r e m e n t s  shows ' t h a t  sost 

a c c o u n t  f a r  nearly 75% o f  t h e  t o t a l  v a r i a t i o n .  

P r o j e c t i o n  of t h e  18 g r o u p  c e n t r o i d s  onto d i s c r i a i n a n t  

axes I a ~ d  I1 ( F i g u r e  8) g i v e s  results t h a t  reflect 



-- -- - -- 

natrlx of Mahalanobls D values for 18 population 
samples of the balsam zoolly aphid, Ads1 08 

lceae,  calculated from 18 continuous var ables, %T- __$_ 
a u t stage. Statistical signlfloanoe as In 
Table 111. 

Table IV. 



Table IV f Con%inu&). 

Sample NO. - .  
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9 
f 

" .  ' .  8at;alagobis deirral ized Distance ,  D, ( T a b l e  IV) for 18 
/ 

, p o p u l a t i o r  s a ~ p i e s  of 18 c o n t i n u o u s  measure~ents of 
Ls 
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8. Cectroids 

c o n t i n u o u s  m e a s u r e m e n t s  

samples of 18 

of a d u l t  balsam woolly a p h i d ,  

Adslges piceae, projected o n t o  the first and second 

d i s cz  i m i n a n t  axes. 





t h e  h i e r a r c h i c a l  s t r u c t u r e  d e t e r m i n e d  b y  t h e  c l u s t e r  

a n a l y s i s .  Though t h e  c o p h e n e t i c  c o r r e l a t i o n  c o e f f i c i e n t  

f o r  t h i s  phenogram i s  o n l y  0.789,  it r e p r e s e n t s  > 
a d e q u a t e l y  the a s s o c i a t i o n s  o f  t h a  co r r e sp0 r id ; ing  

~ a h a l a n o b i s  D m a t r i x  a n d  gives r e s u l t s  t h a t  a re  

i n t e r p r e t a b l e .  p r o  j ~ c t i o n s  of  t h e  g r o u p  c e n t r o i d s  

o n t o  o t h e r  c o m b i n a t  i o n s  of t h e  m a j o r  d i s c r i m i n a n t  

a x e s  d i d  n o t  p r o v i d e  a  b e t t e r  s e p a r a t i o n  o f  t h e  

samples ,  

S t a n d a r d i z e d  d i s c t 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 ,  

w h i c h  r e p r e s e c t  t h e  a b s o l u t e  v a l u e s  of t h e  c o n t r i b u t i o n  

o f  e a c h  o f  t h e  18 c o n t i n u o u s  v a r i a b l e s  t o  d i s c r i m i n a n t  

f u n c t i o n s  I a n d  I1 a r e  shown i n  T a b l e  V .  The  l a r g e s t  

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  among g r o u p s  on  t h e  f i r s t  

d i s c r i m i n a n t  a x i s  (44.7% o f  v a r i a t i o n )  a r e  p r o v i d e d  b y  
1 t .  

f e m u r  l e n g t h ,  t i b i a  l e n g t h ,  l a b i a l  seg 'ment  I - l e n g t h ,  

and  a n a l  p l a t e  l e n g t h .  The  l a r g e s t  c o n t r i b u t i o n s  t o  t h e  

s e c o n d  d i s c r i m i n a n t  a x i s  a r e  b y  a n t e n n a l  s e g n e n t  I1 - 
w i d t h ,  a n t e n n a 1  s e g m e n t  111 - l e n g t h ,  f e m u r  l e n g t h  a n d  ., 

w i d t h ,  t i b i a  l e n g t h  a n d  . a n a l  p l a t e  l e n g t h .  A n u ~ b e r  

o f  v a r i a b l e s  ( a n t e n n a l  s e g m e n t  I1 - w i d t h ,  o c e l J u s  

diameter, t i b i a  width, l a h i a l  c l a m p  w i d t h  a,nd 

o v i p o s i t o r  l e n g t h )  show l o w  c o n t r i b u t i o ~ l s  t o  b o t h  
\ 

d i s c r i n i n a n t  f u n c t i o n s .  P o r  r e a s o n s  o f  economy o f  . 



Table V. Standardized discriminant function coefficiente 
f o r  t h e  f irs t  two discriminant functions 
calculated from 18 population samples of 10 
continuous variables o f  a d u l t  balsam woolly 
aphid ,  Adelges piceae. 

VARIABLE DISCRIMINANT FUNCTION 

Antennal segment IT - length 
Antenna1 segment- I1 - width 
Antennal segment I11 - length 
Antennal segment I11 - width 
Femur - length 
Femr - w i d t h  

Tibia - length 
Tibia - width 
Tarsus - length 
Tarsue - width 

Labial segment I - Length 
Labial segment I - w i d t h  

13. Labial segment I1 - length 0,07232 0,05453 
14. Labial segment I1 - width 0.05989 -0,03355 
1 ,  L a b i a l c l a m p - w i d t h  -0,00837 -0,01436 

16 ,  Ocellus - diameter 0,02106 0.01898 

17, Oviposi tor  - l e n g t h  0,03680 -0,071lb 
18,  Anal plate - length -0.31663 -0,35475 

Relative Percentage o f  V a r i a b i l i t y  44*?5$ 29.91% . 



time a n d  e f f o r t  some of t h e s e  v a r i a b l e s  c o u l d  b e  e l i m i n a t e d  

w i t h o u t  l o s i n g  s a t i s f a c t o r y  d i s c r i m i n a t i o n  of t h s  s ~ m p l e s .  

The  m a t r i x  of  H a h a l a n o b i s  D v a l u e s  f o r  a l l  i n t l r -  

s a m p l e  c o m p a r i s o n s  b a s e d  on t h e  a d u l t  p o r e  c o u n t s  i s  

g i v s n  i n  T a b l e  V I .  Some n c n s i g n i f i c a n t  d i f f e r e n c e s  

a re  a p p a r e n t .  U P G H A  c l u s t e r  a n a i y s i s  of t h i s  m a t r i x  

g r o u p e d  some g e o g r a p h i c a l l y  a d j a c e n t  s a m p l e s  b u t  f a i l e d  

J t o  p r o v i d e  a n y  major h i e r a r c h i c a l  c l u s t e r s  ( F i g u r e  9 ) .  

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  a n d  p r o j e c t i o n  t h s  

g r o u p  c e n t r o i d s  o n t o  t h e  first two  d i s c r i m i n a n t  a x e s  

( ~ i g u r e  10) d i d  n o t  p r o v i d e  a n y  m e a n i n g f u l  s e p a r a t i o n  

o f  t h e  g r o u p s , g  a l t h o u g h  t h e s n  two a x e s  a c c o u n t e d  f o r  
J 

7 7 . 6 3  a n d  14 .7%,  r e s p e c t i v e l y ,  o f  t h e  t o t a l  

v a r i a b i l i t y .  The  a d u l t  p o r e  c o u n t s  do1  n o t  show a n y  

l a r g e  g r o u p s  a n d  o n l y  s e r v e  t o  b r i n g  t o g e t h e r  a  number  - 
o f  p a i r s  o f  g e o g r a p h i c a l l y  a d j a c e n t  s a m p l e s .  b i s c r i n i n a n t  

t 

f u r c t i o n  a n a l y s i s  and U P G U A  c l u s t e r  a n a l y s i s  u s i n g  t h e  

18 a d u l t  c o n t i n u o u s  v a r i a b l e s  c o m b i n e d  w i t h  . t h e  5 Fore 

c o u n t s  d i d  n o t  g i v e  a b e t t e r  d i s c r i m i n a t i o n  b e t w e e n  

t h e  g r o u p s  t h a n  d i d  t h e  c o n t i n u o u s  v a r i a b l e s  a l o n e .  

L i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  a b o u t  t h e  e c o l o g i c a l  

s i g n i f i c a n c e  o f  wax p o r e s  i n  t h e  b a l s a m  w o o l l y  a p h i d  o r  - 

aDout t h e  e x t e n t  t o  w h i c h  t h e i r  nu her is i r f l u e o c e d  b y  4 



Table VI. Hatrlx of Mahalanobls 2 values for 18 population 
samples of the balsam woolly aphid, Ada1 ea -5 iceae, calculated from j pore oounts, adu t 
! k g x  Statistical s ign i f  icanoe aa In Table 111. 

Sample No. 



Table VI (Continued) . 

Sample No, 
et 

10 1 1  12 13 14 15  16  17 18 - 
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Pi ux3 9. Phanogram f o r  UPGMA cluster a n a l y s i s  of 2 
.. 

M a h a l a n o b i s  G e ~ s r a l i z s d  Distance, D ,  ( T a b l e  VI) f o r  1 8  
e 

p o p u l a t i o n  s 3 m p l e s  of 5 pore  c o u n t s  of a d u l t  balsam 

wooily a p h i d ,  A d e l g e s  picaae.0 
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Figure 10. Centroids of 18 p o p u l a t i o n  samplss of 5 

p o r e  c c u n t s  z f  adult balsam wool ly  a p h i d ,  A d e l g z s  

p r 3  j s c  t e d  

d i s c r i m i n a n t  axes. 

o n t o  the first  and secc nd 
r 







e n v i r o r m e n t a l  a n d / o r  g e n e t i c  f a c t o r s ,  I t  is  p o s s i b l e  

t h a t  t h e s e  p o r e  c o u n t s  may b t  more  u s e f u l  i n  

d i s c r i m i n a t i n g  b e t w e e n  g e o g r a p h i c a l l y  r e s t r i c t e d  g r o u p s .  

U P G H A  c l u s t e r  a n a l y s i s  o f  the H a h a l a n o b i s  D v a l u e s  o f  

saiitqes 1 t o  9 ,  b a s e d  on t h e  5 p o r e  c o u r t s  a l o n e ,  gav* 

r e s u l t s  ( F i g u r e  11) t h a t  are  c o n s i s t e n t  w i t h  the 

g e o g r a p h i c  l o c a t i o n s  of t h e  s a m p l e s ,  

3.5 A i l o c a t i o n  o f  i ~ d i v i d n a l  s p e c i m e n s  i n t o  a p r i o r i  

g r o u p s  

I d e n t i f i c z t i o n  f u n c t i o n s  a n d  i d e n t i f i c a t i o n  m a t r i c e s ,  

w h e r e  i ~ d i v i d u a l  s p e c i m e n s  a r e  a l l o c a t e d  i c t o  t h e  g r o u p  

with t h e  c losest  s a m p l e  c e n t r o i d  i n  m u l t i v a r i a t e  s p a c e ,  

were computed  u s i n g  t h e  f u i l  s e t s  o f  f irst  i c s t a r  a n d  

a d u l t  c o n t i n u o u s  v a r i a b l e s .  T h e r e  i s  a n  upward  b i a s  i n  

t h e  a l l o c a t i o n  p r o c e d u r e  when i t  i s  b a s e d  o n  t h e  

s p e c i m e c s  t h a t  were a 1  so used  i n  t h e  o r i g i n a l  c a l c u l a t i o n  

of ths i d e n t i f i c a t i o n  f u n c t i o n s .  T h e  e x t e n t  o f  t h i s  b i a s  

i s  d s t e r m i n e d  b y  t h e  rurnber  o f  g r o u p s ,  the s a m p l e  s i z e  

a n d  t h e  number  of d i s c r i m i n a t o r y  v a r i a b l e s  ( F r a n k ,  

B a s s y  G H o r r i s o n  1965; M o r r i s o n  1969)  . However ,  t h i s  

p r o c e d u r e  e n a b l e s  c o m p a r i s o n s  t o  b e  made between t h e  

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

a n d  shews t h e  e x t e n t  of  p h e n e t i c  o v e r l a p  of t h e  s a a p l e s  



LEAF 65 OMITTED IN PAGE NUMBERING. 



F i g u r ~  11. Phenogram f o r  UPGMA cluster a n a l y s i s  o f  

H a h a l a n o b i s  GE n s r a l i z e d  Distance, D, ( T a b l e  VI) f o r  

p c p u l 3 t i o n  s a m p l s s  No. 1 to 9 b a s ~ d  on 5 pore ccurts 

~f adult balsam woo l ly  a p h i d ,  Adz lges  piceae. 
*i 





i a  a u l t i - d i a e n s i o r a l  h y p e r s p a c e .  

C o m p a r i s o n  o f  t h e  i d e n t i f i c a t i o n  t a b l e s  u s i n q  t h e  

first, i n s t a r  ( T a b l e  V I I )  and  a d u l t  (Table V I I I )  

v a r i a b l e s  shows p a t t e r r s  of correct  a n d  i n c o r r e c t  

a l l o c a t i o n  t h a t  c o m p l e m e n t  t h e  h i e r a r c h i c a l  s t r u c t u r e  

o f  t h e  p h e n o g r s m s .  For many samples of f irst  i n s t a r  

s p e c i m e n s  t h e  f r e q u e n c y  o f  i n c o r r e c t  a l l o c a t i o n s  i s  n o t  

g r e a t e r  i n  a i j a c e n t  groups; there  i s  a n e a r l y  co~tinnous 

s p r e a d  of m i s i d e n t i f i c a t i o n s  over the o t h e r  groups. 

T h i s  i n d i c a t e s  vezy p o o r  d i s c r i m i n a t i n g  a b i i i t y  i n  t h e  

v a r i a b l e s  c h z s  on. T h e  N ~ a r i t i m e s t t  s a m p l e s  were the o c l y  

p h e n e t i c a l l y  d i s t i n c t  c l u s t e r  of t h e  first i n s t a r  

phznogram.  They were c o r r e c t l y  i d e n t i f i e d  9 3 %  o f  t h e  

t i n 2  on a group b a s i s .  

H i s i d e n t i f i c a t i o n s  i n  t h e  i d e n t i f i c a t i o n  t a b l e  

b a s e d  o n  t h e  a d n l t  c o n t i n u o u s  v a r i a b l e s  show t r e n d s  

t h a t  s u p p o r t  t h e  r e s u l t s  o f  t h e  c l u s t e r  a c a l y s i s .  

I n p r o p e r l y  i d e n t i f i e d  s p e c i r e n s  were u s u a l l y  p l a c e d  

w i t h i n  t h o  n a j c r  c l u s t e r  to which  t h e y  b e l o n g e d .  I f  

a l l o c a t i o a s  within one o f  t h e  t h r e e  m a j o r  c l n s t a r s  

a r e  c o n s i d e r e d ,  t h e r e  is a n  a v e r a g e  correct i d e n t i f i c a t i o n  

o f  87.1 X ( " B r i t i s h  C o l u n b i a " )  , 9 1 . 4 %  ( n z n t e r a e d i a t e w )  , 
a z d  85.6% ("Ha r i % i a s n )  . 



Table VII. Identlficatlon table for 18 population samples 
of first lnstar balsam woolly rphld, Adelgem 
plceae, Identiflcatlon functlons bausd on 21 
continuous variables and sample size6 of 40 
lndlvlduals. Correct Identif lcations are in 
the diagonal posltlons, incormot ldentlflcstlons 
are In the off-diagonal positions. 

Sample No. 



of sduft balsam woolly aphid; 
Identliication funations 
variables and sample s izes  o f  40 Inblvlduels; 
Correct identifications are In the diaeoml 
poe it ions, incorrect ident If  icmtions are In the 
ofY-dIagonal pos I t  ions. 

Sample No. 



The  a d u l t  c o n t i n u o u s  t h e  mos t  

s t a b l e  c l a s s i f  i c a t i c n  a n d  s h o  

of g r o u p  a s s o c i a t i o n .  I n  c o n t r a s t ,  the f i rs t  i n s t a r  \ 

v a r i a b l e s  o n l y  add w e i g h t  t o  t h e  d e f i n i t i o n  cf t h e  

f f f l a r i t i n e H  c l u s t e r .  

I f  ths a a u l t  d i s c r i m i n a t o r y  v a r i a b l e s  p r o v i d e  t h t  

most i n t e r p r e t a b l e  c l a s s i f i c a t i o n  o f  H c r t h  A m r i c a n  

s a a p l e s  o f  B V A ,  i z  i s  necessary t o  h a v e  a c o r r e c t  m e a s u r e  

o f  their p r e d i c t i v e  p o u e r .  ' A s i m ~ l e  v a l i d a t i o n  p r o c e d u r e  

c a n  ba u s s d  t o  co r rec t  f o r  . t h e  upward  b i a s  i n h e r e n t  

i r  c a f c u l a t i o n s  of t h e  p r o p o r t i o n  of correc t  

i d e n t i f i c a t i o n s  that use the same i n d i v i d u a l s  t o  

d e v e l o p  t h e  i d e n t i f i c a t i o n  f u n c t i o n s  a s  a re  u s e d  t o  

test the d i s c r i m i n a t o r y  power of t h e  f u n c t i o n s .  - F r a n k ,  

Hassy & Y o r r i s c n  (1965) state t h a t  a r e a l i s t i c  est imate 

o f  predictive power  c a n  ke o b t a i n e d  by  s p l i t t i n g  each 
Q 

sample i n t o  t u c  g r o u p s ;  o n e  g r o u p  is used t o  ca lcu la te  

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

g r o u p  a r e  i d t n t i f i e d  o n  t h e  b a s i s  o f  these f u n c t i o n s .  

T h e  p r o c e d u r e  was a p p l i e d  t o  t h e  18 s a m p l e s  of 

18 a d u l t  c o ~ t i c u o n s  v a r i a b l e s .  T h e  . r e s u l t s  are shown i n  

Tab le  I X  w h i c h  s h o w s  a p r o p o r t i o n  o f  c ~ r r e c t  i d e n t i f i c a t i o n  



- 

.J 
-- - -- - -- - -- 

Table IX. fdantificurtlon table for 18 population 8 u p l e a  
of rddt bal-R woolly aphid, 
Identifldrtion functions 
rariablsu and sample aizea of 20 i n d i v i d ~ l r .  
Table shows allocations for 18 #ampler of 20 
individ~l8 M C ~  that were not ~ s d  t o  ~ l o ~ t 0  
the original identification f u m t l o ~ .  ~orrbot 
identlficatlone are in the dlagoml po 
incorrect i d e n t i f  lcat ion8 are $m the 
positlone. 

Sample No. 



- - - - - -- - 

of 45.6% on a sample by sample basis. Again, a l a r g e  

p r o p o r t i o n  u s i d e n t i f  i c a t i o n s  fall within each 

t h ~  three p r o v i s i o n a l  groups. IE these p r o v i s i o c a l  

groups are p o o l e d  t h e  result is a r a t e  of correct 

ideat i f  ication of 84.3%. 90.0%. and 80.0% (average, 

85.6%) for the "British Columbian, " ~ n t e r m e d i ~ e ~ ,  and 

@Barit imef1 clusters, r e s p e c t i v e l y .  



RESULTS: AlF lLY SIS OF WITHIE-POPULATIOY V A R I  A T I O Y  v .  
U n i r a r i a t e  t r e n d s  i n  ,&e d a t a  

F o r  the mean and tandard error of each kt 
morpbologi&l character measured i n  a l l  samples  

- -- - -- PA--  A 

. collected at Fellor$s Creek, B.C. refer to Appendix 

-- 1 (f i r i t  inst ar) and a p p e n d i x  2 (adult) . 

lo trekas  in differences between the ~ e a n s  of t h a  

first instar c h a r a c t e r s  of B R A  from the four trses are 

evident. T h s r e  are ,  however, d e f i n i t e  changes in t h e  Rean 

v a l u e s  for many . v a r i a b l e s  over the four s a a p l e s  taken 

on t h e  same tree. For examp%e, body l e n g t h  starts with 
- - - - - 

a relatively h i g h  value (0 .3929 mr) , drops slightly 
over the n e x t  two collecting dates (0.3893, 0.3870.m), 

and t h e n  increases to a r e l a t i v e l y  h i g h  v a l u e  ( 0 .  $083 

am) . Other characters, st lch as tarsal h a i r  l e n g t h ,  

show first a gradual increase t h e n  a decline back to the 
"i 

o r i g i n a l  l e r e l .  L a b i a l  segaont XI - u i d t h  increases 

var iab l e s  rerealed no consistent trends among t h e  

four trees. T h e  first of the s a s p l e s  taken from t h s  



same  t ree  s h ~ w s  a l o w e r  9ean  v a l u e  f o r  14 of t h e  1 8  - -  - -- 

v a r i a b l e s  emaasured when compared  t o  t h e  s e c o n d  s a m p l e ,  

w h i c h  s u g g e s t s  t h e  p r e s e n c e  o f  a s - e a s o n a l  t r e n d .  

* 
E x a m i n a t i o n  of t h e  means o f  the 5 p o r e  c o u n t s  d i d  

< 

n o t  r e v e a l  any c o n s i s t e n t  d i  I f e r e n c e  b e t w e n  t h e  two 

s e a s o n a l  s a m p l e s .  Tree l o . ,  4 shows higher B e a n s  f o r  --  
0 

p o r e  c o u n t s  11, 111, I V ,  and V when compared  t o  o t h e r  

t r ees  .' 

4.2 M u l t i v a r i a t e  a n a l y s i s  o f  t h e  samples 

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  a n d  c l u s t e r  
' 

a n a l y s i s  of ~ a h a l a n o b i s  D p a l u e s  where  made o n  t h e  
e 

5 

w i t h i n - s i t e  ( F e l l o u t s  Creek) s g t & o f  first i n s t a r  

c o n t i n u o u s  v a r i a b l e s ,  a d u l t  c o n t i n u o u s  v a r i a b l e s ,  a n d  
* 

a d u l t  p o r e  c o u n t s .  H a h a l a n o b i s  D v a l u e s  are  g i v e n  i n  
. > 

T a b l e  X a n d  t h e  r e s u l t s  of t h e  U P G H A  c l u s t e r  a n a l y s i s  
- 

of these matrices are  shown i n  F i g u r e  12. 

H o s t  ~ a h a l a n o b i s  D v a l u e s  c a l c u l a t e d  b e t w e e n  p a i r s  

of f i rs t  F n s t a r  s a ~ l e s  aze n o n - s i g n i f i c a n t - = - a m  e d y - - -  

s i g n i f i c a n t  at the 5% leerel, MQ c m s i & e - k r e n d b u i t b  - -  - 

-. 
r e s p e c t  t o  s a m p l e  times o n  t h e  s a m e  o r  on d i f f e r e n t  t rees 

a re  e v i d e n t  i n  t h e  c o r r e s p o n d i n g  phenograms.  None of 
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Table X. Watritwa of #ahalamMs D wafues for rkthin- 
popul.tlon   pal lo*'^ ~rs?;t, British.. ColumbW) 
--crf- 3?&Es- *- --*a, (a) firat instar, 21 continuow -ria 
(b) adult, 18 aontlnuoua varlableur ( a )  rdult. 

, 5  pore counts. Statistical aignlfieanae as in 
'@ble 111. 

Sample *. 
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Plgur e 12.  P henograms f o r  UPGHA' cluster a n a l y s i s  of 

H a - h a l a n o b i s  G e n e r a l i z e d  D i s t a n c e ,  D ,  (Tab le  VII) f o r  

w i t h i n - p c p u l 2 t i o c  ( F s l l o w  (s C r ~ e k ,  British Columbia) 

samples  of h l s a m  woolly aphid, Adelges p i c e a e ;  

(a) first i n s t a r ,  21  c a n t i n u o u s  m e a s u r e m e n t s ;  (b) 

a d u l t ,  18 continuous m e e s u r e n e n t s ;  (c) a d u l t ,  5 pore 

counts. 



Tree 1 / 16 November 

I 1 Tree 1 / 3 October 
I Tree 4 

Tree 1 / 15 June 
Tree 2 
e 1 / 30 August 

I Tree 3 
Tree 4 

- - - - - .- - - - Tree 1 / 15 June 

I Tree 1 / 30 A u g u s t  



the I) v a l u e s  computed  for c o a p a r i s o c s  of a d u l t  p o r e s  

are s i g n i f i c s o t l y  d i f f e r e n t  a t  t h e  5% l e v e l ,  , 

However, a l l  D v a l u e s  b a s f d  on  a d u l t  c o n t i n u o u s  

v a r i a b l e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  1% l e v e l ,  

No t r e n d s  i n  t h e  two  main c l u s t e r s  shown .were d e t e c t e d  

when compared for  s e v e r i t y  of a t t a c k  by  the a p h i d ,  

g e n e r a l  c o n d i t i o n  of t h e  tree, o r  c a r d i n a l  d i r e c t i o n  

o f  t h e  c o l l e c t i o n  s i t e  o f  t h e  sample .  One . p o s s i b l e  

a s s o c i a t i o n  is the s e p a r a t i o n  of Trees NO.- 1 a n d  2 from 

Trees No, 3 arid 4 .  T h i s  c o r r e s p o n d s  t o  t h e  r e l a t i v e  

l o c a t i o n s  o f  t h e  t r e e s ;  t h e  t w o  t rees  of e a c h  p a i r  were 

w i t h i n  20 m o f  e a e h  o t h e r  b u t  t h e  two p a i r s  were 

a p p r o x i m a t e l y  300 meters a p a r t ;  

T h e  w i t h i n - s i t e  s a m p l e s  o f  t h e  first i n s t a r  

a n d  t h e  a d u l t  s t a g e s  were i n c l u d e d  w i t h  t h e i r  r e s p e c t i v e  

b e t w e e n - s i t e  s a m p l e s  a s  a  t e s t  o f  t h e  i n f l u e n c e  o f  

w i t h i n - p o p u l a t i o n  v a r i a t i o n  o n  t h e  d e t e r m i n a t i o n  o f  

s y s t e m a t i c  d i f f e r e n c e s  be tween  t h e  p o p u l a t i o n  s a m p l e s .  

M a h a l a n o b i s  D v a l u e s  were c a l c u l a t e d  and s u b j e c t e d  t o  

U P G M A  c l u s t e r  a n a l y s i s .  R 
- - 

-- 

The f i r s t  i n s t a r  w i t h i n - s i t e  s a m p l e s  s t a y e d  as  a 
! 

distinct c l u s t e r  a n d  d i d  n o t  b r i n g  a b o u t  a n y  c h a n g e s  

i n  t h e  h i e r a r c h y  e s t a b l i s h e d  b y  a n a l y s i s  o f  t h e  

b e t w e e n - s i t e  s a n p l e s  a l o n e .  The  w i t h i n - p o p u l a t i o n  



adult pare s a ~ p l e s  behaved i n  a similar f a s k i a n ,  T h e  

w i t h i n - s i t e  sets of a d u l t  c o n t i n u o u s  m e a s u r e m e n t s  

s t a y e d  w s l l  w i t h i n  the main  i n t e r - l o c a l i t y  c l u s t e r  of 

g r o u p s  1 t o  7 .  However ,  tress No. 2, 3 a n d  4 s t a y e d  

a s  a c l u s t ~ r  b u t  s e p a r a t e d  from tree lo. 1. 

It should be n o t e d  t h a t  some a u t h o r s  c o n s i d e r  

s i g n i f i c a n c e  t e s t i n g  i n  a s s o c i a t i o n  w i t h  H a h a l a n o b i s  

- G e n e r a l i z e d  D i s t a n c e  t o  be  u n i m p o r t a n t  ( B l a c k i t h  a n d  
3 ' 

Reyment  1971; H o r r i s o ~  1969) .  The a r g u m e n t  i s  t h a t  

o n e  c a n  f i n d  s i g n i f i c a n t  d i f f e r e n c e s  i n  g e n e r a l i z e d  

it d i s t a n c e s  s i m p l y  b y  i n c r e a s i n g  t h e  s a m p l e  s i z e  and t h e  .\, 
number  of v a r i a b l e s .  B e c a u s e  g e n e r a l i z e d  d i s t a n c e s  a r e  

a f u n c t i o n  of t h e &  p r o p e k t i e s  t h e y  a r e  u s e d  o n l y  i n  

a c o m p a r a t i v e  mariner. S t a t e m e n t s  a b o u t  s t a t i s t i c a l  

s i g n i f i c a n c e  are s imp1 'y  t h a t  a n d  are o n l y  u s e d  t o  g i v e  

s t r e n g t h  t o  a d s s c r i p t i v e  s t a t e m e n t  a n d  t o  c o m p a r e  t h e  

d i s c r i m i n a t o r y  power of  sets of v a r i a b l e s .  

T h i s  s i t u a t i o n  i s  e x e m p l i f i e d  by t h e  r e s u l t s  of 

t h 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  of t h e  w i t h i n -  

popuf a t i o n  s a n p f e s .  P r o j e c t i o n  of t h e  group c e n t r o i C s  

based o n  t h e  a d u l t  contfnttuus measnxmmnts unto the 

first two d i s c r i m i n a n t  axes. d i d  n o t  r e s u l t  il; a s e p a r a t i o n  

i r t ~  t u o , d i s t i n c t  g r o u p s  as d i d  t h e  phenogram.  



A l t h o ~ g h  t h e r e  was  a s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  1% 

l eve l  between tree No. 3 and tree' No. 4 there was actually 

a g r e a t  d e a l  o f  o v e r l a p  between -the i n d i v i d u a l  s p e c i m e n s  

when t h e s e  i n d i v i d u a l  specimens were p r o j e c t e d  onto 

t h e  f i r s t  two d i s c r i m i n a n t  axes and viewed i n  a  

m u l t i v a r i a t e  sense. Bc i n t e r p r e t a b l e  g r o u p i n g s  were 

found i n  t h l  f i r s t  i n s t a r  or a d u l t  pore d a t a  se ts  when 

c e n t r o i d s  were p r o j e c t e d  o n t o  t h e  first two 

d i s c r i m i n a n t  axes. 



5. TAXOLJOMY OP NORTH AMERICA& POPULATIOBS OF BWA 

! A s  t h e  a n a l y s i s  of t h e  c o n t i f i u o u s  v a r i a b l e s  of a d u l t  
I BWU g i v e s  t h e  most s t a b l e  and g e o g r a p h i c a l l y  e x p l a i n a b l e  

r e s u l t s ,  t a x o n o m i c  c o n s i d e r a t i o n s  w i l l  be b a s e d  p r i m a r i l y  

upon t h a t  a n a l y s i s .  The a n a l y s i s  of  t h e  f i r s t  i n s t a r  

v a r i  a b l e s  and  t h e  a d u l t  p o r e  c o u n t s  p r o v i d e s  a d d i t i o n a l  

e v i d e n c e .  ~ x a  n i n a t i o n  of c e r t a i n  q u a l i t a t i v e  a t t r i b u t e s  

of t h e  c l e a r e d  s p e c i m e n s  s u c h  a s  the s h a p e  o f  t h e  wax 

p o r e s  a n d  t h e  amount  of p i g m e n t a t i o n  r e v e a l s  t r e n d s  

s i m i l a r  t o  t h o s e  shown i n  t h e  a n a l y s i s  o f  t h e  q u a n t i -  

t a t i v e  a t t r i b u t e s .  I n  p a r t i c u l a r ,  t h e  a d u l t  s a m p l e s  show 

some marked d i f f e r e n c e s  i n  a c c o r d a n c e  w i t h  t h e  t h r e e  

major c l u s t e r s  a s  d e t e r m i n e d  by t h e  m o r p h o m e t r i c  a n a l y s e s .  J 

D e s p i t e  p u b l i s k e d  criticisms of  t h e  s u b s p e c i e s  

d e s i g n a t i o n  the s u b s p e c i e s  i s  a  c o n v e n i e n t  c a t e q o x y  f o r  

c l a s s i f y i n g  p o p u l a t i o n  s a m p l e s  o f  a s p e c i e s  (Mayr ,1963,  

1969, 1970; Simpson 1 9 6 1 ) .  T h i s  s t u d y  shows t h a t  B W A  

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

f o r m s  t h a t  a r e  a s s o c i a t e d  w i t h  d i f f e r e n t  g e o g r a p h i c  

regions, T h e r e f o r e ,  a -re d e f h i t e  nemenclat-waL system - - --- 

i s  p roposed  than used i n  the past. Three subspecies - - 

a r e  p r o p o s e d  6 ,  n a s e l y  A d e l g e s  p i c e a e  piceae, A. p i c e a e  - 

6 The t h r e e  s u b s p e c i e s  w i l l  be  f o r m a l l y  named a n d  

d e s c r i b e d  e l s e w h e r e .  



c a n a d e n s i s ,  a n d  - A. piceae o c c i d e n t  a l i s .  C 
. .r 

The n o m i n a t e  s u b s p e c i e s  - A .  p i c e a e  p i c e a e  c o r r e s p o n d s  

m o r p h o l o g i c a l b y  t o  - A. p i c e a e  f o r a a  t y p i c a  (Berker & 

E i c h h o r n  1956; P s c h o r n - Y d l c h e r  8 ~wzl fer  1958) 

f o u n d  i n  Europe .  S p e c i m e n s  f r w  Oregon a n d  U a s h i n g t o n  

. were d e s c r i b e d  a s  t h i s  f o r m  i n  t h e  l i t e r a t u r e  ( P s c h o r n -  

U a l c h e r  1960, 1964;  P s c h o r n - w a l c h e r  & ~ w g l f e r  19.60)-. 

The n o m i n a t e  s u b s p e c i e s  i s  - r e p r e s e n t e d  ic N o r t h  -America  

by t h e  I f I n t e r m e d i a t ~ ~  g r o u p  of t h i s  s t u d y .  % 

A. p i c e a e  c a n a d e n s i s  c o r r e s p o n d s  t c  A. p i c e a e  - 

f o r m a  c a n a d e n s i s  o f  H e r k e r  & E i c h h o r n  ( 1 9 5 6 ) .  T h i s  

s u b s p e c i e s  is b p r e s e n t e d  by t h e  8ariti.e s a m p l e s  (Nos, 16 

t o  l 8 ) ,  which werg g r o u p e d  t o g e t h e r  by t h e  UPGMA c l u s t e r  
i 

a n a l y s i s  of b o t h  t h e  f i r s t  i n s t a r  a n d  the a d u l t  stages. 

> 

A. p i c e a e  o c c i d e n t a l i s ,  which i s  r e p r e s e n t e d  b y  - 
s a m p l e s  1 t o  7 ,  d o e s  n o t  c o r r e s p o n d  t o  a n y  p r e v i o u s l y  

-- -- 
d e s c r i b e d  f o r m  o f  A. piceae. It is n c r e  similar t o  - 

A. piceae p i c e a e  t h a n  t o  A. p i c e a e  a q a d e  nsi s, b u t  - - 
i t  p o s s e s s e s  s u f f i c i e n t  d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s  - 

7 

_ t o  e n a b l e  i ts s e p a r a t i o n  from t h e  f o r n e r .  



The d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s  o f  e a c h  s u b s p e c i e s .  

a r e  d e s c r i b e d  below. B i o m e t r i c  d a t a  f o r  e a c h  s u b s p e c i e s  

a r e  g i v e n  i n  T z b l e  X I  (first i n s t a r  s t a g e )  and  T a b l e  XI1 

( a d u l t  s t a g e ) .  %. , 

5.1 A d e l g e s  . p i c e a e  - p i c e a e  .I. c' ". . - 

A d u l t  s p ~ c i r n e n s  of - A .  p i c e a e  p i c e a e  teed t o  be 

s m a l l e r  t h a n  t h o s e  of s u b s p e c i e s  c a n a d e n s i s  and 

o c c i d e n t a l i s  when c o m p a r i n g  t h e  means ( T a b l e  X I I )  f o r  

t h e  v a r i a b l e s  measured .  The h e a d  r e g i o n  is more d a r k l y  

p i g m e n t e d  t h a n  i n  s u b s p e c i e s  o c c i d e n t a l i s  b u t  c o t  a s  

d a r k l y  a s  and  n o t  a s  u n i f o r m l y  a s  i n  s n b s p e c i e s  

c a n a d e n s i s .  P l a t e s  on t h e  a b d o m i n a l  t e r g i t e s  a r e  u s u a l l y  

d i s t i n c t l y  sclerq$,kzed. The p o r e  f i e l d s  a re  r e l a t i v e l y  
a ,  

f l a t  a n d  t h e  p o r e s  are n o t  a s  c l o s e l y  c lumped  t o g e t h e r  
-a = 

a s  i3 s p e c i m e n s  o f  s n b s p e c i e s  o c c i d e n t a l i s  ( F i g u r e  1 3 ) .  

T h e r e  i s  a t e n d e n c y ,  p a r t i c u l a r l y  i n  t h e  f i r s t  three 

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

oat l a t e r a l l y .  T h e s e  pores are o f t e n  farger a n d  *ope - - -  - 

i r r e g u l a r  i n  shape t b n  these i n  O ~ & E  p8~e fieI4s. 

Spec imens  of t h e  first i n s t a r  s t a g e  o f  t h i s  
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Figure 1 3 .  Diagrammatic r e p r e s e n t a t i o n  o f  the 

s c l e r o t i z e d  plates and t h e  d i s t r i b u t i o n  o f  the 

wax pores o n  one side of the dorsal snrface of 

the adult balsam woolly aphid, Adelges piceae: 

(a) - A. piceae canadensis; (b) - A .  p i c e a e  piceae; 
3. 

(c) - A. piceae occidentalis. 





Table X I .  Biometric data for the first instar stage of 
the three subspecies of the balsam woolly 
aphid, Adelges iceae, found in North America. 
For each subspec k es the mean 2 standard 
deviation (mrn x 10-u) is given for each 
variable measured, based on the follow in^ 
sample sizest n = 320) canaden&, 
n = 120; n = 280, 

SUBSPEC IES VARYBLE 

p i c e a e  c a n a d e n s i s  o c c i d e n -  
t a l i s  

3862 224 4192 231  3900 
Bod - w i d t h  
B3dpeEgth 

. 2170 127  2357 164 2215 
A n t e n n a 1  segment I1 - l e n g t h  1 6 8  1 3  1 8 1  14 169 
~ n t  s n n a l  s e g m e n t  I1 - w i d t h  223 1 8  218 2 1  218 
A n t l n n a l  s e g m e n t  I11 - l e n g t h  3 1  672 40 590  
A n z e n n a l  s e g m e n t  111 - w i d t h  180 18 188 
A p i c a l  s e t a  - 1 e c g t h  26  435 26 397 
Femur  - l e n g t h  482 2 4  451 
Femur - w i d t h  283 22  284  2 7  278 
T i b i a  - l e n g t h  568  24 611  33  565 
T i b i a  -width 260 2 3  253 2 1  263 
T a r s u s  - l a g %  h 257 12  270 18 255 
Tarsus - w i d t h  146  13 146 13  146 
T a z s z l  h a i r  -1ergth 210 1 2  222  I 5  210 
L a b i a l  s e g m s n t  I - 1 2 n g t h  384  1 2  417 26 3 7 9  
L a b i a l  segm2r t  I - w i d t h  306  29  316 34 30 1  
L a b l a 1  s s g m l n t  11 - l e a g t  h 345  2 2  374 28 3 4 1  
L a b i a l  segment I1 - w i d t h  517 5 3  547 62 510 
L a b i a l  clamp - w i d t h  120 9  139 12 116 
O c t l l u s  -di3m e t  e r  107  5 104 6 106 
S t y l e :  - 1 ~ ~ 3 t h  11960 1 2 1  14490 230 11750  



Table XII. Biometric data f o r  the adu l t  s tage  of the 
three subspecies  o f  the balsam wool ly  aphid, 
Adel e s  i c e a e ,  found i n  North America. For 
eac 7F-T subspec e s ,  the mean 2 standard 
dev ia t ion  (rnm x 10-4) (pore counts, x 10) 
i s  given f o r  each variable  measured, based 
o f  t h e  fol lowing sample s i z e s :  i c e a e ,  n = 
320; canadensis,  n = 120; occiden a , n = 
280, 

h s  

VARIABLE 

1 .  ~ n t e n n a l  s e g m e n t  I1 - l e n g t h  
'2. A n t e n n a l  s e g m t n t  11 - w i d t h  
3 .  A n t e n n a l  s e g m e n t  111 - l e n g t h  
4. A n t 2 n n a l  s e g m e n t  I11 - w i d t h  
5. F e a u r  - l e n g t h  
6 .  Penur - w i d t h  
7 .  T i b i a  - l e n g t h  
8 .  T i b i a  - w i d t h  
9. T a r s u s  - 1 5 n g t h  

10. T a r s u s  - w i d t h  
.11. L a b i a l  s e g m e n t  I - l e n g t h  
1 2 .  L a b i a l  s e g m s n t  I - w i d t h  
1 3 .  L a b i a l  s s g m e n t  I1 - l e n g t h  
14. L a b i a l  s e g m e n t  I1 - w i d t h  
15. L a b i a l  c l a m p  - w i d t h  
16. W e l l u s  - d i m e t e r  
17, O v i p e s i t o r  - 1 e ~ g t h  
18, Anal   plat^ - l e n g t h  
1 9 .  P O X 2  C O U F T  1 
2 0 .  Pors c o u n t  2 
2 1 .  P o r z  c o u n t  3 
22. P o r e  c o u n t  4 
2 3 .  Pore c o u n t  5 

p i c e a e  

156 14 
212 23 
346 31 
166 18 
548 50 
295 31 
650 56 
235 17 
282 24 
125 9 
504 49 
352 38 
456 39 
541 63 
I14 8 
113 9 
797 99 
4 4 7  44 
46 19 
62 28 
80 32 
68 30 
62 29 

t 

\ 

SUBSPECIES 

c a n a d e n s i s  o c c F d e n -  
t a l i s  



s u b s p e c i e s  h a v e  a  smaller general body size t h a n  

s u b s p e c i e s  c a n a d e n s i s .  H o s t  of t h e  o t h e r  l i n e a r  

m e a s u r e m e n t s  ( T a b l e  X I )  are  a l s o  c o n s i d e r a b l y  s m a l l e r .  

T h i s  s u b s p e c i e s  i s  more h e a v i l y  p i ,gmented  t h a n  s u b s p e c i e s  

o c c i d e n t a l i s ,  b u t  i t  i s  u s u a l l y  l e s s  h e a v i l y  p i g m e n t e d  

t h a ~  s u b s p e c i e s  c a n a d e n s i s .  A s  a r e s u l t ,  t h e  p o r e  f i e l d s  

a re  more d i s t i n c t ;  t h a t  is, i t  i s  p o s s i b l e  t o  c o u n t  

t h e  wax p o r e s  i n  t h e  c e n t r a l  p o r e  f i e l d s  of ' t h e  d o r s a l  

s u r f a c e  o f  s o m e  s p e c i m e n s  u n d e r  t h e  l i g h t  m i c r o s c o p e .  

5.2 A d e l g e s  p i c e a e  c a n a d e n s i s  
\ 

A d u l t  s p e c i m e n s  a r e  l a r g e r  ( T a b l e  X I I )  t h a n  t h o s e  

o f  s u b s p e c i e s  p i c e a e  or s u b s p e c i e s  o c c i d e n t a l i s .  

T h i s  s u b s p e c i e s  i s  a l s o  much more d a r k l y  p i g m e n t e d  t h a n  

t h e  o t h e r s  a n d  a l w a y s  h a s  d i s t i n c t  s c l e r o t i z e d  p l a t e s  

o n  t h e  a b d o m i n a l  t e r g i t e s .  I t  h a s  r e l a t i v e l y  h i g h  

p o r e  n u m b e r s  f o r  p o r e  c o u n t s  1 t o  5 ( F i g u r e  13-a). 

The p o r e  f i e l d s  o v e r  t h e  e n t i r e  d o r s a l  s u r f a c e  a r e  u s u a l l y  

f l a t .  T h e  p o r e s  a r e  o f t e n  i r r e g u l a r l y  s h a p e d .  P o r e  

f i e l d s  i n  t h e  m e s i a l  rows of t h e  t h o r a x  a n d  abdomen 

a r e  o f t e n  s p r e a d  o u t  l a t e r a l l y .  I n  some s p e c i m e n s  a 

s e p a r a t e  g r o u p  o f  p o r e s  i s  p r e s e n t  b e t w e e n  t h e  mesial 

arid p l e u r a l  rows i n  t h e  m e s o t h o r a x ,  m e t a t h o r a x ,  a n d  

t h e  f i r s t  t h r e e  a b d o m i n a l  s e g a e n t s .  



The f i r s t  i n s t a r  s t a g e  o f  t h i s  s u b s p e c i e s  a l s o  shows  

d a r k e r  p i g m e n t a t i o n  a n d  a  l a r g e r  g e n e r a l  b o d y  s i z e  a n d  

a s s o c i a t e d  l i n e a r  d i m e n s i o n s  t h a n  t h e  o t h e r  s u b s p e c i e s .  

S p e c i m e n s  are v e r y  h e a v i l y  p i g m e n t e d  w i t h  r e l a t i v e i y  

n a r r o w  b a n d s  o f  l i g h t  i n t e g u m e n t  v i s i b l e  b e t w e e n  t h e  

h e a v i l y  s c l e r o t i z e d  d o r s a l  p l a t e s .  The wax p o r e s  i n  

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

s e g m e n t s ,  are c l e a r l y  v i s i k l e  u n d e r  t h e  l i g h t  m i c r c s c o p e .  

The r e l a t i v e l y  d a r k  s c l e r o t i z a t i o n  a n d  h i g h  p o r e  number  

i n  s p e c i m e n s  o f  t h e  first i n s t a r  s t a g e  c o l l e c t e d  i n  t h e  

m a r i t i m e  r e g i o n  h a s  b e e n  r e c o g n i z e d  b y  o t h e r  w o r k e r s  

( E i c h o r n  1956,  1957 ;  H e r k e r  G E i c h h o r n  1 9 5 6 ;  P s c h o r n -  

U a l c h e r  & ~ws l fe r  1 9 5 8 ) .  

5 . 3  A d e l g e s  p i c e a ~  o c c i d e n t a l i s  

Many l i n e a r  m e a s u r e m e n t s  a r e  i n t e r m e d i a t e  between 

s u b s p e c i e s  p i c e a e  a n d  s u b s p e c i e s  c a n a d e n s i s .  E x c e p t i o n s  

are  t h e  l a r g s r  o v i p c s i t o r  a n d  a n a l  p l a t e  (Table X I I )  i n  

. t h i s  s u b s p e c i e s .  A d u l t s  a r e  v e r y  l i g h t l y  s c l e r o t i z e d .  

O f t e n  t h e r e  i s  l i t t l e  p i g m e n t a t i o n  e x c e p t  f o r  a n a r r o w  band 

a r o u n d ,  e a c h  p o r e  f i e l d .  The p o r e s  are r o u n d  t o  s l i g h t l y  

o v a l  i n  s h a p e .  T h e  p o r e s  a r e  s m a l l e r  a p d  m,ore c l u m p e d  

t h a n  i n  s u b s p e c i e s  p i c e a e  c r  c a n a d e n s i s  ( F i g u r e  1 3 ) .  



U s u a l l y  t h e  w h c l e  p o r e  f i e l d  i s  r a i s e d  above t h e  ' <  

s u r r o u c d i n g  i n t e g u m e n t  o f  t h e  d o r s a l  p l a t e .  

Two s a m p l e s  o f  t h e  a d u l t  s t a g e  o f  t h i s  s u b s p e c i e s ,  

namely,  G l e n o r a  Road (Sample No. 2) a n d  L a n d ' s  End Road 

(Sample No. 3) , a r e  e x t r e m e l y  lightly s c l e r o t i z e d ,  e v e n  

i n  t h e  h e a d  r e g i o n .  Some s p e c i m e n s  have  no  wax p o r 5 s  i n  

the m e s i a l  row; e a c h  p o r e  f i e l d  i s  r e p r e s e n t e d  o n l y  by 

a s i n g l e  s e t a .  

Th? f i r s t  i r s t a r  s t a g e  o f  t h i s  s u b s p e c i e s  is v e r y  

l i g h t l y  p i g m e n t e d  i n  c o m p a r i s o n  t o  t h e  o t h e r  s u b s p e c i e s .  

It was n o t  p o s s i b l e  t o  c o u n t  t h e  wax p o r e s  o f  t h e  c e n t r a l  

po re  fields i n  n e a r l y  a i l  c l e a r e d  s p e c i m e n s .  O v e r a l l  

size m e a s u r e ~ e n t s  and o t h e r  l i n e a r  m e a s u r e m e n t s  a r e  - 

s m a l l e r  t h a n  t h o s e  of s u b s p e c i e s  c a n a d e n s i s  b u t  d i f f e r  ' 

o n l y  i n s i g n i f i c a n t l y  f ram t h o s e  o f  s u b s p e c i e s  - p i c e a e .  

5.4 Key t o  t h e  s u b s p e c i e s  o f  A d e l g e s  p i c e a e  i n  N o r t h  

America 

T h e  f o l l o w i n g  key i s  b a s e d  on m o r p h 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  c l e a r e d  s p e c i m e n s  (see Methods  



a n d  H a t e r i a l s )  . B e c a u s e  cf t h e  v a r i a b i l i t y  p r e s e n t  

i n " t h i s  s p e c i e s ,  a  s a m p l e  o f  3 0  t o  4 0  s p e c i m e n s  i s  

u s u a l l y  r e q u i r e d  t o  e n a b l e  a l o c a l  p o p u l a t i o n  t o  be 

i d e n t i f i e d  a d e q u a t e l y .  - A 1 1  m e a s u r e m e n t s  a r e  i n  

1. A d u l t  l i g h t l y  p i g m e n t e d ,  i n c l u d i n g  h e a d  r e g i o n ;  

p o r e  f i e l d s  o f t e n  r a i s e d  a b o v e  d c r s a l  s u r f a c e ;  

p o r e s  c l o s e l y  c lumped  t o g e t h e r ;  p o r e  f i e l d s  i n  

g l a n d  a r e a s  of f i r s t  s t a g e  

1 ' . ' . A d u l t  s t a g e  d a r k l y  p i g ~ e n t e d ;  p o r e  f i e l d s  f l a t ;  

p o r e s  n o t  c lumped ;  ' p o r e s  in c e n t r a l  p o r e  f i e l d s  

o f  f i r s t  t h r e e  a b d o m i n a l  s e g m e n t s  o f t e n  s p r e a d  

o u t  l a t e r a l l y ;  p o r e s  i n  t h e s e  a r e a s  c f t e n  i r r e g u -  

l a r l y  s h a p e d .  P o r e  f i e l d s  i n  c e n t r a l  g l a n d  are-afs 

of f irst  i n s t a r  s t a g e  u s u a l l y  v i s i b l e .  - - - - - - - 2.' I 

2. Mean measuremen t  v a l u e s  o f  a d u l t  s p e c i m e n s  

f a l l  w i t h i n  t h e  f o l l o w i n g  r a n g e s :  f e m u r  

l e n g t h  (0 .0632 - 0 . 0 7 5 2 ) ,  f e m u r  w i d t h  (0.0321 - 
0 . 0 4  13) , t i b i a  l e n g t h  (0.0708 - 0 . 0 9 0 8 ) ,  t i b i a  

w i d t h  (0 .0248 - 0 .0296) ,  t a t s n s  l ~ n g t h  (0 .0301 - 
0 . 0 3 5 3 ) ,  l a b i a l  s e g m e n t  I - l e n g t h  (0.0551 - 
0 . 0 6 7 7 ) .  o o - - - - - - - - - o 

~ 

A .' p i c e a e  c a n a d e n s i s  - 



2 ' .  Hean v a l u e s  for measurements of  a d u l t  specimens 

s i t u a t e d  w i t h i n  t h e  f o l l o w i n g  ranges:  feiur 

l e n g t h  (0 .0498  - 0 .0598)  , femur width (0.0264 - 
O.O326), tibia i e n g t h  (0.0594 - O.O706), tibia 

I * 

width (0 .02  I 8  - 0 . 0 2 5 2 ) ,  tarsus l e n g t h  (0 .0258  - 
0 .0306)  , l a b i a l  segmeng I - l e n g t h  (0 .0455  - 

I 

0 , 0 5 5 3 ) .  - - - - - - - -  - - -  - - -  A. p i c e a e  piceae ' - 



6. D I S C U S S I O N  

6.1 ~ u l t i v a r i  a t e  m o r p h o m e t r i c  a n a l y s i s  

It i s  n o t  uncommon f o r  c l a s s i f i c a t i o n s  b a s e d  upon 

s e p a r a t e  sets o f  l a r v a l  a n d  a d u l t  a o r p h o l o g i c a l  

v a r i a b l e s  o f  t h e  same s p e c i e s  t o  d i f f e r  i n  t h e i r  

s t r u c t u r e  ( R o h l f  1963; S n e a t h  G S o k a l - 1 9 7 3 ) .  I n  fact, 

t h i s  is t o  b e  e x p e c t e d  b e c a u s e  d i f f e r e n t  morphs  h a v e  

d i f f a r  e n t  d e v e l o p m e n t a l  p r o c e s s e s  a n d  are a f f e c t e d  

d i f f e r e n t l y .  by  t h e .  e n v i r o n m e n t .  

T h e  f i rs t  i n s t a r  v a r i a b l e s  d o  n o t  d i s c r i m i n a t e  

well b e t v e e n  t h e  p o p u l a t i o n s .  T h e  o n l y  p r o m i n e n t  

g r o u p i n g  i n  t h e  phenogram i s  t h a t  c o n s i s t i n g  of t h e  

H a r i t i m e  s a m p l e s  w i t h  t h e  r e m a i n i n g  s a m p l e s  s h o w i n g  

l i t t l e  e x p l a i n a b l e  r e l a t i o n s h i p  among t h e m s e l v e s .  A l t h o u g h  

a g r e a t  deal  o f  d i s t o r t i o n  o f  p h e n e t i c  a s s o c i a t i o n s  may 

o c c u r  when c l u s t e r  a n a l y s i s  a n d  p h e n o g r a n s  a r e  u s e d ,  

o r d i n a t i o n  o f  t h e  s a m p l e s  o n  t h e  major d i s c r i m i n a n t  

axes d i d  n o t  p r o d u c e  a more r e a d i l y  i n t e r p r e t a b l e  

s e p a r a t i o n  o f  t h e  g r o u p s  t h a n  d i d  t h e  c l u s t e r  a n a l y s i s .  



91 
r 

The  i n a b i l i t y  of t h e  f i r s t  ins tar  variables to 
..% 

d i s c r i m i r a t e  well be tween  t h e  s a m p l e s  may b e  due  i n  y: 

p a r t  . t o  t h e  n o n - s y n c h r o n y  o f  t h e  s a m p l e s  a n d  t h e  l a r g e  

amount o f  d e v e l o p m e n t a l  v a r i a b i l i t y  w i t h i n  and  be tween  

' p o p u l a t i o n s  ( A t k i n s  1972;  B r y a n t  1971, 1974) . T h i s  time- 

r e l a t e d  h e t e r o g e n e i t y  may c a u s e  many o f  the v a r i a b l e s  

t o  be  n n s t a b f  e d i s c r i m i n a t o r s .  I n  c o n t r a s t ,  the  s t a b l e  

s e p a r a t i o n  o f  t h e  Haritime g r o u p  may b e  a  c o n s e q u e n c e  

o f '  t h e  g r e a t G e r  s i z e  o f  t h e  s p e c i m e n s ;  t h e y  can be 

d i s t i n g u i s h e d  from s p e c i m e n s  b e l o n g i n g  t o  o t h e r  s a m p l e s  

i n  s p i t e  o f  t h e  presumed s e a q o n a l  v a r i a t i o n  between 

t h a s e  s a m p l e s .  

n 

S e a s o n a l  a c r p h o m e t r i c  t r e n d s  h a v e  been  n o t e d  i n  , 

o t h e r  a p h i d  s p e c i e s  (Bodenhei-mer & S w i r s k i  1957;  
,s , 

Uaodford  & Larman 1974) .  H e r y f o r d  &- S o k a l  (1971)  

o b s e r v e d  s i m i l a r  t r e n d s  i n  Pemphigus  p o p u l i t r a n s v e r s u s  

•’lLop. on c o t t o n w o o d  ( P o p u l u s  d / l t o i d e s ) ,  a n d  V a r t y  (1964) 

o b s e r v e d  s e a s o n a l  v a r i a t i o n  i n  t h e  s i z e  o f  B e t u l a p h i s  

q a a d r i t n b e r c u l a t a  J K a l t .  ) on b i r c h  ( B e t u l a  s p . )  . 
S p e c i m e n s  c o l l e c t e d  i n  t h e  s p r i n g  and  f a l l  were on  

t h e  average L a r g e r  t h a n  s p e c i m e n s  c o l l e c t e d  duEng 
\ - 

t h e  summer. - 



Host a u t h o r s  p o s t u l a t e  t h a t  s u c h  s e a s o n a l  c h a n g e s  

are . d e t e r m i n e d  b3 c h a n g e s  i n  l o c a l  c l i m a t e s  a n d / o r  
,* 
, ?4 

qhamges in t h e  p h y s i o l o g y  and n u t r i t i v e  s t a t u s  of t h e  

h ~ s t  t ree ( H e r y f o r d  & S o k a l  1971; Uoodford G .Lerman 

1974) . H u r d i e  (1969) h a s  shown t h a t  t e m p e r a t u r e  

an important i n f l u e n c e  o n  t h e  s i z e  o f  t h e  p e a  a p h i d ,  

A c y r t  h o s i p h o n  'p isum H a r r i s ,  a s  measured b y  d i f f e r e n t  

body d i m e n s i o n s .  T e m p e r a t u r e  d i f f e r e n c e s  h a v e  been 

f o u n d  t o  c a u s e  d e v e l o p a e n t a l  v a r i a b i l L t y  i n  BRA 

( A t k i n s  1972) . 

I n  a d d i t i o n ,  a,s t h e  first i n s t a r  s t a g e  is o f t e n  

p r e s e n t  i n  l a r g e  numbers  and c rowded  t o g e t h e r  on  t h e  stem, 

d i f f e r e n c e s  i n  d e n s i t y  b e t y e e n  t h e  s a m p l e s  may h a v e  

i n t r o d u c e d  a s u b s t a n t i a l  component  of m o r p h o l o g i c a l  

h e t e r o g e n e i t y .  For: example ,  Hurdi'e (1969) h a s  shown t h a t  

s i z e  a n d  c o r r e l a t e d  m o r p h o m e t r i c  c h a r a c t e r s  in a p h i d s  : a r e  
6 

i h f l u e n c e d  by c r o w d i n g .  

Use of  the f-irst i n s t a r  morph f o r  i d e n t i f i c a t i o n  

is a d v m % a g a n s  b e c a u s e  kt IS a v a i l a b 3 e  for stuw 







I ,  - -  - -  - -  

t h e  u n d e r l y i n g  c a u s e s  of  t h e  e s t a b l i s h e d  m o r p h o a e t r i c  

t r e n d s .  However, i n  v iew o f  t h e  known o r  i n f e r r e d  

c o l o n i z a t i o n  h i s t o r y  o f  BWA o n  t h i s  c o n t i n e n t ,  it i s  

p e r h a p s  p o s s i b l e  t o  e x p l a i n  t h e  o b s e r v e d  s y s t e m a t i c  

d i f f e r e n c e s  a s  t h e  r e s u l t  of B U A  b e i n g  i n t r o d u c e d  from 

t h e  same o r  f r o m  d i f f e r e n t  s o u r c e  a r e a s  i n  Europe .  
- - - 

It is  p o s s i b l e ,  a l s o ,  t h a t  s u b s e q u e n t  m o r p h o l o g i ~ a l  

d i v e r g e n c e  t h r o u g h  s e l e c t i o n  by g e o g r a p h i c a l l y  l o c a l i z e d  

f a c t o r s  h a s  t a k e n  p l a c e  i n  s o a e  i n s t a n c e s .  - 

It must be remembered t h a t  t h e  b i o l o g i c a l  s p e c i e s  

c o n c e p t  (Bayr 1963) i s  n o t  p r e c i s e l y  a p p l i c a b l e  t o  

o b l i g a t o r y  p a r t h e n o g e n e t i c  s p e c i e s  s u c h  a s  BWA. 

R e c e n t l y ,  some a u t h c r s  (Dobzhansky 1972; S c u d d e r  1974) 

p o i n t e d  o u t  t h a t  i t  i s  a o s t  p r o d u c t i v e  t o  r e c o g n i z e  

t h a t  t h e r e  a r e  many d i f f e r e n t  k i n d s  o f  s p e c i e s  e a c h  

w i t h  d i f f e r e n t  b i o l o g i c a l  p r o p e r t i e S  a n d  e v o l u t i o n a r y  

s t r a t e g i e s .  

S t e f  f a n  (1964)  r e c o g n i z e d  t h e  p r e s e n c e  of 
4 

a n h o l o c y c l i c  p a r t h e n o g e n e t i c  s p e c i e s ,  o r  a g a m o s p e c i e s ,  
-- - - 

i n  t h e  A d e l g i d a e .  B e c a u s e  g e n e t i c  e x c h a n g e  w i t h i n  a n  
- -~ ~ 

aga 'mospecies  is . l i m i t e d ,  gene  t i c  c h a n g e s  o f  s e l e c t i v e  



a d v a n t a g e  a r e  m a i n t k n e d  i n  a  r e s t r i c t e d  set o f  
" .  

e n v i r o n m e n t a l  c o n d i t i o n s  and may r e s u l t  i n  t h i  '- 

e v o l u t i o n  o f  new, m o r p h o l o g i c a l l p .  d i s t i n c t  f o ~ i g .  
1 

A v a i l a b l e  e v i d e n c e  s u g g e s t s  t h a t  BWA is a p o l y t y p i c  

a g a m o s p e c i e s .  I n t r o d n t t i o n  o f  BWA f rom E u r o p e  i n t o  

N o r t h  America a n d  s u b s e q u e n t  s e l e c t i o n  i n  r e l a t i v e l y '  
- .  - - - A 

i s o l a t e d ,  a p o m i c t i c  s i t u a t i o n s  h a s  r e s u l t e d  i n  t h e  

k v o l u t i o n  of a  number o f  d i s t i n c t  m o r p h o l o g i c a l  forms. 

P r e s e n t  m o r p h o l o g i c a l  t r e n d s  c o u l d  b e  t h e  r e s u l t  o f  

t h e  i n t e r a c t i o n  b e t w e e n  t b e  p l a c e  o f  o r i g i n  of f o u n d e r  

p o p u l a t i o n s ,  t h e  s i z e  o f  the f o u n d e r  p o p u l a t i o n ,  t h w ' t i m e  

pf c o l o n i z a t i o n ,  t h e  effects o f  s e l e c t i o n ,  t h e  number 

of s u b s e q u e n t  i n t r o d u c t i o n s  i n t o  a  g i v e n  a r e a ,  - a n d  t h e  
- 

s p r e a d  o f  t h e  a p h i d  i n t o  new z o n e s  o f  i n f e s t a t i o n .  

P u b l i s h e d  a c c o u n t s  (Annand 1928;  B a l c h  1952; S i l v e r  1959) 

o f  t h e  i n i t i a l  f i n d i n g s  of B V A  on  t h e  eas t  a n d  west 

1 
c o a s t s  o f  N o r t h  America  i n d i c a t e  t h a t  t h e  t h r e e  main 

m o r p h o l o g i c a l  s u b d i v i s 5 o n s  of B U A  a r e  t h e  r e s u l t  o f  

n u r s e r y  s t o c k  b e i n g  i n t r c d u c e d  from E u r o p e  a t  d i f f e r e n t  

times a n d  from d i f f e r e n t  l o c a t i o n s ,  E x a m i n a t i o n  of  t h e  ' 

r e c o r d s  of t h e  a g e n c i e s  c o n c e r n e d  w i t h  t h e  i m p o r t a t i o n  
- - - -- - -- - - - 

o f  n u r s e r y  s tock  may c l a r i f y  t h i s  f u r t h e r .  



4- The f a c t  t h a t  A. p i c e a e  c a n a d e n s i s  h a s  been  f o u n d  - 
both i n  S c o t l a n d  a n d  o n  t h e  eas t  c o a s t  of N o r t h  America 

s u g g e s t s  t h a t  t h i s  fo rm may h.ave a r r i v e d  i n  N o r t h  

h m a r i c a  f rom S c o t l a n d .  P o p u l a t i o n s  o f  A. p i c e a e  p i c e a e  - 

i n  Nor th .  America p r o b a b l y  o r i g i n a t w  c o n t i n e n t a l  Europe  
4 

w i t h  s e p a r a t e  i n t r o d u c t i o n s  h a v i n g  o c c u r r e d  i n  N o r t h  

C a r o l i n a  and i n  t h e  Washingt  on-Oregon a r e a .  

S i m i l a r i t i e s  be tween  t h e  North C a r o l i n a  p o p u l a t i o n s  

a ~ d  p o p u l a t i o n s  g e c g r a p h i c a l l y  r e m o t e  , f rom t h e m  c o u l d  

i n d i c a t e  t h a t  a l l  t h e s e  p o p u l a t i o n s  came from t h e  same 

s o u r c e  p o p u l a t i o n ,  or t h a t  o n e  was c o l o n i z e d  b y  t h e  o t h e r ,  

p e r h a p s  t h r o u g h  t h e  movement of n u r s e r y  s t o c k .  S u b s e q u e n t  

l c c a l  s e l e c t i o n  may n o t  have  had e c o u g h  time t o  a l t e r  

t h e  p h e n o t y p e s  to the e x t e n t  t h a t  t h e y  u o a l d  be 

m o r p h o l o g i c a l l y  s e p a r a b l e .  - 

s u b s p e c i e s  a c c i d e n t a l i s  i s  m o r p h o l o g i c a l l y  d i s t i n c t  
* 

f ro .  t h e  o t h e r  p o p u l a t i o n  s a m p l e s .  T h i s  c o u l d  be t h e  

r e s u l t  of a  single i n t r o d u c t i o n  of m a t e r i a l  i n t o  B r i t i s h  
- - - - -  

Columbia  w i t h  s u b s e q u e n t  s p r e a d  a n d  l o c a l -  g e o g r a p h i c  
--a 

-- 

v a r i a t i o n  o c c u r r i n g  d u e  t o  select i o n  p r e s s u r e s  p e c u l i a r  

t c  e a c h  erea. 



In a d d i t i o n  t o  the t h s e e  m a j o r  6-5 defiasd- - - 

i n  t h i s  s t u d y ,  t h e r e  i s  e v i d e n c e  o f  a c o m p o n e n t  o f  f i n e r ,  

g e o g r a p h i c  v a r i a t i o n  a s  shown b y  t h e  g r a d i e n t s  of 

c h a n g e  i n  some of t h e  m o r p h o l o g i c a l  v a r i a b l e s .  F o r  -' 

e x a m p l e ,  s a m p l e  11 shows  a f f i n i t i e s  w i t h  s a m p l e s  1 to  

7 r a t h e r  t h a n  w i t h  s a m p l e s  8 t o  15 i n  some v a r i a b l e s .  

Because t a x o n o m i c -  c o n s i d e  r a t i o n s  s h o u l d  b e  based 

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

. a n d  n o t  on  e x a m i n a t i o n s  o f  v a r i a t i o n  i n  a n y  p a r t i c u l a r  

v a r i a b l e  s a m p l e  11  is p l a c e d  w i t h  s u b s p e c i e s  p i c e a e .  

I n v e s t i g a t i o n s  i n t o  t h e  b i o l o g y  o r  c o n t r o l  of BHA 

s h o u l d  t a k e  i n t o  a c c o u n t  t h e  c b s e r v e d  s y s t e m a t i c  

d i f f e r e n c e s  b e t w e e n  p o p u l a t i o n s  i n  N o r t h  America. The 

m o r p h o l o g i c a l  d i f f e r e n c e s  b e t w e e n  t h e  B r i t i s h  Co lumbia  

and Maritime p o p u l a t i o n s  a r e  c o n s i d e r a b l e .  T h e s e  

d i f f e r e n c e s  may well be a s s o c i a t e d  w i t h  o t h e r ,  

b i o l c g i c a l  p r o p e r t i e s  t h a t  would  make t h e  r e s u l t s  of 

b i o l o g i c a l  i n  any  one area n o t  a p p l i c a b l e  

t o  o t h e r  t h e  r e s u l t s  o f  t h i s  s t u d y  

s u p p o r t  A t k i n s  (1 972) s u g g e s t i o n  t h a t  p o p u l a t i o n s  o f  BWA 



into new e n v i r o n m e n t s .  T h i s  may b e  of p a r t i c u l a r  i n t e r e s t  

i n  British C o l u m b i a  where BWA is p r e s e n t l y  c o n f i n e d  tc 

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

fact  t h a t  much h a b i t a t  5 s  a v a i l a b l e  i n  t h e  f o r m  of 

A.  l a s i o c a r p a  i n  s u b a l p i n e  r e g i o n s  of t h e  p r o v i n c e .  - 
I n v e s t i g a t i o n s  o f  these p o s s i b l e  i f  f e r e n c e s  may show ? 
o n e  s u b s p e c i e s  t o  be a g r e a t e r  t eat t o  A. las io&rpa  - 
t h a n  t h e  o t h e r s .  

. 
1 



f leasureeent  d a t a  (mean 2 s t a n d a r d  e r r o r ,  i n  ma IS lo-+) 
o f  f i r s t  l n s t a r  balsam woolly a p h i d ,  Adelges piceae 
ussd ir th? s t u d y .  Th4 l e t t a r s  A t o  G r F p r e s e n t  the 
w i t  h i n - s i t e  ( F e l l o w l s  Creek, B r i t i s h  Columbia) samples  
and t h o  n u m b ~ r s  1 t o  18 r e p r e s e n t  the be tween-s i t e  
samples .  The w i t  h i n - s i t e  samples  a r e  a s  follows; 
A - Tree  1, 1973-7-23; B - Tree  1, 1973-8-30; 
C - Trse  1 ,  1973-10-05; D - T r e e  1, 1973-11-16; 
E - T r e e  2, 1973-8-30; F - Tree  3;  1973-8-30; and 
G -- Tree  4 ,  1973-8-30. C o l l e c t i o n  d a t a  f o r  samples  
Bo. 1 t o  18 a r e  given i n  Table  1 .  



APPENDIX - 1 

'Sample 
No. 

V a r i a b l e  (lean 2 S E ,  i n  m m  r l o e 4 )  

Body 
-L en gt h 

3929 38 
3893 25 
3870 31 
4083 29 
3942 26 
3873 2 6  
3.937 27 

3935 41  
3877 34  
3793 37 
4067 43 
3894 38 
3839 37 
3703 29  
3838 22 
3876 27 
3660  26 
4007 24 
3806 24 
4181 25  
3826 29 
4204 36 
4189 36 
4182 38 

Body A n t e n n a 1  A n t e n n a 1  
- W i d t h  S e g m e n t  I1 Segment I1 - L e n g t h  - H i d t h  



* 102 
- + 

> 

APPMDIX 1 (continued) A 

S a ~ p l  e Variable ( l e a n  ? S E ,  i $ - ~ o  x lo-+) 
NO. Y 

i, 

A n t e n n a 1  A n t e n n a 1  Apical 
Segment Segaent 

1 1 1 - L e n g t h  111-Width -Length 



APPENDIX 1 (continued) 

Sample 
No. 

Pemur 
-Width 

292' 3 
291 3 
292 3 
287 3 
289 3 
292  3 
293 3 

278 3 
274 4 
2 9 1  2  
278 4 
273 4 
261 4 
274 4 
295 2 
287 3 
279 4 
284 4 
281 4 
279 4 
285 3 
270 4 
298 3 
286 4 

- 

f Var i ab l e  (lean-SE, in m m  x lo-') 

Tibia a 
-Length 

565 5 
576 4 
574 5 
576 3 
576 5 
578 5 
571 5 

Tibia 
-Uidt h 

274 3 
274 3 
273 3 
270 3 
275 3 
274 2 
272 3 

264 3 
262 3 
265 2 
263 3 
263  3 
251 4 
249 3 
264 3 
258 3 
250 4 
268 3 
264 4 
263 3 
262 3 
247 3 
258 3 
253 3 

--- -- - 

Tarsus 
-Length 



APPEblDIX 1 (continued) 

S a ~ l p l e  -4 Variable (lean SE, i n  ns x 1 0  ) 
I40 . 

T a r s u s  
-Width 

Tzrsa l  
Hair 

-Length 

L a b i a l  Labial 
Segment Segment 
I -Length  I -Width 



APPENDIX 1  (continued) 

Sample Variable (&an SE, i n  m m  x lo-') 
. No. 

Labial Labial L a b i a l  O c e l l u s  
Segment Segment  Clamp D i a m e t e r  

1 1 - L e n g t h  XI-Ridth  -Width 



S t y  let 
Length 



A P P E N D I X  2 

~ e a s u i e m e n t  d a t a  (mean 2 s t a n d a r d  e r r o r ,  i n  mn u 10-y) 
( p o r s  c o u n t s ,  x 10)  of  a d u l t  balsam wool ly  a p h i d ,  
Adelges  p i c e a e ,  used i n  t h e  s t u d y .  The l e t t e r s  A 
t o  E r e p r e s e n t  t h e  w i t h i n - s i t e  ( F e l l o w l s  Creek,  
British Columbia) s a m p l e s  and numbers 1 t o  18  
r e p r e s e n t  t h e  bet w e e n - s i t e  s amples .  The wi th in -  
s i t e  s a m p l e s  a r e  a s  fo l lows :  A - Tree 1, 1973-6-15; 
B - Tree 1, 1973-8-30; C - Tree 2 ,  1973-8-30; D - 
Tree 3, 1973-8-30; and E - Tree 4 ,  1973-8-30. 
C o l l e c t i o n  d a t a  f o r  s a m p l e s  No. 1 t o  18  a r e  g i v e n  
i n  T a b l e  1. 



', 
- 

APPENDIX 2 

Sample Variable ( ~ e a n  2 SE, in mm x lo-') 
Bo . 

i 

Antenna1 Antenn a1 Antenna1 Antenna1 
Segment Segment Segment Segment 

11-Length If-Width 111-Length ILL-Hidth 



<Sample V a r i a b l e  i H e a n t ~ l 3 ,  in nn x lo*') 
No. 

I CI 

? 

Femur Femur T i b i a  Tibia ' 

-Length -Width -Length -Width 



Sample Variable ( ~ e a n t S E ,  i n  a. r low4) , 
, lo. 

Tarsus- Tarsus Labial Labial 
-Length -Width Segment Segment 

I-Wngth- 3- wi;dth - - - 



- 

APEENDIX 2 ( c o n t i n u e d )  

Sample ' V a r i a b l e  (lean? SE, i n  m m  r 1 o - ~ )  
No. 8 

L a b i a l  L a b i a l  
Segment Segment 

- 11-Length I f - w i d t h  

L a b i a l  O c e l l u s  
Clamp D i a m e t e r  
-Width 



APPENDIX 2 (cont h u e d )  
- - - - - - - - - - - - - - - - - - - - - - 

Sample. 
No. 

Variable ( ~ e a n  + SE, in nm x 1 0-') 

o v.ipos it or- Anal 
-Length P1 at e 

-Length 



Sample ' Variable (!lean? SE) 
go. 

Pore C o u n t  

1 2 3 
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