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I , I - - ABSTRACT 
, . - .  

d 
B r i t i s h  CoIumbia of Dendroc tonus  b r e v i c o m i s ,  D .  - . . 

t - r u f i p e n n i s ,  2. p s e u d o t s u g a e  and  Trypodendron  l ' ineatum were  e x a m i n e d  

'+ - 1, ; f o r  nematode p a s a s i t e s  and t h e  i n c i d e n c e  9f i n f e c t i o n  w a s  r e c o r d e d ,  
, . 

Two- p o p u l a t i o n s  o f  D.  b r e v i c o m i s  were  32.0% and  17 .4%,  r e s p e c t i v e l y ,  - 

i n f  ec&d . w i t h  C o n t o r t y  l e n q h u s  b r e v i c o m i  . Two p o b u l a t  i o n s  o f  D .  - .  

r u f i p e o n i s  were  13.6% and 45.5X,  r e s p e c t i v e l y ,  i n f e c t e d  w i t h  e i t h e r  

,. S p h a P r u l a r i o p s i s  d e n d r o c t o n i  o r  C.  r e v e r s u s  i n  t h e  hemocoel .  - 

u 
Ektaphe1,enchus s p .  l a r v a e  w e r e  found u n d e r  t h e  e l y t r a  o f  a l l  c i m e n s ,  

'I f 
and ~ a r a s i t o r h a b d * t i s  o b t u s a  l a r v a e  o c c u r r e d  i n  t h e  g u t .  P o p u l a t i o n s  

d 

of  D. p s e u d o t s u g a e  f rom e i t h e r  s i tes  i n  B . C .  had i h f e c t i o n s  o f  C .  r e v e r s u s  - - 

s 

r a n g i n g  f rom 0% t o  50.0%- G u t  p a r a s i t i s m  by P ,  o b t u s a  r a n g e d  from OX - 

t o  77.4%. Four s p e c i e s  ?f s u b e l y r r a l  nematodes  were  found .  :TWO , s' *. 
0' ,* 

p o p u l a t i o n s  of T.  l i n e a t u m  w e r e  13.0% and 2.4% i n f e c t e d  by a  t y l e n c h i d "  - 
I , 

l a r v a .  

C .  b a r b e r u s  is synonymized w i t h  C.  b r e v i c o m i '  f rom D. b r e v i c o m i s  " 
- - 

- 
- 

- ad& t h e  d e s i g n a t i o n  o f  h e  l a r v a l  s t a g e s  of C .  b r e v i c o m i  i s  r e v i s e d .  i' --I 
* 

- 

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

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

g a l l e r i e s  of - D.  p s e u d o t s u g a e .  A f i r s t  r e p o r c  o f  a t y l e n c h i d  nematode i n  

t h e  hemocoel of T. l i n e a t u m  is a l s o  p r e s e n t e d  b u t  i t s  b i o l o g y  and s p e c i f i c  - 
r 

i d e n t i t y  a;e unknown. 

t C .  r e v e E s u s  f rom t h e  hemocoel o f  D .  p s e u d o t s u g a e  is  r e d e s c r i b e d  - - 
r 

I i n c l u d i n g  t h e  f i r s t  d e ~ d r i ~ t i o n  o f  t h e  f r e e - l i v i n g ,  i n f e c t i v e  f e m a l e .  
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* 
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9 

[ ( f v )  
, 1 

L 

n .  ? 

, Ttte pus  t -t.mbr_vonic d e v r  lopment of C. r e v e r s u s  - i n d i c a t e s  f o u r  l a r v a l  

J 
s t a g s  w i t h i n  t h e  h o s t  hemococ l .  1 n J h e  g a l l e r i e s ,  t h e  1. 4 l a r v a e  , 

c I 

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

ttie f e m a l e s  m i g r a t e  bp  t h e  l a r v a l  g a l l e r i e s  and r e i n f e c t  p r i m a r i l y  
, . 

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

g e n r r a t  i o n .  

L'nlike merrni , thids,  ttich s e x  r a t i o  of  - (1. r e v e r s u s  a p p a r e n t l y  is * 

t 

u n a f f e c t e d  by  e i t h e r  h o s t  s t a g e ,  s e x ,  o r  t h e  number of p a r a s i t e s  p r e s e n t .  

. +* . . 17 

Be$l A d u l t  - D. p s e u d o t s u g a e ' w e r e  - examined! f o r  t h e  p h y s i o l o g i c a l  e f f e c t s  o f  

. . 
p a r a s i t i s m .  C .  r e d e r s u s  d e p l e t e s  t h e  hernolymph p r o t e i n  of m a t u r e  b u t  n o t  

of c a l l o w  a d u l t  f e m a l e s .  P a r a s i t ' i s m  a l s o  r e d u c e s  t h e  o o c y t e  s i z e  by 20%. 

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

i n f e c t e d  c a l l o w  m a l e s  b u t  n o t  i n  t h e  i n f e ~ t e d ~ m a t u r e  m a l e s . .  However,  t o t a l  

hemolynph p r o t e i n  1ev.e ls  i n  m a l e  h o s t s  a r e  unaf f e c ' t e d  .' , Hernolymph c a r b o -  

f 
h y d r a t e  and amido-acid  L e v e l s  a r e  n o t  s i g n i f i c a n t l y  a l t e r e d  by p a r a s i t i s m  

% 

i 

i n  all f o u r  a d u l t  h o s t  c a t e g o r i e s .  - s- 
'J 

1 
C .  r e v e r s u s  a l t e r s  t h e  b e h a v i ~ u r  and f e c u n d i t y  bf D .  p s e u d o t s u g a e , .  . - - 

e f f e c t i n g  t h e  f o r m a t i o n  of 20 - 30% s h o r t e r  egg  g a l l e r i e s  by i n f e c t e d  t h a n  

by u n i n i e c t e d  f e m a l e s  and 40 - 50% f e w e r  e g g s  l a i d  by i n f e c t e d  t h a n  by 

u n i n f e c t e d  f e m a l e s .  -No d i r e c t i o n a l  c h a n g e  i n  g a l l e r y  c o n s t r u c t i o n  o c c u r r e d .  

Egg v i a b i l i t y  was u n a f f e c t e d  by p a r a s i t i s m .  M a t i n g  w i t h  i n f e c t e d  males 

a f f e c t e d  n e i t h e r  t h e  g a l l e r y  1 e n g t h . n o r  t h e  f e c u n d i t y  o f  u n i n f e c r e d  f e m a l e s .  
' 

0 > 

_a 
~ d w e v e r ,  i n f e c t e d  m a l e s  were  good d i s p e r s a l  a g e n t s  f o ~  a C ,  r e v e r s u s ,  c a r r y -  

i n g  i t  i n t o  g a l l e r i e s  t h a t  m i g h t  o t h e r w i s e  b e  p a r a s i t e  f r e e .  
.. 
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I 

Steiner (19  3 2 )  hypothesized an evolutionary sequehce in, the parasitism of 

bark beetles from the use of the beetle as an occasional carrier to it?/ 
,/ 

i 
9 

runcti* a& a host to ectoparasites and to true endoparasites. --.--/ 
'* 

1 Fuchs (1915) described the effects of bark beetle nematodes as killing 

4 
or weake-ning the hosr, causing a reduction in host fecundity and prevention 

of a second host generation in the same ;ear. In Russia, 'fatsentkowsky (1924) 

noted that bark beetles of the genus Blastophagus infected with small numbers 

of 'nematades were castrated, while those with large numbers of demtodes 
. . 

were killed. RUhm (1956) believed that the influence of parasitic nematodes 

d 
upon bark beetle populations is minor and could not be considered as a cause 

, 

of decline in host populations. . , 

The number of nematode species and the 'abundance of each species thanks 
when bark beetles attack different host frees or different parts of the same 

' 

tree (Ruhm, 1956). The number of nematode species and their abundance decreases 
. r 

and later the survivors produce dwarf Geytodes and dauer larvae. This , 

suggests that bark bee~le nematode survival may depend on their adaptability to 

the effects of changing environmental conditions on the hosts. i 

Rtihm (1956) reported that interspecific competition occurs amongst 

nematodes within the beetle gallery. Aphelenchoides piniperda, for example, 

occu~s in lower numbers in the galleries of Blastophagus piniperda when present 

together with Parasitorhabditis piniperda an4 ~ana~rolaimus tigrodoa. Under 

such conditions, most of the aphelenchoids are juveniles rather than adults. 

Competition between parasite species within a gallery occasionally leads 

to the premature invasion of the host, or alternatively, to a total cessation 

of nematode development. 



* 

4 

Bark b e e t l e  nematodes occu r  i n  one of t h r e e  s i t e s  on t h e  b e e t l e .  . 

E x t e r n a l l y ,  t h e y  i n h a b i t  main ly  t h e  s u b e l y t r a l  p o s i t i o n ,  o c c u r r i n g  u s y a l l y  

as clumps of  ,ensheathed t h i r d  s t a g e  l a r v a e ,  commonly c a l l e d  d a u e r  l a r v a e .  

Only t h e  genus  ~ k t a ~ h e l e n c h u s  e x h i b i t s  t r u e  e k t o p a r a s i t i s m  ( ~ a s s e ~ ,  1956) . - . 

Most Rhabdi t o i d e a ,  Ty l encho idea  and Aphelenchoidea a r e  pho<e t i c  when t h e y  
.d 

occur  s u b e l y r r a l l y .  I n t e r n a l l y ,  t h e  p~ras i tps  may .be  found i n  t h e  g u t  o r  

i n  t h e  hemocoel. Many r h a b d i c i d s  e n t e r  t h e  st  v i a  t h e  a n u s  and m i g r a t e  s" 
up t d  t h e  midgut w h i l e  t h e  b e e t l e i s  overwi  t e r i n g .  Nickle  (196 

...J 

4: 
t h a t  l a r v a l  p p r a s i t o r h a b d i t i d s  caused  a b ~ a s i o n  of t h e  e p i t h e l i a l  l a y e r  of , 

t h e  v e n t r i c u l u s  i n  Ips pa raconfusus .  Those nematodes t h a t  p a r a s i t i z e  t h e  

hemocwel e n t e r  e i t h e r  by diLrect c u t i c u l a r  p e n e t r a t i o n  o r  by b e i n g  i n g e s t e d .  
e 

by t h e  h o s t  and s u b s e q u e n t l y  p e n e t r a t i n g  t h e  h o s t  g u t .  A l l  hetnocoel p a r a s i t e s  

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

Obse rva t ions  on t h e  p h y s i o l o g i c a l  e f f e ' c t s  of nematode p a r a s i t i s m  on 

b a r k  b e e t l e s  have been few. RGhm (1956) s t a t e d  t h a t  l a r v a l  and a d u l t  hemocoel 

p a r a s i t e s  ob ta ined  n u t r i e n t s  f rom che  f a t  body of  b a r k  b e e t l e s  b u t  d i d  n o t  

s u p p o r t  h i s  t heo ry  w i t h  e v i d e n c e  from biochemica l  and p h y s i o l o g i c a l  s t u d i e s . .  

I t  has  a l s o  been r e p o r t e d  t h a t  I .  pa raconfusus  h e a v i l y  i n f e c t e d  w i t h  - 

Cont,or tylenchus '  e l o n g a t u s  had fewer  f a t  c e l l s  t han  un ' infected i n d i v i d u a l s  

cNickle ,  1963b) ,  and t h a t  S p h a e r u l a r i o p s i s  ungulacauda i n t e r f e r e s  w i t h  t h e  

. growth and  f u n c t i o n  of o r g a n s  i n  Dendroctonus pseudotsugae  (Khan, 1957b) . 
The p h y s i o l o g i c a l  e f f e c t s  of p a r a s i t i s m  may sometimes m a n i f e s t  themselves  

a s  a  r e d u c t i o n  i n  h o s t  f e c u n d i t y .  S p h a e r u l a r i o p s i s  d e n d r o c t o n i  h a s  been 

r e p o r t e d  t o  cause  a d e c r e a s e  i n  egg p r o d u c t i o n  i n  Dendroctonus r u f i p e n n i s  
-- ., 

I' 



a.  
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from an.average of 76.5 to 28.8 eggs per adult female (Massey, 1956). ~edured 

B . fecundit? s also been obsrrved injscolytus ventralis infected with 

i 
Sulphuretylenchus elongatus (~shrafkand Berryman, 1970) and in I. paraconfusus - 

infected with C. elongatus (Hassey, 1962). Nematodes are known to induce - 

I cellular defence reactions in som host be6tles: Eggs and larvae of S. - 

el'ongatus, for example. ,are encapsulated by first to third instar larvae of 

S. ventralis b u r  not by othet stages (Ashraf and Berryman, 1970). 
3 

Semtode parasitism can affect bark beetle behaviour . #ins (1961) 

+ 
reporred that the duration of initial flight of D. pseudbtsugae was reduced - 

by up to 50% by nematode p&asitism but that tot,al flight duration and the 

number of rest periods remained unaffected. Impaired flight capacity has 

also been demonstrated for S, ventralis heavily rnfected with S. elongatus - - 

(Ashraf and Berryman, 1970) and D. brevicomis infeoted with C. breuicmi - - 

(Nickle, 1963a). Reid (1945) observed the D. pondero~ae heavily infected 
A 

with Sphaerulariopsis hastata could be detected by their lethargic movements 

and the impaired "escape" behavi~ur when removed from their galleries. Tremors 

in the antennae and legs of infected beetles were also observed. Aberrant 
C 

gallery construction is displayed by female S. ventralis infected with S. 
' 

- - 

elongatus (Ashraf and Berryman, 1970), and by fcmale ~coly'tus rugu%sus 

infected with Neoparasitylenchus rugulosi (Nickle, 1971). 

In this study of the nematode parasites and associates of economically . 

inportant sco1ytid"beetles in British Columbia, there were three objectives - 

(i) to assess and describe their nematode parasite fauna, (ii) to study the 

biology and development of the hemocoel parasite C. reversus in the Douglas- - 
/.. 

fir beetie, g. pseudotsugae , and (iii) to elucidate the host-parasite relation- 

ship between C.'reversus and D. pseudotsugae. - - 
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\ . e 
I n t r o d u c t i o n  

L i t t l e  p r e v i o u s  workahas  been  done' on nema(od,e p a r a s i t e s  of  b a r k ,  
k 

b e e t l e s  i n  Br . t  i s h  Columbia. ' Reid (1945)- r e p o r t e d  th 'at  of  t h e  seven  $ 2  
\ 

nematade specyes  a s s o c i a t e d  w i t h  D. ponde rosae  Hopkins,  S. h a s t a t a  Khan - - 

was t h e  o n l y  ' e n d o p a r a s i t e .  Khan (1957a,b)  d e s c r i b e d  S .  h a s t a t i  and S .  
, . - - 

ungulacauda from t h e  D o u g l a s - f i r  b e e t l e ,  D. p s e u d o t ~ u g a e  Hopkins,  i n  - 

B r i t i s h  Columbia. Both t h e s e  nematodes have 'now been  p l a c e d  i n  t h e  

genus ~ ~ h a e r u l a r i o ~ s i ' s  ( N i c k l e ,  1 9 6 3 ~ ) .  ' Ektaphelenchus. m a c r o s t y l u s  
- 

'Khan has .  been d e s c r i b e d  from specimens found under  t h e  e l y t r a  of Douglas- . 

f i r  b e e t l e s  (Khan, 1960).  

T h i s  s e c t i o n  on t h e  nematode a s s o c i a t e s  of f o u r  s p e c i e s . o f  B r i t i s h  

Columbia s c o l y t i d s  i n c l u d e s :  ( i )  t h e  synonyply of Contor ty l -enchus  b a r b e r u s  

(Yassoy) w i t h  - C .  b r ev i comi  (Xassey)  from t h e  hemocoel .of  t h e  w e s t e r n  p i n e  

G e e t l e ,  - D. b r ev i comis  LeConte; ( i i )  a  d e s c r i p t i o n  of  a  new s p e c i e s  of 
Z 

aphe lencho id  nematode be long ing  t o  e i t h e r  t h e  genus Bursaphe lenchus  o r  

t h e  genus P a r a s i t a p h e l e n c h u s  found under  t h e  elytra and i n  t h e  g a l l e r i e s  

of t h e  Doug la s - f i r  b e e t l e ;  ( i i i )  a  r e d e s c r i p t i o n  of t h e  grav id :  female  and 

mature  male of - C .  r e v e r s u s  Thorne w i t h  a  d e s c r i p t i o n  gf t h e  f r e e - l i v i n g ,  

i n f e c t i v e  female  from t h e  g a l l e r i e s  of t h e  Douglas - f i r  b e e t J e ,  ( i v )  a r e p o r t  

of t h e  incidencQe of nematode i n f e c t i o n  a? two p o p u l a t i o n s  of t h e  s p r u c e  

b e e t l e ,  - D .  r u f i p e v i s  K i rby ,  and (v )  a k e p o r t  and d e s c r i p t i o n  of a  t y l e n c h i d  

' nemarode l a r v a  from t h e  hemocoel of t h e  s t r i p e d  ambros ia  b e e t l e ,  

Trypodendron l i n e a t u m  O l i v i e r .  R e d e s c r i p t i o n s  of p r e v i o u s l y  d e s c r i b e d '  

nematode s p e c i e s  a r e  i n  Appendices  1 , and  11. 
I ,W 
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M a t e r i a l s  and  Methods 
C 

~ a r 6  bas s t r i p p e d  from logs- QX t r e e s  i n f e s t e d  w i t h  b a r k  b e e t l e s ,  placed 
Z ' ,  

I 

- 4 ~  l a r g e  po ly thene  bags  f o r  t r a n s p o r t  t o  t h e  l a b o r a t o r y ,  t r a n s f e r r e d  t o  
' 

Lt. - t, I s 

emergence cages  q d  t h e  emergent b e e t l e s  c o l l e c t e d  t w i c e  d a i l y .  F r a s s  t h a t  
t, 

was sc raped . f rom blket le  g a l a e r i e s  w a s  p l aced  i n  Baermann f u n n e l s  f o r  nematode 

e x t r a c t i o n  (Southey, 1970) .  

B e e t l e s  were d i s s e c t e d  i n  i n s e c t  s a l i n e  a f t e r  examina t ion  f o r  s u b e l y t r a l  
8 

p a r a s i t e s .  Nematodes o b t a i n e d  from s u b e l y t r a l ,  midgut and hernocoel p o s i t i o n s  

were kep t  s e p a r a t e .  The nematodes w e r e  k i l l e d  and f i x e d  i n  h o t  (50•‹C) t r i -  ' 

e th&olamine / fo rma l in  (T.A. F .) and s t o r e d  i n  f r e s h  f i x a t i v e .  S t a i n e d  prepara-r 

t i o n s  were made w i t h  0.01% c o t t o n  b l u e ' i n  l a c t o p h e n o l ,  p roces sed  through . 
- 

Baker ' s  s o l u t i o n s  (SoQthey,  1970) ,  and mounted h a g l y c e r i n e .  
7 

Drawings and measurements were made under  t r a n s m i t t e d  l i g h t  and phase- 
I 

a, 

c o n t r a s t  microscopy.  Measurements f o l l o w  t h e  d e  Man forniula  excep t  f o r  G I 

( l e n g t h  of female gonad expres sed  as a pe rc&tage  of body l e n g t h )  and V ( d i s t a n c e  
t 

,' : " o f  v u l v a  from t a i l  end) .  A l l  v a l u e s  a r e  g iven  a s  Means + one Standard  E r r o r ,  - 

, \ 

D e s c r i p t i o n s  of b a r k  b e e t l e  nematodes 

7 

1. Host :  DENDROCTONUS BREVICOMIS LeConte 

Host b e e t l e s  were c o l l e c t e d  from Ly t ton  on two o c c a s i o n s .  I n  December 
I 

1969 ,  117 beeEles  were examined of which 59 were males: The hemocoel of 32% 

of t h e  b e e t l e s  con ta ined  t h e  nematode C .  b rev icomi ,  w i t h  28% of t h e  females  - 
I 

and 36% of t h e  males  b e i n g  i n f e c t e d .  I n  ~ e c e m b e r  1970,  46 b e e t l e s ,  of which 

23 were males ,  were examined. On t h i s  o c c a s i o n ,  17 .4% had C .  b rev icomi  i n  t h e  
d 

hemocoel w i t h  4.3% of t h e  females  and 30.4% of t h e  males  b e i n g  i n f e c t e d .  No 

s u b e l y t r a l  o r  gu t  p a r a s i t e s  were found on e i t h e r  o c c a s i o n .  . 
, 
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Contortylenchus brevicomi (Massev, 1957) Ruhm 1960 . 
,1 

s P o n 9  contortylenCh;s ba rbe rus  (Massey , 1957) Rtihm 196q. 

I 2 Females (n - 1 6 ) ;  L = 3.61 + - 0.14 ( 2 . 8 2 - 4 . 8 2 )  m m l ;  w = 86.9 - + 2.69 . , 
(70-100),; a = 41.8 - + 1.6 (32.8-60.0); V = 95.9 + - 0.4  

(94.7-97.0)%; G1 = 93 .5  + - 0.6 (88.5-96.5)9; , 

Vt  
= 147.2 + - 5.0 (110-180)~ .  

The mature female nematodes a r e  found only i n  t h e  hemocoel. 'Female I 

.lqng. and s l e n d e r ,  with body s l i g h t l y  bent  d d r s a l l y .  C u t i c l e  f i n e l y  ' s t r i a t e d  , a 

except  a t  extreme a n t e r i o r  where i t  becomes annula ted  (Fig ,  1 ,B) .  Buccal 

s c y l e  t very d i s  t inc  t a 5 n  egg - producing females b u t  degenera te  i n  o l d e r  specimens. 

S t y l k t  s h o r t  and s l e n d e r  h i t h  &all b a s a l  knpbs. Esophagus s t r a i g h t ,  non- 
Y 1  

bulbous;  esophageal  glaniIs i n d i s t i n c t .  Exczetory pore  and ne rve  r i n g  no t  
1 

v i s i b l e .  P o s t e r i o r  end of female broad a t  vulva ,  w i t h  rounded t e n f i n u s  ending 

a b r u p t l y  i n  rnucro y ~ i ~ ,  1 , A )  - k r o  p r e s e n t ,  i n  a l l  specimens. Anal opening 

n o t . v i s i b l e .  I n t e s t i n e  appears  t o  end i n  mucro. Phasmids pre,sent j u s t  

p o s t e r i o r  t o  vulva .  Ovary monodelphic, p rode lph ic ,  and o c c a s i o n a l l y  rerf lexed.  ' -  
9 

Length of gonad variabl; ,  occas ionaJ ly  reaching head end of nematode. Post-  

u t e r i n e  s i c  p resen t  only i n  some specimens. Vu1va.a t r a n s v e r s e  s l i t  a t  

p o s t e r i o r  end of body. The more p o s t e r i o r l y  p o s i t i o n e d  e g g s - i n  the u t e r u s  

have a t h i c k  w a l l .  Spermatozoa n o t  observed i n  u t e r u s .  

N o  m a l e s  w e r e  found i n  t h e  hemocoel.   ow ever, males of t h e  genus C o p t o ~ t y -  

lenchus  g e n e r a l l y  remain i n  t h e  g a l l e r i e s  oT' t h e  h o s t  and inseminate  females . 

p r i o i  t o  t h e i r  e n t r y  i n t o  t h e ' b e e t l e  h o s t .  Massey (1957) Qund males of - C .  

ba rbe rus  but  not  of - C. brevicomi i n  t h e  b e e t l e - g a l l e r i e s .  







. 
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*\ . ,  

E g g :  (58-66) x 32p. Eggs from t h e  b e e t l e  hemocoel showed v a r i o u s  s t a g e s  
1) 

of development up t o  t h e  format ion  of t h 4  f i r s t  l a r v a l  s t a g e  (Fig .  I ,  C , D ) . >  

The c o i l e d  f i r s t  s t a g e  l a r v a  i s  about  135p loog,  w i t h  a rounded t a i l  and body 
* ,  

caper ing  t o w a r d ' t h e  a n t e r i o r  end. Buccal s t y l e t  ve ry  smal l - and  c u t i c l e  ve ry  

f i n e l y  striated. 

Second s t a g e  l a r v a  (L ) :  L = 1 7 0 ~ ;  w = l o p .  Larva minute and f r e e  i n  hos t  
2 

hemocoel. C u t i c l e . v e r y  f i n e l y  s t r i a t e d .  Head d i s t i n c t l y  o f f s e t  from r e s t  

of body by a nartmer neck reg ion ;  head expanded and rounded a n t e r i o r l y  

(Fig.  1 ,E) .  S t y l e t  ve ry  s m a l l  and esophagus no t  e a s i l y  d i s c e r n i b l e .  G e n i t a l  

p r i m o r d i m  i n  p o s t e r i o r  of body (Fig.  1 , ~ ) :  T a i l  rounded. Anal opening 6-7p 
r 

from t a i l  t e r q i n u s .  Th i s  s t age .h?s  been designated L 'because  i t  i s  the  s p i l l e s t  
2 

l a r v a l  s t a g e  found i n  t h e  hemocoel of t h e  h o s t ,  and Bif  f e r s  from t h e  unhatched 

L l a r v g  i n ' i t s  head shape ,  and development af t h e  g e n i t a l  primordium. l 2  + 

Third s f a g e  l a r v a ,  (L ): L = 29011; w' = 16p.  aka s l e n d e r  and s h o i t  wi th  
3:  

f i n e l y  s t r i a t e d  c u t i c l e .  Club-l ike head region-off  s e t  from* r e s t  of body by 

narrower neck gegion (Fig .  1 ,G) .  Head wi th  prominbnt, c e p h a l i c  $apil la3e when 

examined under phage c o n t r a s t  microscopy. Spear s l e n d e r  and s h o r t .  Esophagus . 

s t r a i g h t  and non-bulbous. G e n i t a l  primordium conspicuous (Fig .  1,H). T a i l  
. . 

rounded, a n a l  opening 12-13p from t a i l  terminus (Fig .  1 , I ) .  This  l a r v a l  s t a g e  
* .  

has been des igna ted  L a s  d i s t i n c t  from t h e  L because of i t s  l a r g e r  s i z e ,  
3 2 

g e n e r a l  c e p h a l i c  s t r u c t u r e ,  and i t s  g r e a t e r  t a i l  l e n g t h .  This  was t.he l a r g e s t  

i 

l a r v a l  s t a g e  found i n  

-x.J F' 

Synonymy: The taxonomy genus Contortylenchus was r e v i s e d  by Nickle 

(1967), who r e t a i n e d  - C .  brevicomi and - C .  ba rbe rus  a s  s e p a r a t e  s p e c i e s .  Massey 

(1957) f i r s t  desc r ibed  t h e s e  two nematodes and gave t h e  range of t h e  body 
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l e n g t h  forirsaturce p a r a s i t i c  females  of C .  b a r b e r u s  a s  2 .1  - 3.9  mm and ,  I - 
. . 

t h a t  f o i  f & a l e s  of C .  brevicorni a s  3 .2  - 4 . 2  mm. Mature female  C .  b r e v i c o p i  - - 

from my c o l l e c t i o n  ranged i n  s i z e  frdm 2 .8  t o  h . 8  mm. T h i s  l a r g e  v a r i a t i o n  
. " 

\ 
; demons t r a t e s .  t h e  u n r e l i a b i l i t l ;  of body l e n g t h  as a c r i t e r i o n  f o r  t h e  s q p a r a L  
t 

-)t  ion .  of t h e  two spec,iefs.  The g t e a t e s t  w id th  i n  t h e  spec imens  examined b$ i e  

ranged from 70 t o  10.0; which conforms w i t h  Massey 's  d e s c r i p t i o n  of C .  b a r b e h s ,  ' - 

b u t  no t  w i t  t h a t  of C .  b rev icomi .  I n  my o p i n i o n ,  t h e  g r e a t e s t  wid th ;  l i k e  p - 

t h e  body l e n g t h ,  v a r i e s  w i t h  t h e  d e g r e e  of development of t h e  female  gonad 

'and t h e  number of eggs  p r e s e n t -  
-- 

I n  t h e  o r i g i n a l  d e s c r f p t i o n ,  t h e  d i s t a n c e  of  t h e  v u l v a  from t h e  t a i l  , 
d 

t e rminus  was used by ?lassey as a f e a t u r e  f o r  d i f f e r e n t i a t i n g  t h e  two spec ies . '  
r 

ag 

, Thi-s d i s t a n c e  was 7 0 ,  f o r  C .  ' b a r b e r u s  and 90u f o r  C .  b r ev icomi ,  b u t  s i n c e  - 
' ,  

- 

n e i t h e r  t h e  number of specimens observed  n o r  t h e  r a n g e  of  t h e  measurements 

L was g i v e n ,  i t  is a weak c r i t e r i o n  f o r  t h e  s e p a r a t i o n  of t h e s e  two s p e c i e s .  

~ h f e  d i i f e ~ e n c e  of 20: between t h e  two measurements is  s m a l l  compared t o  t h e .  - 
70, range  f o r  V r eco rded  i n  B.C: specipl&s of C .  b r ev icomi .  D e s p i t e  t h e  ' 

t - 

d i f f e r e n c e  between t h e  o r i g i n a l  measurements of V t  g i v e n  f o r  C: b a r b e r u s  - 
and - C .  b r ev i romi ,  and t h o s e  f o r  t h e  L y t t o n  p o p u l a t i o n s  of C.  b rev icomi ,  , - 

agreement jn o t h e r  c h a r a c t e r s  i d e n t i f i e s  t h e  L y t t o n  p o p u l a t i o n s  a s '  C .  b rev icomi .  

I ) 

~Massey used t h e  p r e s e n c e  of a  mucro i n  t h e  t a i l  of C .  b a r b e r u s ,  and i t s  - 

o w a s i o n a l  p r e s e n c e  i n  t:he t a i l  of C .  b rev icomi  +as  a  c f i t e r i o n  i n  t h e  - 

s e p a r a t i o n  of t h e s e  s p e c i e s .  However, examinat ion  of t h e  t y p e  specimens of 
, - 

C .  b rev icomi  showed t e  mucro t o  be  p r e s e n t  i n  all  c a s e s .  S i m i l a r l y ,  i t  was - k 
p r e s e n t  i n  a l l  speciinens of C .  brevicomi  o b t a i n e d  i n  t h e  p r e s e n t  ~ t u d y .  - 

The eggs  r ecove red  i n  t h e  p r e s e n t  s t u d y  were l a r g e r  t h a n  t h o s e  of 

e i t h e r  - C .  b a r b e r u s  o r  C .  b rev icomi  a s  o r i g i n a l l y  d e s c r i b e d .  Two l a r v a l  s t a g e s  - 
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.of - C. brev icomi  were found w i t h i n ,  t h e  h o s t  h p o c o e l ,  ' and' havg  been des igna ted ,  
aP 

L a n d  L f o r  r e a s o n s  mentioned above.  hsseyvs  d e s i g n a t i o n  of t h e  larva " 
2 - 3  - - I -  

of - C .  b a r b e r u ~  foknd. i n  t h e  hokt  hemocqe?\as a LL is- p o s s i b l y  erron,eous as-. 
, t r  1 1- . ' 

t h e  appearance  and d e s c r i p t i o n  of t h i s  l a r v a  is. similar 10 t h e  d e s i g n a t e d  
* I  ' 

L by v i r t u e  of i t s  's'ize and head shape.  Fur thermore ,  t h e  p&minent c e p h a l i c  
I 

3 

p a p i l l a e  (observed on L l a r v a e  i n  t h e  p r e s e n t  s t u d y  and on t h e  t y p e  l a r v a l  
3 

> . . 

specimens)  a r e  c h a r a c t e r i s t i c  of  " the '  L The o t h e r  l a r v a l  s t a g e  ~ b s e = v e d ,  
3 

d e s i g n a t e d .  L i s  s m a l l e r  t h a n ,  and h a s  a  d i f f e r e n t  c e p h a l i c  s t r u c t u r e  -from 
2 ' 

I . t h a r  of t h e  L and i s  d i f f e r e n t i a t e d  from t h e  unhatched l a r v a  by i t s  head 
- 3 

1 ,  
ayd @ail shape  and development of t h e  g e n i t a l > p r i m ~ r d i u m .  

1 

The synonymy of  t h e  h o s t s  - D. b a r b e r i  w i t h  - D. b rey icorn is  (Wood, 1963) 

l e n d s  f u r t h e r  s u p b o r t  t o  t h e  argument f ~ r ~ s y n o n y m i z i n g  t h e  two p a r a s i t i c  - .  

nematodes. $he synonymy of - C. b a r b e r u s  w i t h  - C. b r e v i c d  i s  now suppor ted  

by ' ~ r  . C .  L.' Massey ( p e r s o n a l  communicat ion) .  

- .  
2 ,  Host : DENDROCTONUS' PSEUDOTSUGAE HoPkins ' , 

, 
Host b e e t l e s  were  c o l l e c t e d  from e i g h t  s i tes th roughou t  B,C. a t  v a r i d u s  

' I  
-*. . 

, .3 times and an i n d i c a t i o n  a s  t o ' t h e i r  i n c i d e n c e  of i n f e c t i o n  i s  p r e s e n t e a  i n  

Table  I .  Four s p e c i e s  of s u b e l y t r a l  a s s o c i a t e s ,  nameiy Ektaphelenchus  
i, 

, a new s p e c i e s  of aphelenchoid  be longing  t o  e i t h e r  t h e  genus - 
- < 

I w ' ** 

Bursaphelenchus  o r  t h e  genus P a r a s i t a p h e l e n c h u s ,  ~ r ~ ~ t a ~ h e l e q c h u s  l a t u s  and 

Panagrolaimus d e n t a t u s ,  were p r e s e n t  i n  a l l  b e e t l e s  examirfed. - E.  m a c r o s t y l u s ,  
9 

C .  l a t u s  and P. d e n t a t u s  a r e  r edesc r ibed .  i n  Appendix I ,  and i n  each  i n s t a n c e ,  - -  - 

more d e t a i l e d  morphometric measurements and d e s c r i p t i o n s  a r e  p r e s e n t e d  than  

were g iven  i n  t h e  o r i g i n a l  d e s c r i p t i o n s ,  and s ~ ~ ~ 1 e m e n t a r - j  n o t e s  on t h e i r  
;. 

3- 
b i o l o g y  have been added.  Other  nematodes t h a t  have  p r e v i o u s l y  been found. 





* 
a s s o c i a t e d  w i t h  t h e  Doug las - f i r  b e e t l e  b u t  were absent i n  B.C. specimens 

a r e  ~ k t a ~ h e l e n c h u s  o b t u s u s  and a s p e c i e s  of M i t o l e t z k y a  ( F u r n i s s , ' l 9 6 7 ) .  

' wide v a r i a t i o n s  i 9 t W  i n c i d e n c e  of g u t  and hemocoel p a r a s i t i s m  wer'e' 

observed  between sites and between d i f f e r e n t  p e r i o d s  of samp.ling a t  t h e  same' 

s i t e .  The o n l y  g u t  p a r a s i t e  fovnd was - P .  o b t u s a  which u a s  p r e s e n t  i n  a l l  

samples  excep t  t h o s e  o b t a i n e d  from Hixon and from t h e  U - 3 . C .  F o r e s t ,  Maple 

Ridge;  i n  May 1970. A r , e d e s c r i p t i o n  of - P. o b t u s a  i s  p r e s e n t e d  i n  Appendix I. 

C .  r e v e r s u s  w a s q h e  main h e u i o y e l  p a r a s i t e  i n  B.C. samples  of - D. . - 
pseudo t sugae .  It was p r e s e n t  i n  a l l  samples  e x c e p t  t h a t  from t h e  U.B.C. r s  
Fore$$, Maple Ridge, i n  A p r i l  1971. The d e g r e e  of i n f e c t i o q  i n  s i n g l e  

. > 

p o p u l a t i o n s  ranged 'from 4 . 5  - 50% and g e n e r a l l y ;  male b e e t l e s  had a. h i g h e r  

. i n c i d e n c e  of i n f e c t i o n  t h a n  female  b e e t l e s  w i t h  t h e  excep ' t ion of t h e  samp-le 

from Hixon. Female b e e t l e s  f rom two samples  o b t a i n e d  from W h i s t l e t  ~ o u G t a i n  
n ' 

and. Wil l iams  Lake were f r e e  of hemocoel i n f e c t i o n s  w h i l e  t h e i r  male countqr -  

p a r t s  had 20% and 45.5% i n f e c t i o n ,  r e s p e c t i v e l y .  However, t h e  d i f f e r e n c e s  

i n  deg ree  of i n f e c t i o n  b ~ t w e e n  t h e  s e x e s  of t h e  hos t  may have  been due t o  

chance .  I + 

,Larvae of an  u n i d e n t i f i e d  P a r a s i t a p h e l e n c h u  s p .  occu r red  i n  he . 1 .  
L\YY-s hemocoels of a few specimen of - D, p seudo t sugae .  They had a  v e r y  l ~ w ~ i n c i d e n c e  

\\, 1 
r' of occur rence  and o n q i  one  l a r v a l  s t a g e  of t h i s  p a r a s i t e  was •’ound. F u r n i s s  

(19671 r e p o r t e d  f i n d i n g  - C .  r e v e r s u s  and a  ~ a r ~ s i t a ~ h e l e n c h u s  sp .  i n  t h e  

Q 

h e b c o e l  of - D .  p seudo t sugae  from Idaho and .Utah, U.S .A.  I n  t h e  former a r e a ,  
d 

P a r a s i t a p h e l e n c h u s  s p .  o c c u r r e d  t h r e e  t o  f o u r  t imes  more f r e q u e n t l y  . than  
.&-J 

d i d  - C .  r e v e r s u s ,  whereas i n  t h e  l a t t e r  a r e a ,  C .  r e v e r s u s  occu r red  tw ice  
-, 

.& 

f r e q u e n t l y  a s  d i d  P a r a s i t a p h e l e n c h u s  s p .  
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4 

o t h e r  s p e c i e s  of nematode pr ' ev ious lp  found i n h a b i t i n g  t h e  hemocoel 

of - D .  pseudotsugae  i n  B.C.  bu t  were not  p r e s e n t  i n  my samples a r e  , . 

~ ~ h a e r u l a r i o ~ s i s '  h a s t a t , a  (Khan, 1957a) and - S .  ungulaca,uda (Khan, 1957b).  " 

, I 

1 A d e s c r i p t i o n  of  *a new s p e c i e s  o f - a p h e l e n c h o i d  be longing  t o  e i t h e r  t h e  LL, 

genus Bur saphelenchus  o r  t h e  genus ~ a r a s i t a ~ h e l e n c h u s  . 
Holotype female.: L = 0.78 mm; a  = 27.9; b  = 9.8; c  = $9.0; c '  = 2.6;  

V = 74.4%; G l  = 59.02; t a i l - l e p g t h  - 41u; s t y l e t  " 15u. 

Pa ra type  females  (n = 3 )  : L = 0.79 + *0.02 (0.71-0.89) mm; a' = 30.3 - + 

v 1 . 2  (26.4-35.8) ; b = 1 0 . 1  - + 0.2 (9.6-10.9) ; c = 19 .5  

+ 1.1 (15.4-24.7);  c *  = 2.7 + 0 . 1  (2.5-3.2);  V = 76.0 - - 

+ 1.1 (72.7-82.4)%; G1 = 60.6 '+ 1 . 8  (53.9-69'.8)%; t a i l  - - 

l e n g t h  = 41.7 - + 2.7 ( 3 2 - 5 0 ) ~ ;  s t y l e t  = 14.9 - + 0.4 ( 1 2 - 1 7 ) ~ .  

, Para type  males ( n o =  6 )  : L = 0.72 - + 0.04' ( 0 . 5 4 4 . 8 4 )  d; a  = 35.7 - + 1.6 

(29.7-41.1); b  - 8.8 - + 0 . 3  (7.4-9.6);  c = 19.7 - + 1 .0  

(15.3-23.0; c ' ,  = 2.2 + 0 . 1  (1.8-2.7);  T = 69.3 -t 2 . 1  
C 

\ 
- 

b.-- 

nti 

(64.7-80. a)%;  ail l e n g t h  - 36.7 - + 0.9 ( 7 3 - 4 0 ) ~ ;  s p i c u l e  

= 1 5 . 1  - + 0.6  ( 1 3 - 1 7 ) ~ ;  s t y l e t  = 16.0  - + 0 . 1  ( 1 5 - 1 7 ) ~ .  

, 
Fe-male body long  and t h i n ,  w i t h  body i n f l e x i o r i ' a t  t h e  vu lva .  

C u t i c l e  f i n e l y  s t r i a t e d .  Head rounded and o f f s e t  from rest of  body, 

f l a t t e n e d  s l i g h t l y  a t  t h e  t o p  (F ig .  2,A). S t y l e t  l ong  and aphelenchoid  

w i t h  s m a l l  b a s a l  knobs. Procorpus  o f  esophagus narrow a t  b a s e  of s t y l e t  

J 
and widening p o s t e r i o r l y ,  ending  i n  a  c o n s t r i c t i o n  a t  ;he median Bulb. 

7 '  
Xedian bu lb  l a r g e  o v a l  i n  shape ,  w i t h  prominent v a l v u l a r  a p p a r a t u s ;  

\ a r i t e r i o r  duc t  of e so  ha e a l  g land  opens j u s t  i n  f r o n t  of v a l v e  a p p a r a t u s ;  
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p a s t e r i o r  esophageal  g land  opening no t  d i s c e r n i b l e .  Esophageal g lands  

long.  I o t e s t i n e  s t r a i g h t ,  ending i n  p o s t e r i o r  a n a l  opening 32 - 50p from 

t a i l  te rminus .  Excre tory  pore  s i t u a t e d  about  1 O u  behind t.he median bu lb .  

P o s i t i o n  of nerve  r i n g  j u s t  p o s t e r i o r  t o  median b u l b l i n t e s t i n e  j u n c t i o p .  \ 

T a i l  of female c o n i c a l  i n  shape,  ending i n , t h r e e  f i n g e r - l i k e  p rocesses  

(Fig.  2,B). I n  t h e  f d l e ,  t h e  shape  of  t h e  t a i l  t e rminus  v a r i e s  i n t r 8 -  
I .  i 

s p e c i f i c a l l y  (Fig.  3 ) , ' t h e  t e r m i n a l  p rocesses  sometimes be ing  absen t ,  

Fatiale gonad monodelphic, p rode lph ic ,  o c c a s i o n a l l y  ref l ,exed,  beginning 

a t  t h e  l e v e l  o f a  t h e  esophageal  =glands .  Oviduct and , u t e r u s  " f i l l e d  wi th  

sgermatozoa (Fig.  2,G). Walls  of u t e r u s  th ickened.  Vagina s l o p e s  p o s t e r i o r l y  

t o  v u l v a l  opening; v u l v a l  opening covered by a c h a r a c t e r i s t i c  a n t e r i o r  

c u t i c u l a r  f l a p  (Fig.  2 ,F) .  P o s t - u t e r i n e  s a c  long extending 70. - 120~1  

p o s t e r i o r l y  from t h e  vu lva ;  p o s t - u t e r i n e  s a c  thick-walled and f i l l e d  wi th  

a 

spermatozoa. j( 

Males g e n e r a l l y  s h o r t &  t h a n  females  and w i t h  s i m i l a r  c e p h a l i c  

B 
morphology. T a i l  of male conoid ,  33 - 40p i n  l e n g t h ,  and s h a r p l y  curved . , 

v e n t r a l l y .  Small bur sa  p r e s e n t  t e r m i n a l l y ,  round'ed around t a i l  terminus.  

Three p a i r s  of  caudal  p a p i l l a e  p r e s e n t  (Fig.  2,C), t h e  f i r s t  p a i r  j u s t  a n t e r i o r  
i 

t o  t he  c l o a c a ,  t h e  second p a i r  mid-way between t h e  c l o a c a  and t h e  t a i l  terminus;  
3 

and t h e  t h i r d  p a i r  a t  t h e  l e v e l  of t h e  beginning of t h e  bursa .  Male t e s t i s  

s i n g l e ,  u s u a l l y  r e f l e x e d  a t  t h e  a n t e r i o r  ex t remi ty  (Fig .  2,D). S p i c u l e s  

p a i r e d ,  unfused a long most of t h e i r  l e n g t h  b u t  p o s s i b l y  fused a t  t h e  

p o s t e r i o r  ex t remi ty ,  w i t h  s t r o n g  v e n t r a l  i n c u r v a t i o n ,  and prominent v e n t r a l  

p rocess  a t  t h e  proximal end (Fig .  2 , E ) .  ~ubernacu lum a b s e n t .  

i 

k 
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Diagnosis:  There i s - u n c e r t a i n t y  a s  t o  whether t h i s  nematode belofigs 
-a. 

t o  t h e  genus Bursaphelenchus o r  t o  t h e  genus Pa ras i t aphe lenchus .  The 
d 

rnorphologicgl c h a r a c t e r s  t h a t  s e p a r a t e  t h e s e  two genera  are i n s u f i i c i e n t  . 

co  s e p a r a t e  t h e  two genera  c o n c l u s i v e l y .  The males of t h e  genus Bursaphelenchus 

have s p i c u l e s  t h a t  a r e  e i t h e r  s e p a r a t e  o r . p a r t i a l l y  fused , .whereas  t h o s e  
C 

of t h e  genus Pa ras i t aphe lenchus  have s p i c u l e s ~ t h a t  a r e  always fused (RUhm, 
f" 

, 
1956). There is  doubt a s  t o  whether t h e  s p i c u l e s  i n  my specimens a r e  fused,  

but even i f  they were p a r t i a l l y  fused ,  t h i s  c h a r a c t e r  a l o n e  is  i n s u f f i c i e n t  t o  

p l a c e  them i n t o  o n e e o r  o t h e r  of t h e s e  two genera .  I n  a d d i t i o n ,  males of  t h e  
. . 

genus Bursaphelenchus have two p a i r s  o audal  p a p i l l a e  a n  occas$onal A * - . t h i r d  p a i r  p r e s e n t ,  whereas t h o s e  of t genus p a s i t 3  helenchus b s A a l l y  ' 

have t h r e e  p a i r s  of l a r g e  cauda l  p a p i l l a e  (Goode 1963). Never the less ,  from 

\ wT: d i a g r a m s  presented  by Riihm' (1956). there does no t  appear  t o  be  any s i g n i f i c a n t  , 

d i f f e r e n c e  between males of t h e s e  two genera wi th  r e s p e c t  t o  t h e  s i z e  and- 

/' , P 

t , A  t h e  number of cauda l  p a p i l l a e  p r e s e n t ,  t xus  making t h i s  c r i t e r i o n  u n s a t i s -  

f a c t o r y .  
? * 

I t  appears ,  t h e r e f o r e ,  t h a t  t h e  on ly  s a t i s f a c t o r y  c r i t e ; i o n  t o  s e p a r a t e .  

t h e s e  two genera i s  t h e i r  r e s p e c t i v e  b i o l o g i e s .  ~ h r s a ~ h e l e n c h u s  spp.  a r e  

p h o r e t i c  and do not invade t h e  ba rk  b e e t l e  hemocoel, whereas ~ a r a s i t a p h e l e n c h u s  

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

(Riihm, 1956) .  S ince  no s t u d i e s  on  t h e  l i f e  c y c l e  of t h i s  new s p e c i e s  of , . 

aphelenchoid were under taken,  f u r t h e r  b i o l o g i c a l  data is u n a v a i l a b l e .  However, 
\ 

t h e  f a c t  t h a t  t h e s e  rieqatodes w e r e  receovei-ed i n  a l l  fras.ssamples c o l l e c t e d  
t IL 

e 



. from 

* 

b e e t l e  lleri even from t h o s e  g a l l e r i e s  i n i t i a t e d  by b e e t l e s  

t h a t  w e r e  f r e e  of hemocoel i n f e c t i o n  by e i t h e r  C. r e v e r s u s  o r  - 

Parasitaphe'lenehus s p .  l a r v a e ,  prompts m e  t o  favour  t h e  placement 
e' 

of t h e s e  nematodes i n t o ' t h e  genus ~ u r s a ~ h e l e n c h u s .  

This  s p e c i e s  of ~ u r s a ~ h e l & n c h u s  d i f f e r s  from all o t h e r  spe'cies 

he henus except  B. l i g n i c o l u s  Mamiya and Kipohara, 1972, i n  t h e  
Of L\ - 

-b 

presenc&of a d i s t i n c t  &var f l a p  i n  t h e  female, and i n  t h e  shape 
? 

' 
of t h e  bursa  and s p i c u l e s ,  and t h e  number and p o s i t i o n  of t h e  

f 

caudal  p a p i l l a e  i n  t h e  male. vIt d i f f e r s  f rbm B. l i g n i c o l u s  i n  t h e  - 

l e n g t h  of t h e  female gonad and p o s t - u t e r i n e  sac and t h e  s l o p e  of  t h e  
e 

vagina ,  which i s  p e r p e n d i c u l a r - t o  t h e  ' v e n t r a l  body w a l l  i n  B. l i g n i c o l u s  , 

but  s l o p i n g  towards  t h e  vulva  i n  t h i s  new s p e c i e s .  The 

ma&es of t h e  two s p e c i e s  d i f f e r  i n  s p i c u l e  shape and s i z e ,  bursa  shape, 

and number of caudal  p a p i l l a e .  T h e  s p i c u l e  of male B. l i g n i c o l u s  i s  - t 

' 

twice  a s  long and more a r c u a t e  than  t h a t  of t h i s  new s p e c i e s ,  and 
' 

t h e  bursa  of t h e  former has  a  pointed  terminus whereas t h a t  of $he 

l a t t e r  i s  rounded t e r m i n a l l y .  1n t h i s  new s p e c i e s  t h e r e  are t h r e e  

p a i r s  of caudal  p a p i l l a e  i n  t h e  male t a i l  bu t  i n  B, l i g n i c o l u s  t h e r e  
I 

- 
% .  

a r e  only  two p a i r s  p r e s e n t .  ' 

4 



I 
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? 3 -.& Contor ty lenchus '  r e v e r s u s  (Thorne, 1935) RUhm, 1956 

Egg-laying f ema les  (n = 1 8 ) :  L = 1.32 - + 0.05 (0.93-1.66) mm; a = 18.3  

+ 0.6  (14.9-23.7);  V = 93.8 + 0 . 3  (92.5-9#5.$%; G1 = 113.7 + - - - 

5.3  (93.5-196.81%; V t  = 80 .6  - + 2.5 ( 7 0 - 1 0 0 ) ~ .  

Egg-laying females  a r e  p r e s e n t  o n l y ' i n  t h e  b e e t l e  hemocoel and have 

been i s o l a t e d  from alL s t a g e s  of  the b e e t l e  .exkept  f o r  t h e  eggs  and, f i r s t  

l a r v a l  i n s  t a r .  

,Nematode body long  and s t o u t ,  d o r s a l l y  f l e x e d  ( F i g .  4,A) and . t ape r ing  

a n t e r i o r l y  t o  t h e  head , ,uh ich  may be  a n n u l a t e 4  i n  some specimense. " t y l e t  

shows s i g n s  of d e g e n e r a t i o n  i n  o l d e r  specimens.  Esophagus s h o r t v  w i t h  n e r v e  

r i n g  about one body w i d t h  behind  head end.  I n t e s t i n e  s i m p l e ,  runn ing  whole +, 

l e n g t h  of  '?body. So a n u s  v i s i b l e .  T a i l  conoid  from v u l v a ,  end ing  i n  a mucro: 
IS 

Body s l i g h t l y  c o n s t r f c t e d , a t  v u l v a .  Gonad s i n g l e  and r e f l e x e d ,  r e a c h i n g  
4 

l e v e l  -of e s o p h a g o - i n t e s t i n a l  j u n c t i o n . .  Length of e n t i r e  gonad o f t e n , l o n g e r  

t han  l e n g r h  of body. .Oviduct and s p e d t h e c a  s i t u a t e d  i n  midd le  of body; 

vulva  i s  a  t r a n s v e r s e  s l i t .  Eggs an8 sperm o f t e n  v i s i b l e  i n  u t e r u s .  

F r e e - l i v i n g  females  ( n ' =  1 4 ) :  L = 0.40  - + 0 . 0 1  (0.34-0.43)mm; a  = 31.0 . ,  

+ 0 . 6  (28.6-35.8);  V = 91.0  + 0.2 (89.8-92.4)X; G1 = 25.3 - 

1 .* 

+ 1 . 2  (17.2-32.3)%; V t  = 35.9 + 0.6 ( 3 0 - 4 0 ) ~ ;  s t y l e t  = 
7 - 

I 

1 4 . 6  - + 0 . 3  (13-17)b. 

T'ne f r e e - l i v i n g  female  h a s  n o t  b  e n  p r e v i o u s l y  d e s c r i b e d .  Nematode , 
- 

body lohg  and t h i n ,  d o r s a l l y  f l e x e d  when f i x e d  (F ig .  4  ,B) . H ~ a d  rounded, 

i 
h t a i l  conoid .  S t y l e t  w e l l  deve lbped  w i t h  prominent  b a s a l  knobs;  r a t i o  of  l e n g t h  of 

f o r e s t y l e t  t o ' a f t s t y l e t  a v e r a g i n g  0 .6 .  Esophagus r e l a t i v e l y  s t r a i g h t ,  ' 

narrowing  s l i g h t l y  as i t  p a s s e s  through t h e  ne rve  r i n g ,  which  i s  s i r u a t &  







a 

- 
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a * , ,  - 

e 75u from t h e  head end. ~ x c z ' e ~ o r ~  pore  l o c a t e d  approximately mid-way between 

' .  head and nerve  r i n g .  Hemizonid l o c a t e d  s l z g h t l y  behind nerve  r i n g .  I n t e s t i n e  
. 7  > 

s t r a i g h t ,  running from nerve  . r ing  t d  t a i l  end. No d i s c r e t e  anus  v i s i b l e .  Three + 

, ? 

d o r s a l l y  s i t u a t e d  esophageal  g lands  ext remely  long,  w i t h  c e l l  bod ies  ex tend ing  , 

t o  middle of nematode body. Gonad -simple, unre f l exed ,  occupying p o s t e r w r  
I .  

* 

h a l f ,  of body. Ovary and oviduct  ve ry  s h o r t ,  about  2Ou i n  length.,  ~ t e r u k  long ,  

extends  r e s t  of way t o  vu lva ,  f i l l e d  w i t h  spermatozoa, Body w a l l  at 
- ,  * 

r eg ion  o f ; v u l v a  no t  c o n s t r i c t e d  a s  i n  egg-laying female .  Vagina s h o r t  and' = 

muscular .  Vulva 30 - 4 0 ~  ,from t a i l  end.  No eggs a r e  produced a t  t h i s  s t a g e .  

F ree - l iv ing  males (n = 1 2 )  : L ,  = 0.40 + 0 . G  (0.35-0.45)mm; a = 31.7 - * 

h 0.7  (28.9-35.8); c = 24 ;3  + 0.6  (20.8-28.0); c '  = 2.0 + 0 . 1  - - - 
' ( 5 - 2 5  T = 61.3 + 3.7 (40.7-77.3)%; t a i l  l e n g t h  = 16.3 +. - - 

1.0  ( 1 5 - 1 8 ) ~ ;  s t y l e t  = 14 .3  + 0.6 ( 1 1 6 1 7 ) ~ ;  s p i c u l e s  = 14;5 + 0 - 4  - - 4% 
(12-17)~ ;  gubernaculum .= 5 . 7  + 0 . 1  ( 5 - 6 ) ~ .  - 

Hale long and t h i n  (F ig .  4 , C )  l i k e  f r e e - l i v i n g  female.  Head end -with 

narrower neck reg ion .  S t y l e t  s l e n d e r  and b a s a l  knobs w e l l  developed.  R a t i o  of 

- l e n g t h  of f o r e s t y l e t  t o  a f t s t y l e t  on avkrage 0.5. Esobhagus narrow and s t r a i g h t ,  ' 

narrowing s l i g h t l y  when p a s s i n g  through the*'n&rve r i n g  which i s  l&a ted .  , 
- * 

approximately 45u from a n t e r i o r  end. Excre tory  pore  l o c a t e d  about  one body . - L 

&= 
width  i n  f r o n t - o f  nerve  r i n g .  I n t e s t i n e  a s t r a f g h t  tube  from l e v e l  of nerve 

r i n g  t o  c l o a c a 1  opening,  which i s  s i t u a t e d  about 15-18u from t a i l  end. m r e e .  ' . * 

d o r s a l l y  s i t u a t e d  esophageal  g lands  over l ap  esophagus bu t  no t  a s  o u t s t r e t c h e d  
ti' 

i 

- as i n  fe%dle. Tip of most p o s t e r i o r  gland s i t u a t e d  about 50u from n e r v e  

r i n g .  T a i l  of male approximately conoid ,  ending i n  a mucro-like p rocess .  

Bursa s t r e t c h i n g  from j u s t  a n t e r i o r  of t h e  c loaca  t o  t h e  t a i l  te rminus .  T e s t i s  * 

Id 



-2% 

h . = . 5 .  

A .  

r ,  - 
{ w e l l  deve loped ,  50 - 6 0 ~  l ong ,  r e a c h i n g  up  t o  one body width  behind l a s t  

. , 

d o r s a l  'gland c e l l  body. ' V a s  d e f e r e n s  long  and packed w i t h  spermatozoa ,  
. . .  

d 

opening u l t i m a t e l y  a t * t h e  clpa?h, Copula tory  s p i c u l e s  p a i r e d  and curved  

v e n t r a l l y ;  a n t e r i o r  p a r t  of s p i c u l e s  broad  and  c u p - l i k e ,  w h i l e  median 
I i 

p o r t i o n  i s ' ~ u n i f o r m 1 y  t h i c k ,  t a p e r i n g  p o s t e r i o r l y  i n t o  a f i n e  p o i n t .  Guber- 

naculum trough-shaped 5 - 6; i n  l e n g t h .  L ,  
The egg- l ay ing  female  wqs d e s c r i b e d  f i r s t  from t h e  mountain p i n e  b e e t l e ,  

D. ,ponderosae  (Thorne, 1935),  and l a t e r  from t h e  s p r u c e  b e e t l e ,  'D. ru f i rpennis ,  , - - 

and - D .  t e r e b r a n s  (Yassey, 1956) .  Thorne Also found t h e  e g g s  and two' l a r v a l  

s t a g e s  of t h i s  i n  che  hemocoel of  - D. ponde rosae ,  aid Massey found 

the  f r e e - l i v i n g  male i n  t h e  g a l l e r i - e s  of - D. r u f i p e n n j s  

3 ,  Host :  ' DCIDROCTONUS RlXIPEhtlu'LS Kirby  
* 

and D .  t e r e b r a n s .  
i 

I 
d 

Two samples  c o l l e c t e d  from P r i n c e  George and Pemberton were o b t a i n e d  

by cou ' r tesy  of t h e  Department of F i s h e r i e s  and F o r e s t r y ,  V i c t o r i a ,  B.C. ,  

i n  Yovember 1970. Fourry-four  b e e t l e s ,  22  of which were m a l e s ,  were' examine4 - . 

f r o m  Prdnce  George; 23.6% of t h e  b e e t l e s  had heeocoe l  i n f e c t i o n s ,  w i t h  9.5% 

of t h e  males  and 17.4% a f  t h e  f ema les  i n f e c t e d .  From Pemberton, 33 b e c t l e s ,  

of which s i x t e e n  were ma le s ,  were examined w i t h  a n  i n c i d e n c e  of hemocoel 

i n f e c t i o n  of  37.5% among males  and 52.9% among ' f ema les .  Th i s  was t h e  only .  

h o s t  s p e c i e s  t h a t  was a t t a c k e d  by two d i f f e r e n t  s p e c i e s  of hemocoel p a r a s i t e  

though n e v e r  t o g e t h e r . . p e s e  p a r a s i t e s  were C.  r e v e r s u s ,  which h a s  b e e n '  - 

d e s c r i b e d  above,  and S p h a e r u l a r i o p s i s  d e n d r o c t o n i ,  which i s  d e s c r i b e d  i n  

Appendix I T ,  w i t h  t h e  l a t t e r  s p e c i e s  o c c u r r i n g  more f r e q u e n t l y  t h a n  t h e  

former.  L a r v a l  s t a g e s  of  a s p e c i ~ s  of Ektaphelenchus were found under  t h e  

e l y t r a  of a l l  b e e t l e s  examined, b u t  f u r t h e r  i d e n t ' i f i c a t i o n  of t h e s e  w a s  n o t  

a t t e m p t e d .  Larvae of Parasitorhabditis.obtuSa were found i n  t h e  midgut of \. 
" 



4. Host :  TRYPODENDRON LlNEATUPl O l i v i e r  

There ,ha;e been no p r e v i o u s  r e p o r t s  on t h e  o c c u r r e n c e  of  nematodes 

a s soc%ted  w i t h  t h i s  b e e t l e  e i t h e r  i n  Western Europe o r  i n  Nor th  America. , 

The i n c i d e n c e  of i n f e c t i o n  of T.  l i nea tum was v e r y  low. L a r v a l  nematodes - 

were o b t a i n e d  •’;om t h e  hemocoel of two. females  and one .ma le  o u t  of 23 b e e t l e s  
* 

c o l l e c t e d  from t h e  U.B.C.  f o r e s t  i n  October  1969 and from o n l y  ope  female  

, B ou t  of 41  b e e t l e s  c o l l e c t e d  from t h e  same s i t e  December 1969. Between 

. . 
20 and 1 0 0 . l a r v a e  were found i n  t h e  hemocoel of i n d i v i d u a l  b e e t l e s ,  a l l  

, , 
a p p a r e n t l y  i n . t h e  same s t a g e  ~ f ~ d e v e l o p m e n t .  

Tylenchid  l a r v a :  L = 0.37 mm; w = 1 2 p .  Larva long  and t h i n  ( F i g .  5 ) .  

Head rounded w i t h  prominent  c e p h a l i c  f rame.  T a i l  p o i n t e d ,  app rox ima te ly  4 5 p  

long.  S t y l e t  s h o r t ,  5p l o n g ,  w i t h  prominent  basa l ,  k n ~ b s .  Procorpus  of  esopha- 

- gus s t r a i g h t ,  ending  i n  a narrow, e l l i p t i c a l l y - s h a p e d  median b u l b  5 p  wide;  

v a l v u l a r  a p p a r a t u s  n o t  w e l l  developed.  Esophageal  g l a n d s .  over,lap i n t e s t i i e  - 

t o  a d i s t a n c e  of 20u behind t h e  rnedibn bu lb .  Nerve r i n g  jus t  behind  $tedian 
\, 4 b u l b .  I n t e s t i n e  s t r a i g h t  and ugnd% f e r e n t i a t e d ,  opening a t  anus .  G e n i t a l  

, 

primordium two- th i rds  of way down body l e n g t h ,  c o n s i s t i n g  of t h r e e  c e l g  t h e '  

c e n t r a l  c e l l  be ing  l a r g e r  t h a n  t h e  proximal  and d i s t a l  ones .  

T h i s  a p p a r e n t l y ' i s  t h e  f i r s t  s t a g e  l a r v a  a s  i n d i c a t e d  by t h e  s t r u c t u r e  

of t h e  g e n i t a l  primordium. No o t h e r  l a r v a l  s t a g e s  were found.  The nematode P -w.. - - - 
larvae d i d  n o t  have any obvious  e f f e c t  on t h e  b e e t l e s .  

t 
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Tylenchid larva from the hemocoel of T. lineatum. 
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I n t r o d u c t i o n  

Ln h i s  ori.gina1 desc r ip tTon  of - C .  rever-sus,  Thorne (1935) inc luded 

d e s c r i p t i o n s  of t h e  egg and t w o - l a r v a l  s t a g e s ,  i n d  sugges ted  t h a t  t h e  second 

, s t a g e  l a r v a  was t h e  i n f e c t i v e  s t a g e .  Massey (1956) i n  d e s c r i b i n g  t h i s  

nematode from - D.  r u f i p e n n i s  and - D. t e r e b r a n s ,  inc luded a  d e s c r i p t i o n  of t h e  

f r e e - l i v i n g  male and s t a t e d  t h a t  t h e  f i r s t  s t a g e  l a r v a  was t h e  i n f e c t i v e  s t a g e .  

Massey (1962) r e p o r t e d  t h a t  t h e  c l o s e l y  r e l a t e d  s p e c i e s  - C .  e longa tus ,  * 

p a r a s i t i c ' i n  - I. pa raconfusus ,  had two l a r v a l  s t a g e s  i n  t h e  hemocoe1,of i t s  

h o s t  and two i n  t h e  g a l l e r i e s ,  and t h a t  t h e  spermat ised  immature f a n a l e  was 
I 

t he  i n f e c t i v e  s t a g e .  ~ i c k l e  (1963b) confirmed t h e  s t a t u s  of - t h e  spermat ised  

a female,  but found t h a t  a l l  f o u r  s t a g e s  of t h e  nematode occurred  

w i t h i n  t h e  h o s t  hemocoel and t h a t  t h e  f o u r t h  s t a g e  l a r v a e  l e f t  t h e  h o s t  and 

molted i n t o  f r e e - l i v i n g  male and female nematodes w i t h i n  t h e  g a l l e r i e s .  . 

, , 
The p r e s e n t  s tudy  was under taken t o  e l u c i d a t e  t h e  development of . 

' C .  - r e v e r s u s  i n  r e l a t i o n  t o  t h a t  of i t s  h o s t ,  t h e  Douglas- f i r  b e e t l e ,  and t o  

, compare t h e  l i f e  cyclezof C. r e v e r s u s  w i t h  t h a t , o f  - C .  e l o n g a t u s .  

M a t e r i a l s  and Methods "I 
1 .  

Colonies of - D. pseudotsugae w e r e  p i n t a i n e d  i n  D6uglas-f ir  l o g s  i n  thex 

l a b o r a t o r y .  Females w e r e  in t roduced i n t o  t h e  l o g s  through p r ' e -d r i l l ed  e n t r y  

h o l e s ;  males were in t rpduced on t h e  onse t  o f , f r a s s  product ion  by t h e  female 

b e e t l e .  T h e r e a f t e r ,  b a r k  was removed from t h e  l o g s  a t  weekly i n t e r v a l s  f o r  

2 months, and a l l  l a r v a l ,  pupal  and a d u l t  s tagey of t h e  b e e t l e  were c o l l e c t e d  

s e p a r a t e l y .  Nematodes w e r e , e x t r a c t e d  from g a l l e r y  f r a s s  by t h e  Baermann funne l  

technique  (Sourhey, 1970) .  
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X l l , s t a g e s  of t h e  b e e t l e  were checked f o r  p a r a s i t i s m  by d i s s e c t i n g  , 
- ,  

i n  i n s e c t  s a l i n e .  Some of t h e  l a r v a l  nematodes o b t a i n e d  from t h e  hemocoel 

\ 
of i n f e c t e d  h o s t s  were p l a c e d  i n  c u l t u r e s  of damp f r a s s  a t  room t e m p e r a t u r e .  

Sematodes were e x t r a c t e d  from t h e s e  c u l t u r e s  3 and 7 days  a f t e r  i n o c u l a t i o n .  

Sematodes were k i l l e d ,  f  i i e d ,  s t a i n e d  and p roces sed  a s  p e r  method? 

. - - 

d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n .  
, ' W  

L i f e d H i s t o r v  and Post-Embryonic Development , 

The l i f e  c y c l e  of - C .  r e v e r s u s  & r e p r e s e n t e d  d i a g r a m a t i c a l l y  i n  F i g .  .6 .  

Unembryonated eggs  (60 x 2 5 s )  a r e  l a i d  i n t o  hemocoel of t h e  h o s t .  The 
L 

I f i r s t  l a r v a l  s t a g e  i s  formed w i t h i n  t h e  egg and p r i o r  t o  h a t c h i n g ;  i s  abou t  

140, l ong  (F ig .  7 , A ) .  Head a n d  t a i l  ends  a r e  r d ~ n d e d  and t h e  head b e a r s  

small c e p h a l i c  p a p i l l a e .  The s ty1.et  is  formed b u t  t h e  components a r e  n p t  

r e a d i l y  d i s t i n g u i s h a b l e .  The rud imen t s  of t h e  esophagus  a r e  t h e  o n l y  r ecog7  

n i z a b l e  p a r t s  of t h e  d i g e s t i v e  sys tem.  The g e n i t a l  p r i m o r d i m  i s  c l e a r l y  
4 - -  

v i s i b l e  and c o n s i s t s  of t h r e e  c e l l s ,  of  w h i c h t b e ~ e n t r a l  one h a s  a  much 

l a r g e r ' n u c l e u s  t h a n  t h e  o t h e r  two. Hirschrnann (1962) obse rved  t h e s e  t h r e e  

n u c l e i  i n  t h e  g e n i t a l  primordium of t h e  m a l t i n g  f i r s t  s t a g e  l a r v a  of Dity-  

l gnchus  t r i " formis  and c a l l e d  t h e  l a r g e s t  t h e  ge rmina l  n u c l e u s  and t h e  two 

s m a l l e r  ones  t h e  soma t i c  n u c l e i .  L 

- 
A f t e r  ' h a t c h i n g ,  t h e  f i r s t  l a r v a l  s t a g e  (L ) 

1 
o r t  p e r i o d  of 

growth b e f o r e  m o l t i n g  i n t o  t h e  second stage' l a k a  (L ) .  Specimens were o b t a i n e d  
2 

showing t h e  ca s t -o f f  c u t i c l e  of t h e  L c o v e r i n g  t h e  head of t h e  L2 (F ig .  7 , B ) .  
1. 

Thi s  i s  t h e  common i n d i c a t o r  of a  m o l t  i n  a l l  t h e  l a r v a l  s t a g e s  as t h e  o l d  , 

c u t i c l e  e l s ewhere  on t h e  body of t h e  nematodes a d h e r e s  c l o s e l y  t o  t h e  new 
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F i g u r e  6 

l i f e  c y c l e  of C .  r eversus  i n  t h e  Douglas-fir  b e e t l e ,  D.  pseudotsugae. - 7 









. . 
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r? 

c u t i c l e  an$ cannot  b e  e a s i l y  d i sce rned .  The male Lq l a r v a  (F ig .  7 ,B)  is 

. about  1 8 5 ~  long and has  a  rdunded head wi th  s m a l l  c e p h a l i c  d a p i l l a e .  The 

s ty ' le t  i s  w e l l  formed and shows d e f i n i t e  b a s a l  knobs. The esophagus i s .  
U \ 

' .  
r e l a t i v e l y  s t r a i g h t ,  narrowing A a s  i t  passes  through t h e  ne rve  r i n g ,  which - 

is locaeed 4511 from t h e  a n t e r i o r  end. The i n t e s t i n e  beg ins  at Lhe , l e v e l  

' 

of t h e - n e r v e  r i n g  and r u n s  p o s t e r i o r l y  To t h e  anus.  The rudiments of t h e  

d o r s a l l y  s i t u a t e d  esophageal  g lands  a r e  p r e s e n t  b u t  t h e i r  c e l l  bod ies  a r e  

no t  v i s i b l e .  The t a i l  of t h e  L 2. i s  conoid and rounded . termi&lly. The 

s t r u c t u r e  of t h e  g e n i c a l  primordium, l o c a t e d  about two- th i rds .o f  t h e  

way a long  t h e  body at' t h i s  s t a g e ,  i d e n t i f i e s  t h e  s e x  of t h e  
. . 

L 

. . 
l a r v a e .  I n  t h e  male, t h e  a n t e r i o r  somat ic  c e l l  d i v i d e s  and produces a few 

srnall c e l l s .  The p o s t e r i o r  somat ic  c e l l  a l s o  d i v i d e s  b u t  produces j u s t  TWO 
* 

c e l l s ,  t h e  more p o s t e r i o r  one of which probably . remains  a s  a  cap c e l l  through- 

ou t  l a r v a l  development a s  i n  - D .  t r i f o r m i s  ?. (Hirschmann, 1962) .  The germinal  

c e l l  i s  s t i l l  ev iden t  i n  t h e  c e n t r e  of t h e  primordium. 

The female L2 i s  about  40p  longer  than t h e  male L2 and a l i t t l e  s t o u t e r  

(Fig- 7,C). The nerve  r i n g  i s  s i t u a t e d  about 60p from t h e  a n t e r i o r  end. The 

, s t y l e t  knobs a r e  poor ly  deGeloped. The g e n i t a l  primordium d i f f e r s  from t h a t  

9 

o f ' t h e  mle i n  t h a t  t h e  p o s y e r i o r  somatic c e l l  h a s  d iv ided  .to form a  number 

of s m a l l  c e l l s ,  whereas Lhe a n t e r i o r  somatic c e l l  has  not  y e t  d iv ided .  

, Euen tua l ly ,  t h e  l a t t e r  will d i v i d e  and g i v e  r i s e  t o  two c e l l s ,  very much a s  

, i n  t h e  female l a r v a  of D .  t r i f o r m i s .  
a 

The germinal  c e l l  w i th  i t s  l a r g e  nhcleus  
J 

- 

remains j u s t  a n t e r i o r  t o  the  group of small t e l l s  t h a t  o r i g i n a t e .  from t h e  

p o s t e r i o r  somat ic '  c e l l .  The v e n t r a l  chord n u c l e i  seen  i n  developing female 
. s 



l a r v a e  of - D . ' t r i f o r m i s  a r e  n o t  n o t i c e a b l e  i n  - C. r e v e r s u s .  

Tne o a l e  t h i r d  s t a g e  l a r v a  (Lj) i s  240 - 250u i n  l e n g t h  and 15u .wide  

* 

(F ig .  7 , D ) ,  and r e t a i n s  much of t h e  b o d y , f o r m \ o f  t h e  L 2 e x c e p t  f o r  t h e  growth 

of t h e  g e n i t a l  p r imord i& and t h e  p r e s e n c e  of  t h e  s p i c u l e  primordium. The 

a n t e r i o r  c a p  c e l l  is c l e a r l y  v i s i b l e  a t  t h e  a n t e r i o r  of  t h e  g e n i t a l  primordium..  

. \ Behind t h i s ,  t h e  c e l l s ,  which a r e  a r r a n g e d  i n  two p a r a l l e l  rows,  form t h e  

i n i t i a l s  of t h e  v a s  d e f e r e n s .  P o s t e r i o r l y ,  t h e r e  i s  a  s i n g l e  row of  f o u r  t o  
4 .  

f i v e  c e l l s .  The l e n g t h  of t h e  primotdium i s  now 80 - 1 O O u .  During t h e , p e r i o d  

. b e f o r e  t h e  L m o l t s  i n t o  t h e  f o u r t h  s t a g e  l a r v a  (L4) ,  t h e  primordium d i f f e r e n -  
3 

' t i a t e s  i n t o  t e s t i s  and v a s  defer ' ens .  Yeanwhile,  a r o i n d  t h e  anus  i f  male L. 
3 

l a r v a e  a group of small c e l l s  appea r?  t h a t  • ’ o m s  t h e  ~ p i c u l e ~ p r i m o r d i u m .  T h i s  
4 

'i 
gfoup of cel ls  p e r s i s t s  th rough t o  t h e  L and g i v e s  r i se  t o  s p i c u l e s  and , 

4 . >  d 

gubernaculum,only  a f t e r  t h e  last  m o l t .  , . . 

' T h e  L3 female  l a r v a  s abpu t  7 0 ~  l o n g e r  ' t  he  L male ,  bu t  e q u a l l y  ' *L 3  
broad ( F i g .  7 , E ) .  The, excretory p o r e  i s  v i s i b l  - 1 5 ~  a n t e r i o r  t o  t h e  n e r v e  

r i n g ,  which 2 s  7 0 u  from t h e  a n t e r f o r  end.  The g e n i t a l  primordium of t h e  

female  l a r v a  deve lops  s lower  t h a n  t h a t  o.f the3male .  A t  t h i s  s t a g e ,  t h e  

primordium moves t o  a  more p o s t e r i o r  p o s i t i o n ,  occupying  t h e  p o s t e r i o r  oae- 
. . 

q u a r t e r  of t h e  body. I n  comparison w i t h  t h e  male l a r v a  t h e r e  i s  l i t t l e  d e v e l -  

opment of  t h e  female  primordium between t h e  L and L The p o s t e r i o r  cap  c e l l  2 3 ' 

h a s  a group of s m a l l e r  c e l l s  j u s t  a q t e r i o r  t o  i t .  The a n t e r i o r  p a r t  of t h e  

, . primordium c o n s i s t s  of a s i n g l e  row o f  l a r g e r  c e l l s  and ,  a t  t h i s  s t a g e ,  i t  

i s  d i f f i c u l t  *to distinguish t h e  g e r m i n a l  c e l l  from t h e  o t h e r  ce l l s . '  The g e n i t a l  

r primordium a t  t h i s  st*e i s  o n l y  3 0 ~ 1  long .  , 
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The f o u r t h  s t a g e  male l a r y a  (L ) becomes r a t h e r  s t o u t  and i s  a b o u t  
4 

. , 
400u long  and 25u wide ( F i g .  7,F). The n e r v e  r i n g  i s  s i t u a t ' e d  abou t  60p, 

from t h e  a n t e r i o r  end,  w i t h  t h e  e x c r e t o r y  po re  abou t  2 0 ~  in.  f r o n t  of i t .  
? 

The u n d i f f e r e n t i a t e d "  s p i c u l e  p r i m o r d i m  a p p e a r s  a s  a, group of  s m a l l  c e l l s  

su r round ing  t h e  rec&m."e gonad is n e a r l y  f u l l y  devkxwed .  Spermatogenes is  
b h 

h a s  c o q e n c e d ,  and sperm a r e  v i s i b l e  i n  t h e  p o s t e r i o r  p a r t  of t h e  v a s  d e f e r e n s .  

d he' a n t e i i o r  end of t h e  gonad e x t e n d s  t o w a r d  t o  w i t h i n  a body wid th  of t h e  

n e r v e k r i n g .  There i s  no c o n n e c t i o n  between t h e  v a s  d e f e r e n s  and t h b  anus ;  
-1 1- 

8, 

The newl'y molted female  L l a r v a  i s  as  l o n g  as b u t  on ly  h&f a s  wide 
4 : <% - i 1 -.  . 

as t h e  male L4 ( F i g .  7 , G ) .  'The n e r v e  r i n g  i s  s i t u a t e d  60p fron? t h e  a n t e r i o r  

end .  The t h r e e  d o r s a l l y  s i t u a t e d  e sophagea l  g l a n d s  a r e ' c l e a r l y  v i s i b l e ,  t h e  b 

most p o s t e r i o r  one e x t e n d i n g  abou t  602 behind  t h e  p e r v e  r i n g .  These 

."B ' I  undergo c o n s i d e r a b l e  e l o n g a t i o n  t o  r e a c h  a lmos t  halfway dqwn t h e  l e n g t h  of t h e  

bo'dy b e f o r e  t h e  l a s t  molt  o c c u r s .  T h e , g e n i t a l  prim6rdium, though n o t  a s  w e l l  
\ 

developed a s  i n  t h e  male L i s  about  8 0 ~  l o n g .  The a n t e i i o r  f o u r - f i f t h s  4' . * 

c o n s i s t s  of a  s i n g l e  row of i a r g e  c e l l s ,  which e v e n t u a l l y  form t h e  .ovary ahd 

- 
.. s , o v i d u c t .  The p o s t e r i o r  o n e - f i f t h  c o n t a i n s  a  group of  s m a l l e r  c e l l s ' w h i c h  w i l l  

form t h e  u t e r u s -  The g e n i t a l  primordium a b u t s  p o s t e r i o r l y  upon a  g roup  of > s m a l l  c e l l s  a r r a n g e d  $n a  cup - l ike  f a s h i o n ,  w i t h  t h e  mouth p o i n t i n g  owards 

t h e  v e n t r a l  body w a l l .  This i s  t h e  v a g i n a l  primordium t h a t  w i l l  , u l t i m a t e l y  
v* , 

l i n k  t h e  u t e r u s  t o  t h e  v u l v a .  These c e l l s  a r e  ~ r k s e n t  o n D  i n  t h e  L female ,  
4 

a s  i s  t h e  c a s e  w i t h  - D .  t r i f o r m i s  (~irs ;hmann,  1962) .  " 

The development of t h e  nematode ceaqes  a t  t h i s  s t a g e  u n t i l  a  t r a n s f e r  

o f  h a b i t a t s  o c c u r s .  The l a r v a e  e scape  from t h e  h o s t  .hemocoel th rough t h e  

h indgu t  w a l l  and ou t  w i t h  t h e  f e c e s .  ~ o u r t h  s t a g e  l a r v a e  of C.  r e v e r s u s  were - 



,i * -  - I 

' 36 

observed w i t h i n  t h e  h indgu t  of bo th  s e x e s  of t h e  a d u l t  b e e t l e  (F ig .  8) 

a s  e a r l y  as 24 h o u r s  a f t e r  e n t r y  of t h e  h o s t  b e e t l e  i n t o  a l o g ,  and a l s o  i n  

t h e  i r a s s  of t h e  egg g a l l e r i e s  excavated  by t h e  feinale b e e t l e s .  However., 

f o u r t h  s t a g e  l a r v a e  were  no t  a lways  found i n  the. h indgu t  a t  t h e  same t ime 

they  occu r red  i n  t h e  g a l l e r i e s  (Table  111, which s u g g e s t s  t h a t  t h e  l a r v a e  

l e a v e  t h e  i n s e c t  p e r i o d i c a l l y  r a t h e r  t han  a l l  a t  once.  "Th i s  is  probably  a n  

' a d a p t a t i o n '  t o  enSure a  b e t t e r  d i s t r i b u t i o n  of i n f e c t i v e . - s t a g e s  i n  d i f f e r e n t  

p a r t s  of t h e  g a l l e r y .  Th i s  r e l e a s e  a b v i o u s l y  o c c u r s  t h roughou t  t h e  b o r i n g  

a c t i v i t y  6 f . t h e  parerit  b e e t l e  a s  f o u r t h  s t a g e  l a r v a e  a r e  s t i l l  p r e s e n t  w i t h i n  

t h e  hemocoel and h indgu t  o f  p a r e n t  b e e t l e s  c l o s e  t o  t h e  c e s s a t i o n  of  b o r i n g .  

I t  i s  a l s o .  appa ren t  i r o n  Table  I1 t h a t - m a l e  hos ts '  can  a c t  a s  e f f e c t i v e  a g e n t s  

f o r  t h e  d i s s e ~ i n a t i o n  of f o u r t h  s t a g e  l a r v a e  of  C .  r e v e r s  - 

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

The f i n a l  m a l t  of t h e  nematodes o c c u r s  ve ry  s h o r t l y  a f t e r  t h e  L l a r v a e  4 

a r e . r e l e a s e d  i n t o  t h e  g a l l e r i e s .  Adult  males  and ' females  were  o b t a i n e d  from 5 

" .  

f r a s s  c u l t u r e s  a f t e r  3 - d a y s  bu t  o n l y  a f e w  nematodes could  be  r ecove red  from 
- 

t h e  c u l t u r e s  a f t e r  a  week. The h o s t  s e a r c h i n g  p e r i o d  of  t h e  nematode, t h e r e f o r e ,  
3 

l a s t s  f o r  approximate ly  one week, a f t e r  which they  p e r i s h  i n  t h e  g a l l e r i e s  if 

no h o s t  i s  $ound. The advanced g ~ n a d  development i n  t h e  male l a r v a e  e n s u r e s  

t h a t  f e r t i l i z a t i o n  of t h e  female  o c c u r s  spon a f t e r  s h e  m o l t s  i n t o  an  a d u l t  i n  . . 
t h e  g a l l e r i e s .  The male t hen  d i e s  w i t h i n  t h e  g a l l e f i e s .  A comparison of 

. t he  gonads of t h e  f r e e - l i v i n g  male,  f r e e - l i v i n g  female ,  and'  egg- lay ing  female  

shows,that whereas t h e  male gonad a c h i e v e s  i t s  f u l l  m a t u r i t y  i n  t h e  a d u l t  

nematode i n  t h e  g a l l e r i e s ,  t h e  female  gonad r e a c h e s  f u l l  m a t u r i t y  o n l y  
. ' .  

a f t e r  s h e  e n t e r s  i n t o  a n o t h e r  h o s t .  The a d u l t  female  of C .  - 

r e y e r s u s  i n f e c t s  p r i m a r i l y  second o r  p o s s i b l y  e a r l y  t h i r d  - 
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i n s t a r , l a r v a e ' o f  D .  p seudo t sugae .  Egg-laying f ema les  t o g e t h e r  w i t h  l a r v a l  
. . 5 

, s t a g e s  of C .  * r e v e r s u s  were found i n  a l l  s t a g e s  of t h e  h o s t  excep t ,  t h e  eggs  and - - 
f i r s t  i n s t a r  l a r v a e  (Table  111) . 

, Discuss ion  

Although Thorne (1935) ' and  Massey (1956) were work'ing w i t h  d i f f e r e n t  h o s t  

s p e c i e s ,  i t  i s  u n l i k e l y  t h a t  t h e  l i f e  c y c l e  of C .  r e v e r s u s  i n  D .  pseudotsugae  - - 

i s  r a d i c a l l y  d i f f e r e n t  from t h a t  i n  D .  r u f i p e n n i s ,  D .  ponderosae  o r  D. t e r e b t a n s .  - - - 
' 

The specimens of t h e  f r e e - I i v i n g  male i n  t h e  p r e s e n t  s t u d y  a r e  s imilar  w i t h  

t h o s e  of > lassey ' s  (1956) excep t  f o r  t h e  p o s i t i o n  of t h e  e x c r e t o r y  pore .  Thorne 

(1935) d e s c r i b e d  two l a r v a l s t a g e s  of C .  r e v e r s u s  from t h e  hemocoel of D. - 
a 

ponderosae ,  and s t a t e d  t h a t  t h e  ovary  of  t h e  second s t a g k  l a r v a  deve lops  from 

a rudimentary  g e n i t a l  primordium u n t i l  i t  e x t e n d s  t o  about  h a l f  t h e  body l e n g t h  . 
, . 

, 
and i t s  t e rminus  .is f l e x e d  5 d i s t a n c e  e q u a l  t o  t h r e e  t o  f i v e  body wid ths .  The 

p r o b a b i l i t y  o f  t he  ovary  deve lop ing  s o  r a p i d l y  w i t h i n  a s i n g l e  l a r v a l  s t a g e  

i s  s m a l l .  

Tho>nqr i  d e s i g n a t e d  L i n  i ts  most advanced s t a g e  of development ,  'is , 2 : 
s , t a t e d  by him t o  l.eave t h e  h o s t  and t r a n s f e r  t o  t h e  n e x t  g e n e r a t i o n . .  Th i s  is 

presumably what I b e l i e v e  t o  be t h e  L Tborne 'd id  n o t  f i n d  any o t h e r  s t a g e s  
4 ' 

i n  t h e  g a l l e r i e s ,  poss ib>y  because  t h e  g a l l e r y  phase  of t h e  l i f e  c y c l e  las ts  

about  one week and because  n o r t a l i t y  i s  h i g h  d u r i n g  t h i s  p e r i o d .  Massey 

(1956)  found t h e  male i n  t h e  g a l l e r i e s  of D .  , r u f i p e n n i s  and D. t e r e b r a n s  and - - 

s t a t e d  t h a t  " t h e  i n i e c t i v e  s t a g e  of t h e  s p e c i e s  is e v i d e n t l y  t h e  f i r s t  l a r v a l  

s t a g e "  v i t h o i t  e x p l a i n i n g  t h e  p re sence  of t h e  L (Thorne, 1935) and h l s  f r e e -  2 
- 

l i ~ r i n g  male.  I have shown t h a t  a l l  f o u r  l a r v a l  s t a g e s  of b o t h  ma le  and female  

C .  r e v e r s u s  occur  i n  t h e  h o s t  hemocoel and t h a t  sperm p roduc t ion  b e g i n s  i n  t h e  - 





L m a l e  l a r v a  b e f o r e  t h e  s p i c u l e s  and  gubernaru lum a r e  formed, and a connec- 
rT 

-% 

4 

1 
I 

i o n  w i t h  t h e  a n u s  is e s t a b l i s h e d .  

The pos t -embryonic  deve lopment  o f  C.  r e v e r s u s  is similar t o  t h a t  o f  D .  , - - 

t r i f o r m i s  a; d e s c r i b e d  by Hirschmann ( 1 9 6 2 ) .    ow ever, s i n c e  d i f f e r e n t i a l  , 

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

s o m a t i c  ~ e . l i ~  c o u l d  n o t  b e  t r a c e d  beyond t h e  L The v e n t r a l  c h o r d  n u b l e i  
2  ' 

p r e s e n t  i n  t h e  f e m a l e  l a r v a e  o f  D .  t r i f o r m i s  w e r e  n o t  o b s e r v e d  i n  C .  r e v e r s u s . .  . - 

Hirschmann s t a t e s  tkt from t h e  s e c o n d  m o l t ,  male  and  f e m a l e  l a r v a e  can  b e  

d i s t i n g u i s h e d  by t h e  d i f f e r e n t i a l  deve lopment  of t h e  g e n i t a l  'pr imordium and  by 

t h e  p r e s e n c e  of t h e  s p i c u l e  p r imord ium i n  t h e  m a l e  l a r v a .  The s e x  of t h e  L 
I 2 

C .  r e v e r s u s  w a s  d i s t i n g u i s h a b l e  by t h e  deve lopment  o f  t h e  g e n i t a l  p r i p o r d i u m  - 

even  a t  t h i s  e a r l y  s t a g e .  

The l i f e  c y c l e  of C .  r e v e r s u s  r e s e m b l e s  t h a t  o f  C .  e l o n g a t u s  as shown by - - 

S i c k l e  (1963b) .  The g r a v i d  f e m a l e  l a i s  unembryonated e g g s  i n  t h e  hemocoel o f  t h e  

h o s t ,  b u t  w h e r e a s  i t  i s  t h e  L t h a t  h a t c h e s  f tom t h e  e g g  i n  C .  e l o n g a t u s ,  it i s .  
2  - 

. 
t h e  L which h a t c h e s  f rom t h e  e g g  i r i  C .  r e v e r s u s .  I n  g e n e r a l ,  t h e  l a r v a l ' s t a g e  1 

t h a t  h a t c h e s  from t h e  e g g  is  v a r i a b l e  i n  t h e  S p h a e r u l a r i i d a e ,  e . g .  T r i p , i u s  

s c i a r , a e  h a t c h e s  as'an L ( P o i n a r ,  1965)  and  S p h a e r u l a r i a  bombi h a t c h e s  a s , a n  L 
1 3 

( P o i n a r  and Van d e r  Laan,  1 9 7 2 ) . '  T h e r e  a r e  f o u r  m o l t s  i n  t h e  l i f e  c y c l e  o f  

C .  r e v e r s u s  and m a l e s  d e v e l o p  m o r e  q u i c k l y  t h a n  f e m a l e s .  Ruhm (1956) b e l i e v e d  - 

t h a t  ' t h e  L l a r v a e  df t h e  h e n u s  C o n t o r r y l e n c  l e a v e  t h e  b e e t l e  and  t h a t  t h e r e  3 i,, 
a r e  two m o l t s  t o  m a t u r i t y  i n  t h e  g a l l e r i e s .  My f i n d i n g s  i n d i c a t e  t h a t  i t  i s  

t h e  L4 l a r v a e  t h a t  l e a v e  t h e  h o s t  i n  C .  r e v e r s u s  a n d  m o l t  i n t o r a d u l t s  w i t h i n  - 

t h e  g a l l e r i e s  where  c o p u l a t i o n  o c c u r s  a l m o s t  i m m e d i a t e l y  a f t e r  which t h e  males d i e .  

The s p e r m a t i s e d  f e m a l e  th'en r e i n f e c t s  a s e c o n a  o r  e a r l y  t h i r d  i n s m r  b e e t l e  l a r v a .  

Both s e x e s  of p a r e n t  D .  p s e u d o t s u g a e  a r e  e a p a b l e  o f  ' s p r e a d i n g  t h e  i n f e c t i o n  t o  t h e  - 
I I 

I s u b s e q a e n t  g e n e r a t i o n  o f  o f f s p r i n g .  I t  h a s  been  shown, however ,  t h a t  p rogeny  o f  I .  - 



i 

p a r a c o n f u s u s  ar'e more l i k e l y  t o  be  i n f e c t e d  w i t h  C .  e l o n g a t u s  when t h e  female - 

p a r e n t  was i n f e c t e d  t h a n  when t h e  male a l o n e  was i n f e c t e d  (Massey, 1962).  

T h i s  d i f f e r e n c e  between r h e  two b a r k  b e e t l e  h o s t s  may b e  e x p l a i n e d  by t h e  

! <  

, f a c t  t h a t  t h e  males  of  I .  p a r a c o n f u s u s  u n l i k e  t h o s e  bf D .  p seudo t sugae  d o  n o t  - - 

- f o l l o w  t h e  f ema le s  i n r o  t h e  egg  g a l t e r i e s .  
\ 

The development and egg p r o d u c t i o n  of t he  female  nematode i s  e q u a l l y  

s u c c e s s f u l  i n  a l l  l i f e  s t a g e s  of t h e  ~ o u ~ l a s - f i r  b e e t l e  i n  which i t  is.  found. 

Ashraf and Berryman (1970)  found t h a t  t h e  nernatodk Su lphure ty l enchus  e l o n g a t u s  

was o n c a p s u l a t e d  by f i r s t  t o '  t h i r d  i n s t a r  l a r v a e  o f  t h e  b e e t l e  S c o l y t u s  v e n t r a l i s  
L L 

b u t  n o t  by l a t e r  s t a g e s  of t h e  b e e t l e .  T h i s  w a s  n o t  observed  i n  D.  p seudo t sugae  
. , 

- 
. . 

i n f e c t e d  by C .  r e v e r s u s  which s u g g e s t s  t h a t  C .  r e v e r s u s  i s  a b e t t e r  adap ted  - - , 1 

p a r a s i t e  t h a n  i s  S .  e l o n g a t u s .  The wide h o s t  r a n g e  of  C .  r e v e r s u , s ,  which - 
4 

- 

i n c l u d e s  f o u r  d i f f e r e n t  s p e c i e s  of  endr roc ton us; may a l s o  b e  advantakeous  f o r  

the.  s u r v i v a l  o'f t h i s  p a r a s i t e .  

The r o u t e  of i n f e c t i o n  of l a r v a l  i n s t a r s  of D .  p seudo t sugae  by t h e  female  - 

C .  r e v e r s u s  i s  unknown. A t t empt s  t o  obse rve  t h e  p e n e t r a t i o n  p r o c e s s  of  D.  - - 

pseudo t sugae  l a r v a e  by t h e  p a r a s i t e  f ema le s  on e i t h e r  p l a i n  a g a r  p l a t e s  o r  i n  

f r a s s  c u l t u r e s  were u n s u c c e s s f u l .  I s u s p e c t  t h a t  p e n e t r a t i o n  is  c u t i c u l a r  

r a t h e r  t han  o r a l  o r  a n a l  because  b a r k  b e e t l e  l a r v a e  a r e  c o n s t a n t l y  chewing i n t o  

fresh phloem t i s s u e  and p a s s i n g  o u t  a  s t e a d y  s t r e a m  of f r a s s  th rough t h e  anus .  

Sena todes  a r e  u n l i k e l y  t o  be  p r e s e n t  i n  u n p e n e t r a t e d  phloem t i s s u e  and t h u s  . 
0 

would n o t  be i n g e s t e d ,  and nematodes e n t e r i n g  a n a l l y  would have t o  m i g r a t e  

a g a i n s t  t h e  c u r r e n t  of f r a s s  b e i n g  produced.  Fur thermore ,  t h e  i n f e c t i v e  female  

nematode h a s  a w e l l  developed b u c c a l  s t y l e t  and d i g e s t i v e  g l a n d s  which a r e  

s t r u c t u r e s  t h a t  conce ivab ly  cou ld  a i d  p e n e t r a t i o n  of t h e  hosf c u t i c l e .  

4 







7' 
4 w 

A .  THE INFLVENCE OF HOST AGE, HOST SEX AND PARASITE BURDEN d 

. OS THE SEX-RATIO OF C :  REVERSUS - 

1n;roduc t i o n  
7' 

C 

Sex i n  nema'todes i s  c&b+&ined by g e n e t i c  and e n v i r o n m e n t a l  f a c t o r s .  

L i t t l e  i s  known of t h e  g e n e t i c  a s p e c t s  s i n c e  i; most  ' b i s e x u a l  nematode 
CP 

s p e c i e s ,  t h e  na ' le chronosomal  c o m p o s i t i o n  h a s  n o t  been.  w e l l  s t u d i e d . .  I n  some 

nematode s p e c i e s ,  ' e . 8 .  l'inguina t r i t i c i  a n d , t h e  g e n u s  H e t e r o d e r a ,  b o t h  sexes 

have e q u a l  numbers of chromosones .  I n  t h e  r h a b d i t i d s ,  t h e  m a l e  h a s  one  
- 

chromosome l e s s  t.han t h e  f e m a l e .  I n  h e r m a p h r o d i t i c  nematodes  which p r o d u c e  

s p e m  and e g g s . w i t h  t h e  s a n e  chromosomal complement,  Sex c h r ~ m o s o m e s  h a v e a ' n o t  
i 

been o b s e r v e d  (Tr ian. taphy l l o u ,  197.1).  

E n v i r o n m e n t a l  i n f l u e n c e s  on t h e  d i r e c t i ~ n  of s e x  d i f f e r e n t i a t i o n  have  

been d e m o n s t r a t e d  i n  i n s e c t  and p l a n t  p a r a s i t i c  nematodes .  P a r a s i t e  b u r d e n  
a 

and h o s t  s p e c i e s  a f f e c t  the s e x  r a t i o  o f  some m e r m i t h i d  p a r a s i t e s ,  w i t h  h i g h e r  

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

p a r a s i t e s  ( C h r i s t i e ,  1 9 2 9 ;  P a r e n t i ,  1965): P e t e r s e n  ( 1 9 7 2 ) ,  however ,  found 

t h a t  t h e  s i z e  of t h e  h o s t  l a r v a  d i d  n o t  a f f e c t  t,he s e x  w t i o . o f  Rees imermis  

n i e l s e n i  . Host d i e t  i n f l u e n c e s  t h e  sex ,  r a t i o  of R .  n i e l s e n i  i n  t h a t  s t a r v e d  - 
I .  

h o s t s  p r o d u c e  r e l a t i v e l y  more male  p a r a s i t e s  t h a n  u n s t a r v e d  h o s t s  ( P e t e r s e n ,  

1 3 7 2 j .  S t r e l k o v  (1964)  s u g g e s t e d  t h a t  t h e  s e x  of c h i r a n o m i d  h o s t s  i n f l u e n c e s  

t h e  s e x  o f  t h e  p a r a s i t e  F i l i p j e v i m e r m i s  s i n g u l a r i s ,  and P a r e n t i  (1965)  r e p o r t e d  

f h  
- t h a t  t h e  s e x  of t h e  f i r s t  p e n e t ; a i i n g  I a r v a  of ~ a r a m e r m i s  c o n t o r t a  i n f l u e n c e s  

the s e x  of o t h e r  nematodes  t h a t  s u b s e q u e n t l y  e n t e r  and d e v e l o p  t o  m a t u r i t y .  



Bence, although the sex of mermitvds Pas been genetically determined in 
3 

embryogenesis, the direction of sex diffe,rentiation may be,.altered by * . 
P 

environmental factors after the nematode 'larvae .enter the-host insect. . , I .  
? : . 

, In plant-parasitic nematodes,, sex may be influenced by nutritional or 

physical factors. In species of Meloidogyne, sex reversal occurs in 

response to a sudden onset of ,unfavourable "cotldit ions after the ini'tiat ion 
' 

& 

of sex differentiation (~ria~ta~h~llou, 1971). The duration of feedilg 

of second stage larvae is an important factor in the sex determination of 

M. incognita (Trudgill, 1972). Females of H. rostochiensis exhibit - - 

sex reversal when they invade nematode resistant varieties of potato, thus 
0 

increasing the proportion of males in the population (Trudgill -- et al., 
4 

1967). However, increased proportions af males are sometimes due to, the 

differential death rates of males and females as has been shown for 
/ . .  - 

Hd glycines (Koliopanos and Triantaphyllou, 1972) and for H. schachtii - - 

(Johnson and Viglierchio, 1969). Parasitic female larvae require more 

space and nutrients than do male larvae to mature. Therefore, under adverse 

conditions such as crowding, nutrient deficiencies, removal of leaves and , .> 

stem, and resistant hosts, many female larvae'die before mapurity whereas . 
- I .  

male larvae manage to become adults (Johnson and Viglierchio, 1969). In H. - 

glycines and H. schachtii, sex is genetically determined, and only the sex 
i 

ratio, but not, the sex expression, is modified by environmental inf1;ences. 

-i In view of the high larval density of C. reversus in the hemocoel of - 

the Douglas-fir beetle, it was decided -that the influence of host age,, host 

sex, and parasite burden on the sex ratio of the parasite should be studieh 
- 

to determine the effect, if any, of environmental factors on sex differentia- 

tion in C. reversus. - 



! f a t e r i a l s  and ?feth,ods 

D i f f e r e n t  l i f e  s t , ages  o f  - D .  p seudo t sugae  o b t a i n e d  'from l o g  c u l t u r e s  

i n  t h e  l a b o r a t o r y  were d i s s e c t e d ,  and,  i n  a l l  c a s e s ,  t h e  number of l a r v a l  

and g r a v i d  femaIe nematodes p e r  h o s t  was coun t&.  T h i r t y  n e m a t o d e l a r v a e  

p icked  a t  random from each  i n s e c t  were used f o r  each  s e x  r a t l o  d e t e r m i n a t i o n .  

They were fixe7d a n d ' s t a i n e d  by th,e methods mentioned before.. D i f f e r e n t i a t i o n  
- 

between t h e  s e x e s  was based on t h e  d i f f e r e n t i a l ' g r o w t h  of t.he g e n i t a l  

p r imord ia  i n  w l e  and female  l a r v a e .  The s e x  r a t ' i o  was c a l c u l a t e d  a s . t h e  

ntlnber of female! l a r v a e  t o  t h e  t o t a l  number of nematodes examined. 

2 

2 e s u l t  s and Di scus s ion  

The r e s u l t s  o b t a i n e d  i n  t h i s  a r e  p r e s e n t e d  i n  Tab le  I V .  Of t h e  

twenty l a r v a e  of t h e  Doug la s - f i r  b e e t l e  examined, twe lve  were f o u r t h  i n s t a r  

l a r v a e ,  f o b r  were t h i r d  i n s t a r  l a r v a e ,  and f o u r  were second i n s t a r  l a r v a e .  1 - I  

Sinc'e- t: r e s u l t s  i n d i c a t e d  no obv ious  d i f f e r e n c e s  betwe n t h e  l a r v a l  i n s t a r s  ? 
w i t h  r e s p e c t  t o  s e x  r a t i o  of the, p a r a s i t e s  a s  a f u n c t i o n  of nematode 'burden ,  

a l l  twenty  s a a p l e s  were t r e a , t e d  a s  a  s i n g l e  group.  P a r a s i t e  burden  a l s o  
1 

d i d  n o t  a f f e c t  t h e  s e x  r a t i o  p f  nematode p o p u l a t i o n s  Tiom pupa l  and a d u l t  

h o s t s ,  and t h e  r e s u l t s  were grouped f o r  each  of t h e s e  h o s t  c a t e g o r i e s .  No 

s i g n i f i c a n t  d i f f e r e n c e s  w e r e  f o u n d d i n  t h e  s e x  r a t i a ' o f  samples  o b t a i n e d  from 
Z 

9 

a l e  and female  h o s t s ,  and t h o s e  from l a r v a e  and pupae of  t h e  b e e t l e s .  

T h e r e f o r e ,  n e i t h e r  h o s t  s t a g e ,  h o s t  s e x ,  nor  nematbde burden a f f e c t s  t h e  

d i r e c t i o n  of s e x  d i f f e r e n t F a t i o n  i n  A C .  t e v e r s u s ,  which no rma l ly  produces  d 

a  g r e a t e r  number of female  t h a n  male o f f s p r i n g .  
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is r e a s o n a b l e  t o  assume t h a t  h o s t  s t a g e ,  s e x  and 

c a u l d  a f f e c t  t h e  s e x  r a t i o  of - C .  r e v e r s u s  s i n c e  t h e s e  f a c t o r s  a re  shown t o  

a f f e c t  t h e  s e x  r a t i o  'of n e r m i t h i d s  i n  o t h e r  i n s e c t s  ( C h r i s t i e ,  1929; P e t e r s e n ,  

1 9 7 2 ;  S t r e l k o v ,  1964J. Kok-ever, t h e  a p p a r e n t  i n d e p e o d e n c e  ,of s e x  d e t e r m i n a t i o n  

in - C. r e v e r s u s  f rom h o s t  c p n d i t i o n s  and parasite b u r d e n  may b e  d u e  i n d i r e c t l y  

t o  t h r e e  f a c r o r s .  F i r s t l y ,  - C .  r e v e r s u s  h a s  a v e r y  s h o r t  f r e e - l i v i n g ,  noo- 

f e s d i n g  p h a s e  of a b o u t  o n e  week, a f t e r  which  a n o t h e r  h o s t  must  be  l o c a t e d  

o r  d e a t h  e n s u e s .  T h e r e f o r e ,  t h e  m o u n t  of n u t r i e n t s  t h a t  must b e  s t o r e d  t o  

' e n a b l e  t h e  nerpatode t o  s u r v i v e  t h i s  non- feed ing  phase .  is v e r y  small. I n  

z e m i t h i d s ,  however,  t h e r e  i s  c h a r a c t e r i s t i c a l l y  a c o m p a r a t i v e l y  l o n g  f r e e -  

l i v i n g ,  n o n - f e e d i n g  p e r i o d  i n  t h e  l i f e  c y c l e ,  e.'g. - M. n i g r e s c e n s  t a k e s  1 t o  

2 y e a r s ,  and a s  s u c h  t h e s e  nematodes  n u s t  s t o r e  l a r g e  amounts  o f ,  n u t r i e n t s  

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

E e n c e ,  t h e  " s t r e s s " , o n  "he h o s t  e x e r t e d  by - .  C.  r e v e r s u s  is p r o p o r t i o n a t e l y  

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

S e c o n d l y ,  t h e  phenomenal  i n c r e a s e  i n  s i z e  o f  & r m i t h i d s  f rom t h e  t i m e  ~f 

e n t r y  i n t o  t h e i r  h o s t s  up t i l l  t%e t i m e  o f  emergence of t h e  p a r a s i t e  i m p l i e s  

a g r e a t  denand f o r  h o s t  n u t r i e n t s  f o r  p a r a s i t e  g r o w t h .  The i n c r e a s e  i n  
9 

s i z e  cf - C .  r e v e r s u s  d u r i n g  i t s  p a r a s i t i c  p h a s e  is s m a l l  compared w i t h  t h a t  

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

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

for a l l  t h e  d e v e l o p i n g  l a r v a e  of - C .  r e v e r s u s ,  a n d ,  t h e r e f o r e ,  less "stress" 

on  the n,enacode p o p u l a t i o n ,  so 

2 - 

9 J: ~ ~ a l e s .  T h i r d l y ,  t h e  l a r v a e  

d o  n o t  occupy a s  much s p a c e  i n  

p rec lud ing  t h e  s h i f t  t o w a r d s  i n c r e a s e d  p r o p o r t i o n s  

of - C .  r e v e r s u s ,  b e c a u s e  t h e y  are v e r y  s m a l l ,  
4. 

t h e  i n s e c t  hemocoel as  d o  m e r m i t h i d s  i n  t h e i r  



- 
b 

50 
,1 

h o s t s .  Th i s  " s p a t i a l  , s t r e s s I 1 ,  which h a s  been shown t o .  be a f a c t o r  

t a f f e c t i n g  sex de termif la t  on i n  5. s c h a c h t i i  (Johnson and Viglierchio, ', 

* .  19691 may be impor t an t  i n  t h e  s e x  d e t e r m h a t i o n  o f  en tomoph i l i c  

nematodes. 



" 5 1  ' .  
4 

B, EFFECTS OF - C .  REL'ERSUS ON VDIOLYMPH COMPOSITION, OOCYTE 

D E Y E L O P Y E ~ ,  GALLERY CONSTRUCTION, FECUNDITY, AND EGG 
-5 

VIABILITY I N  D .  PSEUDOTSUGAE - 

I n t r o d u c t i o n  

There  have been  few s t u d i e s  on t h e  p h y ~ i ~ i ~ g y  of  t h e  h o s t - p a r a s i t e '  

r e l a t i o q s h i p  between i n s e c t s  and nematodes .  S t r i c k l a n d  ( 1 9 l l ) . o b s e r v e d  

t h a t  p u p a l  h i s t o b l ~ s t  deve lopment  i n  Simulium l a r v a e  was r e t a r d e d ' b y  a 

stall n e ~ a t o d e .  T h i s  r e s u l t e d  i n  abnormal  r e s p i r a t i o n  and a  c e s s a t i o n  o f  

1 
n a t u r a t  io*'  At t h a t  t i m e ,  h e  p roposed  t h a t  t h e  j u v e n i l e  n e m i t o d e  

s e c r e t e d  a s u b s t a n , c e  t h a t  i n h i b i t e d  t h e  deve lopment  o f ' p u p a l  and a d u l t  

h i s t o b l a s t s .  Nematodes p a r a s i t i c  i n  t h e  hemocoel of i n s e c t s  g e n e r a l l y  c a o s e  

a  r e d u c t i o n  i n  f e c u n d i t y  o r  s t e r i l i t y  o r  d e a t h .  Female  - D .  r u f i p e n n i s  

p a r a s i t i z e d  b y . e i t h e r  - S .  d e n d r o c t o n i  o r  - C: r e v e r s u s  l a i d  f e w e r  e g g s  t h a n  

h e a l t h y  b e e t l e s  (? lassey,  1956)  ,, and f e m a l e  - I .  paracor ; fusus  i n • ’  e c t e d  by 
- 

\ 

C .  - e l o n q a t u s  h ~ d  smaller b r o o d s  t h a n  h e a l t h y  i n d i v i d u a l s  (Massey,  1 9 6 2 ) .  
\ 

S c o l y t u s  d e d s t r u * c t o r  and - S .  m u l t i s t r i a t u s  h a v e  b e e n  r e p o r t e d  to be  s t e r i l i z e d  

by P a r a s i t y l e n c h u s  s c o l y t i  (Oldham,"1930) ,  and - S .  v e n t r a l i s  i s  s t e r i l i z e d  

when h e a v i l y  i n f e c t e d  w i t h  - S. e l o n g a t u s  (Ashraf and Berryman, 1 9 7 0 ) .  When 

i n f e c t i o n s  were  l i g h t  o r  medium, t h e  h o s t  o v a r i e s  were  s m a l l e r  and t h e  
. , 

g e m a r i a  t r a n s l u c e r l t  ' p roduc ing  s m a l l e r  and malformed oocyt .es .  

The delrelopment o f  nematode p a r a s i t e s  u s u a l l y  i s  c l o s e l y  s y n c h r o n i s e d  w i t h  

that of t h e i r  h o s t s .  The egg deve lopment  of t h e  nematode H e t e r o t y l e n c h u s  '+- 
a u t u m n a l i s  i s  a f f e c t e d  by  t h e  d i a p a u s e  of' i t s  h o s t ,  t h e  ' f a c e f l y  Musca a u t u m n a l i s ,  

, ,  
and t h i s  is a t t r i b u t e d  t o  t h e  e f f e c t  of e i t h e r  t h e  h o s t  j u v e n i l e  hormone 
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w i t h i n  t h e  f a t  body t i s s u e  r a t h e r  t h a n  f e e d i n g  d i r e c t l y  upon i t .  The 

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

' r e l e a s e  of amino-ac ids  i n t o . t h e  h o s t  hemolymph f u r n i s h e s  t h e  nemdtode w i t h  

s u f f i c i e n t  p r o t e i n  n i t r o g e n  f o r  a c t i v e  u p t a k e  (Gordon a n d  Webs te r ,  1 9 7 1 ) .  
. - 

I t  was l a t e r  found t h a t  - ?I. - n i g r e s c e n s  w a s  c a p a b l e  of i n c o r p o r a t i n g  l a b e l l e d  

a n & o - a c i d s  (Gordoq and Webs te r ,  1 9 7 2 ) .  S i n c e  t h e  f u n c t i o n s  a f f e c t e d  a x e  

' . h d m o n a l l y  c o n t r o l l e d ,  i t  i s  p o s s i b l e  t h a t  t h e  p a r a ' s i t e  may a f f e c t  them by 

a l t e r i n g  t h e  h o s t  hormonal  r e g i m e .  ?lore r e c e n t  s t u d i e s  h a v e  d e m o n s t r a t e d '  

d i f f e r e n t i a l  e f f e c t s  o f  Y .  - n i g r e s c e n s  parasiti$rn on p r o t e i n  f r a c t i d n s  i n  

t h e  henolymph of t h e  d e s e r t  l o c u s t  (Gordon -- e t  a l . ,  1 9 7 3 ) .  
i 

Sematodes  a t e  known a l s o  t o  a f f e c t  i n s e c t  b e h a v i o u r  (Ashraf .  and  Berryman,<, : 

1 9 7 0 ;  ~ t k j n s ,  1961;  Y a s s e y ,  1960;  S i c k l e ,  1963a ;  R e i d ,  1 9 4 5 ) .  

T h i s  s t u d y  was u n d e r t a k e n  t o  d e t e r m i n e  t h e  e f f e c t s  of - C .  r e v e r s u s  on 
- 

t h e  p h y s i o l o g y  and b e h a v i o u r  of t h e  D o u g l a s - f i r  b e e t l e .  Ta a c c o m p l i s h  

t h i s ,  hernolymph a n a l y s i s  w a s  u n d e r t a k e n  a n d  oocyge  d e v e l o p m e n t ,  g a l l e r y  

c o n s t r u c t i o n ,  f e c u n d i t y  and egg v i a b i l i t y  were  o b s e r v e d .  

X a t e r i a l s  and !fethods 

For  t h e  e x p e r i m e n t s ,  n a t u r a l l y  i n f e c t e d  D o u g l a s - f i r  b e e t l e s  were u s e d .  

I n f e c t e d  b e e t l e s  c o n t a i n e d  f i f t y ' o r  more nematodes  i n  t h e  hemocoel .  A l l  d a t a  

vere a & l y s e d  u s i n g  S t u d e n t ' s  - t - test ,  and s i g n i f i c a n t  d i f f e r e n c e s  between 

c o n t r o l  and - C .  r e v e r s u s  i n f e c t e d  g r o u p s  a r e  e x p r e s s e d  a t  l e v e l s  o f  EK 0.05 (*), 

? . 0 . 0 2  (** I ,  and 0 . 0 1  (***I .  - 
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( a )  . ~ & o l y m ~ h  ' ~ n a l ~ s i s '  . , 

Analyses  were performed on  t h e  hemolymph o f  b o t h  s e x e s  of  c a l l o w  
I 

unemerged and mature  emerged a d u l t  b e e t l e s  p r i o r  t o  o v i p o s i t i o n .  Hemolymph 

w a s  drawn from b e e t l e s , t h r o u g h  a  wound made by t h e  removal  of  a  m e t a t h o r a c i c  

l e g .  The body o'f t h e  b e e t l e  was  squeezed  g e n t . 1 ~  w i t h  a  p a i r  of  f o r c e p s  t o  

e j e c t  .hernolymph through   he wound. .Wfthdrawal of  hernolymph and t h e  measure- 

4 ment o f  hemolymph volume was done u s i n g  1 p 1  s p o s a b l e  b i c r o p i p e t t e s  

(Drummond "Microcaps").  Heniolymph t h a t  was' n o t  used immedia te ly  was s t o r e d  

- i n  v i a l s  at  -30•‹C w i t h  a  c s y s x a l  of  p h e n y l t h i o u r e a .  
C 

Hemolymph t r e h a l o s e ~ s s a y :  T h i s  was performed u ~ i n g  t h i n  l a y e r  chromatography 

(TLC). A newly fo rmula t ed  a d s o r b a n t  m i x t u r e  c o n s i s t i n g  of  24g of MN K ie se lguh r  

I i 

and 6g of C e l j t e  a n a l y t i c a , l  f i l t e r  a i d  (Johns-Manvil le ,  U.S.A.)  was s l u r r i e d  

w i t h  80 d of  0.02 M sodium a c e t a t e  s o l u t i o n  and l a y e r e d  t o  a  t h i c k n e s s  

o f  250 i.~ on 20 x 20 cm g l a s s  p l a t e s .  Hemolymph from ind ' i v idua l  b e e t l e s  and 

two s e r i a l  d i l u t i o n s  of  a  t r e h a l o s e  s t a n d a r d ' s o l u t i o n  were s p o t t e d  o n  each  , 

TLC p l a t e  ,2 cm a p a r t .  The p l a t e s  were developed t o  a  d i s t a n c e  o f  15  cm u s i n g  ' 

a m i x t u r e  of  60 m l  e t h y l  a c e t a t e  and 40 m l  i s o p r o p a n o l / w a t e r  ( 2 : l )  a s  s o l v e n t .  

The compounds s e p a r a t e d  o u t  w e r e  d e t e c r e d  u s i n g  ~ t a h l ' s  a n i s a l d e h y d e / s u l p h u r i ~  

a c i d  r e a g e n t  (50 m l  g l a c i a l  a c e t i c  a c i d  w i t h  0 .5  ml a n i s a l d e h y d e  and 1 ml 

conc .  s u l p h u r i c  a c i d )  a n d ' b y  h e a t i n g  p l a t e s  a t  l lO•‹C i n  a n  oven till t h e  

s p o t s  a t t a i n e d  maximum i n t e n s i t y .  The p l a t e s  were t,hen removed from thee oven 

and c o o l e d  f o r  h a q  a n  hour  a t  room t empera tu re .  Q u a n t i f i c a t i o n  was done w i t h  

a  Z e i s s  chromoscan spec t ropho tome te r  f o r  TLC u s i n g  a  wavelength o f  370 mu. 

Readings were c a l i b r a t e d  a g a i n s t  a  t r e h a l o s e  s t a n d a r d  cu rve .  

,' 
l-' 
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, - ,, 
T o t a l  hernol~mph p r o t e i n  assa : Hemolymph from i n d i v i d u a l  b e e t l e s  was 

s p o t r e d  on 2 x 2 c m  k'hatman 42  f i l t e r  p a p e r .  Assay  w a s  c a r r i e d  o u t . e s s e n t i a l l y  

accord i -ng  t o J  t h e  method 'of Braxnhall -- et a l .  (1969) ,  u s i n g  x y l e n e  b r i l ' l i a n t  

c y a n i n  G ?i ichrome 1224)  a s  a s t a i n .  Samples  w e r e  r e a d  i n  a  s p e c t r q p h o t o m e t e r  

a t  620 a, a v e l e n g t h  and  c a l i b r a t e d ~ a g a i n s t  a b o v i n e  se rum a l b u m i n  (BSA) ,--'I 
s t a n d a r d  c u r v e .  

\ 
Disc  a c r v l a m i d e  g e l  e l e c t r o p h o r e s i s  df hernolymph p r o t e i n s :  Hemolymph f rom ~ 

9 . , 
. 4 , 

e i g h t  i n s e c t s  was p o o l e d  and 5 ~1 u s e d  f o r  e a c h  s a m p l e  r u n .  Acry lamide  g e l s  . 

were made by  t h e  method of  D a v i s  (1964) u s i n g  '7% r u n n i n g  'and 3% s p a c e r  g e l s  

( S n i t h ,  1 9 6 8 ) .  A p11.8.9 Tris-HC1 b u f f e r  w a s  u s e d  and bromophenol  b l u e  w a s  

add.ild t o  < t h e  upper  b u f f e r  chamber a s  a m a r k e r .  upon c o m p l e t i o n  of t h e  e l e c -  

t r o p h o r e t i c  r u n ,  t h e  g e l s  were  f i x e d  i n  10% t r i c h l o r o a c e t i e  a c i d  f o r  o n e - h a l f  

h o u r ,  and s t a i n e d  f o r  o n e  h o u r  a t  3 7 • ‹ C  i n  a 1 9 : l  s o l u t i o n  of  1 0 %  TCA and 1% 

C o o r n a s ~ i e  b l u e  R L  (Xichrome 1 0 0 ) .  ~ e l s  were  d e s t a i n e d  d v e r  s e v e r a l  d a y s  w i t h  

s e v e r a l  c h a n g e s  of 7% a c e t i c  a c i d  and w e r e  q u a n t i t a t e d  u s i n g  t h e  Joyce-Loeb l  
. , 

c h r o n o s c a n .  . L 

T o t a l  hemolyrnph amino-ac id  a s s a y :  Hemolymph from i n d i v i d u a l  i n s e c t s  was u s e d .  

The  n r t h o d  employed was e s s e n t i a l l y  t h a t  bf Rosen (1957)  u s i n g  t h e  n i n h y d ~ i n  

r e a g e n t ,  b u t  volumes o f  ' r e a g e n t s  were  d e c r e a s e d  t o  compensa te  f o r  t h e  small 
. . 

volume o f  hernolymph o b t a i n a b l e  f rom e a c h  i n s e c t .  Samples  were  r e a d  i n  a 
J I 

s p e c t r o p h o t o r n e t e r  a t  570 n, and  s t a n d a r d i s e d  a g a i n s t  a  g l y c i n e  s t a n d a r d  c u r v e .  

.- 

, >  - -  
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, (b )  Oocyte  Development 

The r a t e  o f  d e v e l o p  e n t  .of o o c y t e s  c a n  b e  e s t i m a t e d  b y  m e a s u t i n g  the * >  l e n g t h  of t h e  l a r g e s t  t e r m i n a l  o c y t e  i n  a d u l t  f e m a l e  i n s e c t s  p-rior t o  . 

o v i p o s i t i o n  (Thornhen, 1948 ;  ~ h d m s e n  and M o l l e r ,  l 9 5 9 a , b ,  1 9 6 3 ) .  I n  t h i s  

e x p e r i m e n t ,  t h i r t e e n  u n t n f e c r e d '  and  t h i r t e e n  i n f e c t e d  m a t u r e  a d u l t  D .  
a 

p s e u d o t s u g a e ' f r o m  t h e  same c o l o n y  were  u s e d ,  and  the, l e n g t h  of t h e  largest  - 

t e r m i n a l  o o c y t e  o f  e a c h  b e e t l e  was  measured. ,  Measurements  w e r e  t a k e n  u n d e r  . 
375x m a g n i f i c a t i o n  on t h e  d i s s e c t i n g  m i c r o s c o p e  u s i n g  a  c a l i b r a t e d  m i c r o - ,  

m e t e r  e y e p i e c e .  

( c )  G a l l e r y  C o n s t r u c t i o n ,  F e c u n d i t y  and Egg V i a b i l i t y  

B e e t l e  c o l o n i e s  c o l l e c t e d  f rom W i l l i a m s  Lake d i s t r i c t  t h a t  showed a t  

l e a s t ' 2 0 X  i n f e c t i o n  by C .  r e v e r s u s  were  u s e d .  Female b e e t l e s  w e r e  i n t r o d u c e d  

i n t o  D o u g l a s - f i r  l o g s  i n . t h e  l a b o r a t o r y  t h r o u g h  p r e - d r i l l e d  e n t r a n c e  h o l e s ;  

b 
m a l e s  were  i n t r o d u c e d  a f t e r  f r a s s  p r o d u c t i o n  by  t h e  f e m a l e  began.  E n t r a n c e  a .  

h o l e s  were  made a p p r o x i m a t e l y  20 c m . a p a r q  t o  a v o i d  s u b s e q u e n t  o v e r l a p  o f  

l a r v a l  m i n e s  by  o f f  s p r i n g  o f  d i f f e r e n t  p a r e n t  b e e t l e s .  B a r k  w a s  rehoved from 

some l o g s  a t  i n t e r v a l s  of 7 ,  1 4  and 23  d a y s  f o l l o w i n g  t h e  i n t r o d u c t i o n  o f  

t h e  p a r e n t  b e e t l e s  i n t o  t h e  l o g s .  At e a c h  o f  t h e s e  p e r i o d s ,  . g a l l e r y  l e n g t h ,  

/ I 

g a l a e r y  s h a p e ,  t h e  number o f  u n h a t c h e d  e g g s ,  and t h e  number o f  l a r v a e  p e r  
i 
k. 

p a r e n t  b e e t l e  were r e c o r d e d .  Six r e p l i c a t e 5  were  o b s e r v e d  a t  7 and  14 d a y s  

and f o u r  a t  2 3  d a y s .  Unhatched e g g s  were  p l a c e d  i n  P e t r i ' d i s h e s  on damp 

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

d a ~ p n e s s  w i t h i n  t h e  d i s h .  The d i s h e s  w e r e  c o v e r e d  and  l e f t  a t  room temper-  

a t u r e  ( 2 Z • ‹ C )  f o r '  one  week and a t  t h e  end of t h i s  p e r i o d ,  u n h a t c h e d  e g g s ,  i f  
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a n y ,  w e r e  c o u n t e d  a n d ~ e s i ~ n a t e d  as  n o n - v i a b l e .  In  s i t u a t i o n s  v h e r e  
\.. 

l a r v a e  w e r e  d i s l o d g e d  d u r i n g .  t h e '  p r o c e s s  o f  b a r k  r e m o v a l ,  a l a rva l  c o u n t  

was d o n e  by c o u n t i n g  t h e  number o f  l a r v a l  m i n e s  l e a v i n g  t h e  p r i m a r y  e g g  

g a l l e r y .  P a r e n t  b e e t l e s  t h a t  w e r e  s t i l l  a l i v e  a t  t h e  t i m e  o f  b a r k  r e m o v a l  

were  d i s s e c t 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  t h e y  w e r e  i n f e c t e d .  

R e s u l t s  

( a )  C a r b o h y d r a t e s  

A p r e l i m i n a r y  e x p e r i m e n t  showed t h a t  t h e  l e v e l  o f  g l u c o s e  i n  t h e  hemolymph 

was e x t r e m e l y  low a n d  o f t e n  u n d e t e c t a b l e  by  t h i n  l a y e r  c h r o m a t o g r a p h y .  T r e h a l o s e  
+ i 

a p p e a r e d  t o  b e  t h e  ma in  c a r b o h y d r a t e  componen t ,  mak ing  u p  dore t h a n  9 0 % ' o f  t h e  

t o t a l  hernolymph c a r b o h y d r a t e s .  The n o r m a l  p h y s i o l o g i c a l  l e v e l  of hemolymph 

i 

t r e h a l o s e  i n  ,D. p s e u d o t s u g a e  , d o e s  n o t  c h a n g e  s i b i f  i c a n t l y  ( P  i 0 . 0 5 )  i n  t h e  - - 

m a t u r a t i o n  o f  c a l l o w  f e m a l e  a d u l t s ,  b u t  m a t u r e  male a d u l t s  had 25% more  t r e h a l o s e  -+ - * -  - - - - 
t h a n  c a l l o w  m a l e  a d u ' l t s  ( P  - 0.02) ( T a b l e  V )  . * M a t u r e  male a d u l t s  a l s o  h a d  - 

\ 
252 h i g h e r  hernolymph t r e h a l o s e  l e v e l s  t h a n  m a t u r e  f e m a l e  a d u l t s  (P  - 0 . 0 2 ) .  NO - 

s i g n i f i c a n t  d i f f e r e n c e s  ( P  . , 0 . 0 5 ) ,  h o w e v e r ,  w e r e  d e t e c t e d  i n  t h e  l e v e l  o f  - 

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

( b )  T o t a l  hemolymph p r o t e i n  

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

s i g n i f i c a n t l y  d u r i n g  t h e  m a c u r a t i o n  o f  b o t h  s e x e s  o f , c a l l o w  a d u l t s  ( T a b l e  VI). 

T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  (P . 0 . 0 5 ) ,  h o w e v e r ,  b e t w e e n  t o t a l  hemolymph 

p r o t e i n  l e v e l s  i n  male a n d  f e m a l e  b e e t l e s .  N o  s i g n i f i c a n t  d i f f e r e n c e  ( P  2 0 - 0 5 ) .  - 

i n  t o t a l  hemolymph p r o t e i n  w a s  d e t e c t e d  b e t w e e n  c o n t r o l  a n d  i n f e c t e d  c a l l o w  

rema1e.s .  l iowever ,  i n f e c t e d  m a t u r e  f e m a l e s  had  20% less  h e m o l y m p h ' p r o t e i n +  



i n f e c t e d  a d u l t  D. p s e u d o t  s u g a e  (Mean + 1, S .  E.) . - 

Host s t a g e  and  T r e h a l o s e  c o n c e n t r a t  i on  k 

s e x  n  C o n t r o l  I n f e c t e d  



* Significantly different f rom control5 at P . 0.05 .  
- 



4- 

B 

6 0  
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l- (P'' 0.05) t h a  c o n t r o l  i n s e c t s  o f  t h e  same g r o u p .  No s i g n i f i c a n t  d i f f e r e n c e s  

(P 0.05) between t o t a l  p r o t e i n  l e v e l s  o f  c o n t r o l  and  i n f e c t e d  c a l l o w  and 

c o n t r o l  and i n f e c t e d  m a t u r e  m a l e s  w@re d e t e c t e d ,  a l t h o u g h  t h e  d i f f e r e n c e  i n  
, 

* ' 

' l e v e l s  be tween  c o n t r o l  and  i o f e c t e d  c a l l o w  males approaghed  t h e  5% s i g n i f i c a n c e  

( c )  I n d i v i d u a l  p r o t e i n s  

Nkne p r o t e i n  f r a c t i o n s  were  s e p a r a t e d  from t h e  hemolymph o f  c a l l o w  f e m a l e  

b e e t l e s ,  w i t h  f r a c t i o n s  I and  V I I I  b e i n g  t h e  m a j o r  f r a c t i o n s   able VII.; F i g .  

9). N o  s i g n i f i c a n t  d i f f e r e n c e s  (E / 0 . 0 5 )  between c o n t r o l  and i n f e c t e d  

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

n i n e  f r a c t i o n s .  F r a c t i o n  I V ,  which is a l w a y s  p r e s e n t  i n  t h e  hemolympll o f  

m a t u r e  f e m a l e s  was u n d e t e c t a b l e  i n  c a l l o w  f e m a l e s ,  and  f r a c t l o n s ~ V I I I H  a n d .  

I 

IX t h a t  were somet imes  p r e s e n t  i n  m a t u r e  f e m a l e s  ;erne L o t a l l y  a b s e n t  a l l  

t h e  c a l l o w  f e m a l e s .  In  m a t u r e  f e p l a l e s ,  a t o t a l  o f  t w e l v e  ' f r a c t i o n s  b e r e  

some of t h e  s a m p l e s  a n a l y s e d .  T h e r e  was a  lower  c o n c e n t r a t i o n  of f r a c t i o n s  

V and  V I  and a h i g h e r  c o ~ c e n t r a t i o n  o f  f r a c t i o n  111 i n  m a t u r e  a s  compared t o  

c a l l o w  f e m a l e s  ( T a b l e  V I I ) .  D e s p i t e  t i l e r e  b e i n g  no s i g n i f i c g n t  d i f f e r e n c e s  

(Y / 0 . 0 5 )  i n  p e r c e n t a g e  c o m p o s i t i o n  of p r o t e i n  f r a c t i o n s  r e c o r d e d . b e t w e e n  

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

t o t a l  l e v e l  o f  p r o t e i n  ( a c c o r d i n g  t o  t h e  i n t e n s i t y  o f  s t a i n  r e t a i n e d )  was 

h i g h e r  i n  t h e  c ~ n t - r o l  g r o u p s  ( F i g .  l o ) ,  s u p p o r t i n g  the  r e s u l t s  o b t a i n e d  i n  

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

' d e c r e a s e  i n  a l l  p r o t e i n  f r a c t i o n u .  
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. I n  t h e  ca l low ma les ,  e l e v q n  f r a c t i o n s  were s e p a r a t e d .  F r a c t i o n  

- V I I I B  was a b s e n t  from a l l  samples  and f r a c t i o n  I X  was d e t e c t a b l e  i n  on ly  , 

some samples .  F r a c t i o n  I V ,  which was not  found i n  t h e  hernolymph of 

c a l l o w  fema les ,  accounted  f o r  about  10% of t h e  t o t a l  p r o t e i n  i n  ca l low 

males .  Two f r a c t i o n s  i n c r e a s e d  s i g n i f i c a n t l y  i n  d n f e c t e d  ,groups (Table  V I I ;  

F ig .  1 1 ) .  These t w b , f r a c t i o n s ,  V and V I L ,  i n c r e a s e d  approx ima te ly  4% and 
, 

6% r e s p e c t i v e l y  i n  p e r c e n t a g e  of t o t a l  p r o t e i n ,  which w a s  a 30 - 40% 

increa ' se  over  t h e  c o n t r o l s .  F r a c t i o n s  LV and V I  decrebsed  s l i g h t l y  i n  

rnnlc.5 tltnn i n  c o n t r o l  groups  o f  c a l l o w  males .  F rdc t  i u n  V I  I I B ,  .wl!ic41 was 

d e t e c t e d  i n  s o m e  samples of hernolymph from mature males ,  w , ~ s  not h e t e c t c d  

i n  callow md1.e~. A s  i n  a11 t h e  o t h e r  groups ana lysed ,  , f r n c t  i ons  I ,ind 

V I l l  were t l i t  two major f r a c t i o n s  i n  tltc hernolymph. 

-- 
( d l  T o t a l  l~emolympll a m i n o - ~ ~  ids 

The l e v e l  o f  amino-ac  i d s  i n  tlie hernolymph wa5 .~pproximri te  1 y tile same 

i n  callow a i d  rmtu re  f e m a l e  b e e t l e s ,  a n d  i n  c a l l o w  and mature m n l c l  bcvt 1c.s 
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. ( ~ i b l t ,  VI I I ) ,  and no s i g n i f  i c d n t  d i t  f e r e n c e s .  i n  a m i n o - a c i d  l e v e l s  were 

de tec ted  b e t w e e n  c o n t r o l  a n d  i n f e c t e d  members of e a c h  o f  t h c  f o u r  a d u l t  

c < i t  egqr  ies  s t u d  i e d .  

( c )  O L K V ~  t~ dc~ve1,opmen t  

L n f r l c t e d  frrnillc b t ~ c t i a p  tied s i p n i f l r ; l n t i y  s m l l r r  oocytes t l inn  d i d  
..I .. 

u n i n i c i - r e d  o n e s  (Ihir 1.Y) . i i e f u r c  o v i p u s i t i o n ,  t h r ~  k i v t c s  uerr ZOZ ' '  

------%__ -- --- 
- - -  

c,m.illc.r i n  ~ n l e c t e d  temal tas  t h a n  i n  t t i c  t - o n t r o l s .  

**+ 
( f  ) ( , , ~ l l c ~ r y  corlbt ruc  t isn, f e t  u n t i i t y  a n d  egg v i a h i 1  i t  v 

At + 7 ,  14, 4nd 2 3 d a y s  a f t e r  t h e  i n i t i a t i o n  of g a l l c r y  c o n s t r u c t i o n ,  
, 

t h e  i n t  e c t e t l  f .crn.ilc. bVet  I P S  t ~ ~ d  5 i g n i  f i c - an t  l v  (I '  * ' 0 . 0 5 )  s h o r t c r  e g g  

g a l l r r l e s  t i~, i r i  l J I l l i l f ~ ( . t L ' d  f c r n , t l ~ * ~  ( F i e ;  1  $ )  - A t  7 ,  1 4 ,  a n d  2 3  d a y s ,  

". 
the  g , i l l t ~ r ' v  o f  i n f c c - t c r f  ~ i c 3 m ; ~ l c ~ s  wa5 2 5 R ,  2 8 %  and 2 7 2  r e s p e c t i v e l y  ~ h o r t c ~ r  

t t i . j n  t i l a t  of t i l l .  c o n t r u l s .  I k s p i t c .  tliesc d i f  f c r e n c e s ,  the. slopes c?f 

{ ! i t -  r c , g r~ l>< ,  i o n  I 1 rtc.5 f ~ r  c o n t r o  1 , t r d  i r i f  e t t  c d  b c ~ e t  143:; arr not s igni f  l c a t t t  1 y 

3 
(1' , G . f ) j )  d i  I fc.rc.nt . 

I h c .  nurnf1c;r 0 1  c l ~ ~ ~ ,  l i , i i d  b y  i n f e c t e d  Icrn. i lc*s  b y  1 ,  1 4 ,  , ind 2 3  d a y s  

,i! t c ' r  t t 1 c 8  i r ~ i t i a t i o r ~  o f  b ; < l l  lcbry r o n s t r u c - t J 0 . n  w c h r e  s i g n i f  lc;lrrt l y  (1' - 0 . 0 5 )  

1ui;c.r t i 1 . 1 1 1  t i~oc , c~  l : ~ i d  b y  t t i r b  t o n t  r o l  afem;lles (E'ik:.  I!+) . 'I'tic titf fcrenc-cb 

, i t  7 ,  1 4 ,  ,iritf 2 3 cl , iyc ,  U85 50X, J J X ,  and  4 5 1  respcv.1 i v e I  y .  F r ~ r t l ~ e r ,  thcb 

i r i f  r,c t w i  Xrutipi  t i . i ( i  ,i 5 i i : n i  f lr;irit 3 y (1' - 0 . 0 2 )  l o w e r  '+r:ltc. of egg-layin!: 









. TIME ( D A Y S ) '  
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w 

f le&tode  i n f e c t i o n  a f f e c t s  n e i t h e r  t h e  shape o f  t h e  g a l l e r y  n d r  

t h e  e g g  u i n b i l  i t y  o f  f e m a l e  -- I). pGeudo t , sugae  (Tab l e  X )  . M e a s u r e m e n t  of 

&Kg v i a b i l i t y  a t  2 3  d a y s  was n o t  p o s s i b l e  owing  t o  t h e  d i f f i c u l t i e s  

i n  d i s t i n g u i s l ~ i n g  b e t w e e n  l a r v a l  m i n e s  f r o m  n e i g t i b o u r i n g  g a l l e r i e s  a n d  

ttle d e t o r i o r a t  i o n  o f  un l i a t c i i ed  eggs .  . .- 
a ' . 

L ) i s c u s s i ~ n  ------- 

Tre i i a lo f j e  is  t t i e  m a j o r  b l o o d  s u g a r  of  i n s e c t %  a n d  f ts c o n c c n t r i i t  i o n  

i n  t t ~ e  hernolymph is m a i n t a i n e d  by h o r m o n a l  a c t i o n .  Tf hernolymph 
i 

t r c , t ~ a l o s c  i s  d e p l e t e d  by t h e  e n e r g y  d e q n t 1 5  of t l~sl .  lnhc!c*t, i t  Is 

r c c o n s t l t n t e d  a t  tire e x p e n s e  of g l y c o g e n  storc:tl  i n  the. f a t  body (Cii l rnour,  
- \ 

1 

1 9 6 5 ) .  ' I ' r e l ~ n l o s e  1 5  b r o k e n  down by t h e  enzyme t rehnln.c;c. t o  two m v l c c u l e s  

of y l  ut o s u ,  whit 11 normal1 ,y  is o n l y  a m i n o r  cor?:,t 1 t uc -n t  of i n % o t  

rind thr.rc.  l h  n o  c v i d e p c e  o f  . ~ n y ' r c : g u l a t o r y  rncbch:ini;rn c . o n t r o l l i n ~  f ~ t r ,  
= - 

/ 

ronc ( . n L r . l t l o n  ( ( , l l m o u r ,  1 9 6 5 ) .  , 141 tlot11 c .ontro1 ant1  l n f e c  tcsd t ) c . e t l cc i ,  

t i i c *  ~ C V C ~  of ~ 1 1 l c c ~ : ~ c .  w;is r~n(1c.tr.c t a l~ lc , .  'I'ticA 1c.vc.l of  t rczllalcr!,ca I n  1 ) .  pric-\&Jot [JIJEI~. 
- - - 

(10.6 ' p v , / ~ l  I n  ma l l i r e  f emalcci a n d  1 4 . 9  I J~ /~J I  i n  rn-iturc. finlea). i u  

phrc-ci r~ t h ; t t  of o r11c r  ~ o l c o p t ~ r n  p r e v ~ o u s l y  : : t i~ t l ic . r l ,  c . ~ .  5 - 7 / , , I  L ~ I  ;ld,,It 

r l ~ t  ~ F ~ C U S  ~rl~r&ll l ; i l  1 :-, . ~ n d  : - i I ~ g / l ~  1 i n  a d u l  L 2 d r o p h  i 1 l J l j '  pfceus (I)uc~:I? (.;Ju ;111(1 --- -- -- - -  - - - - - - - - -  

' F l u r k i n ,  1954)  . 1 t i:, c rjmpiirii1,l ( a ,  j l c ~ w c ~ v ( . r ,  w1 t !I  t i ~ ( *  I C ' V F * ~  'I fo l~ncl  1r1 t l ~ t *  
,-- 

lic-ntulympll of .  n ~ ~ r c  : i c  ti.14, f 1 i e r : ? ,  t . . ; . .  (I l % i ~ i ; / l ~ l  I r l  n(f.ult  Api:, ~riel l f f (.r.-r 

, ~ I ) I J (  I ~ , ; L Y ; I U  ~ < l o r b  111, l ~ > ? j  d r i ( 1  ~4 : jx/[ ;1 1 r 1  < l d u I  I P ( * r i ~ ~ l ; i r i c . t  - .-I n, 





I'llc, :]mino- kc id level i n  t11& hernolymph howc*vcr, i s  not under hormonal - \ "i 
control K i t  v . i r i c 3 s  w i t h  the. nutritional s t a t e  and metabolic activities 

w n 
o f  d i f . f e r t . n t  tissues ( I ; l l m o t i r , ' 1 9 6 5 ) .  A l t l ~ o u g h  t lw averqge protein 





o t  livr f r d c t  i o n s  c I t . t c ~ v C , i b l e  on1 y i n  some sarnp1c.s. E1c.c. t r v p l ~ o r c > t  1(..11 l y ,  

t11e dcaplc . l  lor1 i n  t o t a l  Ircmolympt~ p r o t  c* in  i r t  t c > c l  m , i t ~ l r c ~  . f . c ,m. i l c*  ' 

hc.c.t l c . 5  ( . , I I I  I,e absc=rvcd i n  d i  f'f e r c n c c s  i n  i r i t e n s i  t y  of 'Kc l s  

c l t  c 'or~t  ro 1 a n d  i n f  c . c  tccl bec.t  1r.s. '1'11~ pcrc.c.nt. igt8 cornposi t i o n  o l  v. ir  1011s 
I 



i j:norctl. >l' l ic* Lttlct le.:; n i y  Iw ; ~ b l  c.  t c~ rc.p 1nc.c. t l i t *  I r .iar i n o  :I(. 1 (1:; liy - 
J i n c r e ; i s r d  I og i n ~ a k r .  . A s c *  1 c . c . ~  lvc. 11pt :lkc. o f  .~rni~lti-i i( .  i l l 5  w i  dcwo11- 

, I 

M. nll;rr.sc-c.~rs .- - ( ( ;ordon d11d Wcbbr;t.cbr, 101%)  . A 1  [ c t r ~ i . i t  ivc.1 y ,  

- 
n c . r n ; i t o t i c ~  w'i t l i  s u f f ' i r . i c m t  f ;r>c ;irnino-ac- i d s  i n  t llc. Ilcmo 1 ympli 1 o r  1;~11:ilic.. 



1 r  I r r v i  1 (I 0 . 1 1 1  hot l r  S .  vent r , ~ l  1:; ;lnd S.  r u g ~ ~  l ~ : i t ~ : ; ,  
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APPENDIX I 

S e m t o d e s  . a s s o c i a t e d  v i t h  t h e  Doug la s - f i r  b e e t l e ,  D .  p seudo t sugae ,  
1 

iri B r i t i s h  Columbia. 

d i 

. . 
These nematodes have been p r e v i o u s l y  d e s c r i b e d  by o t h e r  workers .  

t io rever ,  i n  s e v e r a l  i n s t a n c e s  t h e r e  is new ' in format ian  0.n t h e  l i f e  

-I 
Z h i s t o r i e s  and i n ' e v e r ?  i n s t a n c e  a  mote d e t a i l e d  morpho log ica l  d e s c r i p t i o n  

is g i v e n .  Yea,surerients p r e s e n t e d  a r e  f t o m  ,B .C .  spec imens .  

2% Ektaphelenckps  m a c r o s t y l u s  Khan, 1960. 

. Feua le s  ( 1 0 ) :  L = 0 . 7 8  + - 0 . 0 1  (0.71-0.81)mm; a  = 28.4 + - 1.1 (25.1-36.7) ;  

b  = 8 . 4  - + 0 . 1  ( 7 . 6 - 9 . 1 ) ;  V = 78.0 - + 0 . 3  (76.0-79.81%; 5 = 

t 

4 4 . 2  - + 1 .6  (37 -1 -52 .2 )%;  s t y l e t  = 13.4 A + 0.8 ( 1 1 - 1 9 ) ~ .  
> w 

?:ales (10 ) :  L = 0.69 - + 0.02 (0.61-0:78)m; a  = 33.5 - + 1 . 3  (26.6-41.6) ;  

b = 7 . 6 +  - 0 . 1  (6 .9 -8 .3 ) ;  c  = 19 .6  - + 0 . 5  (17.0-22.,3)2; C '  = 2 .3  

+ 0 . 1  (2 .0-2 .6) ;  T = 28.0 + 0 . 7  (24.1-30.6)%; s t y l e t  = 9.6  - - 

+ 0 . 4  (7-11);; s p i c u l e  = 21.0 + 0 .3  ( 2 0 - 2 2 ) ~ .  - - 

+ .  i Adult  nematodes were found i n  t h e  g a l l e r y  f r a  s of  t h e  Dou*glas-fir 

4 b e e t l e .  Xematodes l ong  and s tc in t .  C u t i c l e  reg? <lY a n n u l a t e d . '  Head , 
L 

. 
o f f s e t  by  s l i g h t  c e p h a l i c  c o n s t r i c t i o n .  S t  e t  long  and p o i n t e d  w i t h  . % 
smll inconsp icuous  b a s a l  knobs .  Procorpus  .of esophagus l ong  and c y l i n -  - @ ?  

d r i c a l  w i t h  s l i g h t  c o n s t r i c t i o n  at j u n c t i o n  w i t h  med ian .bu lb ,  which is  

o v a l ,  t w i c e  a s  l ong  a s  wide .  Nerve r i n g  approxixpately 1 0 ~  behind  median . 

b u l b .  Exc re to ry  pore '  abou t  10-15u p o s t e r i o r  t o  n e r v e  r j n g .  I n t e s t i n e  







\ 0 

8 8 . . 

i C 

Ovary monode lph ic ,  p r o d e l p h i c ,  and r e f l e x t d ,  t h e  t e r m i n u ~ ~ s o m e t i m e s  

e x t e n d i n g  t o  t h e  r e c t u m  o r  i n t o  t h e  t a i l .  P o s t - u t - e r i n c  s a c  r u d i m e n t a r y ,  
9 

a p p r o x i m a t e l y  a n e  body w i d t h  i n  l e n g t h .  Vulva a  t r a n s v e r s e  s l i t  w i t h  

s l i g h t l y  e l e v a t e d  l i p s .  

Male gonad g i n g l e ,  w i t h  t e r m i n a l  p o r t  i o n  r e f  l e x e d  . S p i c u l e s  c l u b -  

s h a p e d ,  pai-red,  v e n t r a l l y  a r c u a L e ,  w i t h  a n  expanded  p r o x i m a l  p o r t i o n .  , 

Cubernaculum p r e s e n t ,  11 - k 4 u  l o n g .  
3.&* .,- ' 

P .  d e n t a t u s  was f i r s t  d e s c r i b e d .  by T M n e  (1935)  from I).. p o n d e r o s s  - -- 

' I  
i n  Utah .  O r i g i n a l l y  p l a c e d  i n  t h e  g e n u s  P a n a g r o d o n t u s . , - i t  was  l a t e r  

b 
t r a n s f e . r r e d  to t h e  g e n u s  P a n a g r o l a i m u s ,  w i t t  which t h e  f o r m e r  g e n u s  ims '. < 
been  synonymized (RUhm, 1 9 5 6 ) .  T h o r n e  p r e s e n t e d  measurements  i n '  t ilt  Cobb 

f o r m u l a  f b r  one  male  and  one  • ’ & a l e  s p e c i m e n .  H i s  s p e c i m e n s  were  s l i g h t l y  

l o n g e r  khan t h o s e  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  and had l o n g e r  t a i l s -  H e  
C 

d i d  n o t  m e a s u r e  t h e  f u l l  l e n g t h  of t lre r e f l e x e d  . f e m a l e  ,gonad a n d ,  t h e r e f o r e ,  

a c o m p a r i s o n  w i t h  my s p e c i m e n s  is  n o t  p o s s i l > l e .  T h n r n e ,  like m y s e l f ,  

found t h e  e n s h e a t h e d .  l a ~ v a e  o n l y  under.  t h e  e l y t r a  of D .  p o n d e r o s a e  
- 

C and t h e  a d u l t  n e y t o d e s  i n  t h e  g a l l e r i e s .  

C r y p t a p h e l e n c h u s  l a t u s  (Thorne ,  1935) K u h m ,  1956  

, ' 
Females  ( 1 2 ) :  L = 0 . 3 1  + 0 . 0 1  (0.26-0.38)mm; a  = 20.0 + 0 . 4  (18.7-  

- 

2 2 . 2 ) ;  b  = 7 . 5  + 0 . 2  ( 6 . 5 - 8 . 6 ) ;  V = 78.5  + 0 . 3  (76 .8 -  - - 



1 , . 

*8 4 

. , 

I 
2 %  

4 4 .  3 ) X ;  t'xil l 6 n g t t 1  = 3 + 1 .  ( 2 1 - 2 9 ) p ;  s t y l e t  = 9.1 

+ 0.4' ( 8 - l l ) , . ;  s p i c u 1 t . s  = 15 .9  + 0.4 (14-17)r l ;  ' g u b e r n a k u l u m  = - 

9 . 7  -t. 0 . 4  (8-l l ) , : .  
- 9  

X d u l t ~ n c m ~ t o d e s  were r e c o v e r e d  f rom g a l l e r v  f r a s s ,  Body of nematode  

fl s t ? o r t  a n d  t a p e r i n g  t o w a r d s  b o t h  e n d s .  tread o f f s e t  f r o m  body by n a r r o w e r  

neck  r e g i o n .  S p e a r  s h o r t ,  a b o u t  loLJ l o n g ,  w i t h  s m a l l  b a z a l  k n o b s .  

P r o c o r p u s  or pr sop tug us na rxow a n d  a b o u t  o n e  t o  , t w o  body w i d t h s  lo'ng; 

m e d  i<2n b u l b  o v a l  t o  sph,er  i c a l  w i t h  c o n s p i c u o u s  v a l v u l a r  a p p a r a t u s .  Ncrve  

r i n g  s,i t u a t e d  a p p r o s i m a t e l v  one body w i d t h  b e h i n d  m e d i a n  b t ~ l b .  E x c r e t o r y  

1. p o r e  n o t  e a s i l v  v i s i b l e .  ' ~ n t e s t i n e  w i t h  g r a n t l l a r G i n c l u s i o n s ;  a n u s  n o t  , 

, d i s c e r n i b l e  in f e m a l e  s p e c i m e n s .  Female  t a i l  s l i g h t l y  a r c u a t e ,  c o n o i d  

and tap@t.iny:  t o  a  p o i n t .  ?!ale t a i l  v e n t r a l l y  a r c u a t e ' , r  c o n o i d  '?nd p o i n t e d ;  

two p a i r s  o f  c a u d a l  p a p i l l a e  p r e s e n t ,  o n e  p a i r , p r c - a n a l  and  t h e  o t h e r  

c l o s e  t o  t i i l  t e r m i n u s .  

Female  gonad r n o n o d e l p h i c , p r o d e l p h i c ,  and  u n r e f l e x e d .  P o s - t - u t e r i n e  

s a c  p r e s e n t  extending h a l f - w a y  down t a i l  f r o m  v u l v a .  V u l v a  n t r a n s v e r s e  

s l i t  ~ i t h  t h e  a n t e r i o r  l i p  s l i g h t l y  r a i s e d  a n d  o v e r l a p p i n g  t h e  p o s ' t e r i o r  

l i p .  
2. 

?isle gonad  s i n g l e  a o u t s t r e t c h e d  t o  a b o u t  t w o - f i f t h s  t h e  body "e 
l e n g t h . ,  S p i c u l e s  p a i r e d  a m i t t e n - s h a p e d '  w i t h  a p r o m i n e n t  v e n t r a l  p r o c e s s  %*\ 

i n  t h e  p r o x i m a l  p a r t .  Goberrraculum a b s e n t .  

c. l a t u s  was d r i e i n a l l v  d e s c - r i b e d  f r o m  D .  p n d e r o s b  ( T h o r n e ,  1 9 3 5 )  - 

and named A p h e l e n c h o i d e s  l a t u s ,  b u t  was t r a n s f e r r e d  t o  * the  g e n u s  C r y j t -  



, , t a i l  l e n g t h  = 25 .7  + - 0.9  (22-.3O)p; s p i c u l e  = 4 5 . 1  + 0.9  

7 (38-55) P ;  gubernacu lum = 2 3 . 3  + - 0.6  (20-28) u .  

Larval  s t a g e s  o f  t h e  n e ~ a t o d e  a r e  found l i v i n g  f r e e  i n  t h e  midgut 

and o c c a s i o n a l l y  i n  t h e  h i n d g u t  of a d u l t  b e e t l e s .  The nematodes  a r e  i n  

c o n s t a n t  movement, work ink  a g a i n s t  t h e  f l o w  o f  food m l t e r i a l  i n  t h e  g u t .  

Adul t  nematodes  a r e  found  i n  t h c  f r a s s  of t h e  g a l l e r i e s .  
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Adu 1 t  worms &or,t tmd s t o u t .  , Stoma n a r r o w ,  a p p r o x i m i l t e l y  t11rc.e 
1 L 

t i m t h s  as d e e p  .IS wfde\~ ,c t ie i  l o r t i abd  i o n s  and  p r o r t i n b d i o n s  s l l g l i t l  y  cortvex; 

t e l o s t o m  a b s e n t .  C o r p u s  of e s o p h a g u s  c y l  i n d r  i e a l  w i t l l  n a r r o w e r  i s t l imus  

24% 
t w h i c h  i s  .IS l o n g  as t t i e  c o r p u s ;  median* b u l b  not w e l l  d e v e l o p e d  i r t  b o t h  

- 1 

% .  i n n 1  b u l b  o v . ~ t  e w i t h  w e l l  d e v e l o p t d  v a l v d a r  a p p a r a t u s .  

Nerve  r i n g  p r e s e n t  t ~ l f  w:?y down i s t h m u s .  Exc re to t -y  p o r e  sl i g h t  l y  

p o s t e r i o r  t o  n c r v c  r i n g .  

Fernah gun,id mbr iude lph ic ,  p r o d e l p h i c ,  r e f  l e x e d .  I ' o s t - u t e r i n e  s a c  

a h s e n t .  .Vulva l e s s  t hnn .onc .  bodv  w i d t h . . i n  f r o n t  o i  t l w  a n u s ,  w i t h  l i p s  

s l i g h t  l v  e l e . v n t c d .  Fern'il t. r n i  1  c-onoid e n d i n g  i n  o roundtvi  t e r m i n u s .  

?fal t .  , ~ p p r o x i r n n t e l v  t t tc  same s i z e  a s  t h e  f e m a l e .  Malc gonad s i n g l e ,  
P 

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

t e r m i n u s .  B u r s a  p r e s e n t ,  e n v e l o p i n g  t a i l ,  w i t h  t e n  p a i r s  o f  s u p p o r t i n g  

raws, two of wh ich  . i r e  p r e - a n a l  a n d  t h e  rest  a r r a n g e d  i n  . g r o u p s  of 

2 3 ,  1, 1 ,  3 p ~ s t ~ a n a l l y .  One p a i r  o f  p r e - a n a l  and  one p a i r  o f  p o s t - a n a l  

p a p i l l a e  p r e s e n t  c J o s e  t o  a n a l  o p e n i n g .  s p i c u l e ' s  o f  male p a i r e d  and  

f u s e d  d i s t a l l y ,  a p p r o x i F y  4 5 u  l o n g ,  s l i g h t l y  b e n t  v e n t r a l l y ,  w i t h  

p r o x i m a l  t e r m i n a l  k n o b s .  Gubernacu lum p r e s e n t ,  2 3 ~ 1  i n  l e n g t h ,  s l i g h t l y  i w i d e r  i n  c e n t r a l  p o r t i o n , t h a n  a t  b o t h  e n d s .  

Fuchs  ( 1 9 1 5 )  f i r s t  d e s c r i b e d  - P .  -- o b t u s a  f r o m  I .  t y p o g r a p h u s  a n d  p l a c e d  - 

i t  i n  t h e  g e n u s  R h a b d i t i s .  I t , w a s  l a t e r  t r a n s f e r r e d  t o  t h e  g e n u s  Para- 

s i t o r h a b d i t i s  - of w h i c h  P .  o b t u s a  is now t h e  t y p e  s p e c i e s  ( D o u g h e r t y ,  - 

1 9 5 3 ) .  T h o r n e , ( l 9 3 ' 5 )  d e s c r i b e d  s p e c i m e n s  o f  - P. o b t u s a  f r o m  D .  p o n d e r o s a e .  - - 

* 
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, , 

o f  his s p e c i m e n s ,  p r e s e n t e d  i n  t h e  'Cobb formula, 
a .  

t a i l s  o n e - h a l f  t h e  l e n g t h  o f  t h ~ s e  i n  my spec imens  

and c m s e q u e n t l y  "crl r a t i o s  t w i c e  t h o s c  o f  my specimens. S i c k l e  '(1963n) 

I s t a t e d  t h a t  t h e  l a r v a l  para'si tor,habd i t  i d s  reduced the t p i t h e l i a l  l a y e r  
I 

U P  t11c v e n t r i c u l u s  o f  I .  p a r a c o n f u s u s .  Ifowever,  as these  n e m n t d c s  -- , 

do n o t  < i t t a c h  t o  t h e  mucosa but  ar,c f r e e  i n  t h e  lumen,  i t  i s  difficult 



S t , i ~ c s  o c c u r r i n g  i n  tile h e m c o e l  wc%rc s t u d  i c d .  M a t u r e  gr . ivi i l  f e m a l e s ,  

;nt. m o l t  o c c u r s  w i t h i n '  t h e  e g g .  Nu d e t , i i l e d  sruclv wns undertaken o f  ' 

ttitl p o s t - c m b r v o n i c  developmt.nt  o f  - S .  d c n d r o ~ t o n i  ----- ---. b u t  f o u r t h  s t a g e  f c r m l e  

l a r v a e  w e r c  o b s e r v e d  by v i r  t ut. o! ttic p r e s e n c e  o f  a v , l g i n a l e  p r  imord ium. 

r The. fc.m,ilc. is  u n u s i ~ a l  i n  ttr.it, c ' a r l v  i n  dcve1oprnc~nt ,  a f t e ~  t h e  t e m a l c  
< 

/X l d r v a t  bccomc. ~c .xu .11 ly  m a t u r e ,  t t i c  u t e r u s ,  o v a r y  a n d  o v i d u c t  a re  e x t r u d e d  A 

th roug11 t h e  v u l v a .  Tht.se s t r u c t u r e s  t t ~ e r l  enlarge. t o  more  t h a n  a h u n d r e d  

t i m e s  t h e i r  o r i g i n a l  s i z e ,  dwarf  f n g  t h e  o r i g i n a l  body o f  t t i c  fem;ile zf - . . 
' n e w t o d e  t o  wl1ic11 t i l ev  a r e  s t i l l  i ~ t t a c h e d .  The  s i z e  o f  t h e s e  p r o t r u d e d  

r c p r o d u c t i v t h  o r g a n s  may re,lcli a  .length of  1 . 6  rnm a n d  a  w i d t h  o f  0 .25 mm. t 

4 

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

c o n t a i n i n g  e M a r g e d  n u c l e i  o f  t h e  u t e r i n e  c e l l s .  ' ~ h c  body o f  t h c  f e m a l e  

a t  t l i i s  stage is  a p p r o x i m a t e l y  0..4 mm l o n g  a n d  3011 w i d e .  

The o r i g i n a l  d e s c r i p t i o n  of  t h i s  nema tode  f rom t h c  same h o s r  s p e c i q s  
< 

c o l l e c t t d  f rom C o l o r a d o  a n d  n o r t h w e s t e r n  Montana  i n c l u d e d  two laryal 

I 

s t a g e s  (Ma'ssey, 1 9 5 6 ) .  N e v e r t h e l e s s ,  f o u r t h  s t a g e  l a r v a e  o f  - S .  -- d e n d r o c t o n i  " 

w e r e  o b s e r v e d  i n  t h e  h o s t  f iemocoel  i n  t h e  p r e s e n t  s t u d y ,  a n d ,  t h e r e f o r e ,  
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i t  is p o s s i b , l c  a l l  f o t ~ r  l a r v a l  s t n g c s ,  o c c u r  i n  t l rc .  h c r n o c o ~ l  of 1). - 
1 r u f 4 p c n n i s .  . Mnssey a l s o  found rn,llc.s top,ctlrclr w i  t11 t h c  [ c m a l p s  i n  - -- - 

T L  

t i l e  b c c t l e  Iremocoel ,  w h i c h  f s  a n  i n t e r e s t i n g  r e p o r t  t11;i't n e e d s  f u r t h e r  

cx;min:lL i o n  s i n c e  i n  o t h e r  members o f  t l r c  S p h n c r u l n r  i l d a r  p r e v i o r l s i y  

s t u d i e d ,  t h e  m a l e  is f r e e - l i v i n g  and d o c s  noL e n t e r  t l l c  I ~ o s t  . 
Egg production o f  fcrnnlc b e e t l e s  p a r a s i t i z e d  by  S .  d c n d r o c k o n l  - -- - 

was r e p o r t e d  t o  have b e e n  r e d u c e d  (Massey ,  1956)'. I 'o inqr  a n d  1Iess 

(1972)  i n  t h e i r  s t u d i e s  oil tire r e l a t e d  S p h a e r u l a r i a  I)oml)i ubscrvc,d - -- 
* 

t h a t  n u t r i e n t ' s  w e r e  taken  up bv  t l ~ c  ncniatocle t l rrouglr  tlrc' w ; ~ l l s  of . 

t h e  e x t r u d e d  u t e r u s .  

. . 
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